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Abstract. Karyati, Widiati KY, Karmini, Mulyadi R. 2021. The allometric relationships for estimating aboveground biomass and carbon
stock in an abandoned traditional garden in East Kalimantan, Indonesia. Biodiversitas 22: 751-762. The existence of traditional
gardens after abandonment process has a role based on ecological and economic aspects. To estimate the biomass and carbon stock in
the abandoned traditional gardens, specific allometric equations are required. The aim of this study was to develop allometric equations
to estimate biomass of plant parts (leaf, branch, trunk, and aboveground biomass (AGB)) through tree dimensions variables (diameter at
breast height (DBH), total tree height, and tree bole height). The relationships between stem biomass, AGB and tree dimensions were
very strong indicated by the relatively high adjusted R? value. The moderately strong relationships were shown between branch biomass
and tree dimensions, meanwhile, the relationship between leaf biomass and tree dimensions was very weak. The specific allometric
equations for estimating biomass and carbon stocks that are suitable for tree species and/or forest stands at a particular site are very
useful for calculating the carbon stocks and sequestration. The appropriate biomass and carbon stock calculation are needed to determine

policies related to global climate change.
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INTRODUCTION

Sustainable forest management plays an important role
in increasing the resilience of ecosystems and communities,
optimizing the benefits of trees in the forest to absorb and
store carbon, and provide other environmental services
(FAO 2016). One of the causes of the increase in secondary
forest areas is the use of forests for agricultural purposes
(Lanly 1982). Agricultural expansion is the main cause of
reduction of forested areas, on the other hand, addition of
forested areas may also occur due to natural expansion of
forests, e.g., ecological succession of abandoned
agricultural land, or through reforestation or afforestation
activities (FAO and UNEP 2020). Most of the aboveground
biomass (AGB) in tropical forests is stored in tree
components. Tree biomass is described as wood volume
which is influenced by tree diameter and height,
physiognomy, and wood density (Vieira et al. 2008). In
addition, tree biomass varies from region to region where
its content varies according to species density, climatic
factors, and soil properties (Agevi et al. 2017). The
difference in aboveground biomass values of a secondary
forest area with other areas is due to difference in
disturbance and recovery time (Stas 2011).

The application of allometric models to estimate
aboveground biomass in tropical forests is required for
studying carbon storage and exchange (Vieira et al. 2008).
The use of different allometric models will result in

variations in the calculation of the amount of biomass in
secondary forests. This shows that the allometric model is
very specific for location and forest type (Stas 2011). One
of the reasons for the formation of secondary forests in
abandoned and undisturbed traditional gardens is that they
have not been managed by the owner for a long time. The
existence of abandoned land with a history of land use after
shifting cultivation and traditional gardening has high
ecological and economic value (Karyati et al. 2013; Karyati
et al. 2018; Karmini et al. 2020a; Karmini et al. 2020b).
Apart from its ecological and economic roles,
abandoned land after shifting cultivation in the tropics also
has a high potential for carbon sequestration through
biomass in tree parts. Several previous studies have built
allometric equations to estimate aboveground biomass in
secondary forests with mixed types in East Kalimantan
Province (Hashimoto et al. 2004; Kiyono and Hastaniah
2005; Basuki et al. 2009). In addition, allometric equations
for estimating aboveground biomass on abandoned land
formed after shifting cultivation in Kalimantan have
already been reported (Karyati et al. 2019a; 2019b). The
area of secondary forest that was previously used as
traditional gardens and then not properly managed or tends
to be abandoned is increasing. These traditional gardens
were owned by individuals or local residents and
previously planted with various types of fruit trees and
multi-purpose tree species (MPTS). However, still limited
studies which focused on the allometric equation to
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estimate above-ground biomass in abandoned traditional
garden, the equation for calculating aboveground biomass
specifically used for secondary forest on abandoned
traditional garden land is deemed necessary. This study
aims to develop allometric equations to estimate
aboveground biomass and carbon stock in abandoned
traditional gardens in the tropics. Information on allometric
equations specifically for estimating aboveground biomass
and carbon stock in abandoned traditional gardens can be
used as consideration and decision-making in the
management of the large number of traditional gardens in
tropical areas in general, especially East Kalimantan,
Indonesia.
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MATERIALS AND METHODS

Study site

The study was carried out on abandoned land in Bukit
Pinang area, Samarinda Ulu sub-district, Samarinda City,
East Kalimantan Province, Indonesia. The study site was an
abandoned traditional garden more than 44 years ago.

Traditional garden is defined as land planted with
various beneficial trees that can be integrated into forest
ecosystems such as fruit and other multi-purpose tree
species (MPTS) that are owned and managed by
individuals or local residents. The study plot was located at
the coordinate points of 025'32.8"S 117°05'56.8"E (Figure 1).
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Figure 1. Map of study site in Bukit Pinang area, Samarinda, East Kalimantan Province, Indonesia
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The same sites had been studied previously for
ecological and economic value (Karmini et al. 2020b).
During 20 years (2009-2019), the study site receives
average annual 2,306.7 mm year-1 of rainfall, 27.75°C of
average temperature, and 81.64% of average relative
humidity (BMKG 2020). A total of 56.51% of the total area
of 71,800 ha of Kota Samarinda is included in the slope
class of less than 15%, followed by slope class 15- <25%
(14.81%), 25-40% (15.67%), and> 40% (13.02%) (BPS
Kota Samarinda 2020). According to the Schmidt-Ferguson
classification system (1951), the climate of Samarinda City
is characterized as type A with Q (Quotient) of 8.9% were
very humid area with vegetation of tropical rain forest. The
study site is situated approximately 20 km southeast, half
an hour drive, from Samarinda City. The previous land-use
history was also traditional garden as informed by
landowners.

Data collection
Assessment of biomass in the field

A total of 30 tree samples with DBH of > 10 cm were
selected to represent species and DBH classes in
abandoned traditional garden land (Table 2). The
determination of 30 sample trees is considered sufficient to
represent the population of the number of trees in the study
location to create an allometric regression equation. The
number of trees with DBH>5 cm were 192 trees in the 0.4-
hectare research plot (Karmini et al. 2020b). The diameters
at breast height (DBH) of standing sample trees were
measured using standard diameter tape. The felling of
sample trees was done by chainsaw following proper
harvesting rules. After the tree had fallen, the measurement
of total height and bole height were conducted by using
tape. Following the procedure of BSN (2011), the trunk of
the fallen trees was divided into several fractions where
each fraction measured 1 meter in length. Furthermore, the
tree parts were separated into leaves, branches, and trunks

The fresh weight of all fractions of tree parts was
weighed using digital balance of precision at least 1 gram
at the earliest after felling of the trees in the field. To
calculate the dry weight of tree trunks, three samples of 2-5
cm thick stem disks were taken when the felled trees had
less than 10 fractions, and four disk samples were taken
when there were more than 10 fractions. Further, five
samples of branches with a length of 20-30 cm and five
samples of leaves weighing 100-300 grams each were
collected from each sample tree. For the purposes of
measuring the density of wood for each sample tree,
samples of stem disks were also taken and fresh weight
measured in the field.

Analysis of dry-weight in the laboratory

All samples of stem and branch fractions were dried in
an oven in the laboratory at 105°C for 96 hours until
constant weight was achieved. Meanwhile, leaf samples
were roasted in an oven at 80°C for 48 hours until their
weight was constant. After drying in the oven, the process
of weighing all samples of leaf, branch, and stem fractions
was carried out at the earliest using a digital analytical
balance of precision of at least 0.01 grams.
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Wood density was measured for each disk sample that
was taken using the water-displacement method (Bowyer et
al. 2003; Chave 2006). The saturated volume of each
sample was measured using a container filled with water
and weighed using a digital scale that had a precision of at
least 0.01 grams. Weighing of oven-dried sample was
carried out by drying the sample in a well-ventilated oven
at 105°C for 48-72 hours until it reached a constant weight.

Data analysis

The wood density of each disk sample was determined
using the formula (Bowyer et al. 2003; Chave 2006;
Marklund 1986):

WD = dw/ V [1]

Where: WD = wood density (g cm);

The total oven-dry weight of each tree parts was
measured using the following formula (Hairiah et al. 2001;
Hairiah & Rahayu 2007; BSN2011):

dw = (sdw x fw) / sfw [2]

Where: dw = total dry weight (kg); V = saturated
volume (cm?®); sdw = dry weight of the sample (g); fw =
total fresh weight (kg); sfw = fresh weight of the sample
(9)-

The three selected allometric equations of AGB were
tested (Equations 3-4):

y = ax® [3]
(ny)=a+b(Inx) [4]

Where: y = total dry weight or biomass of each plant
part, such as trunk, branch, leaf, and aboveground biomass
(AGB) (kg); x = diameter at breast height (DBH, cm), tree
total height (Ht, meter), tree bole height (Hb, meter), and
(DBH?xH) (cm? m); ‘a’ and ‘b’ = coefficients estimated by
regression.

Regression analysis was carried out using SPSS version
18 for windows (SPSS Japan, Tokyo, Japan). The
evaluation of precision among all tested allometric
equations was determined by R? value and P-value. The
best regression was selected based on the goodness of fit
with focusing on the suitable scatter plot, good P-value, the
high value of adjusted R?, and the smallest root mean
squared error (RMSEQ among two tested regressions.

Accumulation of carbon stock was estimated using the
following formula (IPPC 2008):

Carbon stock = AGB x 0.47 [5]

RESULTS AND DISCUSSION

Selected samples of trees

The distributions of DBH classes, total height classes,
bole height classes, and wood density classes of sample
trees to developed allometric equations are illustrated in
Figure 2 and Table 2. 10, 8 and 7 number of sample trees
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had DBH class distribution in the range of 15.1-20.0 c¢m,
10.0-15.0 ¢cm, and 25.1-30.0 cm were 10, 8, and 7 trees,
respectively. While, 3 and 2 sample trees were belonging to
DBH classes of 20.1-25.0 cm and >30.0 cm respectively.
The number of selected trees was dominated by total height
class 10.1-15.0 m (11 trees), followed by total height class
5.0-10.0 m (10 trees) and >15.0 m (9 trees). The bole
height class was distributed into three classes, i.e., 5.1-8.0
m (12 trees), >8.0 m (10 trees), and 2.0-5.0 m (8 trees). The
wood density classes of the sample trees were divided into
0.4-0.6 cm g (20 trees), 0.3-0.4 cm g3 (8 trees), and >0.60
cm g2 (2 trees). The relationships between DBH-total
height and DBH-bole height of sample trees which were
developed into allometric equations were illustrated in
Figure 3.

The increase in DBH (cm) of sample trees was followed
by an increase in total height and bole height as described
in Figure 3.The relationship between DBH and total height
was explained by the equation “Ht=0.3658(DBH)+4.9457”
(n=30), while the relationship between DBH and bole

A
EIIIIL

10.0-15.0 15.1-20.0 20.1-25.0 25.1-30.0 >30.0
DBH class (cm)

C
8
6
4
)
0

2.05.0 5.1-8.0 >8.0

Bole height class (m)

Number of individuals (tree)
[}

Number of individuals (tree)

BIODIVERSITAS 22 (2): 751-762, February 2021

height was “Hb=0.0975(DBH)+4.5065” (n=30), where, Ht
= total height (m) and Hb = bole height (m).

The largest number of sample trees was in the diameter
distribution class (15.1-20.0 cm), the total height class
(10.1-15.0 m), the bole height class (5.1-8.0 m), and wood
density (0.40-0.60 g cm-3). In general, the larger the tree
size both in diameter and height, the aboveground biomass
and individual carbon stocks tend to be higher. There is a
positive correlation between tree height and aboveground
biomass as well as the relationship between height and
diameter of trees and lianas in early succession (Selaya et
al. 2007). The amount of carbon sequestrated in forests
changes constantly according to growth, mortality,
vegetation  decomposition  (Gorte  2007),  species
composition, age structure, and forest health (Harmon et al.
1990). Conversely, wood basic density is not a significant
predictor of AGB in species-specific models, implying that
the variation in wood basic density within a species is
narrow (Tetemke et al. 2019).
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Tree variables

The biomass of leaves, branches, stems, and AGB of
the selected sample trees ranged from 3.32-24.07 kg, 6.57-
50.65 kg, 18.47-146.17 kg, and 28.83-216.99 kg
respectively. The selected sample trees had a DBH range of
11.14-37.00 cm, a total height of 6.00-20.70 m, a bole
height of 2.5-10.20 m, and a wood density of 0.30-0.77 g
cm3. The Pearson's correlation coefficients between DBH,
total height, bole height, wood density, and leaves biomass,
branches biomass, trunk biomass, AGB, and parameters of
destructive biomass are summarized in Table 1. All
biomass of tree parts (leaves, branches, trunk, and total
biomass) had a strong correlation with DBH (P<0.01). In
line with these results, branch, trunk, and AGB also
strongly correlated with total tree height (P<0.01), except
that there was no correlation between leaf biomass and tree
total height.

The results showed that there was no correlation
between the biomass of all tree parts (leaves, branches,
stems, and total biomass) on bole height and wood density.
The relationship between tree parameters showed that the
correlation between DBH - total height and total height -
bole height was very strong (P<0.01).

Following Karmini et al. (2020b) the sample tree
species (both dominant and rare) sampled to develop
allometric equation were selected in terms of Importance
Value Index (IV1). The basis for selection was also based
on the representation of the DBH distribution. Thirty
selected tree samples included 13 species from 10 genera
from 8 different families. The four sample trees were
Trema orientalis (Cannabaceae) as presented in Table 2.
Three sample trees each belonged to Vernonia arborea
(Asteraceae), Macaranga tanarius (Euphorbiaceae),
Artocarpus lacucha (Moraceae), and Artocarpus
odoratissimus (Moraceae). The trees of Oroxylum indicum
(Bignoniaceae), Eusideroxylon zwageri (Lauraceae),
Artocarpus tamaran (Moraceae), Baccaurea parvifolia
(Phyllanthaceae), and Glochidion obscurum
(Pyllenthaceae) were selected two sample trees each,
respectively. Four other species, namely Macaranga
gigantea  (Euphorbiaceae), Mallotus  paniculatus
(Euphorbiaceae), Cratoxylum arborescens (Hypericaceae),
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and Artocarpus anisophyllus (Moraceae) were selected for
one sample tree each.

The different tree species tend to cause differences in
tree structure and physiognomy in terms of growth,
stratification, and canopy cover (Karyati et al. 2019b),
leading to differences in the tree biomass (tree parts/ total).
The difference in biomass is also indicated by different tree
individuals from the same species. The largest sample tree
(Artocarpus anisophyllus) with DBH of 37.00 cm had the
largest trunk biomass (146.17 kg) and AGB (216.99 kg) as
well. On the other hand, Macaranga tanarius with DBH of
11.14 cm was the smallest sample tree having the smallest
biomass of leaves (3.32 kg) and branches (6.57 kg) among
the sampled trees. In addition, the smallest trunk biomass
(18.47 kg) and AGB (28.83 kg) were observed from
Oroxylum anisophyllus with DBH 11.14 as well. The
highest total height (20.70 m) and bole height (10.20 m)
were measured from two sample trees Trema orientalis
with DBH of 24.00 cm and 17.92 cm, respectively.
Eusideroxylon zwageri with DBH 11.46 cm was the
shortest tree based on total height and bole height. The
largest leaf biomass (24.07 kg) was from the sample trees
Artocarpus lacucha (DBH of 29.28 cm), while the largest
branch biomass (50.65 kg) was measured from Artocarpus
tamaran (DBH of 31.50 cm).

The developed allometric equations

The developed allometric equations for predicting plant
part biomass of subject trees in the study plot are shown in
Table 3. The results of the regression analysis on tree
dimensions such as DBH, (DBH?xHt), (DBH?xHb), Ht,
and Hb as independent variables and leaf dry biomass as
the dependent variable using the three tested equations
showed very weak correlation. The relationship between
DBH, (DBH?xHt), and (DBH?xHb) to leaf dry biomass
was very significant (P <0.01) and significant (P<0.05),
except the relationship between (DBH?xHb) and leaf dry
biomass (P>0.05). Meanwhile, the relationship between Ht
and Hb to leaf dry biomass was not significant (P>0.05).
Testing between tree and leaf dry biomass dimensions with
exponential (y = ax®) and log-linear (In y = a + b.Inx)
equations showed the adjusted R? value of less than 0.198.

Table 1. Results of Pearson's correlation between DBH, total height, bole height, wood density and leaves biomass, branches biomass,
trunk biomass, AGB, and parameters of destructive biomass. ns = not significant at the 0.05 level (P>0.05); * and ** = correlation

significant at the 0.05 and 0.01 level (2-tailed) respectively

Pearson's correlation (n=30)

DBH Total height Bole height ~ Wood density Mean 32%?:,{?;2 Range

(cm) (m) (m) (g cm®)
Leaf biomass (kg) 0.518** 0.286™ 0.001" -0.154" 9.40 6.50 3.32-24.07
Branch biomass (kg) 0.784** 0.529** 0.077m -0.080" 27.26 13.65 6.57 — 50.65
Trunk biomass (kg) 0.911** 0.579** 0.316" -0.176™ 72.48 45.40 18.47 — 146.17
AGB (kg) 0.904** 0.577** 0.252ns -0.165" 109.14 61.30 28.83 — 216.99
DBH (cm) 1 0.690** 0.323 -0.275" 20.34 7.36 11.14 - 37.00
Total height (m) 0.690** 1 0.703** -0.398* 12.39 3.90 6.00 - 20.70
Bole height (m) 0.323m™ 0.703** -0.418* 6.49 2.22 2.50-10.20
Wood density (g cm®) -0.275" -0.398* -0.418* 1 0.47 0.10 0.30-0.77
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Table 2. Dataset of biomass, density, and tree dimension variables derived from sampled trees in abandoned traditional garden

Tree Species Family DBH Total Bole Leaves Branches Trunk AGB WD
no. (cm) height (m) height (m) (kg) (kg) (kg) (kg) (gem?)
1 Artocarpus tamaran Moraceae 12.41 10.20 8.00 3.38 6.60 2270  32.68 0.38
2 Trema orientalis Cannabaceae  29.67 17.40 8.40 6.29 36.85 12751 170.65 0.44
3 Trema orientalis Cannabaceae  17.92 18.20 10.20 8.75 18.88 56.52  84.15 0.41
4 Macaranga tanarius Euphorbiaceae 11.14 8.50 7.00 3.32 6.57 39.28  49.18 0.51
5 Macaranga tanarius Euphorbiaceae 13.53 8.70 5.80 3.91 19.73 37.74  61.39 0.49
6 Trema orientalis Cannabaceae  18.56 15.30 7.50 3.72 29.91 51.68  85.31 0.46
7 Trema orientalis Cannabaceae  24.00 20.70 8.10 9.11 31.38 93.29 13379 0.56
8 Macaranga tanarius Euphorbiaceae 12.20 9.00 7.60 4.45 8.50 2211  35.05 0.55
9 Mallotus paniculatus Euphorbiaceae 18.50 12.40 6.50 6.09 24.13 3793  68.15 0.51
10 Artocarpus tamaran Moraceae 31.50 15.30 8.38 3.40 50.65 14402 198.07 0.48
11 Oroxylum indicum Bignoniaceae  16.23 13.50 6.80 4.02 8.94 28.64 4159 0.46
12 Oroxylum indicum Bignoniaceae  11.14 9.10 8.60 3.56 6.80 18.47  28.83 0.46
13 Artocarpus anisophyllus Moraceae 37.00 19.40 9.50 24.05 46.77  146.17 21699 047
14 Artocarpus odoratissimus ~ Moraceae 23.87 8.50 3.60 18.50 29.71 76.98 12518 0.48
15 Artocarpus odoratissimus ~ Moraceae 16.55 8.50 3.30 17.80 27.56 53.07 98.43 0.45
16 Artocarpus odoratissimus ~ Moraceae 11.46 8.00 5.10 3.43 7.96 19.89  31.27 0.39
17 Vernonia arborea Asteraceae 19.74 12.50 5.40 9.85 48.40 7752 13577 051
18  Vernonia arborea Asteraceae 28.65 12.80 4.30 4.96 29.19 71.04 10519 0.54
19 Vernonia arborea Asteraceae 17.19 10.50 4.10 4.77 20.76 38.97  64.50 0.56
20 Cratoxylum arborescens Hypericaceae  20.69 9.40 4.20 9.83 32.93 97.96 140.72 0.54
21 Baccaurea parvifolia Phyllanthaceae 18.14 15.00 7.20 8.09 37.55 51.29  96.93 0.36
22 Artocarpus lacucha Moraceae 29.28 16.50 9.20 24.07 48.26  143.03 21536 0.39
23 Artocarpus lacucha Moraceae 28.97 16.10 8.50 21.04 41.23 14098 20325 0.38
24 Artocarpus lacucha Moraceae 26.48 15.50 8.50 16.92 38.29 13466 189.87 0.40
25  Baccaurea parvifolia Phyllanthaceae 15.92 13.20 6.50 10.95 23.48 3275  67.18 0.31
26 Glochidion obscurum Phyllanthaceae 27.53 12.00 8.70 4.19 26.70 14181 17270 0.49
27 Eusideroxylon zwageri Lauraceae 11.46 6.00 2.50 10.40 26.40 4724  84.04 0.72
28  Eusideroxylon zwageri Lauraceae 12.10 6.50 2.60 12.48 28.12 50.95 91.55 0.77
29  Macaranga gigantea Euphorbiaceae 29.92 12.70 3.30 15.34 43.12 13497 19343 0.30
30 Glochidion obscurum Phyllanthaceae 18.46 10.20 5.30 5.49 12.31 35.26  53.06 0.41
Total 610.21  371.60 19468 28215 817.70 2174.42 327427 14.19
Average 20.34 12.39 6.49 9.40 27.26 7248 109.14  0.47
Minimum 11.14 6.00 2.50 3.32 6.57 18.47  28.83 0.30
Maximum 37.00 20.70 10.20 24.07 50.65 146.17 216.99 0.77
Standard deviation 7.36 3.90 2.22 6.50 13.65 4540 61.30 0.10

Note: DBH: diameter at breast height; AGB: aboveground biomass; WD: wood density

The relationships between tree dimensions and branch
dry biomass were very significant (P<0.001 and P<0.01),
except the relationship between Hb and branch dry
biomass, was not significant (P>0.05). The correlation
between tree dimensions and branch dry biomass had the
highest adjusted R? values of 0.526 and 0.571 for
exponential and log-linear equations. Similarly, there were
very significant relationships between DBH, (DBH?xHt),
and (DBH?xHb) to trunk dry biomass (P<0.001) as well as
the relationship between Ht and trunk dry biomass
(P<0.01). In contrast, there was no significant relationship
between Hb and trunk dry biomass (P>0.05). The
correlations between DBH (DBH?xHt), and (DBH?xHb) to
trunk dry biomass by using two tested equations showed
high values of adjusted R? (0.579-0.783 for exponential
equations and 0.563-0.782 for log-linear equations).

The regression analysis between DBH, (DBH?xHt), and
(DBH?xHDb) to AGB showed very significant relationships
(P<0.001) with high adjusted R? values. The relationships
between DBH and AGB using two tested regression
equations had adjusted R? values ranging from 0.733 to

0.748. The adjusted R? values for the relationship between
(DBH?xHt) and AGB ranged from 0.579 to 0.651. The
adjusted R? ranged between 0.492-0.515 was analyzed for
the relationships between (DBH?xHb) and AGB. Although
the relationships between Ht and AGB were very
significant (P<0.01), but these relationships had very low
adjusted R? (0.253-0.280). However, there was no
significant relationship between Hb and AGB (P>0.05).

The best selected allometric equations

From all the regression analysis results that have been
tested, the best allometric equations are selected in terms of
P value (<0.001), adjusted R? (>0.400), and the smallest
root mean squared error (RMSE). The selected allometric
equations for predicting plant part biomass of subject trees
in the study plot were presented in bold figures in Table 3.
Two equations were selected for the relationship between
tree dimensions and branch dry biomass. These two
equations are “(branch dry biomass)=6.121xDBH %5
(P<0.001; adjusted R?=0.526; RMSE=4.454) and
“In(branch  dry  biomass)=0.813-0.472xIn(DBH?xHt)”



(P<0.001; adjusted R?=0.500; RMSE=5.216).A total of
three allometric equations were selected to estimate trunk
dry biomass using tree dimensions as well as the
relationship between AGB and tree dimensions. These
selected equations describes relationships between DBH
and trunk dry biomass had the high adjusted R? such as
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“(trunk dry biomass) =11.458x(DBH)%% (P<0.001;
adjusted R2=0.783; RMSE=7.611), “(trunk dry biomass) =
32.989x(DBH?xHt)*%” (P<0.001; adjusted R?=0.628;

RMSE = 6.262), and “(trunk dry biomass) =
33.932x(DBH?xHb)*%%!  (P<0.001; adjusted R?=0.579;
RMSE = 6.188).

Table 3. The allometric equations for predicting plant part biomass of subject trees in the study plot; best-selected equations (P<0.001),

adjusted R? (>0.400), and the smallest root mean squared error (RMSE) are indicated in bold

Dependent Independent Equations
variable (y) variable (x) y=ax® (Iny)=a+b(Inx)
Leaf dry biomass DBH (cm) y = 3.211 x°0042 Iny=0.518 - 0.862 In x

(k)

Branch dry biomass
(kg)

Trunk dry biomass
(kg)

Aboveground
biomass (kg)

(DBH2xHt) (cm?m)
(DBH2xHb)
(cm?m)

Ht (m)

Hb (m)

DBH (cm)
(DBH?xHt) (cm?m)
(DBH2xHb)
(cm?m)

Ht (m)

Hb (m)

DBH (cm)
(DBH?xHt) (cm?m)
(DBH2xHb)
(cm?m)

Ht (m)

Hb (m)

DBH (cm)
(DBH?xHt) (cm?m)
(DBH2xHb)
(cm?m)

Ht (m)

Hb (m)

(P<0.01; Adj R?=0.190; RMSE=2.402)
y= 5.485 x0.046

(P<0.05; Adj R?=0.169; RMSE=1.157)
y= 5.774 x0.001

(P<0.05; Adj R?=0.112; RMSE=1.894)
y= 4.262 x0-046

(P>0.05; Adj R?=0.041; RMSE=2.152)
y= 0.248 x 0031

(P>0.05; Adj R*=-0.025; RMSE=0.811)

y = 6.121 x0.065
(P<0.001; Adj R?=0.526; RMSE=4.454)
y = 14.616 x°00
(P<0.001; Adj R?=0.389; RMSE=3.538)
y = 15.389 x000t
(P<0.01; Adj R?=0.305; RMSE=3.428)
y = 14.616 x°00
(P<0.001; Adj R?=0.389; RMSE=3.550)
y = 24.05 x 0009
(P>0.05; Adj R?=0.035; RMSE=1.896)

y = 11.458 x008!
(P<0.001; Adj R?=0.783; RMSE=7.611)
y = 32.989 x000!
(P<0.001; Adj R?=0.628; RMSE=6.262)
y = 33.932 x000
(P<0.001; Adj R?=0.579; RMSE=6.188)
y = 17.636 x°0%
(P<0.01; Adj R?=0.301; RMSE=7.072)
y = 40.192 x°0°
(P>0.05; Adj R?=0.005; RMSE=5.270)

y = 20.523 x007

(P<0.001; Adj R?=0.733; RMSE=9.144)
y =54.088 x0.001

(P<0.001; Adj R=0.579; RMSE=7.389)
y =55.927 x0.001

(P<0.001; Adj R=0.515; RMSE=7.265)
y = 30.480 x°08°

(P<0.01; Adj R?=0.280; RMSE=8.436)
y =72.981 x0035

(P>0.05; Adj R=0.020; RMSE=5.604)

(P<0.01; Adj R?=0.198; RMSE=3.044)
Iny=0.340-0.283 In x
(P<0.05; Adj R?=0.149; RMSE=3.044)
Iny=0.396 +0.211 In x
(P>0.05; Adj R?=0.054; RMSE=1.313)
Iny=0.908 + 0.452 In x
(P>0.05; Adj R?=0.015; RMSE=17.127)
Iny=2578-0.308 In x
(P>0.05; Adj R?=0.000; RMSE=1.336)

Iny=0.883-1.363 In x
(P<0.001; Adj R?=0.571; RMSE=5.216)
Iny=0.813-0.472 In x
(P<0.001; Adj R?=0.500; RMSE=5.216)
Iny=0.034 +0.403 In x
(P<0.01; Adj R?=0.303; RMSE=1.629)
Iny=0.806 + 0.945 In x
(P<0.01; Adj R?=0.194; RMSE-1.780)
Iny=3.366 -0.127 In X
(P>0.05; Adj R?=-0.029; RMSE=2.046)

Iny=0.697 —1.619 In x
(P<0.001; Adj R?=0.782; RMSE=8.512)
Iny=0.619 — 0.562 In x
(P<0.001; Adj R?=0.687; RMSE=8.512)
Iny=0.145-0.549 In x
(P<0.001; Adj R?=0.563; RMSE=8.512)
Iny=1.295+1.128 In x
(P<0.01; Adj R2=0.278; RMSE=3.105)
Iny=3.669 + 0.227 In x
(P>0.05; Adj R?=-0.016; RMSE=3.638)

Iny=0.117 + 1.492 In x
(P<0.001; Adj R2=0.748; RMSE=1.963)
Iny=0.207 + 0.515In x
(P<0.001; Adj R?=0.651; RMSE=2.447)
Iny=0.788 + 0.485 In x
(P<0.001; Adj R?=0.492; RMSE=2.809)
Iny=2.002 +1.020 In x
(P<0.01; Adj R2=0.253; RMSE=3.550)
Iny=4.346 + 0.096 In x
(P>0.05; Adj R?=-0.032; RMSE=4.165)

Note: P values of the regression analysis are shown, R? coefficient of determination, DBH: diameter at breast height, Ht: total tree
height, Hb: bole tree height, RMSE root mean squared error
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The best recommended allometric equations between
the tree dimensions and AGB “In(AGB)=1.492xIn(DBH)+
0.117" (P<0.001; adjusted R2=0.748; RMSE=1.963),
“In(AGB)=0.515xIn(DBH?xHt)+0.207” (P<0.001; adjusted
R*=0.651; RMSE=2.447), and “In(AGB)=0.485xIn(DBH?*xHb)+
0.788” (P<0.001; adjusted R?=0.492; RMSE=2.809). The
significant  correlations showed by mixed-species
allometric equations that related AGB and diameter at
stump height (R?=0.78; P<0.01) and tree height (R?=0.41,
P<0.05) (Mokria et al. 2018). The strong correlations
(adjusted R?= 0.59-0.95) were showed by relationships
between trunk dry biomass and AGB with diameter at
breast height (DBH) and height in the different age
secondary forests (5, 10, and 20 years after abandonment).
The correlations between leaf and branch dry biomass with
height were relatively weak (adjusted R2=0.36-0.50)
(Karyati et al. 2019a). The very weak relationships between
leaves and branches dry biomass of trees and plant
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dimensions were reported in the abandoned land after
shifting cultivation. The developed allometric equations
showed relatively low R? (<0.60) (Karyati et al. 2019b).

The allometric equation which was constructed to
estimate the biomass of plant parts in secondary forest is
thought to be due to the various types of plants that grow.
Differences in plant species and individuals tend to cause
differences in plant structure and physiognomy. The carbon
content varies greatly between species and between
individual trees (Lamlom and Savidge 2003). The growth
of different tree species varies at the level of certain species
and characters based on site conditions (Parlucha 2017).
The regression between the trunk biomass and tree
dimensions by using exponential and natural logarithm
equations was illustrated in Figure 4. Figure 5 illustrated
regression between the total aboveground biomass and tree
dimensions by using exponential and natural logarithm
equations.
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Figure 4. Regression between the trunk biomass (kg) and DBH (cm) (a-b); the product of square DBH and total height (cm? m) (c-d)
and the product of square DBH and bole height (cm? m) (e-f) by using exponential and natural logarithm’s equations
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Figure 5. Regression between the aboveground biomass (AGB) (kg) and DBH (cm) (a-b); the product of square DBH and total height
(cm? m) (c-d) and the product of square DBH and bole height (cm? m) (e-f) by using exponential and natural logarithm’s equations

Comparison among various allometric equations

The estimation of AGB and carbon stock using various
reported relationships in the study plot is presented in
Table 4. The AGB estimation using two selected allometric
equations in the study location ranged from 29.98 to 30.30
Megagram per hectare (Mg ha), while the carbon stock
range was 14.09-14.24 Mg ha. The large AGB (30.30 Mg
ha') and carbon stock (14.24 Mg ha?) were estimated
using log-linear equations with (DBH?xHt) as predictor
variables for AGB. The other selected log-linear allometric
equation also estimates relatively high AGB and carbon
stock. This equation applied DBH as predictor of AGB.
The use of (DBH?xHt) as the independent variable
estimates AGB and stock carbon of 30.30 and 14.24 Mg ha
. Meanwhile the estimation of AGB through DBH in the
log-linear equation yields AGB of 29.98 Mg ha'! and
carbon stock of 14.09 Mg ha™.

Generally, the estimation of AGB and carbon stock use
the selected developed allometric equations is lower than
the estimation using the previously reported equations of
Chambers et al. (2001) (87.55 and 41.15 Mg ha), Manuri
et al. (2017) (67.02 and 31.50 Mg ha?), and Kiyono and

Hastaniah (2005) (61.18 and 28.75 Mg ha?). The
application of equations of Nelson et al. (1999), Kenzo et
al. (2009b), Kettering et al. (2001), Sierra et al. (2007), and
Karyati et al. (2019a) also estimate higher AGB and carbon
stock compared to using the selected equations. The use of
these equations estimates AGB and stock carbon of (57.84
and 27.18 Mg ha?), (51.82 and 24.36 Mg ha), (47.36 and
22.26 Mg hat), (47.03 and 22.10 Mg ha?), and (48.36 and
22.73 Mg ha?), respectively.

The estimation of AGB and carbon stock using the
selected allometric equation yields similar values with
using equations of Hashimoto et al. (2004) and Kenzo et al.
(2009a). The equation of Hashimoto et al. (2004) estimates
AGB of 37.66 Mg ha and stock carbon of 17.70 Mg ha™.
Meanwhile, AGB (37.24 Mg ha?) and carbon stock (17.50
Mg ha?') were estimated using Kenzo et al. (2009a).
However, the application of the selected equations
estimated the higher AGB and stock carbon than using
Karyati et al. (2019b)’s equation (AGB of 14.03 Mg ha
and stock carbon of 6.59 Mg ha't). The comparison among
various allometric relationships between AGB and DBH
estimated in the study plot was illustrated in Figure 6.
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Table 4. Estimation of AGB and carbon stock for trees using various reported relationships, with reference to the current study plot

Estimate of AGB

Estimate of C stock

Equation Author (Mg ha) (Mg ha?)
In(AGB)=2.413xIn(DBH)-1.997 Nelson et al. (1999) 57.84 27.18
In(AGB)=2.55xIn(DBH)-2.010 Chambers et al. (2001) 87.55 41.15
In(AGB)=2.59xIn(DBH)-2.75 Kettering et al. (2001) 47.36 22.26
In(AGB)=2.44xIn(DBH)-2.51 Hashimoto et al. (2004) 37.66 17.70
In(AGB)=2.422xIn(DBH)-2.232 Sierra et al. (2007) 47.03 22.10
AGB=0.1008xDBH?5264 Kiyono and Hastaniah (2005) 61.18 28.75
AGB=0.0829xDBH?% Kenzo et al. (2009a) 37.24 17.50
AGB=0.1525xDBH?3 Kenzo et al. (2009b) 51.82 24.36
AGB=0.071xDBH?¢6" Manuri et al. (2017) 67.02 31.50
In(AGB)=2.3207xIn(DBH)-1.89 Karyati et al. (2019a) 48.36 22.73
In(AGB)=0.808xIn(DBH)+1.277 Karyati et al. (2019b) 14.03 6.59
Current study plot
In(AGB)=1.492xIn(DBH)+0.117 29.98 14.09
In(AGB)=0.515xIn(DBH?xHt)+0.207 30.30 14.24
Note: AGB = aboveground biomass; C = carbon ; DBH = diameter at breast height (cm) ; Ht = total height (m)
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Figure 6. Comparison among various allometric relationships between aboveground biomass (AGB) and diameter at breast height

(DBH) in the study site

The use of several previously reported allometric
equations estimated the higher biomass and carbon stock
than using developed allometric equations in the study site.
This may be related to variation of wood density of the
sample trees. The wood density is a basic property of
woody plants which are important for demonstrating
ecological characteristics and performance in plant
communities. The wood density also determines tree and
forest biomass in carbon cycle studies (Vieilledent 2018).
The variation of sample trees tends to cause variation of
wood density. The wood density of sample trees ranged
from 0.30 to 0.77 cm g3, Most of the tree samples had a
low wood density, which was less than 0.56 cm g3, except
for two samples of Eusideroxylon zwageri having a density
of 0.72 and 0.77 cm g respectively (Table 2). The low

wood density of tree species may differ in allometric
equations significantly (Hashimoto et al. 2004).

The application of Hashimoto et al. (2004) and Kenzo
et al. (2009a)’s equations estimate the similar AGB and
carbon stock using the developed allometric equation. The
wood density of sample trees used to develop Kenzo et al.
(2009a)’s equations was 0.35 cm g%, Meanwhile, the wood
densities of sample trees in Basuki et al.’s equation (2009),
and Kiyono and Hastaniah’s equation (2005) were 0.40-
0.79 cm g3, 0.32-0.86 cm g3, and 0.67 cm g3, respectively.
The allometric equation for mixed species in the tropical
forest of Kalimantan reported by Kenzo et al. (2009a) with
wood density of 0.35 cm g3, Kettering et al. (2001) with
wood density of 0.35 to 0.91 cm g3, Karyati et al. (2019a)
with wood density of 0.24-0.44 cm g3, and Kenzo et al.
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(2009b) with wood density of 0.35 cm g3. The tree species,
stand characteristics, wood density, and tree height affect
the AGB estimation directly, while the characteristics of
the biogeographical area have only a slight effect on the
developed AGB equation (Manuri et al. 2017).

This study developed allometric equations for
abandoned lands, especially pioneer tree species in
abandoned traditional gardens. The selection of a suitable
allometric equation will result in accurate estimates of
biomass and carbon stock. These specific allometric
equations for abandoned traditional gardens on tropical
land would supplement the previously reported allometric
equations and shall provide an alternative to the existing
equations.

In conclusion, the specific allometric equations to
estimate the aboveground biomass in abandoned traditional
gardens is need to be developed. The use of these equations
is expected to produce a more accurate estimate of
aboveground biomass and carbon stock. Besides ecological
and economic aspects, the calculation of aboveground
biomass and carbon stock on abandoned land is important
because its area tends to increase from year to year.
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