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Abstract
Teak Tectona grandis Linn is still used

as the main product in the form of wood,
while other products, especially environ-
mental services have not received much
attention. This study analyzed biomass, car-
bon stocks and decomposition rate of leaf
litter in teak plantations in city forest of
Hasanuddin University, Makassar. The indi-
vidual biomass of teak plants is calculated
using the allometric equation Y=0.11xρx
D2.62. Carbon stocks were analyzed using a
formulation C=0.47xB. The leaf litter
decomposition rate is expressed as the ratio
of the remaining litter dry weight, with the
formulation X= (A-B)/A. The number of
teak plants in 5 sample plots were 239 trees
with an average stem diameter of 20.6cm
and an average height of 9.02m. Total bio-
mass in 5 sample plots was 51,712.61g.
Carbon stocks in 5 sample plots was
24,304.92g. Decomposition rate average of
leaf litter of 24.4g during 60 days incuba-
tion. The existence of teak plantations is
able to reduce CO2 in the atmosphere by as
much as 89,199.06g CO2 and resulting in a
decomposition rate of teak leaf litter 0.4g
per day.

Introduction
The Makassar campus of Hasanuddin

University has an area of 220 ha planted
with various types of trees to form the city
forest. The presence of various trees causes
the campus environment to be shady and
cool. One type of tree planted is teak
Tectona grandis Linn, whose wood is of
high economic value and export commodi-
ties.1The use of forest resources has tended
to focus on the main products in the form of

wood, while other products, especially
environmental services, have not received
much attention. Therefore, it is necessary to
make an effort to manage forests that provi-
de benefits outside of wood. One of them is
to estimate the potential of stored carbon
which is an environmental service in absor-
bing CO2 and storing it in the form of car-
bon so as to reduce the rate of global war-
ming.

The forests have the potential to reduce
CO2 in the atmosphere through storage in
biomass as carbon stocks. The ability of
trees to absorb and store carbon can be
known from tree biomass. Tree biomass can
be estimated using an allometric equation
whose parameters are stem diameter. The
large diameter of the stem causes the greater
biomass and carbon stored, otherwise, the
smaller the diameter, the smaller the bio-
mass and carbon stored in it.3 Biomass is a
living organic material that is above the soil
surface and below the surface of the soil.
Above ground biomass includes trees and
under storey, which consists of stems, bran-
ches, bark and leaves. Geometric biomass
has a relationship that is parallel to the dia-
meter of the trunk, the density of wood, and
height.

Teak Tectona grandis Linn is unique,
namely the phenomenon of deciduous leaf
occurring in the dry season each year. The
source of biomass produced through this
phenomenon is a large potential as a source
of nutrients in the soil.4 Decomposition of
organic matter is an important ecological
process in a forest ecosystem. Through this
decomposition process, litter that falls to the
ground, along with the nutrient content in it
is released into the soil and available to
plants.5 Decomposition is an important pro-
cess in terrestrial ecosystems. Decompo -
sition of leaf litter contributes most of the
nutrients to the forest floor, only a small
fraction of the leaves are consumed directly
by herbivorous animals.6 The rate of litter
decomposition is strongly influenced by the
content of the litter. The speed of litter
weathering will correlate with the amount
of microbes in the soil. The development of
microbes itself depends on the availability
of oxygen, soil moisture, soil temperature
and litter as well as the elements contained
in litter. Litter that is easily decomposed,
will store less carbon mass and will only
briefly act as mulch for the soil, whereas lit-
ter that is decomposed for longer will help
protect the soil from falling rain, but will
provide less soil nutrients.

Materials and Methods
The study was conducted on the teak

Tectona grandis Linn and the soil where it
grew in the city forest of the Makassar cam-
pus of Hasanuddin University. The research
was conducted for 6 months from July to
December 2019. The materials and research
equipment were Teak Tectona grandis Linn,
leaf litter of teak, clinometer, phi band,
length meter, rope, machete, litter bag size
of 10x10cm with mesh of 2 mm, digital sca-
les, oven, camera, tally sheet, and computer.

Determination of location and mak-
ing of sample plots

Determination of the research location
is done by using purposive sampling techni-
que. Purposive sampling technique is used
intentionally by considering sample plots
made of teak Tectona grandis Linn. Data
collection in the study area was carried out
using sample plots measuring 20x20m.7 All
teak plants in the sample plots were measu-
red in stem diameter and height without har-
vesting (non destructive) and recorded.

Estimation of biomass
The calculated biomass is the above

ground biomass obtained by measuring the
stem diameter and height of the tree. The
biomass estimation method follows8, i.e.
total biomass of teak per sample plot area
was obtained by adding up individual plant
biomass. The individual biomass of teak
plants is calculated using the allometric

                             International Journal of Plant Biology 20209; volume 11:8541

Correspondence: Slamet Santosa, Biology
Department, Faculty of Mathematics and
Natural Sciences, Hasanuddin University,
Tamalanrea KM.10, Makassar, Indonesia
Tel:+6285242113320
E-mail: slametsantosa@unhas.ac.id

Key words: Tectona grandis, biomass, CO2

uptake, leaf litter, nutrient avalaibility

Contributions: The authors contributed equally.

Conflict of interest: The authors declare no
potential conflict of interest

Funding: Research Center of Hasanuddin
University

Received for publication: 16 March 2020.
Revision received: 15 September 2020.
Accepted for publication: 15 September 2020.

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0
International License (CC BY-NC 4.0).

©Copyright: the Author(s), 2020
Licensee PAGEPress srl, Italy
International Journal of Plant Biology 2020; 11:8541
doi:10.4081/pb.2020.8541

Non
-co

mmerc
ial

 us
e o

nly



equation Y=0.11x ρxD2.62, where: Y=
biomass (g); ρ = wood specific gravity
(g/cm3) (wood specific gravity of
teak=0.705g/cm3); D = stem diameter (cm).

Estimation of carbon stocks
The value of known biomass is used to

estimate the carbon stock stored in teak
plants because 47% of the biomass is
composed of carbon.9 The results of the
calculation of biomass can be changed in
the form of carbon (g) through the process
of multiplying the value of biomass with a
conversion factor of 0.47. So estimating
carbon stocks using formulations, C=0.47x
B, where: C=carbon stock (g); B=biomass
value(g).

Estimation of CO2 uptake
Estimation of CO2 uptake is calculated

using carbon stock data that has been found
through the formulation, EC=Cx3.67;
where EC=CO2 uptake (gCO2); C=carbon
stock (g); 3.67=a constant for converting
carbon to CO2.10 Value of 3.67 derived from
44/12, of which 44, the molecular weight of
CO2 compounds; 12, molecular weight of
atomic C.

Analysis of leaf litter decomposition
rate

Decomposition of teak leaf litter is done
by incubating litter in a litter bag with a
depth of 10cm for 60 days incubation in 5
sample plots in city forest floor.
Decomposition of litter follows the
method,5 which is an example of dried litter
of teak leaves, roasted at 80oC for 48 hours.
Litter decomposition is done as follows: i)
inserting leaf litter as much as 100g into the
litter bag, ii) the litter bag is buried with a
depth of 10cm at 5 places randomly in each
sample plot, iii) the litter bag is taken every
15 days of incubation. Then litter in a litter
bag is rinsed with fresh water and dried in
an oven at 80oC for 48 hours, then weighed.
After weighing, the litter is put again in a

litter bag, then immersed in the original dirt
floor. The decomposition rate of organic
matter is expressed as the ratio of the dry lit-
ter weight remaining. The decomposition
rate is calculated using the formula, X=(A-
B)/A; where: X=decomposition rate; A=ini-
tial dry weight; B=final dry weight.

Results and Discussion
Biomass is the amount of organic mat-

ter stored in trees. The distribution of bio-
mass in each tree component shows how
much photosynthesis the tree has stored by
plants. Estimation of biomass is very impor-
tant for assessing carbon stocks and the
effects of deforestation and carbon storage
in the global carbon balance.11 The results
of teak plantations observation in city forest
on the Makassar campus, Hasanuddin
University shows spacing of 3m between
trees; the same planting year and the height
of the initial plant were almost the same
(Figure 1).

The results of stem diameter and height
measurement in 5 sample plots obtained an
average diameter of 20.6cm and an average
height of 9.02m (Table 1). The diamater
data is used to determine the amount of bio-
mass contained in each teak tree. Stem dia-
meter is a factor that affects the amount of
biomass contained and the amount of car-
bon stored in trees. Based on the stem dia-
meter data obtained biomass, carbon stock
and CO2 uptake data for each teak plant in
Table 1.

The study only estimating above ground
biomass. Results of this study indicate the
total biomass, carbon stock and CO2 uptake
in 5 sample plots were significantly diffe-
rent. Teak plantations in sample plot I pro-
duced biomass of 12,500.44g with amount
of 49 trees, an average diameter of 22cm
and an average height of 9.2m. Teak planta-
tions biomass in sample plots I was highest
compared to sample plots II, III, IV and V

(Table 1). At this research location the
amount of biomass produced could still be
increased considering that teak plants were
still producing. Teak is a long lived annual
plant, so the longer the biomass formation
process also increases. Biomass is related to
the photosynthesis process, where the bio-
mass content increases because it absorbs
CO2 from the air and converts it into organic
compounds through photosynthesis. CO2

absorption is a teak plant service for the
human environment to reduce CO2 emis-
sions which is one of the causes of global
warming. Forests have the potential to redu-
ce CO2 in the atmosphere through storage in
biomass as carbon stocks. The ability of tree
stands to absorb and store carbon can be
known from tree stand biomass12 CO2 emis-
sions can be reduced through several activi-
ties including managing forests sustainably,
conserving carbon stocks and increasing
forest carbon stocks.
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Figure 1. Teak Plantations in Makassar
Campus of Hasanuddin University.

Table 1. Stem diameter, plant height, biomass, carbon stocks and CO2 uptake in 5 sample plots per unit area of 0.2 ha.         

Sample plots        Number of       Stem diameter          Plant height average,         Biomass,              Carbon stocks,              Co2 uptake,
                                  trees              average, cm                          cm                               g                               g                              gCO2

I                                               49                                 22                                                9.2                                  12,500.44a                           5,875.21a                              21,562.02a

II                                             47                                 21                                                8.9                                  10,614.37b                           4,988.75b                             18,308.71b

III                                            46                                 19                                                8.9                                   7,992.34c                            3,756.40c                              13.785.99c

IV                                            48                                 20                                                9.0                                   9,539.41d                           4,483.52d                             16.454.52d

V                                              49                                 21                                                9.1                                  11,066.05e                           5,201.04e                             19,087.82e

Total                                      239                               103                                             45.1                                  51,712.61                           24,304.92                              89,199.06
Average                                47.8                              20.6                                             9.02                                  10,342.52                            4,860.98                               17,839.81
Numbers followed by the same letter are not significantly different at level of 95%.
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Total biomass in 5 sample plots was
51,712.61g with an area of 0.2 ha. To find
out the total biomass in an area of 1 ha must
be multiplied by five so that it produces bio-
mass of 258,563.05g/ha.13 Teak plantations
with an average stem diameter of 16.6cm
and an average number of 42 tree in 5 sam-
ple plots with an area of 0.2 ha producing
biomass was 26,161.13g and for biomass an
area of 1 ha was 130,805.65g/ha.14 The dif-
ference in the total biomass of a tree is
influenced by the density of vegetation, the
diversity of the diameter and the distribu-
tion of the specific gravity of the vegetation.
Land use consisting of trees with species
that have a high value of wood density, the
biomass will be greater when compared to
land that has species with low wood density
values. Types of plantations with a high
density of tree species will have a potential
savings which tend to be greater than those
of high density plantations but low species
density.

Carbon stocks in 5 sample plots was
24,304.92g for 239 teak plants. While the
total biomass for 5 sample plots is
51,712.61g.15 The percentage of carbon
stocks in organic matter is 47% of the total
biomass.7 The increase in the amount of car-
bon in line with the increase in biomass, the
higher the amount of biomass the higher the
amount of carbon stock.13The amount of
carbon stored in a land use is influenced by
the amount of vegetation density, the denser
the vegetation on the land, the more carbon
is stored.16 When plants are cut down, there
has been a decomposition of carbon that
had been stored in plant biomass and then
decomposed into the air. Most of the C ele-
ments that break down into the air are usual-
ly bound to O2 and become CO2. This chan-
ge in carbon form then becomes the basis

for calculating emissions. When vacant land
is planted with plants, there will be a pro-
cess of binding of element C from the air
back into plant biomass. Therefore, the size
of the plant volume can be a measure of the
amount of carbon stored as biomass (carbon
stock).

Teak plantations in 5 sample plots with
an area of 0.2 ha were able to absorb
89,199.06 gCO2 (Table 1). This means that
teak plantations have the potential to reduce
CO2 content in the atmosphere quite large.
If the area of 1 ha, the CO2 absorbed reaches
445,995.30gCO2/ha. Based on leaf organs,
the teak leaf area index is greater than the
leaf area of other trees. This is what might
make teak trees have higher productivity
than other trees. Leaf area affects the speed
of photosynthesis with the wider form of
teak stand leaves, the faster the photo-
synthesis process.7Through the process of
photosynthesis, CO2 in the air is absorbed
by plants and with the help of sunlight and
then converted into carbohydrates to be
distributed throughout the plant’s body and
piled up in the form of leaves, stems, bran-
ches, fruits, and flowers. Although photo-
synthetic activity occurs in the leaves, the
largest distribution of photosynthesis is
used for stem growth. Stems generally have
a better constituent of wood compared to
other parts of the tree.

The results of leaf litter decomposition
analysis with an initial dry weight of 100g
showed an average decomposition rate in 5
sample plots of 24.4g for 60 days incuba-
tion. The highest average decomposition
rate was 25.7g in sample plot IV and the
lowest was 23.5g in sample plot I for 60
days incubation (Figure 2). Means that if
the production of teak leaf litter in large
quantities, high nutrient availability per unit
area.17 The number of litter fall for 3 years
with a spacing of 4 x 4m on 3 sites, namely
Na Pralan of 10.114 kg/ha (age of 47 years);
Klangdong of 6,752 kg/ha (age of 44 years)
and Douglan of 4,399 kg/ha (age of 32
years), in Thailand.18 Teak plant aged of 21
years, spacing of 4x4m has litter biomass of
7,400 kg/ha, in Jember, Indonesia.19 Teak
plants aged of 23 years, spacing of 3x3m
has litter biomass of 2.81tons/ha, in
Wanagama I, Yogyakarta, Indonesia.

This study produced the highest decom-
position rate per day of 0.43 and the lowest
of 0.39. The results of this study are consi-
stent with the research20 the highest decom-
position rate of teak leaf litter was 0.65 per
day with the addition of effective microbes
and the lowest 0.42 per day, without the
addition of microbes.21Decomposition is
the process of decomposing complex orga-
nic matter into simple organic materials
involving microorganisms.22The final result

of decomposition of teak Tectona grandis
Linn leaf litter, in the form of C, N, P, K and
other micro elements that accumulate into
the soil. 23Litter of teak leaves containing C
of 50.92%, N of 1.28%, P of 0.09%, K of
0.52%, Ca of 2.69% and Mg of 0.23%.
21Teak leaf litter contained N of 2.68%, P of
0.21%.24Litter of teak leaves containing K
of 1.24%, Ca of 2.93-4.81% and Mg of
0.55-0.70%.

Conclusions
The teak Tectona grandis Linn planta-

tions in city forest of Hasanuddin
University have a total biomass of
51,712.61g and a carbon stock of
24,304.92g. The total biomass and carbon
stock is able to reduce CO2 in the atmosphe-
re by as much as 89,199.06g CO2 per unit
area of 0.2ha. Teak leaf litter decomposed
highest 25.7g and lowest 23.5g during 60
days incubation on forest floor.
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