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ABSTRACT 
Indonesia, particularly the island of Java, is dominated by a number of Shorea 
tree species (Dipterocarpaceae). Trees of the genus have been utilized for vari-
ous practices, and they play a fundamental role in managing the stability of 
tropical forests. This study was carried out to understand the relationships 
between biomass and microfibril angle in Shorea spp. growing in West Java, 
where Shorea spp., are abundant. A total of 35 young trees belonging to 5 spe-
cies were studied. The average age of these trees was 9 years, but in general 
there was a wide variation in tree diameter and total height. On average, bio-
mass was the highest in S. leprosura and the lowest in S. palembanica. The low-
est average microfibril angles (MFAs) were found in S. leprosura and S. me-
cistopteryx. The regression relationship between biomass and diameter was 
strong with an R2 value of 0.85, while the strength of the relationship between 
MFA and diameter was weaker (R2 = 0.195). In general, the MFA degree de-
creased with increased biomass accumulation Shorea species, which affects tree 
resistance to environmental variables and competitiveness in Indonesian tropi-
cal forests.  
 
Copyright: © 2023, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0) 
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INTRODUCTION 
Management and calculating forest biomass are crucial in addressing the 
issue of global climate (Mbow et al. 2014). Measuring the carbon stored 
in tree biomass has been widely applied in order to accurately and inclu-
sively determine the capacity of forests to absorb and store carbon from 
the atmosphere (Wegiel & Polowy 2020; Rozendaal et al. 2021; Sufray-
oga & Mardiatmoko 2022). 

Tree biomass can be defined as the mass of organic materials that 
underpin all physiological and mechanical functions during the life of a 
tree. As a plant-based material, the biomass contained in trees is im-
portant because it contains a myriad of valuable components including 
carbon dioxide sequestration (Mildrexler et al. 2020; Ameray et al. 2021). 
Through photosynthesis, energy and other products are then transported 
to all parts of trees, leading to the accumulation of cellulose, hemicellu-
lose, lignin, and a number of extractive compounds (Ng et al. 2015; Ma et 
al. 2018) in the wood stem tissue. Cellulose and hemicelluloses are long-
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chain polysaccharide compounds that function as robust structural com-
ponents in tree woody tissues (Berglund 2018; Donev et al. 2018). Both 
are involved in the construction of cell walls, help to maintain vertical 
tree growth, and buffer the effect of extreme environmental conditions 
alongside lignin compounds (Gibson 2012; Gril et al. 2017; Rongpipi et 
al. 2019). 

Microfibril angle (MFA) is one of the key variables used to evaluate 
tree growth mechanisms as it describes the orientation of cellulose mi-
crofibril in the secondary layer of the cell wall, which significantly influ-
ences the mechanical properties of the whole tree (Auty et al. 2017; Xu et 
al. 2012). However, MFA varies greatly among tree species, locations, 
and climatic conditions. Even within the same tree, dramatic variation in 
MFA can be found among the basal, middle, and top parts of the tree 
(Groover 2016). In general, MFA is high when trees are in the juvenile 
growing phase, mostly on account of the effects of environmental factors. 
When trees are growing, the rate of photosynthesis is increased which 
leads to the accumulation of biomass and carbon sequestration (Kohl et 
al. 2017; Huang et al. 2021). Consequently, when biomass production is 
accelerated in young trees, the biomass will be slightly more stable, and 
this can lessen the impacts of environmental factors such as wind and 
storms. Craine & Dybzinski (2013), indicated that the frequency of photo-
synthesis and biomass accumulation is dependent on the surrounding en-
vironment, soil nutrients, micro-climate, light availability, and competi-
tion. 

Shorea is a species-rich tree genus in the Dipterocarpaceae family, 
which is currently spreading across Southeast Asia. Classified as dense 
tropical hardwood, the genus has been commercially exploited for con-
struction and housing across Indonesian forests as an economically-
important woody product (Gaveau et al. 2013; Widiyanto et al. 2020). 
Owing to this high rate of usage, species of the genus were also planted 
and grown in some locations for either merchantable or silvicultural pur-
poses. The decision to undertake this study was based on the wide-
ranging benefits of the Shorea species in Indonesia. The general objective 
of this study was to understand the relationships between biomass, car-
bon sequestration, and MFA angle in some young Shorea trees planted in 
the West Java province of Indonesia. Furthermore, additional analyses 
were conducted to examine interactions with other variables such as di-
ameter, height, volume, and wood density.  
 
MATERIALS AND METHODS 
Site  
This research was conducted in Gunung Walat educational forest be-
longing to the Bogor Agricultural University (Institut Pertanian Bogor) 
in West Java Province, Indonesia, in 2013. The forest was established in 
1968 and is primarily used for educational activities, research, endemic 
tree collection, and recreational purposes. The total area of the forest is 
359 hectares, and it is divided into three blocks: an eastern block 
(Cikatomas) with a total area of 120 hectares, a western block (Cimenyan) 
of 125 hectares, and a central block (Tangkalak) of 114 hectares. Overall, 
the forest contains more than 44 tree species, which provide habitats for 
endemic bird, lizard, and insect species (Kusmana & Susanti 2015). 

This forest lies between 460 m – 726 m above sea level. The typical 
soil is dominated by red-yellow latosols, brown latosols, and some pod-
zols (Wibowo & Alby 2020). The area is relatively humid, with annual 
precipitation between 1700 mm and 4400 mm, while the temperature 
ranges from 18 °C to 30 °C (Kusmana & Susanti 2015). The present re-
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search was conducted in an ex situ conservation plot, which was estab-
lished in 2004 and was fully planted with Shorea spp. The plot measures 
around 0.6 hectares in area, with the topography relatively even and 
sloping < 35°.  
 
Biomass & Carbon Estimates 
Trees of the following five Shorea species planted in 2004 were included 
in the present study: Shorea leprosula, Shorea mecistopteryx, Shorea pinanga, 
Shorea stenoptera, and Shorea palembanica. Seven trees from each species 
were measured, giving a total of 35 sampled trees. The criteria for tree 
selection included good physical appearance and distribution within the 
plot. Then, the non-destructive biomass measurements of circumference 
at breast height (1.3 m) (DBH) and total height were taken for each tree. 
The circumference of each stem was measured using a diameter tape 
measure wrapped around the tree. For the total height measurements, a 
laser hypsometer was used (clinometer suunto PM–5). The volume was 
determined using the following allometric equation (Husch et al. 2003):  

V = ¼ (µ × d2 × t × a) 
where: V = tree volume in m3; d = diameter at breast height (DBH); 

t = total height of tree sample measurements; a = form factor (0.6) which 
is a term describing the ratio of tree volume to specified geometric solid 
volume based trees with similar diameter and height; and µ = phi which 
is the circumference measurement to diameter.  

To obtain carbon accumulation in each sample tree, wood density 
(g/cm3) was calculated first, which is the ratio of wood mass to volume 
under particular moisture conditions for each species. Samples were tak-
en from one side of the trunk at breast height using an increment borer 
(Haglöf) with a 12 mm core size. In order to obtain more accurate wood 
density data, the corer was then kept in a green condition (refrigerator). 
After the cores were collected wood densities were calculated in the la-
boratory using ASTM standard. The cylindrical core samples were cut 
from the pith to the outer xylem rings into segments of approximately 1 
cm, and these were weighted again until a constant value was achieved 
(Ricker et al. 2020). This procedure was used to obtain an estimate of av-
erage wood density, which was calculated using the following formula: 

     
where: X is the sample density obtained from core measurements, a 

is the balance obtained when the weighing basket was empty, b is the bal-
ance obtained when the weighing basket contained the sample, c is the 

mass of the dry cores, and ρ is the density of water equal to 1000 kg per 
cubic meter (Scandinavian Pulp, Paper and Board Testing Committee 
1995).   

Carbon sequestration measurements were based on the methodolo-
gy of Krisnawati et al. (2012) because it was assumed this formula was 
more representative of the specific forest conditions in Indonesia’s tropi-
cal forest, where the present study had taken place. 

W = Vt × BEF × SG  
where: W = total tree biomass in kilogram; Vt = total volume of 

tree in m3; BEF  = biomass expansion factor for tree (0.3; the ratio of the 
total above ground biomass to the biomass of the merchantable wood)), 
and SG = wood specific gravity (kg/m3). 

 
MFA and Fiber Length Measure 
The MFA was measured in 35 Shorea trees. An increment borer was used 
to obtain core samples from one side of the tree trunk at a height of 1.3 
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m. These cores were then stored inside straws to maintain freshness. Vis-
ually, the collected cores showed no clear signs of tree ring boundaries. 
The cores were then sliced into a 1 cm sections to measure MFA and fi-
ber length. Core pieces were first treated using HNO3, and then KCl was 
added within minutes until the fibers were separated and the middle la-
mella portions were dissolved. A total of 30 fibril pieces were taken per 
sample, and these were placed onto a microscope slide for observations 
using a microscope interfaced with a digital camera. Images were then 
taken using the Motic imaging software to obtain fibril length measure-
ments. To observe the fibril orientation angle, thin slices of core samples 

(± 30 μm) were placed under a microscope with a 100× magnification 
lens, and 10 images were taken of each sample slide. Three images were 
selected for further analysis of the microfibril angle, which was measured 
in degrees in Motic. 
 
Data Analysis 
A non-linear model was derived to analyze the relationships between bio-
mass, carbon sequestration, and MFA orientation as well as the correla-
tions among diameter, height, volume, and density in young Shorea trees. 
Fang and Bailey (1998) indicated that non-linear models are more adapt-
able when studying dense tropical forests. Given that certain uncontrol-
lable factors affected this study, the power non-linear function for two 
parameters was used as a regression analysis tool. In addition, a pre-
analysis was carried out using some existing models, and this revealed 
that the non-linear power model was the best fit for the measured varia-
bles. Nonlinear models can be used to make biological interpretations and 
are less sensitive to individual data points, making them better and more 
reliable for data extrapolation (Archontoulis & Miguez 2015). This model 
has also been widely used to understand tree allometric relationships, and 
particularly to model height-diameter relationships (Scaranello et al. 
2012). The power model had the following form (Fang & Bailey 1998): 

Y = aXb  
where, a is the scaling coefficient (constant), and b is the scaling 

exponent derived from the regression fit to the empirical data. The varia-
bles included diameter, MFA (°), height (m), volume (m3), total biomass 
(kg), total carbon (kg), and wood density (gr/cm3). The chi square test 
was used to estimate the significance of differences among parameters 
(biomass accumulation, carbon accumulation, MFA, diameter, and 
height). In addition to nonlinear power models, statistical analysis of pa-
rameters was also undertaken. All statistical analyses were performed 
using SPSS version 23.0 for Windows (SPSS Inc., Chicago, IL, USA). 
 
RESULTS  
Biomass & MFA Variation 
Biomass accumulation varied across the five measured Shorea species, 
with S. leprosura (15.728 kg) producing the greatest biomass, and S. pa-
lembanica (1.842 kg) producing the lowest biomass. Such variation within 
the genus is due to the number of tree species and size, particularly tree 
diameter and height. On the other hand, MFA only differed slightly 
among the Shorea species, with the highest average degree found in S. 
mecistopteryx (41.67°) and the lowest average degree observed in S. lepro-
sura (35.94°). 

Biomass accumulation differed significantly among species, while 
MFA did not differ significantly among species (Figure 1). The chi-
square analysis showed significantly different biomass accumulation in 
both S. leprosura and S. stenoptera with P values of 0.038 and 0.014, re-
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spectively. 
Generally, there was a direct relationship between the diameter and 

the dependent variables (biomass, carbon, volume, and tree height) in the 
five Shorea species (Table 2). Biomass and carbon had a tendency to in-
crease with increasing diameter (kg year-1). Figure 2a and 2b indicate 
these relationships within the five Shorea species, with an R2 of 0.85 and 
mean ± standard deviation of 5.54 for the relationship between biomass 
and diameter and an R2 of 0.85 and mean ± standard deviation of 5.47 for 
the relationship between carbon and diameter. Other positive relation-
ships were observed between volume and diameter as well as between 
height and diameter (Figure 2c and d). At 0.88, the greatest R2 was ob-
served for volume and diameter, while the least strong positive relation-
ship was observed between height and diameter relationship, with an R2 
of 0.77.  

S. leprosura produced the greatest biomass accumulation and carbon 
content of the five species, with average annual accumulations of 1747 kg 
and 0.803 respectively (Table 1). Moreover, S. leprosura also shows pro-
duced the greatest tree volume, with an average annual increase of 
0.0101 g/cm3. The lowest of biomass, carbon, and volume accumulations 
were observed in S. palembanica with average annual increases of 0.2047 
kg, 0.0941 kg, and 0.0014 g/cm3, respectively. With regard to tree 
height, S. leprosura had the greatest average annual growth of the Shorea 
species, with an average annual growth of 1.4746 m year-1. On the con-
trary, S. palembanica had an annual primary growth of just 0.6063 m year-

1, which was the lowest of the Shorea species. 

Table 1. Growth of Wood Characteristic of the Five Shorea Tree Species.  

Species 
Age 

(year) 
Density 
(g/cm3) 

MFA 
(°) 

Volume 
(m3) 

Biomass 
(kg) 

Carbon 
(kg) 

Annual bio-
mass accumu-

lation 
(Kg year-1) 

Annual carbon 
accumulation 

(Kg year-1) 

S. leprosura 9 0.575 35.94 0.0912 15.728 7.235 1.747 0.803 

S. mecistopteryx 9 0.476 41.67 0.0297 4.266 1.962 0.474 0.218 

S. pinanga 9 0.53 40.82 0.0123 1.959 0.901 0.217 0.100 

S. stenoptera 9 0.491 38.24 0.0376 5.534 2.546 0.614 0.282 

S. palembanica 9 0.478 40.41 0.0129 1.842 847 0.204 0.094 

 

Figure 1. (A) Boxplots show the total number of biomass accumulation among five Shorea species with a signifi-
cant difference as indicated by p-value of 0.00034 (< 0.05 of significance level); (B) Boxplot shows the average of 
MFA value from five species of Shorea with the significant difference as indicated by p-value of 0.017 (< 0.05 of 
significance level) in Gunung Walat. Asterisk (*) and null (○) information in both figures indicated the statistical 
significance among each measured species.  
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In general, MFA declined with increasing biomass, carbon, diame-
ter, and wood density across the five Shorea species (Figure 3a and b). 
The relationships between MFA and diameter and between MFA and 
tree density (Figure 3c and d) were slightly positive, with R2 value of 
0.95 and 0.78, respectively. 
 
DISCUSSION 
Biomass accumulation varied among the five Shorea species (Figure 1a), 
and there are numerous factors that could have been an effective catalyst 
for such variations. It is likely that ecological variables, such as water and 
soil nutrient distribution, light availability, CO2 availability, competition 
among trees, slope of the growing area, rate of photosynthesis, as well as 
intrinsic properties of the wood, significantly contributed to the huge dis-
parity among species (Raich et al. 2014). A number of hypotheses 
(Brancalion et al. 2019; Phan et al. 2019) have suggested that increases in 
tree biomass accumulation make trees more robust to various environ-
mental factors that affect growth, automatically reducing tree microfibril 
orientation angle. 

The relationships between MFA and diameter as well as between 
MFA and density were not found to be significant in the present study. 
However, in reality, these variables are impactful during the tree grow-

Figure 2. (A) The relationship between diameter (cm) as an independent variable and biomass (kg) as in the de-
pendent variable; (B) The relationship between diameter (cm) as a dependent variable and carbon (kg) as an inde-
pendent variable; (C) The relationship between diameter (cm) as a dependent variable and tree volume (g/cm3) as 
an independent variable; and (D) is the relationship between diameter (cm) as a dependent variable and height (m) 
as an independent variable.  
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ing process. The increasing tree diameter (cm year-1) is a key element in 
forest dynamics which also determines competitiveness among young 
trees of various species. Tree density is also an important indicator in 
measuring tree existence. It is also one of the upholding mechanical char-
acteristics which keeps trees growing correctly. Higher wood density 
provides essential resistance and causes trees to be more robust toward 
other environmental disturbances.  

Overall, the MFA degrees measured in this study are considered 
high when compared to other tropical tree genera. This is likely due to 
the fact that all measured trees were still young (< 10 years old) and 
were therefore very susceptible to a wide range of environmental factors 
such as wind, slope of the growing area, and anthropogenic activities 
(Minamino & Taneko 2014).  

The soil in the study area consisted of red-yellow latosols, brown 
latosols, and some podzols. However, because the study area was not 
large (< 1 hectare), this factor is unlikely to be a key driving factor of bio-
mass distribution. In fact, the study site was primarily composed of lato-
sol soils (> 75%) but podzols were found in some areas, which contain 
huge concentrations of soil nutrients from tropical forest decomposition. 
Based on the obtained biomass accumulation results, it is likely that S. 
leprosura has higher total N, P, and K contents than other Shorea species. 

Figure 3. (A) The relationship between MFA (°) as an independent variable and biomass (kg) as in the dependent 
variable; (B) The relationship between MFA (°) as a dependent variable and carbon (kg) as an independent variable; 
(C) The relationship between MFA (°) as a dependent variable and tree diameter (cm) as an independent variable; 
and (D) is the relationship between MFA (°) as a dependent variable and wood density (g/cm3) as an independent 
variable. 
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Lira-Martins et al. (2019) noted positive correlation between tree trunk 
growth and the accumulation of N, P, K, and Ca in young tropical trees of 
tropical tree species in Amazonia and Australia. Jiang et al. (2018) 
showed that the amount of nitrogen in the trunk has a significant effect 
on total biomass and other biomass components in young tree. In addi-
tion, S. leprosura is more productive in terms of nutrient-use efficiency. 
Zhang et al. (2021) observed that some tropical trees could have different 
nutrient use efficiencies even among similar growing areas. Water availa-
bility likely had no significant influence on biomass accumulation because 
the location experienced similar precipitation levels throughout, and it 
can be assumed that each of the Shorea trees in the location received suffi-
cient water to support their life. With the annual precipitation from 1700 
mm to 4400 mm, water availability was high enough for trees using a 
variety of ecophysiological mechanisms.  

Competition among young Shorea trees was also an important fac-
tor in this study. In general, Shorea species, classified as a shade tolerant, 
need enough shade during growing phase (Pamoengkas & Prasetia 2014; 
Hussein 2015). In this study, most of the young Shorea species were shad-
ed by the bigger Agathis trees, which possibly lessened the amount of 
sunlight reaching the ground that could be used in photosynthesis. Lack 
of light at early life stages has a negative impact on the growth rates of 
young trees (Tripathi et al. 2020; Bianchi et al. 2021). In the present 
study, there was variation in the locations of trees growing simultaneous-
ly. In fact, the study site  had slopes (between 10° to 45°) that may have 
affected the ability of young trees to absorb light during the middle of the 
day (Lekitoo et al. 2017). Various mechanisms are employed by trees to 
obtain enough sunlight which effectively contributes to their productivity 
(Darko et al. 2014; Li et al. 2020). 

However, the variation in biomass accumulation may come from 
leaf differentiation and leaf numbers in each young tree in the context of 
impacting upon ecophysiological effectiveness. It was observed that 
young S. leprosura tree generally had good overall health compared to 
other species. Visual observation revealed that the species looked greener 
with many regular leaves, longer branches, and a healthy trunk. In con-
trast, around a third of S. palembanica leaves were unhealthy due to dis-
ease and insect pests. Lelana et al. (2022) specified several leaf predators 
such as Mucanum spp., Pteroma plagiophelps, Valanga nigricornis, and Pesta-
lotia spp., which have been found to effectively cause reduced leaf quality 
in Shorea species in Indonesia. Leaf size, shape, and canopy arrangement 
can influence photosynthesis rate and total biomass production in many 
tree species (Falster et al. 2018; West 2020). Given that these factors are 
important for young trees, and based on visual observation of each young 
tree, it can be assumed that S. leprosura retains higher biomass through a 
higher rate of photosynthesis compared with other species. 

Measuring MFA can provide important insight into various tree 
mechanisms and how they contribute toward tree productivity (Xu et al. 
2012; Auty et al. 2013). Here, MFA varied among Shorea tree species, and 
there was a negative relationship between biomass content and MFA 
(Figure 3). These results indicate that there is a tendency for MFA to 
decline when both biomass accumulation and carbon content increase. 
Negative relationships were also present between MFA, wood density, 
and tree diameter (table 2). Microfibril angle has been reported to be 
high when trees are in the growing phases (seedling and sapling periods), 
and it continues to decline gradually when trees grow in both vertical 
and lateral directions. Since most of the trees in this study were consid-
ered juvenile, they were not really composed of solid wood structures and 
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mainly comprised young cell walls, which in turn caused the negative 
relationships with the mechanical functions of wood properties (Xi 2018; 
Rocha et al. 2019; Eder et al. 2020).  

The present study found that the MFA was high among the 35 
young trees, with the average ranging from 35.94° to 41.67°. This wide 
range of MFAs is likely due to vulnerability to various environmental 
disturbances. It is likely that external factors, such as regular gales and 
the slope of the growing area (between 10° to 45°), have contributed to 
high MFA variation in these young trees. With a regular windy period 
during the rainy and dry seasons, wind is a key factor in determining 
MFA orientation in most young trees in Indonesia (Ishigura et al. 2012; 
Alteyrac 2015). In addition, the slope in the study area has forced the 
young trees to retain their growing orientation over a period of time 
since they were planted. Hein et al. (2015) indicated that the effects of 
slope and wind are positively associated with MFA orientation in young 
trees. Variation in MFA was also found among Shorea species (table 1), 
which indicates differences in wood stiffness and durability against vari-
ous environmental disturbances such as wind, rain, and flood. In many 
cases, MFA is negatively correlated with wood stiffness, meaning that 
when MFA decreases, wood stiffness increases as a consequence of bio-
mass accumulation and wood productivity over a growing period. Alt-
hough several studies have failed to find a positive correlation between 
wood density and MFA, a positive tendency between these was noted in 
the present study (Figure 3d). Overall, MFA declined when wood density 
increased.  In conclusion, S. leprosura seems to have a stiffer trunk than 
other species. Tree wood tends to be denser when the rate of photosyn-
thesis is higher which leads to biomass accumulation throughout the 
year. In contrast, S. palembanica showed the lowest rate of biomass accu-
mulation and the lowest wood density and tended to be unhealthy. This 
may be because the species has not fully adapted to the existing growing 
area, as it normally grows along riverbanks, in swampy forests, and in 
low-lands with Inundated areas (Erizilina et al. 2019).    
 
CONCLUSIONS 
The relationship among carbon, biomass, and MFA for the five young-
tree species of Shorea were tested through quantitative data analysis. A 
total of 35 tree species were considered with good physical appearances 
and distributing along the observed plot. Non-destructive biomass meas-
urement was carried out using diameter tape and a laser hypsometer to 
determine allometric equation. Carbon accumulation was estimated 
through laboratory analysis of wood core sample with the ASTM stand-
ard. MFA was measured using core samples that were sliced every centi-
meter then combined with HNO3 and KCl to separate fibers. Fiber angle 
orientation was observed under a microscope with 100 time magnifica-
tion lens Motic Image Software. In order to identify the best fit correla-
tion between carbon, biomass and MFA, non-linear Power models were 
performed. S. leprosura turned out to be the highest biomass and carbon 
accumulation, volume and annual increase, while S. palembanica was the 
lowest among the five young Shorea species. It is obvious that MFA was 
declining with the increase in biomass, carbon, diameter, and wood densi-
ty among the five Shorea species. The relationship between biomass and 
diameter was strong with an R2 value of 0.85, while the strength of the 
relationship between MFA and diameter was weaker with R2 value of 
0.195. MFA degree decreased with increased biomass accumulation in in 
Shorea species.  



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb73864 

-11- 

AUTHOR CONTRIBUTION 
R.L.C., D.W., D.A.J. and S.C. have equal contributions to this work as the 
main contributor. R.L.C., and D.W. designed the project and collected 
the data. R.L.C. & S.C. performed the analyses. R.L.C., D.W., D.A.J., and 
S.C. wrote, revised, and approved the manuscript 
 
ACKNOWLEDGEMENTS 
The authors would like to thank Bogor Agricultural University for al-
lowing this field research in the University plot and laboratory analyses. 
The authors are grateful for the assistance and participation of local peo-
ple and traditional informants during data collection.  
 
CONFLICT OF INTEREST 
The authors declare that they have no competing interests. 
 
REFERENCES 
 
Alteyrac, J., 2015. Variation of microfibril angle of Pinus radiate D. Don 

in relation to tree spacing in Chilean plantations. Revista Árvore, 39, 
pp.751–758.  

Ameray, A. et al., 2021. Forest carbon management: a review of silvicul-
tural practices and management strategies across boreal, temperate 
and tropical forests. Curr Forestry, 7 pp.245-266. doi: 10.1007/
s40725-021-00151-w.   

Archontoulis, S.V. & Miguez, F.E., 2015. Nonlinear regression models 
and applications in gricultural research. Agronomy Journal, 107(2), 
pp.786-798. doi: 10.2134/agronj2012.0506.   

Auty, D. et al., 2013. Models for predicting microfibril angle variation in 
Scots pine. Annals of For Science, 70, pp.209–218.  

Auty, D. et al., 2017. Effects of early respacing on the density and micro-
fibril angle of Sitka spruce wood. Forestry, 91, pp.307-319. doi: 
10.1093/forestry/cpx004.  

Berglund, J., 2018. Wood hemicelluloses-Fundamental insights on biological 
and technical properties. KTH Royal Institute of Technology CBH 
School of Engineering Sciences in Chemistry, Biotechnology and 
Health Department of Fibre and Polymer Technology Division of 
Wood Chemistry and Pulp Technology Wallenberg Wood Science 
Center SE-100 44 Stockholm, Sweden. 

Bianchi, E., Bugmann, H.  & Bigler, C., 2021. Light availability predicts 
mortality probability of conifer saplings in Swiss mountain forests 
better than radial growth and tree size. Forest Ecology & Manage-
ment, 479, 118607. doi: 10.1016/j.foreco.2020.118607.  

Brancalion, P.H.S. et al., 2019. Intensive silviculture enhances biomass 
accumulation and tree diversity recovery in tropical forest restora-
tion. Ecological Applications, 29(2), e01847.­­­ https://
www.jstor.org/stable/26623324 

Craine, J.M. & Dybzinski, R., 2013. Mechanisms of plant competition for 
nutrients, water and light. Functional Ecology, 27, pp.833-840. doi: 
10.1111/1365-2435.12081.  

Darko, E. et al., 2014. Photosynthesis under artificial light: the shift in 
primary and secondary metabolism. Philosophical transactions of the 
Royal Society of London. Series B, Biological sciences, 369(1640), 
20130243. doi: 10.1098/rstb.2013.0243.   

Donev, E. et al., 2018. Engineering non-cellulosic polysaccharides of 
wood for the biorefinery. Front. Plant Sci., 9, 1537. doi: 10.3389/
fpls.2018.01537.  

https://doi.org/10.1007/s40725-021-00151-w
https://doi.org/10.1007/s40725-021-00151-w
https://doi.org/10.1016/j.foreco.2020.118607
http://dx.doi.org/10.1098/rstb.2013.0243


J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb73864 

-12- 

Eder, M. et al., 2020. Wood and the activity of dead tissue. Adv. Mater, 
pp.33, 2001412. doi: 10.1002/adma.202001412.  

Erizilina, E., Pamoengkas, P. & Darwo., 2019. Correlation between phys-
ical and chemical soil properties and growth of Red Meranti in 
Haurbentes Forest Research. Journal of Natural Resources & Envi-
ronmental Management, 9(1), pp.68-74. doi: 10.29244/jpsl.9.1. 68-74.       

Falster, D.S., Duursma, R.A. & Fitzjohn, R.G., 2018. How functional 
traits influence plant growth and shade tolerance across the life cy-
cle. PNAS, 115(29), E6789–E6798. doi: 10.1073/pnas.1714044115.  

Fang, Z. & Bailey, R.L., 1998. Height-dimeter models for tropical forests 
on Hainan Island in Southern China. Forest Ecology & Management, 
110, pp.315–327.  

Gaveau, D.L.A. et al., 2013. Reconciling forest conservation and logging 
in Indonesian Borneo. PLoSONE, 8(8), e69887. doi: 10.1371/
journal.pone.0069887.   

Gibson, L.J., 2012. The hierarchical structure and mechanics of plant ma-
terials. J. R. Soc. Interface, 9, pp.2749–2766. doi:10.1098/
rsif.2012.0341.   

Gril, J. et al., 2017. Tree growth stress and related problems. J. Wood 
Sci., 63, pp.411–432. doi: 10.1007/s10086-017-1639-y.  

Groover, A., 2016. Gravitropisms and reaction woods of forest trees – 
evolution, functions and mechanisms. New Phytologist, 211, pp.790-
802. doi: 10.1111/nph.13968.    

Hein, P.R.G. et al.,  2015. Spatial variation of wood density, stiffness and 
microfibril angle along Eucalyptus trunks grown under contrasting 
growth conditions. Trees, 30, pp.871-882. doi: 10.1007/s00468-015-
1327-8. 

Huang, J. et al., 2021. Storage of carbon reserves in spruce trees in priori-
tized over growth in the face of carbon limitation. PNAS, 118(33), 
e2023297118. doi: 10.1073/pnas.2023297118.  

Husch, B., Beers, T.W. & Kershaw Jr., J.A., 2003. Forest Mensuration (4th 
ed.), New York: John Wiley & Sons.  

Hussein, A.F., 2015. Growth of Shorea macrophylla (De Vriese) Ashton under 
line planting at Gunung Apeng Forest Reserve Sarawak. Plant Re-
source Science and Management, Department of Plant Science and 
Environmental Technology, Faculty of Resource Science and Tech-
nology Universiti Malaysia Sarawak.  

Ishigura, F. et al., 2012. Radial variation in microfibril angle and com-
pression properties of Paraserianthes falcataria planted in Indonesia. 
IAWA Journal, 33(1), pp.15-23.    

Jiang, L. et al., 2018. The response of tree growth to nitrogen and phos-
phorus additions in a tropical montane rainforest. Science of The To-
tal Environment, 618, ppp.1064-1070. doi: 10.1016/
j.scitotenv.2017.09.099.  

Lelana, N.E. et al., 2022. Bagworms in Indonesian Plantation Forests: 
Species Composition, Pest Status, and Factors That Contribute to 
Outbreaks. Diversity, 14, pp.471. doi: 10.3390/d14060471.   

Li, C. et al., 2020. Forest productivity enhancement and compensatory 
growth: A review and synthesis. Front. Plant Sci., 11, 575211. doi: 
10.3389/fpls.2020.575211.   

Lira-Martins, D. et al., 2019. Tropical Tree Branch-Leaf Nutrient Scaling 
Relationships Vary with Sampling Location. Front. Plant Sci., 10, 
877. doi: 10.3389/fpls.2019.00877.    

https://doi.org/10.1073/pnas.2023297118
https://doi.org/10.1016/j.scitotenv.2017.09.099
https://doi.org/10.3390/d14060471


J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb73864 

-13- 

Lekitoo, K. et al., 2017. Ecological and ethnobotanical facet of ‘Kelapa 
Hutan’ (Pandanus Spp.) and perspectives towards its existence and 
benefit. International Journal of Botany, 13, pp.103–114. 
doi: 10.3923/ijb.2017.103.114.  

Kohl, M., Neupane, P.R. & Lotfiomran., 2017. The impact of tree age on 
biomass growth and carbon accumulation capacity: A retrospective 
analysis using tree ring data of three tropical species grown in nat-
ural forests of Suriname. PLoSONE, 12(8), e0181187. https://
doi.org/10.1371/journal.pone.0181187.  

Krisnawati, H., Adinugroho, W.C. & Imanuddin, R., 2012. Allometric mod-
els for estimating tree biomass at various forest ecosystem types in Indone-
sia: a monograph. Ministry of Forestry, Forest Research & Develop-
ment Agency, Research & Development Center for Conservation 
and Rehabilitation. Bogor 16610, Indonesia, p.136.   

Kusmana, C. & Susanti, S., 2015. Species composition and stand structure 
of natural forest in Hutan Pendidikan Gunung Walat, Sukabumi. J. 
Silvikultur Tropika, 5(3), pp.210–217.   

Ma, S. et al., 2018. Variations and determinants of carbon content in 
plants: a global synthesis. Biogeosciences, 15, pp.693-702. doi: 
10.5194/bg-15-693-2018.   

Mbow, C. et al., 2014. Allometric models for aboveground biomass in dry 
savanna trees on the Sudan and Sudan-Guinea ecosystems of 
Southern Senegal. J For Res., 19, pp.340–347. 

Mildrexler, D.J. et al., 2020. Large trees dominate carbon storage in for-
ests east of the Cascade Crest in the United States Pacific North-
west. Front. For. Glob. Change, 3, 594274. doi: 10.3389/
ffgc.2020.594274.   

Minamino, R., & Takeno, M., 2014. Variation in susceptibility to wind 
along the trunk of an isolated Larix kaempferi (Pinaceae) tree. Amer-
ican J of Botany, 101(7), pp.1085–1091.  

Ng, H. et al., 2015. Extraction of cellulose nanocrystals from plant 
sources for application as reinforcing agent in polymers. Composites 
Part B-engineering, 75, pp.176-200.  

Pamoengkas, P., & Prasetia, R., 2014. Pertumbuhan Meranti Merah 
(Shorea leprosura Mig.) dalam sistem tebang pilih tanam jalur di are-
al IUPHHK-HA PT Sarpatim, Kalimantan Tengah. Jurnal Sisvikul-
tur Tropika, 5(3), pp.174-180.   

Phan, S.H. et al., 2019. Modelling above ground biomass accumulation of 
mangrove plantations in Vietnam. Forest Ecology and Management, 
432, pp.376-386.  

Raich, J.W. et al., 2014. Aboveground tree growth varies with below-
ground carbon allocation in a tropical rainforest environment. 
PLoS ONE, 9(6), e100275. doi: 10.1371/journal.pone.0100275. 

Ricker, M. et al., 2020. Statistical age determination of tree rings. PLoS 
ONE, 15(9), e0239052. doi: 10.1371/journal. pone.0239052.   

Rocha, M.F.V. et al., 2019. Do the growing condition ns of trees in-
fluence the wood properties? Floresta e Ambiente, 26(3), e20180353. 
doi: 10.1590/2179-8087.035318.  

Rongpipi, S. et al., 2019. Progress and Opportunities in the Characteriza-
tion of Cellulose – An Important Regulator of Cell Wall Growth 
and Mechanics. Front. Plant Sci., 9, 1894. doi: 10.3389/
fpls.2018.01894.  

Rozendaal, D.M.A. et al., 2021. Aboveground forest biomass varies 
across continents, ecological zones and successional stages: Revined 
IPCC default values for tropical and subtropical forests. Environ. 
Res. Lett., 17, 014047. doi: 10.1088/1748-9326/ac45b3.   

http://dx.doi.org/10.3923/ijb.2017.103.114
https://doi.org/10.5194/bg-15-693-2018
https://doi.org/10.1371/journal.%20pone.0239052
https://doi.org/10.1590/2179-8087.035318
https://doi.org/10.1088/1748-9326/ac45b3


J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb73864 

-14- 

Scandinavian Pulp, Paper and Board Testing Committee, 1995. SCAN-
CM 43:94: Wood chips for pulp production, Sweden, Stockholm: Secre-
tariat, Scandinavian Pulp, Paper and Board Testing Committee.  

Scaranello, M.A.D. et al., 2012. Height-dimeter relationships of tropical 
Atlantic moist forest trees in Southern Brazil. Scientia Agricola, 69
(1), pp.26–37.  

Sufrayoga, D. & Mardiatmoko, G., 2022. Carbon storage expectations on 
swamp Jelutung (Dyera polyphylla Miq. Steennis.) on peatland for 
tracking climate change. Forests, 13, 1297. doi: 10.3390/f13081297.  

Tripathi, S. et al., 2020. Effects of light availability on leaf attributes and 
seedling growth of four tree species in tropical dry forest. Ecological 
Processes, 9(2), pp.2-16. doi: 10.1186/s13717-019-0206-4.  

Wegiel, A. & Polowy, K., 2020. Aboveground carbon content and storage 
in mature scots pine stands of different densities. Forests, 11(2), 240. 
doi: 10.3390/f11020240.  

West, P.W., 2020. DO increasing respiratory costs explain the decline 
with age of forest growth rate?.  J. For. Res, 31, pp.693-712. doi: 
10.1007/s11676-019-01020-w.  

Wibowo, C. & Alby, M.F., 2020. The diversity and frequency of soil 
macrofauna on three different trees at Educational Forest of 
Gunung Walat. Jurnal Silvikultur Tropika, 11(01), pp.25-31.   

Widiyanto et al., 2020. Selection of dipterocarp species for enrichment 
planting in a secondary tropical rainforest. Forest Science and Tech-
nology, 16(4), pp.206-215. doi: 10.1080/21580103.2020.1831620.  

Xi, E., 2018. Dynamic relationship between mechanical properties and 
chemical composition distribution of wood cell walls. Wood Re-
search, 63(2), pp.179-192.    

Xu, J. et al., 2012. Cellulose microfibril angle variation in Picea crassifolia 
tree rings improves climate signals on the Tibetan Plateau. Trees, 
26, pp.1007–1016.  

Zhang, Y.B. et al., 2021. Higher water and nutrient use efficiencies in sa-
vanna than in rainforest lianas result in no difference in photosyn-
thesis. Tree Physiology, 42, pp.145-159. doi: 10.1093/treephys/
tpab099.  

https://doi.org/10.3390/f13081297
https://doi.org/10.1186/s13717-019-0206-4
https://doi.org/10.1007/s11676-019-01020-w
https://doi.org/10.1080/21580103.2020.1831620
https://doi.org/10.1093/treephys/tpab099
https://doi.org/10.1093/treephys/tpab099

