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Abstract Taiwania (Taiwania cryptomerioides Hay) is an
important timber species in Taiwan. Growth in generally
improved trees under intense silvicultural practice is so
rapid that rotations or the practice of thinning trees may be
as short as 20–30 years. Thus, the wood properties of young
plantation trees need to be characterized to effectively use
this resource. The effects of different thinning and pruning
methods on the compressive strength parallel to grain of
young Taiwania trees were explored. Average compressive
strengths with various thinning treatments revealed the
trend of no thinning > medium thinning > heavy thinning
and in the pruning treatments showed the trend of medium
pruning > no pruning > heavy pruning. However, most re-
sults showed no statistically significant differences among
thinning and pruning treatments.
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Introduction

Strength properties, for example, bending and compressive
strengths, important to the effectiveness of utilization of
wood as a building and construction material, are known to
vary within and between trees, and with wood species, tree
age, silvicultural practices, and for other reasons.1 In gen-
eral, tree growth can be directly controlled by plantation
techniques. These include thinning and pruning, which are
two important practices for commercial plantation wood.

From a series of investigations on the wood quality of
Taiwania (Taiwania cryptomerioides Hay) trees grown
under different thinning and pruning treatments, density,
ring traits, bending properties, and knot traits have
been reported previously.2–5 However, there have been few
investigations concerning the effects of thinning and prun-
ing practices on the compressive strength properties as
evaluated by the compressive test.6–9 Therefore, the purpose
of the study was to investigate the effects of thinning
and pruning treatments on the compressive strength of
Taiwania trees. The results may provide information for
silvicultural practices and structural utilization of wood.

Materials and methods

The trees used in this study were located on a site at an
elevation of 1600m in compartment no. 12, Liukuei Experi-
mental Forest, Taiwan Forestry Research Institute (TFRI),
Kaohsiung, southwestern Taiwan. The mean annual tem-
perature, relative humidity, and precipitation from 1986
to 1993 were 18.6°C, 81%, and 2280mm, respectively. In
addition, from 1994 to 2001, the same measurements were
17.1°C, 86%, and 3706mm, respectively. About 88% of the
rainfall in given year falls during the period from April to
September.

The site was about 2.0ha, and it was divided into 27 plots
of 0.04ha including buffer zones. The study plantation was
planted at a rate of 1750 trees/ha in 1980. Thinning and
pruning treatments were implemented in 1990. The three
levels of thinning used were heavy thinning (27.60m2/ha),
medium thinning (32.52m2/ha) and no thinning (41.95m2/
ha). Stocks were harvested from the original state (41.95m2/
ha) to produce the medium (32.52m2/ha) and heavy
(27.60m2/ha) thinning treatments.

The stock was calculated using Eq. 1:

S A= BA (1)

where S (m2/ha) is the stock, BA (m2) is the total basal area
of all trees at a tree height of 1.3m [diameter at breast
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height (DBH) position], and A (ha) is the area of the ex-
perimental site.

The three pruning levels were heavy pruning (4.5m of
tree height), medium pruning (3.6m of tree height), and no
pruning and also shown as the 45.5% (heavy) and 36.4%
(medium) of the tree height. The heavy and medium prun-
ing treatments were represented by trees that were pruned
to within 4.5m and 3.6m of the trunk height, respectively.

Three levels of thinning were combined with three levels
of pruning treatment. Therefore, nine silvicultural practices
(three thinning × three pruning treatments) were used in
this study. The same thinning and pruning treatment plot
was repeated three times. Therefore, in total, 27 sample
plots were designed. The diameter and height of each tree
from the 27 small plots were measured. Average DBH and
tree heights are shown in Table 1.

One cross-sectional disc (10cm thick) was cut from each
sample tree at the position of its DBH on 13 or 14 February
2001, when the trees were about 20 years old. A diametrical
strip (passing through the pith) was sawn from each disc in
the same direction, and then small clear specimens (30mm
long × 15mm wide × 15mm thick) were cut from the strip, as
shown in Fig. 1. In this study, at least six small, clear speci-
mens from each disc were used to explore the compressive
properties of juvenile wood grown with different thinning
and pruning treatments. Thus, a total of more than 162
specimens were measured (three replicates × more than six
specimens × three thinning treatments × three pruning

treatments). The cambium ages of the sample specimens
were from 11 to 20 years old (from different silvicultural
regimes for tests).

The small clear specimens were also conditioned in a
controlled-environment room at 20°C and 65% relative
humidity so that the specimens had a moisture content of
12%. The compressive strength parallel-to-grain test was
conducted in accordance with the CNS 45310 (Method of
test for compression of wood), using a universal-type test-
ing machine (Hung-Ta, Taipei, Taiwan). All deformation
curves were obtained from the compressive test, and then
the ultimate compressive strengths parallel to grain (sc)
were calculated from ultimate load.

Results and discussion

Table 2 provides some basic statistics concerning average
values in ring width, ring density, latewood percentage,
tracheid length, microfibril angle, modulus of elasticity in
bending, modulus of rupture in bending, and heartwood
ratio. These values were devised from different studies of
the same sample Taiwania tree.2,5,11 The mean values of the
wood properties in this study were similar to the results of
Chou1 for this species in four age groups.

Chiu et al.12 indicated that the position of demarcation
between juvenile and mature wood occurred at an ap-
proximate distance of 10.8–13.2cm from the pith that was
about 18–20 years of cambium age in Taiwania. Therefore,
in this experiment, specimens contained a high proportion

Table 1. Structure of Taiwania stands with different thinning treatments

Treatment Phase Age Density Mean Mean Basal area Volume
(years) (trees/ha) DBH (cm) height (m) (m2/ha) (m3/ha)

Heavy thinning Before thinning 11 1750 17.13 9.85 42.42 197.38
(27.60m2/ha) After thinning 11 929 19.69 10.41 27.60 131.65

After 9 more years 20 811 28.03 15.21 50.04 342.53
Medium thinning Before thinning 11 1689 17.39 9.93 42.17 197.00

(32.52m2/ha) After thinning 11 1135 19.14 10.32 32.52 154.45
After 9 more years 20 1097 26.56 15.80 60.78 432.14

No thinning – 11 1801 16.89 9.81 41.95 195.47
(41.95m2/ha) – 20 1528 23.53 15.50 66.44 463.45

DBH, diameter at breast height

Specimens (no.S1., S2, S3, etc..) 

Taiwania aged 20 years old 

About 11 years old 

Growth ring 

Cutting baseline 

Fig. 1. Notation of specimen logs cut from one side to the other. S1, S2,
and S3 specimens, etc. are the numbers of the small clear specimens

Table 2. The juvenile wood properties of young Taiwania in this study

Property Average value

Ring width (mm) 5.21 (0.92)
Latewood percentage (%) 13.89 (4.25)
Ring density (kg/m3) 390 (30)
Tracheid length (mm) 3.17 (0.20)
Microfibril angle (degree) 18.05 (1.43)
Bending modulus of elasticity (MPa) 3643.9 (872.8)
Bending modulus of rupture (MPa) 49.6 (6.8)
Compressive strength (MPa) 25.3 (0.8)
Heartwood ratio (%) 45.3 (5.7)

Data taken from earlier reports.8,11,13 Values in parentheses represent
the standard deviation
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of juvenile wood, and may not yet be considered mature
wood. Thus, wood quality may have been influenced by the
characteristics of juvenile wood. It is known that juvenile
wood is inferior to that of mature wood in most wood
utilizations. Wang and Chiu13 reported that juvenile wood
has substantially less mechanical strength than mature
wood of the same specific gravity.

Differences in average ring width (RW), wood density
(r), and compressive strength (sc) among specimens cut
from trees subjected to different thinning and pruning levels
were analyzed using analysis of variance (ANOVA) and
Duncan’s new multiple-range test. The results are shown in
Table 3. The effects of thinning by pruning interaction and
other interactions on the RW, r, and sc were not significant,
and were not analyzed further.

As shown in Table 3, the RW in the thinning treatments
showed the following trend: heavy thinning > medium thin-
ning > no thinning. However, The RW in the pruning re-
gimes was in the following decreasing order: no pruning >
heavy pruning > medium pruning. According to the results
of statistical analysis shown in Table 3, significant difference
(P < 0.05) exists for the RW between heavy thinning and
medium/no thinning treatments, and between medium
pruning and no pruning treatments. This indicates that
heavy thinning produced wider annual rings than medium
or no thinning. Moreover, pruning treatments cause nar-
rower annual rings than does no pruning. These results
were similar to those in the report of Wang et al.2

The average density of specimens from the thinning
treatments showed the trend of no thinning > medium thin-
ning > heavy thinning. In addition, the average density of
specimens from the pruning treatments showed the trend
of medium pruning > no pruning > heavy pruning. There-
fore, higher average densities of Taiwania were obtained
those trees subjected to no thinning and medium pruning
treatments.

These results are similar to those previously reported
by Wang et al.4,5 who indicated that this tendency may be
attributed to the fact that trees grown in relatively wider
spaces have wider ring widths and lower densities. This
showed that with wider annual ring widths, there was lower
wood density in the rings. On the contrary, with narrower
ring widths, the wood density in the rings was higher.

In addition, some studies have reported that thin-
ning causes a slight decrease in wood density for Pinus

radiata and Pseudotsuga menziesii.14–16 However, others
have indicated that thinning had no effect or only minor
effects on the wood densities of Pinus pinaster, Pinus
radiata, and Pinus taeda.17–20 Similar results have been
reported on the earlywood and latewood density of Douglas
fir.21 From these results, it can be seen that heavy thinning
reduces the average values of wood density within the
annual rings.

Zobel and van Buijtenen22 also indicated that wood den-
sity increases in some species with pruning, because pruning
apparently causes early cessation of juvenile wood forma-
tion and promotes latewood formation. They also stated
that pruning has no effect on the specific gravity of Eucalyp-
tus grandis. The wood quality is affected by the changes in
growth pattern caused by removal of parts of the live crown
(i.e., a different effect of pruning). One of the main con-
cerns is that pruning will reduce growth rate. Because of the
decrease of the live crown, lower photosynthesis is expected
and tree growth rate may also be decreased. When tree
growth rate is decreased, narrower ring width is accompa-
nied by higher density. Therefore, it is usually recom-
mended that pruning to the desired tree height results in the
removal of no more than one third to one half of the live
crown.

As shown in Table 3, the average values of sc with thin-
ning treatments showed the trend of no thinning > medium
thinning > heavy thinning. This tendency indicates that
heavy thinning produced smaller sc values than medium
and no thinning treatments. Variations of sc with pruning
treatments showed the trend of medium pruning > no prun-
ing > heavy pruning. This indicates that medium pruning
produced larger sc values than heavy and no pruning treat-
ments. These tendencies are similar to those previously re-
ported by Wang et al.,4,5 who indicated that better average
bending properties of Taiwania wood occurred in the no
thinning and medium pruning treatments. However, differ-
ences between the thinning and pruning treatments were
not statistically significant.

In this experiment, the average compressive strength was
24.3–26.3MPa. This is similar to the results of Lin et al.,23

who indicated that the compressive strength was 24.1–
31.3MPa for Taiwania as determined using a Fractometer
tool. Chou1 indicated that compressive strengths of young
Taiwania plantation trees of different ages and tree heights,
and within-tree variations were 16.1–28.5MPa.

Table 3. Comparisons of density, compressive strength, and the modulus of elasticity of small clear specimens obtained from different thinning
and pruning regimes

Treatment level Ring width (mm) Density (kg/m3) Compressive strength (MPa)

Thinning Pruning Thinning Pruning Thinning Pruning

Heavy 5.8a (0.48) 5.3ab (0.41) 364.6a (17.4) 369.3a (19.6) 24.6 (2.3) 24.3 (3.3)
Medium 5.2b (0.42) 4.7a (0.37) 391.0b (27.9) 399.5b (32.1) 25.2 (2.3) 26.3 (4.2)
None 4.7b (0.38) 5.6b (0.45) 397.7b (30.1) 384.5ab (27.4) 26.2 (4.7) 25.3 (1.7)

Means within a given column with the same letter are not significantly different (P � 0.05) as determined by Duncan’s multiple-range test. Values
in parentheses represent the standard deviation
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In general, the density is known to be closely correlated
with sc. In this experiment, the density increased with the
increase in compressive strength, with a positive correlation
that existed between density and strength (Fig. 2). The rela-
tionship can be expressed as: compressive strength = 0.07
density − 3.44 (R2 = 0.39, F = 32.7, significant at the 0.01
level).

In the current study, all tests were done on clear wood
specimens. Therefore, the effect of the pruning treatments
on the density or compressive strength does not consider
the effect of knots. In fact, it is well known that knotty wood
is much weaker and has a higher density. Wang et al.5

indicated that the average air-dried density of lumber was
higher than that of the specimens, because the specimens
were clear and the lumber contained high-density knots.
Pruning treatments help improve lumber quality, while
thinning treatments help increase volume growth. In addi-
tion, the effect of crown size (growth capacity or photo-
synthesis) after pruning on the DBH and wood quality is
important. Wang et al.2 reported that the DBH was signifi-
cantly increased by thinning, but was decreased by pruning.
They also indicated that thinning reduces the average ring
density, but pruning had little effect on wood density.

A cause for the variation in results (within and between
trees, and within and between rings) may have been that
juvenile wood has various degrees of impact on the com-
pressive strength. In this study, the sampled trees (20 years
old) contained a high proportion of low-quality juvenile
wood. Juvenile wood can be characterized by short tracheid
length, thin cell walls in the rings, large microfibril angles,
and other factors in the tracheids.8,24 These results are
similar to those reported earlier by Wang and Chiu13 for
Japanese cedar and Kaya and Smith25 for red pine.

Conclusions

The properties of Taiwania, an important building and con-
struction material, are known to vary with different silvicul-
tural treatments. Wood qualities of young trees need to be
understood to successfully use this resource. The effects of
different thinning and pruning methods on the compressive
properties of young Taiwania trees were investigated. The
compressive strength after thinning and pruning treatments
showed the trend of no thinning > medium thinning > heavy

thinning, and medium pruning > no pruning > heavy prun-
ing. However, differences between the thinning and prun-
ing treatments were not statistically significant. Results
showed that the thinning and pruning treatments had no
effect on compressive strength. Correlation between den-
sity and compressive strength of Taiwania specimens could
be represented by positive linear regression formulas.
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