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Estimation Above Ground Biomass (AGB) and Carbon Stocks of
Tectona grandis and Gmelina arborea in Gorontalo Province, Indonesia

Abstract. Planlal forest exploitation has an important role in meeting timber needs and also as carbon sequestration for the
environment. The purpose of this study was to calculate the stand potential, to calculate the standing biomass and carbon stock of teak
and gmelina in the Gorontalo area. The research object was 4 plots each with an area of 1 hectare. The sampling method used was a
systematic random sampling by measuring the diameter and height of a stand, while the data analysis used the potential stand and
increment formula of MAI and CAI. Meanwhile, the estimation of biomass and carbon by calculating the aboveground carbon stock
(AGB) is then analyzed using simple linear regression to determine the closeness relationship between variables. The results showed
that the maximum growth of teak plots I and II reached a maximum point at the age of 32 and 25 years and the total volume was 307.50
and 254.81 m*ha'. While the maximum growth of gmelina plots I and II reaches a maximum point at the age of 15 years and the total
volume is 190.54 and 251 .80 m*ha'. The biomass content in teak plots I and II and gmelina plots I and II were respectively 267 .83;
221.94; 104.03 and 137 .48 tonsha™. Meanwhile, the carbon content in teak plots I and IT and gmelina plots I and IT were respectively
125 .88: 104.31; 48.90; and 64.62 tons ha''. The results of simple regression analysis, the relationship between the two variables shows a
very close relationship. This indicated that Tectona grandis more potentialy than Gmelina arborea plantations in carbon sequestration
and biomass production although both of thrm have an important role in mitigating and climate change.
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INTRODUCTION

Indonesia has renewable natural resources such as plantation forests. These forest resources have the potential as a
source of biomass by promoting the planting of fast growing plants. However, until now the existence of fast growing
plantations requires sustainability (Siregar et al. 2017). Over time, forests do not only function as wood producers, but as
environmental service producers, where forests have the opportunity to reduce carbon dioxide in the atmosphere through
photosynthesis (Lukito and Rohmatiah 2013). This is in line with research conducted by Birdsey and Pan (2015) that there
has been a change in forest function in the last few decades and explains its impact on global carbon stocks. Tropical forest
in Indonesia has a fast growing nature. Tesfaye et al. (2016) explained that tropical forests have an important role in global
carbon sequestration. However, increasing rates of deforestation and impacts of land use cm;c need to be considered
before preventing the loss of the function of tropical forests. One example is the process of forest degradation caused by
non-selective logging, forest fires, and neglected forest development dynamics occurring in large areas in tropical forests
(Pinheiro et al. 2016). Therefore, one of the ways that can be used to prevent and reduce illegal logging activities
according tniuslim et al. (2016) is to develop more effective ways to protect tropical forest diversity and pay more
attention to land use (Domec et al. 2015). Because this affects the depreciation of the day elements. Where the depreciation
of these nutrients depends on the characteristics of the species, growth rate, tissue nutrient content, harvest rotation period,
use (alau'vest methods and nutrient reserves in the soil (Arias et al. ] ).

Biomas@and carbon stocks (C) in forest ecosystems have an important role in climate change and mitigation
(Calfapietra et al, 2015; Zeng et al, 2018; Pandey et al, 2019). This biomass estimation is very important and aims to
calculate the amount and variation of C (Ekholm 2016; Gren and Zeleke 2016; Ruitta et al. 2018; Nonini and Fiala 2019).
Biomass is important in ncrmiuiug forest production and sustainable forest management (Rinnamang et al. 2020).
Furthermore, according to Gonzalez-Benecke et al. 2015: Sharma et al. 2016; Panwar et al. 2017, states that an increase in
rotation length will also result in an increase in biomass and carbon stocks. Where biomass production is influenced by
organic matter in soil. Biomass functions as organic material to maintain soil fertility and soil biotic stability (Lee et.al
2014). Balancing economic productivity with other ecosystem services such as carbon sequestration requires suslainne
fertility of soil and water resources. This is done bccausﬂf the assessment of all potential biomass carbon stocks, and
other potential in order to change management activities (Birdsey and Pan 2015; Law and Waring 2015; Noormets et al.
2015). The ability of fast-growing stand types to absorb carbon faster than slow-growing stands is one of the strong
reasons why it is necessary to plant and cultivate fast-growing stands in plantation forests (Chauhan et al. 2016a). In
addition to producing biomass, most plantations produce wood and provide environmental services in the form of water
management and carbon sinks (Kanninen 2010; Chauhan et al. 2016b). One type of fast growing stands is teak and
gmelina. This is because besides being fast growing, Teak (Tectona grandis Linn f.) is an important commercial stand type
and has a high selling value (Warner et al. 2017) and is a type of light wood with a round crown, large leaves, and the stem
can be transparent and resistant to fire (Meunpong 2012). Meanwhile, Gmelina arborea Roxb. is one type of plant that is
widely developed for 'mdusnl plantations in tropical regions such as Indonesia, Pakistan, Sri Lanka, and some countries
in Southeast Asia. Gmelina 1s a type of fast growing stand, can live well in the lowlands to an altitude of 1200 m above sea
level with an average rainfall of 750-5000 mm year”' (Adinugraha and Setiadi 2018).
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Research on forest potential is very important. This is in line with the statement from Nonini and Fiala (2019) that
estimating carbon storage in forests is very important to support climate change and mitigation and promote the transition
to a low-carbon emission economy.This research includes the potential for the stands, the potential for biomass and
carbon. One of the factors that determine the analysis of forest potential 1s the allometric method, which is measuring the
potential of biomass and carbon with standard standards. Based on this background, the following problems can be
formulated: how much is the amount of carbon content with the approach of calculating the amount of biomass. This is
because carbohydrates are obtained from photosynthesis stored in living plant organs. Karyati et al (2019) stated that the
allometric equation for estimating aboveground biomass on this land is still limited. So it is necessary to do this research to
analyze the allometric relationship between diameter at breast height, tree height, leaves, branches, stems, and total
aboveground biomass (TAGB) in an abandoned land. This is in line with Edson and Wing 2011; Durkaya et al. 2013
where allometric equations and tree dimensions such as diameter and total height can be used to calculate forest stand
biomass. Allometric equations have a very important role in reducing the uncertainty of biomass estimation. This is
expected to provide great benefits in implementing climate change mitigation programs, especially in the forestry sector
(Anitha et al. 2015). There are two methods commonly used to estimate the carbon content of forest stands, namely by:
(1). indirect measurement by changing the biomass using a specific carbon content figure. This method is most widely
used by using a constant carbon content of 50% of the biomass weight (Brown 1997) and 47% of the biomass weight
(Kristiningrum et zll.g]]‘J). Carbon stocks in arable land contain higher carbon storage and vegetation biomass (Hairiah et
al.2011). Therefore, this study aims to calculate the stand potential, stand biomass and carbon stocks of teak and gmelina
in the Gorontalo region. The aim of this research is to develop an allometric equation for estimating AGB with a
coefficient of determination that can predict biomass and carbon stock in the land after being abandoned.

MATERIALS AND METHODS

Study area

The experiment was conducted from September 2020 to December 2020 in Gorontalo Province. The field
experiments were conducted in four plots of Tectona grandis were two plots and Gmelina arborea were two plots. The
area was located on the coordinate 0° 32 '28 "North Latitude and 12303 '36 "East Longitude.
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Figure 1. Location studies (in which: A = G. Arborea plot11, B = T grandis plot 1, C = G. Arborea plot 1, = T grandis plot 1T}

Research ohject
The objects to be studied were 2 types of teak and gmelina stands, each with a plot area of 1 hectare each, so that the
number of research plots was 4 plots, with different spacing. Where the Tectona grandis plant spacing is 3m x 3m and the
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Gmelina arborea spacing is 3.5m x 4m. Determination of the sample and the location of the study by purposive sampling,
with the sampling method using systematic random sampling. Then the data obtained is analyzed mathematically using
simple linear regression. To find the closeness of the relationship between age and increment, the polynomial method was
used to determine the regression coefficient.

Data analysis

Estimating MAI and CAI

Data collection includes diameter, plant species as high as 1.3 m from the soil surface (¢cm). Carbon (C) storage (kg
per year) can be estimated by multiplying the tree biomass (Y: kg) with the general vegetation carbon content, namely
(0.46) (Hairiah and Rahayu 2007). Carbon stock calculations were also carried out on cultivated plants Tectona grandis
(teak) and Gmelina arborea (white teak) planted on land by the community.

Maximum production was calculated by analyzing the growth increment of T. grandis and G. arborea tree in a
particular measurement time span (cycle), which included mean annual increment (MAI) and current annual increment
(CAI). Van Gardingen et al. (2003) state that the increment is defined as an increase in the dimensional growth (height,
diameter, base plane, volume) or an increase in the standing stock of a tree, in relation to the tree age or a particular period

V= l1tdlhf
4
in which: V = standing volume, d = diameter at breast height (Dm), h = branch-free height, f = form factor
According to Van Gardingen et al. (2003), to estimate the mean annual increment (MAI) and the current annual
increment, the following mathematic formulas were used:

Vl
MAI = —
t

in which: MAI = Mean annual increment, V, = Total volume in ages t; - t (m" ); t= Ages (years)

care Ve

In which: CAI = Current annual increment, V, = Total volume in ages tp - t (m* ), V. = Previous total volume (m* ), T
= Second age to - t, minus the first age (in year)

The estimation of tree biomass and carbon

The method proposed for estimating biomass and carbon stock 1s to estimate biomass based on a combination tree
height, trunk diameter and wood density are used (Chave et al., 2014).According to the Indonesian National Standard [SNI]
number 7724 (2011) Determination of Biomass/Mass and stored carbon and Irundu et al (2020) using the following
formula:

M =BJ x V,x BEF

In which : BJ = Specific Gravity, V, = Total Volume, BEF = Biomass Exfaction Factor (1.3)

Cb=Bx%C anic

In which: Cb = ®arbon content of biomass (kg), B = Total biomass (kg), % C Organic = Percentage value of carbon
content, amounting to 047 (Hairiah et al. 2011).

The determination of the biomass potential is calculated by multiplying the biomass obtained per plot with the
conversion unit to ton ha”'. According to Adhitya et al. (2013) Calculation of the Biomass content per hectares for
aboveground biomass with the following formula:

Biomass (kg ha'') = Biomass (kg m?) x 10,000 m?
Biomass and stored carbon have a causal relationship with tree volume values.

Determination of the value of biomass and stored carbon can be determined through a volume value approach.
According to Ruslianto et al. (2019), determining the causal relationship to the tree dimensions using the general
regression formula as follows:

Y =a+bX

In which: Y = Estimated value of biomass, X = Volume (m?), a, b = regression constant

RESULTS AND DISCUSSION

Estimation of standing volume standing done by using measurement data inventory result tree parameters. From the
results of this inventory, data obtained the measurement results of the Dbh parameter, tree height, and tree number data on
each plot in the classroom age. The data is further processed to find out the average Dbh, high average, volume each tiee,
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tree density per hectare, and the volume of trees per hectare. Based on the results of data processing, known Dbh and
average tree height, so that the average tree volume standing can be known.

Growth of Tectona grandis
Growth of Tectona grandis Plot 1

T. grandis which was cultivated in plot T at the beginning was planted using a spacing of 3m x 3m, so the initial
number of trees was 1,111 trees. However, at a later age, the teak stands experienced a reduction in the number of trees
due to natural mortality or due to thinning activities. Based on the teak growth table, the number of trees, diameter, height,
total volume and increment of teak can be seen as follows:
Table 1. The volume of T. grandis in plot I

Age n d h t TV MAI CAL B.A Biomass Carbon
2 910 3l 2 0.8 110 035 0.69 0.96 0.45
4 880 5.9 35 0.8 6.73 168 2.82 2.40 5.86 2.76
7 750 8.8 5.3 0.8 9.33 276 4.20 4.56 16.84 1.91
9 700 109 6.3 0.8 2.90 366 6.79 6.53 28.66 1347
10 610 124 6.9 0.8 40.88 409 1.97 7.36 35.60 16.73
15 600 200 7.5 0.7 98.91 659 1161 18 .84 86.15 4049
20 570 260 7.8 0.7 165.79 829 13.38 3025 144 .40 6787
25 560 310 7.8 0.7 230.66 923 1297 4225 20091 9443
30 350 375 7.9 0.6 287.79 9359 11.43 60.71 250 .66 117.81
32 500 404 8.0 0.6 307.50 961 9.86 64.06 26783 125.88
34 460 420 8.5 0.6 324.86 955 8.68 63.70 28295 132.99
35 400 450 8.7 0.6 331.91 948 1.05 63.59 289.10 135.88

Note§EN = Population of T_grandis (tree ha™), d = Tree Diameter (cmglh = clear bole height (m), F = form factor, TV = Total
Volume (m*ha'), MAI = Mean Annual Increment (m? ha'! year!), CAI = Current Annual Increment (m?® ha! year!), B.A = Bassal area
(m*ha)

Based on the table above, it can be explained that at the plot I in 1 hectare at the age of 2 years there are 910 teak trees
with a diameter at 2 years to 35 years of 3.1 to 45 cm. While the height is 2 to 8.7 meters. The total volume from 2 years to
35 years is 1.10 to 331.91 m’ha’'. Meanwhile, the growth increment ranged from 0.55 to 9.61 m*ha'year'. The maximum
total volume of teak reached at the age of 32 years is 307.50 m* ha' and an increment of 9.61 and 9.86 m*ha 'year' with
the number of trees per hectare as many as 500 trees.
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The graphical relationship between MAI and CAI teak in plot I can be seen in the image below
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Figure 2. The corellation of MAI and CAL T. grandis in Plot |

The graphs according to Kristiningrum et al. (2019), Winarni et al. (2017), Muliadi et al. (2017), and Dinga (2014) in
Figures 2, 3,4 and 5 exhibits certain characteristics, as follow: CAI curve rapidly reached the peak and from there declined
immediately, whereas the MAI curve climbed and declined slowly. Based on the picture above, it can be explained that
the MAI and CAI increments of teak initizlleincrezlsed and met at one point, namely the age of 32 years. Thgnezms that
the maximum increment of teak is reached at the age of 32 years. After experiencing a maximum increment at the age of
32 years, the teak after the age of 32 years will experience a decline. This is supported by a simple linear regression test
with a polynomial type on MAI which has an R? value of 99%. This value means that there is a close relationship between
age and the MAI increment of 99% and 1% influenced by other factors. Meanwhile, CAI has an R? value of 97%. This
value means that there is a close relationship between age and the CAI increment of 97% and 3% is influenced by other
factors.

Growth of Tectona grandis Plot IT

T.grandis which was cultivated in plot II at the beginning was planted using a spacing of 3m x 3m, so the initial
number of trees was 1,111 trees. However, at a later age, the teak stands experienced a reduction in the number of trees
due to natural mortality or due to thinning activities. Based on the teak growth table, the number of trees, diameter, height,
total volume and increment of teak can be seen as follows:
Table 2. The volume of T. grandis in plot II

Age n d h f TV MAIL CAl BA Biomass Carbon
2 800 3.0 2.0 080 0.90 045 0.57 0.79 037
4 700 6.0 3.7 077 564 141 237 1.98 491 231
7 6350 9.0 47 075 1457 208 208 413 12.69 5.96
8 630 100 5.3 074 19.40 242 483 4.95 16.89 794
9 604 120 5.8 073 2891 321 9.51 683 25.18 11.83
10 580 140 6.1 072 3887 3.89 9.96 8.2 33.86 1591
15 560 215 77 072 11266 751 14.76 20.32 98.12 46.12
20 550 25 85 070 18040 9.02 13.55 30.32 157.13 73.85
2 500 316 9.0 055 22938 9.17 9.78 39.19 199.70 93.86
30 400 380 93 050 25382 8.46 491 45.34 22108 103.91

ges: N = Population of T.grandis (tree ha'), d = Tree Diamete rﬂm). h = clear bole height (m), F = form factor, TV = Total Volume
(mha'), MAT = Mean Annual Increment (m*ha! year™), CAI = Current Annual Increment (m*ha™! year"), B.A = Bassal area (m’ha)
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Based on the table above, it can be explained that at plot IT in 1 hectare at the age of 2 years there are 800 teak trees
with a diameter at 2 years to 30 years of 3.0 to 38 cm. While the height is 2 to 9.3 meters. The total volume from 2 years to
30 years is 0.90 to 22928 m’ ha''. Meanwhile, the growth increment ranged from 0.45 to 9.17 m® ha'' year'. The
maximum total volume of teak reached at the age of 25 years is 229.28 m® ha! and an increment of 9.17 and 9.78 m’ ha-
!year! with the number of trees per hectare as many as 500 trees.

The graphical relationship between MAI and CAI teak in plot II can be seen in the image below
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Figure 3. The corellation of MAI and CAL T. grandis in Plot 11

Based on the picture above, it can be explained that the MAI and CAT increments inilizlg increased and met at one
point, namely the age of 32 years. Ta means that the maximum increment of teak is reached at the age of 25 years. After
experiencing a maximum increment at the age of 25 years, the teak after the age of 25 years will experience a decline. This
is supported by a simple linear regression test with a polynomial type on MAI which has an R? value of 95%. This value
means that there 1s a close relationship between age and MAI increment of 95% and 5% influenced by other factors.
Meanwhile, CAI has an R? value of 88%. This value means that there is a close relationship between age and the CAI
mcrement of 86% and 14% is influenced by other factors. This causes teak growth at a young age to be more developed.
Meanwhile, according to Murtinah et al. (2015), stated that the growth of teak stands in East Kalimantan generally shows a
decline in growth along with the increasing age of the stands. The growth of a tree stand both in height and diameter is
influenced by climate and soil fertility. In addition, it is also influenced by the space and surface of the canopy, relative
humidity and the root system (Juwari et al. 2020a).

The highest growth in diameter and height of stands occurred in the early stages of growth, namely in the range of 1-5
years of age, then there was a gradual decline in growth and was seen to decrease after 12 years of age stands; Until the
stand was 12 years old, generally teak growth in East Kalimantan showed a higher growth (increment) in diameter and
height compared to several teak plant locations in Java. Meanwhile, according to Alam et al. (2017) and Setiawan et al.
(2011) who conducted research in Samboja District, East Kalimantan Province, stated that the potential (total volume and
increment) respectively, for maximum teak at the age of 25, namely for super teak of 15432 m* and 6.17 m*hayear! and
Solomon teak 15094 m* and 6.04 m* ha™ year™.

Information in KPH Nganjuk states that the diameter increment of teak from root graft reaches 25-28 cm at the age of
20 years, while the diameter increment of the original plant is only 1-2 cm year'. In optimal site conditions, teak volume
increment can reach 7.9 - 10 m’ha'year' (Susila 2012). According to Yunianti et al. (2011) stated that in terms of
silviculture, plants with long rotation accelerated growth were pursued to meet market demand. The wide spacing produces
trees with large appearance in terms of quantity 1s very profitable, while in terms of wood quality, the accelerated plant
species reduce some wood properties, especially strength. The effort taken should be to choose a place to grow that is very
suitable for the plant so that even though its growth is accelerated, the quality of the wood remains stable.




247 Growth of Gmelina arborea
248 Growth of G.arborea Plot [

249 G. arborea which was cultivated in plot I at the beginning was planted using a spacing of 3.5m x 4m, so the initial
250 number of trees was 714 trees. However, at a later age, the G. arborea stands experienced a reduction in the number of
251 trees due to natural mortality or due to thinning activities. Based on the G. arborea growth table, the number of trees,

252 diameter, height, total volume and increment of G. arborea can be seen as follows:
253 Table 3. The volume of G.arborea in plot1

Age n d h f TV MAI CAI BA Biomass Carbon

2 660 6 4 0.90 6.71 336 1.87 3.67 1.72

4 570 13 5 0.87 32.89 822 13.09 7.56 17.96 844

6 550 17 55 088 60.39 1007 13.75 1248 3297 15.50

8 530 21 6 0.82 90.27 11.28 14.94 18.35 49.29 23.17

10 500 23.6 7 079 120.89 12.09 15.31 21.86 66.01 3102

12 470 24.6 9 0.75 150.71 12.56 1491 2233 82.29 38.68

15 430 28 10 0.72 190.54 12.70 13.28 26.46 104.03 48.90

20 360 32 12 0.71 24829 12.41 11.55 2894 135.57 63.72

25 350 34 14 064 284.58 11.38 726 31.76 15538 73.03
254
255 es: N = Population of G. arborea (tree ha''), d = Tree Diamelacm). h = clear bole height (m). F = form factor, TV = Total Volume
256 (m*ha), MAIT = Mean Annual Increment (m*ha' year), CAI = Current Annual Increment (m”ha™' year?), B.A = Bassal area (m*ha)
257 Based on the table above, it can be explained that G. arborea at plot in one hectare at the age of two years there are

258 660 teak trees with a diameter at 2 years to 25 years of 6 to 34 cm. While the height is 4 to 14 meters. The total volume
259 from 2 years to 25 years is 6.71 to 284.58 m*ha’'. Meanwhile, the growth increment ranged from 3.36 to 12.70 m* ha™
260 year''. The maximum total volume of G. arborea reached at the age of 15 years is 190.54 m* ha'! and an increment of
261 12.70 and 13.28 m’ha'year' with the number of trees per hectare as many as 430 trees. The graphical relationship
262 between MAI and CAI G. arborea in plot 1 can be seen in the image below.
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267 Figure 4. The corellation of MAI and CAI G. arborea in Plot1
268




269
270
271
272
273
274
275
276
277
278
279
280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

Based on the picture above, it can be explained that the MAI and CAI increments initially increased and met at one
point, namely the age of 15 years. This means that the maximum increment of G. arborea is reached at the age of 15 years.
After experiencing a maximum increment at the age of 15 years, the G. arborea after the age of 15 years will experience a
decline. This is supported by a simple linear regression test with a polynomial type on MAI which has an R? value of 90%.
This value means that there is a close relationship between age and the MAI increment of 91% and 9% influenced by other
factors. Meanwhile, CAI has an R? value of 98%. This value means that there is a close relationship between age and the
CAI increment of 98% and 2% is influenced by other factors.

Growth of G.arborea Plot IT

Based on the G. arborea growth table, the number of trees, diameter, height, total volume and increment of G.
arborea in PlotII can be seen as follows:
Table 4. The volume of G.arborea in plot 11

Age n d h f TV MAI CAI B.A Biomass Carbon
2 660 5 3 0.90 350 175 130 191 0.90
4 600 13.8 53 0.87 41.36 10.34 1893 897 22.58 1061
6 570 185 6.2 0.86 81.65 13.61 2015 1531 44.58 2095
8 540 213 8 0.80 12308 1539 2072 1923 67.20 3159
10 510 235 9.5 0.78 16383 1638 2037 2211 89.45 4204
12 470 27 10 0.75 20172 1681 1895 2690 110.14 5177
15 450 30 11 0.72 251.80 1679 1669 3179 13748 64.62
20 380 34 13 0.70 31380 1569 1240 3448 171.33 80.53
25 370 355 15 0.64 35140 1406 7.52 36.60 191.86 90.18

Iﬂes: N = Population of G. arborea (tree ha''). d = Tree Diamelacm). h = clear bole height (m). F = form factor, TV = Total Volume
(m*ha'y, MAI = Mean Annual Increment (m* ha' year!), CAI = Current Annual Increment (m”ha'! year!), B.A = Bassal area (m*ha)

Based on the table above, it can be explained that G. arborea at plot II in one hectare at the age of 2 years there are
660 G. arborea trees with a diameter at 2 years to 25 years of 5 to 35.5 cm. While the height is 3 to 15 meters. The total
volume from 2 years to 25 years is 3.50 to 351.40 m’ha'. Meanwhile, the growth increment ranged from 1.75 to 16.69
m’ha'year'. The maximum total volume of G. arborea reached at the age of 15 years is 251.80 m* ha'' and an increment
of 1679 and 16.69 m'ha'year” with the number of trees per hectare as many as 450 trees.

The potential growth of teak stands was better than that of gmelina stands. This is due to differences in spacing and
density of different trees per hectare. One of the factors that can affect the size of the stand diameter is the density and
intensity of sunlight entering the stand. According to Sedjarawan et al. (2014), stand density will affect the light entering
the vegetation. Stands that receive little sunlight will experience slow growth so that they have a small stem diameter. In
addition, the light intensity will also have an influence on cell enlargement and differentiation such as height growth, leaf
size and the structure of the leaves and stems. The results showed that the increasing age of both teak and gmelina stands,
the more the amount of standing carbon stock would also increase. According to Lubis et al. (2013), standing carbon stock
increases with the increase in stem diameter and a decrease in carbon stock occurs when the number of stands or density
found in that diameter class is only small.
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The graphical relationship between MAI and CAI G. arborea in plotII can be seen in the image below
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Figure 5. The corellation of MAI and CAI G. arborea in Plot 11

Based on the picture above, it can be explained that the MAI and CAI increments initially increased and met at one
point, namely the age of 15 years. This means that the maximum increment of G. arborea is reached at the age of 15 years.
After experiencing a maximum increment at the age of 15 years, the G. arborea after the age of 15 years will experience a
decline. This is supported by a simple linear regression test with a polynomial type on MAI which has an R? value of 86%.
This value means that there is a close relationship between age and the MAI increment of 86% and 14% influenced by
other factors. Meanwhile, CAI has an R? value of 98%. This value means that there is a close relationship between age and
the CAI of 98% and 2% is influenced by other factors.

At the age of 10, according to Sandalayuk et al. (2018), the increase in diameter reaches 2.4 cm year” and resembles
an increase in diameter of Jabon of 2.1 cm year'. Meanwhile, according to the data above, the increase in gmelina
diameter at the age of 10 was 2.36 ¢cm year™'. The maximum total volume of G. arborea achieved at the age of 15 years of
biological rotation is 190.54 m® ha' and increments of 12.70 and 13.28 m” ha'' year' and the number of trees is 430.
Meanwhile, according to Siarudin and Indrayana (2015) that if Gmelina arborea is harvested at the age of 14 years, it has
a total volume of 122 m*ha” and a diameter of 15 cm, whereas if harvested at the age of 20 years, the diameter is 20 cm
and the total volume is 146 m* ha'. This means that the age of a stand also influences the biomass and the amount of
carbon stored in a stand (Lukito and Rohmatiah 2013).
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Figure 6. A. Tectona grandis stands at the age of 15 years with spacing of 3 m x 3 m at Plot I and B.Tectona grandis stands at the
age of 15 years with spacing of 3 m x 3 m at Plot I

Figure 7. A. Gmelina arborea stands at the age of 15 years with spacing of 3.5 m x 4 m at Plot 1 and B. Gmelina arborea stands at
the age of 15 years with spacing of 3.5 mx 4 mat Plot I1

Carbon and biomass production

The increase in COz gas emissions in the air causes an increase in global temperatures on earth. Function forests as
carbon sinks in the very atmosphere ded to maintain the earth's temperature apart from forests as biodiversity
conservation. Information regarding the amount of carbon absorbed in the plant biomass (carbon stock) in an area becomes
very important to know (Trimanto 2014). Carbon dioxide (CO2) is an important component in the photosynthesis process.
The carbon dioxide absorbed by the stands will compose carbohydrates as a result of photosynthesis and stored in the form
of biomass . Therefore, the amount of standing biomass can be used as a basis for determining the amount of carbon stock
or the amount of CO2 absorbed and stored by the stands (Uthbt al. 2017). According to Sardjono et al. (2017), biomass
has a very close relationship with the photosynthesis process. Biomass increases because plants absorb CO2 from the air
and convert it into organic compounds through the process of photosynthesis. In addition, stands will easily absorb carbon
if the soil pH is neutral (Setiawan 2013). Therefore, neutral soil pH also affects the presence of carbon absorption.
According to Putri and Wulandari (2015) stated that the mass of a stand can be estimated using an allometric equation
whose parameter is the diameter of the stand. The large diameter of the stands causes the greater the biomass and carbon
stored, and vice versa, the smaller the stand diameter, the smaller the biomass and carbon stored in it.

The tree allometric equation is one way of measuring forest resources. This can yield some estimates standing volume,
biomass and carbon stock. The equation obtained is a statistical model used to explain the relationship between the various
components of a tree stand. It gives permission to foresters to take simple measurements of tree stands, such as measuring
diameter, height, biomass and carbon (Kasim et al. 2014). Therefore, the analysis of simple linear regression was needed.
To measure the precision of the regression line which was used to identify the variability of data explained by the
regression model, the coefficient of determination was required, which was symbolized as R%. The maximum value of R’
as 100%, and the minimum value was 0%, with the following criteria: if the value of R2 was high, then there was a strong
correlation between X and Y or if R2=0, then there was no any correlation between X and Y. If the value of RZwas low,
then the correlation between X and Y was weak (Handayani 2010: Kristiningrum et al. 2019 and Muliadi et al. 2017). In
addition, if the value of the coefficient of determination (R?) showed a precise and strong correlation between the
independent and dependent variables, then, according to this criterion, it could give greater confidence on the acceptance
of the model. The high value of R*means that there was a strong correlation between the variables (Grafen and Hails 2002;
Arezoo et al. 2014).

Mansur and Tuheteru (2011) explain that age was very influential in the production of carbon. If the trees were
getting older, their ability to absorb carbon was also high. Measurement of deep forest biomass this research was
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conducted on the whole tree consists of aboveground biomass (aboveground biomass) includes stems, branches, and leaves.
In addition, it turns out that the number of trees per hectare and the density of the stands greatly affect the presence of
biomass and carbon. This means that the denser and healthier the stand, the greater the amount of biomass and carbon.
(Juwari et al. 2020b). Based on this statement, a relationship between age and carbon is made as shown below. The stand
age, in relation to its influence on carbon sequestration, had a very strong and high correlation (R?), the average regression
coefficient 1s 97%. Where the regression coefficient of the relationship between age and carbon in teak plot I is 98%, teak
plot IT is 96%, gmelina plot I is 99% and gmelina plot IT is 97%. According to Sugiyono (2012), the coefficient value
determination in the range of 80% -90% means that there is a very strong relationship the dependent variable and the
independent variable. This indicated that there was a strong correlation between age and carbon because ta value of its
coefficient of determination was higher than 90% and the graph of each correlation formed a linear shape. This is in line
with research conducted by Safillino et al (2017) that there is a close relationship between age and carbon in A.cadamba.
While according to Polosakan et al. (2014) and Uthbah et al. (2017) stated that the difference in the amount of biomass
above the soil surface was influenced by the age of the stands. Stand age has an effect on biomass because stand age
affects the volume of stems and density of stand wood. The older the stand, the higher the volume and density of wood
stands.
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Figure 8. The correlation between the stand age and production carbon of T grandis and G. arborea

Meanwhile, the relationship between carbon and basal area in each type of stand can be seen in the figure below
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Figure 9. The correlation between the production carbon and basal area of T. grandis and G. arborea

Based on the picture above, it can be explained that the production of carbon in relation to its influence on basal area,
had a very strong and high correlation (R?), the average regression coefficient is 97%. Where the regression coefficient of
the relationship between carbon and basal area in teak plot I and II is 99%, gmelina plot I is 92% and gmelina plot II is
99%. This indicated that there was a strong correlation between carbon and basal area because the value of its coefficient
of determination was higher than 90% and the graph of each correlation formed a linear shape. This means that the
regression coefficient of both the relationship between age and carbon and carbon with the basal area has a regression
coefficient value above 97%. And the graph of each correlation formed a linear shape. This value means that there is a
close relationship between age and carbon of 97% and 3% is influenced by other factors. So is the same relationship
between carbon and ball area of about 97% and 3% is influenced by other factors. And the graph of each correlation
formed a linear shape. This 1s in line with the research conducted by Kumi et al. (2019) where in their research, they chose
teak species and gave results that the teak biomass estimation was very accurate and ignored differences in areas, tree
characteristics and diameters that had high, constant ratios, stems and sharp crowns with determination coefficient (R* =
0.99) and significant (Bredu and Birigazzi 2014).

Meanwhile, the relationship between each stand at its maximum age is related to the total volume, basal area, biomass
and carbon can be seen in the table below.

Table 5. The volume, basal area, biomass and carbon each stand

Age ™ BA Biomass Carbon
No Type 1 0ol -1 =
(yr) (m’ha™) (m~ha™) (ton ha™) (tonha™)
1 T. grandis Plot 1 32 307.50 64.06 267.83 125.88
2 T. grandis Plot 11 25 254.81 43.56 221.%4 104.31
3 G.arborea Plot 1 15 190.54 26.46 104.03 48.90
4 G.arhma Plot 11 15 251.80 31.79 137.48 64.62

Notes: TV = Total volume (m* ha''), BA= Basal area (m”ha')
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Based on the table above, it can be explained that the teak plot T at the age of 32 years has the largest total volume,
basal area, biomass and carbon among other stands of 307.5 m® ha''; 64.06 m? ha''; 257.83 ton ha' and 125.88 ton ha™.
then followed by teak plot II, gmelina plot II and finally gmelina plot I. This ia]uc to the different fertility rates in each
type ()fnil'ld. The teak plot 2 at the age of 25 years has total volume 254 81 m* ha', basal area 43.56 m* [B}"'; biomass
221.94 ton ha' and carbon 10431 tdflha'. G. arborea plot II at the age of 15 years has total volume 251.80 m* ha'!, basal
area 31.79 m? ha'; Hmass 13748 ton ha'and carbon 64.62 ton ha', @hile G. arborea plot 1 at the age of 15 years has
total volume 190.54 m® ha'!, basal area 26.46 m” ha''; biomass 104.03 ton ha' and carbon 48.90 ton ha''. The amount of
carbon in gmelina plot one is almost the same as the amount of gmelina arborea in East Kutai District, East Kalimantan,
Indonesia as research conducted by Amirta et al (2016). According to Trimanto (2014) states that production of G. arborea
tends to store carbon in large quantities smaller 19.96 ton C ha! or 2 49 ton C ha''yr' compared to production of Tectona
grandis which can store as much carbon 114.88 ton C ha' or 9.57 ton C ha' yr'. Our results show that both younger
stands of teak and gmelina produce higher m:e&nsities when compared with old stands. However, basalt the area of older
stands is larger than that of younger stands. This is in line with research conducted by Rinnangmang et al (2020). In
addition, the management of stands has a significant effect on the characteristics of the stands and the soil content as a
place to grow stands. Therefore, good forest managers must apply intensive forest management practices optimize the
benefits of plantations (Kumi et al. 2020).

The graphical relationship between total volume, basal area, biomass and carbon each stand can be seen in the image
below
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Figure 8. The correlation between total volume, basal area, biomass and carbon each stand

Research result shows that T. grandis stands have the highest total stored carbon when compared to G. arborea. Fast
growth and the ability of T. grandis trees to absorb carbon dioxide (CO:) makes this plant the most stored carbon among
tree species other. According to Lubis et al. (2013), the increase in biomass and carbon stored by trees goes hand in hand
the increase in the dimensions of the stem includes the diameter and height. This indicates that at diameter and height have
a linear relationship. This can be seen from the total volume of each stand. Where T. grandis plot 1 has the largest total
volume among the three types of stands. Forest plantations play a critical role in mitigating the various effects of
environmental degradation and increasing absorption of carbon dioxide in the atmosphere and also its consequences on
climate change. Tree promotes sequestration of carbon into soil and plant biomass. The outcome of this study revealed that
Tectona grandis and Gmelina arborea has a great potential in promoting carbon sequestration especially when they are
allowed to grow older. Favorable growth conditions have high potential of increasing the biomass accumulation of this
species. Hence, it is recommended that sustainable management of this plantation should be paramount in securing a
cleaner environment and mitigating the effect of climate change in Indonesia.
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