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Ring characteristics and screw withdrawal resistance of naturally 
regenerated Chamaecyparis obtusa var. formosana trees

Abstract The ring characteristics and screw withdrawal 
resistance (SWR) of naturally regenerated Taiwan yellow 
cypress (Chamaecyparis obtusa var. formosana) trees were 
explored. Signifi cant differences in average ring width 
(RW), earlywood width, latewood width, ring density (RD), 
earlywood density (ED), latewood density (LD), highest 
density (Dmax), lowest density (Dmin), latewood percentage 
(LWP), and SWR were observed between trees, rings (SWR 
excluded), and tree height positions. The RW components 
in the radial direction increased from the pith outward to 
about the 3rd to 5th ring and then decreased to about the 
25th ring; it was almost constantly sustained toward the 
bark side. The RD in the radial direction slowly decreased 
from the pith outward to the bark side. Average ring width 
and ring density were signifi cantly affected by the various 
tree growth rates, radial ring numbers, and tree height posi-
tions. ED, LD, Dmax, Dmin, and LWP were the most important 
factors determining the overall RD. RW did not correlate 
with tree RD. SWR is correlated with ED, RD, Dmin, LWP, 
and intra-ring density variation (IDV). Thus, the SWR can 
be used to predict wood density and in nondestructive eval-
uation of a living tree.
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Introduction

Naturally regenerated Taiwan yellow cypress (Chamaecyp-
aris obtusa var. formosana) is a dominant ecological species 
and an important timber resource at Chi-Lan Mt., northern 
Taiwan. Conservation ethics and wood resource shortages 
have stimulated sustainable forest management to meet the 
social, ecological, economic, cultural, and spiritual needs of 
present and future generations. Naturally regenerating 
Taiwan yellow cypress stands should be managed to main-
tain forest health, ecological diversity, and the adequate 
provision of wood resources. People concerned with forest 
conservation and wood utilization would benefi t from 
knowing tree growth performance (e.g., ring width) and 
wood quality traits (e.g., ring density). Some studies1–3 have 
reported the growth performance or wood properties of 
naturally regenerated Taiwan yellow cypress trees. Chiu et 
al.1 reported high correlation among diameter at breast 
height (DBH), tree height, and crown growth parameters of 
Taiwan yellow cypress trees. Yang2 investigated variation of 
crown morphology and structure pattern of different crown 
class Taiwan yellow cypress trees to elucidate growth adap-
tation. Lin et al.3 examined tree growth performance, ring 
characteristics, and compressive strength of Taiwan yellow 
cypress trees. However, there has been little investigation 
concerning corresponding wood properties and details of 
variation of naturally regenerated Taiwan yellow cypress 
trees. This study was one of a series of investigations on tree 
growth performance and wood properties of these cypress 
trees to elucidate their tree growth variation and wood 
diversity from the aspect of forest ecological management.

Tree ring analysis is widely applied for many purposes 
(e.g., dendroarcheology, dendrochronology, and dendrocli-
matology). The ring width and density parameters can be 
explored by X-ray densitometric techniques. Ring charac-
teristics (e.g., ring width, ring density, and latewood percent-
age) are useful indicators in forest management and product 
manufacturing because they are strongly correlated with 
many other traits, such as tree diameter growth and wood 
strength properties.4,5
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Large tree-to-tree (inter-tree) and within-tree (intra-
tree) (radial, axial, and inter-ring/within-ring) variations in 
wood properties are observed in a species, even if the trees 
are of the same age and have been grown under the same 
conditions.5,6 Panshin and de Zeeuw7 suggested that under-
standing the extent of variability of wood is important 
because the uses for each kind of wood are related to certain 
of its characteristics. The properties of wood are infl uenced 
by such parameters as tree cambium age, genetic factors, 
and environmental state.

Intra-ring density variation (IDV) was adopted using a 
model for expressing the pattern curve from earlywood to 
latewood as a power function.8–11 We wished to understand 
the change amplitude of wood density from earlywood to 
latewood (intra-ring) of yellow cypress trees. Lin et al.3 
reported signifi cant relationships between tree growth per-
formances; tree ring density and compressive strength were 
not correlated with tree DBH growth rate. Moreover, sig-
nifi cant differences in average ring width were observed 
between trees and between rings; also, although average 
ring density was observed between trees, no difference was 
observed between rings. Moreover, no details of ring varia-
tion were reported. We were therefore interested in varia-
tions of ring characteristics in the radial (from the pith to 
the bark) and vertical (from the base to the top of the tree) 
directions in the trunks of naturally regenerated trees.

During the past 20 years, forest scientists have developed 
and used nondestructive evaluation (NDE) techniques for 
a wide range of applications from grading lumber to evalu-
ating living trees. The dynamic modulus of elasticity (MOE, 
density × square of the wave velocity) is one of most com-
monly used NDE criteria for estimating wood properties.12 
However, measuring the wood density of a standing tree is 
more diffi cult than measurements under solid wood mate-
rial conditions. Screw withdrawal resistance (SWR) is one 
of the NDE techniques that can be used to estimate wood 
density and wood properties. The Forest Products Labora-
tory13 and Cai et al.14 indicated good correlation between 
screw withdrawal strength and the density of solid wood; 
the predicted density of in situ wood members with stress 
wave propagation produced good correlation with the static 
MOE. Several studies indicated that the physical proper-
ties of wood-based materials (fi berboard, particleboard, 
plywood, etc.) are statistically correlated to screw with-
drawal strength.15–19 Currently, there is concern about using 
the SWR technique to evaluate the wood properties of 
standing tree with a portable withdrawal meter.

Therefore, the purposes of this study were to explore 
variations of ring characteristics and withdrawal resistance 
of naturally regenerated Taiwan yellow cypress trees in dif-
ferent trees, rings, and tree height positions.

Materials and methods

The experimental trees are located in compartments 31 and 
32, Taiping Mt. working cycle, Chilan Mt., Ilan County, 
northern Taiwan, as administered by the Veterans Affairs 
Commission, Executive Yuan, Taiwan. The mean annual 

temperature is 13.3°C, RH is 90%, mean annual precipita-
tion is 3,657 mm (2005–2006), and elevation is 1,700 m.

The naturally regenerated Taiwan yellow cypress stand 
was implemented by natural seed tree regeneration method 
(one of natural regenerations) in about 1961; subsequently, 
this stand has had no silvicultural treatment. Tree growth 
performance was investigated2 in 2006: average forest stand 
density is 3,052 ± 573 trees ha−1, and diameter at breast 
height (DBH), tree height (TH), height at crown base 
(HCB), crown width (CW), crown length (CL = TH − HCB), 
crown ratio (CR = CL/TH), and crown thickness index 
(CTI = CW/CL)20 were 4.5–22.6 cm, 5.3–12.9 m, 3.5–5.8 m, 
1.1–2.3 m, 1.8–7.1 m, 0.33–0.55, and 0.33–0.67, respectively. 
These tree growth performance data are an important foun-
dation for deciding which trees to sample and understand-
ing the corresponding wood properties.

Four plots (0.05 ha/plot) were established in the natu-
rally regenerated stand. Sampled trees (n = 4) of different 
diameter classes (normal distribution) were selected from 
each plot according to the growth investigation of Yang.2 A 
total of 16 sample trees was cut down, representing the 
naturally regenerated stand. These trees were harvested in 
late 2006, when the trees were about 13–40 years old (age 
determined at 0.3 m above the ground by a tree ring analy-
sis, uneven-aged stand).

Cross-sectional disks (10 cm thick) were cut from each 
sample tree at the positions of 0.3, 1.3, 3.3, 5.3, 7.3, and 9.3 m 
above ground. A diametrical strip about 20 mm wide 
(passing through the pith) was sawn from each disk in the 
same direction. A thin slice (2 × 20 mm, longitudinal × tan-
gential) for X-ray scanning was cut from each strip, and the 
remainder of the strip was used for withdrawal resistance 
detection. The strips were conditioned at a moisture content 
(MC) of 12%. The SWR of the strips was then determined 
by the withdrawal resistance method at the bark side (in the 
radial direction, from the bark to the pith).

The dimensions of the wood screw used in this experi-
ment were total length, 40 mm; length of threaded portion, 
15 mm; shank diameter, 3.8 mm; diameter of threaded 
portion, 4.8 mm. A screw was inserted at the bark side 
(radial direction, bark peeled off) of a disk sample to a 
15-mm depth (fi xed screw position) by a screwdriver. Then, 
the maximum withdrawal resistance of each screw (by 
pulling the screw out of the wood sample) was obtained 
using a potable withdrawal force meter (Hong-Da, Taipei, 
Taiwan) under a constant loading rate. A potable with-
drawal force meter was connected to the digitized monitor, 
and the SWR value was displayed on the meter screen and 
recorded. Before the formal experiment, a preliminary test 
of 150 small clear specimens [32 (longitudinal) × 20 (tan-
gential) × 20 mm (radial)] was conducted by screw with-
drawal and static bending tests to ascertain feasibility. 
Signifi cant positive relationships were found for SWR with 
wood density and for wood density with modulus of rupture.

An X-ray densitometric technique determined the ring 
characteristics of the slices. Volatiles of the slices were 
extracted using distilled water and an alcohol–benzene 
solution. The conditioned slices were subjected to a 
direct-reading X-ray densitometer [QTRS-01X Tree Ring 
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Analyzer; Quintek Measurement Systems (QMS), Knox-
ville, TN, USA] for ring characteristics. Each slice (at 12% 
MC) was scanned and moved through the X-ray machine 
in the radial direction.

The main case of the QTRS-01X contains both an X-ray 
source and a high-voltage power supply (25,000 V). The 
standard collimator supplied with the QTRS-01X analyzer 
measures approximately 0.038 mm wide and 1.59 mm high 
at the detector. The sample step size can be adjusted at 
0.02-mm increments. The determination of density by the 
QTRS-01X scanning system is based on the relationship of 
X-ray attenuation and density.21

The Tree Ring Analyzer actually determines the absorp-
tion of radiation from a collimated beam of X-rays of a 
narrowly controlled energy range. That absorption is related 
to the actual sample density by basic radiation attenuation 
principles. The Tree Ring Analyzer was calibrated to the 
actual sample density (from strips); the density profi le can 
then be measured and produced. The earlywood/latewood 
boundary was determined by a comparator, and the loca-
tion was then converted into a density threshold in the 
density profi le. A ring density boundary was identifi ed by a 
fi xing density threshold. Based on the density profi les, the 
earlywood/latewood boundary in each ring was defi ned by 
an average of both the maximum (Dmax) and minimum 
density (Dmin) in a ring. Therefore, density profi le and ring 
characteristics could be confi rmed and determined with a 
tree-ring analysis program (attached to the QMS). The ring 
characteristics included average tree ring width (RW), ear-
lywood width (EW), latewood width (LW), tree ring density 
(RD), earlywood density (ED), latewood density (LD), 
Dmax, Dmin, latewood percentage (LWP), and IDV (Dmax-
RD)/(RD-Dmin) in a ring across the sample.

Results and discussion

Ring characteristics and screw withdrawal force

Table 1 summarizes the average ring characteristics based 
on all rings at all heights of all sampled naturally regener-
ated Taiwan yellow cypress trees. The average RW value 
(2.01 mm) and the average RD value (473.4 kg m−3) of the 
naturally regenerated trees are similar to those mentioned 
(ring width and basic density, 2–3 mm and 380–440 kg m−3, 
respectively) by Guo22 and the ring density (452.6 kg m−3) 
reported by Lin et al.3 However, the latewood percentage 
(30.4%) was larger than that reported (16.4–25.0%) by 
Guo22 and is similar to the result (30.9%) of Lin et al.3 The 
average screw withdrawal resistance based on all heights of 
all sampled trees was 147.0 kg. Cai et al.14 reported the 
specifi c gravity and withdrawal load of southern pine speci-
mens are about 0.40–0.80 and 113–227 kg, respectively.

Ring width

Differences in average ring width, earlywood width, and 
latewood width among sampled trees, tree rings, and tree 

height position were assessed with analysis of variance 
(ANOVA) (Table 2). Signifi cant differences in the RW com-
ponents were observed between trees, rings, and tree height 
positions.

Variation in ring width components (RW, EW, and LW) 
among Taiwan yellow cypress trees (nos. 1–16) is presented 
in Fig. 1. Inter-ring variation in ring width components of 
Taiwan yellow cypress trees is shown in Fig. 2. The RW 
parameters in the radial direction increased from the pith 
outward to about the 3rd to 5th rings and then decreased 
to about the 25th ring. Finally, the parameter was almost 
constantly sustained toward the bark side. Lin et al.3 
reported that the position of demarcation between juvenile 
and mature wood occurred at about 25–30 years of cambium 
age by RW, compressive strength variation, and segmented 
regression analyses.

Because only one sampled tree was more than 11.3 m in 
height, those measurements and analysis were excluded 
here. Inter-tree height position variation in ring width com-
ponents of Taiwan yellow cypress is presented in Fig. 3. 
Average ring width and earlywood width slowly increased 
with tree height from 0.3 m to 9.3 m. Average RW values 
showed a trend as follows: 9.3 m > 5.3 m, 3.3 m, 1.3 m, and 
0.3 m; 7.3 m > 3.3 m, 1.3 m, and 0.3 m; 5.3 m > 3.3 m and 
0.3 m, by Tukey test. Average RW values tended to increase 
with increasing tree height.

In this experiment, all 16 sampled trees can be classifi ed 
into two groups based on average ring width of the indi-
vidual tree, namely, growth A (fast growth group: RW 2.11–
3.27 mm, 8 trees) and growth B (slow growth group: RW 
0.96–1.89 mm, 8 trees). Average ring width in growth A 
group was signifi cantly greater than that in growth B group 
by t test (2.57 vs. 1.54 mm, P < 0.05). All ring numbers were 
separated into two groups by radial position: ring A (from 
the 1st outward to the 20th ring) and ring B (from 21st ring 
outward to the bark side). Average ring width of ring A 
group was signifi cantly greater than that of ring B group by 
t test (2.77 vs. 1.77 mm, P < 0.05). All measurements of 

Table 1. Average of ring characteristics and screw withdrawal resis-
tance (SWR) of naturally regenerated Taiwan yellow cypress trees 
based on all rings (excluded SWR) at all heights of all sampled trees 
(n = 16)

Characteristics Mean value SD

Width (mm)
 Ring 2.01 0.66
 Earlywood 1.40 0.49
 Latewood 0.61 0.17
Density (kg m−3)
 Ring 473.4 43.3
 Earlywood 410.4 32.4
 Latewood 571.2 44.4
 Highest 692.1 49.1
 Lowest 368.7 32.9
LWP (%) 30.4 3.5
IDV 2.20 0.39
SWR (kg) 147.0 22.6

LWP, latewood percentage; IDV, intra-ring density variation; SD, stan-
dard deviation
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Table 2. Results of analysis of variance (ANOVA) for differences in the ring characteristics of Taiwan yellow cypress among trees, rings, and 
tree height positions

Variance Tree Ring Tree height Residual Total

Degrees of freedom 15 39 5 1,712 1,772
Width
 Ring
  Sum of squares 808.7 1,233.7 134.3 1,055.4 11,902.2
  Mean square 53.9 31.6 26.9 0.62
  F value 87.5** 51.3** 43.6**
Earlywood
  Sum of squares 278.6 196.4 30.0 704.7 4,318.1
  Mean square 18.6 5.0 6.0 0.41
  F value 45.1** 12.2** 14.6**
Latewood
  Sum of squares 150.9 512.1 43.7 677.7 2,778.0
  Mean square 10.1 13.1 8.7 0.40
  F value 25.4** 33.2** 22.1**
Density
 Ring
  Sum of squares 1,923,936 564,028 226,160 2,524,659 3.8E + 08
  Mean square 128,262.4 14,462.3 45,231.9 1,474.7
  F value 87.0** 9.8** 30.7**
Earlywood
  Sum of squares 1,238,533 456,289 258,504 1,345,883 2.87E + 08
  Mean square 82,569 11,700 51,701 786.1
  F value 105.0** 14.9** 65.8**
Latewood
  Sum of squares 2,518,807 156,021 156,792 2,887,359 5.61E + 08
  Mean square 167,920 4,001 31,358 1,687
  F value 99.6** 2.37** 18.6**
Highest
  Sum of squares 3,897,169 1,123,827 396,427 11,945,475 8.55E + 08
  Mean square 259,811 28,816.1 79,285 6,977.5
  F value 37.2** 4.1** 11.4**
Lowest
  Sum of squares 1,102,436 599,228 168,800 1,865,149 2.3E + 08
  Mean square 73,496 15,365 33,760 1,089
  F value 67.5** 14.1** 31.0**
LWP
  Sum of squares 16,095 95,891 12,314 404,640 3,161,090
  Mean square 1,073 2,459 2,463 236
  F value 4.5** 10.4** 10.4**
IDV
  Sum of squares 174.2 41.1 19.9 1,326 11,181
  Mean square 11.6 1.05 3.99 0.77
  F value 15.0** 1.36 5.15**

LWP, latewood percentage; IDV, intra-ring density variation
* Signifi cant at 5% level by F test
** Signifi cant at 1% level by F test
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various tree heights at the positions of 0.3, 1.3, 3.3, 5.3, 7.3, 
and 9.3 m above ground were sorted into two groups: height 
A (0.3–3.3 m) and height B (5.3–9.3 m). Average ring width 
of height B group was signifi cantly greater than that of 
height A group by t test (2.48 vs. 2.16 mm, P < 0.05). There-
fore, the specimens classifi ed as growth A, ring A, and height 
B had greater ring width than those of growth B, ring B, and 
height A, respectively.

Signifi cant difference in average ring width was observed 
between tree growth groups by radial position interaction 
(growth × ring) by one-way ANOVA (P < 0.01). Average 
ring width in the four groups showed the following trend: 
growth A × ring A (3.44 mm) > growth A × ring B (1.96 mm) 
and growth B × ring A (1.81 mm) > growth B × ring B 
(1.09 mm) by Tukey test.

A signifi cant difference in average ring width was 
observed between radial by tree height position interaction 
(ring × height) by ANOVA (P < 0.01). Average ring width 
in the four groups showed the following trend: ring A × 
height B (3.24 mm) > ring A × height A (2.70 mm) > ring B 

× height B (2.25 mm) > ring B × height A (1.43 mm) by 
Tukey test.

Moreover, a signifi cant difference in average ring width 
was observed between tree growth by tree height position 
interaction (growth × height) by ANOVA (P < 0.01). 
Average ring width in the four groups showed the following 
trend: growth A × height B (2.59 mm) and growth A × 
height A (2.56 mm) > growth B × height B (1.70 mm) > 
growth B × height A (1.53 mm) by Tukey test.

A signifi cant difference in average ring width was 
observed between tree growth by radial by tree height posi-
tion interaction (growth × ring × height) by ANOVA (P < 
0.01). The difference in average ring width for various 
groups was analyzed using the Tukey test (Table 3). The 
mean ring widths of the growth A × ring A × height A/height 
B group were the greatest and those of the growth B × ring 
B × height A group were the smallest among the eight 
groups.

In the present work, specimens were collected from nat-
urally regenerated trees, which may explain the large varia-
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Table 3. Comparison of the average ring width and ring density 
according to interaction among two tree growth classes and two radial 
ring positions and two tree height positions

Variables RW RD

Growth A × ring A × height A 3.46a 457.8c,d

Growth A × ring A × height B 3.35a 470.2c,d

Growth A × ring B × height A 1.62d 427.8e

Growth A × ring B × height B 2.35b 444.7d,e

Growth B × ring A × height A 1.79c,d 499.3b

Growth B × ring A × height B 2.27b,c 531.3a

Growth B × ring B × height A 0.95e 476.0b,c

Growth B × ring B × height B 1.55d 465.2c,d

Means within a given column with the same letter (superscripts a, b, c, 
d, e) are not signifi cantly different (P ≤ 0.05) as determined by the 
Tukey test
RW, ring width; RD, ring density
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Fig. 4. Inter-tree variation in ring 
density components based on all 
rings at all tree heights of 
naturally regenerated Taiwan 
yellow cypress trees. RD, ring 
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tions in ring width components, and tree growth diversity 
was seen in the uneven-aged stand (different tree sizes, 
inter-tree). Experienced observations in the fi eld noted that 
naturally regenerated Taiwan yellow cypress trees have 
slower growth than that of plantation trees grown in even-
aged stands. Hence, the RW components may be affected 
by environment conditions such as tree competition, planta-
tion spacing, and stand density.

The largest overall cause of wood variation in conifers is 
the presence of juvenile wood and its relative proportion to 
mature wood. Nearly all wood properties, both physical and 
chemical, greatly vary in the juvenile zone but tend not to 
change much in the mature zone. There are different criteria 
to determine the juvenile period: for example, ring width 
decreasing from the pith outward for a number of years and 
then remaining mostly constant in conifers.6,23 Therefore, 
the RW components may be affected by cambial age (ring 
number).

Ring density

Differences in average ring density, earlywood density, late-
wood density, highest density, and lowest density in a ring 
among sampled trees, rings, and tree height position were 

analyzed using ANOVA (see Table 2). Signifi cant differ-
ences in the RD components were observed between trees, 
rings, and tree height positions.

Variation in the ring density components (RD, ED, LD, 
Dmax, and Dmin) among Taiwan yellow cypress trees (nos. 
1–16) is presented in Fig. 4. Inter-ring variation in ring 
density components of Taiwan yellow cypress trees is shown 
in Fig. 5. RD in the radial direction slowly decreased from 
the pith outward to the bark side. Inter-tree height position 
variation in ring width components of Taiwan yellow cypress 
is given in Fig. 6.

Average ring density in growth B was signifi cantly higher 
than that in growth A by t test (490.5 vs. 445.7 kg m−3, P < 
0.05). Average ring density of the ring A group was signifi -
cantly greater than that of ring B by t test (476.6 vs. 
443.8 kg m−3, P < 0.05). Average ring density of the height 
A group was signifi cantly higher than that of height B by t 
test (461.7 vs. 454.0 kg m−3, P < 0.05). Therefore, the speci-
mens of growth B, ring A, and height A had larger ring 
density than those of growth A, ring B, and height B, respec-
tively. Combining the results given in the foregoing para-
graph, the faster growing trees had greater ring width and 
smaller ring density than those of slower growing trees. 
Trees with more than 20 rings produced greater ring width 
and larger ring density than those trees with 21 rings to the 
bark side. Tree height at 5.3, 7.3, and 9.3 m above ground 
created greater ring width and smaller ring density than 
those of tree height at 0.3, 1.3, and 3.3 m above ground.

Signifi cant difference in average ring density was 
observed between tree growth by radial position interaction 
(growth × ring) by one-way ANOVA (P < 0.01). Average 
ring density in the four groups showed the following trend: 
growth B × ring A (500.4 kg m−3) > growth B × ring B 
(473.5 kg m−3) > growth A × ring A (460.3 kg m−3) > growth 
A × ring B (435.5 kg m−3) by Tukey test.

Furthermore, signifi cant difference in average ring 
density was observed between radial by tree height position 
interaction (ring × height) by ANOVA (P < 0.01). Average 
ring density in the four groups showed the following trend: 
ring A × height B (476.7 kg m−3) and ring A × height A 
(476.6 kg m−3) > ring B × height B (447.2 kg m−3) and ring 
B × height A (441.5 kg m−3) by Tukey test.
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minimum density in a ring

Moreover, signifi cant difference in average ring density 
was observed among tree growth by tree height position 
interactions (growth × height) by ANOVA (P < 0.01). 
Average ring density in the four groups showed the follow-
ing trend: growth B × height A (2.59 mm) and growth B × 
height B (2.56 mm) > growth A × height B (1.70 mm) and 
growth A × height A (1.53 mm) by Tukey test. The effects 
of various tree height positions on ring density were smaller 
than tree growth features and ring radial positions.

Signifi cant differences in average ring density were 
observed between tree growth by radial by tree height posi-
tion interaction (growth × ring × height) by ANOVA (P < 
0.01). The difference in average ring density for the various 
groups was analyzed using the Tukey test (see Table 3). 
Mean ring density of growth B × ring A × height B was the 
greatest among the eight groups.

In the present work, sampled trees were collected from 
different ages and sizes, which may be refl ected in the varia-
tions in ring density components. Regarding radial variation 
in ring density, Chiu and Lin24 reported that signifi cant dif-
ferences in wood density of plantation-grown Taiwan red 

cypress (Chamaecyparis formosensis) were observed 
between trees and between radial positions. Panshin and de 
Zeeuw7 indicated that the radial distribution pattern in 
wood density variation of Chamaecyparis lawsoniana and 
C. obtusa can be classifi ed into type III, decreasing from the 
pith to the bark. Zobel and Sprague6 indicated that members 
of the Cupressaceae (Chamaecyparis and Cupressus) 
usually have high wood density near the tree center, which 
diminishes for a few rings from the pith and then levels off 
or becomes greater again toward the bark. Koga and 
Zhang10 reported that cambial age of balsam fi r (Abies bal-
samea) explains more intra-tree variation in wood density 
components than does ring width, whereas more intra-tree 
variation in ring width components is the result of ring 
width. Thus, radial variation in RD may be affected by 
cambium age.

In this experiment, signifi cant differences in RD were 
observed between rings by ANOVA; however, the density 
profi le in radial variation did not steeply change (see Fig. 
5). Zhu et al.25 indicated that Douglas-fi r grown under 
various degrees of suppression in a natural forest setting 
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may have increased uniformity of wood density in the radial 
direction. In addition to the radial variation feature of the 
species in RD, Taiwan yellow cypress trees grew under 
various degrees of suppression in a natural forest setting, 
which may have increased the uniformity of RD compo-
nents within an individual tree. Thus, RD may be affected 
by environment conditions such as tree competition, planta-
tion spacing, and stand density.

Latewood percentage and intra-ring density variation

Differences in average latewood percentage and intra-ring 
density variation among sampled trees, rings, and tree height 
position were analyzed by ANOVA (see Table 2). Signifi -
cant differences in LWP were observed among trees, rings, 
and tree height positions. Signifi cant differences in IDV 
were observed between trees and tree height position; 
however, no signifi cant difference was found between rings.
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Fig. 7. Inter-tree variation in 
latewood percentage and 
intra-ring density variation based 
on all rings at all heights of all 
sampled Taiwan yellow cypress 
trees. LWP, latewood percentage; 
IDV, intra-ring density variation
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Fig. 8. Inter-ring variation in 
latewood percentage (LWP) and 
intra-ring density (IDV) based 
on all rings at all heights of all 
sampled Taiwan yellow cypress 
trees

Variation in LWP and IDV among Taiwan yellow cypress 
trees (nos. 1–16) is presented in Fig. 7. Inter-ring variation 
in LWP and IDV of Taiwan yellow cypress trees is shown 
in Fig. 8. In sum, LWP in the radial direction showed a 
constant fl uctuation from the pith outward to about the 
25th ring and then decreased in irregular fashion to 
the bark side. IDV in the radial direction increased from 
the pith outward to about the 5th ring and then remained 
almost stable continuing toward the bark side. Inter-tree 
height position variation in LWP and IDV of Taiwan yellow 
cypress is shown in Fig. 9.

Screw withdrawal resistance

Differences in average screw withdrawal resistance among 
sampled trees and tree height positions were assessed by 
ANOVA (Table 4). Signifi cant differences in SWR were 
observed among trees and tree height positions. Variation 
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Fig. 9. Inter-tree height positions variation in latewood percentage 
(LWP) and intra-ring density (IDV) based on all rings at all heights of 
all sampled Taiwan yellow cypress trees

Table 4. Results of analysis of variance (ANOVA) for differences in 
screw withdrawal resistance of Taiwan yellow cypress comparing trees 
and tree height positions

Variance Tree Tree height Residual Total

Degrees of freedom 15 5 48 69
 Sum of squares 18,971 3,626 12,541 1,525,564
 Mean square 1,265 725 261.3
 F value 4.8** 2.8*

* Signifi cant at 5% level by F test
** Signifi cant at 1% level by F test
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Fig. 10. Inter-tree variation in 
screw withdrawal resistance 
(SWR) based on all heights of all 
sampled Taiwan yellow cypress 
trees

Fig. 11. Inter-tree height positions variation in screw withdrawal resis-
tance (SWR) based on all heights of all sampled Taiwan yellow cypress 
trees

in SWR among Taiwan yellow cypress trees (nos. 1–16) is 
presented in Fig. 10. Inter-tree height position variation in 
SWR of Taiwan yellow cypress is shown in Fig. 11.

Relationships between ring characteristics

Table 5 shows correlation coeffi cients for all pairwise com-
parisons of ring characteristics based on all rings at all 
heights of all sampled trees. Based on the results of this 
experiment, ED, LD, Dmax, Dmin (density components), and 
LWP were the most important factors determining the 
overall RD. The coeffi cients of relationship (r) were 0.84, 

0.67, 0.52, 0.83, and 0.64, respectively (P < 0.01). Tree RW 
(tree growth) did not correlate with tree RD (r = 0.04, P > 
0.05). Moreover, the r values (< 0.45) were low, no matter 
which specimens came from the different groups (two 
growth, ring, and height groups, and the interactions). This 
result indicated that tree growth rates of naturally regener-
ated Taiwan yellow cypress trees will likely not have a large 
impact on wood properties, consistent with a previous 
fi nding (same species) by Lin et al.3

Kennedy,26 Koga and Zhang,9 and Zhang27 reported that 
wood density generally tended to decrease with increasing 
RW. However, RD may signifi cantly vary with various ring 
characteristics, as demonstrated in this study. Koga and 
Zhang9 indicated that wood density of balsam fi r (Abies 
balsamea) is signifi cantly correlated with its components 
and with LWP; ED and LWP are the two most important 
parameters in determining overall wood density. Wood 
density is not signifi cantly correlated with RW. Taylor and 
Burton28 indicated that specifi c gravity was not signifi cantly 
infl uenced by growth rate difference, and Karenlampi and 
Riekkinen29 reported that the basic density is independent 
of growth rate, even if it is negatively correlated with ring 
width. Thus, the relationship between wood density and 
annual growth rate (ring width) may vary with cambial age 
(ring number from pith) and environmental conditions.
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Table 5. Coeffi cients of relationships between tree ring characteristics of naturally regenerated Taiwan yellow cypress based on all rings at all 
heights of all sampled trees

Variable RW EW LW RD ED LD Dmax Dmin LWP IDV

RW 1.00 0.76** 0.79** 0.04 0.11** −0.20** 0.18* 0.06* 0.22** 0.20**
EW 1.00 0.19** −0.27** −0.10** −0.17** 0.11** −0.22** −0.35** 0.41**
LW 1.00 0.33** 0.26** −0.14** 0.17** 0.30* 0.67** −0.09**
RD 1.00 0.84** 0.67** 0.52** 0.83** 0.64** −0.37
ED 1.00 0.51** 0.32** 0.93** 0.42** −0.24
LD 1.00 0.69** 0.41** 0.05 −0.01
Dmax 1.00 0.25** 0.20** 0.40**
Dmin 1.00 0.54** −0.20**
LWP 1.00 −0.39**
IDV 1.00

EW, earlywood width; LW, latewood width; RW, ring width; ED, earlywood density; LD, latewood density; RD, ring density; Dmin, minimum density 
in a ring; Dmax, maximum density in a ring; LWP, latewood percentage; IDV, intra-ring density variation; SWR, screw withdrawal resistance
* Signifi cant at 5% level by F test
** Signifi cant at 1% level by F test

Table 6. Coeffi cients of relationships between screw withdrawal resistance (SWR) and tree growth characteristics of Taiwan yellow cypress trees 
based on all heights of all sampled trees

Traits EW LW RW ED LD RD Dmax Dmin LWP IDV

SWR −0.22 0.21 −0.11 0.67** 0.35** 0.67** 0.12 0.67** 0.52** −0.46**

EW, earlywood width; LW, latewood width; RW, ring width; ED, earlywood density; LD, latewood density; RD, ring density; Dmin, minimum density 
in a ring; Dmax, maximum density in a ring; LWP, latewood percentage; IDV, intra-ring density variation; SWR, screw withdrawal resistance
** Signifi cant at 1% level by F test

Dutilleul et al.30 reported the relationship between RW 
and RD depends on the growth rate of Norway spruce (a 
negative relationship in slowly growing trees and no rela-
tionship in rapidly growing trees). In this experiment, tree 
growth rate was faster for about the 1st to 25th rings from 
the pith than from the 26th to 40th rings (Fig. 1). Koga and 
Zhang10 reported that only a few of the correlations between 
ring width and wood density components of balsam fi r 
(Abies balsamea) vary signifi cantly with stem position from 
the stump to the stem top at the inter-tree level. Variations 
in ring width and ring density are complex, affected by 
factors such as tree stem position, cambium age, growth 
traits, genetic factors, and environmental conditions.2–4

Relationships between ring characteristics and SWR

Several researchers reported that density or strength prop-
erties of wood-based materials are correlated to screw with-
drawal strength.15–19 Hence, SWR is an NDE technique that 
can be used to estimate wood properties. However, it is dif-
fi cult to generalize the behavior of woods in radial screw 
withdrawal because of the complex interaction of various 
anatomical factors. We were therefore interested in the rela-
tionships between screw withdrawal force and tree ring fea-
tures. Moisture content (MC) affects physical and mechanical 
properties when it varies below the fi ber saturation point 
(FSP). When MC is reduced, strength increases, and vice 
versa. Above the FSP, strength properties are constant with 
changes in MC.7 The relationship between wood MC and 
SWR was not investigated in this study. However, in general, 
the physical and mechanical properties of wood remain 

fairly constant when MC is above the FSP. The wood MC 
of a standing tree should be greater than the FSP. Thus, 
wood properties of different living trees by SWR could be 
compared in the fi eld (under the same situation).

Table 6 shows the correlation coeffi cients between ring 
characteristics and SWR of Taiwan yellow cypress trees. 
Relationships were positive for SWR with ED, RD, Dmin, 
and LWP (r = 0.67, 0.67, 0.67, and 0.52; P < 0.01); however, 
a negative relationship was found for SWR with IDV (r = 
0.46, P < 0.01) by a linear model. SWR was found to be 
strongly signifi cantly infl uenced by the RD, rather than the 
RW, components. In this study, SWR is correlated with ED, 
RD, Dmin, LWP, and IDV. Thus, SWR can be used to predict 
wood density.

Conclusions

1. Signifi cant differences in average RW, EW, LW, RD, ED, 
LD, Dmax, Dmin, and LWP were observed between trees, 
rings, and tree height positions; differences in average 
SWR were observed between trees and tree height 
positions.

2. RW parameters in the radial direction increased from 
the pith outward to about the 3rd to 5th rings and then 
decreased to about the 25th ring. The value was almost 
constantly sustained toward the bark side. Average RW 
and EW values obtained from a 9.3-m tree height were 
signifi cantly higher than those at other tree height posi-
tions. RD slowly decreased in the radial direction from 
the pith outward to the bark side. IDV in the radial 
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direction increased from the pith outward to about the 
5th ring and then remained almost stable toward the 
bark side.

3. The faster grown trees had wider ring width and smaller 
ring density than those of slower grown trees. Trees with 
≤20 rings produced wider ring width and larger ring 
density than trees with >20 rings to the bark side. Tree 
heights at positions of 5.3, 7.3, and 9.3 m above ground 
corresponded with wider ring width and smaller ring 
density than those of tree heights 0.3, 1.3, and 3.3 m 
above ground.

4. ED, LD, Dmax, Dmin, and LWP were the most important 
factors determining the overall RD. Tree RW (tree 
growth) did not correlate with tree RD. Thus, tree growth 
rates of naturally regenerated Taiwan yellow cypress will 
likely not have a large impact on wood properties.

5. Positive relationships were recorded for SWR with ED, 
RD, Dmin, and LWP; however, a negative relationship was 
found for SWR with IDV by a linear model. In this study, 
SWR is correlated to ED, RD, Dmin, LWP, and IDV. Thus, 
SWR can be used to predict wood density.

Acknowledgments The authors thank the Taiwan Forestry Research 
Institute for fi nancial support (982101010509-080402G1).

References

 1. Chiu CM, Lo-Cho CN, Chung HH (1995) The stem form and crown 
structure of natural regeneration stands of Chamaecyparis taiwan-
ensis in Chi-Lan-Shan area. Bull Taiwan For Res Inst New Ser 
10:121–130

 2. Yang YC (2007) Crown structures of naturally regenerated 
Chamaecyparis obtusa var. formosana in Chi-Lan-Shan. Master’s 
thesis, National I-Lan University, Ilan, Taiwan

 3. Lin CJ, Lin ST, Chung CH (2010) Tree ring and wood quality of 
naturally regenerated Chamaecyparis obtusa var. formosana stand 
in Chi Lan-Shan. Q J Chin For 43:131–141

 4. Alteyrac J, Cloutier A, Ung CH, Zhang SY (2006) Mechanical 
properties in relation to selected wood characteristics of black 
spruce. Wood Fiber Sci 38:229–237

 5. Zobel BJ, van Buijtenen JP (1989) Wood variation: its causes and 
control. Springer-Verlag, Berlin, pp 218–248

 6. Zobel BJ, Sprague JR (1998) Juvenile wood in forest trees. Springer-
Verlag, Berlin, pp 21–22, 26–38, 88–89

 7. Panshin AJ, de Zeeuw C (1980) Textbook of wood technology: 
structure, identifi cation, properties, and uses of the commercial 
woods of the United States and Canada. McGraw-Hill, New York, 
pp 269–277

 8. Vargas-Hernandez J, Adams WT (1991) Genetic variation of wood 
density components in young coastal Douglas-fi r: implications for 
tree breeding. Can J For Res 21:1801–1807

 9. Koga S, Zhang SY (2002) Relationships between wood density and 
annual growth rate components in balsam fi r (Abies balsamea). 
Wood Fiber Sci 34:146–157

10. Koga S, Zhang SY (2004) Inter-tree and intra-tree variations in ring 
width and wood density components in balsam fi r (Abies bal-
samea). Wood Sci Technol 38:149–162

11. Fujimoto T, Kita K, Kuromaru M (2008) Genetic control of intra-
ring wood density variation in hybrid larch (Larix gmelinii var. 
japonica × L. kaempferi) F1. Wood Sci Technol 42:227–240

12. Pellerin RF, Ross RJ (2002) Nondestructive evaluation of wood. 
Forest Products Society, Madison, WI, pp 149–156

13. Forest Products Laboratory (1999) Wood handbook: wood as an 
engineering material. Gen Tech Rep FPL-GTR-113. Forest Service, 
U.S. Dept. of Agriculture, Forest Products Laboratory, Madison, WI

14. Cai Z, Hunt MO, Soltis LA (2002) Screw withdrawal: a means to 
evaluate densities of in situ wood members. Proceedings of the 13th 
International Symposium on Nondestructive Testing of Wood, 
August 19–21, 2002, University of California, Richmond, CA, pp 
277–281

15. Semple KE, Smith GD (2006) Prediction of internal bond strength 
in particleboard from screw withdrawal resistance models. Wood 
Fiber Sci 38:256–267

16. Vassiliou V, Barboutis I (2005) Screw withdrawal capacity used in 
the eccentric joints of cabinet furniture connectors in particleboard 
and MDF. J Wood Sci 51:572–576

17. Winandy JE, Lebow PK, Nelson W (1998) Predicting bending 
strength of fi re-retardant-treated plywood from screw-withdrawal 
tests. Res Pap FPL-RP-568. Forest Service, U.S. Department of 
Agriculture, Forest Products Laboratory, Madison, WI

18. Wong ED, Zhang M, Wang Q, Kawai S (1999) Formation of the 
density profi le and its effects on the properties of particleboard. 
Wood Sci Technol 33:327–340

19. Wong ED, Zhang M, Wang Q, Han G, Kawai S (2000) Formation 
of the density profi le and its effects on the properties of fi berboard. 
J Wood Sci 46:202–209

20. van Laar A, Akca A (2007) Forest mensuration. Springer, 
Dordrecht

21. QMS (1999) QMS Tree Ring Analyzer Users Guide Model QTRS-
01X. Quintek Measurement Systems, Knoxville, TN

22. Guo BZ (1995) Five important softwood species in Taiwan. No. 956, 
Chinese Forestry Association, pp 206–225

23. Haygreen JG, Bowyer JL (1982) Forest products and wood science: 
an introduction. Iowa State University Press, Ames, pp 109–
110

24. Chiu CM, Lin CJ (2007) Radial distribution of the green moisture 
content in trunks of 46-year-old red cypress (Chamaecyparis for-
mosensis). J Wood Sci 53:374–380

25. Zhu JY, Vahey DW, Scott CT (2008) Some observations of wood 
density and anatomical properties in a Douglas-fi r sample with 
suppressed growth. Wood Fiber Sci 40:225–232

26. Kennedy RW (1995) Coniferous quality in the future: concerns and 
strategies. Wood Sci Technol 29:321–338

27. Zhang SY (1995) Effect of growth rate on wood specifi c gravity 
and selected mechanical properties in individual species from dis-
tinct wood categories. Wood Sci Technol 29:451–465

28. Taylor FW, Burton JD (1982) Growth ring characteristics, specifi c 
gravity, and fi ber length of rapidly grown loblolly pine. Wood Fiber 
14:204–210

29. Karenlampi PP, Riekkinen M (2004) Maturity and growth rate 
effects on Scots pine basic density. Wood Sci Technol 38:465–
473

30. Dutilleul P, Herman M, Avella-Shaw T (1998) Growth rate effects 
on correlations among ring width, wood density, and mean tracheid 
length in Norway spruce (Picea abies). Can J For Res 28:56–
68



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




