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Introduction

Fast growing high yielding exotic tree species are
being used to meet the wood supply and demand in
tropical countries. Plantations are now  major
sources of wood supply, supplemented by imports
in India following a ban on tree felling from natural
forests in 1988. Selection of species for plantations
are primarily based on productivity and site
suitability but emphasis should also be given to the
quality and utilisation potential for various end
products. Acacia mangium is one of the fast growing
species introduced in the 1980’s and widely
cultivated for various end uses. Rapid establishment
of the species in humid tropical regions of Kerala
occurred after its promotion by His Grace Benedict
Mar Gregorius, the then Archbishop of
Thiruvananthapuram (Dhamodaran and Chacko,
1999; Newaz et al., 2005; Shanavas and Kumar,
2003). Fast growth, ability to withstand adverse
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Abstract
Wood properties are influenced by stand management practices like thinning, pruning, etc. The implication
of stand management practices on softwoods is well documented. In the case of hardwoods, the response
and variation in wood properties due to thinning are still not fully understood. Twenty year old A. mangium
was subjected to stand thinning at 7th year and the effect of thinning was assessed after 13 years. The wood
samples collected from felled trees were analysed based on IS standards. Lack of significant variation
between wood physical properties due to thinning intensities was observed. However, enhanced basic wood
density which ranged from 530.50 to 602.00 g cm-3 for a 20-year-old tree was relatively higher compared to
density values reported from younger aged plantations. Further, the increase in heartwood percentage
(80.91%), lower moisture content and shrinkage values, all indicated that the prolonging the rotation age in
fast growing species like A. mangium was more desirable from the utilisation point.
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condition and amenability to integrate with other
crops are the potential advantages that endear this
species (Arisman and Hardiyanto, 2006; Kunhamu
et al., 2009; Hegde et al., 2013).

Acacia mangium is mainly used for pulpwood
production (Peh et al., 1982; Peh and Khoo, 1984;
Griffin et al., 2011) with a small percentage used
for the production of particle boards, medium
density fibre boards (Tomimura et al., 1987) and
plywood, as well as  fuel wood and charcoal due to
its high calorific value [calorific value (4800 kcal
kg-1 to 4900 kcal kg-1)] (Dhamodaran and Chacko,
1999; Sein and Mitlöhner, 2011). Acacia mangium
as a source of the sawn log has not been appreciated
in Kerala due to the need for longer rotation which
is usually avoided as it has better economic
prospects in a shorter rotation.  However, the wood
has moderate density (450 - 690 kg m-3) and can be
seasoned without many defects. It is also amenable
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to preservation for enhanced utilisation (Awang and
Taylor, 1993; Shanavas and Kumar, 2003;
Krisnawati et al., 2011; Hegde et al., 2013).  Fast
growth and diverse utilization potential of exotic
species can be exploited by better silvicultural
practices including thinning. Implication of stand
management practices in fast growing species like
Acacia mangium has not been well understood.

Silviculturists play a critical role in stand
management, especially when the goal is to produce
large diameter trees for saw log production in the
shortest time. This can be accomplished by
appropriate stand management practices (Gerrand
et al., 1997; Medhurst et al., 2001; West, 2006). One
of the management practices used for short-rotation
saw log production is to establish them at high
density in the initial stages so that land resources
are fully utilised (Forrester et al., 2010).  Fast
growing plantations tend to produce large number
of small size stems with close spacing due to
competition for resources between individuals (e.g.
light, space and nutrients), which increase with tree
age (Schönau and Coetzee, 1989; Neilsen and
Gerrand 1999). Thinning treatments are necessary
and can be carried out at an early age to get interim
returns. The remaining trees will grow to better size
and fetch higher price.  This approach can be
exploited for better economic returns from Acacia
mangium plantations established at close spacing
of around 2.5 m x 2.5 m (Awang and Taylor, 1993)
and will also reduce defects such as forking of the
leader stem and inherent fungal infection (heart rot).
Simultaneously, thinning will also have major
effects on the growth and wood properties as more
space and nutrients are available to the remaining
trees after thinning.  Some conifers that do not
responded to thinning, have been listed in the classic
work of Zobel and van Buijtenen (1989). In
hardwoods, changes in wood properties in response
to thinning is more complex than in softwoods.
Thinning can also lead to formation of epicormic
branches in the hardwoods which can influence
wood properties.

Estimation of wood physical properties like
heartwood percentage may help in defining the
differences in durability and wood characteristics
of the species (Bhat et al., 1985). There are many
studies on wood properties of A. mangium but no
reports on the long term effect of thinning on wood
properties.

Materials and methods

Thinning treatments were taken up during 2002 in
a seven-year-old Acacia mangium stand planted in
August 1995 in an area of about 2 ha at LRS
(Livestock Research Station), Thiruvazhamkunnu,
[110 21’ 30" N, 760 21’ 50" E; 60m AMSL] in
Palakkad district, Kerala, India and the impact of
treatments on wood properties was evaluated during
2016-17. The study site has a warm humid tropical
climate with a mean annual rainfall of 2600 mm
year-1 to 3200 mm year-1. Mean maximum
temperature ranged from 27.3°C to 37.7°C and
mean minimum temperature from 17.5°C to 24.3°C.
Most of the rainfall was received during the south-
west monsoon, i.e., June to August, with an ancillary
peak in September to October. Ultimo (very deep,
clayey, mixed Ustic Palehumults) type of soil is
found at the study site, with pH and bulk density of
5.4 and 0.86 g cm-3 respectively. The site has an
undulating terrain and general slope in North - South
direction. Three thinning treatments of varying
intensity were applied along with an unthinned
control in plots of size 17.5 x 17.5 m (306 m2)  in a
randomised block design with four replications.
Thinning treatments:
i) Treatment 1: Thin every third row to retain one-

third growing stock (1066 trees ha-1)
ii) Treatment 2: Thin alternate diagonal row to

retain half the growing stock (800 trees ha-1)
iii) Treatment 3: Thin alternate rows and alternate

trees in every other diagonal row to remove
two-third growing stock (533 trees ha-1)

iv) Treatment 4: No thinning (Control) (Retaining
1600 trees ha-1)

Morphometric parameters like height, dbh, and
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crown spread were estimated for the standing trees
in all experimental plots, and based on the dbh
measurement, two trees per treatment plot were
selected randomly (Shujauddin and Kumar, 2003).
A total of 32 trees were felled and stem cross-
sectional samples were collected at 0.15m, breast
height level (1.37 m from ground level), at 50%
commercial bole height and at bole height for all
trees. Firstly the heartwood area and sapwood area
(m2) were estimated using the digimizer software
(Version 4.6.1) using a digital photograph of each
sample taken along with a calibrated ruler (± 0.5
mm). After the heartwood area and sapwood area
estimation, the samples were used for assessing the
physical properties i.e., basic density, moisture
content, shrinkage (LS and RS) and volumetric
shrinkage in accordance with IS: 1708 standards of
BIS (1986). Analysis of variance (ANOVA) was
carried out using SPSS V.22.0. Duncan’s Multiple
Range Test was used to test the differences among
treatment means. Heartwood percentage, sapwood
percentage and heartwood to sapwood ratio along
different axial positions were subject to two-way
ANOVA and other parameters were subjected to
one-way ANOVA.

Results and discussion

Wood physical properties
Basic wood physical properties such as basic
density, moisture content, volumetric shrinkage,

radial, tangential and longitudinal shrinkage were
assessed and data are presented in Table1.

The basic density value ranged from 530 kg m-3

(two-third thinned plot) to 600 kg m-3(unthinned
plot).  Analysis of variance conducted revealed that
there was no significant difference in basic density
between thinning treatments. The mean basic
density for 20-year-old Acacia mangium was 570.50
kg m-3.  No effect of treatments on the wood
moisture content was observed even though the
values ranged from 40.05 % (two-third thinned plot)
to 32.99 % (one-third thinned plot) with a mean
value of 37.51%. The volumetric shrinkage values
ranged from 7.32 % (unthinned plot) to 11.82 %
(half thinned plot).  Analysis of variance did not
indicate any significant difference in volumetric
shrinkage (VS) between treatments.  Neither did the
other measurements of shrinkage i.e., tangential,
radial and longitudinal shrinkage show any
statistically significant difference between the
treatments. The mean values of tangential, radial
and longitudinal shrinkage for 20-year-old Acacia
mangium were 6.75 %, 4.30 % and 1.15%
respectively.

Heartwood and sapwood percentage
The heartwood proportion (cm2) at breast height
(1.37m) of 20-year-old A. mangium ranged from
229.95 to 961.44 cm2 (mean of 488.31cm2) i.e.,
80.91±1.11 %. The trend line representing the

Table 1. Effect of stand thinning on wood physical properties of 20-year-old Acacia mangium trees at Thiruvazhamkunnu,
Kerala
Treatments Basic density VS LS RS TS MC

(kg m-3) (%) (%) (%) (%) (%)
Unthinned 602.00 7.32 1.44 3.89 6.48 40.05

(89.45) (1.21) (0.69) (1.19) (1.63) (10.43)
One-third thinning 572.25 10.10 0.90 4.82 7.87 32.99

(53.13) (2.71) (0.44) (1.35) (1.96) (7.23)
Half thinning 577.25 11.82 0.40 3.98 6.14 38.38

(34.86) (3.43) (0.34) (0.88) (1.53) (4.04)
Two-third thinning 530.50 10.33 1.88 4.53 6.51 38.62

(47.06) (1.11) (2.28) (1.05) (2.89) (7.79)
Mean 570.50 9.89 1.15 4.30 6.75 37.51

(25.67) (1.63) (0.56) (0.44) (0.66) (3.10)
p-value ns ns ns ns ns ns
VS-Volumetric shrinkage; LS-Longitudinal shrinkage; RS-Radial shrinkage; TS-Tangential shrinkage; MC- Moisture content
(Values in parentheses are standard deviation) (Values with the same superscripts do not differ significantly within a column)
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proportion of heartwood area increased slightly with
an increase in thinning intensity, with the same trend
followed in the case of the sapwood too (Figs. 1a
and 1b). Plotting the heartwood and sapwood area
(cm2) against DBH (cm) showed that the increment
in sapwood area with reference to DBH was not
similar to that of heartwood area increment (Fig.
2). Even though,there was an increase in heartwood
area with thinning intensity, the analysis of variance
(two-way ANOVA) did not show any statistically

significant difference between treatments in both
heartwood and sapwood percentage (Tables 2 and
3). However, with reference to axial position, the
heartwood percentage significantly increased from
the bottom to the top of the stem and vice-versa in
the case of sapwood percentage (Fig. 3).

Heartwood to sapwood ratio
The heartwood to sapwood ratio was estimated at
the different axial positions for the four different
thinning treatments (Table 4). Analysis of variance
(two- way ANOVA) revealed that across thinning
treatment, there was no statistically significant
variation. Similarly, in reference to the axial
positions, the heartwood to sapwood ratio was
statistically different in all thinning treatments (p <
0.000).

Wood physical properties did not vary significantly
with thinning.  However, the decline in basic density

Table 2. Effect of stand thinning on heartwood percentage of 20-year-old Acacia mangium trees at Thiruvazhamkunnu,
Kerala
Treatments Heartwood percentage (%)

One-third Half Two-third Unthinned Mean p-value
thinning Thinning thinning

Axial positions
At stump (0.15m) 82.42 83.37 81.11 81.90 82.20a

(1.76) (4.20) (1.34) (3.09) (2.67)
At DBH (1.37m) 79.84 81.37 82.27 80.18 80.92a

(2.77) (3.58) (2.53) (3.03) (2.87) 0.000
At 50 % of commercial bole height 78.32 79.73 77.73 74.25 77.51b

(2.51) (3.92) (1.67) (4.53) (3.65)
At commercial bole height 70.90 74.35 72.67 70.25 72.04b

(5.07) (4.87) (3.84) (4.29) (4.39)
p-value 0.111
(Values in parentheses are standard error of means)(Values with the same superscripts do not differ significantly within a column)

Figure 1a. Variation in heartwood content across thinning
intensity

Figure 1b. Variation in sapwood content across thinning
intensity

Figure 2.   Total, heartwood, and sapwood area with DBH
of 20-year-old Acacia mangium subjected to stand
thinning
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Table 3. Effect of stand thinning on sapwood percentage of 20-year-old Acacia mangium trees at Thiruvazhamkunnu,
Kerala
Treatments Sapwood percentage (%)

One-third Half Two-third Unthinned Mean p-value
thinning Thinning thinning

Axial positions
At stump (0.15m) 17.59 16.63 18.89 18.11 17.80c

(1.76) (4.20) (1.34) (3.09) (2.67)
At DBH (1.37m) 20.16 18.63 17.73 19.82 19.08c

(2.77) (3.58) (2.53) (3.03) (2.87) 0.000
At 50 % of commercial bole height 21.68 20.27 22.27 25.76 22.49b

(2.51) (3.92) (1.67) (4.53) (3.65)
At commercial bole height 29.10 25.66 27.33 29.75 27.96a

(5.07) (4.87) (3.84) (4.29) (4.39)
p-value 0.078
(Values in parentheses are standard error of means)(Values with the same superscripts do not differ significantly within a column)

value in the thinned plots compared to that of the
unthinned plot could be attributed to opening up
tree canopy which increased the rate of growth, but
it was not statistically significant (Evans and
Turnbull, 2004; Wistara et al., 2016). Wood density
in a heavily thinned Acacia salicana  stand was

Figure 3. Heartwood and sapwood percentage across
different thinning treatments and different axial positions

Table 4. Effect of stand thinning on heartwood to sapwood ratio of 20-year-old Acacia mangium trees at
Thiruvazhamkunnu, Kerala
Treatments Heartwood to Sapwood ratio

One-third Half Two-third Unthinned Mean p-value
thinning thinning thinning

Axial positions
At stump (0.15m) 4.735 5.300 4.315 4.750 4.75a

(0.624) (1.528)  (0.397) (0.950) (0.95)
At DBH (1.37m) 4.038 4.513 4.730 4.355 4.36a

(0.744)  (1.001) (0.848)  (0.819) (0.82) 0.000
At 50 % of commercial bole height 3.665 4.068 3.513 3.553 3.55b

(0.605) (0.916) (0.354)  (0.720) (0.72)
At commercial bole height 2.530 3.018 2.713 2.668 2.67c

(0.703)  (0.858)  (0.500) (0.632) (0.63)
 p-value 0.120
(Values in parentheses are standard deviation)(Values with the same superscripts do not differ significantly within a column)

reported to be 3.8% less than that of unthinned plot
(Hegazy et al., 2014). However, the effect of
thinning is presumed to be of temporary nature and
many studies have indicated that wood basic density
is not significantly influenced by thinning. Wood
density did not vary in a 22- year old Eucalyptus
nitens stand which was thinned six  years after
planting (Medhurst et al., 2012). In another work,
Lin et al. (2012) concluded that row thinning in 24-
years old Cryptomeria japonica did not significantly
influence wood physical and mechanical properties.
However, wood properties of Cupressus lusitanica
in Tanzania did respond to different thinnings
(Malende and Ringo, 1987).

 In India, thinning schedules in teak did not  bring
in any influence on wood properties including
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heartwood percentage, specific gravity and density
(Tewari, 1999). Pérez and Kanninen (2005)
concluded that impact of thinning on the wood
properties such as heartwood percentage and density
tended to be temporary in nature and in the long
run, the effect got nullified, based on their work on
different thinning schedules in teak plantations of
Costa Rica. So, the effect of thinning after a long
period got subdued. In the present study, thinning
was carried out about 10 years earlier which was
the reason for lack of effect on wood properties.
The other physical properties followed the same
trend of basic density. This was further supported
by the findings of  Zhang (1995), who aimed to
understand the effect of growth rate on wood
specific gravity and mechanical properties in
softwood, diffuse porous wood and porous wood.
The study revealed that the diffuse porous wood
was very little influenced by an enhancement in
growth rate while the porous wood was least
influenced.  Similar sort of findings has also been
reported in Swietenia macrophylla, Khaya
senegalensis and Paulownia fortunei, where
increased growth rate did not influence wood
properties (Perera et al., 2012). A. mangium being a
diffuse porous wood (Anoop et al., 2012), the
enhancement in the growth rate had very little
influence on the wood properties.

On the whole, the mean basic wood density for 20-
year-old Acacia mangium was 575.50 kg m-3which
was higher than the value reported for a 14-year-
old stand in similar site condition to that of the
present study (Jago, 2015).  The basic density value
showed an increasing trend with an increase in age
following a similar trend to the results of
Chowdhury et al. (2005).  Many other studies in
other species have reported an increase in density
with increase in age (Young, 2000; Lim and Gan,
2011). The pioneering work on wood properties of
Acacia mangium in Kerala was by Dhamodaran and
Chacko (1999). They have stated that lack of mature
trees for wood property estimation was the
shortcoming in their study. The present study has
sorted out this shortcoming.

Wood density parameter can vitally shed some light
on the other wood features including mechanical
properties as it has a direct relationship (Hegazy et
al., 2014).  For instance, Yang and Evans (2003)
predicted the MOE of Eucalyptus using the density
and microfibril angle as parameters. Hence the
increase in the density of 20-year-old Acacia
mangium wood should significantly enhance the
structural utilisation of the wood.

The higher moisture content compared to other
Acacia species has been one of the curtailments in
the utilisation of A. mangium.  This has been
commented as wet-heartwood (Yamamoto et al.,
2003) or as soft core (Dhamodaran and Chacko,
1999), which may fall apart and cause hollow holes
in the heartwood. This is a negative trait with regard
to utilisation.  However, all these reports are from a
young Acacia mangium stand of age around 8 to 14
years. In the present study, the mean moisture
content (37.51±3.1) was relatively very low
compared to the values reported from the previous
studies. Further, there was relatively less incidence
of the soft core in the disc that was dried.  The
shrinkage values were also lower compared to the
results published from humid tropics as well as other
parts of the globe.

Heartwood and sapwood percentage

The increase in heartwood across treatments as
shown in Fig. 1a was an implication of the diameter
increment due to thinning, revealed in Fig. 2. Even
though the gradual increase in DBH due to thinning
treatment has directly impacted the heartwood area,
the heartwood percentage and heartwood to
sapwood ratio was not influenced by thinning
treatment. Hence, it was clear that the thinning had
no implication on the heartwood production. The
heartwood percentage decreased on moving up, with
increase in the axial position. This was an expected
usual trend. A study by  Lim and Gan  (2011)  in 16
and 20-year-old A. mangium plantations in Malaysia
also concluded that the sapwood percentage
increased with an increase in height. This indicated
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that sapwood-heartwood percentage followed a
particular pattern (Fig. 1b).

The results from the present study indicates that
there is scope for using Mangium wood for
structural timber purpose. The wood of Acacia
mangium has so far been only focused as raw
material for pulp and paper.  However, there are
several issues in the utilisation of Acacia mangium
for structural purposes. A better suited silvicultural
management regime has to be designed so that the
thinned materials from Acacia mangium plantation
can be used for pulpwood purpose and the remaining
trees can be used for the structural purpose.

Acknowledgments

This work forms part of the master’s dissertation
project of the first author. The original experiment
was established during 1991 as a part of the All India
Coordinated Research Project on Agroforestry
(AICRP on AF) by Dr. T.K. Kunhamu, a co-author
of this paper. Dr. A.V. Santhoshkumar and Dr. Geoff
Downes (Forest Quality Pty Ltd, Australia) provided
useful comments during the entire work. The authors
also wish to acknowledge funding of the work by
the Kerala Agricultural University, Vellanikkara and
the AICRP on AF.

References

Anoop, E.V., Ajayghosh, V., Shabab, P.M. and Aruna, P.
2012. Provenance variation in wood anatomical
properties of selected acacia species. J. Indian Acad.
Wood Sci. 9(2): 96-100.

Arisman, H. and Hardiyanto, E.B. 2006. Acacia
mangium-a historical perspective on its cultivation.
In: ACIAR Proceedings (Vol. 124, p. 11). ACIAR;
1998. In: Potter, K., Rimbawanto, A., and Beadle,
C.(eds.) 2006. Heart rot and root rot in tropical
Acacia plantations. Proceedings of a workshop held
in Yogyakarta, Indonesia, 7–9 February 2006.
Canberra, ACIAR Proceedings No. 124, 92p.

Awang, K. and Taylor, D. 1993. Acacia mangium:
Growing and utilization. MPTS monograph series
No. 3 (No. PB-95-160032/XAB). Winrock

International Institute. for Agricultural Development,
Arlington, United States, 278p.

Bhat, K.M., Bhat, K.V., Dhamodaran, T.K.1985. Wood
and bark properties of branches of selected tree
species growing in Kerala. KFRI Research Report
29, Kerala Forest Research Institute, 34p.

Chowdhury, Q., Shams, I., and Alam, M. 2005. Effects
of age and height variation on physical properties of
mangium (Acacia mangium Willd.) wood. Australian
For. 68(1):17-19.

Dhamodaran, T.K. and Chacko, K.C. 1999. Growth and
wood characteristics of Acacia mangium grown in
Kerala. KFRI Research Report 174, Kerala Forest
Research Institute, Thrissur, 60p.

Evans, J. and Turnbull, J. W. 2004. Plantation forestry
in the tropics (3rd ed.). Oxford University Press Inc.,
New York, 482p.

Forrester, D. I., Medhurst, J. L., Wood, M., Beadle, C.
L., and Valencia, J. C. 2010. Growth and
physiological responses to silviculture for producing
solid-wood products from Eucalyptus plantations:
An Australian perspective. For. Eco. Manage. 259(9):
1819-1835.

Gerrand, A. M., Neilsen, W. A., and Medhurst, J. L. 1997.
Thinning and pruning eucalypt plantations for
sawlog production in Tasmania. Tasforests, (9): 15-
34.

Griffin, A.R., Midgley, S.J., Bush, D., Cunningham, P.J.,
and Rinaudo, A.T. 2011. Global uses of Australian
acacias–recent trends and future prospects. Diversity
Distributions 17(5): 837-847.

Hegazy, S.S., Giza, C., Aref, I.M., and Iqbal, M.  2014.
Effect of thinning regime on wood quality of Acacia
salicina trees growing in Saudi Arabia. Wood Res.
59(1): 109-122.

Hegde, M., Palanisamy, K., and Yi, J.S. 2013. Acacia
mangium Willd.-A Fast Growing Tree for Tropical
Plantation. J. For. Environ. Sci. 29(1): 1-14.

Jago, R. 2015. Provenance evaluation of Acacia mangium
Willd for growth and wood traits. M.Sc. (For) thesis,
Kerala Agricultural University, Thrissur, 225p.

Krisnawati, H., Kallio, M. and Kanninen, M. 2011.
Acacia mangium Willd: ecology, silviculture and
productivity. CIFOR, 12p.

Kunhamu, T.K., Kumar, B.M., and Viswanath, S. 2009.
Does thinning affect litterfall, litter decomposition,
and associated nutrient release in Acacia mangium
stands of Kerala in peninsular India? Can. J. For.
Res. 39:792-801

S. Suresh Ramanan, T.K. Kunhamu, E.V. Anoop and Alex K. George



144

Lim, S.C. and Gan, K.S. 2011. Wood anatomy and
quality. In: Lim, S, C., Gan, K. S. and Tan, Y.E. (eds),
Properties of Acacia mangium Planted in Peninsular
Malayasia. Forest Research Institute, Malayasia, pp.
7-22.

Lin, F.C., Chung, C.H., Zeng, J.L., Yang, T.H., Wang,
S.Y., and Lin, C.J. 2012. Effect of thinning on the
ring characteristics of Japanese cedar plantation trees.
J. Wood Sci. 58(2): 104-112.

Malende, Y.H. and Ringo, W.N. 1987. Effect of thinning
intensities on wood basic density in Cupressus
lusitanica. Indian J. For. 10(1): 24-26.

Medhurst, J. L., Beadle, C. L., and Neilsen, W. A. 2001.
Early-age and later-age thinning affects growth,
dominance, and intraspecific competition in
Eucalyptus nitens plantations. Can. J. For. Res. 31(2):
187-191.

Medhurst, J., Downes, G., Ottenschlaeger, M., Harwood,
C., Evans, R., and Beadle, C. 2012. Intra-specific
competition and the radial development of wood
density, microfibril angle and modulus of elasticity
in plantation-grown Eucalyptus nitens. Trees 26(6):
1771-1780.

Neilsen, W. A., and Gerrand, A. M. 1999. Growth and
branching habit of Eucalyptus nitens at different
spacing and the effect on final crop selection. For.
Eco. Manage. 123(2-3): 217-229.

Newaz, M.S., Kamaluddin, M., and Rashid, A.Z.M.
2005. Growth and yield prediction models for hybrid
Acacia (A. auriculiformis X A. mangium) grown in
the plantations of Bangladesh. Pakistan. J. Biol. Sci.
8(8): 1137-1141.

Peh, T.B. and Khoo, K.C. 1984. Timber properties of
Acacia mangium, Gmelina arborea, [and]
Paraserianthes [Albizia] falcataria and their
utilization aspects. Malaysian For. 47(3-4): 285-303.

Peh, T.B., Khoo, K.C., and Lee, T.W. 1982. Sulphate
pulping of Acacia mangium and Cleistopholis glauca
from Sabah. Malaysian For. 45(3): 404-418.

Perera, P., Amarasekera, H., and Weerawardena, N.D.R.
2012. Effect of growth rate on the wood specific
gravity of three alternative timber species in Sri
Lanka; Swietenia macrophylla, Khaya senegalensis
and Paulownia fortunei. J. Trop. For. Environ.
2(1):26-35.

Pérez, D. and Kanninen, M. 2005. Effect of thinning on
stem form and wood characteristics of teak (Tectona
grandis) in a humid tropical site in Costa Rica. Silva
Fennica 39(2): 217-225.

Schönau, A. P. G. and Coetzee, J. 1989. Initial spacing,
stand density and thinning in eucalyptus plantations.
For. Eco. Manage. 29(4): 245-266.

Sein, C.C. and Mitlöhner, R. 2011. Acacia mangium
Willd: Ecology and silviculture in Vietnam. CIFOR,
16p.

Shanavas, A. and Kumar, B.M. 2003. Fuelwood
characteristics of tree species in homegardens of
Kerala, India. Agroforest. Syst.58 (1): 11-24.

Shujauddin, N. and Kumar, B.M. 2003. Ailanthus
triphysa at different densities and fertiliser regimes
in Kerala, India: growth, yield, nutrient use efficiency
and nutrient export through harvest. For. Ecol.
Manage. 180(1):135-151.

Tewari, D.N. 1999. A monograph on teak (Tectona
grandis). International Book Distributors, Dehra
Dun, India, 235 p.

Tomimura. Y., Khoo, K.C., Suzuki. I. 1987. Manufacture
of medium density fiber board (MDF) from
Malaysian Acacia mangium Mokuzai Gakkaishi. J.
Japan Wood Res. Soc. 33: 335-338.

West, P. W. 2006. Growing plantation forests. Springer,
Germany, 227p.

Wistara, N.J., Sukowati, M., and Pamoengkas, P. 2016.
The properties of red meranti wood (Shorea
leprosula Miq) from the stand with thinning and
shade free gap treatments. J. Indian Acad. Wood Sci.
13(1): 21-32.

Yamamoto, K., Sulaiman, O., Kitingan, C., Choon, L.W.,
and Nhan, N.T. 2003. Moisture distribution in stems
of Acacia mangium, A. auriculiformis and hybrid
Acacia trees. Japan Agric. Res. Quar. JARQ 37 (3):
207-212.

Yang, J. L. and Evans, R. 2003. Prediction of MOE of
eucalypt wood from microfibril angle and density.
European J. Wood and Wood Prod. 61(6): 449-452.

Young, G. D. 2000 Variation in whole-tree basic wood
density for a range of plantation species grown in
New Zealand, New Zealand J. For. Sci. 30(3): 436-
446.

Zhang, S.Y. 1995. Effect of growth rate on wood specific
gravity and selected mechanical properties in
individual species from distinct wood categories.
Wood Sci. Tech. 29(6): 451-465.

Zobel, B.J. and Van Buijtenen, J.P. 1989. Wood variation:
its causes and control. Springer Science & Business
Media, 363p.

Does stand thinning influence wood physical properties? An investigation in a tropical hardwood, Acacia mangium Willd



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


