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Abstract. Putro GS, Marsoem SN, Sulistyo J, Hardiwinoto S. 2020. The growth of three teak (Tectona grandis) clones and its effect on
wood properties. Biodiversitas 21: 2814-2821. Various clones of superior teak (Tectona grandis L. f.) trees have recently been
introduced in several land conditions. A study was conducted on three different clones of superior teak known as Jati Unggul Nusantara
(JUN) growing in Paliyan, Gunungkidul, Yogyakarta, Indonesia. Two different ages of those clones were observed their growth rate and
its wood properties. Strip plot design was applied to the treatment of tree age (five and eight-year-old) and clone types (D14, F35, and
F21 clones). Tree growth was measured on 300 trees, meanwhile, annual growth rate and wood properties were measured on 18 trees.
The result showed that at five-year-old as well as eight-year-old, the D14 clone has the best growth performance with diameter of 14.6 +
1.80 cm and 20.5 + 2.54 cm and height of 9.8 £ 1.72 m and 15.2 + 2.13 m respectively. The growth rate negatively correlated with
temperature and had no significant correlation to the precipitation. Different clones and tree age significantly affect the variability of
fiber length, green specific gravity, and heartwood proportion. The clone of D14 produced the highest-fiber length, green specific
gravity, and heartwood proportion (1.111mm; 0.50 and17.7%) at five-year-old trees and (1.156 mm; 0.54 and 49.0%) at eight-years-old.

Keywords: Fiber length, growth rate, heartwood, specific gravity, superior clone

INTRODUCTION

Teak (Tectona grandis L. f.) has been known as high-
value timber for its strength, fine grain, artistic appearance
and durability (Marsoem 2013), resistant to termites and
fungal attacks (Lukmandaru 2011; Lacret et al. 2012) and
easy workability (Hallett et al. 2011). Teak is traditionally
planted at rotation of 60-80 years. The increase of teak
wood demand has caused an imbalance between supply and
demand of the wood (Thulasidas and Bailleres 2017). In
the last decade efforts to increase the availability (standing
stock) of teak wood have been carried out by establishment
of fast growth teak tree plantations. A number of Jati
Unggul Nusantara (JUN, hereinafter referred to as JUN
teak) clones (a fast-growing-teak) have been developed
using vegetative propagation techniques. They have been
established in several forest resorts and in the Paliyan
resort they currently have reached the age of eight years.
However, information relating to the properties of the
wood is still limited.

The growth rate and the properties of the wood
produced are greatly influenced by internal factors such as
genetic traits and tree physiological conditions (Tardieu et
al. 2014; Latutrie et al. 2015), and also external factors
such as rainfall and temperature (Castagneri et al. 2017;
Shmulsky and Jones 2019). Wood from young plantations
with fast-growing species is commonly to be dominated by
lower quality wood (Hadiyane et al. 2018). In this aspect,

the growth rate acceleration is apprehended to disadvantage
in terms of wood quality. Moya and Munoz (2010) who
examined specific gravity (SG) of eight fast-growing wood
species from plantations forest found that each tree species
showed different results and could be divided into three
specific gravity groups, namely three trees with higher SG,
two trees with the same SG, and three trees with lower SG
then those of their nature trees.

Some other studies reported that the increase at growth
rate of teak trees is often followed by changes in the
properties of wood as reported by Zahabu et al. (2015).
However, some other studies showed that growth rate did
not significantly affect the properties of wood in some
species of fast-growing tropical and sub-tropical trees
(Kojima et al. 2009; Naji et al. 2011; Malik and Abdelgadir
2015; Pertiwi et al. 2017).

The planting of JUN teak which is considered as having
fast growth rate character should, therefore, be studied their
growth and wood properties more thoroughly. By doing
this, we can expect to utilize wood from young plantation
forest properly (Marsoem et al. 2015; Rocha et al. 2019). In
studying wood properties in the stem, it is also important to
observe the variability among the growth rings (Olivar et
al. 2015). The purpose of this study is to find out the
growth of three JUN teak clones at five and eight-year-old,
in relation to wood properties considering precipitation and
temperature.
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MATERIALS AND METHODS

Study area

The research was conducted on Jati Unggul Nusantara
(JUN) teak stand in Menggoro and Kepek Forest
Management Resorts located in Paliyan Sub-district,
Gunungkidul District, Yogyakarta Province, Indonesia.
This location is shown in Figure 1.

Procedures

Strip-plot design was used to determine the occurrence
of variations in growth rates and wood properties. The
observation was conducted on three different JUN teak
clones (D14, F35, and F21clones) and two age groups (five
and eight-year-old). Teak trees were planted at a distance
of 3 x 3 m?, two rows for each clone. The planting block
has a relatively flat topography with a slope of 0-8%. This
area including karst area with nutrient-poor black grumusol
soil types. Measurement of tree diameter and height was
carried out with 50% sampling intensity of the 600 trees
population. At each treatment, 50 tree samples were
measured so that a total of 300 tree samples were used.

Meanwhile, to observe the relationship between tree
growth rate and the properties of wood formed, three trees
replication were measured per unit treatment so that a total
of 18 tree samples were used. Each sample tree was cut
down and cut into discs with a thickness of two cm at a
position 1.3 m from the base of the trunk (dbh). The width
of each ring from pith to bark in the transverse surface was
first measured, and each disc was then divided, on the north
side of the stem, into two pieces of radial direction with a
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width of two cm (for measuring specific gravity of wood)
and 1 cm (for measurement of fiber length). Each piece of
wood was cut based on the thickness of the tree ring from
the first to the last of growth ring.

The testing of wood specific gravity was carried out
according to the British Standard 373 (Ozigi et al. 2018)
testing for small clear wood specimens, with modifications
in sample dimensions to the width of the tree ring, while
fiber length measuration was conducted according to the
IAWA (Firmino et al. 2019). The proportion of heartwood
was determined by measuring the area of heartwood to the
total area of cross-section of the stem on the dbh.

To find out the effect of microclimate changes on tree
growth rate, two independent variables were used namely
rainfall and temperature. Microclimate data from 2010 to
2017 were obtained from Meteorology Climatology and
Geophysics Council. The growth rate represented by the
width of tree ring was used as a dependent variable. The
samples were determined randomly from the existing JUN
teak stand population.

Data analysis

Correlation analysis was used to find out relationship
between microclimate changes and tree growth rates, while
the relationship between the height and diameter of the
trees was observed by simple regression analysis.
Variability of wood properties between clone types, tree
rings, and tree age was analyzed by analysis of variance
with 95% reliability. Sources of variation that showed a
significant effect were further analyzed by using Duncan's
multiple range test (DMRT).

Figure 1. Location of Jati Unggul Nusantara stands in Sub-district of Paliyan, District of Gunungkidul, Yogyakarta Province, Indonesia

(7°56' 40,6" S; 110° 32' 59,8" E)
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RESULTS AND DISCUSSION

Height and diameter growth

Table 1 shows the average height and diameter of three
JUN teak clones at five and eight years old. These values
are then used to calculate annual growth. Average annual
growth is obtained by dividing total growth at the age of
the observed tree by the age of the tree. The result showed
that at five-years-old, the annual tree height (growth)
increment was in the range of 1.288 + 0.31-1.968 + 0.22 m.
This value is lower than the results of Muttagin et al.
(2019) in Cogreg, Bogor which achieved high growth of
3.7 m per year. This difference result is most likely due to
the differences in growing sites, planting methods, and
microclimate at the study site. Statistical analysis and
DMRT showed that JUN clones significantly affected tree
growth rates. The tree height of D14 was 23% and 53.1%
higher than that of F35 and F21 respectively. However,
although the diameter growth sequence of the three clones
also showed the same trend, the DMRT of the increase in
diameter growth of clones D14 and F35 did not show any
significant difference.

Interestingly, D14 clones at both 5 and 8 years of age
show a higher annual height (9.8 £ 1.72 and 15.3 + 2.13 m
respectively) and diameter (14.6 + 1.80 and 20.5 + 2.54 m
respectively) increment than the JPP superior teak grown in
Cepu (Rahmadwiati et al. 2012), while F35 only shows a
higher annual diameter increase and at F21 only occurs at 5
years old. Further comparisons show that all observed
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clones showed a much higher diameter increment than the
"ordinary" teak from East Timor of 0.43-0.73 cm (Sousa et
al. 2012) and from the same resort of Paliyan of 1.06-1.60
cm (Marsoem 2013). Some other comparisons show that all
ohserved clones seem to show a lower annual height and
diameter increment than three-year-old teak grown in
Bogor (Widiatmaka et al. 2015). This phenomenon may be
caused by the condition of the soil where the clones grow.
All of these clones are planted in soil with karst conditions
that put stress on plant growth (Rachmawati et al. 2018).
This finding shows that the tree growth performance of
three clones, both height, and diameter, are influenced by
the genetic traits of trees inherited from the parents as
shown in a previous study (Chaix et al. 2011; Goh et al.
2013).

The relationship between tree height and diameter is an
important element in describing forest stands condition
(Mugasha et al. 2013) and is an important measure of stand
stability (Vospernik et al. 2010). Further observations in 5
and 8 year-old-trees are provided in Figure 2.

In Figure 2.A, it appears that in a 5 year-old-tree, all
clones show a relatively good linear relationship with the
equation y = 0.7202x-0.7055 for clone D 14, y = 0.5902x +
0.2590 for clone F 21, and y = 0.4180x + 2.1918 x for
clone F35. The height predictive ability of F21 clone is
almost the same as those of D14 clone, however, D14 clone
shows the largest increase in diameter compared to the
other two clones, having r? value of 0.5887.

Table 1. The height and diameter of three clones of JUN, analysis of variance and further test results

Parameters Age Clones*
(yn D14 F35 F21
Height (mm)* 5 9.8+172 a 80x160 b 6.4+153 ¢
8 153£213 x 112+£330 vy 9.0+180 =z
Diameter (cm)* 5 146+180 a 13.9+261 a 104+160 b
8 205254 x 178+£160 vy 154+£153 z

Note: * significant. Means with same letter in each parameter is not significantly different
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Figure 2. The relationship between height and diameter. A. 5-years-old-trees, B. 8-years-old-trees of JUN
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Figure 3. The relationship between growth rate to precipitation and

The relationship between tree height and diameter of
D14 clone at age of eight gives an r? value of 0.6176, a
coefficient determination value that is higher than five-
year-old trees, but that value is still lower than the value
indicates by clones F35 and F21. Since the measurement of
height is more time consuming and has several additional
sources of error while height-diameter equation in this
study shows a rather strong relationship then until the age
of eight years the height of the trees can be predicted by
only measuring the diameter of the tree. Figure 2 indicates
that the increase in height is linearly followed by the
increase in diameter. The linear relationship between tree
height and diameter was also occurred on Chamaecyparis
obtusa (Sumida et al. 2013) and also on teak stand in
Nigeria (Shamaki et al. 2016).

Besides soil conditions, growth variability is also
affected by environmental factors (Shmulsky and Jones
2019) such as rainfall (Goh et al. 2015) and temperature
(Toledo et al. 2011; Begum et al. 2013). The effect of
rainfall and temperature on the growth of three JUN clones
in 5 and 8 years are shown in Figure 3 respectively. The
results indicate that there was no significant correlation in
the relationship between fluctuations of precipitation and
tree growth in both five and eight-year-old stands. The
unclear effect of precipitation on the growth ring width is
presumably due to lack of clarity in the season differences
during the observation period. Previous study on teak in
Myanmar also showed non-significant relationship between
tree ring and the annual total rainfall (Hlaing et al. 2014).
According Kaosa-Ard (1981) teak grows best and reaches
large dimensions in a warm-moist tropical climate with
rainfall ranging from 1,270-3,800 mm per annum, while
the annual rainfall during the observation in the site was
1410-2690 mm.

Kaosa-Ard (1981) reported that the most favorable
conditions for the growth of teak are between 22°C and
27°C. In this study, the effect of temperature on the width
of growth ring can be seen in Figure 3 where the effect of
temperature is more visible than the influence of the
precipitation. The result shows that JUN trees of five, as
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temperature. A. five-years-old, B. eight-years-old

well as eight years old, show a similar response to the
variation of the temperature. The correlation values r=-0.56
(5-year-old-trees) and r=-0.79 (8-year-old-trees) in this
study belong to the moderate and high classification, and
were higher than the correlation value of 0.24 obtained
from the study on the middle age teak plants grown in
community forest conducted by Marsoem (2013). A similar
finding is reported by Hlaing et al. (2014) who found more
pronounced relations in young teak plants than the older
age one. It showed that temperature range has reached the
optimum level for supporting growth. Therefore the
increasing temperature in the planting site of JUN teak
stand will beyond optimum point and tend to decrease the
tree growth rate.

Heartwood proportion

The result in Table 2 shows that heartwood is already
present in the five-year-old JUN tree. Among the three
clones observed, clone D14 from the five-year-old JUN
tree showed the highest proportion followed by clones F35
and F21 but all three showed no significant difference.
Increasing the age of trees from five to eight years has
increased the proportion of heartwood by 62.4% to
165.7%. At the age of eight years, clone D14 showed the
highest proportion of heartwood that was significantly
different from JUN clones F35 and F21. It can be seen that
the D14 clone had a heartwood formation rate far above the
other clones. This is evident that although at the early
formation (five-year-old) was not significantly different at
eight-year-old of JUN teak tree, the heartwood formation
increased sharply and showed noticeable difference with
the heartwood at five-year-old. An increase in the
proportion of heartwood with increasing diameter was also
reported by Tewari and Mariswamy (2013) and Yang et al.
(2020) in dominant, co-dominant, and depressed tree
classes. Meanwhile, it was not reported in other previous
studies that short rotation teak has similar (Anish et al.
2015) or lower heartwood proportion than long rotation
teak (Rizanti et al. 2018).
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Table 2. The wood properties of three clones JUN teak, analysis of variance and further test results

Clones*
Parameters Age D14 F35 =
Fiber length (mm)* 5 1.110+£0.095 a 1.067 £0.103 a 0.936+0.101 b
8 1.133+£0.113 x 0.989+0.112 vy 1.078+0.111 z
Green specific gravity* 5 0.504+0.021 a 0.454+0.026 b 0.450+0.010 b
8 0.541+0.028 x 0.485+0.028 vy 0.473+0.020 vy
Heartwood proportion (%)* 5 17.7+£1.03 a 16.1+1.84 a 13.6+231 a
8 49.0+222 X 266+264 y 258+176 y
Note: * significant. Means with same letter in each parameter is not significantly different
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Figure 4. The distribution of fiber length and its correlation with annual growth rate. A. five-years-old; B. eight-years-old

Fiber length

Table 2 shows that, at five years old, the fiber length of
D14 clone was almost the same as F35, but the length of
both fibers was significantly longer than the F21 clone. At
the age of eight, there were significant differences in fiber
length among the three clones. The length of the D14 clone
fibers was the longest, followed by the F21 and F35 clones
with shorter fiber lengths 5.1% and 14.6% respectively.
This also showed that the increase in length of F21 clone
fibers at the age of five to eight-year was much higher than
that of F35 clone. The magnitude of the effect of the clones
was also reported by Damayanti et al. (2019) that different
clones that grow in the same site conditions produced
different fiber lengths.

The fiber produced by clone D14, both at the age of
five and eight years, was longer than the seven-year-old
JPP superior teak fiber with a length of 1,015 mm (Basri
and Wahyudi 2013) or Cepu and Madiun clones of JPP
teak with fiber length of 0.77 and 0.86 mm respectively
(Yulianti et al. 2011). Obviously, JUN teak trees, in
addition to having better growth than superior teak JPP
stands, are also able to produce longer fibers. However, it
should be noted that the fiber length of D14 clone was still
lower compared to the 12-year-old of nine Perhutani teak
clones which produced fiber length of 1,38-1.48 mm
(Hidayati et al. 2014).

In the radial direction, the fiber length distribution of
each tree ring was shown in Figure 4. At the age of five and
eight years, fiber length tends to increase sharply from the
first to the third or fourth tree ring followed by a slight
increase up to the eighth tree ring. The effect of differences
on the stem to the fiber length produced has been reported
by Rizki and Fernandez (2015) on Shorea leprosula. In
addition, an increase in fiber length was also reported by
Darmawan et al. (2013) on the initial growth of Perhutani
short rotation teak and loJayacal teak from community
forests, as well as by Kojima et al. (2009) on Gmelina
arborea trees. This pattern was similar to the characteristics
of juvenile wood which was characterized by short fibers
(Gryc et al. 2011) and experiences a progressive increase
coincide with trees age until they reached a constant fiber
length (Lachenbruch et al. 2011, Firmino et al. 2019). This
showed that at the age of eight years, JUN teak trees still
produced juvenile wood until they reach a constant fiber
length.

Variability in fiber length had a close correlation to
annual growth rates of the tree. The decrease in growth rate
will be followed by an increase in fiber length, with the
correlation coefficient including the middle class. Similar
results were reported by Anish et al. (2015) that the slow
growth of teak tended to be followed by an increase in the
anatomical properties of wood, as well as the results study
by Missanjo and Matsumura (2016) on young pine wood.
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Green specific gravity

The different clones significantly influenced the green
specific gravity. Clone D14 produced the highest specific
gravity of wood which was 11.03% above F35 clone and
12.1% above F21 clone. While there was no significant
difference between the specific gravity of wood produced
by F35 and F21 clones. At eight-year-old, type of the clone
had a significant effect on the green specific gravity of
wood. Clone D14 produced the highest green specific
gravity of wood followed significantly 12% and 15% by
F35 and F21 respectively, while both of two clones were
not significantly different. The high specific gravity of
wood produced by D14 clone consistently shows the
potential timber as raw material for construction purposes.
The differences in specific gravity of wood resulting from
clone effects were also reported by Hidayati et al. (2014) in
nine clones of teak grown in Indonesia, Widiatmaka et al.
(2019) in fast-growing teak, and Arce and Moya (2015) in
15-year-old teak stands in Costa Rica. On the contrary,
Yulianti et al. (2011) and Damayanti et al. (2019) did not
find significant effect of the different clones on variation of
specific gravity. In this case, specific gravity was more
dominantly affected by growing sites than clone types.
Specific gravity of D14 clone was higher than Mega teak
aged 11 years (0.50) and almost the same as conventional
14-year old teak which produced a specific gravity of 0.55
(Hidayati et al. 2016).

Figure 5 shows the variability of green specific gravity
in the radial direction of JUN teak trees at the age of five
and eight years. At five-year-old, specific gravity in
successive growth ring from pith to bark increases sharply.
At eight years old, this increase continued until sixth ring
while on the seventh ring the specific gravity began to
show a flat tendency. This was probably due to beginning
of cambial maturation. This trend of increasing specific
gravity was also reported by Mohamad and Marsoem
(2007) on Acacia auriculiformis wood and Firmino et al.
(2019) on Carapa guianensis wood. But the opposite
results were obtained from the study of Kojima et al.
(2009) in Gmelina arborea species. This shows the
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differences in the patterns of wood specific gravity that
might occur among species as reported by Rodriguez et al.
(2016).

Tree growth of JUN teak corresponded to the tree ring
width as showed in Figure 5. It was found that the tree ring
width tended to increase from the first to the second layer
followed by the decreasing of the width up to the end layer
(the age of eight). Variability of specific gravity has a
negative correlation with the width of tree ring, with a high
coefficient value. This shows that growth rates play a role
in determining specific gravity variability.

This finding confirms the substantial influence of the
juvenile growth period on young age trees as revealed by
Shmulsky and Jones (2019). In addition young teak plants
(under 20 years old) have a percentage of 80-100%
juvenile wood which decreases with increasing tree age. At
a young age, the characteristics of wood change
progressively, which then inclines the change rate until
maturity period and is followed by fluctuations in the
distribution pattern of specific gravity at the next age.
Kojima et al. (2009) also reported the effect of the age of
young plants on the maturity of wood formed on Gmelina
arborea tree, where was not formed mature wood under
3.5-year-old trees. As shown in Figure 5, it can be seen that
up to five or six-year-old tree still experiences a juvenile
period shown by a large increase of specific gravity.
Meanwhile, in the next period, the JUN tree began to show
the maturation process until eight-years-old. Thus, JUN
tree at eight-year-old does not yet produce mature wood.
Optimum use of teak wood is carried out when the specific
gravity value has reached a stable period. Further research
is needed on JUN teak above the age of eight years to
determine the beginning of this period.

Three JUN teak clones grown in Paliyan showed
significantly different growth rates and wood properties.
Clone D14 of JUN teak tree had the best growth
performance with diameter and height 14.60 cm and 9.80
m at the five-year-old and 20.50 cm and 15.20 m at the
eight-year-old respectively. JUN teak tree growth had a
negative correlation with temperature but did not have a
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significant correlation with precipitation fluctuations with
correlation coefficient of-0.56 and 0.19 at the age of five
years and-0.79 and-0.48 at the age of eight years.
Differences in clones and tree age significantly affected the
variability of fiber length, green specific gravity,
heartwood proportion. The highest fiber length, green
specific gravity, and heartwood proportion were obtained
on D14 clone with the values of 1.111mm; 0.50 and 17.7 %
at five-year-old trees, and 1.156 mm; 0.54 and 49.0 % at
eight-year-old respectively. Distribution of green specific
gravity and fiber length in JUN teak tree stem was more
determined by an increase of tree age and including the
juvenile period.
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