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A b s t r a c t  We studied the effect of genotypes of planting 
stocks regarding the variation of the modulus of elasticity 
of tree trunks on standing trees ( trunk-MOE),  tree height 
(TH), and diameter at breast height (DBH) in a 19-year-old 
Japanese cedar plantation made with root  cuttings. Trunk- 
M O E  was assessed nondestructively using a tree-bending 
method. Genotypes of individual trees were detected using 
the random amplified polymorphic D N A  (RAPD)  tech- 
nique. R A P D  analysis revealed that the sampled plantation 
consisted of 14 genotypes. Genotypic effects on D B H  and 
TH were unclear, and there was no significant difference 
among genotypes. This result indicated that an acquired 
variation should have more influence than an inherited 
variation on D B H  and TH. For t runk-MOE, there were 
significant differences among the four largest genotypes at 
the 5 % level. However  the coefficient of variation in trunk- 
M O E  of each genotype ranged from 7.5% to 26.8%. It 
seems reasonable to assume that the wide variation in 
t runk-MOE in a sampled plantation may depend on the 
environmental effect within a clone as well as on the genetic 
origin of clones. We therefore conclude that the use of 
multiple planting stocks from different cuttings for which 
the wood quality is unknown contributed strongly to the 
wide variation in t runk-MOE in the plantation of Japanese 
cedar. 
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Introduction 

Cryptomeria/aponica D. Don (Japanese cedar ~. one of the 
most important conifers for timber production in Japan. has 
been planted widely in mountainous areas. Especially in t h e  

Kyushu region, many cutting cultivars of this species have 
been developed by private foresters and utilized for refores- 
tation. 1 Because of the huge amount  of wood stock in plan- 
tation forests and its favorable wood properties, interest in 
its management  and utilization is at an all-time high in 
Japan. 

To have a clear understanding of the wood charac- 
teristics of cutting cultivars, many studies have been carried 
out on the variation of wood properties 27 and wood 
anatomical features. 8m These studies have demonstrated 
that most of the fundamental  wood characteristics differ 
significantly among cutting cultivars and suggested that 
these differences are derived mainly from differences in the 
genetic makeup among and within each cultivar. Despite 
the continuously increasing number  of studies on the varia- 
tion of wood characteristics, relatively little is known about 
the genetic variation among and within them or about the 
genotypic effects on the variation of wood quality and 
growth traits. 

Trunk modulus of elasticity {trnnk-MOEI indicates the 
stiffness of the tree trunk and is an important variable for 
predicting the wood quality of green log specimens and 
evaluating timber strength. ~1 Consequently, it has been 
widely studied, especially in relation to radial growth rate. 
Several results, sometimes contradictory, have been re- 
ported on the relation between the two variables. Koizumi 
e t  al. la found no correlation between diameter at breast 
height (DBH) and t runk-MOE of plus-tree clones of Japa- 
nese larch, so parent trees with suitable performance for 
growth and mechanical properties can be selected for 
propagation In contrast, negative and weak correlations 
between D B H  and t runk-MOE were reported for an 18-. 
year-old progeny test of Japanese larch. 13 Takata et al.] ~ 
also working on Japanese larch, explained the differenl re- 
sults for the correlation of the two variables in several prow 



enance trial stands by the environmental effects and 
genotype-environment interaction. Furthermore, Takata ~s 
found a moderate negative correlation between DBH and 
trunk-MOE in spruce [Picea glehnii (Fr. Schm.)] and fir 
[Abies sachalinensis (Fr. Schm.) Mast.] in several planta- 
tions in Hokkaido. 

Recent progress in molecular methods based on the 
polymerase chain reaction (PCR) has provided new types of 
DNA markers that are easier to produce and analyze than 
other genetic markers. The random amplified polymorphic 
DNA (RAPD) technique ~<17 is one novel DNA-marker  sys- 
tem. The RAPD technique is thought to have a number of 
advantages over other DNA-based marker systems: The 
technique produces abundant loci; it is relatively inexpen- 
sive; and the technology is readily accessible to nonspecial- 
ists. Is Although the markers are dominant and there have 
been doubts about their reliability and reproducibility, ~9'2~ 
this technique and its modifications have become an in- 
creasingly common tool in genetic studies, especially for 
identifying and discriminating plant cultivars and clones. 2>28 
These studies have shown that this technique can provide 
reproducible and unique RAPD profiles for various geno- 
types. The primary objective of the present study was to 
investigate nondestructively the variation of trunk-MOE as 
a wood quality trait and two growth traits of Japanese cedar 
plantation forest prepared with several unknown root cut- 
tings. The study focused on the following three issues: (1) 
the relations between wood quality and growth traits in an 
actual plantation forest; (2) the genetic makeup of planting 
stocks for the sampled stand; and (3) the genotypic effect on 
the variation of growth traits and wood quality traits. 

Materials and methods 

Plant materials 

The study was carried out at a plantation forest prepared 
with several cutting cultivars of Japanese cedar in 1976. The 
stand, located in Shiiba village in Miyazaki prefecture, is an 
experimental forest of Kyushu University. Two experimen- 
tal plots, I and II, were established within the stand. Plot I 
was located on a hill slope site, and plot II was settled on a 
gentle ridge at a higher elevation than plot I. Two growth 
traits, tree height (TH) and the DBH, were measured for all 
individuals within the plots. The MOE of the tree trunk 
of standing trees was evaluated nondestructively only for 
healthy individuals in the plots. 

From 1995 to 1999, three phenotypic traits were investi- 
gated continually to check the reproducibility of and annual 
change in these three traits. In November 1995 trunk- 
MOE199s, DBH~995 , and TH1995 were evaluated, and in May 
1997 DBH1997 and TH1997 were measured. In November 
1999, DBH1999 and TH1999 for all trees and the trunk- 
MOE1999 for the selected 35 healthy individuals were 
remeasured. Genotypes of individual trees were detected 
using RAPD markers. The details of study plots and 
number of sample materials are described in Table 1. 
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Table 1. Outline of the sample stand 

Plot no. Area Exposure Slope angle No. of 
(ha) of slope trees 

I 0.02 North 20 ~ 37 (30) 
II 0.04 North 5 ~ 71 (41) 

Numbers in parentheses are the number of trees measured for 
trunk-MOE 

Fig. 1. Setup of the tree bending test 

Evaluation of Trunk-MOE, DBH, and TH 

A tree-bending test developed by Koizumi and Ueda 29 was 
applied to the evaluation of trunk-MOE. The setup of the 
tree-bending test is shown in Fig. 1. When an operator stood 
on a step on the end of a lever arm, his or her weight was 
converted to a bending moment acting on a stem. The de- 
flection caused by the bending moment was measured by 
the middle-ordinate gauge with a transformer of 1-/xm sen- 
sitivity, which was placed on the opposite side of the stem at 
breast height. This nondestructive measurement was made 
twice per tree in two directions at right angles to each other. 
The obtained values were averaged to compensate for the 
error caused by the uneven shape of the cross section. The 
trunk-MOE was calculated based on the applied moment 
and the moment inertia of the trunk determined from the 
girth and bark thickness at breast height. Theoretical and 
experimental studies indicated that the error in the trunk- 
MOE evaluation caused by the irregular form of the stem 
and other factors is negligible. 11'15 

The DBH was calculated from the girth of the tree trunk 
at breast height with bark, which was obtained in evaluating 
the trunk-MOE. TH was measured visually with a measur- 
ing pole. 
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DNA Extraction and Amplification 

For the RAPD analysis, total DNA was extracted from 
about 150rag of fresh needles. A modified version of the 
DNA extraction procedure of the cetyltrimethyl-ammo- 
nium bromide (CTAB) method 3~ was used. 31 Fresh needles 
were ground to a fine powder with a pestle in liquid N 2 and 
were completely homogenized with 1.0ml extraction buffer 
[100mM Tris-HC1, pH 9.0, 2% CTAB, 2% polyvinyl 
pyrrolidone (PVP), 0.1%/3-mercaptoethanol, 1.4M NaC1, 
20raM EDTA]. The homogenate was incubated for 60min 
at 65~ with gentle mixing every 10rain, extracted with an 
equal volume of chloroform/isoamyl alcohol 24:1 (CIA), 
and centrifuged at 12 000 rpm for 10 min. The aqueous phase 
was transferred to a new tube and extracted with an equal 
volume of CIA and centrifuged again at 12000rpm for 
10rain. The aqueous phase was removed to a new tube, and 
an equal volume of isopropanol and 20/A of sodium acetate 
were added to precipitate the DNA. After centrifugation at 
15000rpm for 5rain, the pellet was washed with 70% etha- 
nol and dried for 3 min under vacuum. The DNA pellet was 
suspended in 300ul of sterile H20 and stored further at 
-20~ until RAPD analysis. 

The reaction for RAPD analysis was carried out under 
the following conditions: 50mM Tris-HC1 (pH 8.5), 5.0mM 
MgC12, 500#g/ml BSA, 0.5mM each dNTP, 2.0% Ficoll, 
4.0mM tartrazine, 0.1mM EDTA, 0.4 unit T-th DNA poly- 
merase, 0.25#M primer, and 10ng total DNA for a total 
volume of 10#1. Air Thermo-Cycler 1605 (Idaho Technol- 
ogy) was conditioned as follows: The first step was I rain at 
93~ followed by 60 cycles of 10s at 93~ 30s at 36~ and 
lmin at 72~ The final step was 2min at 72~ 

The amplification products were electrophoresed in 
1.2% agarose gels in 0.5 x TBE buffer with a DNA stan- 
dard (100 basepairs ladder, GIBCO-BRL and New England 
BioLabs). Fragments were visualized under ultraviolet 
(UV) transillumination after staining with ethidium bro- 
mide. The reproducibility of the amplification products was 
tested at least three times for each sample and primer. 

Data scoring and analysis for genotype identification 

The arbitrary primer kits OPA to OPY (Operon Technolo- 
gies, Alameda, CA, USA) were purchased and an additional 
10 primers (FB-1 to FB-10) were synthesized in the Labora- 
tory of Forest Botany, Department of Forest Products, Fac- 
ulty of Agriculture, Kyushu University. Based on the results 
of screening of a part of these primers (data not shown), four 
primers were selected for preclassification. The sequences 
of the primers were 5 ' -GTGACGTAGG-3 '  (OPA-08), 5'- 
TTTGCCCGGA-3'  (OPB-16), 5 ' -TGTCTGGGTG-3'  
(OPC-10), and 5 ' -ACGTAGCGTC-3 '  (FB-07). The seven 
loci derived from four primers, called by the primer used and 
the molecular weight in basepairs, were scored as band 
presence (1) or absence (0) for all individuals. 

After all individuals were divided into groups according 
to their band profiles at the seven loci, DNA fingerprinting 
analysis was carried out for all groups to check the genomic 

identity of the individuals included in the same group. Six 
primers were selected for DNA fingerprinting analysis 
based on the rich polymorphism and good reproducibility. 
The sequences of the primers used for fingerprinting 
analysis were 5 ' -GTGACGTAGG-3 '  (OPA-08) 5'- 
CAATCGCCGT-3'  (OPA-11), 5 ' -GTCCGTACTG-3'  
(OPN-19), 5 '-CCTCCAGTGT-3'  (OPO-08), 5'- 
CACCCCCTTG-3' (OPS-04), and 5 ' -CCACCGCCAG-3'  
(FB-01). For this fingerprinting analysis, all loci produced 
through the same PCR procedure and visualized on the 
same gel were used for genotype identification. 

Results 

Variation of trunk-MOE and growth traits 

Mean values, standard deviations (SD), and coefficients 
of variation (CV) for three traits are shown in Table 2. 
The mean value of trunk-MOE1995 at age 19 reached 
5.42GPa (range 3.73-6.96GPa). The mean trunk MOE~999 
was 5.39 GPa and had almost the same range of variation as 
those for the trunk-MOE1995. The DBH averaged t6:0cm in 

Table 2. Trunk-MOE, DBH, and tree height 

Trait Mean SD CV (%) 

Trunk-MOE (GPa) 
1995 

Total 5.42 0.78 !4.5 
Plot I 5.45 0.73 13.4 
Plot II 5.39 0.83 15.3 

1999 
Total 5.39 0.88 16.4 
Plot I 5.66 0.96 17.1 
Plot II 5.25 0.82 15.7 

DBH (cm) 
1995 

Total 16.0 3.2 20.6 
Plot I 17.4 2~3 13.3 
Plot II 15.3 3.4 22.4 

1997 
Total 16.8 3.4 23.2 
Plot I 18.2 2.4 13.3 
Plot II 16.1 3.5 22.1 

1999 
Total 17.9 3.6 20.1 
Plot I 19.4 2.7 13.7 
Plot II 17.1 3.8 22.0 

Tree height (m) 
1995 

Total 8.7 1.4 15,6 
Plot I 9.9 0.9 9.4 
Plot II 8.2 i~2 14.4 

1997 
Total 9.2 1.4 15.2 
Plot I 10.3 0:9 9.1 
Plot II 8.6 1.2 13.9 

1999 
Total 11.0 1.7 15.3 
Plot I 12.4 1.3 10.3 
Plot II 10.3 1.4 13.3 

SD, standard deviation; CV, coefficient of variation; MOEi modulus of 
elasticity; DBH, diameter at breast height 
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Fig. 2. Relation between diameter at breast height (DBH) and trunk 
modulus of elasticity (MOE) 

1995, 16.8cm in 1997, and 17.9cm in 1999, with ranges of 
6.1-22.0cm, 6.5-23.2cm, and 6.8-24.8cm, respectively. The 
mean values for TH1995, TH1997, and TH1999 were  8.7, 9.1, and 
10.9m, respectively. The CV for each trait was rather large: 
for trunk-MOE and TH 15% and for DBH 20%. The SD 
and CV values in plot II were considerably larger than those 
in plot I for D B H  and TH. A comparison of the data of the 
two plots shows significant differences for DBH and TH (P 
< 0.01) but no significant difference for trunk-MOE. 

A classical relation between wood property trait and 
radial growth trait was found at the individual level: trunk- 
MOE was negatively correlated with DBH (Fig. 2). Trunk- 
MOE dropped from 6.96 to 3.73 GPa as the DBH increased 
from 12.7 to 22.0cm. The range of trunk-MOE at the same 
DBH, however, was wide: At about 16.0 cm DBH the trunk- 
MOE varied from 4.0 to 7.0GPa. 

The relation between the MOEs measured in 1995 and 
1999 was highly significant (r 2 = 0.71) at P < 0.01. This 
result agrees with the positive and significant correlation 
between trunk-MOEs measured at different ages by 
Koizumi 1~ and Takata 15 in a forest prepared with seedlings 
of Japanese larch [Larix kaempferi (Lamb.) Sarg.]. These 
results also indicate that trunk-MOE is highly reproducible 
and is a reliable index for evaluating wood quality of conifer 
species when they reach maturity. 

For two growth traits, the correlation between the value 
in 1995 and the values in 1997 and 1999 show apparently 
statistical significance, No apparent correlation between 
TH and trunk-MOE was found, nor was there a significant 
correlation between TH and DBH. 

Genetic makeup of planting stock in a sample stand 

The seven loci derived from four primers are shown in Fig. 
3. These loci, which were reproducible and clearly distin- 
guishable, were effective for classifying all samples. After 
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Fig. 3. Seven specific fragments utilized to identify DNA types. In each 
panel the first and last lanes (M) are molecular weight markers (100 
base ladders, GIBCO-BRL). Arrows indicate the seven specific poly- 
morphic fragments. A Five fragments: A08-610 and A08-920 with 
OPA-08 (lanes 1-12) and B16-810, B16-910, and B16-1100 with OPB- 
16 (lanes 13-24). B Two fragments, C10-800 with OPC-10 (lanes 1-12) 
and PB07-1090 with PB-07 (lanes 13-24) 

classification based on the band profiles at the seven loci, 
DNA fingerprinting analysis was carried out for all groups 
to check the genomic identity of the individuals included in 
the group. An example of the fingerprinting profiles gener- 
ated by the primer of OPS-14 for 15 individuals classified 
into genotype C is presented in Fig. 4. Every individual 
shared the same RAPD band profile. RAPD analysis re- 
vealed that the sample plantation forest consisted of at least 
14 genotypes based on the presence or absence of seven 
loci. In Table 3 these 14 genotypes are denoted A through 
N, in order of population size. The biggest population was 
genotype A with 31 individuals; six genotypes (I, J, K, L, M, 
N) consisted of one individual. In the Kyushu region, we 
have surveyed the genetic makeup and checked the repre- 
sentative genotypes for 84 cutting cultivars using RAPD 
markers. 24 Fingerprinting analysis for all individuals with 
the representative genotypes of 84 cutting cultivars re- 
vealed that two genotypes detected in the present study 
were historical, famous cutting cultivars called "Tanoaka" 
and "Obiaka", which have been utilized in the Kyushu re- 
gion for a long time (data not shown). 

The mean values and CVs of the three traits for six 
genotypes are shown in Table 4. Three major genotypes, 
(A, B, C) accounted for about 70% of all sampled trees. The 
CVs for DBH of genotypes B, D, and F were relatively 
smaller than the others. Compared with other genotypes, 
genotype D showed good performance in radial growth. 
The mean values for TH among six genotypes were gener- 
ally similar. Genotype E had a wide variation in TH and 
DBH. As for trunk-MOE, genotype D had a rather low 
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value  compared  to those of o ther  genotypes.  Fou r  geno-  
types, (A,  B, C, D)  had  a smal ler  CV values t han  the CV 
calculated for all samples.  O n  the o ther  hand,  the CVs of 
genotypes  E and  F were  somewha t  larger. The  CV of geno-  
type E, in par t icular ,  was abou t  twice as large as that  of the 
overal l  samples.  

Fig. 4. Fingerprinting analysis for 15 samples of genotype C. Lane 1, 
negative control; lanes 2-16, individuals classified into genotype C. The 
first and last lanes (M) are molecular weight markers (100 base ladders, 
New England BioLabs). Primer is OPS-04 (5'-CACCCCCTTG-3') 

Discussion 

Rela t i on  b e t w e e n  radial  growth and  t r u n k - M O E  

The  re la t ion  b e t w e e n  radial  growth and  M O E  is an  impor-  
t an t  factor  to consider  for the wood qual i ty  of Japanese  
cedar.  In  the presen t  study, the cor re la t ion  b e t w e e n  D B H  
and  t r u n k - M O E  was negat ive  and  weak  (Fig. 2). Judgmen t s  
abou t  the cor re la t ion  be tween  radial  growth and  M O E  have 
differed, however ,  according to species. 15'32 origin of the 
seedl ings of the forests t e s t ed )  3 and  site cond i t i ons )  2 A t  the 
same t ime. the magn i tude  of the M O E  value  in Larix spp. 
was well expla ined  by the  var ia t ion in r ing densi ty  and  
l a tewood  percentage ,  which var ied  over  a wide range  with a 
change  in r ing w id th ]  4 Therefore .  to u n d e r s t a n d  the rela- 
t ion  be tween  D B H  and  t r u n k - M O E  in Japanese  cedar  it 
may  be  useful to look more  closely at some of the more  
i m p o r t a n t  features of the re la t ion  be tween  ring width 
and  wood densi ty  and  the l a tewood  percen tage  in Japanese  
cedar.  

In  general ,  J apanese  cedar  is k n o w n  to exhibi t  a gradual  
t rans i t ion  in wood densi ty  be tween  ear lywood and  late- 
wood similar  to that  seen  in fir (Abies spp.) or  spruce (Picea 

Table 3. Band profiles of 14 genotypes 

Genotype No. of trees Fragment pattern 

OPA08-610 OPA08-920 OPB16-810 OPB16-910 OPB16-1100 OPC10-800 PB07-1090 

A 31 (12, 19) 1 1 1 1 1 1 1 
B 26 (10, 16) 1 1 1 1 1 0 1 
C 15 (6, 9) 0 1 1 1 l 0 i 
D 9 (5, 4) 0 1 1 0 1 1 1 
E 8 (3, 5) 1 1 1 1 0 J 1 
F 6 (0, 6) 0 1 1 1 0 1 1 
G 3 (0, 3) 0 1 1 0 0 0 l 
H 3 (0, 3) 0 1 1 0 1 0 [ 
I 1 (0, 1) 0 1 0 1 1 0 1 
J 1 (0, 1) 0 1 1 l 1 1 1 
K 1 (0, 1) 1 0 1 0 0 1 1 
L 1 (0, 1) 1 1 0 1 1 1 t 
M 1 (0, 1) 1 1 1 1 0 0 1 
N 1 (0, 1) 1 1 1 1 1 0 1 

Numbers in parentheses are the number of trees in plots A and B, respectively 

Table 4. DBH, tree height, and trunk-MOE for six major genotypes 

Genotype No. of trees DBH1999 T]711999 
(cm) (m) 

Mean CV (%) Mean CV (%) 

Trunk-MOE~995 
(Gea) 

Mean CV (%) 

A 31 (16) 17.4 23.1 10,9 15.8 5.53 12.2 
B 26 (20) 18.5 14.4 11,4 13.4 5.38 11.2 
C 15 (11) 17.5 20.7 11,3 14.3 5.68 11.0 
D 9 (7) 20.2 16.3 11.5 17.5 4.81 7.5 
E 8 (6) 17.6 27.4 10.8 22.8 5.69 26.8 
F 6 (4) 17.8 13.8 10.7 7.3 5.39 18.8 

Overall 108 (71) 17.9 20.1 11.0 15.3 5.42 14.5 

TH, tree height 
Numbers in parentheses are the samples for measurements of trunk MOE 



spp.). 3s There is fairly general agreement about the relations 
between latewood percentage and ring width, and wood 
density: The latewood percentage decreases with increasing 
ring width, 3'4'36'37 and wood density increases with an increas- 
ing latewood percentage) -6 Hirakawa and Fujisawa 6 ex- 
plained these phenomena as follows: Many trees with low 
density and a good radial growth rate have wide rings and 
tend to have a smaller latewood percentage than those with 
high density. In contrast to these relations, the relation 
between ring width and wood density is not clear. 
Fukazawa 3s reported that the relation between these traits 
was in inverse proportion, although exceptionally there 
were some cultivars with a proportional relation. Several 
researchers 3'4 have presented a similar view. Oda et al. 3 

pointed out that ring width basically had an effect on wood 
density through the latewood percentage, although it is nec- 
essary to pay attention to the exceptional cultivars with no 
effect of wing width on wood density. These results indicate 
that the genetic origin of sample trees would be an impor- 
tant key to a clear understanding of the effect of ring width 
on wood density. 

Hirakawa and Fujisawa 6 summarized the relation be- 
tween DBH and MOE from genotypes of trees regarding 
this point of view. That is, in the case of using monoclones 
MOE generally decreases with increasing DBH, as the 
wood density decreases with increasing radial growth. In 
contrast, in the case of testing multiclones, MOE and DBH 
are characteristically independent of each other, as the 
microfibril angle of the $2 layer and wood density affects 
the MOE value of each clone. In, previous reports using 
multiclones of plus tree, Fujisawa et al. 33 showed that there 
was no significant correlation between MOE and DBH for 
the total clones, which is explained by the difference in the 
regression coefficient between DBH and MOE per clone. 
Recently, several reports showed that the variation in MOE 
for logs among cutting cultivars was explained well by the 
characteristics of the microfibril angle of the $2 layer in each 
cultivar. 6'39 This concept seems to have considerable valid- 
ity, although it is based on the assumption that the mi- 
crofibril angle of the $2 layer is controlled genetically per 
clone. Regression coefficients for DBH and trunk-MOE of 
six genotypes detected in this study are shown in Fig. 5. 
Here the length of the regression lines indicates the range 
for each trait. Roughly, the six genotypes can be divided 
into two types according to the regression coefficient: one 
with a gentle regression and another with a rather steep 
regression. Thus the negative and weak correlations be- 
tween DBH and trunk-MOE observed in this study can 
be explained as the result of the gathering of individuals 
from several genotypes that have different regression 
coefficients. 

Genotypic effects on the variation of DBH, TH, 
and trunk-MOE 

Using a DNA molecular marker, we showed that the 
sample plantation forest consisted of at least 14 genotypes. 
We also showed that there were three major genotypes that 
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Fig. 5. Difference in regression coefficients between DBH and trunk- 
M O E  for six clones 

accounted for about 70% of all sampled trees (Table 3). The 
variation in trunk-MOE, DBH, and TH within a sample 
plot, however, was notably wide (Table 2). Furthermore, 
trunk-MOE dropped from 6.96GPa to 3.73GPa as the 
DBH increased, and the range was wide at the same DBH 
(Fig. 2). We assume that there were two causes, with the 
interaction between them accounting for the wide variation 
in the three investigated traits. The first was the genotypic 
effect, which was caused by the difference in the genetic 
origin of the planting stocks. The second was the environ- 
mental effect, which was the difference in site conditions 
(topology at the growing place) and the difference of nil- 
croenvironment (suppression and competition among adja- 
cent individuals). We discuss the variation in the three traits 
in detail using the genotypic effect and two types of envi- 
ronmental effect mentioned above. 

The mean DBH varied from 17.4 to 20.2cm, and the 
variations among the data within the same genotype were 
rather wide except for genotypes B and F. There was no 
significant difference among the four genotypes (A-D)  or 
among six genotypes (A-F), and we cannot find a clear 
genotypic effect on DBH (Table 5). In earlier work based 
on 12 clones from progeny tests of plus tree of Japanese 
cedar, Fujisawa at al. 33 documented that the CV of the clone 
average for DBH was in the range of 12.5%-15.0% in prog- 
eny trial stands. The CV within the genotype in the present 
study is about 2.0 times as large as the CV in their data. 
Fujisawa et al. 33 studied samples planted in a randomized 
complete block design, replicated three times, with 50 trees 
per plot at three locations; collected only three trees with an 
average diameter per plot for research. In our study, aI1 
healthy trees were sampled for measuring the DBH, so the 
difference in CVs for DBH between the two studies might 
be due to the different sampling methods. Furthermore, 
trees of each genotype were planted at random in the forest. 
Considering these aspects, the wide variation in DBH 
within a genotype observed in this study may be due to the 
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Table 5. Results of ANOVA on DBH, TH, and trunk-MOE 

No. of genotypes F P 

DBH 
4 2.01 0.1193 
6 1.18 0.3280 

Tree height 
4 O.64 0.5910 
6 0.53 0.7547 

Trunk-MOE 
4 3.33 0.0267 
6 1.44 0.2248 

site condition effect between plots A and B (Table 2) and to 
the microenvironmental effects between adjacent individu- 
als. It seems reasonable to suggest that unclear differences 
in DBH among genotypes may be mainly due to these two 
environmental effects. 

The genotypic effect on TH was also unclear, and there 
was no significant difference among genotypes (Table 5). 
Wide variation was observed within a genotype except for 
genotype F, and a small difference was shown between 
genotypes for the variation in TH (Table 4). For Japanese 
cedar, Koizumi et all 2 suggested that the influence of local 
site conditions (e.g., wind and soil) would be greater on 
growth trials than on wood quality traits. As noted above, 
plot II was located at a windier site than plot I. Thus, it 
seems reasonable to assume that the difference in the local 
site conditions (e.g., the wind condition) could cause the 
observed difference in mean TH. These results suggest that 
an acquired variation is more influential than an inherited 
variation on growth traits. 

There were significant differences in trunk-MOE (F 
value 3.33) among the four genotypes at the 5% level; there 
were no significant differences among the six genotypes 
(Table 5). Fujisawa et al., 33 working on several progeny 
trials with plus trees of Japanese cedar, reported that the 
dynamic-MOE of green logs had a small variation within a 
clone and a greater broad-sense heritability (0.59%0.857). 
The CV of the clone average ranged from 7.5% to 10.0%. 
For plus trees of Japanese larch, a narrow variation in 
trunk-MOE within the same clone was also observed at 
several progeny trial forests, and the CV of the clone aver- 
age for trunk-MOE was about 7 . 0 % .  12'13 The CV of the 
genotype average for trunk-MOE in this study ranged from 
7.5% to 26.8% (genotypes A-F), and these values are rela- 
tively larger than those of earlier research on plus trees. In 
the earlier studies on plus trees, samples were selected by 
the diameter of the tree trunk, and the trees with an average 
diameter per plot or per plus tree were used. We presume 
that the intention of these sampling methods was to reduce 
the size effect caused by the difference in radial growth rate 
on the measurement of MOE. In this study, the variation in 
DBH of the trees for measuring trunk-MOE was wide (Fig. 
2) because we tried to check the trunk-MOE of all healthy 
trees in the sample plots to study variation in a plantation 
forest. As mentioned, the MOE decreases with increasing 
DBH within a clone. Hence the variation of trunk-MOE in 

a sampled stand can be divided into two parts: one due Lo 
the genetic origin of clones and another due to the radial 
size effect on each tree within a clone after planting. In 
other words, there is an inherited variation and an acquired 
one. and we can recognize the wider variation in an actual 
plantation than in a progeny trial stand because of the 
acquired variation. 

Fujisawa e1 al .  33 pointed out that if a plantation forest 
were composed of several genotypes the variation in MOE 
and DBH within the plantation would vary widely. In this 
study, we present for the first time an actual varmtion of 
trunk-MOE in the plantation forest that was dependent on 
the genotypes of the planted stocks. Our study goes a step 
further in showing practically why wide variation in wood 
quality occurs in a plantation forest. The results of the 
present study clearly warn against using multiple planting 
stocks from different cutting cultivars for which the wood 
quality is unknown. Our results also emphasize the impor- 
tance of the genetic makeup of planting stocks for obtaining 
high-quality forest plantations. 

We carried out the research at only one plantation forest 
in Miyazaki prefecture. It is thus important that future work 
include additional plantation forests in other prefectures 
which are planted with root cuttings of other cultivars. As 
demonstrated in this study using the tree-bending test and 
DNA molecular analvsls, we can estimate the performance 
of a conifer plantation forest nondestructively. Continuing 
this nondestructive research on plantation forests could 
provide much information relevant to a better understand- 
ing of the genetic aspects of wood quality and growth traits 
of cutting cultivars of Japanese cedar. 

Conclusions 

Based on our analyses performed on a 19-year-o}d planta- 
tion forest composed of unknown cutting cultivars of Japa- 
nese cedar, the following can be concluded about the 
relations between DBH and trunk-MOE, and the genotypic 
effects on the variation of trunk-MOE, DBH, and TH. 

1. There was a negative and weak correlation between 
DBH and trunk-MOE. This correlation would be based on 
the difference in the regression coefficient between DBH 
and trunk-MOE per clone in a plantation forest. 

2. RAPD analysis revealed that the sampled plantation 
consisted of 14 genotypes. Genotypie effects on DBH and 
TH were unclear, and there was no significant difference 
among genotypes. This result indicated that an acquired 
variation should be stronger than an inherited variation on 
DBH and TH. 

3. For trunk-MOE, there were significant differences 
among the four largest genotypes at the 5% level. However, 
the CV for trunk-MOE of each genotype ranged from 7.5% 
to 26.8%. It seems reasonable to assume that the wide 
variation in trunk-MOE at a sampled plantation may be 
divided into two parts: one due to the difference of genetic 
origin of clones and another due to the radial size effect on 
each tree in a clone. 
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