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ABSTRACT 
  

Massive war pollutants brought by Marawi Siege in the Philippines have contaminated the city environs and 
the surrounding ancient Lake Lanao. Munition residues including heavy metals are reportedly genotoxic hence this 
study was conducted to determine the post-siege genotoxic hazards posed by the munition pollutants through 
micronucleus (MN) assay on the slow-moving edible gastropod snails Vivipara angularis Muller (locally known as 
“suso”) thriving in the lake. MN, a biomarker of genotoxicity was examined and counted in the hemocytes of 
exposed juvenile and adult snails. Results revealed that MN frequencies (no. of MN/1000 hemocytes) were 
significantly higher in snails sampled in Lake Lanao lakeshores than in the reference site Lake Dapao. Among adult 
samples, there was a decreasing trend of MN frequencies with increasing distance from lakeshore fronting warzone 
‘ground zero’ where the battle was heaviest (site A) to sampling sites away from it: sites B, C, and D (Lake Dapao) 
which are 8.15 km, 24.41 km, and 34.45 km, respectively. Moreover, varied patterns of micronucleation were 
observed between age groups and sites, i.e., in all sites except C, adults had greater MN counts than juveniles which 
were significant in site A only. It is a generally recognized observation that MN frequency increases with age; 
unexpectedly juveniles displayed significantly higher MN counts than adults in site C. The elevated MN frequencies 
in the snail hemocytes exposed to war pollution could be attributed to genotoxic munition residues eroded and 
washed into the lake water. Moreover, heavy metals which are common components of weaponries were also 
detected in the snail muscles, although at concentrations within safe levels but continued consumption may be 
cautioned to avoid biomagnification. Other genotoxins must be present in site C other than munition residues 
predisposing the juvenile snails. The results are baseline data on the MN frequencies in V. angularis exposed to war 
pollutants in Lake Lanao which need further investigation.  
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INTRODUCTION 
 

 The devastating Marawi siege, an armed 
conflict that lasted for five months in 2017 was 
the longest urban warfare in the Philippines, 
polluting the air, soil, and water environment and 
destroying biodiversity. Adding to the 
insurmountable damage are the numerous ill-
health effects that could be suffered by the 
inhabitants, especially humans. High-tech 
ammunitions utilized both by the terrorist and 
the government troops included bombs, mortars, 
grenades such as rocket-propelled grenades 
(RPG), hand-held, anti-tank grenade launchers, 
and the likes aside from the conventional rifles, 
improvised explosive devices (IEDs), and carpet, 

and aerial bombs (Kapoor, 2017, Pareño, 2017, & 
Miller, 2017). These are depots of toxic pollutants 
such as high-melting explosives (HMX), 
hexahydro-1,3,5-trinitro-1,3,5- triazine (RDX), 
trinitrotoluene (TNT), and heavy metals with 
potential genotoxic threats such as lead (Pb), 
arsenic (As), nickel (Ni), copper (Cu) and zinc 
(Zn), strontium (Sr), magnesium (Mg), and 
barium (Ba), mercury (Hg), cadmium (Cd) 
antimony (Sb), iron (Fe) and chromium (Cr) 
(IARC 2021, Broomandi et al. 2020, Skalny et al. 
2021, Chatterjee et al. 2017). Known components 
of weaponries listed in IARC (2021) are 
established mutagens and carcinogens causing 
cancers affecting the respiratory tract, liver, bone, 
blood, and other parts of the human body. The 
magnitude of weaponries used during the siege *Corresponding author, email: fema.abamo@msumain.edu.ph 
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heavily contaminated the city environs and its 
surrounding lake with genotoxic pollutants 
posing health hazards to the local inhabitants as 
well as to the organisms thriving in the second 
largest lake in the country and one of the ancient 
lakes in the world, that is, Lake Lanao, in the 
province of Lanao del Sur (LDS).  

Genotoxicity is the ability of chemicals to 
damage the genetic information of the cells 
thereby resulting in mutations and eventual 
carcinogenesis (Seukep et al., 2014). One reliable 
method to assess the genotoxic potential of some 
substances (such as heavy metals, pesticides 
including gamma radiation), is the micronucleus 
(MN) assay and it is used in various test 
organisms including man, mice, land and aquatic 
snails, mussels, and fishes (Silva et al. 2011, da 
Silva 2013, Bolognesi & Fenech 2012, Gentile et 
al. 2012, Luzhna & Kovalchuk, 2013, 
Beedanagari et al. 2014, da Rocha et al. 2016, 
Hayashi 2016, El Safty et al. 2018, Nikdehghan et 
al. 2018, and de Vasconcelos Lima 2019, Fenech 
et al. 2020). The present study made use of the 
freshwater gastropods Vivipara angularis Muller 
(locally known as “suso”) in the MN assays 
instead of B. glabrata because they are abundant in 
Lake Lanao and utilized as food by the Meranaw 
(people of the lake). The strategic use of the snails 
in MN assays is anchored on their sedentary 
lifestyle crawling on soil and rock substratum. 
They use their gills as filter feeding apparatus and 
respiratory organs and are the first barrier to 
potential contaminants and the ideal target for 
genotoxic studies. They are tolerant to heavy 
metals and bio-accumulate them (Baroudi et al., 
2020). Importantly, snails are less mobile 
compared to other organisms like fishes, thus 
they cannot easily escape from toxic substances 
present in their habitat. This study therefore 
primarily aimed to estimate the post-siege 

genotoxic hazards posed by munition residues in 
the lake through micronucleus assay using the V. 
angularis Muller thriving in the lake. It also 
examined the micronucleation pattern among 
exposed snails sampled in Lake Lanao and non-
exposed snails in the reference site, Lake Dapao, 
LDS. Factors like the distance of the sampling 
sites from the war zone and the age groups of the 
sampled snails were considered in the MN assays.  

 
 

MATERIALS AND METHODS 
 
Study Design and Sampling Sites 

Descriptive cross-sectional study design and 
the purposive sampling collection (accessibility of 
the sites and age groups of snails) were conducted 
in assessing the genotoxicity of the war residues 
by MN assay in the hemocytes of the exposed 
freshwater gastropods V. angularis of Lake Lanao. 
Figure 1 shows the map of the Philippines and 
the sampling sites, location coordinates, and the 
distance between sites. The first site was the 
lakeshore fronting Marawi City marked as ground 
zero (Site A) where the battle was fiercest and 
where residues of war were substantially 
deposited; the second (B) and third (C) sites were 
8.15 km and 24.41 km away from site A. These 
three sites represent munition residues exposed 
sites. Site D is the reference lake (non-exposed 
site), Lake Dapao, LDS, 34.45 km from site A. 
The coordinates were determined using 
Garmin(R), GPSMAP 64x, and the actual sites 
were generated by plotting the coordinates 
through Google Earth. The distance of the sites 
from site A was calculated through Movable Type 
Scripts (https://www.movable-type.co.uk/ 
scripts/latlong.html). 

 

https://www.movable-type.co.uk/%20scripts/latlong.html
https://www.movable-type.co.uk/%20scripts/latlong.html
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Figure 1A) Map of the Philippines showing the location of Marawi City and Lake Lanao in the red inset. B) Sampling 

sites (balloons) in Lake Lanao shores and their corresponding coordinates: red, site A, ground zero in Marawi 
city; yellow, site B; blue, site C; and green, reference site (Lake Dapao) 

 
Test Organisms, Collection, and 
Identification   

The test organisms were V. angularis Muller 
(class Gastropoda, phylum Mollusca, Fig. 2) 
Color, description, and identification of the snails 
were based on the work of Pagulayan & Cepillo 
(1991), Moneva et al. (2012), and Torres et al. 
(2014). Sub-adult and adult V. angularis have 4 
whorls with shell colors ranging from dark 
greenish brown or greyish yellow. It is striated but 
not with a hammer pattern. Immature or juvenile 
Vivipara is usually up to 14-16 mm while adult 
length ranges from 18-31 mm. The height of the 
shell is 25–35 mm. The width of the shell is 20–
26 mm. The shell has 5.5-6 weakly convex 

whorls. The last whorl is relatively large 
compared to that of other Vivipara species. The 
umbilicus is narrow.  

Vivipara snails were randomly collected within 
100 m along the lakeshores and 5-50 m 
perpendicular to the shores. At least 20 juveniles 
and 20 adult snails were purposively handpicked, 
systematically washed to remove mud, placed 
separately in containers with lake water, and 
transported to Research Laboratory, Biology 
Department, Mindanao State University, Marawi 
Campus. They were temporarily kept in the 
aerated aquaria with lettuce leaves. Micronucleus 
assay proceeded immediately as soon as they were 
brought to the laboratory. 

 

 
Figure 2  Vivipara angularis Muller snails collected from Lake Lanao (A); adults (B); and juvenile (C) samples 
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Micronucleus Assay 

Twenty (n=20) V. angularis, i.e., ten (n=10) 
juvenile and ten (n=10) mature gastropods from 
each site, including the reference site, were 
randomly selected, and processed for MN assay 
following the work of da Silva et al., 2013, de 
Vasconcelos Lima, 2019. To collect 0.1 ml of 
hemolymph, the operculum of the snail was 
gently tapped by a micropipette tip triggering the 
snails to retract and release hemolymph. The 
hemolymph was smeared into clean slides and 
air-dried for 10 min, followed by adding 0.1 ml of 
Ringer’s solution, and 0.1 ml of the 10 mM 
EDTA solution. The smears were placed in a 
moist chamber for 30 min before fixing with 
glutaraldehyde for 5 min, rinsed with Ringer’s 
solution, stained with Giemsa solution (Giemsa 
Set, Medic) for 7 min then finally washed with 
distilled water and air-dried. Each slide was 
viewed for blind scoring of MN under a phase 
contrast microscope (Olympus, CKX53). Blind 
scoring was employed. With the help of a hand-
held counter, 1000 hemocytes (cells) were 
examined per individual gastropod, such that, (10 
adults + 10 juveniles) x 1000 cells = 20,000 cells 
were examined per site. Only hemocytes with an 
intact nucleus and cellular distinction were 
considered and the MN was identified and 
counted when its diameter was smaller than one-
third the size of the nucleus, its color and texture 
should be similar to that of the nucleus and not 
in direct contact with the main nucleus. A digital 
camera (XCAM1080PHB, Toup Tek, China) was 
used to aid in counting the MN in the monitor 
and in taking photomicrographs.  
 
Detection of Heavy Metals in the Snail 
Muscles  

Muscles from adults and juvenile snails (150 g 
x 3 replicates) from each sampling site were 
harvested and immediately analyzed for heavy 

metals utilizing atomic absorption 
spectrophotometry (AAS) for Cd, Cr, and Pb, 
silver diethyldithiocarbamate-colorimetric 
(modified) for As and cold vapor AAS for Hg.  
 
Statistical Analysis 

The resulting MN frequencies between 
exposed and non-exposed sites and between 
juvenile and adult samples were analyzed 
statistically using Statistical Package for the Social 
Sciences (SPSS) for Windows. Using the Shapiro-
Wilks Test, the means of the MN frequencies for 
sites and age groups were found not normally 
distributed, hence Kruskal-Wallis and the Mann-
Whitney U tests were used to analyze the 
differences of the MN frequencies in various sites 
and age groups.  

 
 

RESULTS AND DISCUSSION 
 

Micronucleation by Sampling Sites 

Micronucleation (Figure 3) was observed in 
the hemocytes of V. angularis in all sampling sites. 
Table 1 shows the mean frequencies of the MN 
per site and the variation was highly significant by 
the Kruskal Wallis test, [P=.000, H(3, 
N=80)=28.0326]. Indeed, MN frequencies were 
significantly higher in Lake Lanao sites compared 
to the reference site, Lake Dapao. The highest 
mean was recorded in site A, the ground zero 
where the encounter was heftiest, and the lowest 
in site D, the reference lake. A pairwise 
comparison of the mean ranks by the Mann-
Whitney U test illustrated that site A was 
significantly higher than other sites (P<0.5) 
except for site C (P=0.37346). Conversely, the 
reference site was significantly lower than the rest 
of the sites (P<.05). 
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Figure 3A-B Photomicrographs of V. angularis hemocytes showing micronuclei (yellow arrows) in adult and juvenile 

samples. C, hemocytes without micronuclei are shown in C. Scale bars, 5µm 
 
 
Table 1 MN frequencies in the hemocytes of adult and juvenile V. angularis sampled from the different sites in Lake 

Lanao and in Lake, Dapao, Philippines 

Sampling Sites 
MN frequency* Mean SD 

Juvenile Adult Total Juvenile Adult Total 

Site A 3.6 10 6.8 1.776 6.6 5.736 
Site B 2.4 2.4 2.4 2.319 1.506 1.903 
Site C 6.8 3.1 4.95 3.938 2.885 3.859 
Site D 1.5 0.8 1.15 1.65 0.422 1.226 
Total 3.58 4.08 3.82 3.21 5.025 4.197 

*Frequency values (MN observed per 1000 hemocytes) 
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Spontaneous micronuclei formation can 
happen in any eukaryotic cell as it divides. It is 
often brought about by a broken chromosome 
fragment or rarely an entire chromosome that 
lags and remains outside the nucleus after cell 
division (Beedanagari et al. 2014). These are extra-
nuclear bodies that contain damaged 
chromosome fragments or whole chromosomes 
that are not incorporated into the nucleus after 
cell division (Luzhna & Kovalchuk 2013). It can 
be induced by defects in the cell repair machinery 
and accumulation of DNA damages and 
chromosomal aberrations. This explains why MN 
was also observed in the reference lake although 
the count was significantly lower than the 
exposed sites. 

As mentioned earlier, MN frequencies were 
shown to increase in cells of various organisms 
that were exposed to carcinogens and genotoxins, 
thus, MN assay is one of the most widely used 
genotoxicity biomarkers, providing an efficient 
measure of chromosomal DNA damage. The 
elevated MN counts in site A could be attributed 
to genotoxic chemicals most probably from war 
pollutants washed into the lake water where the 
snail samples were thriving. It must be noted that 
site A is fronting “ground zero” in Marawi where 
the encounter was densest. IARC (2021) 
provided a list of eroded components of 
munitions that are carcinogenic including heavy 
metals, such as As, Hg, Cd, Cr, and Pb. These 
heavy metals were detected in the muscle tissues 
of V. angularis from sampling sites (Table 6), and 
Jalova et al. (2021) also reported heavy metals in 
commonly consumed fishes sampled from Lake 

Lanao, though the levels  detected  were  mostly  
lower  than the standard limits (WHO/FAO 
2010, 2011, Factor et al. 2012, Perelonia et al. 
2017, and Gbogbo et al. 2017). 

A closer look at Table 2 revealed that a higher 
concentration of Ar, (0.27 mg/L) from snail 
muscles was detected in site A, which was higher 
than the national acceptable limit in drinking 
water set at 0.010 mg/L, although the safe limit 
for mollusk as food is set at 1mg/kg. 
Nevertheless, this detection may call for some 
concerns due to the continued consumption of 
the snails by the locals because this trace metal, 
aside from being highly toxic and carcinogenic 
(Apostol et al. 2022), can biomagnify along with 
other toxic pollutants, that is, to increase in 
concentration in the living organisms successively 
at higher levels in the food chain (Hepp 2017). 

The study by Sanderson et al., (2017), reported 
that HMX and trace levels of RDX explosives 
compounds were found in the fiddler crabs from 
the live impact area (LIA) in the island of Vieques 
in Puerto Rico which also recorded higher levels 
of some metals such as arsenic. Moreover, the 
study by Dong et al. (2019) also published that 
arsenic-exposed human populations through 
drinking contaminated water had increased 
micronucleus formation from the buccal cells, 
lymphocytes, and urothelial cell samples. 
Moreover, Gbogbo et al. (2017) detected levels of 
arsenic in freshwater fish and shellfish from 0.2 
to 2.2 mg/L in Ghana rivers and recommended 
in their study that the maximum quantities of the 
organisms considered safe for consumption 
ranged from 375 to 5250 g per week. 

 
Table 2 Mean concentration of As, Cd, Cr, Pb, Hg (mg/L) detected in muscle tissues of V. angularis collected from the 

different sampling sites 

Sampling 
Sites 

Heavy Metals (mg/L) 
Arsenic (As) Mercury (Hg)  Cadmium (Cd)  Chromium (Cr)  Lead (Pb) 

Site A  0.27 ≤ 0.01* ≤ 0.025* ≤ 0.025*    0.350 
Site B  ≤ 0.025* ≤ 0.01* ≤ 0.025* 0.893 0.647 
Site C  ≤ 0.025* ≤ 0.01* ≤ 0.025* 0.92 0.507 
Site D  ≤ 0.025* ≤ 0.01* ≤ 0.025* ≤ 0.025* 0.54 

*Machine reporting limit 
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Micronucleation by age groups and 
increasing distance from ground zero 

Figure 1 shows the relative distance of the 
sampling sites from site A where the fiercest fight 
occurred. Looking at Figure 4, adult snails 
obviously displayed a decreasing trend of MN 
frequencies with increasing distance from site A 
but not among the juvenile samples. Comparing 
the MN counts between age groups, it is clearly 
seen that the exposed adults in site A marked 
significantly high MN frequencies compared to 
their   juvenile   counterparts   (Table 3).   These 

results implied that the genotoxic contaminants 
in these sites affected the adult snails more than 
the juvenile samples. It makes sense knowing that 
the average life expectancy of freshwater snails is 
3 to 5 years (https://foliargarden.com/ life-
expectancy-of-a-freshwater-snail/), and some of 
the adult samples must have already been at the 
site during the siege and thus were the most 
exposed to war pollutants at the highest 
magnitude which may have resulted in DNA 
damage as indicated by higher MN frequency 
compared to the juveniles. 

 
 

 
Figure 4 Profile plots of the estimated marginal means of MN frequencies in different sites and age groups showing a 

downward trend among adults from sites A, and B to D, except in site C which showed an unexpected increase 
 

 
Table 3  Pairwise comparison of MN frequencies between age groups at different sites by Mann-Whitney U 

Sites 
Comparison of MN frequencies between juvenile and adult 

Sig. level Remarks 

Site A 0.011 Significantly different (adult has higher count) 
Site B 0.853 Not significantly different 
Site C 0.023 Significantly different (adult has lower count) 
Site D 0.579 Not significantly different 
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On the other hand, in site C, which is 24.41 
km away from site A, a different MN pattern was 
observed wherein juveniles displayed higher MN 
counts than adults. These results were 
unexpectedly alarming and need further studies. 
This must be attributed to some genotoxic 
substances other than the munition residues due 
to war which particularly predisposed the young 
snails. One possible explanation is the nearby 
brassware industry which utilizes brass, a metal 
alloy primarily composed of Cu and Zn. Copper 
alloy with a higher amount of Cu is known to 
cause  ‘contact killing’, possibly via redox cycling 
and production of reactive oxygen species (ROS) 
groups that can cause lethal damage to cell 
membranes and oxidative damage to DNA 
(Grass et al. 2011 and Bille et al. 2013). DNA has 
a higher affinity to Cu2+ which may affect the 
integrity of DNA and the normal process of 
DNA replication and transcription 
(Govindarajua et al. 2013) and consequently 
micronucleus formation (Nikdehghan et al. 
2018)Substantial evidence has shown the possible 
genotoxicity of Cu and Zn in aquatic organisms. 
Moreover, looking back at Table 2, Cr was 
detected highest in site C although it was closely 
followed by site B. The study by El Safty et al. 
(2018) demonstrated that Cr- and Ni-exposed 
workers of the electroplating industry had 
increased MN signifying cytogenetic damage 
caused by these heavy metals.  

The observed MN frequencies in this study 
are comparable to the works of Silva et al. (2011) 
and de Vasconcelos Lima (2019) who tested the 
genotoxicity of gamma radiation and heavy 
metals and domestic sewage sludge, respectively 
against freshwater snails B. glabrata using the MN 
assay. The assay was also utilized by da Silva et al. 
(2013) when they tested tobacco leaves in the 
land snails Helix aspersa. Their results considered 
MN assays as a reliable parameter to measure 
genotoxic hazards in the environment using 
snails. Although the MN frequencies in the 
present study are baseline data to approximate 
genotoxicity in the munition-laden Lake Lanao 
using V. Angularis. Further studies must be 
conducted to verify the genotoxic chemicals in 
crucial sites. 

 

CONCLUSION 
 

Post-siege genotoxic hazard in Lake Lanao, 
LDS, Philippines brought by Marawi Siege in 
2017 was assessed through MN assay using V. 
angularis snails sampled from different sites in 
Lake Lanao and in the reference site Lake Dapao. 
Results demonstrated a higher MN frequency in 
snails sampled from munition-exposed sites in 
Lake Lanao lakeshores than in the reference site, 
Lake Dapao. Among the adult samples, there was 
a decreasing trend of MN frequencies with 
increasing distance from lake shore fronting 
ground zero at Marawi City where the siege was 
heaviest. A remarkable difference was also found 
in the MN frequency patterns between the age 
groups. In all sites, except site C, adults had 
higher MN frequencies than juveniles and the 
difference was significant in site A. Moreover, it 
is generally accepted that MN frequency increases 
with age, but unexpectedly, MN frequencies were 
significantly higher among the juvenile samples 
than adult samples in site C. The post-siege 
genotoxic hazards possibly posed by the war 
pollutants in Lake Lanao near ground zero 
cannot be overlooked. Local leaders must be 
informed of the results for possible interventions 
to protect the health and well-being of the 
populace around Marawi and Lake Lanao.  
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ABSTRACT 
 

 Forest biomass helps mitigate climate change impacts through the sequestration of atmospheric carbon 
dioxide and potentially storing it for long periods. Deforestation and unsustainable timber harvesting cause the 
reduction of forest biomass, resulting in the reduced carbon sequestration capacity and altered natural balance of 
forest ecosystems. We used Landsat 8 Operational Land Imager (OLI) to compare the aboveground forest biomass 
(AGB) changes between 2014 and 2020 for the four national forests that represent important forest cover zones 
in Bangladesh. We found no considerable change in AGB in the Sundarbans mangrove forest and the Ukhiya hill 
forest from 2014 to 2020. In contrast, the average AGB content in Nijhum Dwip mangrove forest decreased from 
44.36 Mg.h-1 in 2014 to 37.46 Mg.h-1 in 2020. The average AGB of the Madhupur deciduous forest also decreased 
from  110.01 Mg.h-1 in 2014 to 107.22 Mg.h-1 in 2020. The decreased biomass contents could be attributed to 
anthropogenic factors as indicated by the presence of human activities and this information will be helpful for 
forest restoration and management in Bangladesh. 

 
Keywords: change detection, forest biomass, GIS  

 
 
 

INTRODUCTION 
 

To achieve the International Panel of Climate 
Change (IPCC) 1.5oC goal, 730 billion tonnes of 
CO2 (730 Pg of CO2 or 199 Pg of C) must be 
removed from the atmosphere by 2100. 
Currently, forests absorb about 7.6 billion tons of 
CO2 per year (Harris and Gibbs 2021), and some 
projections indicate that they could sequester 
around 36.7 billion tons in 2100 (Masson-
Delmotte et al. 2022).  Global forests store about 
60% (~ 862 gigatons) of total terrestrial carbon 
and sequester close to 80% of all terrestrial 
aboveground and 40% below-ground organic 
carbon respectively. However, forest 
degradation, largely due to anthropogenic 
activities and climate change, results in CO2 
emissions of about 12 to 20% of global 
greenhouse gases (Pan et al. 2011). 

Bangladesh is one of the Asian countries with 
a high deforestation rate (~2,600 ha annually), 

largely due to human activities (Macdicken et al. 
2015). With climate change impacts affecting the 
weather conditions in Bangladesh, forest 
degradation has been exacerbated including the 
alteration of forest composition, structure, and 
biophysical processes (Littell et al. 2010). The 
combination of climate change and human 
actions is contributing to deforestation (Deb et al. 
2018).  

The forests of Bangladesh are categorized into 
four subcategories based on their geographic 
conditions: Swamp Forests, Mangrove Forests, 
Plain Land Sal Forests, and Hill Forests (Akhter 
et al. 2013). As per the Bangladesh Forest 
Department (BFD 2020), forests account for 
12.8% of the total land area and are classified into 
ten classes based on the terrain, climate, location, 
and management principles including Bamboo 
Forest, Rubber Plantation, Hill Forest, Mangrove 
Forest, Mangrove Plantation, Forest Plantation, 
Shrubs with scattered tree, Swamp Forest and 
Swamp Plantation. Bangladesh has 2.6 million 
hectares of forest cover, of which about 50% is *Corresponding author, email: tavolk@esf.edu 
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in rural settlements and holds 66% of the 
country's aboveground forest biomass. As a 
result, the designated forests only total 1.6 million 
hectares when excluding unclassified state forests 
and village forests (Table 1). According to BFD 
(2020) estimation, total carbon (C) stock on land 
is 1275.6 million Mg C, of which 80.5% is stored 
in soils (0–30 cm), 15.3% in above-ground 
biomass, 3.6% in below-ground biomass, 0.5% in 
dead wood biomass, and 0.1% in litter biomass. 
A total of 21.5% of the carbon stock in the entire 
country is stored in forests, with hill and 
mangrove forests contributing 9.7% and 5.2% of 
the total stock, respectively. 

Forest resource assessment and monitoring- 
such as the abovementioned estimates- is 
important for sustainable forest management, 
supporting the livelihoods of communities, 
maintenance of ecosystem services, and carbon 
sequestration (Angelsen 2009). However, at 
present there is no complete time-series study of 
forest biomass and carbon in Bangladesh and 
how these factors change over time, which is an 

essential first step in understanding both the 
current biomass and carbon stocks as well as 
monitoring future carbon sequestration or losses 
in different regions of the country. This 
shortcoming is attributed to limited resources to 
conduct a conventional forest inventory, which is 
time-consuming and expensive (Unni 1983).  

Recent forest inventory techniques employ 
digital technology, such as remote sensing and 
GIS, which can provide quality, quantity, and 
distribution data for assessment and monitoring. 
These techniques have been used in spatial 
decision support systems for forest land 
classification and planning, modelling, 
conservation, stand density, timber harvesting, 
(Köhl et al. 2006) and for identification of 
endangered plant species, faunal habitat zoning, 
detecting tree damage, mortality, insect 
infestation, and change (Mukul et al. 2014). These 
methods measure both qualitative (e.g., types) 
and quantitative (height, basal area, woody 
biomass, etc.) forest characteristics with ~75% 
accuracy (Ali et al. 2015).  

 
Table 1  Forest types and their characteristics in Bangladesh (BFD 2020; Khan and Millate-e-Mustafa 2001; Rahman 2021) 

Forest Type Description 

Hill Forests 

Hill forests of Bangladesh (0.67 million ha) are mostly mixed-evergreen forests situated in the 
southeast (Chittagong Hill Tracts) and northeast (Sylhet Hill Tracts) (Mukul et al. 2016). The 
dominant species include Dipterocarpus turbinatu, Swintonia floribunda, Lophopetalum fimbriatum, 
Duabunga sonnerationides, Salmalia insignis, Syzygium grande (Reza and Hasan 2019). 

Plain land Sal Forests 
Plain land Sal Forests, also known as Sal moist forest (0.12 million ha) is mainly located in 
central Bangladesh and dominated by Shorea robusta with Phyllanthus emblica, Terminalia chebula, 
T. Belerica, Careya arborea, etc. (Chowdhury and Koike 2010). 

Natural Mangrove 
Forests 

The Sundarbans mangrove forest (0.6 million ha) is the single largest productive natural 
mangrove forest in the world and is in the southern coastal regions. It contains dense evergreen 
species dominated by Heritiera fomes, Avicennia officinalis, A. Alba, Hibiscus tiliaceus, Excoecaria 
agallocha, etc. (Reza and Hasan 2019).  

Coastal Plantation 
Forests 

Afforestation along the long shoreline was started to maintain and safeguard coastal 
ecosystems which currently cover an area of 0.11 million hectares. Many different types of 
mangrove species are planted, including Sonneratia apetala, Avicennia officinalis, A. Marina, A. 
Alba, Amoora cucullata, Bruguiera sexangula, Excoecaria agallocha, Xylocarpus mekongensis, Heritiera 
fomes, Ceriops decandra, and Nypa fruticans (Chowdhury et al. 2020; Islam et al. 2021).  

Un-classified State 
Forests 

This is a 0.73 million hectares area in the Chittagong Hill Tract and is managed by district 
councils. Major species include Bambusa balcooa, B. Burmanica, Thyrsostachys oliveri, Melocanna 
baccifera, Hevea brasiliensis, etc.  

Swamp Forests and 
Swamp Plantation 

Covers 0.02 million hectares and is mostly found in the north-eastern region (Sylhet and 
Sunamganj district). Major species include Hijol or Indian oak (Barringtonia acutangular), Koroch 
(Pongamia pinnata), Pitali (Trewia nudiflora), and Borun (Crataeva magna) (Sohel et al. 2023).  

Privately Owned 
Village Forests and 
Forest Plantation 

Also known as homestead forests, span 0.27 million hectares and are dispersed throughout the 
county. 
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Bangladesh conducted its first national forest 
resource assessment in 2007 (Altrell et al. 2007), 
however, there is little information available on 
earlier data-collecting techniques and there are 
inconsistencies in methodology, and data-sharing 
arrangements (Costello et al. 2016). In response 
to the growing need for data on trees and forest 
resources, a second, more thorough 
institutionalized forest inventory was released in 
2020. It was based on remote sensing and 
included biophysical, land-use, and 
socioeconomic data (Henry et al. 2021). In 
Bangladesh, forestry information is still highly 
valued and is included in significant national 
plans, strategies, and policies due to the severe 
burden that energy and food production places 
on the country's forests (BFD 2020). As a result, 
inventories of forest resources are important for 
managing Bangladesh's endangered forests 
sustainably. 

This study’s objective is to estimate the change 
in forest aboveground biomass between 2014 and 
2020 in four forest zones (Mangrove Forest, Hill 
Forest, Sal Forest, and Coastal Plantation Forest) 
in five districts of Bangladesh (Table 2) using 
Landsat 8 imagery data. The main purpose is to 
understand the change in total tree biomass and 
generate maps showing changes in aboveground 
biomass. 

 
 

MATERIALS AND METHODS 
 

Study Location 

This study focused on four designated forests 
in Bangladesh that provide socioeconomic and 
ecological benefits but are also deteriorating and 
losing forest cover because of human pressures 
and natural disasters (Figure 1).  

The Sundarbans Mangrove Forest covers 
927,700 hectares and is the biggest continuous 
stretch of mangroves in Bangladesh. They are 
highly productive, have a rich floral and faunal 
diversity, and have a significant impact on the 
national and regional economies and climate 
(Mahmood et al. 2021). A million people rely on 
the Sundarbans for their livelihoods, and the area 
offers numerous direct benefits like fuelwood 
collection, fishing, and protection from tropical 
cyclones and tidal surges for their lives and 
property (Aziz and Paul 2015). It also manages 

coastal and riverbank erosion, aids in the 
sequestration and storage of carbon, and 
supports soil nutrient cycling (Hale et al. 2019; 
2015). Bangladesh has over 60% of the 
Sundarbans, which make up 4.13% of the 
country's total landmass and 38.12% of its total 
forest area (BFD 2017). However, the 
Sundarbans are under threat from both natural 
and man-made sources, including erosion, 
tropical cyclones, salinity intrusion, and sea level 
rise, as well as from human settlement, 
overfishing, industrial development, pollution, 
and tourism (Giri et al. 2011; Uddin et al. 2019). 
Consequently, from the 1990s to the 2000s, there 
was a net loss of 1.1% (10000 ha) of Bangladesh's 
Sundarbans; hence, it is critical to continuously 
monitor the Sundarbans' forest cover to maintain 
this global heritage (Giri et al. 2015). 

Madhupur Sal Forest is a Plainland Sal 
Forest, one of the most abundant and 
ecologically appealing forest types (Islam et al. 
2023) but it has been severely damaged by 
agriculture and other human activities (Rahman et 
al. 2009). Around 7,079.4 hectares of Sal Forest 
were destroyed between 1972 and 2013 as a result 
of the quick destruction and severe disruptions 
caused by both local and indigenous inhabitants 
(Al Faruq et al. 2016). The Madhupur Sal Forest 
is surrounded by densely populated areas, which 
puts pressure on the forest's resources and 
accelerates their degradation (Rahman et al. 2009). 
The main causes of forest degradation are 
encroachment, illegal tree merchants, shifting 
cultivation, ethnic people's energy and wood 
consumption, and the introduction of exotic 
species (Yasmin et al. 2010). 

The Ukhiya Hill Forest, Whykhing, and 
Teknaf forest ranges make up Cox's Bazar Forest 
Lands, which enclose 21,848 hectares of the 
Chittagong Hill Forest (Nur et al. 2016). Tropical 
evergreen and semi-evergreen vegetation, which 
makes up this forest, is very important for the 
variety of flora and fauna and for sustaining the 
livelihood of the local population. However, the 
majority of Bangladesh's deforestation took place 
in this forest area because of population 
settlement, shifting agriculture, and illicit logging 
(Reddy et al. 2016; Salam et al. 1999). Since 1991, 
over 931,447 Rohingya refugees have migrated to 
Bangladesh (UNHCR 2023); the bulk of them are 
now living in camps built by indiscriminately 
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removing 1,747.45 ha of natural vegetation and 
leveling hills in the upazilas of Teknaf and Ukhiya 
in the Cox's Bazar district (Hossain and Haider 
2020; Sarkar et al. 2023). As a result, it caused 
changes to the environment, including topsoil 
loss that resulted in unproductive land, erosion, a 
potential risk of landslides, and a threat to the 
biodiversity of the local and regional areas 
(Mahmood et al. 2021). Hasan et al. (2021) showed 
that in 2016, Ukhia's forest area had fallen by 
82% because of severe deforestation. Therefore, 
effective change detection and analysis through 
appropriate monitoring are essential for the 
conversion of this protected area and sustainable 
management (Akhtar et al. 2022; Hossain and 
Moniruzzaman 2021). 

The Nijhum Dwip Forest is a Coastal 
Plantation Forest that is a distinctive mangrove 
ecosystem and unique wildlife habitat for the 
native spotted deer population (Axis axis), and a 
wintering site for a significant number of 
migratory water birds, including several 
endangered species (Nishorgo Network 2018). 
Natural disasters like cyclones and tidal erosion, 
as well as human activities like unlawful 
harvesting and turning forest areas into 
agricultural land, have caused a loss of over 42% 
of forest area from 1990 to 2020 (Islam et al. 
2021). To preserve and sustainably manage this 
protected area, the Government of Bangladesh 
(GoB) designated 16,350 hectares of Nijhum 
Dwip as a national protected area in 2001 
(Hossain et al. 2016). 

 
Table 2  Study area and forest types included in this forest biomass assessment. 

BFD Class 
(BFD 2020) Study area Study locations Area covered 

(ha) 

Hill Forests Ukhiya Hill Forests District: Cox’s Bazar 
Upazila: Ukhia(21º16'59.88" N and 92º05'60.00" E) 26,180 

Coastal 
Plantation 

Forests 
Nijhum Dwip District: Noakhali 

Upazila: Hatiya(22º 05' 35" N and 91º 00'13.7" E) 16,352 

Plain land Sal 
Forests 

Madhupur Sal 
Forest 

Distract: Tangail 
Upazila: Madhupur(24º37'0.12" N and 90º01'30.00"E) 36,692 

Natural 
Mangrove 

Forests 

Sundarbans 
Mangrove Forest 

District: Khulna 
Upazila: Dacope  
Administrative Range: Khulna Range(22º46'45" N and 
89°43'49"E)  

74,672 

District: Khulna 
Upazila: Koyra  
Administrative Range: Nalian Range(22°4'26.6" N and  
89°24'2.6" E)  

61,450 

District: Bagerhat 
Upazila: Sarankhola  
Range:(22°2'56.4" N and 89°48'10.2" E) and  
Management Range: Sarankhola Range  
Mongla(22°4'7.7" N and  89°39'17.9" E) Chandpai 
Range  

132,495 

District: Bagerhat 
Upazila: Mongla  
Administrative Range: Chandpai Range(22°4'7.7" N and  
89°39'17.9" E)  

130,995 
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Figure 1 The country-level map shows the locations of study areas, with expanded maps for each of the regions where 

changes in forest biomass were assessed 
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Aboveground Biomass (ABG) Data 
Acquisition and Estimation 

This study used multi-spectral Landsat-8 
satellite images, with a 30 x 30 m resolution, for 
the years 2014 and 2020 acquired from the USGS 
open-source satellite database 
(https://earthexplorer.usgs.gov/) (Table 3). The 
images were processed and analyzed in ArcGIS 
10.2.1. 

This study followed the procedure used by 
Tripathi et al. (2010) for calculating carbon 
sequestration (Figure 2). The Normalized 
Difference Vegetation Index (NDVI) (Eq. 1) was 
calculated from satellite data (Tucker 1979) and 
used to calculate the fraction of 
photosynthetically active radiation (FPAR) (Hu et 
al. 2017; Sims et al. 2006) (Eq. 2), 
photosynthetically active radiation (PAR) (Sellers 
et al. 1995) (Eq. 3), and absorbed 
photosynthetically active radiation (APAR) (Eq. 
4) (Field et al. 1995). 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (𝑁𝑁𝑁𝑁𝑁𝑁−𝑁𝑁𝑅𝑅𝑅𝑅)
(𝑁𝑁𝑁𝑁𝑁𝑁+𝑁𝑁𝑅𝑅𝑅𝑅)

 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝑁𝑁
𝐴𝐴𝐴𝐴𝑁𝑁

  (1) 

Again, 

FPAR = (1.24×NDVI) – 0.168   (2) 

PAR is restricted to just a portion of sunlight's 
spectrum from 400 to 700 nanometers (nm). 
PAR is estimated from sunrise to sunset and is 
given by the formula: 

𝑃𝑃𝑃𝑃𝑃𝑃 =  𝐺𝐺𝐺𝐺𝑁𝑁
365

 𝑊𝑊𝑊𝑊−1 (3) 

Where, GHI is the Global Horizontal 
Irradiance (Rn), retrieved from the World Bank 
solar irradiance project (Suri et al. 2020).  

APAR is the available energy in vegetation for 
photosynthesis that is calculated each month and 
the product of PAR surface irradiance and the 
fraction of photo-synthetically active radiation 
(FPAR).   

APAR = FPAR × PAR (4)  

According to Field (1995), biomass is the 
function of APAR  and light use efficiency 
(LUE). In practice, it is impacted by 
environmental variables like temperature and 
vapor pressure deficit (VPD), which can be 
derived from meteorological factors (Eq. 5). 

ε or LUE = ε°× T1 × T2 × W (g/MJ)  (5) 

Where T1 and T2 represent the effect of high 
and low temperatures on LUE i.e., relate to plant 
growth regulation (acclimation) by temperature; 
W represents the effect of moisture on LUE; and 
ε° represents the maximum light utilization rate 
under ideal conditions which is globally uniform 
maximum 2.5 g/MJ. The T1 denotes the 
depressant effect on the Net Primary Product 
(NPP) of high and low temperatures restricting 
the process of photosynthesis. 

 
Table 3  Landsat 8 data source and resolution used to estimate aboveground biomass in four forest types in Bangladesh  

Forest Type Satellite Data Spatial 
Resolution (m)  Acquisition Date 

 

Hill Forest Landsat-8 OLI/TIRS C2 
Level 2 30×30 

02.03.2014 
& 

02.13.2020 
(Path: 136, Row: 45) 

 

Nijhum Dwip 
Forest 

Landsat-8 OLI/TIRS C2 
Level 2 30×30 

02.03.2014 
& 

02.04.2020 
(Path: 136, Row: 45) 

 

Madhupur Sal 
Forest 

Landsat-8 OLI/TIRS C2 
Level 2 30×30 

01.25.2014 
& 

02.11.2020 
(Path: 137, Row: 43) 

 

Sundarbans 
Reserve Forest 

Landsat-8 OLI/TIRS C2 
Level 2 30×30 

01.14.2014 
& 

02.13.2020 
(Path: 137, Row: 45) 

 

 

https://earthexplorer.usgs.gov/
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The plant acclimation by temperature (i.e., T1 

and T2) and effect of moisture on LUE i.e., W 
which is the function of the ratio of Estimated 
Evapotranspiration (EET) and Potential 
Evapotranspiration (PET) were estimated by 
following (Eq. 6), (Eq. 7) and (Eq. 8) (Field et al. 
1995; Potter et al. 1993).  

𝑇𝑇2 = 𝐶𝐶 � 1
1+𝑒𝑒𝑒𝑒𝑒𝑒(0.2 × 𝑇𝑇𝑂𝑂𝑂𝑂𝑇𝑇−10−𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚)�  ×

 � 1
1+𝑒𝑒𝑒𝑒𝑒𝑒(−0.3 × 𝑇𝑇𝑂𝑂𝑂𝑂𝑇𝑇−10+𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚)�    (6) 

Where: 
Topt = Mean temperature during the month of 

maximum NDVI in 2014 and 2020. Islam 
and Mamun (2015) found October has 
the maximum NDVI for Bangladesh and 
the mean temperature of this month was 
26.4 0C in 2014 and 31.2 0C in 2020 (BMD 
2020).  

Tmon = Mean monthly air temperature in 2014 
and 2020. Based on satellite image 
acquisition, our study used average mean 
air temperature for January and February 
as 19.41 0C for 2014 and 22.12 0C for 2020 
(BMD 2020).  

C = constant = 1.185 

And,  
T1 = 0.8 + 0.02 × Topt - 0.0005 × (Topt)2 (7)  

𝑊𝑊 = 0.5 + 𝑅𝑅𝑅𝑅𝐸𝐸
𝐴𝐴𝑅𝑅𝐸𝐸

  (8) 

PET is the function of temperature and 
latitude while EET is the function of 
precipitation (P) and net solar irradiance (Rn), 
which is being converted to the equivalent 
evaporation through specific heat of water Field 
et al. (1995). When EET exceeds PET, NPP is no 
longer restricted by water. This study used a 
coefficient value of 0.85 for water scaler (W) 
from a study in Bangladesh (Islam and Alam 
2021). Therefore, the amount of biomass was 
estimated from the ratio amount of APAR and 
PAR (or NDVI) multiplied by LUE that helps 
plant biomass increment (Eq. 9). 
Biomass = APAR × LUE (g/m2) (9) 

The amount of biomass content per m2 was 
estimated based on the number of pixels of 
clusters of Landsat-8 OLI/TIRS C2 Level 2, 30 
m sensor multiplied by the squared resolution of 
the image. The estimated biomass was converted 
to megagrams per hectare (Mg.ha-1), divided into 
four groups, and then mapped using the "natural 
break" method. 

 
 

 
Figure 2  Simplified workflow of satellite-based aboveground forest biomass estimation 
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RESULTS AND DISCUSSION 
 

The average AGB content per hectare in 
Sundarbans Reserve Forest slightly increased 
from 89.73 Mg.ha-1 in 2014 to 90.76 Mg.ha-1 in 
2020 (Table 4), but the changes varied across the 
forest. The maximum AGB content increased 
(4%) at Sharankhola Range from 98.13 Mg.ha-1 to 
102.36 Mg.ha-1 and decreased (2%) at Chandpai 
Range from 81.76 Mg.ha-1 in 2014 to 80.0 Mg.ha-

1 in 2020 respectively (Figure 3a and Figure 3b). 
According to Global Forest Watch (GFW 2022), 
Bagerhat and Khulna lost 0.05% of tree cover 
during 2000-2021 which resulted in 64.9 MT CO2 

and 13.9 MT CO2 emissions respectively. 
Sundarbans Reserve Forest is under pressure due 
to the high dependency of local poor 
communities on its natural resources for their 
survival and livelihoods and the current 
unsustainable management practices (Mahmood 
et al. 2021). One step to address this was 
conducted by the Forest Department and other 
partners by planting around 290,000 ha of coastal 
mangrove forests by involving local stakeholders 
via a co-management method (SER 2022). 

In contrast, the Madhupur Sal Forest in 
Tangail district lost around 14,000 ha (9.1%) of 
tree cover from 2001 to 2021 which released 555 
MT of CO2 emissions to the atmosphere (GFW 
2022). The average AGB content per hectare in 
Madhupur Sal Forest has decreased from 110.01 
Mg.ha-1 in 2014 to 107.22 Mg.ha-1 in 2020 
respectively but changes also varied across this 
area. The maximum AGB content increased 
(16%) at Golabari from 118.54 Mg.ha-1 to 137.66 
Mg.ha-1 and decreased at Mirzabari union (14%) 
from 111.24 Mg.ha-1 in 2014 to 95.35 Mg.ha-1 in 
2020 respectively (Figure 4a and Figure 4b). 
Illegal felling and settlement, grazing, 
encroachment, industrial and agricultural 
expansions, agroforestry (banana, pineapple, 
garlic, zinger, etc.), and firing range practice by 
the military are found as the underlying causes of 

deforestation in Madhupur Sal Forest (Mollick et 
al. 2018; Rahman et al. 2009). Cox’s Bazar lost 
around 9,600 ha (22%) of its forest cover during 
the last two decades (2000-2021) resulting in 4.6 
MT CO2 emissions (GFW 2022).  

Similar to the Madhupur Sal Forest, the 
average per hectare AGB content in the Ukhia 
hill forest also decreased. The maximum AGB 
content in Jalia Palong union increased 
approximately doubled from 4.08 Mg.ha-1 to 8.17 
Mg.ha-1 but the biomass density numbers remain 
low in this area. The biomass in the rest of this 
region remained the same or increased slightly 
from 2014 to 2020 (Figure 5a and Figure 5b). 
Ullah et al. (2022) identified overpopulation, 
agricultural and industrial extensions, poverty, 
unemployment, and illegal logging as the 
proximate drivers of deforestation in the Teknaf 
area. Activities contributing to these changes 
include excessive timber and fuelwood 
extraction, infrastructure extension, agricultural 
expansion, encroachment, and betel leaf 
cultivation (Rashid 2017). Meanwhile, the influx 
of Rohingya refugees from Myanmar since 2017 
resulted in the loss of 3,238 ha. This influx 
induced deforestation in Ukhiya, The Forest 
Department (FD) and non-governmental 
organizations restored 2,600 ha area along with 
600 ha replanted by Rohingya people by 2018 
(Khan 2022). Even though afforestation 
programs are being initiated to restore these 
areas, coastal forests are still threatened by land 
erosion, illegal harvesting of plant resources, 
tropical natural calamities as well, and 
conversion of forest land into agricultural land 
(Chowdhury et al. 2020; Islam et al. 2021). 
Noakhali lost 322 ha of tree cover from 2000 to 
2021 which led to emissions of 52.5 MT CO2 in 
the atmosphere (GFW 2022). Nijhum Dwip 
Forest also lost average AGB per hectare (16%) 
from 44.36 Mg.ha-1 in 2014 to 37.46 Mg.ha-1 in 
2020 (Figure 6a and Figure 6b). 
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Table 4 Aboveground biomass content in 2014 and 2020 in four different forest types (in parentheses below forest name) 
and the associated areas of the forest of Bangladesh 

Forest type and union names 2014 (Mg.ha-1) 2020 (Mg.ha-1) 
Sundarban Mangrove Forest 
   (Natural Mangrove) 
Khulna Range 84.37 84.90 
Sharankhola Range 98.12 102.36 
Nalian Range 94.64 95.78 
Chandpai Range 81.76 80.00 
Average 89.73 90.76 
Madhupur Sal Forest 
   (Plain Land Sal Forest) 
Alokdia 99.87 99.87 
Solakuri 108.58 102.75 
Ausnara 108.88 100.29 
Golabari 118.54 137.66 
Mirzabari 111.24 95.35 
Madhupur Paurashava 114.46 114.46 
Arankhola 108.53 100.18 
Average 110.01 107.22 
Ukhia Hill Forest 
(Hill Forest) 
Jalia Palong 4.08 8.17 
Palong Khali 3.03 3.25 
Raja Palong 10.42 10.93 
Ratna Palong 11.13 11.13 
Haldia Palong 10.77 10.77 
Average 7.89 8.85 
Nijhum Dwip Forest 
(Mangrove Plantation) 44.36 37.46 
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Figure 3 Spatial distribution of biomass (Mg.ha-1) in the Sundarbans Mangrove Forest (a) 2014 (b) 2020. Each pixel 

represents a 30 x 30 m area 
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Figure 4  Spatial distribution of biomass (Mg.ha-1) in Madhapur Sal Forest (a) 2014 (b) 2020 
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Figure 5  Spatial distribution of biomass (Mg.ha-1) in Ukhia Hill Forest (a) 2014 (b) 2020 
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Figure 6  Spatial distribution of biomass (Mg.ha-1) in Nijhum Dwip Forest (a) 2014 (b) 2020 

 
In the four forests assessed in this study, the 

estimated average AGB in 2014 was about 63 
Mg.ha-1 (minimum 3.03 Mg.ha-1 to maximum 
118.54 Mg.ha-1) and it dropped to 61 Mg.ha-1 

(minimum 3.25 Mg.ha-1  to maximum 137.7 
Mg.ha-1) in 2020. The average minimum AGB 
stock was observed in the hill forest with 
estimated values of 7.89 Mg.ha-1  and 8.85 Mg.ha-1  

while the average maximum stock reported was 
110.01 Mg.ha-1 and 107.22 Mg.ha-1  during both 
years of estimation.  

The average AGB stock in the forests of 
Bangladesh was 63 Mg.ha-1 in 2014 and 61 Mg.ha-1 

in 2020, which are lower than other reported 
values of 145.47 Mg.ha-1 (BFD 2020), 159.5 to 
360 Mg ha-1 (Rahman et al. 2015), 49 to 121 Mg.ha-1 

(Alamgir and Turton 2013), 158 Mg.ha-1 (Brown 
et al. 2001),  93 Mg.ha-1 (Eggleston et al. 2006), 92 
Mg.ha-1 (Brown 1997), 137 Mg.h-1 (DeFries et al. 
2002), and 175.5 Mg.ha-1 (Mukul et al. 2014). 
However, the estimation is very close to a 
satellite-based study conducted by Saatchi et al. 
(2011), which reported a value was 70.5 Mg.ha-1. 
Other inventory or harvest data-based studies 
observed similar values like Gibbs et al. (2007) 
reported 65 Mg ha-1,  55 Mg.ha-1 by FAO (2010), 
and 62 Mg.ha-1 by Rahman (2021) (Table 5). In 
addition to differences in methods used for these 
assessments, this study only examined four 
representative forests in Bangladesh so does not 
capture the forest biomass across all the forested 
land in the country.  
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Table 5  Biomass estimations and methods for Bangladesh from different studies 

Study Study type Biomass stock (Mg.ha-1) 
Present study Satellite (2014 image) 63 
Present study Satellite (2020 image) 61 
BFD (2020) Inventory 145.47 
Rahman et al. (2015) Inventory 159.5–360 
FAO (2010) Inventory 55 
Alamgir and Turton (2013) Inventory 49-121 
Saatchi et al. (2011) Satellite  70.5 
Brown et al. (2001) Harvest data  158 
Rahman (2021) Inventory 62 
Gibbs et al. (2007) Harvest data  65 
Eggleston et al. (2006) Harvest data  93 
Brown (1997) Inventory 92 
DeFries et al. (2002) Harvest data  137 
Mukul et al. (2014) Literature based modeling 175.5 

 
This study found a low amount of biomass 

stock in the hill forests of Bangladesh compared 
with 115.6 Mg.ha-1 and 103.4 Mg.ha-1 reported 
values by Ullah and Al-Amin (2012) and Mukul et 
al. (2016). A huge variation in AGB stock in 
Madhupur Sal Forest compared with 153.9 
Mg.ha-1 and 34.5 Mg.ha-1 was estimated by Kibria 
and Saha (2011) and Mukul et al. (2014). 
However, the AGB stock for Sundarbans 
Mangrove Forest reported values by Mukul et al. 
(2014) and Rahman (2021) as 88.2 Mg.ha-1 and 
98.9 Mg.ha-1 which are very close to the present 
study. Similarly, the estimated biomass value of 
Nijhum Dwip Forest is also very close to the 19.6 
Mg.ha-1 reported value by Mukul et al. (2014) 
(Table 6). The variations might be due to 
differences in methods, areas studied like north-
eastern versus south-eastern hill forest areas, as 
well as month and year of satellite data 
acquisition. For example, NDVI concentration 

remains similar in a season (Tripathi et al. 2010) 
but changes between months with the lowest 
values in February and the highest in October 
(Islam and Mamun 2015). This study used 
satellite images for January and February i.e., the 
winter season, which might contribute to the 
lower estimation. Moreover, higher spatial 
resolution, such as that used in this study (30 m 
× 30 m), has limitations, such as the potential 
inability to estimate finer changes over time, the 
incapability to estimate biomass under dense 
canopies (Lu et al. 2012), variation in estimation 
due to sensor angles in challenging terrain with 
steep slopes, and the potential to be affected by 
moisture content variation of the surrounding 
atmosphere. The accuracy of these results can be 
increased in future studies by adding other data 
sources, such as extended band SAR, LiDAR, 
high spatial resolution, and auxiliary data for 
AGB estimates (Li et al. 2020). 

 
Table 6  Aboveground biomass in different forest types of Bangladesh 

Study Hill Forest 
(Mg.ha-1) 

Sundarbans 
Mangrove Forest 

(Mg.ha-1) 

Madhupur Sal 
Forest (Mg.ha-1) 

Nijhum 
Dwip Forest 

(Mg.ha-1) 
Mukul et al. (2014 a) 49. 5 88.2 34.5 19. 6 
Mukul et al. (2014 b) 103.4 - - - 
Ullah and Al-Amin (2012) 115.6 - - - 
Alamgir and Al-Amin (2007) 73.6 - - - 
Shin et al. (2007) 92.0 - - - 
Rahman et al. (2015) - 98.9 - - 
Donato et al. (2011) - 126.7 - - 
Kibria and Saha (2011) - - 153.9 - 
BFD (2020) 24.03 49.28 31.36 21.79 
Present study, 2020 8.85 90.76 107.22 37.46 
Present study, 2014 7.89 89.73 110.01 44.36 
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CONCLUSION 
This satellite-based study found considerable 

variation in the aboveground biomass among the 
four different forest types of Bangladesh. It 
showed that average AGB stock increased in 
Sundarbans Reserve Forrest and Ukhiya Hill 
Forest while decreasing in Nijhum Dwip Forest 
and Madhupur Sal Forest. Bangladesh has set a 
target to stop forest losses and increase forest 
cover from 22.37% to 24%, reforest 150,000 ha 
of coastal areas, and restore 137,800 ha of 
destroyed and 200,000 ha of degraded hill and Sal 
Forest by 2030 (MoEFCC 2021). This study 
helps to identify areas under human pressure and 
could be used to identify priority areas for action.  

This study had a lower estimate of AGB than 
some other studies (e.g., 159.5 to 360 Mg.ha-1 by 
Rahman et al. (2015)). These studies’ estimates 
were very close to studies with similar inventory 
or harvest data-based methods (e.g., Saatchi et al. 
(2011)) but there was wide variation with other 
methods. Better agreement between methods 
and an improvement in data quality can be 
enhanced by the replication of the study and 
including ground truthing in the study areas, 
especially for the dominant species like Nypa 
fruticans for Sundarbans Reserve and Nijhum 
Dwip Forest or Shorea robusta for Madhupr Sal 
Forest. Bangladesh needs an accurate national 
level assessment of forests using both satellite 
and inventory based methods that can be used to 
improve forest management and aforestation 
planning to achieve nationally determined 
contribution (NDC) goals by 2030. 

Our research will be useful in determining 
how the AGB biomass of forests under human 
pressure has changed over time. The results may 
be used to compare the change, which will help 
to determine the root reasons for the AGB 
change. Identifying these areas and the associated 
causes of the change can guide the organizations 
and agencies who are involved in protecting and 
managing these areas to develop targeted plans to 
reduce forest loss in the future. 
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ABSTRACT 
 

Punggualas is a logged-over forest in Sebangau National Park (SNP), serving as a primary stronghold for 
orangutan (Pongo pygmaeus ssp. wurmbii) population. Therefore, this study aimed to evaluate orangutan range patterns 
and distribution within Punggualas forest. The ranging data were collected inside the area of interest (AOI) from 
February 2015 to December 2019 (P1) and March 2020 to May 2022 (P2). The minimum convex polygon (MCP) 
area and Kernel Utilization Distribution (KernelUD) of orangutan were estimated using the adehabitatHR package 
in RStudio 4.2.3, with the Kernel Density (KD) tool in ArcGIS 10.5 used for visualization. The results showed that 
the largest range size, measuring 259.6 Ha, was observed in the mother-infant pairs throughout the investigation, 
surpassing the flanged male home range (HR) size of 250 Ha per year reported at the Natural Peat Laboratory, 
CIMTROP-UPR. The range pattern also varied significantly between the two study periods. During P1, the 
distribution area was positioned in the northern part of the AOI, shifting to the southeastern during. This indicated 
that P. p. wurmbii range pattern in Punggualas moved to the southeastern part of the grid trails, as shown by MCP 
and KernelUD. The probability of orangutans using random points across the study area, specifically for food, was 
adequate from the total basal area (m2ha-1) and tree species composition. The compression effect became evident 
as a potential determining factor contributing to rapid changes in range patterns during the study periods.  

 
Keywords: epidemiology triad, kernel density estimation, minimum convex polygon, punggualas, sebangau 

national park 
 
 
 

INTRODUCTION 
 

The Bornean orangutan (Pongo pygmaeus) is 
comprised of three sub-species, namely P. p. 
pygmaeus (West Kalimantan and Sarawak, 
Malaysia), P. p. wurmbii (West Kalimantan and 
Central Kalimantan) and P. p. morio (East 
Kalimantan, extending north to include Sabah, 
Malaysia) (Ancrenaz et al. 2016). However, the 
conservation status of this charismatic wildlife on 
the IUCN Red List has reached the critically 
endangered (CR) level, indicating a severe and 

continuous population decline over the past 45 
years. The contributing factor to this decline is 
habitat loss, which leads to habitat fragmentation 
and increases the number of poachers and killings 
of orangutan (Santika et al. 2017b; M. Voigt et al. 
2018; Wich et al. 2012) and forest fires (Erb, 
Barrow, Hofner, Utami-Atmoko & Vogel 2018). 

During the 1970 to 2000 period, Sebangau 
forest experienced logging concessions, with an 
influx of illegal activities in various forest areas, 
particularly in the Katingan Catchments, 
including Punggualas, until early 2005 when the 
government intervened with law enforcement 
actions. Both authorized logging concessions and *Corresponding author, email: apanda@mipa.upr.ac.id 
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illegal logging activities have resulted in 
orangutan habitat loss and fragmentation in the 
Sebangau peat forest ecosystem. These past 
activities are evident in the form of semi-
permanent railways and canal networks used to 
transport logs out of the forest, which are still 
visible in the areas or through high-resolution 
satellite imagery. During the logging concessions, 
the railways were used to access the targeted 
timber, making frequent return visits to log 
secondary species. However, canal is currently 
being used for alternative purposes such as 
granting access to non-timber forest products 
including jelutong tap, medicinal plants, or 
fishing harvesting in the interior forests. These 
developments have created the orangutan-human 
interface in Sebangau National Park (SNP). 

Orangutan has the ability to adapt to human-
dominated landscapes (Rayadin & Spehar 2015). 
However, these conditions are ideal for 
pathogenic organisms such as parasites, bacterial, 
and virus transmission, posing a threat to 
orangutan and human (Herrera, Chakraborty, 
Rushmore, Altizer & Nunn 2019; Nurcahyo, 
Konstanzová & Foitová 2017; Philippa & Dench 
2019; Rondón et al. 2017). Several studies stated 
that the source of pathogenic transmission was 
from tourists, researchers, the local community 
(Woodford et al. 2003), and orangutan release, 
including translocation (Kilbourn et al. 2003; Mul 
et al. 2007). Furthermore, anthropogenic activities 
are increasingly implicated as drivers of 
pathogenic potential (Allen et al. 2017; Bengis et 
al. 2004; Daszak, Cunningham & Hyatt 2000; 
Han, Kramer & Drake 2016; Jones et al. 2008). 
The hypothesis of Maria Voigt et al. (2018) 
suggested that the absence of an explanation for 
reported orangutan deaths in their natural habitat, 
made it necessary to consider the existence and 
spread of deadly infectious diseases, as 
discovered in the group of apes in Africa. This 
leads to the consideration of the factors that 
determine the transmission of pathogenic agents 
such as parasites, bacteria, and viruses in wild 
orangutan. 

Bordes, Morand, Kelt and Van Vuren (2009) 
reported that the important determinants of 
parasite transmission were host mobility and 
home range size. Mammals, such as orangutan, 
are host to a wide array of gastrointestinal 

parasites, often acquired through contact with 
infectious stages present in soil, feces, or 
vegetation, suggesting the influence of range 
behavior on their spread (Nunn, Thrall, 
Leendertz & Boesch 2011). The details on how 
range use behavior might influence the spread of 
fecally transmitted parasites are also described, 
specifically the term of ‘‘territoriality benefits’’ 
and the “fecal exposure” hypothesis. 
Furthermore, several field parasitologists have 
identified the important roles of home range in 
parasite dynamics (Foitová, Huffman & Wisnu 
2009; Labes et al. 2010). 

In this study, Burt home range definition as 
“that area traversed by the individual in its normal 
activities of food gathering, mating and caring for 
young” was used to prevent any misinterpretation 
(Burt 1943). These activities depend on the life 
stage, sex, and habitat of animals. Home range 
estimated by studies that are not very intensive, 
short, or restricted to a small area is considered 
to represent core areas (Singleton & Carel P. van 
Schaik 2001). This indicates that the core area of 
home range is the most frequently used by an 
animal. 

A previous study showed that orangutans had 
fixed home range, spanning from 100 to 900 ha 
for females and up to 2,500 ha for adult males 
(Singleton, Knott, Morrogh-bernard, Wich & 
Schaik 2009). The peat swamp forests of Suaq 
Balimbing, Aceh, Sumatra, and Tanjung Puting 
National Park, Central Kalimantan, have the 
highest recorded home range. For example, a 
single female orangutan may require at least 1500 
ha for self-support and their offspring, while 
males need more than 4000 ha. These ranges 
include a variety of habitats, offering unique 
benefits due to different fruiting patterns (Cattau, 
Husson, & Cheyne, 2015; Saputra, Perwitasari-
Farajallah, Suci Utami-Atmoko, Ariyanto, & van 
Noordwijk, 2017). Several investigations have 
identified that the male range is significantly 
greater compared to females due to the food 
availability. Despite the increase in deforestation, 
the orangutan population has shown the opposite 
trend (Santika et al. 2017a; Maria Voigt et al. 2021, 
2018; Wich et al. 2012). 

The investigation into orangutan daily range 
size and pattern in Punggualas has been initiated 
by Rukmawardani & Imron (2021). The results 
study suggested understanding pattern and range 
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size positively benefit future forest rehabilitation. 
However, there is no information regarding the 
potential overlap between the vast area of 
orangutan and the subsistence activities of 
communities surrounding Punggualas. 
Therefore, this study aimed to estimate orangutan 
range size, pattern, and the determining factors 
influencing the range pattern shift in Punggualas 
forest, particularly in relation to food availability. 

 
 

MATERIALS AND METHODS 
 

Study locations  

This study was conducted in Punggualas, a 
logged-over forest, covering approximately 1.320 
Ha, located in the western part of SNP, as 
presented in Figure 1. This location is an active 
site for orangutan studies since 2010 and is 
allocated as a focal point of eco-tourism 
development for orangutans. From January to 
December 2018, tourist visit data to Punggualas 
reached a total of 260 visitors (Kartini, PEH TN 
Sebangau: Pers. Comm.). 

Range Observations 

Range data within the area of interest (AOI) 
was collected from Feb 2015 – Dec 2019 (P1) and 
Aug 2020 – May 2022 (P2). Due to the COVID-
19 pandemic lockdown, the observations in 2020 
were only conducted from August to September 
and continued from May to December 2021. A 
standardized method was used for orangutan 
studies, indicating the orangutans follow protocol 
(H. Morrogh-Bernard, Husson & McLardy 
2002).  

Behavioral data were collected during nest-to-
nest focal animal follows, using two-minute 
instantaneous sampling to record activity and 
feeding. All observed behavior was recorded in 2-
minute intervals and completed as the focal built 
night nest by a team of 2-3 personnel. 
Observations were terminated when individuals 
moved beyond the boundaries of the observation 
grid. Subsequently, names were assigned to 
individuals when consecutive days extended 
beyond four days, with their sex-age class as 
presented in the datasheets.

 
 

 
 

Figure 1  Map of the study area in SNP:(A) Borneo Island; (B) SNP; and (C) Orangutan observation grid in Punggualas 
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Range data were collected using a handheld 
GPS unit (Garmin GPS78) to record the location 
of the focal at 30-minute intervals. Regarding 
range size, the focus was extensively on nest-to-
nest follows, without specifying additional criteria 
such as a minimum of 1000 hours followed for 
estimations. Subsequently, orangutan position 
points data were extracted, analyzed, and nest-to-
nest observation of 21 orangutan were 
completed, as representative of three sex classes, 
consisting of two adolescent females (FA), five 
flanged-male (FM), and 13 mother-infant (MI), 
respectively. Table 1 describes individual 
estimated age, Home Range (HR) in (Ha), total 
hours followed, and habituation status. 

 
Forest Block Sampling 

A rapid assessment of the habitat structure 
was made to determine the comparativeness 
between the North and South Forest block, 
based on range results. The point quarter 
centered quadrat (PCQ) method was used to 
calculate basal tree area and important value 
index for each forest block during focal follows. 
A total of 20 points in the northern forest were 
assessed, while another 22 points were found in 
the southern points. The assessment commenced 
when the focal spent ≥ 10 minutes in a patch tree, 
as one observer continuously recorded the focal 
behavior, while the other two operated the PCQ 

method (Mitchell 2010). The patch tree was 
tagged during the assessment, followed by the 
documentation of canopy height and 
connectivity within a 10 m radius from the focal 
latest positions. 
 
Data analysis  

All range points, updated in each 30-minute 
interval, were conbined in the recapitulation 
matrix. Minimum convex polygon (MCP) and 
Kernel Utilization Distribution (KernelUD) were 
calculated using the adehabitatHR package in 
RStudio 4.2.3 (Posit 2023), where the core area 
was derived from KernelUD with a certain 
probability. Since this study did not infer specific 
focal, the matrix excluded range estimates for 
individuals per annum or seasonal. The 
distribution was visualized in ArcGIS 10.5 with 
Kernel Density (KD) tool, which allowed the 
differentiating of various parts of the animal 
range according to the intensity of use 
(Wartmann, Purves & van Schaik 2010). 
Vegetation data and calculation were carried out 
using Microsoft® Excel 2019, while graphical 
figure and color correction were performed using 
CorelDraw®2021. To identify the items 
associated with the highest loaded score for each 
parameter calculated from the PCQ method, 
Principal component analysis (PCA) was carried 
out using RStudio 4.2.3 (Posit 2023). 

 
Table 1 Orangutan ID, estimated age, estimated Home Range (Ha), total hours followed, and their habituation status in 

the study periods 

Phase SC Est_Age Orangutan ID Estimated HR (Ha) Hours Followed Remark 
Phase-1 MI 24 Marlenda Martinus 241,82295 216 Habituated 
Phase-1 MI 21 Jane Jack 192,84975 176 Habituated 
Phase-1 FM 29 Brown 149,0408 152 Habituated 
Phase-1 FM 22 Coded 123,5825 176 Habituated 
Phase-1 MI 23 Vina Vino 123,565 144 Habituated 
Phase-1 MI 21 Yulia Yani 108,43875 104 Habituated 
Phase-1 MI 22 Nani Nina 92,56 192 Habituated 
Phase-1 MI 21 Ibu Anak 84 26 Habituation 
Phase-1 MI 26 Rere Reno 51,1972 120 Habituated 
Phase-1 FM 21 Damang 37,16015 44 Habituated 
Phase-1 FM 20 Kadir 8,49585 6 Habituated 
Phase-1 MI 26 Anita_Anton 9 32 Habituated 
Phase-2 FM 24 Brown 3 95 Habituated 
Phase-2 AF 16 Adolescent_001 5 23 Habituation 
Phase-2 AF 18 Adolescent_002 31,216686 99 Habituation 
Phase-2 MI 25 Ibu_Anak 71,4011712 25 Habituation 
Phase-2 MI 23 Ibu_Anak001 80,034119 83 Habituation 
Phase-2 MI 20 IbuAnak003 51,125365 92 Habituation 
Phase-2 MI 23 Ibu_anak_2020 26,548 44 Habituation 
Phase-2 MI 20 Ibu_Anak_001 23 76 Habituation 
Phase-2 FM 21 unk_flanged_male01 23,65411 34 Habituation 
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RESULTS AND DISCUSSION 
 

Range Size 

MCP area was calculated using a value of 80% 
to include the area used beyond the core home 
range. 

This analysis yielded the estimated home 
range, in phases 1 and 2, as shown in Figure 2, 
with the range size of each individual varying 
from 20 to > 250 Ha. Despite the most 
representative sex classes, the mother-infant had 
the highest average range size, approximate (P1), 
exceeding 250 Ha (P2). A flanged male individual 
named Brown yielded 149.04 Ha (P1) and less 
than 5 Ha (P2). The mother-infant had a greater 
range size than the flanged-male in the same 
study periods, namely Kadir (FM) in Phase-1 and 
unk_flanged_male01(FM) in Phase-2. The 
varying results were attributed to the female 
behavior and range, which depended on 
reproductive state, particularly mating and caring 

for the young. The babysitting lasts for 6 to 8 
years before the offspring become independent 
at the age of twelve (Scott, Knott & Susanto 
2019). In these years, the mother imparts and 
mediates essential skills for the immature 
offspring (Noordwijk, Sauren, Morrogh-bernard, 
Atmoko & Schaik 2003). Secondly, the range use 
may reflect the patch sources, as fully discussed 
in the subsequent section.  

The analysis showed relatively low range 
estimates for flanged-male but was not 
significantly small compared to previous studies. 
The results showed that male ranges are often 
larger than females, exceeding the grid trails of 
the study area (Wartmann et al. 2010). This 
indicated the tendency of female orangutans to 
stay close to their natal location (so-called 
philopatric), while male orangutan typically 
dispersed from this area. Based on the dataset, 
which showed the dyadic in most observations in 
both phases, also confirmed the co-existence of 
the philopatric. 

 
 

  
Figure 2 Home range size as per Sex-Classes (SC) in Phase-1 (2015-2019) and Phase-2 (2020-2022) derived from 

Minimum convex polygon calculations; names provided as appeared in GPS-code; Mother-Infant (MI), Flanged-
Male (FM), and Adolescents Female (FA) 
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Figure 3 shows that the range overlap 
predominantly among mother-infant sex classes. 
As shown in Figure 3A, the 12 individuals in 
phase-1 from 2015 to 2019 were concentric, 
while in Figure 3B, observed individuals in phase-

2 presented that the polygon was dispersed. 
Individual range that overlaps tend to oppose 
each other, as indicated by KernelUD, using the 
‘getverticehr’ function for those in Figures 4A 
and 4B. 

 

 
Figure 3  MCP per study periods; P1(A) and P2 (B) 

  
Figure 4  Kernel UD visualization using ‘getverticehr’ function for each observed individual during P1(A) and P2 (B) 
 
An overlap is a common occurrence among P. 

p. wurmbii in the natural habitat (Wartmann et al. 
2010). Previous investigations showed that apart 
from mother–infant dyads, P. p. wurmbii were 
semi-solitaire animals occupying highly 
overlapping home range. Female home range is 
assumed to be affected by ecological factors, 
reflecting the distribution of food sources. 
Meanwhile, male range use is a response to the 
distribution of female (Singleton et al. 2009; Suci 
et al. 2009), with the compression effect leading 
to orangutan favoring the fine-scale habitat 
(Helen C. Morrogh-Bernard, Husson, Harsanto 
& Chivers 2014; Helen Celia Morrogh-Bernard, 
Morf, Chivers & Krützen 2011).  

According to individual levels, each subset 
was plotted based on their range size, as 
presented in Figures 5A and 5B, to determine the 
residency patterns, including 1) residents, who are 
consistently present for many years in a particular 
area, 2) commuters, observed regularly for several 

weeks or months each year for an extended 
period. This implied that commuters tended to 
result in home range with two separate core areas, 
namely multinuclear, and 3) wanderers, observed 
infrequently (or once) for at least 3 years, without 
returning to the area (Singleton & Carel P. van 
Schaik 2001). Based on this criterion, the only 
individual in Punggualas, who met the 
requirements is Brown, the 29-year-old Flanged 
Male. However, the identification of commuters 
and wanderers was not possible, particularly in 
phase-2, where new dyadic pairs were 
encountered during each sampling period. 

The identification was not carried out because 
1) the observation area was relatively small, and 
2) a longer study period was required, indicating 
the need to determine home range stability. The 
datasets engage more dyads, with varying range 
sizes, among the two phases. This indicated that 
the use of distribution calculated showed the 
probabilities of where an animal might have been 
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found at any randomly selected time (Powell and 
Mitchell 2012). Furthermore, it showed that the 
greater the range size, the more likely an 
individual has been followed. The problem of 

home range stability can be solved through a 
long-term study in an area within defined 
boundaries set by the movements of the subjects 
(Singleton & Carel P. van Schaik 2001). 

 

  

  
Figure 5  KernelUD as per individual orangutans; (A) Phase-1: 2015 – 2019; and (B) Phase-2: 2020 -2022 

 

A 

B 
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Figure 6 Maps constructed from the orangutan point positions, overlap with the Kernel density estimate: (A) 2015-2019; 

and (B) 2020 – 2022; North vs South delineated by Punggualas tributaries 
 
Range Pattern 

During P1, the distribution area was located 
within the northern part of the AOI and changed 
to the southeastern part in P2, as shown in Figure 
6. Each red area showed the most overlap in 
forest areas, indicating a higher probability of 
hosting various individual normal activities such 
as food gathering and care for the young. In P1, 
the most overlap areas were shown by three 
zones, while a single red area dominated P2. 
However, a change in pattern was observed, 
indicating that the orangutan movement 
corresponded to the tree composition as a 
determining factor.  

The mean basal area (m2), trees/ha, and total 
basal area (m2/ha) were calculated using 
vegetation data from PCQ. The result presented 
in Figure 7 showed that each forest block varies 
slightly, while the southern part tended to have a 
bigger mean basal area (m2), total number of 
trees/ha, and total basal area (m2/ha). This 
implied that the southern part of the AOI, 
featured a greater number of individual trees per 
ha, particularly Cryptocarya crassinerva, 
Bluemeodendron tokbrai, and Campnospermae 
coriaceum. However, the total basal area (m2/ha) 
showed the same trend in each AOI, namely 
Shorea sp1.  
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Figure 7 Mean basal area, number of trees/ha, and total basal area (m2/ha) per tree species in the north and south forest 

blocks 
 

 
Figure 8 (A) The coefficient correlations mean BA, trees/ha, and total BA (m2/ha) as per dimension; and (B) Biplot 

Principal component analysis, depicts factor loadings and cluster 
 
 
 
 

A B 
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The first principal component was strongly 
correlated with a total BA (m2/ha), followed by 
trees/ha and mean BA, respectively (Figure 8A). 
This indicated whether the North and South 
Forest blocks yielded, trees/ha, and whether 
mean BA contributed to the total BA (m2/ha). 
PC1 can be considered a measure of total BA 
(m2/ha), while PC2 coefficient value of mean BA 
(0.8388) was perpendicular to the total BA 
(m2/ha) and opposed trees/ha. This showed that 
a higher mean BA value corresponded to a 
decrease in the contribution to the total variance 
of trees/ha and total BA (m2/ha). As for 
trees/ha, the results produced bias due to only 
the measurement of each quadrant tree 
representative. Consequently, when standardized 
vegetation plots were deployed, different PCA 
loading biplots would be obtained. 

Trees composed of different species such as 
Campnospermae coriaceum (Anacardiaceae), 
Blumeodendron tokbrai (Euphorbiaceae), Garcinia 
sp2 (Clusiaceae), Cryptocarpa crassinerva 
(Lauraceae) and Diospyros sp1 (Ebenaceae), were 
placed beyond elliptical. The result of the 
principal component analysis in Figure 8 showed 

that total BA (m2/ha) loading had the highest 
eigenvalue. However, mean BA and trees/ha 
loadings were pointed out in other directions and 
the probability of orangutans using any random 
point over the grid trails was adequate from tree 
species composition. 

Figure 9 showed data uniformity despite the 
differences among mean BA, trees/ha, and total 
BA (m2/ha), and variation in tree species, the 
relative density, coverage, frequency, and 
important value. Using habitat classification 
(Morrogh-Bernard et al. 2014a), it was discovered 
that the orangutan used Tall connected A (TCA) 
and medium-connected (MC). TCA was 
characterized by the high stem density of large 
trees (>20 m tall) connected with high canopy 
(>75%). Meanwhile, MC was characterized by a 
few tall trees with a high stem density of medium-
sized trees and a connected canopy at 10 – 20 m. 
The interlocked canopy was inadequate to 
support the range pattern-shifting idea. Recent 
observations have shown that natural tree falling 
has been spotted in a regularly visited grid in the 
Northern and Southern Forest block of 
Punggualas. 

 

 
Figure 9 Relative density (%), coverage (%), frequency (%), and important value index (%) as per tree species derived 

from point-centered quarter method 
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In addition to tree composition, dietary 
preferences were also explored as another 
argumentation. In peat forests, orangutan spent 
half of the active time feeding compared to those 
in a mixed-dipterocarp forest. Observations 
showed that the focal being followed was 
frequently feeding on young leaves, flowers of 
Mezzetia leptopoda (Annonaceae), and immature 
fruits of Nephelium lappaceum (Sapindaceae). 
Moreover, recent observations also indicated that 
the orangutan diet included the flower of Madhuca 
motleyana (Sapotaceae), inner bark, termites, and 
liana. The fruits from Willughbeia sp1 and cf. 
Lucinia sp1, commonly woody lianas found in 
Punggualas, was observed from several dyad 
mother-infant and flanged-male.  

Punggualas phenology data showed that the 
Camnospermae coriaceum generally had two fruiting 
periods yearly, first from October/November to 
February/March, followed by May to June. The 
general dietary pattern of orangutans during the 

study period did not always describe the fruit as 
their dietary preference because seeds, flowers, 
leaves, and bark were also included as fallback 
foods. Studies of the nutritional content and its 
relationship with the energy budget of orangutans 
in Tuanan, Central Kalimantan, found that young 
leaves had a higher protein content than fruits 
(Vogel et al. 2017). Basedon the results, confirm 
that variations in energy absorption were strongly 
influenced by the range of fruiting periods in the 
Sebangau habitat. A diet that depended on 
fibrous vegetation and bark confirmed that P. p. 
wurmbii shapes their mandibulae for dietary 
preferences (Traylor-Holzer et al. 2009). Detail 
observations in Ketambe Study Areas by 
(Hardus, Lameira, Menken & Wich 2012) 
regarding liana-derived resources such as fruit 
and leaves indicate the critical role of liana in the 
orangutan diet, specifically for orangutan 
population in the primary forest. 

 
Table 2 List of observed tree/sapling, liana, and Ficus species showing parts eaten by orangutan during P1 and P2 

Species Family Fruit Seed Flower Leaves Bark 
Campnosperma coriaceum Anacardiaceae ☐  ☒  ☐ ☐ ☐ 
Xylopia fusca Annonaceae ☒  ☒  ☐ ☐ ☐ 
Xylopia malayana  ☒  ☒  ☐ ☐ ☐ 
Dyera polyphylla Apocynaceae ☒  ☒  ☒ ☒  ☒  
Licania splendens Chrysobalanaceae ☒  ☒ ☐ ☒  ☐ 
Callophylum hosei Clusiaceae ☒  ☐ ☐ ☒  ☐ 
Callophylum sclerophyllum  ☒  ☐ ☒  ☐ ☐ 
Callophylum sp3  ☒  ☒ ☐ ☐ ☐ 
Garcinia banana  ☒  ☐ ☐ ☒  ☐ 
Diospyros confertiflora Ebenaceae ☒  ☒ ☐ ☐ ☐ 
Diospyros evena  ☒  ☐ ☐ ☐ ☐ 
Diospyros pseudomalabrica  ☒  ☐ ☒ ☐ ☐ 
Diospyros siamang  ☒  ☒ ☐ ☐ ☐ 
Elaeocarpus mastersii Elaeocarpaceae ☒  ☒  ☒ ☒ ☐ 
Neoscortechinia kingii Euphorbiaceae ☒  ☐ ☒ ☒  ☐ 
Castanopsis foxworthyii Fagaceae ☒  ☒ ☐ ☒  ☐ 
Lithocarpus conocarpus  ☒  ☒  ☐ ☐ ☐ 
Litsea cf. resinosa Lauraceae ☒  ☒  ☐ ☒  ☐ 
Phoebe zsp SE cf. grandis  ☐ ☐ ☐ ☒  ☐ 
Koompassia malaccensis Leguminosae ☐ ☐ ☐ ☐ ☒  
Magnolia bintulensis Magnoliaceae ☒  ☒  ☒ ☒  ☒  
Dactylocladus stenotachys Melastomaceae ☐ ☐ ☒ ☐ ☐ 
Aglaia rubiginosa Meliaceae ☒  ☐ ☐ ☒  ☐ 
Parartocarpus venenosa Moraceae ☒ ☐ ☒ ☐ ☐ 
Horsfidelia crassifolia  Myristicaceae ☒ ☐ ☒  ☐ ☐ 
Myristica sp2  ☐ ☐ ☐ ☐ ☒ 
Ardisia sp2 Myrsinaceae ☒  ☒ ☐ ☐ ☐ 
Syzygium sp1  Myrtaceae ☒  ☒ ☐ ☐ ☐ 
Pittosporum sp1  Pittosporaceae ☐ ☐ ☐ ☒  ☐ 
Nephelium lappaceum Sapindaceae ☒  ☐ ☐ ☐ ☐ 
Nephelium maingayi  ☒  ☐ ☐ ☐ ☐ 
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Table 2 (Continued)       
Species Family Fruit Seed Flower Leaves Bark 
Madhuca motleyana Sapotaceae ☒  ☐ ☒  ☒  ☒  
Palaquium cochlearifolium  ☒  ☐ ☒ ☐ ☐ 
Palaquium pseudorastratum  ☒  ☒  ☒ ☐ ☐ 
Palaquium sp  ☒  ☐ ☐ ☐ ☐ 
Palaquium sp2  ☒ ☐ ☐ ☐ ☐ 
Microcosm sp Tiliaceae ☒  ☐ ☐ ☒  ☐ 
Willughbeia sp1 Apocynaceae ☒  ☐ ☐ ☒  ☐ 
Ziziphus angustifolia Rhamnaceae ☒ ☐ ☐ ☒  ☐ 
cf. Lucinea sp1 Rubiaceae ☒ ☐ ☐ ☒  ☐ 
Ficus sp Moraceae ☒ ☒ ☐ ☐ ☐ 
Ficus sp8  ☒ ☒ ☐ ☐ ☐ 

Notes: recorded fruits, are grouped by maturity stages, e.g., immature, semi-mature, or mature fruit.  
 
The observation made in Tuanan, Central 

Kalimantan, showed the importance of liana in 
adolescent orangutan (Saputra et al. 2017) during 
the absence of fruiting. The determining factor of 
liana density in LAHG-CIMTROP UPR 
Sebangau was highly correlated with tree crown 
size, shape, and height (Schofield 2015) due to 
the light penetration to the forest floor. 

Another determining factor was found to be 
crowding, also known as compression. This 
occurred when orangutan was exposed to the 
disturbance in a portion of their range, mostly 
using parts that had not been logged or so-called 
mosaic, and began to use their home range 
differently. Since orangutan home range overlaps, 
many individuals made more biased use of the 
home range, resulting in population crowding 
into areas of undisturbed habitat, or 'refuges.' 
This phenomenon made male orangutans travel 
further away from the observation grid. To 
address this issue, additional perspectives were 
incorporated concerning anthropogenic activities 
in SNP.  
 
Potential overlap between orangutan range 
and subsistence activities 

Nontimber forest products, known for their 
aromatic fragrance, so-called gaharu, were mainly 
produced by the family Thymelaeaceae, 
specifically Aquilaria beccariana van Tiegh, and 
Aquilaria filaria (Oken.) Merr (Giesen 2015; Paoli, 
Peart, Leighton & Samsoedin 2001; Sitepu, 
Santoso, Siran & Turjaman 2011). These 
products were harvested from the Aquilaria 
genus that had been infected by a particular 
fungus. This study also documented the activities 

of villagers, mostly from Karuing, moving back-
forth and to the forest, collecting gaharu. 
Meanwhile, their harvesting methods varied, 
including the use of a 1,20 m long iron stick 
pushed into the peat surface to detect the 
particular sound produced as the stick hit gaharu. 
After locating the suspected wood, the soil was 
dug, lifted out of the surface, and taken to the 
village to be weighed and exchanged for money. 
The aromatic essence of gaharu was economically 
beneficial in raw materials, crafted as the bracelet, 
and occasionally, tasbih.  

Recent studies found that some of this 
aromatic wood was obtained from Gonystylus 
bancanus (Miq.) Kurz, of Thymelaeaceae. The 
wood is expensive and most wanted during 
logging concessions in Sebangau ecosystem. 
Verification has been made for a product claimed 
as gaharu (Nordahlia 2017), indicating that a 
product other than the plant genus Aquilaria is 
called pseudo-gaharu. Although the aromatic 
properties and mechanical structure, the wood 
are not similar to truly gaharu trees, Aquilaria 
beccariana van Tiegh, and Aquilaria filaria (Oken.) 
Merr.  

This study showed the importance of 
considering some factors such as distance of 
access and number of days spent in the interior 
forest should be considered. Some villagers use 
the observation grid and also encounter the 
orangutan. According to local sources, these 
activities were held during the COVID-19 
pandemic and continued unto the study in phase-
2 (P2). Whether considered a coincidence or not, 
there was sufficient proof that access to natural 
resources in the interior forest of SNP 
contributed to the orangutan range pattern. 
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Consequently, the Park Authority has now 
prohibited this gaharu harvesting out of the 
forest. Recommendations for future study 
incorporate detailed observations on the 
orangutan-human interface, including the habitat 
structure profile, orangutan parasites burden, and 
the community access into the interior forest. 

 
 

CONCLUSIONS 
 

In conclusion, this study showed that P. p. 
wurmbii range pattern in Punggualas moved to the 
southeastern part of the grid trails, as indicated by 
MCP and KernelUD. The probability of 
orangutans using any random point over the area, 
specifically for food was adequate from tree 
species composition and total basal area (m2/ha). 
Additionally, the compression effect became a 
potential determining factor regarding swift 
changes in range patterns within the study 
periods.  
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ABSTRACT 
 

The objective of this study was to asses the effect of different feeding substrates (FS), harvesting times (HT), 
and the interaction between FS and HT on the chemical composition of black soldier fly larvae (BSFL). The 
experiment used a 4 x 2 factorial arrangement with two main factors, FS (T1, T2, T3, T4), and HT (15-d and 20-
d). Thus, there were eight treatment combinations, all together with five replications. The results show that there 
was no interaction (P>0.05) between FS and HT on dry matter (DM), crude protein (CP), crude lipid (CL), 
phosphorus (P), gross energy (GE), and amino acid contents. The ash content of BSFL grown on T2 media and 
harvested on day 15 was higher (P<0.05) than those grown on T2 media and harvested on day 20. The calcium 
(Ca) content of BSFL grown on all media and harvested on day 20 was higher (P<0.05) than those harvested on 
day 15. In conclusion, combining fruit wastes and tofu by-products produced BSFL with high CP content but low 
CL, ash, Ca, and P contents. In addition, BSFL grown on all substrates media and harvested on day 15 had better 
CP, Ca, and P contents. The dispensable amino acid of BSFLs fed with T3 diets was the best. The lowest body 
weight gain was produced by feeding a substrate containing a high percentage of rice bran. The findings indicate 
that the best nutrient composition of BSFL as animal feed would be achieved in early harvest time (15-d) and 
grown in heterogeneous feeding substrates.  

 
Keywords: black soldier fly larvae, growing media, maggot, nutrient, proximate 

 
 
 

INTRODUCTION 
 

Protein sources for poultry diets generally 
come from both plant protein sources (PPS) and 
animal protein sources (APS). Generally, the 
utilization of PPS in poultry diet formulations is 
comparatively higher than APS. The Indonesian 
poultry feed industry still depends on PPS and 
APS from overseas, including meat and bone 
meal, corn gluten meal, and soybean meal (SBM). 
Argentina, Brazil, the USA, Paraguay, and India 
are the countries that produce and supply SBM 
for Indonesia (Natalia et al. 2019). Regarding meat 
and bone meal, Indonesia imports this ingredient 
from Australia, New Zealand and Canada. As 
reported by Dimiyati (2021), the volume of 

imports of PPS increased from 57.30% in 2015 
to 84% in 2020. Meanwhile, the volume of 
imported meat and bone meal range from 0.63 to 
1.05 million tons per year, so the economic value 
reaches IDR5.5-9.2 trillion (Dimiyati 2021). The 
price of these feed ingredients frequently 
fluctuates, depending on the exchange value of 
the US Dollar towards IDR.  

Recently, the limited availability of SBM in the 
international market triggered the increase in 
prices of SBM. This limited availability of SBM in 
the international market was caused by the 
increased importation of SBM by China. 
Meanwhile, local soybeans are available but 
highly limited, so it is not a feasible option for 
feed millers. An increase in SBM prices will 
certainly have an impact on increasing the local 
compound feed prices.  *Corresponding author: catootjielusjenalle@gmail.com 
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The cost of feed ingredients reached 83-89% 
of the total cost of broiler production, and 84 to 
89% of the total cost of the laying hens (Natalia 
et al. 2019). Therefore, efforts to find alternative 
proteins must be made to overcome the issue of 
dependence on imported protein sources, as to 
finally reduce production costs. The black soldier 
fly (BSF) (Hermetia illucens) is one of the organisms 
studied for its characteristics and nutrient 
content. This fly originated in America and 
subsequently spread to subtropical and tropical 
regions of the world (Čičková et al. 2015). 
Indonesia’s tropical climate is ideal for cultivating 
black soldier fly larvae (BSFL). Regarding 
cultivation, BSFLs are very easy to develop on a 
mass-production scale and do not require special 
equipment. Patterson et al. (2021) reported that 
the BSFL meal could be included in the laying 
hen’s diets up to 16% without any negative 
effects on growth performance and egg 
production.  

The crude protein (CP) content in BSFL was 
quite high, around 12.9 to 78.8%, with crude lipid 
content of 29 to 32%, 4.8 to 5.1% calcium (Ca), 
and 0.60 to 0.63% phosphorus (P) (Bondari & 
Sheppard, 1987; Bosch et al. 2014; Hopkins et al. 
2021; Lu et al. 2022). The amino acid content of 
the BSFL, especially leucine, lysine, and valine, 
was superior to other protein sources such as 
SBM and fish meal, while methionine and 
tryptophan of BSFL were almost similar to that 
of SBM (Lu et al. 2020).  

However, the nutritional value, survival, and 
performance of BSFL are influenced by various 
factors, such as the type and composition of the 
growing substrates and harvesting times 
(Barragan-Fonseca et al. 2017; Ewald et al. 2020; 
Broeckx et al. 2021; Lan et al. 2022). The growing 
media generally used for BSFL production are 
municipal waste, agro-industrial waste, and 
manure and feces (Supriyatna et al. 2016a; 
Dortmans et al. 2017; Broeckx et al. 2021). 
Dortmans et al. (2017) and Broeckx et al. (2021) 
reported that BSFL grew well in a substrate rich 
in protein and available carbohydrates. On the 

other hand, Tschirner and Simon (2015) found 
that the BSFLs fed with organic substrates high 
in fiber produced BSFL with higher CP content 
(52.3%) compared to those fed with substrates 
high in protein content with BSFL CP content of 
only 40%. In addition, the larva may consume the 
waste easily when the waste has undergone some 
microbial decomposition process and is in the 
form of pasta or liquid.  

Most published data regarding the chemical 
composition of BSFL was obtained from single 
substrate or two different substrates (Tschirner & 
Simon 2015; Supriyatna et al. 2016a; Lan et al. 
2022). The production of BSFL from a 
combination of substrates is limited. In addition, 
the chemical composition of BSFL that has been 
reported is mostly obtained from BSFL harvested 
on day 20. The published data of BSFL chemical 
composition harvested on day 15 is highly 
limited. Based on the above explanation, research 
has been conducted to evaluate the effect of 
different feeding substrates (FS) and harvesting 
times (HT) on the chemical composition and 
growth performance of BSFL. 

 
 

MATERIALS AND METHODS 
 

Feed Ingredients 

The main ingredients used in this experiment 
are fruit wastes (banana and papaya) and 
vegetable wastes (mustard greens and water crest) 
obtained from a local traditional market, tofu by-
products purchased from a local tofu market, and 
liquid palm sugar, sago (Putak meal), and rice 
bran obtained from a local distributor. 

 
Experimental Design and Diet Formulation 

The experiment was designed using a 4 x 2 
factorial design, with the first main factor being 
feeding substrates (FS: T1, T2, T3, and T4) and 
the second main factor being harvested time (HT: 
15 days and 20 days). Each treatment was 
replicated five times (10 kg/replication). The 
experimental diets were as follows: 
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Table 1  Growing media of black soldier fly larvae (BSFL) 

Ingredients 
Feeding Substrate 

T1 T2 T3 T4 
…………………..% as fed........................... 

Fruits wastes (50% banana and 50% papaya) 24.4 24.4 - - 
Vegetable wastes (50% water crest and 50% mustard greens) - - 75 - 
Tofu by-product  61 7 - 92.4 
Rice bran  7 56 17.4 - 
Sago meal  - 5 - - 
Effective Micro-organism (EM4) 0.3 0.3 0.3 0.3 
Liquid palm sugar 0.3 0.3 0.3 0.3 
Clean Water 7 7 7 7 

Total  100  100  100   100 

Calculated analysis (% as fed) 
    

Crude protein (%) 16.07 11.43 4.03 22.81 
Crude lipid (%) 3.54 4.31 2.65 4.56 
Crude fiber (%) 8.11 10.64 15.56 6.56 
Ash (%) 3.70 8.87 17.19 3.67 
Calcium (Ca, %) 5.53 4.51 27.54 8.32 
Phosphorus (P, %) 2.76 2.91 2.18 0.22 

 
 
Black Soldier Fly Larvae (BSFL) Production 

BSFL was produced at three main stages, 
including (i) fermentation, (ii) BSF catching 
and mating, and (iii) the growing period. 
1) Fermentation: All ground ingredients, free 
from harmful materials and inorganic elements, 
were weighed according to feeding substrate 
formulation. The ingredients were mixed until 
homogenous with a moisture level of 70 to 80% 
and fermented for seven days in a room. 2) BSF 
catching, mating, and egg deposition: on day seven, the 
fermented substrates were moved into a round 
plastic container and placed in a sheltered cavity 
to invite the BSF to mate and lay eggs. 3) Growing 
period: Once the larvae have appeared, the feeding 
substrates containing larvae were removed to the 
BSF housing for growing. 4) The BSF larvae 
(BSFL) were fed and grown till days 15 and 20 
during the experiment. The feed given to the 
BSFL is 50 g/day per replication (container). 
The determination of feed given to BSFL per day 
(50 g) is referred to Supriyatna et al. (2016b). 

The authors reported that the feed needed for 
the best growing of one larva was 100 mg/day on 
a dry weight basis. 

For the growing period, the BSFL used for 
growth performance data was placed separately 
from the BSFL for chemical composition data. 
There were 60 larvae per replication used for 
growth performance data. 

 
Sample preparation 

Black soldier fly larvae (BSFL) were harvested 
on day 15 (Figure 1a) and day 20 (Figure 1d). The 
BSFL from each treatment was removed from 
the leftover growing media, mixed with water, 
and then screened. The BSFL was then weighed 
to obtain the total wet weight. Then the BSFL 
was oven-dried (at 60o C, Memmert) for four 
days, crushed with a stone mortal, ground with a 
sample mill (0.5 mm screen size), and sub-
sampled, packed, and labeled (Figure 1). The 
BSFL sample was sent to the laboratory for 
chemical analysis.  
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(a) 15-days-old BSFL (b) oven dried BSFL (c) Ground BSFL 

   
(d) 20-days-old BSFL (e) oven dried BSFL (f) Ground BSFL 

Figure 1 Sample Preparation of Black Soldier Fly Larvae. (a) Black Soldier Fly Larvae (BSFL) (15-days-old); (b) Oven-
Dried BSFL (15-days-old); (c) Ground BSFL (15-days-old); (d) BSFL (20-days-old); (e) Oven-Dried BSFL (20-
days-old); (f) Ground BSFL (20-days-old); 

 
Chemical Analysis 

The dried BSFL samples were analyzed for 
their dry matter (DM), crude protein (CP, crude 
lipid (CL), crude fiber (CF), Neutral Detergent 
Fiber (NDF), Acid Detergent Fiber (ADF), gross 
energy (GE), Ca, P, and amino acids. All the 
chemical analyses were performed at BPT Ciawi 
Bogor Laboratory. The DM content was 
determined by using AOAC method No. 930.15 
(AOAC 2005). The nitrogen content was 
analyzed using AOAC 2001.1 (AOAC 2005), 
while AOAC 942.5 (Van Soest Method; AOAC 
2005) was used to determine NDF and ADF 
contents.  The starch content of sago was 
analyzed using the titration method. An 
automatic PARR Bomb Calorimeter was used to 
measure the GE level. The Ca content was 
analyzed using an Atomic Absorption 
Spectrophotometer (AAS, Flame Varian 220). 
The Ca analysis was conducted as described by 
Nalle et al. (2021): the sample was weighed and 
put in the muffle furnace for three hours (550o C). 
Then, the ash was destructed using acid, 
solubilized, and pipetted to measure at AAS with 
the wavelength of 422,7 nm (Nalle et al. 2021).  
The spectrophotometer method (UV VIS Agilent 

Cary 100) was used to determine the content of 
P. The wavelength of the spectrophotometer 
used was 400 nm (AOAC 2012).  The amino acid 
content was determined using High-Performance 
Liquid Chromatography (HPLC, ICI 
Instrument/Shimadzu SCL-10A/Shimadzu 
CBM 20A) as described by Nalle et al. (2019). 

 
Statistical Analysis 

The chemical composition of dried BSFL 
samples obtained from this experiment was 
analyzed using the two-way analysis of variance 
(ANOVA) referring to the General Linear Model 
procedure of SAS (SAS OnDemand). Meanwhile, 
body weight gain data were analyzed using the 
one-way analysis of variance (ANOVA) referring 
to the General Linear Model procedure of SAS 
(SAS On Demand). 

 
 

RESULTS AND DISCUSSION 
 

Chemical Composition of Black Soldier Fly 
Larvae 

Table 2 describes the chemical composition of 
BSFL fed with different feeding substrates and 
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harvested at different times. Statistical analysis 
showed that no interaction (p > 0.05) between 
FS, and HT was observed in the parameter of 
DM, CP, CL, P, and GE. There was an 
interaction (p < 0.05) between feeding substrate 
(FS), harvesting time (HT) for ash, and Ca 
content of BSFL. The ash content of BSFL 
grown in T2 media and harvested on day 15 was 
higher (p < 0.05) than those grown in T2 media 
and harvested on day 20. The ash content of 
BSFL reared in T1, T3, and T4 media and 
harvested on day 15 and day 20 was similar (p > 
0.05).  The present result partly agreed with Liu 
et al. (2017), who reported that there the ash 
content of late pupae was higher (10.2%) than the 
ash content of 14-day-old BSFL (8.3%). The 
range of BSFL ash content in the present study 
was 9.60 to 17.6%, which was in the range 
reported by Seyedalmoosavi et al. (2022). 

The difference (p < 0.05) in Ca content was 
only found between BSFL grown in T3 media 
harvested on day 15 and those grown in T3 media 
and harvested on day 20. The tendency of higher 
Ca content in 20-day-old BSFL was probably due 
to the bone and teeth of BSFL having grown well. 
In a review by Seyedalmoosavi et al. (2022), it was 
reported that BSFL required minerals for the 
skeleton formation and the formation of other 
structural tissues (e.g., teeth). Furthermore, it was 
explained that although protein and chitin are the 
main components of the exoskeleton of most 
insect species, BSFL has a so-called mineralized 
exoskeleton which explains the high Ca content.  

Statistical analysis showed that except for DM 
content, the main factor, FS affected (p < 0.05 to 
p < 0.001) the chemical composition of BSFL 
meal. The CP content of BSFL fed with T1 
experimental diet was similar (p > 0.05) to the CP 
content of BSFL from the T2 diet; however, the 
CP content of T2 was higher (p < 0.05) than the 
CP content of BSFL fed with T3 and T4 diets. It 
is interesting to note that the T3 feeding substrate 
with the lowest CP content (Table 1) produced 
the BSFL with lower CP content (p < 0.05) 
compared to T1 and T2 treatment diets (Table 2). 
This could probably be due to the presence of 
higher antitrypsin and lectin contents in the tofu 
by-product used in the T3 treatment diet, which 
inhibits CP digestibility. Isanga and Zhang (2008) 
explained that tofu by-products contained 30 to 
50% trypsin inhibitor and caused a negative effect 
on CP digestibility. Another possibility was that 

the lower mineral and vitamin contents in the T3 
diet led to low nutrient metabolism.  

It is interesting to note also that of the CP 
content of BSFL from T3 diets (high in fiber but 
low in protein) had similar (p > 0.05) CP content 
with BSFL grown in T4 diets (high protein 
substrates and low in fiber). The present result 
agreed with Tschirner and Simon (2015), who 
reported that the BSFLs given organic materials 
rich in fiber produced high CP BSFL. According 
to Tschirner and Simon (2015), the larva may 
consume the waste easily when the waste has 
been degraded by microbes and in the form of 
pasta.  The present result indicated that the BSFL 
was tolerable to a high-fiber diet and could digest 
the fiber. Kim et al. (2011) reported that the BSFL 
digestion system contained several micro-
organisms that produced lignin-cellulase, which 
degrades lignin into simple sugar. Supriyatna and 
Ukit (2016) reported that BSFL could degrade 
organic wastes because of the presence of 
cellulolytic produced by cellulolytic bacteria, 
especially Bacillus sp. 

The range of CP content of BSFL obtained in 
the present study was 32.7 to 42.9% (as fed). The 
CP content of BSFL in the present study was 
lower than the CP content of BSFL reported by 
Tschirner and Simon (2015), i.e., 37 to 52.3%. 
The difference was probably due to the 
difference in the method, including the type of 
growing media and the harvested time. Growing 
media used by Wardhana (2016) included palm 
kernel meal, cow feces, pig feces, chicken excreta, 
fruit wastes, and other organic wastes. In 
addition, the BSFL was harvested on day 25. The 
growing media used by Tschirner and Simon 
(2015) was a mixture of middling (control group), 
dried distillers’ grains with soluble (protein 
group), and dried sugar beet pulp (fiber group). 

Regarding the second main factor, the CP 
content of BSFL harvested on day 15 was 
comparable (p > 0.05) to those harvested on day 
20. The FS x HT interaction did not affect (p > 
0.05) the CP content of BSFL.  

It was expected that the CL content of BSFL 
fed with T4 and T2 diets should be higher than 
the CL content of BSFL grown in the T1 and T3 
diets (Table 1 and Table 2) because of their high 
CL content in the diets. The reality showed that 
the CL of BSFL fed with the T3 diets was higher 
(p < 0.05) than in those fed with the T2 and T4 
diets, while the CL content of T1, T2, and T4 was 
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similar (p > 0.05).  Thus, this study proved that 
the CL content of BSFL did not relate to the CL 
content of the grown substrates.  

The CL of BSFL harvested on day 20 was 
higher (p < 0.05) than those harvested on day 15. 
This result indicated that as the age of BSFL 
increased, the CL content of BSL increased. No 
interaction (p > 0.05) between FS and HT was 
found in the CL content of BSFL in all treatment 
diets.  

The ash content of BSFL fed with T4 diets 
was higher (p < 0.05) than those fed with T1, T2, 
and T3 diets. The Ash content of BSFL was 
similar (p > 0.05) between T1 and T2 when 
harvested on day 20. The BSFL grown in T2 diets 
and harvested on day 15 had higher (p < 0.05) ash 
content compared to those who were grown in 
the same feeding substrate but harvested on day 
20. On the other hand, the BSFL fed with T3 and 
T4 diets and harvested on day 20 had higher (p < 
0.05) respective ash content than those that were 
grown in the same feeding substrate but 
harvested on day 20. The comparison was 

difficult to be made due to the limitation of 
published data related to the present study. 

Table 2 shows the ash content of BSFL grown 
in the T4 diets was higher (P<0.05) than the ash 
content of BSFL grown in T3. This was an 
unacceptable result since the ash content of T4 
diets was very low (Table 01) but produced BSFL 
with high ash content.  The ash content of the T4 
and T1 diets was quite similar (Table 1), but these 
media produced BSFL high in ash content 
(Table 2). The present study indicated that the ash 
content of BSFL was not affected by the ash 
content of the grown substrates.  

The Ca content of the BSFL fed with T3 and 
T4 diets were higher (p < 0.05) than those grown 
in T1 and T2 diets. This could be due to the 
higher Ca content of the T3 and T4 diets than the 
T1 and T2 diets (Table 1). The P content of 
BSFLs fed with T3 was lower (p < 0.05) than 
those fed with T1, T2, and T4. The lowest P 
content of BSFL in T3 diets is related to the 
lowest P content of T3 diets (Table 1). 

 
Table 2 Chemical composition of black soldier fly larvae (BSFL) fed with different feeding substrates and harvested at 

different times 

Feeding 
Substrate 

Harvesting 
time (day) 

Dry Matter Crude 
Protein 

Crude 
Lipid Ash Ca P Gross Energy 

……………………….% as fed……………..…… (MJ/kg DM) 
T1 15 93.4 39.6 29.9 10.7cd 1.65d 1.42 23.7 
 20 94.8 36.9 36.1 9.83d 2.16cd 1.00 24.9 
T2 15 94.1 42.9 20.7 13.2b 2.92bc 1.27 21.6 
 20 92.4 40.0 33.0 9.60d 2.21cd 0.94 24.4 
T3 15 94.5 32.7 36.9 12.9bc 3.68b 0.87 23.9 
 20 94.4 33.6 35.9 14.4b 5.06a 0.83 23.5 
T4 15 94.7 37.8 28.3 16.4a 4.87a 1.20 22.3 
 20 93.8 34.5 30.8 17.6a 5.09a 1.16 22.2 
SEM  0.617 1.75 2.99 0.815 0.295 0.086 0.67 
Main Effects        
Feeding Substrate (FS)        
T1  94.1 38.3ab 32.9ab 10.2c 1.91b 1.21a 24.3a 
T2  93.5 41.5a 26.8b 11.4c 2.57b 1.11a 23.0ab 
T3  94.5 36.2c 36.4a 13.7b 4.37a 0.85b 23.7a 
T4  94.3 36.1bc 29.5b 16.9a 4.98a 1.18a 22.2b 
SEM  0.437 1.24 2.12 0.576 0.209 0.061 0.484 
Harvesting Time (HT, day)       
15d  94.2 38.25 28.9b 13.3 3.28 1.19a 22.9 
20d  94.0 36.27 33.9a 12.9 3.63 0.98b 23.8 
SEM  0.309 0.876 1.50 0.407 0.148 0.043 0.25 
Probability P> F        
FS  NS *** * *** *** ** * 
HT  NS NS * NS NS ** NS 
FS x FA  NS NS NS * * NS NS 

Notes: Different superscripts at the same column indicate significant differences (P < 0.05); * = significantly different at 
P < 0.05; *** = significantly different at P < 0.001; NS = not significantly different (P > 0.05); SEM = Standard 
Error of Mean.  
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Table 3 describes the indispensable amino 
acid (IAA) profile of BSFL fed with different 
feeding substrates and harvested at different 
times. Except for isoleucine, the interaction 
between FS and HT did not affect (p > 0.05) the 
indispensable amino acid content of BSFL. The 
content of isoleucine in BSFs fed with T3 and T4 
diets and harvested on day 20 was similar 
(p>0.05) to those fed with the same feeding 
substrates but harvested on day 15. There was a 
tendency that as the age increased, the IAA 
content of BSFL increased. However, the 
statistical analysis showed that only the content 
of isoleucine in BSFL fed wth T1 and T2 diets 
and harvested on day 20 was higher (p < 0.05) 
than those fed with the same feeding substrates 
but harvested on day 15. This result partially 
indicated that the isoleucine content of BSFL 
increased as the age of BSFL increased. 

Feeding substrate affected (p < 0.05 to <0.01) 
the content of leucine, phenylalanine, and valine 
content of BSFL. The leucine content of the 
BSFLs fed with T2 diet was lower (p < 0.05) than 
those fed with three other treatment diets. The 

difference in leucine and phenylalanine content 
of BSFL was probably due to the difference in 
leucine and phenylalanine content and the 
digestibility of feeding substrates. The 
phenylalanine content of BSFL grown in T4 
feeding substrates was higher (p < 0.05) than 
those grown in T3 diets. No differences (p > 
0.05) in valine content were observed in BSFLs 
fed with T1 and T2 diets and between T3 and T4. 

Regarding the second main factor, the 
statistical analysis showed that the content of 
leucine, lysine, phenylalanine, and valine of 20d 
BSFL was higher (p < 0.05) than the respective 
content of leucine, lysine, phenylalanine, and 
valine of 15d BSFL. These results indicated that 
it is better to harvest the BSFL on day 20 because 
the indispensable amino acid profile of 20-day-
old BSFL is better than 15-day-old BSFL. In 
addition, the results indicated that as the age of 
BSFL increased, the indispensable amino acid 
content increased. The comparison was difficult 
to be made because of the limitation of published 
data related to the present study. 

 
Table 3 Indispensable amino acid (IAA) profile of black soldier fly larvae (BSFL) fed with different feeding substrates 

and harvested at different times 
Feeding 
Substrate 

Harvesting time 
(day) 

Arg His Isoleu Leu Lys Meth Phen Thr Val 
………………………….% as fed…………………….……………… 

T1 15 1.97 1.20 1.51b 3.03 2.57 0.46 1.47 1.48 2.29 
 20 2.31 1.29 1.69a 3.23 2.65 0.51 1.51 1.48 2.39 
T2 15 2.03 1.19 1.49b 3.01 2.57 0.55 1.38 1.66 2.25 
 20 2.08 1.27 1.75a 3.18 2.64 0.51 1.50 1.49 2.39 
T3 15 2.13 1.19 1.62ab 3.05 2.53 0.59 1.37 1.57 2.11 
 20 2.23 1.25 1.69a 3.20 2.64 0.64 1.54 1.67 2.29 
T4 15 2.21 1.36 1.63a 3.22 2.53 0.59 1.55 1.71 2.16 
 20 2.15 1.26 1.65a 3.20 2.59 0.54 1.54 1.58 2.17 
SEM  0.103 0.040 0.043 0.042 0.047 0.056 0.033 0.07 0.05 
Main Effects          
Feeding Substrate (FS)          
T1  2.14 1.25 1.61 3.13a 2.61 0.49 1.49ab 1.48 2.34a 
T2  2.05 1.23 1.62 3.09b 2.61 0.53 1.44b 1.58 2.32a 
T3  2.18 1.22 1.66 3.13a 2.59 0.61 1.45b 1.62 2.20b 
T4  2.18 1.31 1.64 3.22a 2.56 0.57 1.55a 1.64 2.17b 
SEM  0.072 0.029 0.030 0.290 0.033 0.039 0.023 0.052 0.033 
Harvesting Time (HT, day) 
15d  2.09 1.24 1.57b 3.08b 2.55b 0.55 1.44b 1.60 2.21b 
20d  2.19 1.27 1.69a 3.21a 2.63a 0.55 1.52a 1.56 2.31a 
SEM  0.051 0.020 0.021 0.021 0.023 0.028 0.016 0.036 0.023 
Probability P> F          
FS  NS NS NS * NS NS * NS * 
HT  NS NS *** *** * NS ** NS ** 
FS x FA  NS NS * NS NS NS NS NS NS 

Notes: Different superscripts at the same row indicate significant differences (P < 0.05); * = significantly different at P < 0.05; 
*** = significantly different at P < 0.001; NS = not significantly different (P > 0.05); SEM = Standard Error of Mean. 
Arg = Arginine; His = Histidine; Iso = Isoleucine; Leu = Leucine; Lys = Lysine; Meth = Methionine; Phen = 
Phenylalanine; Thr = Threonine; Val = Valine. 
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Regarding the dispensable amino acids 
(DAA), published data showed that the DAA 
contents are now considered important in poultry 
diet formulation. The calculation of DAA such as 
alanine, aspartic acid, glutamic acid, glycine, 
serine, and proline in poultry diet had been 
reported by previous researchers (Awad et al. 
2015; Siegert & Rodehutscord, 2018; Hofmann 
et al. 2020). According to Awad et al. (2015), in 
which low-protein diets fortified with DAA 
(glycine, glutamic acid, proline, alanine, and 
aspartic acid) produce similar body weight gain 
with the group of birds which were given the 
balanced nutrition diet (positive control).  They 
also reported that the addition of glycine 
improved the feed conversion ratio of birds. 
Thus, it is essential to have a database of the 
dispensable amino acid profile for each feed 
ingredient, including BSFL, used in poultry diets. 
Table 4 describes the profile of DAA of BSFL 
fed with different feeding substrates and 
harvested at different times. 

Table 4 shows no interaction (p > 0.05) 
between FS and HT was found for the DAA 
content of BSFL. Regarding the first main factor 
(FS), the significance (p < 0.01 to 0.001) was in 

the aspartic acid, cysteine, glutamic acid, and 
proline of BSFL.  The aspartic acid and glutamic 
acid content of BSFLs fed with T3 diets were 
higher (p < 0.05) than the aspartic acid and 
glutamic acid content of BSFLs fed with T1, T2, 
and T4 diets. The cysteine content of BSFLs with 
fed T3, and T4 diets were higher (p < 0.05) than 
those fed with T1 and T2 diets. The present 
results indicated the feeding substrate containing 
a high percentage of vegetable wastes (T3) 
produced the best dispensable amino acid 
profiles. 

Regarding the second main factor, the 
statistical analysis showed that the content of 
aspartic acid and serine of 20d BSFL was higher 
(p < 0.05) than the content of aspartic acid, 
glycine, glutamic acid, and proline of 15d BSFL. 
These results indicated that it is better to harvest 
the BSFL on day 20 because the indispensable 
amino acid profile of 20-day-old BSFL were 
better than 15-day-old BSFL. In addition, the 
results indicated that as the age of BSFL 
increased, 15-day-old indispensable amino acid 
content increased. The comparison was difficult 
to be made because of the limitation of published 
data related to the present study. 

 
Table 4 Dispensable amino acid (DAA) profile of black soldier fly larvae (BSFL) fed with different feeding substrates 

and harvested at different times 
Feeding 
Substrate 

Harvesting time 
(day) 

Ala Asp Cys Glu Tyr Ser Gly Pro 
…………………..% as fed…………………………….. 

T1 15 0.66 3.51 0.30 4.85 1.11 0.62 1.11 1.08 
 20 0.71 3.81 0.31 4.92 1.37 0.71 1.13 1.13 
T2 15 0.37 3.06 0.36 4.87 1.07 0.58 1.04 1.13 
 20 0.72 3.40 0.32 4.90 1.36 0.75 1.14 1.16 
T3 15 0.72 3.53 0.44 4.75 1.16 0.72 1.18 1.42 
 20 0.86 3.85 0.49 4.76 1.212 0.78 1.17 1.24 
T4 15 0.81 3.87 0.44 5.01 1.15 0.75 1.19 1.38 
 20 0.78 4.13 0.41 5.16 1.22 0.77 1.23 1.24 
SEM  0.044 0.083 0.035 0.077 0.137 0.052 0.0471 0.063 
Main Effects         
Feeding Substrate (FS)         
T1  0.73 3.23c 0.34b 4.89b 1.22 0.67 1.09 1.14b 
T2  0.69 3.66b 0.31b 4.89b 1.24 0.67 1.12 1.11b 
T3  0.79 4.00a 0.43a 5.09a 1.19 0.76 1.21 1.31a 
T4  0.79 3.69b 0.47a 4.76b 1.19 0.75 1.18 1.33a 
SEM  0.031 0.059 0.025 0.054 0.097 0.036 0.033 0.045 
Harvesting Time (HT, day)         
15d  0.73 3.49b 0.39 4.87 1.12 0.67b 1.13 1.25 
20d  0.77 3.79a 0.38 4.94 1.29 0.75a 1.17 1.19 
SEM  0.022 0.041 0.017 0.038 0.068 0.026 0.023 0.031 
Probability P> F         
FS  NS *** *** ** NS NS NS ** 
HT  NS *** NS NS NS * NS NS 
FS x FA  NS NS NS NS NS NS NS NS 

Notes: Different superscripts at the same row indicate significant differences (P < 0.05); * = significantly different at P < 0.05; *** = 
significantly different at P < 0.001; NS = not significantly different (P > 0.05); SEM = Standard Error of Mean.  Ala = alanine; 
Asp = aspartic acid; Cys = Cysteine; Glu = glutamic acid; Tir = Tyrosine;  Ser =  Serine;  Gly = glycine; Pro = proline  
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The IAA and DAA content observed in the 
present study were lower than those reported by 
the previous researchers (Lu et al. 2022).  The 
difference was probably due to the difference in 
methodology, especially for feeding substrate and 
harvested times.  
 
Body Weight Gain (BWG) of  Black Soldier 
Fly Larvae 

Statistical analysis showed that the body 
weight gain (BWG) of  BSFL harvested on day 20 
was affected (p < 0.05) by the feeding substrates. 
This is in line with Kinasih et al. (2018), who 
reported that the body weight of  BSFL was 
affected by the feeding substrates. Body weight 
gain of  15d-BSFL was not measured, so it is not 
presented in this article. As can be seen in Table 
5, the BWG of  BSFL fed with T2 diets (CP 
11.43% and CF 10.64%) (p < 0.05) were lower 
than the BWG of  BSFL fed with T1, T3, and T4 
diets during the experiment. The difference in 
BWG may be due to the difference in nutrient 
composition, palatability, and digestibility of  the 
feeding substrates.  

It is interesting to note that the BWG of  BSFL 
fed with T3 diets (CP 4.03% and CF 15.56%) 
(Table 5) was higher (p < 0.05) than the BWG of  
BSFL fed with T2 (CP11.43% and CF 10.64).  
Even though the feed intake was not recorded, 
the high BWG of  BSFLs fed with T3 diets was 
probably due to the high feed intake in this 
treatment diet. The feed intake was not 
documented in this experiment because the 
media used was semi-liquid, so it was difficult to 
measure. The separation of  BSFL and media 
should have been conducted by water so it would 
affect the weight of  the feed. However, the 
palatability of  the feeding substrate was 
conducted by observing the leftover of  each 
treatment. The comparison was difficult to be 
made due to the limitation of  publication related 
to the present research.  

The BWG of  BSFL fed with T3 diets (CP 

4.03% and CF 15.56%) was similar (p > 0.05) to 
those fed with T4 (CP 22.81%; CF 6.56%) and 
T1 (CP 16.07%; CF 8.11%) diets. The reasons 
behind these results were: i) the BSFL could 
degrade fiber so the nutrients needed for growing 
were fulfilled; ii) the antinutrient level, especially 
protease inhibitors, in T3 diets was probably 
lower than in T1 and T4 diets. So, the nutrient 
digestibility in the T3 diets might be higher than 
in the T1 and T4 diets. As can be seen in Table 1, 
T1 and T4 diets contain a high amount of  tofu 
by-products. The tofu by-product was made by 
soybean seeds, so the by-product may contain 
protease inhibitors that could inhibit protein 
digestibility since soybean contain trypsin 
inhibitory (Aviles-Gaxiola et al. 2018). As a 
consequence, the amount of  nutrients absorbed 
would be low as well, which finally led to a low 
growth rate. Beniers (2021) reported that trypsin 
was located in the posterior part of  the BSFL 
midgut, and the trypsin inhibitor may decrease its 
activity. However, the present result was not in 
agreement with Kinasih et al. (2018), who 
reported that BSFLs fed with tofu dreg and 
chicken feed had higher development time 
compared to those given horse manure and 
vegetable wastes. The difference was probably 
due to the difference in methodology. 

Supriyatna and Ukit (2016) reported that the 
BSFL were able to digest organic wastes 
cellulolytic enzyme, which was produced by 
cellulolytic bacteria, especially Bacillus spp. in the 
BSFL digestive organ. Felicia and Suhartono 
(2021) reported that the whole body of  BSFL 
contained proteolytic, amylolytic, chitinolytic, and 
cellulolytic activities. These enzymes play an 
important role in nutrient digestion (protein, 
starch, chitin, and cellulose). Kim et al. (2011) 
extracted gut BSFL and found several enzymes 
which were high amylase, lipase, and protease 
activities, trypsin-like protease activity of  leucine 
arylamidase, α-galactosidase, β-galactosidase, α-
mannosidase, and α-fucosidase. 

 
Table 5  Growth performance of  20-day-old black soldier fly larvae (BSFL) (g) fed different organic substrates 

 
Variable 

 

Treatment 
SEM p-value T1 T2 T3 T4 

Initial body weight (g)      0.071       0.074 0.074 0.064   
Final body weight (g) 0.191 0.155 0.201 0.165   
Body weight gain (g) 0.122a 0.082b 0.127a   0.102ab 0.008 0.013  

Notes: Different superscripts at the same row indicate significant differences (P < 0.05); SEM = Standard Error of Mean.  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/amylase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lipase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/leucine
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The present result did not agree with 
Spranghers (2020), who reported that the BWG 
of  BSFL will increase as the dietary protein 
content increases. The difference was probably 
due to the difference in the feed ingredient used. 
Each feed ingredient contains a different level of  
nutrients and anti-nutrients. The experimental 
diet used by Spranghers (2020) was a chicken diet 
that was low in anti-nutritional factors. In this 
experiment, the authors used a self-mixing diet 
which consists of  mostly organic wastes 
containing high anti-nutrients. The author also 
found that the shortage of  lysine and methionine 
did not decrease the growth rate of  BSFL. 

 
 

CONCLUSION 
 

Different feeding substrates and harvesting 
times produced different chemical compositions 
and amino acid profiles of black soldier fly larvae. 
The combination of fruit wastes and tofu by-
products produced BSFL with high crude protein 
but low crude lipid, ash, calcium, and 
phosphorus. The use of tofu by-products as 
feeding substrates produced BSFL with the 
lowest crude protein content. Black soldier fly 
larvae fed with nearly all treatment diets and 
harvested on day 15 had higher crude protein, 
calcium, and phosphorus content. The 
dispensable amino acid profile of Black Soldier 
Fly Larvae fed with the substrates containing a 
high percentage of vegetable waste was the best. 
Feeding substrates containing a high amount of 
rice bran produced the lowest body weight gain. 
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ABSTRACT 
 

Thinning is an important practice for promoting growth and maintaining forest plantation for wood production 
from the remaining trees. In this study, thinning was carried out in a naturally regenerated 8-year-old Acacia mangium 
plot in the Phangnga Forestry Research Station. Three thinning schemes, with 175 (T1), 300 (T2) and 600 (T3) 
remaining trees/ha, were compared with the control (no thinning) of 831 trees/ha. The diameter at breast height 
(DBH) and height (H) of the trees were measured. The differences in growth, current annual increment (CAI), 
aboveground biomass, and stem volume (V) were analyzed. We observed that the thinning of A. mangium increased 
the growth rate, with the DBH being clearly affected by thinning. CAIDBH increased significantly, with the DBH 
class of thinned A. mangium plots also improving after thinning. The stem volume and aboveground biomass of T3 
plot was similar to the control plot after thinning. In addition, the number of large saw logs was the highest in T3 
plot. The large saw logs can be used for multi-utilization and have a high value. These results suggest that thinning 
can promote stem growth, and increase the proportion of large saw logs in naturally regenerated A. mangium stands.   

 
Keywords: abandoned mining area, aboveground biomass, Acacia mangium, growth, merchantable volume, thinning  
 
 
 

INTRODUCTION 
 

Acacia mangium Willd. is a fast-growing 
multipurpose tree species and is usually found in 
tropical plantations (Hegde et al. 2013). It has 
been widely planted for soil improvement of 
degraded lands (Martpalakorn 1990, Majid et al. 
1998), as it is a nitrogen fixing tree and can supply 
nutrients back into the forest floor via litter 
decomposition processes (Fisher & Binkley 
2000). A. mangium has thus been widely planted 
in Southeast Asia in commercial plantations 
(Nambiar & Harwood 2014). A density of 
approximately 1,100 stem/ha or a spacing of 3 m 
x 3 m is commonly used while planting A. 
mangium. A high density is usually recommended 
for trees grown in short-rotation periods (Saharjo 

2006), with the rotation for A. mangium being 
between 5-8 years to be used in wood chip and 
pulp production (Huong et al. 2020b). On the 
other hand, older large trees, usually around 15-
year-old, are used in furniture making and to 
obtain sawn wood (Yahya 1993).  

 Thinning is a silviculture practice to increase 
tree growth and stem volume of the remaining 
trees (Yahya et al. 2011; Beadle et al. 2013), as well 
as to improve the stem form and wood quality 
(Pérez & Kanninen 2005). It is commonly 
practiced in fast-growing trees species such as 
Eucalyptus, A. auriculiformis, and Acacia hybrid 
(Hung et al. 2019; Huong et al. 2020a). As a 
management practice in a plantation, thinning is 
used to reduce the number of trees in a stand, so 
as to increase the crown space between the 
remaining trees, to reduce the crown and root 
competition, and to increase growth. In addition, *Corresponding author, email: fforjdw@ku.ac.th 

https://www.researchgate.net/profile/Sakhan-Teejuntuk?_sg%5B0%5D=0q7r8kb8NERgtI99S50VgEJYB7-QeiPPLdJHVFfSjqIASeXygdDFaBrabD7DWeEBcgjIKNQ.tv_8L6j13rhLet-BfMLr6jvxvgxgTZC8KN8-AA9WYs9IsrdCkGEgOXNGRiLked6mKE4Cie0x5CF2AbuFDJQcQg&_sg%5B1%5D=53C3xrJFM1LU4E6xy8E2a6W-ZXXGv_0C563BLFRGh5CTSvchbEw_RCdicAqPwmmmbOaY1BY.3q9GWfjV2f_yfMlP5nQTnhZMC7GIn47HKF9V1GGUDO8OQj9tNIu4QJPB6hSc_0nzmYUaFQD_h4syBs4wu2kKnA
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thinning can help to control pests and diseases, 
which in turn can increase the earned incomes 
before the final harvest (Onyekwelu et al. 2011). 
However, as a downside, the stem volume and 
aboveground biomass of thinned plantation can 
decrease.  

 Past mining activity has had an extreme 
impact on the soil quality and has severely 
affected the adjoining ecosystems through the 
loss of soil structure and nutrient depletion 
(Thaiutsa & Rungruangsilp 1990; Maiti 2013). 
The Phangnga Forestry Research Station is 
located on one such abandoned mining area. The 
reclamation of mining area was undertaken by 
planting A. mangium, given its growth and high 
aboveground biomass compared to other fast-
growing or native tree species (Martpalakorn 
1990). Additionally, A. mangium has reportedly 
been recommended to rehabilitate degraded 
lands with a high survival rate (Majid et al. 1998) 
to restore the soil properties, forest structure, and 
nutrient cycling (Wongprom et al. 2020; 
Wongprom et al. 2022; Staporn et al. 2022).  

Seeds of A. mangium can accumulate in the soil 
and forest floor (Saharjo 2006), with the seedlings 
being highly dense after clear-cutting. A high tree 
density can result in the reduction of growth rate 
and yield, accompanied by high mortality due to 
competition. A. mangium plantations mainly focus 
on producing wood with a short-rotation period 
but the management of A. mangium for the 
production of large saw logs has been rarely 
studied. Timber production from natural forests 
is expected to decline, and as such, A. mangium 
plantations can play an important role in 
maintaining the commercial supply of wood. 
Thinning is recommended for trees used in 
timber and sawn wood production, with larger 
trees having the potential to increase the income 
earned (Onyekwelu et al. 2011).   

The objectives of this study were to identify 
the effects of thinning on the growth and wood 
production of a naturally regenerated A. mangium 
plantation on an abandoned mining area. 
Thinning was applied to stands which were 
established through natural regeneration after 
clear-cutting of the A. mangium plantation. These 
results can be used to manage A. mangium stand 
in the Phangnga Forestry Research Station and 
other such degraded sites located in southern 
Thailand.  
 
 

MATERIALS AND METHODS 
 

Study site  

The plantation is located on an abandoned 
area, previously under tin mining, at the 
Phangnga Forestry Research Station (8˚ 46' 5" N, 
98˚ 16' 7" E), Takuapa district, Phangnga 
province, in southern Thailand (Fig. 1). Tin 
mining was done through the gravel pumping 
method. The post tin mining land forms could be 
mainly divided into sand, clay, and gravel areas. 
The soil nutrients and organic matter levels after 
tin mining were very low and the soil pH was 
strongly acidic (Anunsiriwat 1986). However, soil 
nutrients and organic matter content of this area 
were improved after the establishment of A. 
mangium, especially the topsoil level. The soil 
properties of this area are shown in Table 1 
(Wachrinrat et al. 2002). The area receives an 
annual rainfall of 3,566 mm, with the rainy season 
spanning from April to October and dry season 
occurring during the months from November to 
March. The mean temperature was around 27.1°C 
and relative humidity around 83% (Wachrinrat et 
al. 2002).  

 

 
Figure 1  Location of the study sites in Phangnga province, southern Thailand 
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Table 1  Soil properties of A. mangium plantation in clay area at Phangnga Forestry Research Station 

Soil 
depth 
(cm) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Soil 
texture 

pH OM 
 (%) 

Avai. P 
(ppm) 

Exchangeable bases (ppm) 
K Ca Mg 

0-7 10.40 30.72 58.88 clay 5.0 3.84 1.01 62.2 153.44 54.44 
7-32 0.40 24.72 74.88 clay 4.9 0.91 0.03 38.4 11.68 67.34 

Note: OM = organic matter, Avai. P = available phosphorus, K = potassium, Ca = calcium, Mg = magnesium. 
 

In 1987, A. mangium was planted at a spacing 
of 4 m x 4 m, to reclaim the clayey soil 
(Wachrinrat et al. 2002). However, a clear cutting 
of A. mangium plantation was done for wood 
utilization when the trees were 14-year-old. After 
the area was cleared by cutting, the site was 
prepared by burning the branches and other parts 
of the trees. A. mangium seedlings were then 
allowed to naturally regenerate in the area and this 
resulted in a high density stand.  
 
Methods 

The experiment plots were located in an 8-
year-old naturally regenerated A. mangium 
plantation. We observed that the crown cover of 
A. mangium stand was closed leading to a strong 
crown competition, which meant that thinning 
was needed for plantation management. A 
randomized completely block design (RCBD) 
with three replications was used in a plot of size 
20 m x 20 m. Three different thinning schemes 
were used and included 175 (T1), 300 (T2), and 600 
(T3) remaining trees per ha which were compared 
with a control of 831 trees/ha. A low thinning 
method was used in T1, T2, and T3 plots. The low 
thinning scheme was used to remove the 
suppressed and poor crown trees (Hawley 1947). 
In this study, any small and irregular trees were 
removed in the thinned plots. In addition, a good 
stem form of the co-dominant and intermediate 
trees in the T1, T2, and T3 plots were also removed 
to determine the spacing and tree density.  

The diameter at breast height (DBH) and 
height (H) of remaining trees were measured for 
a period of three years. The DBH and H of each 
treatment was calculated as a mean among 
replications (n = 3). The current annual 
increment (CAI) of H and DBH were calculated 
using the equations: 

CAIDBH = (DBH2- DBH1)/ t2-t1  
CAIH = (H2- H1)/ t2-t1 
 
 

Where: 
H1 = tree heights (m) at times t1 

H2 = tree heights (m) at times t2t 
DBH1 = diameters (cm) at times t1 

DBH2 = diameters (cm) at times t2 

t1 = beginning times of each period 
t2 = ending times of each period. 

Allometric equations of the 11-year-old A. 
mangium trees were developed to estimate the 
aboveground biomass and stem volume, as the 
estimation equation previously reported for 
woodchip was for trees within an age bracket of 
4-5 years in Thailand (Peawsa-ad & Viriyabuncha 
2002). In this study, trees sampled from seven 
different DBH classes (8.4 to 34.9 cm DBH) were 
cut and separated as logs according to their 
respective heights binned under 0-0.3 m, 0.3-1.3 
m, 1.3-2.3 m, etc., i.e., at every 1.0 m increment 
from the bottom to top. The tree height and 
diameter of the logs were measured. The fresh 
weights of stem, branch, and leaf components 
were determined in the field and representative 
samples were taken from each tree to determine 
the dry weight. The stem, branch and leaf samples 
were oven-dried at 80°C for 48 h to obtain a 
constant weight.  

The aboveground biomass, i.e., stem (WS in 
kg), branches (WB in kg), and leaf (WL in kg), of 
A. mangium was estimated using the allometric 
equations derived using destructive sampling as 
follows: 

WS = 0.0199*(DBH2*H)0.9828, (R2 = 0.98) 
WB = 0.0001*(DBH2*H)1.3345, (R2 = 0.99) 
WL = 0.0009*(DBH2*H)0.9773, (R2 = 0.94) 
WT = WS+WB+WL, 
 
Where: 
WT = total aboveground biomass 
DBH = diameter at breast height (cm) 
H = total height (m) 
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The volume of each log was calculated using 
the Smalian's formula: 

V = (BA1+BA2)/2 x L 

Where:  
V = log volume (m3) 
BA1 = upper cross section area of the log 
BA2 = lower cross section area of the log  
L = length of the log  

The total stem volume (VT) and merchantable 
volume (VM) was estimated using the equation 
derived from destructive sampling. The 
merchantable volume was set at a top end 
diameter > 10.0 cm, as determined by the local 
wood sawmill;  

VT = 0.0395*(DBH) - 0.3369, (R2= 0.98) 
VM = 0.0403*(DBH) - 0.4030. (R2= 0.98) 

Allometric equations for DBH and stem-log 
types were developed from seven representative 
trees (with DBH between 8.4 to 34.9 cm). Sawlog 
types were categorized as either small (VSSL; 
diameter of log (D) 10.0 < D ≤ 15.0 cm and as a 
percentage of merchantable volume), medium 
(VMSL; 15.0 < D ≤ 20.0 cm), or large (VLSL; D > 
20.0 cm). VSSL and VLSL were determined by 
establishing the respective allometric equations. 
VMSL was determined as the difference between 
the merchantable volume (100%) and the sum of 
VSSL and VLSL. The sum of VSSL, VMSL, and VLSL was 
equal to VM. 

The log components of each tree were 
estimated as a percentage of the merchantable 
volume (VM = 100%) according to the following 
equations:  

VSSL = 418.76e-0.137*(DBH),  (R2= 0.97) 
VLSL = 8.9603e0.0677*(DBH), (R2= 0.77) 
VMSL = 100 – (VSSL + VLSL)  

VM = VSSL + VMSL + VLSL, 

where VM is the merchantable volume (m3).  
 
Data Analysis 

Growth performance, as indicated by DBH, 
H, CAIDBH and CAIH, the aboveground biomass 
of trees, stem volume, merchantable volume, and 
saw logs among the various treatments was 
compared using SPSS 16.0. A one-way analysis of 
variance (ANOVA) followed by Tukey HSD was 
used to determine the differences between means 
at a 5% probability level.     

RESULTS AND DISCUSSION 
 

Tree growth  

Thinning had a positive influence on the 
growth of A. mangium, although the DBH and H 
were not found to be significantly different (p > 
0.05) during the initial stages of development. 
The parameters measured during the initial stages 
of growth and development after thinning are 
listed in Table 2. After thinning for one year, the 
DBH and H of trees in the T1 treatment increased 
rapidly compared with the control plot and were 
significantly different (p < 0.05). It has been 
previously reported that A. mangium grows well 
after an early thinning (Yahya 1993). Heavy 
thinning is an important factor influencing the 
DBH with its incremental change significantly 
and positively correlated with the thinning 
intensity (Mäkinen & Isomäki 2004; Juodvalkis et 
al. 2005). In this study, the small and suppressed 
trees were removed by thinning. This resulted in 
a structured stand, with a marked increase in 
measured DBH. The size distribution moved 
towards normality and then became positively 
skewed, and was affected by low intensity 
thinning. Larger DBH values were found in 
thinned plots, while trees with smaller DBH were 
frequently found in the unthinned plot (Fig. 2).  

CAIDBH was the highest in the T1 plot, 
followed by T2, T3, and control, respectively. The 
density of A. mangium significantly influenced the 
CAIDBH after thinning during the first and second 
years, but no significant difference was observed 
in the third year. CAIDBH of trees in the thinned 
plots peaked during the second year. However, 
CAIDBH tended to decrease and was not 
significantly different among treatments after 
thinning for three years. A rapid reduction in 
CAIDBH from 2.47 cm/cm/yr to 1.03 cm/cm/yr 
under thinning for 1-3 years in the T1 plot 
indicates a strong competition between the 
remaining trees. A dense A. mangium canopy was 
observed after thinning for three years. A crown 
competition within the stand led to the death of 
small and suppressed trees. A high relative 
mortality rate of 21.98% was observed in the 
unthinned plot. 

CAIH was significantly different after the 
thinning for one year, but was not significantly 
different after thinning for 2-3 years. This 
indicates that the increase in height was affected 
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by thinning only during the early period. We 
observed that the thinning intensity only slightly 
affected the increase in height and is similar to 

results reported previously for many plantations 
(Wanthongchai & Sahunalu 2002; Mäkinen & 
Isomäki 2004; Cicek et al. 2013; Rytter 2013). 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Distribution of DBH classes of the thinned A. mangium during the initial stages of  development (A) and after 

three years of thinning (B) at the Phangnga Forestry Research Station 
 
Table 2 Diameter at breast height (DBH), height (H), and current annual increment (CAI) of the thinned A. mangium 

plots after thinning for one, two, and three years at the Phangnga Forestry Research Station 

Treatment DBH 
(cm) 

H 
(m) 

CAI  

DBH (cm) H (m) 
Before thinning    

T1 21.94 ± 1.95 24.18 ± 0.53 - - 
T2 19.91 ± 1.20 23.56 ± 0.76 - - 
T3 19.47 ± 1.57 23.17 ± 0.71 - - 

control 17.24 ± 2.23 21.79 ± 2.59 - - 

F- value 2.58ns 3.40ns - - 

After thinning for one year   
T1 25.14 ± 1.96b 26.22 ± 0.72b 2.47 ± 0.26c 1.20 ± 0.04c 
T2 22.34 ± 1.16ab 24.84 ± 0.47b 1.80 ± 0.24b 0.87 ± 0.13b 
T3 21.22 ± 1.49ab 24.38 ± 0.64b 1.40 ± 0.27b 0.67 ± 0.14b 

control 17.56 ± 3.03a 22.29 ± 1.18a 0.64 ± 0.25a 0.54 ± 0.12a 

F- value 7.13* 12.57** 26.74** 19.14** 
After thinning for two years   

T1 27.65 ± 2.52c 27.19 ± 1.00b 2.51 ± 0.74c 0.96 ± 0.33 
T2 24.30 ± 1.25bc 25.69 ± 0.50b 1.96 ± 0.13bc 0.85 ± 0.10 
T3 22.85 ± 1.39b 25.10 ± 0.56b 1.63 ± 0.11b 0.72 ± 0.10 

control 18.33 ± 3.19a 22.94 ± 1.74a 0.77 ± 0.27a 0.65 ± 0.62 

F- value 8.98** 8.15** 9.90** 0.47ns 

After thinning for three years   
T1 28.65 ± 2.55b 27.58 ± 0.99b 1.03 ± 0.13 0.39 ± 0.10 
T2 25.28 ± 1.15b 25.99 ± 0.40b 0.98 ± 0.14 0.38 ± 0.15 
T3 23.71 ± 1.12ab 25.48 ± 0.44ab 0.86 ± 0.30 0.29 ± 0.14 

control 18.93 ± 3.36a 23.08 ± 1.70a 0.60 ± 0.22 0.14 ± 0.10 

F- value 9.62** 9.82** 2.36ns 3.64ns 

Notes: * = significantly different at p < 0.05; ** = significantly different at p < 0.01; ns = not significant at p > 0.05 and 
letters a, b and c in the same column indicate significant differences at p < 0.05 and p < 0.01, as determined by Tukey 
HSD. 

 
 
 
 

A 

B 



Effect of thinning on growth and wood production of Acacia mangium – Wongprom et al. 

313 

Aboveground biomass  

The aboveground biomass among treatments 
was significantly different after thinning for  
years 1-3 (Table 3). In the thinned plots, the 
aboveground biomass from all parts of a tree was 
the highest for T3 plot, while that for T1 plot was 
the lowest. However, the aboveground biomass 
of the T3 and control plots was similar. 
Differences in density can significantly affect the 
production of plantation. This is evident from 
our observation that the aboveground biomass 
estimated for the T3 (169.89 t/ha) and control 
(185.74 t/ha) plots was relatively high, but was 
lower than that of a 10-year-old A. mangium 
plantation (1,050 stem/ha) planted on degraded 
lands in Indonesia, with value of 241.10 t/ha 

(Hardiyanto et al. 2004).  
Stem biomass contributed the most to the 

main productivity, accounting for approximately 
81-84%  of   the   total   aboveground   biomass. 
On the other hand, the contribution of leaf 
component to the biomass pool was the lowest 

(4%). Leaf production of A. mangium is not the 
main objective of a commercial plantation. 
However, the contributions of leaf biomass and 
leaf litter were reported to be the most significant 
in terms of nutrient return to the forest floor 
(Nambiar & Hardwood 2014; Wongprom et al. 
2022), as A. mangium leaf is rich in nutrient 
concentration, especially nitrogen. It therefore 
plays an important role in increasing the soil 
nutrients, improving the soil properties 
(Wongprom et al. 2020), and promoting nutrient 
supply for stand growth (Hardiyanto & Nambiar 
2014). Previously, it has been reported that the 
wood production in an Acacia plantation is 
strongly correlated with the soil nutrients 
(Harwood et al. 2017). This observation was 
similar to Huong et al. (2020b), who found that 
four rotations in A. auriculiformis plantation 
resulted in high growth and production 
compared to the first rotation.  

 
Table 3  Aboveground biomass of the 8-year-old A. mangium under various thinning durations and  intensities 

Treatment 
Aboveground biomass (ton/ha) 

WS WB WL WT 

After thinning for one year 
T1 52.02 ± 8.53a 8.16 ± 1.94a 2.65 ± 0.47a 62.83 ± 10.94a 
T2 69.03 ± 6.17a 10.34 ± 1.79ab 3.49 ± 0.35a 82.86 ± 8.33a 
T3 119.95 ± 21.04c 16.34 ± 4.33 ab 5.99 ± 1.13b 142.28 ± 24.84b 

control 140.77 ± 10.70c 17.22 ± 0.11ab 5.03 ± 0.43b 163.02 ± 11.05b 

F- value 33.68** 8.49* 28.03** 30.62** 

After thinning for two years 
T1 61.99 ± 12.05a 10.60 ± 2.99a 3.21 ± 0.67a 75.80 ± 15.71a 
T2 83.16 ± 7.08a 13.67 ± 2.40ab 4.27 ± 0.41a 101.10 ± 9.77a 
T3 141.67 ± 22.63b 21.05 ± 5.16b 7.17 ± 1.24b 169.89 ± 27.01b 

control 156.38 ± 7.16b 20.61 ± 0.91b 7.75 ± 0.25b 185.74 ± 6.54b 
F- value 33.38** 7.05* 26.51** 30.78** 

After thinning for three years 
T1 66.65 ± 13.09a 11.77 ± 3.41a 3.47 ± 0.73a 81.89 ± 17.24a 
T2 90.42 ± 5.14a 15.05 ± 2.57ab 4.64 ± 0.34a 110.11 ± 7.91a 
T3 152.53 ± 19.82b 23.27 ± 4.66b 7.75 ± 1.09b 183.55 ± 25.54b 

control 161.46 ± 6.61b 21.79 ± 1.00b 7.92 ± 0.28b 191.17 ± 6.15b 

F- value 42.41** 8.01* 30.89** 37.63** 

Notes: * = indicates a significant difference at p < 0.05; ** = significantly different at p < 0.01; letters a, b, and c in the same 
column indicate significant difference at p < 0.05, as determined by Tukey HSD. WS, WB, WL, and WT are the stem, 
branches, leaf biomass, and total aboveground biomass, respectively. 
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Stem volume, merchantable volume, and 
sawlogs  

After thinning for three years, the stem and 
merchantable volumes of the thinned and control 
A. mangium plots were significantly different 
(p<0.01) (Table 4). In addition, the production of 
small, medium, and large saw logs was also 
significantly different among the treatments. 
However, stem and merchantable volumes of the 
T3 and control plots were similar. Thinning 
intervention positively affected the diameter of 
logs. Heavy thinning in the T1 plot resulted in a 
high proportion of large saw logs (67% of 
merchantable volume). The proportion of large 
saw logs in the thinned plots was higher than 
both the medium and small sized saw logs. In 
contrast, the proportion of small saw logs was 
high in the unthinned plot (25%), while those in 
the T1, T2, and T3 was 9, 14 and 16%, respectively. 
This indicates that thinning increased the 
merchantable volume and the number of large 
saw logs. For 9-year-old A. auriculiformis 

plantation (1,333 stem/ha), the medium sized 
saw logs formed the major proportion of saw logs 
obtained from the unthinned plot (Huong et al. 
2020a). Thinning is important for improving the 
DBH class of a stand as well as the merchantable 
volume and is usually used as a plantation 
management strategy to increase growth and 
utilization.  

For 9 and 10 year plantations, the current 
annual increment of volume (CAIV) was found to 
be significantly different (p<0.01), with the T3 
plot having the highest CAIV. However, CAIV of 
the T3 and unthinned plots was similar for the 11-
year-old plantation. Low thinning resulted in a 
significant increase of stand stem volume (Fig. 3). 
After thinning for one and two years, CAIV of the 
T1 and T2 plots increased, while the values were 
not different for the unthinned plot. Heavy and 
moderate thinning intensity had a significant 
influence on the increment in stem volume of the 
A. mangium plot, given that the trees had a 
positive response to thinning. 

 
Table 4 Stem volume, merchantable volume, and saw logs of the thinned 11-year-old Acacia mangium stand under various 

thinning intensities 

Treatment Stem volume 
(m3/ha) 

Merchantable 
volume (m3/ha) 

Sawlogs (m3/ha) 
Small  Medium  Large  

T1 135.83 ± 16.79a 127.92 ± 17.37a 11.25 ± 1.75a 
(9%) 

31.25 ± 6.75a 
(24%) 

85.42 ± 21.11a 
(67%) 

T2 187.92 ± 6.71b 180.99 ± 13.65b 25.75 ± 5.88b 
(14%) 

47.83 ± 10.07a 
(27%) 

107.41 ± 23.46a 
(59%) 

T3 353.83 ± 23.76c 326.19 ± 23.73c 51.00 ± 3.54c 
(16%) 

101.08 ± 7.44b 
(31%) 

174.16 ± 24.56b 
(53%) 

control 351.10 ± 22.33c 298.44 ± 15.27c 74.60 ± 10.69d 
(25%) 

95.49 ± 7.07b 
(32%) 

128.33 ± 12.57a 
(43%) 

F-value 145.57** 92.44** 165.70** 51.05** 7.54* 
Notes: * = indicates a significant difference at p < 0.05; ** = significantly different at p < 0.01; letters a and b in the same 

column indicate significant difference at p < 0.05, as determined by Tukey HSD.  The numbers in brackets are 
percentage of saw log types estimated for each treatment. 

 

 
Figure 3 The current annual increment of stem volume (CAIV) of the thinned 9 to 11-year-old A. mangium plots under 

various thinning durations 
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In southern Thailand, the local sawmills have 
a high demand for large saw logs to make wood 
furniture, as these products fetch a higher value 
compared to woodchips. In Thailand, during the 
year 2021, the timber imported was 
approximately 220,000 m3 (Royal Forestry 
Department 2021). As such, fast-growing tree 
plantations can reduce the import bill related to 
import of timber wood, while also reducing the 
illegal cutting of natural forests. Thinning can be 
a valuable management strategy in plantations to 
increase the domestic timber production. A short 
rotation period (4-7 years) is generally used for 
the production of fuelwood and woodchips from 
A. mangium plantations. 

The growth, aboveground biomass, and stem 
volume estimates reported in this study are based 
on a plantation established on poor soil 
conditions in an abandoned mining area where 
soil nutrients and organic matter were very low 
(Anunsiriwat 1986; Thaiutsa & Rungruangsilp 
1990). However,  
A. mangium was able to grow well in this area as 
the site receives a high amount of rainfall (more 
than 3,500 mm/yr), with a rainfall of more than 
2,500 mm/yr being suitable for the optimum 
growth of A. mangium (National Research 
Council 1983). The DBH and H of the T2 plot 
(24.30 cm and 25.69 m, respectively) in the 10-
year-old A. mangium plantation was similar to that 
of A. mangium planted in West Java, Indonesia, 
with a DBH, H, and density of 27.81 cm, 25.12 
m, and  
225 stem/ha, respectively (Heriansyah et al. 
2007). In addition, the estimated total 
aboveground biomass and stem volume in this 
study was not different from that of other areas with 
a similar stand density. For example, the 
aboveground biomass estimated for the lightly 
thinned 11-year-old A. mangium plantation, with a 
density of 600 stem/ha was similar to that of an 
A. mangium plantation in southeastern, Vietnam 
(Cuong et al. 2020).   

 
 

CONCLUSION 
In this study, we presented the results of 

thinning on the growth of A. mangium trees in a 
naturally regenerated 8-year-old plantation in the 
Phangnga Forestry Research Station, with three 
different thinning schemes, which were 
compared with the control (unthinned plot). The 

growth and production of the remaining trees 
after thinning were observed to be affected by 
thinning. After thinning, the DBH and CAIDBH of 
trees in the thinned plots were found to be 
significantly higher than those in the control plot. 
However, tree height was only slightly affected by 
thinning. A reduction in CAIDBH was observed 
after thinning for three years, possibly resulting 
from a stronger competition for resources. The 
total aboveground biomass and stem volume in 
the lightly thinned T3 plot was similar to that of 
the control plot. The thinning intensity 
significantly affected the growth and productivity 
of the A. mangium stand. CAIV of the T3 plot was 
relatively higher than that of the T1 and T2 plots. 
However, the large saw logs obtained from the T3 
and unthinned plots was significantly different, 
suggesting that thinning should be done for 
promoting stem growth and to obtain large sized 
timber wood.  
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ABSTRACT 
 

Green coffee beans are also called unroasted coffee beans. The chemical composition of green coffee beans 
plays a vital role in determining the final product’s aroma. The main objective of this research was to characterize 
the chemical properties of Arabica and Robusta green coffee beans grown in different regions of Geopark Rinjani, 
Lombok Island, Indonesia. The water, ash, protein, carbohydrate, total solids, and caffeine contents, total acidity, 
and pH were determined. Data were analyzed by analysis of variance. The results revealed significant differences 
in the moisture contents of Arabica beans from Sembalun, Sajang, and Sapit and Robusta beans from Rempek, 
Selelos, and Genggelang. Additionally, the ash contents of Arabica Sajang and Arabica Sapit showed notable 
differences compared to other samples. However, the total fat contents of Arabica Sajang, Arabica Sapit, Robusta 
Rempek, and Robusta Genggelang did not exhibit significant variations. On the other hand, significant differences 
were observed in the protein contents of all samples, particularly between Arabica Sembalun and Arabica Sapit, 
compared to Arabica Sajang, Robusta Rempek, Robusta Genggelang, and Robusta Selelos. Robusta coffee beans 
appeared to have a slightly lower pH than Arabica beans. The latter exhibited consistent acidity in the range of 
0.20–0.21, whereas the former showed higher acidity levels (0.23–0.25). Arabica beans had a lower caffeine content, 
averaging 1.09%, whereas Robusta beans exhibited an average caffeine content of 2.09%. This research provides 
valuable insights into the chemical composition of green coffee beans from different species and locations within 
Geopark Rinjani, contributing to a better understanding of the factors influencing the aroma and quality of coffee. 

 
Keywords: arabica coffee, geopark rinjani, green coffee bean, robusta coffee 

 
 
 

INTRODUCTION 
 

There are 130 coffee species identified 
worldwide but only two are responsible for most 
of the global coffee trade. Coffea arabica L. and 
Coffea canephora account for approximately 60–
65% and 35–40% of the global coffee 
production, respectively. The coffee industry is a 
substantial contributor to the global economy, 
with an annual production of approximately 10 
million tons and an income of approximately 
USD 200 million. This industry also supports the 
livelihoods of millions of smallholder farmers, 
who account for approximately 60% of coffee 
farms in tropical regions (Cassamo et al. 2022).  

The quality of coffee beans is primarily 
determined by their physical and chemical 
properties, which are closely linked to the coffee 
species/genotype, microclimate conditions 
during the fruit and bean maturation process, soil 
characteristics, and agricultural crop management 
practices. Environmental conditions during fruit 
development also substantially affect the final 
bean quality (Ahmed et al. 2021). Shade and 
altitude positively affect coffee bean quality and 
are vital in producing high-quality coffee. Higher 
altitudes and shade at lower altitudes may 
enhance the physical and chemical properties of 
the beans as a result of the lower temperatures 
and higher air humidity. These climate conditions 
can extend the fruit and bean maturation period, *Corresponding author, email: zainuri.ftp@unram.ac.id 
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increasing the accumulation of sugars and aroma-
related phenolic compounds. In addition, 
Mendes et al. (2022) reported that beans grown at 
higher altitudes tend to have higher levels of 
sugars, lipids, amino acids, trigonelline, and 
chlorogenic acid isomers, leading to higher-
quality coffees compared to beans from lower 
altitudes. By contrast, coffees of the same 
genotype grown at lower altitudes have lower 
quality and lower levels of the abovementioned 
compounds. 

The chemical composition of green coffee 
beans plays a vital role in determining the final 
product’s aroma. The Maillard reaction, which 
occurs during roasting, is the primary process that 
generates aroma through a reaction between 
amino acids and reducing sugars, forming 
nitrogenous heterocycles and brown 
melanoidins. This non-enzymatic browning 
generates many volatile compounds that shape 
the sensory experience of coffee. Arabica has a 
sweet, caramel-like aroma when roasted, whereas 
Robusta has an earthy, spicy aroma. Arabica 
contains higher levels of sucrose, which are 
essential for developing organoleptic properties 
and enhancing aroma formation in coffee (Liu et 

al. 2019). In addition, the caffeine content varies 
among the different cultivars and species. This 
variability can also be seen in other parts of the 
coffee plant, with the highest levels of caffeine 
found in the beans, flowers, and leaves. 
Additionally, it was reported that younger plant 
tissues contain more caffeine than mature parts 
(Dessalegn et al. 2008).  

The main objective of this study was to 
characterize the chemical properties of Arabica 
and Robusta green coffee beans grown in 
different regions of Geopark Rinjani, located on 
the island of Lombok, Indonesia. This is an 
important geological and natural heritage site that 
UNESCO has recognized as a Global Geopark. 
The Geopark Rinjani-Lombok covers five 
districts/cities: North Lombok, East Lombok, 
Middle Lombok, West Lombok, and Mataram 
City. The altitude of the region where samples 
were collected was between 500 and 1500 meters 
above sea level (masl) (Figure 1). The parameters 
analyzed were the moisture, ash, protein, 
carbohydrate, total solid, and caffeine contents, 
total acidity, and pH. This is the first report on 
the chemical composition of green coffee beans 
from this region. 

 

 
Figure 1 Distribution map of Arabica and Robusta green coffee bean plantations in Geopark Rinjani, Lombok Island, 

Indonesia. The different colors indicate different altitudes: dark green (0–500 m), light green (500–1500 m), and 
light brown (1500–2500 m). 
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MATERIALS AND METHODS 
 

Materials  

Arabica green bean samples were collected 
from various coffee-growing locations in 
Geopark Rinjani, Lombok, Indonesia. The 
Arabica coffee beans were from the Sembalun, 
Sajang, and Sapit regions, East Lombok. 
Meanwhile, Robusta green beans were collected 
from the Rempek, Selelos, and Genggelang 
regions, North Lombok Regency. Other 
materials used in this research were distilled 
water, Kjeldahl tablets, H2SO4, 0.1 N NaOH, a 
standard caffeine solution, Na2CO3, chloroform, 
a catalyst, boric acid, a phenolphthalein indicator, 
and diethyl ether. The tools used included 
Soxhlet extraction equipment, a drying oven 
(UNB 400, Memmert), a pH meter, a 
chromameter (MSEZ), a spectrophotometer, a 
weighing scale, and a blender. 

 
Sample preparation 

All green beans went through natural 
processing by drying for 2–3 weeks. The green 
beans were ground using a blender. Then, the 
ground coffee was sifted using a 40-mesh sieve. 
Fine powders from Arabica and Robusta green 
bean samples were packaged in aluminum foil 
Ziplock bags (approximately 100 g per sample 
per package) for further analysis. 

 

Research design 

A randomized block design (RBD) was used 
with a grouping of six samples, with the single 
factor being green beans from villages around 
Geopark Rinjani. Each sample comprised four 
replicates, resulting in 24 experimental units. The 
observed parameters were pH (AOAC, 1980), 
moisture content (AOAC, 1996), total fat content 
(AOAC, 2005), ash content (AOAC, 2000), 
protein content (AOAC, 2005), carbohydrate (by 
difference) (AOAC, 2005), total solid content 
(AOAC, 2005), total acidity (AOAC, 2005), and 
caffeine content (AOAC, 2005). 
 
 

RESULTS AND DISCUSSION 
 

Moisture content 

The moisture content of coffee beans is 
essential as it can affect the taste, aroma, and 
overall quality of the coffee. Figure 2 shows that 
the moisture content of the Arabica samples 
(collected from Sembalun, Sajang, and Sapit) was 
significantly different compared to that of the 
Robusta samples (collected from Rempek, 
Selelos, and Genggelang). The Arabica sample 
from Sembalun was significantly different from 
those from Sajang and Sapit. However, there 
were no significant differences in the moisture 
contents of the Robusta samples. 

 

 
Figure 2 The moisture content of Arabica and Robusta green beans from different regions of Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05). 
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For the Arabica samples, the water content 
ranged from 8.11% to 9.09%, with the highest 
value corresponding to the Sajang sample. 
However, the water content in the Robusta 
samples was slightly higher, ranging from 9.07% 
to 9.20%. The highest value was found in the 
Selelos sample. The moisture contents of the 
Arabica and Robusta green beans met the 
requirement in the Indonesian standard (SNI 01-
2907-2008), which states that the maximum 
moisture content of the green beans should be 
12%. 

It is essential to monitor the water content of 
green coffee beans as it can affect various aspects 
of coffee quality, such as flavor and aroma during 
storage and roasting. In addition, Reh et al. (2006) 
reported that the moisture content is considered 
the essential quality factor for green coffee, as it 
affects fermentation and mold growth during 
storage and transportation, potentially causing 
undesirable flavors or the formation of 
mycotoxins. The water content of the coffee 

bean can also vary depending on the specific 
growing conditions, processing methods, and 
storage conditions (Collazos-Escobar et al. 2020). 
The variability in the moisture content of the 
Arabica samples may be related to different 
environmental conditions in each planting area 
where the samples were obtained and also to 
differences during processing.  
 
Ash content 

The ash contents of the Arabica and 
Robusta green coffee beans were measured, and 
the results are shown in Figure 3. The ash content 
ranged from 4.5072% to 5.5182% for the Arabica 
samples, with the lowest value observed in the 
Sajang sample. The ash content of Arabica Sajang 
and Arabica Sapit was significantly different 
compared to that of other samples. However, the 
ash contents of Robusta Rempek, Robusta 
Selelos, and Robusta Genggelang were not 
significantly different. 

 

 
Figure 3 The ash content of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok Island, 

Indonesia. Different letters indicate significant differences (P ≤ 0.05). 
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The ash content of coffee beans is an essential 
factor to consider as it can provide information 
on the quality and processing of the beans. A high 
ash content may indicate the presence of 
impurities, whereas, a low ash content may 
indicate under-roasting or poor-quality beans. 
Pizarro et al. (2004) reported that the ash content 
in coffee beans reflects the mineral content in the 
beans. A high ash content may indicate a high 
mineral content. The high ash content in the 
Arabica sample from Sembalun may be 
associated with the mineral content of the soil in 
the planting area because this is the closest area 
to Mount Rinjani, a volcano that erupted. 
Additionally, impurities and residual silver skin 
may also affect the ash content. Differences in 
the origin of raw materials, such as the maturity 
of the beans and environmental factors that may 
be related to chemical characteristics or other 
aspects of the soil are external factors that affect 
the ash content in coffee beans. 
 
Total fat content 

The lipid component in coffee beans is 
primarily found in the endosperm. Although the 
Indonesian National Standard does not use fat 
content to assess the quality of green beans, lipids 
are closely associated with coffee quality, and 
their content may differ among coffee cultivars. 

Figure 4 shows the variations in the total fat 
contents of the different coffee species and 
growing areas for the same species. Arabica 
Sembalun had the lowest total fat content 
(9.86%), whereas Robusta Selelos had the highest 
total fat content (18.97%). The data also showed 
that the total fat contents of Arabica Sajang, 
Arabica Sapit, Robusta Rempek, and Robusta 
Genggelang were not significantly different. 
Robusta coffee beans are known for their strong 
and bold flavor, which is possibly related to their 
higher lipid content. The obtained result also 
suggests that the lipid content can vary 
considerably among different coffee genotypes 
and may be influenced by factors such as the 
specific growing and processing conditions, 
including the drying time. Benoit et al. (2006) 
reported that the lipid content in coffee beans 
increases with an increase in the altitude of the 
growing area. 

The total fat content of coffee beans can affect 
the overall quality and taste of coffee. Lipids 
contribute to the aroma and flavor of coffee. 
Thus, a higher lipid content can result in a more 
intense and complex aroma and flavor. However, 
a higher lipid content also results in greater 
susceptibility to rancidity, which can negatively 
affect the flavor and aroma of coffee. 

 

 
Figure 4 The total fat content of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05). 
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Protein content 

As illustrated in Figure 5, the protein contents 
of the samples showed significant differences. 
The protein content of the Robusta beans 
appeared to be higher than that of the Arabica 
beans. The protein content of Arabica coffee 
beans was between 11.06 and 12.02%, whereas 
the Robusta coffee beans contained protein levels 
ranging from 13.55 to 14.50%. Arabica Sembalun 
had the lowest protein content among all the 
samples, whereas Robusta Selelos had the highest 
protein content. The differences in protein 
content among the different coffee varieties may 
be due to various factors, such as the growing 
conditions, genetics, and post-harvest and 
processing methods (Wibowo et al. 2021). 
According to Marcone (2004), differences in the 
protein contents of green coffee beans may be 
due to variations in the maturity level of the 
coffee fruit, leading to diverse chemical 
compositions. The average protein content in 
dried green coffee beans ranges from 8% to 12%. 
Arabica Sapit green beans underwent the longest 
drying process, as it took three weeks, compared 
to other green beans, which only took two weeks 
to dry. Prolonged drying or sun-drying can result 
in protein degradation. In excessive natural 
fermentation during prolonged drying, 
microorganisms can use the protein in coffee 
beans as well as other nutrients such as 
carbohydrates and fats as energy sources 
(Wibowo et al. 2021). 

Total carbohydrate content 

Carbohydrates are essential components in 
coffee. Figure 6 shows the total carbohydrate 
contents of Arabica and Robusta green coffee 
beans from different growing areas. The results 
revealed that the carbohydrate contents of 
Arabica Sembalun and Arabica Sapit were 
significantly different than those of Arabica 
Sajang, Robusta Rempek, Robusta Genggelang, 
and Robusta Selelos. Among the coffee bean 
samples, the highest carbohydrate content was 
found in Arabica Sembalun (65.46%), whereas 
the lowest carbohydrate content was found in 
Robusta Selelos (52.95%). The data suggests that 
Arabica beans tend to have a higher carbohydrate 
content than Robusta beans. However, there was 
considerable variation in the two types of coffee, 
as indicated by the high standard deviation values.  

The carbohydrate content can affect the flavor 
of roasted coffee, as it is responsible for the 
formation of desirable flavors during the roasting 
process. Furthermore, the carbohydrate 
composition can also affect the functional 
properties of the final product, such as the body 
and mouthfeel of coffee. Therefore, a higher 
carbohydrate content may contribute to a more 
full-bodied and smoother coffee, whereas a lower 
carbohydrate content may result in a lighter and 
more acidic coffee. However, the correlation 
between the carbohydrate content and coffee 
flavor profile is complex and can be affected by 
many factors (Arya & Rao 2007).  

 

 
Figure 5 The protein content of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05) 

a
b c

d e
f

0
2
4
6
8

10
12
14
16

Arabica
Sembalun

Arabica
Sajang

Arabica
Sapit

Robusta
Rempek

Robusta
Selelos

Robusta
Genggelang

Pr
ot

ei
n 

co
nt

en
t (

%
)

Sample



BIOTROPIA Vol. 30 No. 3, 2023 

324 

 
Figure 6 The total carbohydrate content of Arabica and Robusta green beans from different regions in Geopark Rinjani, 

Lombok Island, Indonesia. Different letters indicate statistically significant differences (P ≤ 0.05) 
 
pH 

As shown in Figure 7, Arabica Sembalun has 
the highest pH (5.81) among the Arabica 
samples. Arabica Sajang and Arabica Sapit have 
slightly lower pHs, at 5.55 and 5.33, respectively. 
The Robusta samples have slightly higher pHs, 
with Rempek having the lowest (5.4675), 
followed by Selelos (5.4525), and Genggelang 
(5.595). These data suggest that the pHs of the 
Arabica beans from three different locations were 

more consistent than those of the Robusta beans, 
as indicated by their lower standard deviations. 
Moreover, the Robusta coffee bean samples 
appeared to have a slightly lower pH than the 
Arabica samples. Saputri et al. (2020) reported 
that Arabica Gayo coffee beans have an average 
pH of 5.66, which is slightly higher than that of 
Robusta Gayo coffee beans (4.89). However, Lee 
et al. (2017) reported that the pH of Arabica 
coffee beans is lower (4.60–5.60) than that of 
Robusta coffee beans (5.30–6.10). 

 

 
Figure 7 The pH of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok Island, 

Indonesia. Different letters indicate significant differences (P ≤ 0.05) 
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The pH of coffee beans is influenced by acidic 
compounds, specifically carboxylic acids. These 
acids are present in the free form after their 
release by the breakage of glycoside bonds. 
Variations in the pH values of coffee may be 
influenced by the location where the plants are 
grown. Sajang Village has andosol soils and is 
located in Geopark Rinjani at an altitude greater 
than 800 masl; its soil pH ranges from acidic to 
neutral (pH 5.0–7.0). Meanwhile, Sapit Village 
has regosol soils. Based on its geography, Sapit 
Village has a 25–40% slope and less than 2500 
mm/year of rainfall with a soil pH ranging from 
6 to 7. On the other hand, Rempek, Selelos, and 
Genggelang, where the Robusta samples were 
obtained, have inceptisol soils with a thick layer 
of approximately 1–2 m and pH in the range of 
5.0–7.0. The three soil types in the coffee-
growing areas of Geopark Rinjani-Lombok are 
derived from the volcanic ash of Mount Rinjani, 
and the pH ranges from 5 to 7. 
 
Total acidity  

The acidity of coffee beans is essential as it can 
affect the flavor profile. Generally, Arabica beans 
are considered to have a milder and more 
nuanced flavor, whereas Robusta beans are 

known for their bold and robust flavor. The 
difference in acidity levels between these two 
types of beans may contribute to these distinct 
flavor profiles.  

Figure 8 shows that the Arabica and Robusta 
coffee samples from different regions in Geopark 
Rinjani had distinct acidity levels. The Arabica 
samples had similar acidity levels, ranging from 
0.20 to 0.21, whereas the Robusta samples had 
higher acidity levels, ranging from 0.23 to 0.25. 
These differences in acidity may be due to 
variations in the growing conditions of the 
different samples, such as soil composition and 
climate, as well as genetic differences between the 
Arabica and Robusta coffee plants. Towaha et al., 
(2014a) proposed that altitude affects the acidity 
level of Arabica coffee beans.  

The processing methods and roasting 
techniques can also influence the acidity of coffee 
beans. According to Kasim et al. (2020), the 
titrated acidity in the dry-processed Robusta 
coffee is 3.65%, whereas in the wet-processed 
Robusta coffee is 3.42%. On the other hand, 
according to Winarno et al. (2021), the free acidity 
in dry-processed Arabica coffee is approximately 
0.05%, and that of wet-processed Arabica coffee 
is approximately 0.07%. 

 
 

 
Figure 8 The total acidity of Arabica and Robusta green beans from a different region in Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05) 
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Total solid content  

The total solid content refers to the 
percentage of dry matter in the coffee beans, 
indicating the quality and taste of coffee. 
Arabica Sembalun had the lowest total solid 
content (4.43%), whereas, Arabica Sajang 
had the highest total solid content (7.45%). 
Moreover, Robusta Rempek had a total solid 
content of 7.275% (Figure 9). The total solid 
content can affect the flavor of coffee. 
Saputri et al. (2020) reported that Robusta 
coffee beans showed a higher total solid 
content compared to Arabica coffee beans. 
This result was consistent with the lower 
levels of organic acids and amino acids found 
in Arabica coffee beans compared to Robusta 
coffee beans. The total solid content can consist 
of organic acids, amino acids, and simple 
carbohydrates, which can contribute to the taste 
and aroma formation of coffee during the 
roasting process. 

 

Caffeine content  

Caffeine, one of the most well-known 
compounds found in coffee, plays an important 
role in the strength, body, and bitterness of 
coffee, and is responsible for many of the 
physiological effects associated with coffee 
consumption (Buffo and Cardelli-Freire 2004). 
Figure 10 shows a significant difference between 
the caffeine of Arabica and Robusta coffee beans 
produced in Geopark Rinjani. Arabica beans had 
a lower (avg. 1.09%) caffeine content than 
Robusta beans (avg. 2.09%). This result aligns 
with the general understanding that Arabica 
beans typically have a lower caffeine content than 
Robusta beans. Moreover, the data shows that 
there were variations in the caffeine contents of 
beans of the same species but from different 
areas, which can be attributed to factors such as 
growing conditions, processing methods, and 
genetics. Towaha et al. (2014) also reported that 
Arabica coffee beans produced at different 
altitudes exhibited different caffeine levels.  

 
 

 
Figure 9 The total solid content of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05) 
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Figure 10 The caffeine content of Arabica and Robusta green beans from different regions in Geopark Rinjani, Lombok 

Island, Indonesia. Different letters indicate significant differences (P ≤ 0.05) 
 

According to Clemente et al. (2013), the 
chemical elements in the soil (particularly 
potassium, K) can affect the caffeine content 
of coffee beans. K plays an essential role in 
coffee plant reproduction, especially in the 
size and yield of coffee beans. In addition, K 
affects the taste of coffee by activating the 
polyphenol oxidase enzyme and determining 
the caffeine and phenol content in coffee beans. 
Moreover, the caffeine content is not only 
influenced by the growing location but may also 
be affected by the processing methods (Zhang et 
al. 2013). 
 
 

CONCLUSION 
 

The chemical composition of Arabica and 
Robusta coffee beans was found to be 
significantly (P ≤ 0.05) different. Arabica beans 
have a lower pH, acidity, and caffeine content 
than Robusta beans. Meanwhile, Robusta beans 
have a higher total solid content than Arabica 
beans. These results suggest that the growing 
conditions, processing methods, and genetics of 
coffee beans determine their chemical 
composition, which in turn can contribute to the 
distinct flavor profiles of Arabica and Robusta 
coffee beans. 
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ABSTRACT 
 

 The identities of two local loaches, Nemacheilus chrysolaimos (Valenciennes, 1846) and N. fasciatus (Valenciennes, 
1846) from six rivers, were obtained through a comprehensive examination of their morphology and molecular 
characteristics in Biltar Regency, East Java, Indonesia. Therefore, this study identified Nemacheilus spp. from Blitar 
based on morphology and partial sequence of COI. The meristic data obtained for N. chrysolaimos included DII. 7–
8 (dorsal fin), AI. 3–5 (anal fin), PI. 9 (pectoral fin), VI. 6–7 (ventral fin), and C. 17 (caudal fin). On the other hand, 
N. fasciatus exhibited the following meristic data, namely D II 7–8 (dorsal fin), AI. 6 (anal fin), PI. 9–10 (pectoral 
fin), VI. 6–7 (ventral fin), and C. 17 (caudal fin). A significant difference was observed in the morphometric 
characteristics of N. fasciatus across various sampling sites, as determined by the Kruskal-Wallis Test. Furthermore, 
the nucleotide base composition sequences of Nemacheilus spp. consisted of Thiamine (T), Cytosine (C), Adenine 
(A), and Guanine (G) with a mean of 29.565%, 32.023%, 23.88%, and 16.244%. Maximum Likelihood (ML) and 
Minimum Evolution (ME) phylogenetic analysis was also conducted using the Kimura 2 Parameter model to 
establish two major clades on Nemacheilus spp. and one out-group significantly different from the Nemacheilus spp. 
The results showed that these major clades exhibited a close relationship at 100% bootstrap support and were 
grouped under the genus Nemacheilus. The study on Nemacheilus spp. from the Blitar locality differentiated COI 
sequences between N. fasciatus and N. chrysolaimos. Additionally, N. chrysolaimos, as inferred from reference 
sequences, was identified as the ancestral species to N. chrysolaimos MZB 26540 and MZB 26539. ABGD analyses, 
employing a prior maximal distance of 0.025, also indicated the separation of these species into distinct partitions. 
The integration of morphology and genetic data for Nemacheilus spp. should provide valuable insights for future 
genetic population studies and conservation initiatives. 

 
Keywords: DNA barcoding, morphology, Nemacheilus, phylogenetic, taxonomy  

 
 
 

INTRODUCTION 
 

The family Nemacheilidae comprises one of 
the most diverse groups of freshwater fish 
worldwide, encompassing 43 genera and 714 
species  (Froese & Pauly 2022a). One of the 
members of this family is the genus Nemacheilus, 

which has been described and validated with a 
total of 55 species. According to (Kottelat 1984; 
Kottelat et al. 1993; Kottelat 2013a; Froese & 
Pauly 2022b; Kottela, 2022), the highest diversity 
of Nemacheilus species has been recorded in the 
Asiatic region. Among the total of 55 species, 
only two species, namely Nemacheilus chrysolaimos 
and N. fasciatus, have been reported to be highly 
abundant in Java Island (Kottelat 1984; Kottelat *Corresponding author, email: dwirahayu@unesa.ac.id 
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et al. 1993; Hadiaty and Yamahira 2014; Hubert et 
al. 2019). 

The taxonomic history of the two Nemacheilus 
fishes was initially documented by Cuvier and 
Valenciennes in 1846. They classified these 
species under the genus Cobitis, naming them 
Cobitis chrysolaimos and C. fasciata (Cuvier & 
Valenciennes, 1846). Subsequently, the genus was 
revised by Bleecker in 1853, and the name 
Nemacheilus became a valid designation. These 
Nemacheilus spp. have gained significant attention 
due to the exclusive distribution in Indonesian 
waters, as well as their strikingly similar 
morphology but distinct body colorations. 
Kottelat (1984) elucidated the differences 
between these two species and in subsequent 
publications (Kottelat et al. 1993), additional 
information was provided. Moreover, Hadiaty 
and Yamahira (2014) presented an updated 
identification key specifically for the species of 
Nemacheilus spp. found in Asian waters within 
Indonesia.  

In addition to the morphological analysis, the 
molecular examination of the two Nemacheilus 
fishes showed their dissimilarities. DNA 
barcoding identified the Most Recent Common 
Ancestor (MRCA) to have existed approximately 
1.5 million years and 0.5 million years ago in N. 
fasciatus and N. Chrysolaimos, respectively (Hubert 
et al. 2019). Šlechtová et al. (2021) also supported 
that N. chrysolaimos was different from N. masyae 
through genomic DNA isolation. According to 
Kusuma et al. (2021), Nemacheilus chrysolaimos from 
Temanggung and Yogyakarta using the partial 
sequence of COI gene indicated a haplotype and 

nucleotide diversity (Hd) of 0.679 and 0.00117, 
respectively. The differentiation between these 
two species needs to be reinforced through DNA 
barcoding in contrast to the study conducted by 
Ath-thar et al. (2018) using PCR-RAPD analysis 
on Neimacheilus fasciatus, which revealed a high 
level of genetic diversity. This study also 
augments the understanding of Nemacheilus spp. 
by employing morphological and molecular 
approaches. A noteworthy addition is the 
inclusion of the fins formula, which has not been 
previously described. The outcomes are expected 
to offer valuable insights and resolve the 
taxonomy of these two fishes yet to be disclosed. 

 
 

MATERIALS AND METHODS 
 

Field Sampling 

The specimens of Nemacheilus spp. from Blitar 
Regency were collected from three main 
locations, namely Garum, Ponggok, and Wlingi at 
six rivers. Specifically, Garum consisted of three 
rivers (Slorok, Sumber Ronje and Glawah), 
Ponggok comprised two rivers (Loadeng and 
Tunjung), and Wlingi included one river (Lekso), 
as shown in Figs. 1 & 2. To capture the fish 
samples, gill nets were employed, and the 
collected fishes were preserved in sample bottles 
containing a 10% formaldehyde solution. 
Furthermore, the samples were transported to 
the laboratory at the State University of Surabaya 
(Universitas Negeri Surabaya) for subsequent 
identification, measurement, and analysis. 

 

 
Figure 1 The map showing sampling localities of two Nemacheilus fishes at three rivers of Blitar, East Java, Indonesia. 

A. Garum (7°59.967'S, 112°5.775'E), B. Ponggok (8°2.604'S, 112°14.004'E) and C. Wlingi (8°4.215'S, 
112°19.894'E) 
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Figure 2 The habitat of two Nemacheilus fishes in Blitar, East Java, Indonesia. A. Slorok river, B. Sumber Ronje river, 

C. Glawah river, D. Loadeng river, E. Tunjung river and F. Lekso river 
 

Morphology Work 

In the laboratory, all of the fish were sorted, 
washed, and cleaned for morphological 
observation and identification. Measurement of 
the morphological characteristics was made on 14 
characters, as shown in Fig. 3, using 
modifications of Kottelat (1984) and Kottelat 
and Freyhof (2007) with a digital caliper and 0.01 
mm accuracy. Furthermore, the identification 
was performed in line with the study of Kottelat 
(1984) and Kottelat et al. (1993). The specimens 
were then stored in 70% alcohol and deposited in 
the Museum Zoologicum Bogoriense (MZB), 
Cibinong, Indonesia. Before molecular work, the 
specimens were frozen at -20oC for DNA 
extraction. 

 
DNA Extraction and Sequencing 

The isolation of total DNA (whole genome) 
from stomach tissue samples was carried out 
using the DNA Isolation Kit (Roche), with 
several modifications. A DNA fragment of 
approximately 526 base pairs (bp), corresponding 
to the COI gene region of the mitochondrial 
DNA (mtDNA), was successfully amplified using 
gradient PCR. The universal primers LCO1490 

(5' GGT CAA CAA ATC ATA AAG ATA TTG 
G 3') and HCO2198 (5' TAA ACT TCA GGG 
TGA CCA AAA AAT CA 3') were used for this 
purpose (Folmer et al. 1994). The hotstart PCR 
method was employed, using a Kapa master and 
two Taq master mixes. The PCR process 
consisted of 35 cycles, each encompassing the 
following steps, initial double-strand attachment 
(pre-denaturation) at 95°C for 3 minutes, 
denaturation at 94°C for 45 seconds, annealing at 
45°C for 45 seconds, and extension at 72°C for 2 
minutes. A final elongation step was conducted 
at 72°C for 10 minutes. To visualize the PCR 
products, gel electrophoresis was performed on a 
1% agarose gel prepared with 0.5 g of agarose and 
50 mL of TAE buffer. Additionally, 4 μL of 
Ethidium Bromide (EtBr) was added as a dye to 
the gel, and the subsequent step was to mix 3 µL 
of the PCR samples with 1 µL of loading dye 
before putting the mixture in an agarose well. The 
electrophoresis was performed using a machine 
with a voltage of 220 V and a current of 400 mA, 
for 25 minutes. PCR products were also purified 
using a Qiagen purification kit according to the 
manufacturer’s instructions and subsequently 
sequenced at First Base, Malaysia.  
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Figure 3 Morphometric of the Nemacheilus fish from Blitar, East Java. Abbreviation: 1. Total length (TL); 2. Standard 

length (SL); 3. Head length; 4. Snout length; 5. Eye diameter; 6. Postorbital length; 7. Predorsal length; 8. 
Prepelvic length; 9. Prepectoral length; 10. Pectoral fin length; 11. Height of the body; 12. Dorsal fin length; 13. 
Anal fin length; 14. Height of caudal peduncle. The fish image was adopted from Hubert et al. (2019); 
measurement was modified from Kottelat (1984) and also Kottelat & Freyhof (2007) 

 
Data Analysis 

A description of the two Nemacheilus spp. was 
presented based on morphological observation. 
Since the data from morphological 
measurements were not normally distributed, a 
non-parametric test (Kruskal-Wallis test) was 
employed to investigate any significant difference 
in the morphometric of N. fasciatus, from 
sampling localities. This was because only this 
species occurred at all six rivers, while N. 
chrysolaimos had a limited number and was only 
found in one river. The molecular data obtained 
from the study were subjected to the following 
analytical procedures: 

 
Sequence Composition and Genetic 
Diversity 

A partial sequence of the COI gene along 503 
bp was obtained from 11 Nemacheilus spp. from 
Blitar Regency, East Java, as the final dataset. 
Each sequence was initially translated into an 
amino acid to check and remove pseudogene 
(Song et al. 2008; Buhay 2009). Nucleotide 
sequencing was then continued by carrying out 
the chromatogram analysis, using Finch TV 
software and translating into amino acid 
sequence through the ExPASy website (Duvaud 
et al. 2021). Subsequently, all sequences were 
checked through the BLAST (Basic Local 
Alignment Search Tool) (Boratyn et al. 2013) and the 
BOLD System (Ratnasingham & Hebert 2007) to 
be compared with close relatives of Nemacheilus 
spp. A total of 5 accessions from GenBank 
(NCBI) were selected as in-group and out-group 
for the phylogenetic tree reconstruction. Multiple 

sequence alignment was performed by using the 
Clustal X (Larkin et al. 2007) and then checked 
manually through the BioEdit software (Hall 
1999). Furthermore, partial sequences of the COI 
gene from Nemacheilus spp. were submitted to 
GenBank with referred accession numbers, as 
shown in Table 2. All the data including 
taxonomic characteristics and GenBank 
accession numbers were tagged with the voucher 
specimens preserved at Zoologicum Bogoriense 
(MZB) at Juanda Street, Bogor, West Java, 
Indonesia. 

The calculation of similarity values was 
performed as follows: similarity percentage = (1-
Genetic Distance) × 100%. The substitution of 
transitions and transversion of nucleotide bases 
was calculated by the K2P (Kimura 2-Parameter) 
model. Information on the genetic diversity of all 
sequences used for phylogenetic reconstruction 
was analyzed through items, such as the value of 
nucleotide diversity (Pi), the number of 
polymorphic sites (S), the haplotype analysis 
(haplotype diversity (Hd), and the number of 
haplotypes (nHap) (Nei 1972). In addition, the 
software version of MEGA X was 10.2.6 (Kumar 
et al. 2018) used to calculate nucleotide 
frequencies, transition/conversion ratio (k), 
transition/conversion, rate ratio bias (R), and 
probabilities. 

 
Phylogenetic Reconstruction 

Reconstruction of the phylogenetic tree based 
on the partial sequence of the COI gene was 
conducted on a total of 17 sequences using 
MEGA X version 10.2.6. The purpose is to 
determine the grouping of different species and 



Further study on Nemacheilus spp. from Blitar, East Java – Rahayu et al. 

333 

the applied methods were Minimum Evolution 
(ME) and Maximum-Likelihood (ML). The 
settings used for ME phylogenetic tree 
reconstruction begins with the setting of a 
bootstrap consensus tree inferred from 1000 
replicates retrieved to represent the evolutionary 
history of the taxa (Felsenstein 1985). Branching 
corresponding to partitions reproduced in less 
than 50% of bootstrap replicates was eliminated. 
Furthermore, evolutionary distances were 
calculated using the Kimura 2-parameter (K2P) 
method and in units of the number of base 
substitutions per site (Kimura, 1980). The rate 
variation among sites was modeled with a gamma 
distribution (shape parameter = 63). The ME tree 
was searched using the Close-Neighbor-
Interchange (CNI) algorithm at search level 2 
(Nei & Kumar 2000) and the neighbor-joining 
algorithm was used to generate the initial tree 
(Saitou & Nei 1987). 

The settings used for ML phylogenetic tree 
reconstructions were calculated by using the K2P 
substitution model (Saitou & Nei 1987), and the 
rate variation among sites was modeled with a 
Gamma distribution and bootstrap consensus 
tree inferred from 1000 replicates (Felsenstein 
1985). In addition, the percentage of replicate 
trees in which the associated taxa clustered 
together in the bootstrap test (1000 replicates) 
were shown next to the branches. The barcode 
gap analysis generated by Automatic Barcode 
Gap Discovery (ABGD) was used to strengthen 
the identification of this species, and grouping 
analysis (Puillandre et al. 2012) was conducted 
through a web interface to check the distribution 
and size of a potential barcoding gap for the 
partial sequence of COI gene dataset with the 
following settings: Pmin: 0.001, Pmax: 0.9, Step: 
10, X (relative gap width):1.5, Kimura (K80), 
number of bins: 20. 

 
 

RESULTS AND DISCUSSION 
 

Class Actinopteri Cope, 1871 
Ordo Cypriniformes Bleeker, 1859 
Family Nemacheilidae Regan, 1911 
Genus Nemacheilus Bleeker, 1863 
Nemacheilus chrysolaimos (Valenciennes, 
1846) (Fig. 4) 
 

Noemacheilus fasciatus Kuhl & van Hasselt in van 
Hasselt, 1823: 133 (Buitenzorg) (partim; nomen 
nudum). 
Cobitis chrysolaimos Valenciennes in Cuvier & 
Valenciennes, 1846: 27, fig. 521. 
Noemacheilus chrysolaimos Kottelat, 1984: 241, figs. 
14a, 15. 
Nemacheilus chrysolaimos Kottelat, 1993: 75, pl. 
25.―Roberts, 1993: 25, fig. 29.―Hardiaty & 
Yamahira, 2014: 84 (list), 87 (list), 90 (list), 92 
(key). 

Material examined. Slorok river, Garum 
(MZB 26539, SL. 52.5 mm; MZB 26540, SL. 51.3 
mm; 08°02'36.25''S, 112°14'00.23''E), Blitar, East 
Java, 26 June 2022, Coll. D.A. Rahayu & E.D. 
Nugroho. 

Description. Morphometric data are 
presented in Table 1. The head is rounded with a 
pair of eyes, a pair of nares, a short blunt snout, a 
small subterminal mouth, and a circular lip 
around the mouth. Furthermore, the eyes are 
elliptical and nares are located between the snout 
and the eyes. The mouth contains three pairs of 
rostral barbels, two pairs on the upper jaw, and 
one pair on the upper snout maxillary barbels 
may reach half of the postorbital length of the 
head. The inner rostral spines are present and 
reach about half of the eye.  

The body is elongated, fusiform, weakly 
compressed, and laterally flattened at the base of 
the tail without sharp scales. TL is about 1.18–
1.28 (1.24 ± 0.01) times as long as SL and head 
length is about 2.21–3.09 (2.65 ± 0.09) times as 
the snout. Meanwhile, the eye diameter is about 
0.38–0.57 (0.46 ± 0.02), 0.36–0.50 (0.41 ± 0.01), 
and 0.02–0.04 (0.03 ± 0.002) times as long as the 
snout, postorbital length, and SL, respectively. 
Predorsal length, Prepectoral length, and height 
of the body are about 0.99–1.10 (1.02 ± 0.01), 
1.07 (0.94 ± 0.02), and 1.00–1.50 (1.19 ± 0.05) 
times as the prepelvic length, length of the head, 
and height of the caudal peduncle, respectively. 

Pectoral fins almost reach more than half of 
pelvic fin bases. An axillary lobe presents at the 
pelvic fins bases under the first to third of 
branched dorsal rays. The anal fin does not reach 
the caudal fin bases. The dorsal fin is opposite the 
ventral fin or just behind the vertical fin. The anal 
fin is short, far behind the ventral fin. The ventral 
fin does not reach the anal fin; pectoral fins are 
shorter  than  the  head.  The  caudal  fin  is very 
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Figure 4 Nemacheilus chrysolaimos (Valenciennes, 1846) (Standar Length: 52.5 mm; MZB 26539) from Blitar, East Java, 

Indonesia. A. Habitus, lateral view; B. Dorsal fin, lateral view; C. Anal fin, lateral view; D. Pectoral fin, lateral 
view; E. Caudal fin, lateral view; F. Ventral fin, lateral view; G. Anterior part, dorsal view 

 
emarginate, the lobes are acute, caudal fin is 
longer than the head with the rays all forked. The 
initial dorsal fin is in front of the vertical line of 
the anal fin base, closer to the tip of the snout 
than the base of the caudal fin; the dorsal fin is 
medium in size, the base of the posterior tip is the 
opposite the base of the ventral fin and the tip is 
not reaching anal fin. The caudal fin is crescent in 
shape, the pectoral fin is rounded, and the length 
is almost equal to the head, ending less than the 
length in front of the ventral fin; Anal fin is 
shorter than the pectoral fin and the shape is 
tapered or slightly pointed and bearing hard and 
soft rays, not or barely lower than the body, 

higher than the length of the base; the caudal fin 
is emarginate or crescent-shaped-emarginate. 
The first anterior dorsal rays are the longest. 
Dorsal fins DII. 7–8, anal fins AI. 3–5, pectoral 
fin PI. 9, ventral fins VI. 6–7 and caudal fin C. 17. 

Coloration. The body is black-yellowish in 
color with 12–18 dark bars irregular shape on the 
lateral part. The two pairs of rostral barbels are 
black and one pair with yellowish coloration. The 
base of the caudal fin is red in the anterior part of 
the caudal peduncle and the initial base of the 
dorsal fin rays has a black spot. The head is 
brown with a dark color in the center; a darker 
pattern is also present on the snout and opercula. 
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Furthermore, the base and first rays of the 
pectoral fins are dark in color and the last dorsal 
fin rays are dark with black spots. 

Body length. Standard length (SL) and total 
length (TL) ranged from 32.1–52.4 mm and 
40.60–66.40 mm, with a mean of 43.47 ± 2.05 
mm and 55.32 ± 2.93 mm (n = 9). 

Distribution. According to Kottelat (1984) 
and Kottelat et al. (1993), the species N. 
chrysolaimos was distributed in Java Island, 
particularly in West Java. Meanwhile, Hubert et al. 
(2019) reported that species can be found in 
almost at all provinces in Java Island, from West 
Java, Central Java to East Java.  

Remarks. There is a contradiction 
information on the distribution of this species 
between Kottelat’s (1984) finding with Hubert et 
al. (2019) information. We believe that so far, the 
Kottelat’s collected materials maybe restricted to 
the West Java only and have not ever been 
expanded to another location, meanwhile, 

Hubert et al. (2019) revisited and collected this 
species at all 3 provinces in Java Island, therefore, 
the information is totally different. 
 
Nemacheilus fasciatus (Valenciennes, 1846) 
(Fig. 5) 

Noemacheilus fasciatus Kuhl & van Hasselt in van 
Hasselt, 1823: 133; 1824: 376; Kottelat, 1984: 
247, fig. 18a. 
Cobitis fasciata Valenciennes in Cuvier & 
Valenciennes, 1846: 25.—Bleeker, 1854: 96; 
1860: 78. 
Cobitis suborbltalis Valenciennes in Cuvier and 
Valenciennes, 1846: 26.  
Cobitis chrysolaimos Valenciennes in Cuvier and 
Valenciennes, 1846: 27.  
Nemacheilus fasciatus Bleeker 1863a: 41, 366 (in 
part); 1863b: 7 (in part).―Kottelat, 1993: 
25.―Roberts, 1993: 26.―Hardiaty & Yamahira, 
2014: 84 (list), 87 (list), 90 (list), 92 (key). 

 

 
Figure 5 Nemacheilus fasciatus (Valenciennes, 1846) (Standar Length: 52.9 mm; MZB 26539) from Blitar, East Java, 

Indonesia. A. Habitus, lateral view; B. Dorsal fin, lateral view; C. Pectoral fin, lateral view; D. Ventral fin, lateral 
view; E. Caudal fin, lateral view; F. Anal fin, lateral view; G. Anterior part, ventral view 
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Material examined. Glawah River (MZB 
26552, SL. 45.7 mm; 07°59'58.02''S, 
112°05'46.52''E), Loadeng River (MZB 26545, 
SL. 52.9 mm; 08°00'01.61''S 112°06'30.43''E), 
Blitar, East Java, 26 June 2022, Coll. D.A. Rahayu 
& E.D. Nugroho. 

Description. Morphometric and statistical 
data are presented in Table 1. The head is 
rounded with a pair of eyes, a pair of nares, a 
short blunt snout, a small subterminal mouth and 
circular lips around the mouth. The eyes are 
elliptical and nares are located between the snout 
and the eyes. Three pairs of rostral barbels are 
present at the mouth, two pairs on the upper jaw 
and one pair on the upper snout. The length of 
the snout is medium, slightly pointed and slightly 
shorter than the postorbital part of the head. The 
mouth is arched and the anterior lip is slightly 
furrowed anteriorly (see Fig. 5). The posterior lip 
has 4–5 deep grooves on each side of the 
different median incisions. The posterior part of 
the lips is smooth. The maxillary and outer rostral 
barbels reach the mid-length of the postorbital 
area of the head. 

The body is elongated, fusiform, weakly 
compressed and without sharp scales at the base 
of the tail. Total length (TL) is about 1.14–1.50 
(1.26 ± 0.06) times as long as SL. The head length 
is about 1.69–3.65 (2.56 ± 0.04) times as long as 
the snout. Eye diameter is about 0.33–0.69 (0.46 
± 0.005) times as long as the snout; 0.25–0.58 
(0.39 ± 0.008) times as long as postorbital length; 
0.02–0.06 (0.04 ± 0.0008) times as long as SL. 
Predorsal length is about 0.72–1.52 (1.01 ± 0.007) 
times as long as prepelvic length. Prepectoral 
length is about 0.70–1.22 (0.96 ± 0.008) times as 
long as the length of the head. The body height is 
about 1.02–3.22 (1.62 ± 0.04) times as long as the 
height of the caudal peduncle. 

The position of the dorsal fin base is located 
in front of the vertical line of the pelvic fin. It is 
closer to the tip of the snout than the base of the 
caudal fin; the size of the dorsal fin is medium; 
the base of the posterior tip is opposite to the 
ventral fin and the tip does not reach the anal fin. 
The anal fin is short, far behind the ventral fin. 
The ventral fin does not reach the anal fin; the 
pectoral fins are shorter than the head. The 
caudal fin is emarginated, the lobes are pointed 
and caudal fin is longer than the head. The base 
of the dorsal fin is almost at the middle of the tip 
of the snout and the base of the caudal fin. There 

is no black spot at the base of the anterior dorsal 
fin. The pectoral fin is rounded and the length is 
almost equal to the head, ending less than its 
length in front of the ventral fin, shorter than the 
pectoral fin, ending less than its length in front of 
the anal fin; the anal fin is rounded or slightly 
pointed, not or barely branched lower than body 
size, higher than base length; the caudal fin is 
emarginated or crescent-emarginate. The 
pectoral fin does not reach the base of the ventral 
fin. A small axillary lobe presents at the base of 
the ventral fin which is inserted under the dorsal 
forked finger, the anal fin does not reach the base 
of the caudal fin and the last fin is branched with 
a subequal lobe. Dorsal fin D II 7–8; anal fin A I. 
6; pectoral fin P I. 9–10; ventral fin V I. 6–7, 
Caudal fin C. 17. 

Coloration. The body is yellowish with 16–18 
vertical elongated black spots. The anterior spots 
are thinner than the posterior ones. There are 
about 5-6 black saddles on the back in front of 
the dorsal fin. There is a black spot at the base of 
the caudal fin. The head is dark. There are about 
7 colors of the saddle with positions below and 
behind the dorsal fin. There is a black spot on the 
proximal third of the dorsal fin rays. Half of the 
dorsal fin rays are dark. There are two 
longitudinal rows of spots on the dorsal rays: in 
the middle and above all four fin rays. The other 
fin is hyaline. 

Body length. Standard length (SL) ranged 
from 24.20 to 71.70 mm, with a mean of 42.59 ± 
0.87 mm and total length (TL) ranged from 31.30 
to 93.50 mm, with a mean of 53.56 ± 1.31 mm (n 
= 147). The smallest was found from Loadeng 
river and the largest was found from Lekso river. 

Distribution. According to Kottelat (1984) 
and Kottelat et al. (1993), this species was 
distributed up to southern Sumatra and also Java 
Island (West Java, Central Java and East Java). 
On the other hand, Hubert et al. (2019) noted that 
this species was distributed only in West Java. In 
this study, N. fasciatus was found in all six rivers 
from Blitar, East Java. 

Remarks. There is a contradiction 
information on the distribution of this species 
between Kottelat (1984), Kottelat et al. (1993) 
with Hubert et al. (2019). We believe that 
Kottelat’s information is correct compared to 
Hubert et al. (2019), because Hubert’s claimed 
that this species only distributed in West Java 
after revisiting the Java Island. Meanwhile, we 
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found N. fasciatus in East Java, different from 
Hubert’s information and similar to Kottelat’s 
information. 

Statistical analysis. The Kruskal-Wallis test 
showed that all of the 14 measured characters 
were significantly different (P < 0.001) (Table 1). 

The morphological characteristics of the two 
Nemacheilus fishes can be distinguished from their 
body colorations (N. chrysolaimos with black-
yellowish, while N. fasciatus with yellowish), 
pattern (irregular shape/bars or dots), ray 
ornamentation on the dorsal fin (black dots in N. 
chrysolaimos, while reddish spot in N. fasciatus), 
anterior naris (N. chrysolaimos with valve pierced 
tube-like, while in N. fasciatus, anterior margin 
with a winged flap) and also the fins meristic. The 
four preceding characters were almost similar and 
also found from Kottelat’s (1984) observations 
but Kottelat (1984) and Kottelat et al. (1993) did 
not mention the detail on the meristic fins of N. 
chrysolaimos or N. Fasciatus. The fins provide 
valuable insights into the morphological 
characteristics of the two fish species. N. 
chrysolaimos has shorter proportions of eye 
diameter, head length, and lateral length of the 
head concerning SL, as opposed to N. 
longipectoralis. This information contributes to a 
more comprehensive understanding of the 
morphological distinctions between the two 
species. Similarly, it becomes apparent that N. 
fasciatus bears a resemblance to N. masyae, with a 
few notable differences. The upper caudal lobe 

and the eye diameter of N. fasciatus are larger in 
comparison to N. Masyae, and this distinction in 
size provides an updated perspective on the 
morphological variations between the two closely 
related species. 

The significant difference in the 
morphometric of N. fasciatus may be related to the 
condition of the rivers or the habitats. For 
example, the differences in the river flow have 
caused a morphological variation in western 
rainbowfish (Melanotaenia australis) (Kelley et al. 
2017). Flow regime differences in the streams 
result in morphological variation in Cyprinella 
venusta (Haas et al. 2010). The availability and prey 
type also lead to differences in morphological 
features (Hendry et al. 2002) but there was no 
evidence to support the differences among N. 
fasciatus. Therefore, further study should be 
conducted to elucidate the morphological 
variation among N. fasciatus from the six rivers in 
Blitar, East Java, Indonesia. 
 
Sequence Composition and genetic diversity 

A total of 11 partial sequences of the COI 
gene with a length of 503 base pairs (bp) for N. 
fasciatus and N. chrysolaimos were successfully 
amplified and analyzed to determine genetic 
variations within the related species based on the 
database in Table 2. A universal primer for the 
partial sequence of the COI gene carried out 
through accurate calculations, was successfully 

 
Table 1 Morphometric data (mm) and Kruskal-Wallis’s test (H) on two species of Nemacheilus fishes. from Blitar, East 

Java, Indonesia 

Characters 
N. chrysolaimos (n = 9) N. fasciatus (n = 147) 

Min Max Mean Std. 
Error H p Min Max Mean Std. 

Error H p 

Total length (TL) 40.6 66.4 55.3 2.9 N/A N/A 31.3 93.5 53.6 1.1 92.6 < 0.001 
Standard length (SL) 32.1 52.4 44.4 2.4 N/A N/A 24.2 71.7 42.6 0.9 87.3 < 0.001 
Head length  6.1 10.6 8.7 0.5 N/A N/A 5.2 13.9 8.6 0.1 69.5 < 0.001 
Snout length 2.1 4.8 3.4 0.3 N/A N/A 1.8 6.4 3.4 0.1 16.4 < 0.001 
Eye diameter  0.8 2.2 1.5 0.1 N/A N/A 1 3.6 1.7 0 24.7 < 0.001 
Postorbital length 2 5.4 3.8 0.4 N/A N/A 2 7.9 4.2 0.1 41.2 < 0.001 
Predorsal length  14.5 25.9 21 1.3 N/A N/A 10.5 34.4 21.3 0.4 70.4 < 0.001 
Pre-pelvic length 14.2 25.7 20.6 1.4 N/A N/A 10.8 34.8 21.2 0.4 66.1 < 0.001 
Pre-pectoral distance  5.7 10.4 8.2 0.5 N/A N/A 4.8 80 8.8 0.5 40.7 < 0.001 
Pectoral fin length  4.9 8.6 7.1 0.4 N/A N/A 0.9 12.6 6.1 0.2 85 < 0.001 
Body height 2.6 8.1 4.9 0.5 N/A N/A 3.3 11.3 6.1 0.1 41.8 < 0.001 
Dorsal fin length  5.4 10.2 7.9 0.4 N/A N/A 3.2 17.3 7.2 0.2 77.9 < 0.001 
Anal fin length  3.7 6.6 5.5 0.3 N/A N/A 1.3 9.5 4.9 0.2 84 < 0.001 
Height of caudal peduncle 2.6 5.4 4 0.3 N/A N/A 1.9 6.6 3.9 0.1 36.3 < 0.001 

Note: N/A is not available. 
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Table 2  GenBank accession numbers for partial sequence of COI gene of Nemachaeilus spp. with references 

No Species MZB Code Locality GenBank 
Accession 

1 Nemacheilus chrysolaimos MZB 26539 Slorok River, Garum  OP379585 
2 Nemacheilus chrysolaimos MZB 26540 Slorok River, Garum  OP381212 
3 Nemacheilus fasciatus MZB 26550 Slorok River, Garum  OP412496 
4 Nemacheilus fasciatus MZB 26545 Loadeng river, Ponggok  OP412495 
5 Nemacheilus fasciatus MZB 26543 Sumber Ronje River, Ponggok  OP379588 
6 Nemacheilus fasciatus MZB 26544 Sumber Ronje River, Ponggok  OP412493 
7 Nemacheilus fasciatus MZB 26552 Glawah River, Ponggok  OP412492 
8 Nemacheilus fasciatus MZB 26551 Glawah River, Ponggok  OP412789 
9 Nemacheilus fasciatus MZB 26547 Kali Tanjung River, Garum  OP412790 
10 Nemacheilus fasciatus MZB 26541 Lekso River, Wlingi  OP380384 
11 Nemacheilus fasciatus MZB 26549 Slorok River, Garum  OP412790 
12 Nemacheilus fasciatus BIF3609 Dauwan River, Mojokerto  KU692665.1 
13 Nemacheilus fasciatus BIF0832 Pelus River, Purwokerto  KT960792.1 
14 Nemacheilus fasciatus BIF3609 Dauwan River, Mojokerto  KU692665.1 
15 Nemacheilus chrysolaimos BIF0170 Ci Seupan, Sukabumi KU692664.1 
16 Rasbora argyrotaenia BIF0975 Teluk Peny, Cilacap, West Java KT960805.1 

 
applied to Nemacheilus spp. From Blitar Regency, 
East Java, Indonesia. The details of the sequence 
characteristics based on a length of 503 bp are 
summarized in Table 3. The percentage of base 
adenine (A), cytosine (C), guanine (G), and 
thymine (T) in all Nemacheilus spp. were 16.244%, 
32.023%, 23.88%, and 29.565%, as shown in 
Table 3. Furthermore, the percentage of G+C 
content in the partial sequence of the COI gene 
was 48.26%. 

The absence of stop codons in these 
sequences indicated a successful amplification of 
functional mitochondrial COI sequences. 
Therefore, nuclear DNA sequences derived from 
the mitochondrial DNA (NUMTs) were not 
sequenced since vertebrates NUMT was less than 
600 bp (Wong et al. 2009). The characteristics of 
the partial sequence of the COI gene were 
analyzed which included haplotype diversity (Hd) 
0.978 with nucleotide (π) 0.10532, Frequency of 
parsimony informative sites 25.646%, 
Polymorphic sites 165, ts/tv ratio (k) Purines= 
7.006, Pyrimidines= 0.042; ts/tv ratio (R) 1.322; 
and mean of evolutionary rate 0.00, 0.02, 0.05, 
0.09, 0.15, 0.22, 0.31, 0.42, 0.56, 0.72, 0.93, 1.19, 
1.53, 2.01, 2.79, and 4.99 substitutions per site. 
The characteristics indicated that the partial 
sequence of the COI gene was suitable for 
determining the species of Nemacheilus spp. 
Genetic distance referred to the ratio of genetic 
differences between species or populations. 
Based on the genetic distance matrix of 2 species 
of Nemacheilus spp., the highest distance was 
found between N. fasciatus and N. Chrysolaimos 
with a value of 0.22 (Table 4). Therefore, a 

smaller genetic distance value generated a more 
similar appearance partial sequence of COI genes 
compared to related species. 

DNA barcoding distinguished freshwater fish 
species with barcodes in Australia, Canada, India, 
Thailand, Germany, and Indonesia (Ward et al. 
2005, Hubert et al. 2008, Knebelsberger et al. 
2014; Lakra et al. 2015, Pampromin et al. 2019, 
Rahayu et al. 2019). The partial sequences of the 
COI gene profile for N. chrysolaimos and N. 
fasciatus, which were local freshwater fish species 
in different locations were compiled. Sequence 
validation was also performed using the online 
facility provided by BLAST (NCBI) and the 
BOLD system. The results indicated that the 
sequence samples matched the available 
accessions in the database, with query coverage 
ranging from 98% to 99.8%, and this confirmed 
the effectiveness of using DNA barcodes for 
species identification. After analyzing the 
nucleotide sequences, no insertions, deletions, or 
codon stops were observed. This supported the 
notion that all the amplified sequences 
represented functional mitochondrial COI 
sequences. Additionally, the average length of the 
amplified sequences exceeded 503 bp, which was 
typically the limit observed for nuclear DNA 
sequences originating from mtDNA (NUMT). 
These findings strengthened the reliability of the 
results and underscored the suitability of the COI 
gene as a marker for distinguishing between N. 
chrysolaimos and N. fasciatus in the local freshwater 
fish populations of Blitar Regency, Indonesia 
(Buhay, 2009; Gunbin et al. 2017). 
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Table 3 Characteristics of partial sequence of COI gene used for phylogenetic trees reconstruction and genetic distance 
analysis include sequences from the study sample and the GenBank/BOLD system (in group and out group) 

Parameters 
Position at codon 

1st 2nd 3rd Total 

Thyrosine frequency 26.757% 41.737% 20.203% 503 bp 
Cytosine frequency 30.382% 31.723% 33.964% 503 bp 
Adenine frequency 22,875% 12.5% 31.127% 503 bp 
Guanine frequency 19.986% 14.041% 14.706% 503 bp 
Frequency of invariable sites 67.196%    
Frequency of parsimony informative sites 25.646%    
Nucleotide diversity (Pi) 0,10532    
Haplotype diversity 0.882    
Number of haplotypes 8    
Total number of mutations 199    
Polymorphic sites 165    
ts/tv ratio (k) Purines= 7.006, Pyrimidines= 0.042  
ts/tv ratio (R) 1.322    
Gamma discrete distribution 0.5428    
Mean of evolutionary rate 0.00, 0.02, 0.05, 0.09, 0.15, 0.22, 0.31, 0.42, 0.56, 0.72, 0.93, 1.19, 1.53, 

2.01, 2.79, and 4.99 substitutions per site 
Note:  The COI gene sequence characteristics were based on the 503 bp sequence length. 

 
The partial sequence of the COI gene of 

Nemacheilus spp. showed that the values of the 
nucleotide base composition of G+C and A+T 
were between 48.26% and 51.74%, as shown in 
Table 3. The value of the nucleotide base 
composition and content of the A+T result was 
higher than G+C, consistent with the 
characteristics of the mitochondrial base 
composition. The analysis of the partial sequence 
of the COI gene showed that AT content 
(54.44%) was higher than GC content (48.26%), 
These data were observed in Australia (Ward et al. 
2005), Canadian (Steinke et al. 2009); Cuban (Lara 
et al. 2010), and Bangladesh (Ahmed et al. 2020) 
fish species. Clusters 1 and 2 were resolved as 
sister taxa with 99% bootstrap and the genetic 
diversity was very low or less than 2%. A genetic 
distance value of more than 2% indicated that 
there were species different from other group 
members. Meanwhile, a genetic distance value of 

less than 3% indicated that the group or cluster 
was obtained from the same species (Hebert et al. 
2003; Hebert et al. 2004). Based on the standards 
from Nei (1972), the genetic distance of 
Nemacheilus spp. obtained in Blitar Regency 
waters was categorized into low (0.01–0.045) and 
medium (0.17–0.18) similar to Nemacheilus spp. 
genetic distance calculations reported by Hubert 
et al. (2019). 

 
Phylogenetic reconstruction 

Phylogenetic relationships were shown in the 
ME tree (Fig. 6) and ML tree (Fig. 7). Each 
species was associated with a specific DNA 
barcode cluster and the relationship among these 
species was obtained. Closer species in terms of 
genetic divergence, were clustered at the same 
nodes to determine the distance between the 
terminal branches of the ME & ML trees, 
consisting of two divergent clusters.  
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Table 4 Pairwise genetic distance of Nemacheilus fasciatus dan N. crysolaimos compared to all congeners and outgroups 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

NF MZB 26551                 
NF MZB 26552 0.000 
NF MZB 26549 0.000 0.000 
NF MZB 26550 0.000 0.000 0.000 
NF MZB 26545 0.004 0.004 0.004 0.004  
NF MZB 26547 0.045 0.045 0.045 0.045 0.045 
NF MZB 26543 0.045 0.045 0.045 0.045 0.045 0.000 
NF MZB 26541 0.045 0.045 0.045 0.045 0.045 0.000 0.000 
KU692665.1_NF 0.045 0.045 0.045 0.045 0.045 0.000 0.000 0.000 
KU692666.1_NF 0.060 0.060 0.060 0.060 0.060 0.014 0.014 0.014 0.014 
NF MZB 26544 0.047 0.047 0.047 0.047 0.047 0.002 0.002 0.002 0.002 0.012 
KT960792.1_NF 0.047 0.047 0.047 0.047 0.047 0.002 0.002 0.002 0.002 0.012 0.000 
NC MZB 26540 0.229 0.229 0.229 0.229 0.229 0.181 0.181 0.181 0.181 0.170 0.179 0.179 
KU692664.1_NC 0.229 0.229 0.229 0.229 0.229 0.181 0.181 0.181 0.181 0.170 0.179 0.179 0.000  
NC MZB 26539 0.229 0.229 0.229 0.229 0.229 0.181 0.181 0.181 0.181 0.170 0.179 0.179 0.000 0.000 
KT960805.1 0.278 0.278 0.278 0.278 0.278 0.229 0.229 0.229 0.229 0.223 0.226 0.226 0.243 0.243 0.243  
LC130692 0.288 0.288 0.288 0.288 0.288 0.241 0.241 0.241 0.241 0.241 0.238 0.238 0.244 0.244 0.244 0.144 

 
  

 
Figure 6 Minimum Evolution (ME) phylogenetic tree of Nemacheilus spp. based on partial sequence of COI gene.  The 

asterisk (*) denotes the sequence of Nemacheilus spp. obtained from Blitar Regency, East Java, Indonesia and 
Rasbora spp. as the outgroup 

 

 
Figure 7 Maximum-Likelihood (ML) phylogenetic tree of Nemacheilus spp. based on partial sequence of COI gene.  The 

asterisk (*) denotes the sequence of Nemacheilus spp. obtained from Blitar Regency, East Java, Indonesia and 
Rasbora spp. as the outgroup 
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The phylogenetic analysis of Nemacheilus spp. 
using both ME and ML methods resulted in 
unambiguous branching patterns, as illustrated 
in Figs. 6 and 7. The phylogenetic trees showed 
that N. fasciatus and N. chrysolaimos species formed 
distinct monophyletic branches. However, their 
proximity at the same node indicated genetic 
relatedness and the positioning of these branches 
corresponded with a calculated genetic distance 
of 0.22, signifying the greatest divergence 
between these two species. The ME, ML, and 
genetic distance data collectively provided strong 
evidence that N. fasciatus and N. chrysolaimos were 
genetically distant from each other.  

In addition, the ABGD method identified 
3 groups for Nemacheilus spp. specimens in with 

the initial approach and the barcode gap 
threshold calculated by the COI dataset as 
shown in Figs. 8A & 8B). The value of the 
barcode gap distance was 0.025 in line with 
the results of the ABGD grouping which 
divided the species into 3 groups, as shown in 
Fig 8C. Group [1] (Nemacheilus fasciatus MZB 
2655, Nemacheilus fasciatus MZB 26549, 
Nemacheilus fasciatus MZB 26550, Nemacheilus 
fasciatus MZB 26552, Nemacheilus fasciatus MZB 
26545, Group [2] (Nemacheilus fasciatus MZB 
26543, Nemacheilus fasciatus MZB 26546, 
Nemacheilus fasciatus MZB 26544, Nemacheilus 
fasciatus MZB 26541), and Group [3] (Nemacheilus 
crysolaimos MZB 26540, and Nemacheilus crysolaimos 
MZB 26539). 

 
 
 

 
Figure 8 Barcode Gap Analysis of COI sequences performed by ABGD (Puillandre et al. 2012). Histograms show the 

distribution of pairwise genetic distances (uncorrected p-distances) between each pair of specimens. The arrow 
indicates the gap that allows to distinguish intraspecific (left) and interspecific (right) distances for the COI 
region. (A) Histogram of distance, (B) Ranked distance, and (C) Number of Primary Species Hypotheses (PSHs) 
obtained, for each prior intraspecific divergence 
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The application of ABGD analyses, with a 
prior maximal distance set at 0.025, further 
reinforced the separation of N. chrysolaimos and N. 
fasciatus into distinct partitions. These additional 
analyses align with differentiation of these 
species. Consequently, the combination of 
genetic distance, phylogenetic analysis, and 
ABGD analyses collectively confirmed the 
successful identification of Nemacheilus spp. from 
Blitar Regency. Based on the comprehensive 
evidence derived from DNA barcoding, with 
morphological characteristics, it can be 
concluded that the targeted utilization of these 
tools offered an efficient and reliable means of 
identifying Nemacheilus spp. at the species level. 
Therefore, this study was the first to report on 
the morphology in accordance with Kottelat 
(1984); Kottelat et al (1993); Hardiaty et al. (2014)] 
genetic identification and phylogenetic 
reconstruction of Nemacheilus spp. using the 
partial sequence of the COI gene. Conservation 
management of N. chrysolaimos and N. fasciatus in 
grouping animal units should be conducted 
according to species and genetic entity, as well as 
the potential of developing cryopreservation for 
sustainability. A molecular approach using the 
partial sequence supported the identification 
results based on a morphological approach in 
Nemacheilus spp. and obtained an accession 
number from GenBank (NCBI) database. This 
study indicated that improved morphology and 
molecular characteristics of local loaches 
(Nemachelius spp.) were obtained from Blitar 
Regency. Therefore, a reliable DNA barcode 
reference library for East Java, Indonesia, 
freshwater fish was established to assign fish 
species by screening sequences. This initiative 
aimed to enhance the achievement of better 
monitoring, conservation, and management of 
fisheries in this overexploited region. 
 

 

CONCLUSION 
 

In conclusion, this study has successfully 
identified analysis for loach fishes such as N. 
chrysolaimos and N. fasciatus from six rivers at 
Biltar, East Java, Indonesia, based on 
morphology and molecular data. The main 
characteristic used to distinguish these species is 
the color pattern on their lateral bodies, such as 
dark bars or spots, along with the morphological 

variations of anal fins. Moreover, through the 
utilization of genetic approaches, including 
phylogenetic reconstruction, sequence 
composition, genetic diversity analysis, and 
ABGD analysis, it was determined that 
N. chrysolaimos and N. fasciatus are distinct species. 
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ABSTRACT 
 

Mangroves are one of the coastal vegetation that can mitigate carbon (carbon sink and carbon storage). This 
study aimed to determine the potential for soil carbon stock found under stands of mangroves in Lembar Bay, 
West Lombok, and West Nusa Tenggara. The research began with the identification of the species and then 
proceeded toa sampling of the soil, which was then analyzed using the Walkley and Black method. The results 
showed that there were ten species of mangroves, namely, Rhizophora stylosa, Avicennia lanata, Avicennia marina, 
Bruguiera gymnorrhiza, Ceriops decandra, Excoecaria agallocha, Lumnitzera racemosa, Scyphiphora hydrophyllacea, Thespesia 
populnea, and Xylocarpus maluccensis. The highest soil carbon content percentage was found in the lower soil of the 
A. lanata (1.43 %C) mangrove, and the lowest was found in the lower-stand soil of E. agallocha (0.21 %C). 
Meanwhile, the carbon sinks per meter were 0.002-0.066 gC/m2, with an average of 0.020±0.020 gC/m2. The 
estimated total soil carbon sink in 10 mangrove stands was 0.20-6.60 tons C/ha, with an average of 2.18±2.010 
tons C/ha. The average total estimated soil carbon stock found in 20.49 ha of the mangrove area studied was 44.67 
tonsC, which is equivalent to 263.69 tonsC in a mangrove area of 120.96 ha in Lembar Bay.  

 
Keywords: carbon stock, c-organic, mangroves, soil 
 
 
 

INTRODUCTION 
 

Mangroves are one of the plants in coastal 
areas that play a role in disaster mitigation 
(abrasion, breakwater, sea wind barrier, and 
tsunami), biota habitats, and germplasms. The 
environmental benefits of mangrove ecosystems 
that have not been widely studied include their 
potential as carbon sinks and carbon storage, 
especially in mangrove ecosystem soil (Brath et al. 
2015; Lovelock & Duarte 2019; Macreadie et al. 
2019). Based on Murray et al.(2011), the average 

annual carbon sequestration potential of 
mangrove ecosystems is between 6 and 8 Mg CO2 
e/ha (tonnes CO2 equivalent per hectare) and is 
two to four times greater than the carbon sink 
potential of tropical forests (Nellemann et al. 
2009). 

One of the coasts in the Mangrove Corridor 
Essential Ecosystem Area is Lembar Bay, West 
Lombok, which is directly affected by the 
activities of the Lembar harbor. Lembar harbor is 
an inter-island sea and goods transportation route 
that continues to be developed as a port area 
(reclamation) covering 22 ha. It has a direct 
impact on the degradation of mangrove *Corresponding author, email:  
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ecosystems, resulting in a decrease in the 
mangrove ecosystem area, which currently only 
has an area of ±120.96 ha (Saraswati 2019). 

The ecological potential of mangrove 
ecosystems as carbon sinks and carbon storage 
has been widely studied. The following data are 
some of those previous findings. The soil carbon 
stock of the Tanjung Lesung Banten mangrove 
ecosystem of 27.92 tons C/ha; the mangrove 
carbon stock in Dukuh Tapak, Tugurejo Village, 
Semarang amounted to 708.2 tons C/ha; 
mangroves in Timbulsloko Village, Demak, 
Central Java had carbon stock of 1,307.77 
tons/ha; Perancak mangroves in Jembrana, 
Baliretain carbon stock of 119.75 tons C/ha; 
mangroves of the Batang Apar Estuary of West 
Sumatra had carbon stock of 2,561.90 tons C/ha 
(Handoyo et al. 2020); mangroves in Sungai 
Sembilan, Dumai had carbon stock of 1,819.31 
tons C/ha (Handoyo et al. 2020); mangroves in 
Tambakbulusan Village, Demak, Central Java 
carbon stock of 57.74 tons C/ha; and Gili Meno 
mangroves, North Lombok had carbon stock of 
154.62±99.78 tons C/ha, equivalent to a total soil 
carbon stock of 1,020.50 tonsC in a total 6.6 ha 
of the mangrove ecosystem area (Hilyana & 
Rahman 2022). 

In general, research on carbon sinks in 
mangrove ecosystems is still related to the 
potential for carbon sinks in certain locations, 
and not specifically related to the potential 

for soil carbon stock under mangroves. This 
is in line with the opinion of Mcleod et al. 
(2011) and Howard et al.(2017) that in-depth 
analysis related to the potential of mangroves 
as carbon sinks and carbon storage in 
different species and habitats is very important. 
Due to this, this study can be a source of 
information on the potential for soil carbon 
storage found under ten types of mangroves in 
the harbor area of Lembar Bay, West Lombok, 
Indonesia. 

 
 

MATERIALS AND METHODS 
 

The study was carried out in the mangrove 
ecosystem located in Lembar Bay, Lembar, 
West Lombok, in February-March 2023 with 
a research site encompassing an area of 20.49 ha 
(located at 116°3’-116°4’ E and 8°43’-8°44’ S) 
(Fig 1). This was a quantitative descriptive 
study that began with the identification of 
mangroves and sampling of soil found under 
mangrove stands. Soil samples were collected 
fromunder ten mangrove standsat the research 
site. These stands represented various species, 
including Avicennia lanata, Avicennia marina, 
Bruguiera gymnorrhiza, Ceriops decandra, Excoecaria 
agallocha, Lumnitzera racemosa, Rhizophora stylosa, 
Scyphiphora hydrophyllacea, Thespesia populcarapus, 
and Xylocarpus maluccensis. 

 
Figure 1  Mangrove ecosystem of Lembar Bay, West Lombok, Indonesia 
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Mangrove Identification 

Mangroves were identified in situ based on 
morphological characteristics by referring to the 
introductory guide to Mangroves in Indonesia 
(Noor et al. 2006). 
 
Analysis of Soil Organic Carbon Content 

Soil sampling was carried out to a depth of 30 
cm around the roots and a slope of 30o using 
pipes with a diameter of 5 cm and a length of 35 
cm. The soil’s carbon organic content was 
analyzed using the Walkley and Black method 
(Walkley & Black 1934). A soil sample weighing 
0.5 g with a size of less than 0.5 mm was placed 
in a 100 ml volumetric flask. Then, 5 ml of 1 N 
K2Cr2O7 was added, and the mixture was shaken. 
Following that, 7.5 ml of concentrated H2SO4 
was added, and the mixture was shaken and left 
to stand for 30 minutes. It was then diluted with 
ion-free waterand the clear solution sample’s 
absorbance was measured using a 
spectrophotometer at a wavelength of 561 nm. 
As a comparison, 0 and 250 ppm standards were 
made by pipetting 0 and 5 ml of the 5.000 ppm 
standard solution into a 100 ml volumetric flask 
with the same treatment as the sample procedure. 
 
Data Analysis 

Soil Carbon Content 
The soil’s carbon content was calculated using 

the following formula (Sulaeman et al. 2005): 

Soil c – organic 
content = 

Ppm curve 
500 x correction factor 

    
where: 
ppm 
curve 

= The sample content obtained from 
the curve of therelationship 
between the standard series 
contentand its reading after 
corrected for blanks 

Correctio
n factor 

= 100/(100  - % water content) 

 
Soil Carbon Stock 

The soil’s carbon stockwas calculated using 
the following formula (Badan Standarisasi 
Nasional, 2011): 

Ct = Kd x ρ x % c-organic 

where: 
Ct = Soil carbon stock (g/cm2) 
Kd = Soil sample depth or soil depth (cm) 
ρ = Bulk density is the ratio of the soil’s 

dry weight to its volume (g/cm3) 
% c-
organic 

= Value of carbon content percentage 
(0.47) 

 
Soil Carbon Stock in Hectare Area 

The soil’s organic carbon content in hectare 
area was calculated using the following formula 
(Badan Standarisasi Nasional 2011): 

C soil (ton C/ha) =Ct x 100 

where: 
Csoil = Soil carbon stock (tons C/ha) 
Ct = Soil organic carbon (g/cm2) 
100 = Conversion factor from g/cm2 to tons 

C/ha 
 
Total Carbon Stock Area 

The total carbon stock area was calculated 
using the following formula (Lugina et al. 2017): 

Ctotals=Cn+Csoil 

Description: 
Ctotals = Total carbon stock (tons C/ha) 
Cn = Carbon stocks per hectare in each 

carbon pool in each plot (tons C) 
Csoil = Soil carbon stock (tons/ha) 

 
 

RESULTS AND DISCUSSION 
 

Mangrove Species 

A total of 10 mangrove stands were identified 
in Lembar Bay, namely, Avicennia lanata, Avicennia 
marina, Bruguiera gymnorrhiza, Ceriops decandra, 
Excoecaria agallocha, Lumnitzera racemosa, Rhizophora 
stylosa, Scyphiphora hydrophyllacea, Thespesia populnea, 
and Xylocarpus maluccensis. There were more 
strands discovered in this study than that of 
Syarifuddin & Zulhamran (2012), which found 
five species, namely, Avicennia marina, Rhizophora 
stylosa, Rhizophora mucronata, Rhizophora apiculata, 
and Sonneratia alba. On the other hand, Sukuryadi 
et al.(2021) found 12 species in a Lembar Bay 
mangrove area of 168.9 ha, those species being 
Avicennia alba, Avicennia marina, Bruguiera cylindrica, 
Ceriop decandra, Ceriop tagal, Lumnitzera littorea, 
Lumnitzera racemosa, Phemphis acidula, Rhizhopora 
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stylosa, Rhizophora apiculata, Rhizophora mucronata, 
and Sonneratia alba. These different findings may 
have occurred due to differences in research areas 
in the port. This has the potential to disrupt the 
mangroves’ growth and development due to 
potential contamination from port activities and 
the loading and unloading of goods. Besides that, 
the research methodology utilized quadrant 
points, which limited the collection area of 
species composition data. 

 
Soil of C-Organic Content 

The largest percentage of soil carbon content 
was found in the bottom soil of Avicennia lanata 
(1.43% C) when compared to nine other species 
(Table 1). Meanwhile, the lowest percentage soil 
carbon content was found under Excoecaria 
agallochast ands at 0.21% C. The soil carbon 
content   percentage   found   in   Lembar   Bay 
waslower than that of the soil carbon in the Gili 
Meno at the range of 4.85-20.00 %C (Rahman & 
Hadi 2021; Hilyana & Rahman 2022). The high 
and low soil carbon content found under the 
Lembar Bay mangrove stands could generally be 
caused by the soil fraction size. This is in line with 
the research results of Lee et al. 2014, Ati et 
al.(2015); Sidik et al.(2016); and Lestariningsih et 
al.(2018). Another supporting factor is the large 
amount of organic matter sourced from litter 
weathering mixed with the soil (Rahman et al. 
2023). In addition, it could be influenced by 
species density, species age, soil fraction, and 
each mangrove’s growing zoning position 

(Schwarzer et al. 2016; Hilmi 2018; Bomer et al. 
2020; Wang et al. 2020; Jannah et al. 2021). 
This is confirmed by the results reported by 
(Susilowati et al. 2020) that species density can 
affect litter production, which is one of the main 
sources of organic material for soil mangrove 
ecosystems. 

Another factor is the water’s condition, 
one of which is its pH, which can cause low 
weathering activity for organic matter by 
organisms (Abdelhakeem et al. 2016; Barreto 
et al. 2016; Hilmi et al. 2017; Hilmi et al. 2019). 
The physical factors that affect the waters of 
Lembar Bay are wind speed, temperature, and 
humidity. This is related to the amount of litter 
production in each mangrove species in 
Lembar Bay. Another factor is mangrove 
vegetation zoning, which is always flooded. This 
causes litter, fruit, and flowers, as the main 
sources of organic matter, to be affected by 
currents and carried to the open sea. This 
contributes to the organic sinking process in 
Lembar Bay. Greater attention should be directed 
towards the activities at the Lembar portas they 
have the potential to exacerbate environmental 
pollution through the changes in the water 
conditions. This is in line with several other 
studies on factors that affect carbon conservation 
in mangrove ecosystems, such as Matsui et al. 
(2015), Jones et al. (2016), Weiss et al. (2016), 
Martuti et al. (2017), Suhendra et al. (2018), Asadi 
et al. (2018), Pérez et al. (2018), Gao et al. (2019), 
and Kida & Fujitake (2020). 

 
Table 1  Soil carbon content under mangrove stands in Lembar Bay 

No. Mangroves  
Soil Carbon Content Under Mangrove Stands 

Gross 
Weight 

Dry 
Weight 

Moisture 
Level 

Correction 
Factor Absorbance Ppm curve % C 

1 Avicennia lanata 8.00 6.91 15.77 1.16 0.10 61.63 1.43 
2 Avicennia marina 22.30 21.08 5.78 1.06 0.05 26.91 0.57 
3 Bruguiera gymnorrhiza 20.00 19.35 3.36 1.03 0.04 20.71 0.43 
4 Ceriops decandra 17.74 17.09 3.84 1.04 0.02 10.17 0.21 
5 Excoecaria agallocha 15.57 15.21 2.30 1.02 0.01 5.83 0.12 
6 Lumnitzera racemosa 17.31 16.53 4.51 1.05 0.03 16.06 0.34 
7 Rhizophora stylosa 26.14 24.74 5.67 1.06 0.04 23.81 0.50 
8 Scyphiphora hydrophyllacea 11.34 10.38 9.30 1.09 0.08 47.37 1.04 
9 Thespesia populnea 16.70 16.15 3.43 1.03 0.02 9.55 0.20 
10 Xylocarpus maluccensis 14.03 13.15 6.67 1.07 0.04 20.71 0.44 

Average 16.91 16.06 6.06 1.06 0.04 24.28 0.53 
Standard Deviation 5.220 5.141 3.959 0.041 0.028 17.591 0.409 
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The soil carbon content percentage (%C) can 
affect the total accumulation of potential carbon 
sinks in the research area. This study’s results 
indicate that the soil carbon content stored 0.002-
0.066 gC/m2 with an average of 0.020±0.020 
gC/m2 (Table 2). The soil carbon content in each 
area is determined by its bulk density and 
percentage value. The soil carbon content under 
the Avicennia lanata mangrove stands had the 
largest amount of storage compared to the other 
nine species. However, it was lower than the 
results from another study which observed five 
mangrove stands (Avecennia marina, Bruguera 
cylindrica, Rhizophora apiculata, Lumnitzera racemosa, 
and Excoecaria agallocha) in Gili Meno, North 
Lombok. That study found an average of 0.57-
3.08 gC/m2  with an average of 1.55±1.000 
gC/m2 (Hilyana & Rahman 2022). 

Several factors can determine the level of total 
accumulated soil carbon storage. These factors 
can be influenced by the percentage of soil 

carbon content, soil specific gravity, sampling 
depth, bulk density, litter, and topography of the 
area (Mahasani et al. 2015; Stringer et al. 2016; 
Rahman et al. 2019; Gao et al. 2019; Susilowati et 
al. 2020; Dencer-Brown et al. 2020). In addition, 
it has been reinforced by Leopold et al. (2013) and 
Pham et al.(2019) stating that species dominance 
correlates with an uptake of carbon, oxygen, and 
nutrients from soil and air, and species 
relationships develop patterns of grouping and 
species association. 

It is estimated that the total soil carbon stock 
of Lembar Bay found in 10 mangrove stands was 
0.20-6.60 tons C/ha with an average of 
2.18±2.010 tons C/ha (Table 3). This value is 
smaller than that in some previous research 
results. The soil carbon stock of the Tanjung 
Lesung Banten mangrove was discovered to be 
27.92 tons C/ha (Ati et al. 2015); the mangrove 
soil carbon stock in Dusun Pandan Sari Brebes, 
Central Java amounted to 326.46 tons C/ha;

 
Table 2  Carbon content under each mangrove stand in Lembar Bay 

No. Mangroves 

Soil Carbon Content Under Mangrove Stands 

Gross Weight 
(g) 

Dry Weight 
(g) Biomass Bulk 

Density 

Soil Carbon 
Content 
(% C) 

Soil Carbon  
(gC/m2) 

1 Avicennia lanata 8.00 6.91 1.09 0.002 1.43 0.066 
2 Avicennia marina 22.30 21.08 1.22 0.002 0.57 0.029 
3 Bruguiera gymnorrhiza 20.00 19.35 0.65 0.001 0.43 0.012 
4 Ceriops decandra 17.74 17.09 0.65 0.001 0.21 0.006 
5 Excoecaria agallocha 15.57 15.21 0.36 0.001 0.12 0.002 
6 Lumnitzera racemosa 17.31 16.53 0.78 0.001 0.34 0.011 
7 Rhizophora stylosa 26.14 24.74 1.40 0.002 0.50 0.029 
8 Scyphiphora hydrophyllacea 11.34 10.38 0.96 0.001 1.04 0.042 
9 Thespesia populnea 16.70 16.15 0.55 0.001 0.20 0.005 
10 Xylocarpus maluccensis 14.03 13.15 0.88 0.001 0.44 0.016 

Average 16.91 16.06 0.85 0.001 0.53 0.02 
Standard Deviation 5.220 5.141 0.321 0.000 0.409 0.020 

 
Table 3  Soil carbon stock of mangrove ecosystem in Lembar Bay 

No. Mangroves  
SoilOrganic Carbon StockUnder Mangrove Stands 

Soil Carbon 
(% C) 

Soil Carbon 
(g C/m2) 

Soil Carbon 
(tons C/ha) 

1 Avicennia lanata 1.43 0.066 6.60 
2 Avicennia marina 0.57 0.029 2.90 
3 Bruguiera gymnorrhiza 0.43 0.012 1.20 
4 Ceriops decandra 0.21 0.006 0.60 
5 Excoecaria agallocha 0.12 0.002 0.20 
6 Lumnitzera racemosa 0.34 0.011 1.10 
7 Rhizophora stylosa 0.50 0.029 2.90 
8 Scyphiphora hydrophyllacea 1.04 0.042 4.20 
9 Thespesia populnea 0.20 0.005 0.50 
10 Xylocarpus maluccensis 0.44 0.016 1.60 

Average 0.53 0.02 2.18 
Standard Deviation 0.409 0.020 2.010 
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the mangrove soil carbon stock of the Perancak 
mangrove forest, Jembrana, Bali totaled 119.75 
tons C/ha; the mangrove soil carbon stock in 
Sungai Sembilan, Dumai was calculated to be 
1,819.31 tons C/ha (Handoyo et al. 2020); the 
mangrove soil carbon stock in Tambakbulusan 
Village, Demak, Central Javawas 57.74 tons C/ha 
(Susilowati et al. 2020); and the soil carbon stock 
in the mangrove ecosystem of Gili Meno, North 
Lombok was found to be 154.62±99.78 tons 
C/ha (Hilyana & Rahman 2022).  

Based on the potential value of carbon sinks 
and storage in mangrove ecosystems calculated in 
several places in Indonesia, there is a greater 
potential for mangrove ecosystems to store 
carbon than tropical forests. This can be seen in 
the results of studies by Daud et al. (2015), 
Raynaldo et al. (2022), and Yaqin et al. (2022). 
A report by Alongi (2020) also supports this 
finding, stating that, globally, mangrove 
ecosystems have a total carbon stock of 
738 ± 27.9 MgC/ha. It has also been reported 
that the largest potential carbon sink is in the 

soil, and it is equivalent to 77% of the total 
carbon stock although mangrove forests only 
make up 0.2% of this stock compared to 
forestson land (Hamilton & Casey 2016). 

The soil carbon content found under 10 
mangrove stands in Lembar Bay was lower than 
the soil carbon stock under five mangrove stands 
on Gili Meno. The mangroves include Rizophora 
apiculata (307.96 tons C/ha), Avicennia marina 
(197.16 tons C/ha), Excoecaria agallocha (114.31 
tons C/ha), Lumnitzera racemosa (59.90 tons 
C/ha), and Bruguiera cylindrica (57.17 tons C/ha). 
The average estimated total of soil carbon stock 
found in 20.49 ha of the mangrove area studied 
was 44.67 tonsC, which is equivalent to 263.69 
tonsC in a 120.96 ha area of mangroves in 
Lembar Bay (Table 4). If the entire 20.49 ha area 
wascovered by Avicennia lanata, it could 
contribute 135.23 tonsC of carbon storage. The 
lowest soil carbon stock capacity was found from 
Excoecaria agallocha at 4.10 tonsC in a mangrove 
area of 20.49 ha. 

 
 

Table 4  Carbon pool in mangrove soil in Lembar Bay 

No. Mangroves  
Carbon Pool in Mangrove Soil in Lembar Bay 

Soil Carbon 
(tons C/ha) 

ResearchArea 
(ha) 

Carbon Pool 
(tonsC) 

1 Avicennia lanata 6.60 20.49 135.23 
2 Avicennia marina 2.90 20.49 59.42 
3 Bruguiera gymnorrhiza 1.20 20.49 24.59 
4 Ceriops decandra 0.60 20.49 12.29 
5 Excoecaria agallocha 0.20 20.49 4.10 
6 Lumnitzera racemosa 1.10 20.49 22.54 
7 Rhizophora stylosa 2.90 20.49 59.42 
8 Scyphiphora hydrophyllacea 4.20 20.49 86.06 
9 Thespesia populnea 0.50 20.49 10.25 
10 Xylocarpus maluccensis 1.60 20.49 32.78 

Average 0.53 20.49 44.67 

Standard Deviation 0.409 0.000 41.182 
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CONCLUSION 
 

The highest soil carbon stock in the mangrove 
ecosystem of the Lembar harbor was found in the 
subsoil of Avicennia lanata stands, while the lowest 
was found in the subsoil of Excoecaria agallocha. 
The total carbon absorption potential of the 
mangrove ecosystem soil in the study area was 
44.67 tonsC. This is equivalent to 263.69 tonsC 
in the mangrove forest in Lembar Bay, covering 
an area of 120.96 ha. 
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ABSTRACT 

  
 Bryophytes are nonvascular plants that have simple structures that are sensitive to environmental changes, 

and they can, therefore be used as indicators of air quality. The presence of bryophytes in disturbed urban 
ecosystems, such as residential and industrial areas, indicates that their structures have adapted to survive in such 
areas. The objective of this study was to compare the bryophyte diversity and air quality indices between a 
residential area and an industrial area in Jakarta. The research was conducted in the Bona Indah residential area in 
South Jakarta and the Jakarta Industrial Estate Pulogadung (JEIP) urban forest. Sampling was carried out using the 
transect method in the residential area and the quadratic method in the urban forest on three different substrates, 
namely rocks or concrete, soil and tree trunks. The percentage of the epiphytic bryophyte cover was measured 
using a 10 × 10 cm subplot. Voucher specimens were stored at the Herbarium UI DEP and Herbarium IPB. 
Twenty-one species of moss and three species of liverwort were found in the two locations. Bryophytes were found 
on all the substrates in the residential area, but in the urban forest, they were found only on tree trunks and 
rock/cement substrates. Based on the Shannon–Wiener Index, although both locations had moderate bryophyte 
diversity, the residential area’s bryophyte diversity was higher than that of the urban forest. The index of 
atmospheric purity in the residential area was 4.3, indicating a high level of pollution, and it was 0.3 in the urban 
forest, showing that it was also very polluted. 

 
Keywords: atmospheric purity, bryophyte, diversity index, urban area 

 
 
 

INTRODUCTION 
 

An urban area is a region with high population 
density dominated by human activities such as 
trade, industry and education (Freedman 2018). 
Transportation and industry produce emissions 
such as carbon dioxide and nitrogen oxides that 
contribute to air pollution in urban areas. 
Pollution causes ecological effects such as the 
greenhouse effect, harm to plant and animal 
health and temperature stress (Kanawade et al. 
2010). It is damaging to urban biodiversity 
because several species have become more 
sensitive to environmental stress from pollution 

and habitat fragmentation (Uttara et al. 2012; 
Szlavecs et al. 2011).  

Jakarta is one of Indonesia’s largest and most 
populous cities (Permatasari et al. 2019). 
According to worldpopulationreview.com, in 
2023, its population was estimated at 11 million. 
The city’s open green spaces have been reduced 
in area since 2008, leading to the urban heat island 
phenomenon (Putra et al. 2021). An industrial 
estate is a built-up area with relatively high 
pollution levels due to transportation and 
industrial combustion (Putra et al. 2021; Lestari et 
al. 2022), while residential areas consist of 
buildings and vegetation and have less air 
pollution than industrial areas (Putra et al. 2021). 
The air quality problem in Jakarta causes *Corresponding author, email: salamah@sci.ui.ac.id 
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environmental stress, harming species sensitive 
to high temperatures, drought and air pollution, 
such as bryophytes (Oishi & Hiura 2017; Oishi 
2019). 

Bryophytes are non-vascular plants that are 
sensitive  to  environmental  changes.  The 
structure  of  bryophytes  is  simple;  they  have  a 
thin cuticle layer so that water and minerals can 
be absorbed directly through the surface through 
diffusion. This causes the water content of 
bryophytes to depend on ambient humidity, 
making them poikilohydric. To survive in a dry 
environment, bryophytes develop some 
morphological adaptations for water retention 
and transportation (Vanderpoorten & Goffinet 
2009; Proctor & Tuba 2002; Bahuguna et al. 2013; 
He et al. 2016). Based on these characteristics, 
bryophytes are suitable as air quality indicators, 
particularly in urban environments. Epiphytic 
species such as bryophytes and lichens are known 
to be drought-sensitive organisms. They have 
been reported to be absent in urban ecosystems, 
although certain species are known to be drought 
tolerant (Pescott et al. 2015; Bahuguna et al. 2013). 
This suggests that epiphytic bryophytes can be 
indicators of air quality through the index of 
atmospheric purity (IAP). Correlations between 
species distribution, IAP and pollutant 
concentrations can reflect the level of air 
pollution in a region (Jiang et al. 2020; Bahuguna 
et al. 2013).  

Since the middle of the twentieth century, 
urban bryophyte-related air quality has been 
studied in subtropical regions, such as in 

European and Asian (Japan, China, India) 
countries  and  America  and  Australia.  The 
study  of  air  quality  monitoring  is  carried  out 
using a survey and a phytosociological approach, 
namely IAP, which was first used in 1970 by Le 
Blanc and Rao (Govindapyari et al. 2010). To 
show air quality, IAP is identified by the 
frequency and coverage of epiphytic bryophytes 
and the species resistance factor (Dymitrova 
2009; Vanderporrten & Goffinet 2009; 
Govindapyari et al. 2010). Research on urban 
bryophytes in tropical regions, including in 
Indonesia, is mostly based on inventories and 
community structures. Studies of urban 
bryophytes related to air quality have never been 
conducted in Indonesia. This study aims to 
compare bryophyte diversity and determine air 
quality in a residential area and an industrial urban 
forest area of Jakarta using the IAP.  

 
 

MATERIALS AND METHODS 
 
Study site 

The research was conducted from July to 
December 2020 in Komplek Taman Bona Indah, 
a residential area in South Jakarta, and the JIEP 
urban forest, an industrial area in East Jakarta 
(Figure 1). Species identification was carried out 
at the Taxonomy Laboratory of the Biology 
Department in the Faculty of Mathematics and 
Natural Sciences, Universitas Indonesia. The 
voucher specimen was deposited in the 
Herbarium UI-DEP.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  Sampling locations. (A) Taman Bona Indah Residence, (B) JIEP urban forest 
 
 

A B 
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Methods 

Bryophytes were collected from three 
substrate types, namely tree trunks, soil and rock 
or cement in both the Taman Bona Indah 
residential area and the JIEP urban forest. 
Samples from the residential area were collected 
from six sites on a 50 m linear transect at the main 
roadside and from three sites on a 50 m linear 
transect in a park. Each transect was divided into 
30 × 2 m plots. The bryophytes in the urban 
forest were collected from eight 25 × 25 m plots. 
In each plot, five trees with a minimum of 10 cm 
breast-high diameter were selected. Epiphytic 
bryophytes were sampled from four cardinal 
directions with an area of 10 × 10 cm2 from 0–2 
m above ground level. The host tree species and 
bark type were recorded in a datasheet. In each 
plot, terrestrial bryophytes were collected from 
quadrats of 10 × 10 cm2, and their coverage was 
estimated using the same quadrats of 10 × 10 
cm2. Voucher bryophyte samples were identified 
using a stereo and light microscope at the 
Herbarium UI-DEP, where the voucher 
specimens were stored.  

The bryophyte diversity was analysed using 
the Shannon–Wiener index and the important 
value index. The Shannon–Wiener diversity 
index is calculated using the following formula:  

H′ =  −�(𝑝𝑝𝑝𝑝 ln𝑝𝑝𝑝𝑝)
𝑆𝑆

𝑖𝑖=1

, 

where: 
H’ =  the Shannon–Wiener diversity index, 
S =  number of species, 
pi  =  𝑁𝑁𝑖𝑖

𝑁𝑁
,  

Ni  =  relative cover species I, 
N  =  relative cover number of S species. 

The important value index was measured to 
analyse species’ dominance in each site, as follows 
(Jiang et al. 2020):  

Important value index = 
Relative cover + relative 

frequency 
2 

 
Atmospheric pollution was analysed using 

IAP according to the following formula (Le Blanc 
1971; Jiang et al. 2020): 

IAP = �
𝑄𝑄 𝑥𝑥 𝑓𝑓

10

𝑛𝑛

𝑖𝑖

 

where: 
IAP = index atmospheric purity, 
Q = ecological index of species (average 

number of species that coexist with other 
species), 

f = frequency-coverage scale. 
 
 

RESULTS AND DISCUSSION 
 

Species composition  

A total of 24 bryophyte species were recorded 
in the residential area and the urban forest (three 
species of liverwort and 21 species of moss). 
Based on the locations, the species richness in the 
residential area was higher than in the urban 
forest. There were three species of liverworts and 
15 species of mosses in the residential area, while 
there were 11 species of mosses and no liverworts 
in the urban forest (Table 1).  

The number of moss species in the urban 
areas was higher than liverworts (Giordano et al. 
2004; Szűcs et al. 2017; Godovićová et al. 2020; 
Fastanti & Wulansari 2021). Most moss species 
are known to be drought tolerant, so they are 
commonly found in open areas (Vitt et al. 2014). 
According to Mukhia et al. (2019), a high 
abundance of epiphytic liverworts is related to 
low light intensity, ranging from 460–1900 lux. 
Outside this light intensity range, liverwort 
abundance is significantly reduced. 
Consequently, the abundance and species 
richness of liverwort in urban areas is lower than 
in natural habitats because of the difference in 
canopy coverage density and relative humidity.  

The families Pottiaceae, Calymperaceae and 
Bryaceae were found in both sampling sites, with 
Pottiaceae having the highest number of species 
(Figure 2). There were eight species of Pottiaceae 
in the urban forest (Barbula consanguinea, Barbula 
pseudo-ehrenbergii, Hyophila apiculata, Hyophila 
beruensis, Hyophila involuta, Hyophila javanica, 
Trichostomum brachydontium and Weissia edentula). In 
the residential area, there were five species of 
Pottiaceae (Barbula javanica, Hyophila apiculata, 
Hyophila beruensis, Hyophila involuta and 
Trichosteleum singapurense) (Table 1). On the other 
hand, Calymperaceae was represented by more 
species in the residential area than in the urban 
forest. Bryaceae was only represented by one 
species in each of the sampling sites (Figure 2). 
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Table 1  Bryophyte species composition in the residential area and the urban forest  

No. Species Family Location 
Residential area Urban forest 

  A. Marchantiophyta      
1 Haplomitrium blumei Haplomitriaceae √   
2 Lejeunea cocoes Lejeuneaceae √   
3 Lejeunea eifrigii Lejeuneaceae √   
  B. Bryophyta      
1 Bryum apiculatum Bryaceae √   
2 Calymperes crassinerve Calymperaceae √   
3 Calymperes motleyi Calymperaceae √ √ 
4 Calymperes tenerum Calymperaceae √ √ 
5 Leucophanes octoblepharioides Calymperaceae √   
6 Fissidens atroviridis Fissidentaceae √   
7 Fissidens biformis Fissidentaceae √   
8 Isopterygium bancanum Hypnaceae √   
9 Isopterygium minutirameum Hypnaceae √   
10 Barbula consanguinea Pottiaceae   √ 
11 Barbula javanica Pottiaceae √   
12 Barbula pseudo-ehrenbergii Pottiaceae   √ 
13 Hyophila apiculata Pottiaceae √ √ 
14 Hyophila beruensis Pottiaceae √ √ 
15 Hyophila involuta Pottiaceae √ √ 
16 Hyophila javanica Pottiaceae   √ 
17 Trichosteleum singapurense Sematophyllaceae √   
18 Trichostomum brachydontium Sematophyllaceae   √ 
19 Weissia edentula Pottiaceae   √ 
20 Taxithelium nepalense Sematophyllaceae √   
21 Splachnobryum indicum  Splachnobryaceae   √ 
 Number of species   18   11 
 Total number of species  5 

 
 

 
Figure 2  Family composition of bryophytes in the residential area and the urban forest 
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Pottiaceae is a family of mosses that is present 
in open and dry environments, particularly in 
urban areas (Da Costa 2015; Jiang et al. 2020). 
They have a small size, erect stem or acrocarpous 
with a short turf life-form and dark green 
gametophore (Figure 3). The members of this 
family have lanceolate leaves, which become 
crisped when dry to reduce transpiration due to 
environmental heat stress. In addition, some 
species of Pottiaceae have ornamentation on the 
leaf cell surface, such as papillae. The interstices 
between papillae are necessary to increase water 
conduction on the leaf surface (Zander 1993; 
Kou et al. 2014; Glime 2017). Furthermore, they 
can prevent water loss, making them more 
successful in a drought. 

Calymperaceae is an epiphytic moss that was 
often found in both sampling locations. Some 

species of this family have gemmae at the apex of 
the leaves as asexual reproductive organs, a 
strategy that helps them survive in unfavorable 
urban environments. The presence of cancellinae 
regions (hyaline basal leaf cells) in Calymperaceae 
is another strategy of this family to retain more 
water in dry environments (Figure 4) (Glime 
2017). 

Lejeuneaceae, a cosmopolite family, were the 
only liverworts in the sampling sites found on the 
exposed roots of large palm trees 10–20 cm 
above the ground. This tree root substrate had a 
low light intensity at around 250 lux, causing a 
more humid microhabitat. Liverworts generally 
grow in moist and shady habitats, while epiphytic 
liverworts grow on large or old trees 
(Vanderpoorten & Goffinet 2009; Mukhia et al. 
2019). 

 
 

 
Figure 3  Pottiaceae. (A) Acrocarpous and short turf life-form. (B) Papillae on the leaf surface 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4  Calymperaceae. A. The gemmae on the leaf apex. B. Cancelinae 
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The type of substrate with the highest species 
richness was rock/cement (Figure 5). Cement 
paths and paving blocks were common kinds of 
rock and cement substrate in both sampling 
locations. According to Floyed and Gibson 
(2012), cement pavement always has crevices and 
cracked structures that provide a sheltered area 
for bryophyte colonisation. These surfaces trap 
soil, water and dust from the atmosphere to 
support bryophyte growth, provide shelter from 
mechanical disturbance and retain moisture for a 
longer period than surrounding surfaces. This 
substrate was dominated by Pottiaceae, including 
Hyophila and Barbula. Those genera are common 
in disturbed areas, such as urban ecosystems 
(Zander 1993).  

Terricolous bryophytes were found only in the 
residential area and absent in the urban forest 
(Figure 5). The soil type in the latter may not have 
supported bryophyte growth. According to Lubis 
et al. 2013, the JIEP urban forest has a podosol 
soil type with low moisture and nutrient content. 
In addition, piles of plastic waste were found in 
some of the sampling plots. Andayaningsih et al. 

(2013) also reported finding terrestrial 
pteridophytes in this location, indicating that 
JIEP’s environmental conditions are unsuitable 
for plants sensitive to dry conditions, such as 
terrestrial bryophytes and pteridophytes. 

The number of epiphytic bryophytes in the 
residential area was higher than in the urban 
forest (Figure 5). Air pollution, humidity, 
temperature and phorophyte variation were 
limiting factors. The minimum frequency of 
epiphytic moss in urban areas can be determined 
from the percentage of host trees covered with 
epiphytic moss. Twenty-four percent of 
phorophytes (trees used as hosts of bryophytes) 
were used as hosts in the residential area. 
However, only 8% of the urban forest was used 
by bryophytes as hosts (Figure 6), which shows 
that industrial areas are more vulnerable to the 
growth of sensitive bryophyte species than 
residential areas. Urban forests are surrounded by 
dense industrial activity and have low vegetation 
density, which affects microclimate conditions, 
causing the comfort index in the area to be lower 
than usual (Syihabuddin et al. 2020). 

 
 

 
Figure 5  Number of bryophyte species on three substrates in the residential area and the urban forest 
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Figure 6  Presentation of phorophytes with epiphyte bryophytes 
 

The characteristics of the host trees also 
influenced the presence of epiphytic mosses. 
Eusideroxylon zwageri was the only tree species 
colonized by bryophytes in the urban forest. In 
the residential area, there were three tree species 
hosting bryophytes, Mangifera indica, Swietenia 
mahagoni and Roystonia regia. These trees had 
rounded canopies and a fissured bark texture, and 
the pH of the bark varied between 6 and 6.8. The 
fissured texture had hollow cracks, resulting in a 
more stable surface for epiphytic bryophytes. It 
provided a more humid and shaded habitat by 
retaining water and dust from the atmosphere 
(Vanderpoorten & Goffinet 2009). Meanwhile, 
because of the palm trees’ smooth bark, there 
were no epiphytic bryophytes on their bark 
surface, although they were found on the exposed 
palm root surfaces near the soil, since these were 
more humid and shaded than the trunk. 

 
Community structure and index of 
atmospheric purity 

Based  on  the  type  of  substrate,  the 
bryophyte  diversity  index  in  both  the 
residential  area  and  the  urban  forest  ranged 
from 0 to 2.06. This shows that the bryophyte 
diversity was very low. No bryophytes were 
found on the soil substrate in the urban forest, 
and the lowest diversity index was found in the 
epiphytic bryophyte community in that location 
(Table 2). Saxicolous bryophytes on rock/cement 
substrate in both the residential area and the 

urban forest had a higher diversity index than 
those growing on other substrates. This shows 
that in urban environments, saxicolous 
bryophytes are more tolerant than the bryophytes 
on other substrates. 

The IAP in the residential area was 4.3, and in 
the JIEP urban forest, it was 0.3 (Table 2). 
According to the IAP criteria of Le Blanc and 
Slover, the air pollution in both locations was 
found to be highly polluted, in the range of 1–5. 
Although the level of specific pollutants was 
unknown, it can be estimated by IAP that the 
urban forest was more polluted than the 
residential area in South Jakarta.  

Air pollution and microclimate have a negative 
impact on sensitive species that can reduce IAP 
values (Jiang et al. 2020), which was shown by the 
lower number of epiphytic bryophytes in the 
urban forest. Epiphytic bryophytes are not found 
in urban areas with high pollution levels (Fudali 
& Żołnierz; 2019: 73; Jiang et al. 2020). One of 
the factors affecting epiphytic bryophyte diversity 
is traffic density. The absence of liverworts in the 
urban forest also indicates their sensitivity to 
industrial environments. 

The results showed that the epiphytic mosses 
with the highest important value index were 
Calymperes motley and C. tenerum, while the 
saxicolous bryophytes with the highest important 
value index were Hyophylla javanica and H. involuta 
in both locations. In addition, the terricolous 
bryophyte with the highest important value index 
was Fissidens biformis (Table 3).  
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Table 2  Diversity index and index of atmospheric purity in the residential area and the urban forest 

  
  

Location 
Residential area Urban forest 

Tree trunk Soil Rock or cement Tree trunk Soil Rock or cement 
H' 1.73 1.19 2.06 0.52 – 1.59 
IAP 4.3 

  
0.3 

  

 
Table 3  The highest important value index of bryophytes 

Substrate 
Residential area Urban forest 

Species Important value Species Important value 

Tree 
Calymperes motleyi 22.02 Calymperes motleyi 31.25 
Calymperes tenerum 10.71 Calymperes tenerum 26.69 
Calymperes crassinerve 7.74     

Rock or cement 
substrate 

Hyophila javanica 37.67 Hyophila involuta 15.54 
Hyophila involuta 21.06 Hyophila javanica 12.50 
Hyophila apiculata 19.22 Trichostomum brachydontium 5.26 

Soil 
Fissidens biformis 35.39     
Fissidens atroviridis 14.97   
Isopterygium bancanum 10.10     

  
Some species of Calymperes have also been 

reported as dominant bryophytes in other urban 
areas, such as at the Universitas Indonesia 
campus (Putrika et al. 2017) and an urban 
agroforest in Nigeria (Ezukanma et al. 2019). This 
genus is also commonly found in home yards and 
oil palm plantations in the Giam Siak Biosphere 
Reserve (Fastanti et al. 2013). From this 
information, we can assume that some species of 
Calymperes are sun epiphyte bryophytes, since they 
always grow in open areas and belong to drought-
tolerant species.  

The highest important value index in both 
locations was dominated by acrocarpous species, 
turf and cushion life-forms, which were small, at 
about 0.4–7 mm. Drought-tolerant moss species 
are commonly small and have erect stems 
(Printanakul & Jampetong 2020). In addition, turf 
and cushion life-forms tend to have dense leaf 
arrangements, which allows them to optimize 
water movement and storage as well as prevent 
excessive transpiration through a dry 
environment (Spitale et al. 2020). Turf and 
cushion life-forms are commonly found growing 
terrestrially in open habitats with high light 
intensity  (Kürschner  2004:  105;  Glime  2017: 
4, 5, 7).  

According to the abiotic data, in the residential 
area and urban forest, the daily temperature and 
relative humidity ranges were 29–32°C and 50%–
61%, respectively. This condition may explain 

why the diversity of bryophytes in both sampling 
sites was low. The optimum temperature for 
bryophyte growth is about 15–25°C (Frahm 
2003; He et al. 2016). Some bryophyte species in 
tropical lowland forests cannot survive at 27–
30°C. Temperatures above 30°C can inhibit 
bryophyte photosynthesis (He et al. 2016). 
Furthermore, only specific bryophyte species can 
survive in urban areas.  

 
 

CONCLUSION 
 

Bryophyte diversity in both the residential area 
and the JIEP urban forest was dominated by 
acrocarpous mosses such as Calymperes and 
Hyophila. The residential area had higher 
bryophyte diversity than the urban forest. The 
IAP in the urban forest was lower than that in the 
residential area. However, both locations fell into 
the category of very heavily polluted areas. 
Further research is needed to compare the IAP 
values to the air pollutant quantity to confirm the 
pollution levels in both study sites. 
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ABSTRACT 
 

Ectoparasites infestation is one of the major health problems affecting animals, including bats, which are known 
as reservoir hosts for various pathogens. Several reports have shown that a comprehensive understanding of 
ectoparasites on these animals is crucial from a public health perspective. Therefore, this study aims to identify the 
diversity of ectoparasites on bats in Dramaga, Bogor, Indonesia. The samples were captured at night with a mist 
net and then identified using the species identification key. Ectoparasites were collected from the body of the 
samples and identified using a microscope. A total of 56 bats from 9 species, namely Cynopterus brachyotis, Cynopterus 
sphinx, Cynopterus titthaecheilus, Macroglossus sobrinus, Rousettus leschenaultii, Myotis muricola, Nycteris javanica, Pipistrellus 
javanicus, and Scotophilus kuhlii were obtained in this study. The results of ectoparasites identification showed the 
presence of Basilia spp., Eucampsipoda sp., Leptocyclopodia ferrarii (Nycteribiidae), Raymondia sp. (Streblidae), Meristaspis 
spp., Spinturnix spp. (Spinturnicidae), and ticks (Ixodidae). The total prevalence of infested bats was 51.7%, with 
females tending to have a higher intensity compared to males. Bats species with the highest prevalence of infestation 
were Rousettus leschenaultii and Myotis muricola. Meanwhile, this study found no ectoparasites on Macroglossus sobrinus 
and Scotophilus kuhlii. 

  
Keywords: bats, bats flies, Bogor, ectoparasite, Indonesia 

 
 
 

INTRODUCTION 
 

Bats are known to play an essential role in 
maintaining the ecological balance of ecosystems, 
serving as seed transmitters, pollinators, and 
natural insect control (Suyanto 2001). Despite 
their significant ecological functions, these 
animals also serve as the natural reservoir of 
various pathogens. Previous studies showed that 
bats had unique immune systems, thereby 
enabling them to carry various zoonotic viruses 
per host species compared to rodents (Irving et al. 
2021; Luis et al. 2013). Several emerging 
infectious diseases have also been linked to these 
animals bats as a source of zoonotic pathogens, 
including Ebola virus, SARS coronavirus, Nipah 
virus, and Hendra virus (Brook & Dobson 2015; 
Calisher et al. 2006). Furthermore, studies 
conducted in Indonesia showed their association 

with potential zoonotic diseases (Diptyanusa et al. 
2021; Tsang et al. 2021). This indicates that the 
study of bats and their potential to transmit 
diseases to humans or other animals demands 
thorough investigation. 

One of the health issues affecting bats is 
ectoparasites infestation, which warrants further 
investigation to comprehend the ecology and 
health of these creatures. The commonly 
associated ectoparasites belong to the class 
Insecta (bats flies and bats flea) and Arachnida 
(ticks and mites). The species within the class 
Insecta are known to belong to the family 
Nycteribiidae, Streblidae, Hippoboscidae, and 
Ischnopsyllidae. Meanwhile, those from class 
Arachnida are often members of the family 
Argasidae, Ixodidae, and Spinturnicidae (Fajri 
et al. 2018; Azhar et al. 2015). Previous studies 
showed that these ectoparasites in bats are 
vectors of pathogens, such as Bartonella spp., 
Rickettsia spp., and certain viruses with the ability *Corresponding author, email: 

supriyono84@apps.ipb.ac.id 
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to cause diseases in humans or animals 
(Szentiványi et al. 2019; Reeves et al. 2016). 

Several studies have been carried out on bat 
ectoparasites in several Southeast Asia countries, 
including Malaysia (Azhar et al. 2015), Singapore 
(Lim et al. 2020), and the Philippines (Alvarez et 
al. 2015). Based on previous findings, studies 
related to these ectoparasites in Indonesia 
remains significantly limited, despite the presence 
of over 230 distinct bat species in this region 
(Maryanto et al. 2020). Existing reports in 
Indonesia primarily focused on recording 
ectoparasite infestation in different locations and 
species, especially megabats (Nangoy et al. 2021; 
Sauqi et al. 2021; Fajri et al. 2018). Based on these 
findings, there is a need to conduct further 
studies to understand the characteristics of 
ectoparasites, including their specific host and 
potential role in transmitting diseases. 

Dramaga is a subdistrict located in Bogor, 
Indonesia, which has been extensively explored 
due to bats species diversity in Dramaga. Several 
studies have also been carried out in and around 
the IPB Dramaga Campus area and its 
surrounding villages. According to Mustari et al. 
(2014) and Mustari (2020), at least 10 species of 
bats were found in IPB Dramaga Campus. 
Another report showed the presence of 11 
species in villages around the area (Sumirto 2013). 
Due to the role of these animals in maintaining 
ecosystem balance, there is a need to carry out 
further investigations on their ecology and health 
problems, such as ectoparasites infestation. 
Therefore, this study aims to identify the diversity 
of ectoparasites on bats in Dramaga, Bogor, 
Indonesia. 
 
 

MATERIALS AND METHODS 
 

Study Sites and Sampling Techniques 

Bats used in this study were obtained from the 
seven locations in Dramaga, Bogor, Indonesia 
from November 2021 to February 2022. The 
habitats selected as sampling locations included 
arboretums, agricultural land areas, and rural 
areas. Furthermore, reconnaissance surveys were 
conducted in the area before the study began to 
identify the location where bats were likely to 
congregate. The survey targeted the regions 
where bats were expected to fly, such as fruiting 
trees or congregation sites of insects, to 

determine the appropriate sampling locations. 
The procedures for sample capturing in this study 
referred to the Guidelines for Bats Reservoir 
Data Collection published by the National 
Institute of Health Research and Development, 
Ministry of Health, Indonesia. The samples were 
captured at night using mist-net techniques. The 
mist nets were installed in determined locations 
and placed approximately 5 meters above the 
ground. The installation was carried out for four 
hours from 18.00 to 22.00 and monitored every 
hour. Bats were collected as detected trapped in 
the mist net, placed into a cotton bag, and 
transported to a nearby station for further 
identification (Balitbangkes 2015). 

 
Bats Identification and Ectoparasites 
Collection 

Captured bats were identified based on 
morphological features and morphometries using 
the species identification key from the Field 
Guide of Bats in Indonesia (Suyanto 2001). The 
identified samples were then observed to 
determine the presence of ectoparasites 
infestation. The collection procedure for 
ectoparasites was carried out using small 
tweezers. Subsequently, the parasites obtained 
were placed in a labeled vial containing 70% 
alcohol (Balitbangkes 2015), and bats were 
released back to the initial location. 

 
Ectoparasites Identification  

The initial grouping of ectoparasites was 
carried out based on their morphological 
characteristics. Bats flies were distinguished by 
their large size resembling a fly with or without 
wings, while mites and ticks were distinguished 
by their relatively small size compared to bat flies. 
Subsequently, the collected ectoparasites were 
identified using a microscope. Bats flies were 
identified using the publications of Maa (1971, 
1968, 1962) and Theodor (1967, 1959), while 
mites were identified using the publication of 
Baker & Delfinado (1964) and Delfinado & 
Baker (1963). Ticks ectoparasites were identified 
using the publication of Hoogstraal (1955). 

 
Data Analysis 

Data on captured bats were analyzed 
descriptively by making a table that included the 
species, the number of captured bats, the number 
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of bats infested with ectoparasites, the prevalence 
of ectoparasites infestation, and the intensity of 
ectoparasites. Data on the collected ectoparasites 
were analyzed descriptively by making a table 
containing the types of ectoparasites, hosts, sex, 
and the number of collected samples per host. 
 
 

RESULTS AND DISCUSSION 
 

Bats Diversity 

A total of 56 bats were obtained in this study, 
belonging to the suborders Megachiroptera and 
Microchiroptera. The samples represented nine 
species, namely Cynopterus brachyotis, Cynopterus 
sphinx, Cynopterus titthaecheilus, Macroglossus sobrinus, 
Rousettus leschenaultii, Myotis muricola, Nycteris 
javanica, Pipistrellus javanicus, and Scotophilus kuhlii. 
The results showed that the most captured 
species was Cynopterus brachyotis, with a total of 20 
samples (35.7%). The least caught species 
was  Scotophilus  kuhlii,  with  only  one  sample 

(1.8%), as shown in Table 1. All bats species 
found in this study had a conservation status of 
least concern, except Nycteris javanica, which was 
considered vulnerable. Nycteris javanica was an 
endemic bats and was only found in Java and 
Timor (Waldien & Wiantoro 2021). 

This study found a total of 29 samples that 
were infested with ectoparasites, accounting for 
51.7% of the total population. The species with 
the highest prevalence (80%) of infestation were 
Rousettus leschenaultia and Myotis muricola. 
Meanwhile, there was no infestation on 
Macroglossus sobrinus and Scotophilus kuhlii, as 
shown in Table 1. 

The prevalence and intensity of ectoparasites 
in each bat sex are presented in Table 2. The 
results showed that the number and intensity of 
ectoparasites varied widely among the samples’ 
sex and species. Female Rousettus lechenaultii 
species had the highest intensity of infestation. 
Female bats tended to have a higher intensity of 
ectoparasites compared to males, but their 
population was smaller. 

 
Table 1  Bats species and prevalence of ectoparasites infestation in bats 

Bats Species Number of Captured 
Bats 

Number of 
Infested Bats Prevalence (%) 

Megachiroptera (Megabat) 
Cynopterus brachyotis 20 11 55 
Cynopterus sphinx 5 2 40 
Cynopterus titthaecheilus 11 6 54.5 
Macroglossus sobrinus 4 0 0 
Rousettus leschenaultii 5 4 80 
Subtotal 45 23 51.1 
Microchiroptera (Microbat) 
Myotis muricola 5 4 80 
Nycteris javanica 2 1 50 
Pipistrellus javanicus 3 1 33.3 
Scotophilus kuhlii 1 0 0 
Subtotal 11 6 54.5 
Total 56 29 51.7 

 
Table 2.  Intensity of ectoparasites based on bats species and sex 

Bats Species Infested Bats/Captured 
Bats Total Ectoparasites Intensity of 

Ectoparasites 
 Male Female Male Female Male Female 

Cynopterus brachyotis 10/19 1/1 20 2 2.0 2.0 
Cynopterus sphinx 1/3 1/2 3 1 3.0 1.0 
Cynopterus titthaecheilus 4/6 2/5 5 2 1.25 1.0 
Rousettus leschenaultii 2/3 2/2 8 24 4.0 12.0 
Myotis muricola 4/5 0/0 27 0 6.75 0 
Nycteris javanica 1/2 0/0 1 0 1.0 0 
Pipistrellus javanicus 1/3 0/0 2 0 2.0 0 
Macroglossus sobrinus 0/4 0/0 0 0 0 0 
Scotophilus kuhlii 0/1 0/0 0 0 0 0 
Total 23/46 6/10 66 29 2.87 4.83 
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Figure 1 Bats species captured in Dramaga, Bogor: (A) Cynopterus titthaecheilus with ectoparasites (white circle), (B) 

Macroglossus sobrinus, (C) Rousettus leschenaultii, (D) Nycteris javanica 

 
This was the first study to record the diversity 

of ectoparasites on bats in Dramaga, Bogor. The 
results could be used to monitor the status of bats 
species in Dramaga, Bogor, in line with 
conservation efforts. This study also presented 
the first record of ectoparasites infestation on 
vulnerable endemic bats species, namely Nycteris 
javanica. The species was endemic to Java and 
Timor Islands and not commonly found in nature 
due to its declining population and conservation 
status being vulnerable (Waldien & Wiantoro 
2021). 

Due to the absence of ectoparasites on some 
species, further studies must be carried out to 
determine the possibility of infestation on bats. 
This study found no infestation in Macroglossus 
sobrinus and Scotophilus kuhlii, possibly due to the 
lack of representative samples. Therefore, future 
reports must explore ectoparasites that could 
affect these species. Further studies were also 
needed due to the inability of this current study 
to  cover  all  bat  species  reported  by  Mustari 

(2020), such as Kerivoula hardwickii, Rhinolophus 
affinis, and Hipposideros diadema. 

 
Ectoparasites Diversity 

Ectoparasites found in this study were from 
Insecta and Acarina classes, as shown in Table 3. 
A total of 95 samples were collected representing 
three groups, namely bats flies (family 
Nycteribiidae and Streblidae), mites (family 
Spinturnicidae), and ticks (family Ixodidae). 
Nycteribiidae bats flies were found on five 
microbats and megabats, namely Myotis muricola, 
Cynopterus brachyotis, Cynopterus sphinx, Cynopterus 
titthaecheilus, and Rousettus leschenaultii. Streblidae 
species was only discovered on Nycteris javanica. 
Mites were discovered on Rousettus leschenaultii, 
Myotis muricola, and Pipistrellus javanicus, while ticks 
were only found on Myotis. Furthermore, Rousettus 
leschenaultia had the highest ectoparasites 
infestation compared to others in Dramaga. The 
differences in the number of infestation were due 
to the variations in number of captured individual 
bats in each species. 
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Table 3  Collected ectoparasites found on bats in Dramaga, Bogor 

No Ectoparasites Species 
 Number of Ectoparasites 

Total 
C.b C.s C.t M.sb R.l M.m N.j P.j S.k  

Bats flies           
1 Basilia spp. 0 0 0 0 0 10 0 0 0 10 
2 Eucampsipoda sp. 0 0 0 0 21 0 0 0 0 21 
3 Leptocyclopodia ferrarii 22 4 7 0 0 0 0 0 0 33 
4 Raymondia sp. 0 0 0 0 0 0 1 0 0 1 
            

 Mites           
1 Meristaspis spp. 0 0 0 0 11 0 0 0 0 11 
2 Spinturnix spp. 0 0 0 0 0 16 0 2 0 18 
            

 Ticks           
1 Ixodidae 0 0 0 0 0 1 0 0 0 1 

Total 22 4 7 0 32 27 1 2 0 95 
Notes: C.b: Cynopterus brachyotis, C.s: Cynopterus sphinx, C.t: Cynopterus titthaecheilus, M.sb: Macroglossus sobrinus, R.l: Rousettus 

leschenaultii, M.m: Myotis muricola, N.j: Nycteris javanica, P.j: Pipistrellus javanicus, S.k: Scotophilus kuhlii. 
 

Ectoparasites from the family Nycteribiidae 
were the most collected ectoparasites in this 
study. Furthermore, Nycteribiid bats flies were 
ectoparasites commonly found in megabats from 
the genus Cynopterus and Rousettus (Nangoy et al. 
2021). Species from the genus Cynopterus were 
reported to be the primary hosts of Leptocyclopodia 
flies (Maa 1975). Several studies collected 
Leptocyclopodia ferrarii from Cynopterus brachyotis in 
Indonesia (Nangoy et al. 2021; Sauqi et al. 2021). 
Eucampsipoda bats flies were common on 
megabats, and they had infested Eonycteris 
spelaea and Rousettus leschenaultii in Southeast Asia 
countries (Lim et al. 2020; Fajri et al. 2018; Azhar 

et al. 2015). Basilia ectoparasites were commonly 
obtained in megabats and microbats, and 
Poerwanto et al. (2020) reported their presence on 
Miniopterus schreibersii in Yogyakarta, Indonesia. 

Ectoparasites from the genus Raymondia 
included Streblidae bats flies found in microbats 
(Azhar et al. 2015; Maa 1962). These species could 
be distinguished from Nycteribiidae samples by 
the presence of the wings (Azhar et al. 2015). This 
study only found Raymondia sp. on Nycteris 
javanica. This result was the first record of 
ectoparasites infestation by the genus Raymondia 
on Nycteris javanica.  

 

 
Figure 2 Ectoparasites collected from bats in Dramaga, Bogor: (A) Basilia sp. collected from Myotis muricola, (B) 

Eucampsipoda sp. collected from Rousettus leschenaultii, (C) Leptocyclopodia ferrarii collected from Cynopterus spp., (D) 
Raymondia sp. collected from Nycteris javanica, (E) Mite Meristaspis sp. ♀ and (F) Meristaspis sp. ♂ collected from 
Rousettus leschenaultii, (G) Spinturnix sp. collected from Myotis muricola and Pipistrellus javanicus, and (H) Ixodid tick 
(Ixodidae) collected from Myotis muricola 
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Mites and ticks were found in the genus 

Rousettus, Myotis, and Pipistrellus. Mite 
ectoparasites infesting bats in Indonesia were 
from the Spinturnicidae family, while the ticks 
were from the Ixodidae and Argasidae families 
(Fajri et al. 2018). Several studies reported ticks 
and mites ectoparasites infestation on bats in 
Indonesia (Poerwanto et al. 2020; Fajri et al. 2018). 
The results of Meristaspis sp. and Spinturnix sp. 
mites from the family Spinturnicidae and ticks 
larvae from the family Ixodidae were consistent 
with previous studies on arachnid infestation on 
bats. 
 
Bat-Ectoparasites Interaction 

Ectoparasites in bats spent almost their entire 
life cycle on the host through blood consumption 
(Hiller et al. 2019; Bordes et al. 2008). The 
intensity and prevalence of ectoparasites were 
affected by several factors, including host-
specificity, habitat, nesting, gender, diet, and 
social behavior (Nangoy et al. 2021; Hiller et al. 
2019; Ramanantsalama et al. 2018). Therefore, 
their distribution and abundance were associated 
with the distribution and abundance of the host 
(Putra, 2014; Ter Hofstede & Fenton, 2005). The 
colony size of each bat species could also 
influence social behavior, leading to differences 
in the prevalence of ectoparasites infestation. 
Species that shared the same roosting site in 
larger groups increased the possibility of 
ectoparasites transmission between the bats 
(Putra 2014). Bats in genera Cynopterus, Rousettus, 
and Pipistrellus were generally known to roost 
from medium to large colonies (Garg et al. 2015; 
Kumar et al. 2015; Gay et al. 2014). Different 
roosting behavior was found in Macroglossus 
species, which tended to roost alone or in small 
colonies occupying different sites (Putra 2014; 
Gould 1978). The absence of ectoparasites 
infestation on Macroglossus bats in this study was 
allegedly related to the behavior of the species. 

Several reports showed that ectoparasites 
infestation in bats had an association with sex. In 
this study, females tended to have a higher 
intensity of ectoparasites compared to males, but 
they had few infested individuals due to the small 
population. The results were consistent with 
Nangoy et al. (2021) on Pteropodid bats in 
Sulawesi, where females had a higher intensity 

due to their high susceptibility caused by several 
factors. Fluctuations in the reproductive cycle, 
such as pregnancy and lactation, could suppress 
immunity and increase susceptibility to parasites. 
During this period, the female species tended to 
spend more time in roosting sites, increasing 
contact with ectoparasites or the other infested 
bats (Tai et al. 2022; Nangoy et al. 2021; Webber et 
al. 2015).  

A previous study reported that extended stay 
in roosting sites also increased ectoparasite 
exposure (Lim et al. 2020). Compared to the 
results of this study, Lim et al. (2020) found that 
male Cynopterus brachyotis and Eonycteris spealea had 
a higher level of infestation. This was because 
they spent more time in the roost site due to 
defense. Grooming activities commonly carried 
out to expel parasites also affected infiltration 
among sexes since males spent more time in 
grooming activities related to ectoparasites 
consumption compared to females 
(Ramanantsalama et al. 2018). Meanwhile, 
Godinho et al. (2013) found no association 
between grooming activity and the number of 
parasites. Due to the variation in literature, 
further studies must be carried out to investigate 
ectoparasites infestation in relation to sex. 

Ectoparasites in bats generally had certain 
specific hosts, and could only be found in some 
species. Bats flies were obligate and specialized 
parasitic organisms found on the fur and wing 
membranes. Furthermore, this study found a 
genus-specific host pattern in ectoparasites. 
Leptocyclopodia ferarri bats flies obtained had 
specific hosts from the Cynopterus spp. bats. These 
findings were consistent with several studies, 
where species from the genus Cynopterus were 
primary hosts for Leptocyclopodia spp. (Lim et al. 
2020; Azhar et al. 2015). Based on the results, 
Meristaspis mites tended to infest megabats, while 
Spinturnix mites infested microbats. The results 
were in line with previous studies, which 
recorded the infestation of Meristaspis spp. mites 
on megabats from the genus Macroglossus and 
Rousettus (Fajri & Armiani 2021; Fajri et al. 2018). 
Meanwhile, the study by Zania et al. (2022) 
reported the Spinturnix mite infestation on 
Rousettus bats in Banyuwangi. This variation in 
findings suggested that the mites did not have a 
genus-specific pattern. 
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The presence of ectoparasites in bats 
contributed to the spread of pathogens between 
individual members in the colony. Some of the 
parasites had various hosts and could be vectors 
for certain pathogens. Several studies found 
Bartonella spp. bacteria in Leptocyclopodia bats flies 
collected from the megabats in Malaysia and the 
Philippines (Low et al. 2022; Morse et al. 
2012). Bartonella spp. was a bacteria that caused 
bartonellosis and was considered zoonosis 
(Chomel & Kasten 2010). Bacterium Bartonella 
spp. and Rickettsia spp. were also found in mites 
from the genus Spinturnix collected from Myotis 
myotis bats in Poland (Szubert-Kruszyńska et al. 
2019). Feng et al. (2017) found the Khaeng Koi 
virus in Eucampsipoda sundaica from Rousettus 
leschenaultia bats in China. The results of bats 
ectoparasites in Dramaga proved that 
ectoparasites infestation was a major health 
problem in bats. The ability of ectoparasites to act 
as vectors of various pathogens demands further 
studies on their distribution in each bats species, 
as well as their public health importance. 

 
 

CONCLUSION 
 

In conclusion, ectoparasites were one of the 
causes of health-related problems in bats with 
health importance due to their ability to act as 
vectors of various pathogens. Ectoparasites 
affecting bats in Dramaga were from the family 
Nycteribiidae, Streblidae, Spinturnicidae, and 
Ixodidae. The results showed that the total 
prevalence of infested samples in the study 
location was 51.7%. Furthermore, the female 
samples tended to have a higher intensity of 
ectoparasites compared to males. The species 
with the highest prevalence of infestation 
were Rousettus leschenaultii and Myotis muricola. This 
study found no ectoparasites infestation on 
Macroglossus sobrinus and Scotophilus kuhlii. Based 
on these findings, further studies were needed as 
some species of bats required large sample sizes. 
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ABSTRACT 
 

The global interest in increasing the world's carbon stocks is skewed towards perennial woody ecosystems. But 
a continuous shortage of land stands in the way of achieving the goal. We must therefore aim to explore viable 
alternatives. The banana as a potential carbon sequester attracted little attention from researchers. Therefore, this 
study aimed at estimating the potential of bananas in different states of India as potential carbon sequesters. Data 
was collected from twelve major banana producers between January 2021 and December 2022. One hundred 
banana gardens were sampled in each of the 12 banana-producing states, covering the major bananas grown (AAA, 
AAB, and ABB). The above-ground (AGB) and below-ground (BGB) biomass were calculated using the allometric 
equation with pseudostem volume as the allometric parameter. The dry weight obtained from the allometric 
equations was then converted to carbon using a dry weight to carbon conversion factor. Sequestered carbon varied 
with the AAA, AAB, and ABB of bananas. Banana plant carbon stock was also found to be very small, ranging 
from 2.573 to 6.407 t/ha, compared with very high soil carbon ranging from 39.55 to 77.14t. In all the banana-
cultivating states, the proportion of carbon contained in the plant to that in the soil was only 8.286 percent, and 
that of soil carbon accounted for 91.714%. At the national level, the banana crop sequestered 48.627 million metric 
tonnes of carbon, with soil carbon accounting for 44.798 metric tonnes and plant carbon accounting for only 3.828 
metric tonnes per year. Despite these small amounts of plant carbon, the banana cropping system enriches the soil 
by enabling much more carbon to be sequestered into the soil in amounts comparable to other perennial 
plantations. 

 
Keywords: AAA, AAB, ABB, Banana growing states, banana stock estimation, carbon stock, cultivars, plant 

carbon, SOC. 
 
 
 

INTRODUCTION 
 

The giant herb Bananas of the Musaceae 
family and Musa genus are widespread 
throughout the tropical and subtropical zones 
(Charrier et al. 1997). It has occupied the 6th 
position in the world's fruit production and is a 
vital part of human diets in many regions. About 
130 countries grow bananas, which they produce 
(Reay 2019). More than a thousand cultivars’ and 
bred varieties with an array of sizes, colours, and 
shapes are under cultivation. These include 
yellow-skinned, red-skinned, and sweet table 
varieties, as well as starchy plantains used for 
cooking. They are nutritionally rich in minerals 
such as potassium and zinc, as well as essential 

vitamins A and C (Ravi 2013). The genome 
assemblies that constitute the entire spectrum of 
edible bananas and plantains, such as AAA, AAB, 
or ABB, are designated as "groups, while the total 
set of a basic cultivar and its derived clones form 
a "subgroup" (Langhe et al. 2000). AAA and AAB 
Group generally have stem diametres of 20–25 
cm, grow to a height of 3–4 metres with broad 
leaves that range from 2 to 3 metres in length, and 
produce a high yield of medium-sized fruit. The 
ABB group is smaller, with a stem diameter of 15-
20 cm and a leaf size of 2–3 meters in length, and 
produces high yields of larger fruit. 

Banana is cultivated commercially under 
tropical and subtropical conditions all over the 
world, both on a commercial scale and by 
smallholders for home consumption or sale at 
local markets. The Asia-Pacific region produces *Corresponding author, email:  
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55.4% of global production, and India ranks first 
in production, accounting for nearly 26.3%. 
Central and South America also contribute 
significantly to the total world banana basket 
(FAO 2018, Statista 2022). About a thousand 
varieties of bananas are produced, but 
preferences for varieties are generally local. The 
bananas of the AAA group, mainly the Cavendish 
type, are the most cultivated and produce about 
50 billion metric tonnes, accounting for roughly 
47 percent of global production (FAO 2022). 
(Nkoulou et al., 2023). The volume of production 
and trade of all other local bananas (AAB and 
ABB groups) is greater than that of Cavendish 
bananas. 

India, with its wide variability of soil and 
climate, produces a large number of fruits. 
Among them, eight fruit crops occupy more than 
80% of the fruit crop area, and bananas are the 
third most widely grown after mango and citrus, 
occupying 20% of the total fruit area and 
producing one-third (3184,000 metric tonnes) of 
the total fruits produced in India. 

 When huge quantities of bananas are 
produced to meet the livelihoods of millions of 
people around the world, it has naturally spurred 
climate-smart actions that include 
multidimensional and interconnected challenges 
to minimise GHG emissions and ensure 
sustainability (UNGA, 2015). This is because 
banana cultivation in the past concentrated on 
the need to increase food production and ignored 
the need to protect the environment, water, and 
biodiversity, thereby contributing to considerable 
environmental degradation and the loss of crop 
diversity. Realising this agricultural diversity and 
diversity-based farming have been advocated as 
the major backbones of sustainable agricultural 
intensification and a sustainable food system 
(Tutwiler et al. 2017). In terms of GHG 
emissions, a kilogramme of bananas results in the 
emission of 0.5–1.3 kilogrammes of greenhouse 
gas, or 100 to 200 grammes per banana (Reay 
2019). Parts of the banana’s life cycle can be 
targeted directly to mitigate climate change 
(WRAP 2012). 

The banana crop leaves a large amount of 
residue. It is estimated that about four metric 
tonnes of pseudostem remain at the harvest 
location for each tonne of fruit harvested (Souza 
et al. 2010). Some estimates show that from the 
total of harvested bananas, 1.5 t of leaves and 2.5 

t of pseudostem are generated per tonne of 
banana produced (Oliveiraa 2013). These 
residues contribute greatly to carbon 
sequestration, alcohol production, and natural 
fibre production. Making use of this biomass for 
the extraction of fibre and nutrients (particularly 
potassium), the production of alcohol for fuel, 
etc., could be a very attractive alternative by not 
only contributing to the preservation of the 
environment through carbon sequestration and 
removing this waste from the land but also by 
adding value to the fruit production matrix and 
transforming the residue into a commodity 
(Soraishram et al. 2021; Souza et al., 2010). 
Banana can be considered a perennial crop; thus, 
there is relatively permanent standing biomass 
throughout the year with considerable carbon 
content in its structure and hence a potential 
carbon sequester. Given the perennial and 
morphological nature of a crop like banana, it is 
worthwhile exploring its contribution to the 
carbon cycle. We therefore estimated the total 
annual banana residues produced and tried to 
work out their carbon sequestration potential in 
India. 
  
 

MATERIALS AND METHOD 
 

Selection of gardens and sampling  

Banana is grown in many states of India, and 
the area (880 thousand ha) varies extensively, 
with large localised pockets (Fig. 1) located in 
different agroecological regions (Table 1). One 
hundred banana gardens were sampled in each of 
the top 12 banana-producing states, covering the 
major bananas grown (AAA, AAB, and ABB) in 
these respective states, as presented in Table 1. 

A banana plant produces fruits only once 
during its lifespan. But new stalks are 
continuously produced from each plant. The fruit 
is harvested around 9 to 11 months after planting; 
then, the new stalks produce fruits every 3 to 4 
months (Elbehri et al. 2015). The selected gardens 
are commercial-scale monocropping production 
systems with field histories of banana production 
spanning more than 20 years. We estimated the 
annual biomass production per plant and did not 
include the suckers that go to the next crop cycle. 

An extensive survey was conducted in these 
regions to record allometric data. In each state, 
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100 gardens at the harvest stage were randomly 
sampled to obtain a fairly representative sample 
of the gardens in these states. Given the 
variability in plant population and yield per 
hectare across different cultivated varieties, the 
determination of state-specific plant population 
per hectare for banana cultivation was guided by 
productivity considerations. Specifically, states 
exhibiting productivity levels exceeding 30 
tonnes (primarily falling within the AAA group) 

were assigned a plant population of 4440 plants 
per hectare, while states with productivity below 
30 tonnes per hectare (mainly within the AAB 
and ABB groups) were allocated a plant 
population of 2267 plants per hectare. Flowers, 
flower bracts, and flower stock constitute about 
This value was used to compute the carbon 
contribution from this component. Weed 
biomass in banana gardens is very low, so this 
parameter was not included in this study. 

 
Fig 1  District boundaries of major Banana growing areas in India (Map not to scale) 

 
Table 1  Banana growing States and districts with varieties, area, production and productivity. 

State Districts Varieties 
Area, 
000 ha 

(% share) 

Production 
000 Mt 

(% share) 

Productivity 
t/ha 

Andhra Pradesh 
&Telangana 

East Godavari, West 
Godavari, Kurnool, 

Cuddapah 

Dwarf Cavendish, Robusta, Rasthali, 
Amritpant, Thellachakrakeli, Karpoora 

Poovan, Chakrakeli, Monthan and 
Yenagu Bontha 

91.25 
(10.33%) 

5093.10 
(16.53%) 

56.24 

Assam Goalpara, Nagaon, 
Sonitpur, foothills of 

Garo hills 

Jahaji (Dwarf Cavendish), Chini 
Champa, Malbhog, Borjahaji 

(Robusta), Honda, Manjahaji, Chinia 
(Manohar), Kanchkol, Bhimkol, Jatikol, 

Digjowa, Kulpait, Bharat Moni 

53.08 
(6.00%) 

913.27 
(2.96%) 

17.20 

Bihar Vaishali, Katihar, 
Kishanganj, Bhagalpur 

(Naugachia) and 
Purnia. 

Dwarf Cavendish, Alpon, Chinia , 
Chini Champa, Malbhig, Muthia, 

Kothia , Gauria 

31.07 
(3.51%) 

1396.39 
(4.53%) 

44.94 

Gujarat Surat, Vadodara, 
Anand, Kheda, 

Junagadh, Narmada, 
Bharuch 

Dwarf Cavendish, Lacatan, Harichal 
(Lokhandi), Gandevi Selection, Basrai, 

Robusta, G-9, Harichal, Shrimati 

68.15 
(7.71%) 

4472.32 
(14.51%) 

65.63 

Jharkhand Ranchi, Sahebganj Basrai, Singapuri 9.17 
(1.03%) 

32.06 
(0.10%) 

3.49 

Karnataka Bangalore, 
Chitradurga, Shioroga, 

Hassan, Chikka 
Mangloor 

Dwarf Cavendish, Robusta, Rasthali, 
Poovan, Monthan, Elakkibale 

110.55 
(12.50%) 

2328.90 
(7.56%) 

21.07 
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Table 1 (Continued) 

Kerala Thiruvananthapuram, 
Kollam, 

Pathanamthitta, 
Alappuzha, Kottayam, 

Idukki, Ernakulam, 
Thrissur, Palakkad, 

Malappuram, 
Kozhikode, Wynadu, 

Kannur, Kasargod 

Nendran (Plantain), Palayankodan 
(Poovan), Rasthali, Monthan, Red 

Banana, Robusta 

109.26 
(12.36%) 

1119.16 
(3.63%) 

10.24 

Madhya 
Pradesh 

Khandwa, Badwani, 
Khargaon, Dhar 

Basrai, Grand Naine, Robusta, 26.38 
(2.98%) 

1834.03 
(5.95%) 

69.54 

Maharashtra Jalgaon, Ahmednagar, 
Buldhana, Pune, 
Wardha, Dhule, 

Nanded, Parbani, 
Nandurbar, Satara, 
Sangli, Osmanabad, 
Buldhana, Akola, 

Yeothmal, Amravati, 
Thane, Kulara, Alibag 

Dwarf Cavendish, Basrai, Robusta, Lal 
Velchi, Safed Velchi, Rajeli Nendran, 

Grand Naine, Shreemanti, Red Banana 

80.88 
(9.15%) 

4209.27 
(13.66%) 

52.05 

Orissa Ganjam, Puri, Khurda, 
Gajpati, Cuttack, 

Dhenkanal, Angul, 
Sundargarh, 

Sambalpur, Bargarh, 
Deogarh, Koraput, 
Keonjhar, Raygada, 

Mayurbhanj 

Dwarf Cavendish, Robusta, Champa, 
Patkapura (Rasthali) 

24.20 
(2.74%) 

449.82 
(1.46%) 

18.59 

Tamil Nadu Thoothukudi, 
Tiruchirapalli, 
Coimbatore, 

Tirunelveli, Karur, 
Erode, Kanniyakumari 

Virupakshi, Robusta, Rad Banana, 
Poovan, Rasthali, Nendran, Monthan, 

Karpuravalli, Sakkai, Peyan, Matti 

82.63 
(9.35%) 

3205.04 
(10.40%) 

38.79 

West Bengal Hooghly, Nadia, 
North 24 Parganas 

Champa, Mortman , Dwarf Cavendish, 
Giant Governor, Kanthali, Singapuri 

49.30 
(5.57%) 

1200.00 
(3.89%) 

24.34 

Other states   150.14 
(28.77%) 

4464.12 
(14.49) 

29.73 

All India   883.77ha 30807.5 34.86 
Source: DAC & FW, 2018. 

 
Ganeshamurthy (2023) developed a universal 

banana allometric equation for nondestructive 
estimation of the above-ground biomass (AGB) 
of a standing banana crop at the harvest stage. 
This involved measuring the volume of the 
pseudostem as the allometric parameter. Briefly, 
the allometric equation was developed through 
destructive sampling of AAA, AAB, and ABB 
groups at the harvest stage. Allometric 
parameters such as plant height, diameter of the 
stem at the base, diameter of the stem at breast 
height, and volume of the pseudostem were 
measured. Different statistical models, like linear, 
exponential, polynomial, and power models, were 
used to estimate the plant biomass of individual 
and combined groups of bananas. Based on the 
best fit, the power model with pseudostem 
volume as an allometric parameter was used for 
the estimation of plant biomass (Ganeshamurthy, 
2023). The below-ground biomass was estimated 

using the shoot-to-root ratio of 0.235 suggested 
by Ganeshamurthy (2023). We used the 
allometric equation given below for the 
estimation of banana biomass for computing 
the CS. 
AAA group:  Y=0.008X0.513 
AAB group:  Y=4E-06X1.233 
ABB group:  Y=4E-06X1.22 
 
Measurement of pseudostem volume 

The diameter of the stem at the base above the 
ground and below the bunch was measured with 
the help of a Vernier caliper. The pseudostem 
volume was calculated by multiplying the stem 
diameter at the base by the diameter below the 
bunch, as follows: 

V = 1/3 × πh(R2 + Rr + r2) 
Where: 
R = radius at the stem's base 
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r = radius beneath the bunch such that R > r 
h = height from the base of the plant to bunch 

level expressed in cubic centimeters 
 
Carbon estimation 

The carbon content of these plant samples 
was estimated by using a CHNS analyzer 
(Elementar) and expressed as a percentage of 
carbon in the sample. 

 
Soil carbon stocks  

Getting representative data on the soil carbon 
stock of a region is a difficult task. Arriving at a 
state-wise average SC stock was practically 
impossible because the data is not available for a 
political boundary-based average SC as no such 
effort has been made in India (Ganeshamurthy et 
al. 2019). Further, the available resources were 
generated from agricultural lands, mainly 
cultivating annual crops, and hence do not 
represent a perennial crop system. The Forest 
Survey of India has made efforts to generate 
state-wise soil carbon stocks of forests, and the 
latest data was published in 2017. By and large, 
banana gardens imitate a disturbed forest 
ecosystem. Therefore, we used this data to 
calculate the state average values for SC. The 
method adopted by FSI is similar to those 

normally adopted to estimate soil carbon stocks. 
Briefly, the method followed by FSI for collecting 
the data on SC is given here. 
 
 

RESULTS AND DISCUSSION 
 

The volume of the banana pseudostem, the 
basic growth parameter used for calculating the 
AGB, varied  from state to state (Table 2). This 
depended mainly on the type of bananas 
cultivated in these states. The data obtained from 
Assam, Kerala, Orissa, Tamil Nadu, and West 
Bengal was above. In Andhra Pradesh, 
Karnataka, and Telangana states, the recorded 
pseudostem volume ranged between 50000 and 
60000 cm3. The lowest volumes below 50000 cm3 
were recorded in other states. This variation in 
the data is mainly accounted for by the type of 
bananas grown in these states and the climate and 
management practices adopted by farmers in 
these regions. Among the states, bananas in 
Gujarat recorded the lowest mean pseudostem 
volume (46576 cm3), and Assam recorded the 
highest mean value (62731 cm3). Stevens et al. 
(2020) reported similar pseudostem volumes 
for banana plants producing about 2–3 kg of 
above-ground biomass for two contrasting 
cultivars. 

 
Table 2  Mean allometric parameters (Vpseudostem, cm3) and tree carbon sequestered in banana gardens in India 

States/UT Range Mean SD Median Q2 Q3 

Andhra Pradesh & Telangana 45872-63324 54490 5227 54236 52117 56428 
Assam 53450-73419 62731 5714 63726 59442 66885 
Bihar 32089-63127 45763 1204 45341 41287 47220 

Gujarat 31680-62885 46576 1218 46550 42824 49729 
Jharkhand 31821-62231 44563 1320 48035 45176 51022 
Karnataka 45889-63267 54602 5281 54493 50668 57260 

Kerala 53244-73427 62636 5216 63288 59117 67335 
Madhya Pradesh 31380-62859 47706 3165 47360 46819 49715 

Maharashtra 31416-62865 47631 3052 47256 46358 49021 
Orissa 53425-73376 62822 5798 63284 59776 68221 

Tamil Nadu 53351-73396 62831 5845 63349 61264 65108 
West Bengal 53452-73417 62960 5802 62826 59871 64332 
Other states 45927-63316 54721 5108 54774 52285 57064 

All India 31380-73427 54618 4150 52268 41220 68376 

Mean of 100 plants    
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Danarto and Hapsari (2015) reported that 
cultivars of banana with "B" genomes (AAB and 
ABB cultivars) are more vigorous and contribute 
higher biomass and C-stock than the cultivars 
having only "A" genomes (AAA group). Our 
results supported this argument. States like 
Maharashtra, Andhra Pradesh, Telangana, and 
Madhya Pradesh, which grow mainly Cavendish 
bananas (AAA), recorded lower AGB (2.5 
kg/plant) and BGB (0.550 kg/plant). Whereas 
other states cultivating varieties belonging to the 
AAB and ABB groups recorded higher AGB 
(>2.5 kg/plant) and BGB (>0.550 kg/plant). 
Nyombi et al. (2009) reported a plant dry weight 
of 1.44 kg/plant for the pseudostem alone for a 
similar variety of banana in East Africa. Ortiz-
Ulloa et al. (2020) also reported similar values for 
bananas grown in two different regions. Stevens 
et al. (2020) reported similar AGB for two 
contrasting cultivars. Our values are comparable 
to those reported in the literature. 

The mean carbon content in the pseudostem 
was 0.465%, and that of the root and corm was 
0.471%. The carbon capture in the AGB and 
BGB was then computed using these values 
(Table 3). The AGB carbon captured by bananas 
varied from the lowest at 0.920 kg/plant in 
Jharkhand to the highest at 1.395 kg/plant, and 
the BGB carbon varied from the lowest at 0.218 
kg/plant in Jharkhand to the highest at 0.332 
kg/plant in West Bengal. It is reported that on a 
per-plant basis, the ABB group sequestered 
higher carbon, followed by the AAB group, and 
the least in the AAA group (Nyombi et al. 2009; 
Ortiz-Ulloa et al. 2020). Andhra Pradesh, Gujarat, 

Jharkhand, Madhya Pradesh, Maharashtra, and 
Telangana mainly cultivate Cavendish-type (AAA 
group) bananas. Hence, the carbon capture per 
plant in these states is lower. In Assam, 
Karnataka, Kerala, Orissa, Tamil Nadu, and West 
Bengal, we mainly cultivate both AAB and ABB 
group bananas, capturing the least carbon per 
plant. 

Total carbon capture by bananas per ha 
depends on the plant population per ha and 
carbon capture per plant. In carbon capture, two 
distinct groups can be seen in different states. 
The differences among states are mainly 
accounted for by the types of bananas cultivated 
in these states. The data on total carbon captured 
per ha (Table 4) obtained from Andhra Pradesh, 
Bihar, Gujarat, Madhya Pradesh, and 
Maharashtra (where mainly AAA group bananas 
are cultivated) were above 5 t/ha. In Assam, 
Jharkhand, Karnataka, Kerala, Orissa, Tamil 
Nadu, and West Bengal states (where mainly the 
AAB and ABB group bananas are cultivated), the 
recorded carbon capture was below 5 t/ha. This 
shows that, on a per-ha basis, the AAA group 
bananas capture more carbon than the AAB and 
ABB group bananas. It means that all those states 
cultivating AAA group bananas sequester about 
1.3 to 1.5 fold more carbon per hectare than 
other states growing AAB and ABB group 
bananas. Ortiz-Ulloa et al. (2020) reported that CS 
by banana in four provinces in Ecuador ranged 
from 4.18 t/ha to 5.44 t/ha. They accounted for 
this variability in CS in the plant population. In 
our study, too, the differences in CS in different 
states growing different groups of bananas were 

 
Table 3  Biomass and carbon sequestered in banana gardens in India(Mean of 100 plants) 

States/UT AGB, 
Kg/plant 

Major 
Banana 
group 

BGB 
Kg/plant 

AGB C, 
Kg/ 
plant 

BGB C, 
Kg/ 
plant 

Total C, 
Kg / 
plant 

Total C, 
t/ha 

Andhra Pradesh 
& Telangana 

2.507 AAA 0.589 1.166 0.277 1.443 6.407 

Assam 2.994 AAB&ABB 0.704 1.392 0.331 1.724 3.908 
Bihar 2.025 AAA 0.476 0.942 0.224 1.166 5.177 

Gujarat 2.061 AAA 0.484 0.958 0.228 1.186 5.265 
Jharkhand 1.972 AAB&ABB 0.463 0.920 0.218 1.135 2.573 
Karnataka 2.512 AAB&ABB 0.590 1.168 0.278 1.446 3.278 

Kerala 2.989 AAB&ABB 0.702 1.390 0.331 1.721 3.901 
Madhya Pradesh 2.110 AAA 0.496 0.981 0.235 1.215 5.394 

Maharashtra 2.108 AAA 0.495 0.980 0.233 1.214 5.390 
Orissa 2.998 AAB&ABB 0.705 1.394 0.332 1.726 3.912 

Tamil Nadu 2.998 AAA 0.705 1.394 0.332 1.726 3.912 
West Bengal 3.000 AAB&ABB 0.705 1.395 0.332 1.727 3.915 
Other states 2.517 AAB&ABB 0.591 1.170 0.279 1.449 3.284 

All India 2.522  0.593 1.173 0.279 1.452 4.332 
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mainly due to differences in the plant population 
per ha. AAA bananas are planted closely, 
accommodating 4444 plants per ha. Whereas the 
AAB and ABB group bananas are planted with 
wider spacing, accommodating 2267 plants per 
ha. Edible banana cultivars have lower biomass 
and C-stock values than wild bananas. Danarto 
and Hapsari (2015) reported a CS of 9.7 kg/plant 
in Klutuk Wulung, an AAA variety, and 4.74 
kg/plant in another variety, Klutuk Ijo, that 
belongs to the ABB group. These data support 
the finding that AAA produces lower CS than 
ABB. However, their values are higher because 
these varieties are from backyard gardens where 
solitary plants have grown very robustly. Ours are 
commercial gardens with high-density planting. 
Hence, our values reported here are lower than 
those reported by Danarto and Hapsari (2015). 
Our values fairly match those reported by Ortiz-
Ulloa et al. (2020) and Stevens et al. (2020) from 
commercial gardens. 

 
Soil carbon 

Organic C in the soil fluctuates based on the 
canopy cover over the surface. Quasi-equilibrium 
(QEV) of SOC is attained over a long period of 
time, varying from 500 to 1000 years in a forest 
system. In the agriculture system, this is attained 
in about 30–50 years after land use change from 
forest to agriculture and in 30 years for the 
horticultural system (Arrouays et al. 1995; Batjes 

2001; Dickson and Crocker 1953; Jenny 1950; 
Johnson 1995; Naitam and Bhattachaarya 2004). 
During the process of stabilisation, the SOC 
shows tooth-like cycles of accumulation and loss 
during the beginning years and slowly attains an 
equilibrium level after the accumulation of dry 
matter and loss of SOC over time. It has been 
shown that under these tropical land uses, 
horticultural systems attain QEV in about 25 
years (Ganeshamurthy 2012). All the selected 
banana gardens in this study had a history of 
banana cultivation spanning more than 20 years. 
Therefore, the soils under these gardens might 
have attained the QEV stage after the 
accumulation of dry matter and loss of SOC over 
time. As mentioned, it was difficult to obtain 
representative state averages of soil C stocks 
under banana gardens. Published information is 
mainly restricted to agricultural ecosystems and 
very few to horticultural ecosystems. Since state-
wise SOC stock information was available from 
forest ecosystems and since sites under 
continuous banana gardens represented forest 
ecosystems more closely, we used the available 
data for computing C stocks by banana gardens. 
The status of SOCs in Karnataka and Kerala is 
relatively higher because of the favourable 
climate. Whereas the plant carbon content in 
Andhra Pradesh and Telangana is higher because 
of the bright sunshine hours prevailing in these 
states relative to other banana-growing states. 

 
Table 4  Soil and plant carbon pools in banana gardens in India 

States/UT Soil C 
t/ha 

Plant 
carbon, 

t/ha 

Area 
(000 ha) 

Total soil 
carbon 
stock 

1000 tons 

Total plant 
carbon 
stock 

1000 tons 

Total CS in 
Banana 

gardens,mt 

Andhra Pradesh & Telangana 42.09 6.407 91.25 3840.713 584.639 4.425 
Assam 39.98 3.908 53.08 2122.138 207.437 2.330 
Bihar 39.55 5.177 31.07 1228.819 160.849 1.390 
Gujarat 44.04 5.265 68.15 3001.326 358.810 3.360 
Jharkhand 43.29 2.573 9.17 396.969 23.594 0.421 
Karnataka 77.14 3.278 110.55 8527.827 362.383 8.890 
Kerala 75.77 3.901 109.26 8278.630 426.223 8.705 
Madhya Pradesh 41.17 5.394 26.38 1086.065 142.294 1.228 
Maharashtra 57.23 5.390 80.88 4628.762 435.943 5.065 
Orissa 46.50 3.912 24.2 1125.300 94.670 1.220 
Tamil Nadu 41.64 3.912 82.63 3440.713 323.249 3.764 
West Bengal 59.88 3.915 49.3 2952.084 193.010 3.145 
Other states 50.69 3.284 150.14 7610.597 493.060 8.104 
All India 50.69 4.332 883.77 44798.301 3828.492 48.627 
% contribution to the total CS    91.714 8.286 100.000 
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Total C sequestered in orchards 

The soil and plant carbon pools in banana 
gardens are presented in Table 5. The soil carbon 
pool is very large compared to the plant carbon 
pool. It contributed more than 86% of the total 
CS in banana gardens. The mean contribution of 
SOC varied from 86.8% in Andhra Pradesh to 
95.9% in Jharkhand. At the national level, the 
SOC contributed 91.71% to the total CS. 

The plant carbon pool, on the other hand, is 
very small compared to the soil carbon pool. The 
plant carbon pool contributed less than 15% in 
all the states. The lowest contribution from plant 
C to the total CS was recorded in Karnataka 
(4.08%) and Kerala (4.90%), and the highest 
contribution was recorded in Andhra Pradesh 
(13.21%) and Madhya Pradesh (11.58%). At the 
national level, Plant C contributed 8.29% to the 
total CS. 

The carbon content of banana plants 
accounted for only 8.286 percent of the total CS 
in banana gardens. The contribution of each state 
to the total carbon sequestered by banana plants 
alone depended upon the area and varieties of 
bananas under cultivation in these states and the 
quantity of SOC. Andhra Pradesh with the 
highest area under banana (91.25 thousand ha) 
cultivating mainly the AAA group bananas 
sequestered 584639 metric tonnes of carbon, 
whereas Jharkhand with the lowest area under 
banana (9.17 thousand ha) cultivating mainly the 
AAB and ABB group bananas sequestered the 
lowest plant carbon (23594 metric tonnes). On an 
all-India basis, the total plant carbon sequestered 
accounted for 3828492 metric tonnes. The study 
clearly indicated that under banana gardens, SC is 
the major C pool, accounting for 91.7%, and 
plant carbon is only a small portion, accounting 
for 8.29% of the total CS. 

Kamusingize et al. (2017) reported that the 
SOC contribution to total CS under bananas 
exceeded 90% in Ugandan banana gardens. In 
their study, the total SOC stock beneath all 
cultivars was considerably high, ranging from 81 
to 92 mg ha1. The plant carbon in these studies 
was found to be very small, ranging between 0.37 
and 1.64 mg ha1. Danarto and Hapsari (2015) 
reported that, on average, various Indonesian 
bananas captured around 2.26 kg (or 0.98 tonne) 
per hectare. Thus, banana crops enrich soil by 
investing carbon into the soil through huge root 

biomass and over time during photosynthesis as 
carbon moves from the vegetative canopy into 
the soil (Turner, 2003; Hairiah et al., 2010). 
Published information on SOC in banana 
gardens in India is not available for a fair 
comparison. Therefore, it can only be made from 
the data published on other fruit crop systems 
such as mango, sapota, guava, and forest systems. 
Gupta (2011) reported that the soil C stock was 
41 tonne ha1 at the surface and 50 cm deep. 
Chabra et al. (2003) also reported that the soil C 
sequestered in Indian forest soils ranged from 
37.5 tonne ha1 in tropical dry deciduous forests 
to 92.1 tonne ha1 in littoral swamp forests. Our 
values are for 100-cm-depth soil profiles and are 
fairly similar to those reported in the literature for 
different regions. The banana cropping system 
enables much more carbon to be stored in the 
soil, despite the fact that banana cultivars contain 
small average amounts of plant carbon stocks. 
Kamusingize et al. (2017) and Danarto and 
Hapsari (2015), in their study, reported that the 
proportion of carbon contained in the plant to 
that in the soil across all cultivars was in the range 
of 0.4–2%. Large soil carbon stocks in banana 
cropping systems could perhaps be attributed to 
the sustainable agricultural land management 
practices employed by farmers, such as mulching, 
the use of trenches to minimise erosion, and 
minimal and no tillage (Lal 2011, Paswel et al. 
2012, Joris et al. 2013). Investing in the proper 
management of banana plantations is invaluable 
for contributing to SOC as a major carbon pool 
in banana systems. 

The crop demography in India is changing fast 
towards perennial horticulture. This results in 
land-use change in the region. Therefore, we 
must examine the related changes in C fluxes 
derived from such land-use change patterns in 
different regions to formulate viable strategies for 
climate change mitigation. The present study 
generated unique information on banana gardens 
in India. This involved a comprehensive effort in 
the integration of different methodologies for 
field work and data processing. But on a national 
scale, there is a need to generate information on 
all such perennial horticulture systems, such as 
other fruit crop orchards, coffee and tea estates, 
and plantations in India, with larger sample sizes 
to be able to determine the percentage of carbon 
sequestered in perennial horticultural crops in the 
country as a whole. 
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The land-use change patterns are occurring 
mainly on prime agricultural lands due to 
increased demand for bananas. Bihar, Jharkhand, 
Odisha, Madhya Pradesh, and Chhattisgarh have 
large tracts of tribal land. These regions are 
suitable for banana cultivation. Such regions are 
to be encouraged for productive banana 
cultivation. Similar efforts may be made in other 
states as well, which reasonably imitate forests 
and sequester carbon in similar quantities and can 
augment climate change risks. The information 
generated in this study may be used by the 
administrators in these regions to claim carbon 
credits to benefit the farmers and the local 
population. 

 
 

CONCLUSIONS 
 

This study showed a significant difference in 
total plant carbon stock across different cultivars 
and states in India. There was a significant 
difference between groups of bananas in their 
ability to sequester carbon. Soil carbon stocks 
were very high,ranging from 39.55 to 6.407 t/ha. 
But plant carbon stocks were found to be very 
small,ranging from 2.573 to 6.407 t/ha. In all 
banana-cultivating states, the proportion of 
carbon contained in the plant to that in the soil 
was only 8.286 percent. Soil carbon accounted for 
the majority of the total CS, accounting for 
91.714%. Despite these small amounts of plant 
carbon, the banana cropping system enriches the 
soil by enabling much more carbon to be 
sequestered into the soil. Apart from augmenting 
fruit production, expanding the area under 
banana farming systems helps to rehabilitate the 
landscape, decrease carbon emissions in the form 
of biomass and carbon stocks, and meet the 
economic needs of the region. 
 
 

REFERENCES 
 

Arrouays D, Isabelle V, Luckicin J. 1995. Spatial analysis 
and modelingof top soil carbon storage in 
temperate forest humic loamy soil ofFrance. Soil 
Science. 159, 191-198. 

Batjes N.H. 2001.Options for increasing carbon 
sequestration in West African soils: An exploratory 
study with special focus on Senegal. Land 
Degradation and Development. 12, 131-142. 

Charrier A, Jacquot M, Hamon S, Nicolas D. 
1997. L'amélioration des plantes tropicales. Montpellier 
(FRA) ; Paris : CIRAD ; ORSTOM, 624 p. 
(Repères). ISBN 2-87614-292-9. ISSN 1251-7224. 

Chhabra A, Palria S, Dadhwal A. K. 2003. Soil organic 
carbon pools in Indian forests. For. Ecol. Manage. 
2003. 173: 187-199.  

DAC & FW 2018. Horticultural Statistics at a Glance 2018, 
Horticulture Statistics Division, Department of 
Agriculture, Cooperation & Farmers Welfare 
(DAC&FW), Ministry of Agriculture & Farmers 
Welfare, Government of India.  

Danarto S.A, Hapsari L. 2017.  Biomass and carbon stock 
estimation inventory of indonesian bananas (musa 
spp.) and its potential role for land rehabilitation.  
Biotropia. 22: 102-108.   

Dickson B.A, Crocker R.L. 1953. A chronosequence of 
soils andvegetation near Mt. Shasta, California, I 
and II. Soil Science.  4: 142-154. 

Elbehri A, Calberto G,  Staver C, Hospido A.2016.  
Ecuador’s Banana Sector Under Climate Change. Food 
and Agriculture Organization of the United 
Nations. http://www.fao.org/3/a-i5697e.pdf  

FAO. 2018.  Reducing Carbon and Water Footprints in Banana 
Plantations. Food and Agriculture Organization of 
the United Nations. http://www.fao.org/world-
banana-forum/projects/reducing-carbon-and-
water-footprints-in-banana-plantations/en/  

FAO. 2022. Banana: 2022. https://www.fao.org/markets-
and-trade/commodities/bananas/ 
en/#:~:text=More%20than%201%20000%20vari
eties,volume%20of%2050%20million%20tonnes 

FSI, 2017. Carbon stocks in India’s forests. In India State 
of Forest Report 2017 Chapter 8.0, Forest Survey 
of India. 

Ganeshamurthy 2012. Annual Report, ICAR-Indian 
Institute of Horticultural Research, Bengaluru 

Ganeshamurthy A.N, Ravindra V, Rupa T.R, Bhat R.M. 
2019.Carbon Sequestration Potential of Mango 
Orchards in India Current Sci. 117(12): 2006-2013. 

Gupta M. K.2011.  Soil organic carbon pools under 
different land use in Haridwar district of 
Uttarakhand. Indian For., 137: 1-8. 28.  

Hairiah K, Dewi S, Agus F, Velarde S, Ekadinata A, Rahayu 
S, Van N.M. 2010. Measuring carbon stocks across 
land use systems: A Manual, Bogor, Indonesia. 
World Agroforestry Centre (ICRAF), SEA Regional 
Office. 155p. 

Jenny H. 1950.  Causes of high nitrogen and organic matter 
content ofcertain tropical forest soils. Soil Science. 
69: 63-69. 

Johnson M.G. 1995. The role of soil management in 
sequestering soilcarbon. In ‘Soil management and 
greenhouse effects’. (Eds R Lal,JM Kimble, RF 

http://www.fao.org/3/a-i5697e.pdf
http://www.fao.org/world-banana-forum/projects/reducing-carbon-and-water-footprints-in-banana-plantations/en/
http://www.fao.org/world-banana-forum/projects/reducing-carbon-and-water-footprints-in-banana-plantations/en/
http://www.fao.org/world-banana-forum/projects/reducing-carbon-and-water-footprints-in-banana-plantations/en/
https://www.fao.org/markets-and-trade/commodities/bananas/en/#:%7E:text=More%20than%201%20000%20varieties,volume%20of%2050%20million%20tonnes
https://www.fao.org/markets-and-trade/commodities/bananas/en/#:%7E:text=More%20than%201%20000%20varieties,volume%20of%2050%20million%20tonnes
https://www.fao.org/markets-and-trade/commodities/bananas/en/#:%7E:text=More%20than%201%20000%20varieties,volume%20of%2050%20million%20tonnes
https://www.fao.org/markets-and-trade/commodities/bananas/en/#:%7E:text=More%20than%201%20000%20varieties,volume%20of%2050%20million%20tonnes


Annual Carbon Capture Potential in Banana Garden of India – Ganeshamurthy 

383 

Follet, BA Stewart) pp. 351–363. (Lewis 
Publishers,Boca Raton, FL). 

Joris A, Leo D.N, Anne G. 2013. Valuing the carbon 
sequestration potential for European agriculture. 
Land Use Policy 31: 584-594. 

Kamusingize D, Mwanjalolo J.M, KomutungaE, 
Tumwebaze S, NowakundaK, Namanya P Kamu 
J.K. 2017.  Carbon sequestration potential of East 
African Highland Banana cultivars (Musa spp. 
AAA-EAHB) cv. Kibuzi, Nakitembe, Enyeru and 
Nakinyika in Uganda.  Journal of Soil Science and 
Environmental Management. 8: 44-51. 

Lal R. 2011. Sequestering carbon in soils of agro-
ecosystems. Food Policy 36:S33-S39. De Langhe E. 
2000. Diversity in the genus Musa, its significance 
and its potential. ActaHort. 540: 81-86. 

Naitam, R and Bhattachaarya, T. Quasi-equilibrium of 
organic carbon in shrink–swell soilsof the 
subhumid tropics in India under forest, 
horticulture, andagricultural systems. Australian 
Journal of Soil Research. 2004. 42, 181-188 

Nkoulou L.F.M,  a b f, Ninla L.A.T, Cros,D, Martin G, 
Ndiang Z, Houegban J, Ngalle H.B, Bell J.M, 
Achigan-Dako E.G. 2023. Analysis of genetic 
diversity and agronomic variation in banana sub-
populations for genomic selection under drought 
stress in southern Benin. Gene. 859, 147210 

Nyombi K, Van Asten P.J.A, Leffelaar P.A, Corbeels M, 
Kaizzi C.K, Giller K.E. 2009.  Allometric growth 
relationships of East Africa highland bananas (Musa 
AAA-EAHB) cv. Kisansa and Mbwazirume. Ann. 
Appl. Biol. 155: 403-418. 

Oliveira C.D, Donato S.L.R, Mizobutsi G.P, Silva J.D, 
Mizobutsi E.H. 2013. Características pós-colheita 
de bananas 'Prata-Anã'e' BRS Platina'armazenadas 
sob refrigeração. Revista Brasileira Fruticultura. 
35(3): 891-897. 

Ortiz-UlloaJ.A, Abril-Gonzalez M.F, Pelaez-Samaniego 
M.R, Silvana T. 2020.  Biomass yield and carbon a 
batement potential of banana crops (Musa spp.) in 
Ecuador. Environmental Science and Pollution 
Research. https://doi.org/10.1007/sl1356-020-
09755-4. 

Paswel M, Ephraim N, Wei X, Jose D, Edward K. 2012. 
Which policy would work better for improved soil 
fertility management in subSaharan Africa, fertilizer 
subsidies or carbon credits? Agric. Syst. 110: 
162-172. 

Ravi I, Uma S, Vaganana M, Mustafa M. 2013. Phenotyping 
bananas for drought resistance. Frontiers in 
Physiology 4(9): 1-14. 

Reay D.2019. Climate-Smart Food. eBook.https:// 
doi.org/10.1007/978-3-030-18206-9. 

Saranya S, Aneesa Rani M.S, Raveendran M, Kalaiyarasi R 
and Auxcilia J. 2021. Molecular characterization of 
diploid and triploid banana germplasms through 
DNA finger printing using ISSR markers.The 
Pharma Innovation Journal 2021; 10(10): 1876-
1882. 

Soraisham L.D, Gogoi N, Mishra L, Basu G.  2021.  
Extraction and Evaluation of Properties of Indian 
Banana Fibre (Musa Domestica Var. Balbisiana, BB 
Group) and Its Processing with Ramie. J.Natural 
Fibewrs. https://www.researchgate.net/deref/ 
https%3A%2F%2Fwww. 
tandfonline.com%2Floi%2Fwjnf20 

Souza E.L, Sellin N, Marangoni C, Souza O.  2010. The 
Influence of Different Strategies for the 
Saccharification of the Banana Plant Pseudostem 
and the Detoxification of Concentrated Brothon 
Bioethanol Production.  Appl Biochem Biotechnol.  
183: 943-965. 

Statista 2022. Volume of banana produced across India 
from financial year 2015 to 2021, with an estimate 
for 2022. https://www.statista.com/statistics/ 
1038905/india-production-of-banana/ 

Stevens B, Diels J, Brown A, Bayo S, Ndakidemi P.A, 
Swennen R. 2020. Banana Biomass Estimation and 
Yield Forecasting from Non-Destructive 
Measurements for Two Contrasting Cultivars and 
Water Regimes. Agronomy  10: 1435. 

Turner D.W. 2003. Factors affecting the physiology of the 
banana root system. In: Turner DW, Rosales FE 
(Eds) Banana Root System: Towards a better 
understanding for its productive management. 
Proceedings of an international symposium held in 
San Jose, Costa Rica. pp. 107-113. 

Tutwiler M.A, Bailey A, Attwood S, Remans R, Ramirez M. 
2017. Agricultural biodiversity and food system 
sustainability Transformation. In book: 
Mainstreaming Agrobiodiversity in Sustainable 
Food Systems. 

UNFCC 2020.The clean development mechanism. 
Mechanisms under the Kyoto Protocol, In 
https://unfccc.int/process-and-meetings/the-
kyotoprotoco1/mechanisms-under-the-kyoto-p 
rotocoI/th e-cIean- development-mechanism. 

WRAP. 2013. Household food and drink waste in the 
United Kingdom 2012. Waste and Resource Action 
Programme. http://www.wrap.org.uk/sites/files/ 
wrap/ hhfdw-2012-main.pdf.pdf . 

 

https://www.researchgate.net/profile/Iyyakutty-Ravi?_sg%5B0%5D=9v7U43cvEEBgf5a6nAcAl0mJH63tykWnjdorvQ0n2fsQr0PPZO3ydv-Z0ZY31Va7WuBMKtw.6bvja6GqfVUzbvMxGEFHxLiKVhIB6N18BVRuq12ALbI8V-77F1gSiKs3JPRz1_2WqJo_PtYINCalUltkKeHx_g&_sg%5B1%5D=LP2gcoDSh4jzg514fqygbLejikKas7r8DGnZrJCUADGp3tsW9Z1MOl_EBm-KEXTg0FqhCrs.q425KDJ6Ts9n5jYgHC1_uZvahJJiDP9eYIMw_Ei3j9UIZU5LPYHc94MxgfLzNFwthNz3sw0Q45TsylUc1986yg
https://www.researchgate.net/journal/Frontiers-in-Physiology-1664-042X
https://www.researchgate.net/journal/Frontiers-in-Physiology-1664-042X
https://doi.org/10.1007/978-3-030-18206-9
https://doi.org/10.1007/978-3-030-18206-9
https://www.researchgate.net/deref/%20https%3A%2F%2Fwww.%20tandfonline.com%2Floi%2Fwjnf20
https://www.researchgate.net/deref/%20https%3A%2F%2Fwww.%20tandfonline.com%2Floi%2Fwjnf20
https://www.researchgate.net/deref/%20https%3A%2F%2Fwww.%20tandfonline.com%2Floi%2Fwjnf20
https://www.statista.com/statistics/1038905/india-
https://www.statista.com/statistics/1038905/india-
https://unfccc.int/process-and-meetings/the-kyoto%C2%AD%20protoco1/
https://unfccc.int/process-and-meetings/the-kyoto%C2%AD%20protoco1/


BIOTROPIA Vol. 30 No. 3, 2023: 384 - 394 DOI: 10.11598/btb.2023.30.3.2027 

384 

EVALUATION OF METHODS FOR TOTAL RNA 
EXTRACTION FROM THE ENDOSPERM OF COCOS 

NUCIFERA VAR. MAKAPUNO IN VIETNAM FOR 
MOLECULAR ANALYSIS 

 
THANH-DIEM NGUYEN AND HUYEN-TRANG VU* 

 
1Faculty of Biotechnology, Nguyen Tat Thanh University, 298A-300A Nguyen Tat Thanh Street, Ward 13, District 4, 

Ho Chi Minh 72820, Vietnam 
 

Received 25 May 2023 / Revised 15 August 2023 / Accepted 15 August 2023 
 
 

ABSTRACT 
 

Sap coconut (Cocos nucifera L. var. makapuno) in Vietnam is a mutant coconut variant; coconut water is in the 
state of lotus glue, and coconut rice is like cream. For high-quality transcriptome, sequencing, quality, purity and 
concentration of RNA are the key factors. However, coconut endosperm tissue has higher stiffness and fatness 
than the leaf tissue, which complicates the extraction process. Moreover, RNA is much more difficult to preserve 
than DNA. In this study, various RNA extraction methods were examined in Vietnamese waxy coconut endosperm 
tissue samples. Optimum extraction and preservation of the RNA using the simplest possible chemicals was the 
objective of this study. The modified CTAB method with LiCl and the TRI reagent method were tested and 
evaluated. The purity, concentration and quality of RNA after storage were improved. The findings indicated that 
the TRIsure extraction method with the addition of NaCl and β-mercaptoethanol yielded optimum RNA quality. 
The RNA concentration was 159 ng/µL, with a purity ratio of 1.94 ± 0.04 for A260/A280 and 1.58 ± 0.02 for 
A260/230. RNA samples remained stable for up to 3 weeks when stored in absolute ethanol at 8°C–10°C, which 
significantly reduced their degradation during transportation. This study facilitated the use of simple chemicals for 
high-quality RNA extraction from coconut endosperm and its preservation for applications in high throughput 
sequencing.  

 
Keywords: Cocos nucifera var. makapuno, extraction method, total RNA 

 
 
 

INTRODUCTION 
 

Coconut (Cocos nucifera L.) is a tree with high 
economic value, and coconut water is a beverage 
that is preferred by many people. Coconut is also 
an important perennial oil crop around the world. 
In particular, the Sap coconut variant originating 
from the Philippines, called Makapuno coconuts, is 
considered a specialty, with the coconut sap in a 
state of gelatinous creamy paste and high in fat 
content. Interestingly, there are normal fruits 
with solid endosperm like other coconut variants, 
and some fruits contain waxy endosperm on the 
same coconut tree (Arellano et al. 2019). 

RNA isolated from tissue samples is 
important for several research projects. 

Ribosomal RNA sequencing is often used for the 
identification, classification, or assessment of 
biodiversity. Furthermore, messenger RNA 
(mRNA) is used for gene expression research, 
novel gene discovery, or gene isoform analysis. 
Short fragments can be sequenced to assess the 
expression of certain genes, or whole mRNAs 
can be encoded for comparative transcriptomics. 
mRNA is used in reverse transcription PCR 
(polymerase chain reaction) to synthesise cDNA 
for sequencing, which helps identify gene variants 
and is also useful in gene expression studies. In 
addition, mRNA is used in Northern blotting to 
analyse gene expression over time or under 
specific conditions based on the size and amount 
of mRNA. However, for RNA sequencing, 
reverse transcription PCR and quantitative real-
time PCR, an intact RNA with high purity is 
essential. *Corresponding author, email:  
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Extraction of RNA from coconut endosperm 
tissue for mRNA transcriptome sequencing helps 
to evaluate the differences in gene expression 
between waxy and normal endosperm tissues, 
thereby aiding in future fruit characterisation 
studies. However, obtaining high quality RNA 
from endosperm tissue is more challenging than 
obtaining it from leaf tissue. The reason is that 
coconut endosperm possesses numerous 
polysaccharides, proteins, polyphenols, and lipids 
that bind to nucleic acids, thereby posing a 
challenge in the isolation of RNA (Angeles et al. 
2005, Zhang et al. 2022). Moreover, sequencing 
results are affected owing to inadequate 
preservation during the transportation process 
over an extended period. Hence, obtaining of 
RNA samples that are highly concentrated and 
pure is of utmost importance in ensuring the 
success of RNA sequencing and genetic analysis 
(Gallego Romero et al. 2014, Scholes et al. 2020). 

Several studies have been performed to 
enhance the RNA separation techniques to 
facilitate subsequent molecular investigations. 
Most of these studies were based on guanidine 
thiocyanate as the main lysate. In 2012, MRIP 
(Methods for RNA Isolation from Palms) 
extraction buffer, which contains a series of 
different components, i.e. ammonium 
thiocyanate, guanidine thiocyanate, sodium 
acetate, phenol and glycerol, was first used for 
RNA isolation from palm leaves. Higher purity 
and integrity of the RNA molecules were 
achieved in comparison with CTAB, TRIzol 
methods and Tiangen RNA plant kit. The 
electrophoresis results from MRIP showed clear 
lines of 28S, 18S and 5S rRNA whereas the other 
techniques did not. Nonetheless, the 
concentration of the RNA product from each 
method was not discussed and the study was 
performed on the leaf only. Subsequently, Iqbal 
et al. (2019) provided an improved method, 
QRREM (Quick and Reliable RNA Extraction 
Method), which was similar to MRIP in all 
aspects except for the addition of β-
mercaptoethanol (2%) and polyvinylpyrrolidone-
40 (3%). Intact RNA was efficiently isolated, and 
high RNA concentration (16.2 µg/80 mg) was 
obtained from stored coconut endosperm 
compared with CTAB (0.1), TRIzol (10.4) and 
RNA plant kit (0.5).  This method had many 
advantages over other methods in terms of time 
and cost efficiency (Iqbal et al. 2019). Later, in 

2020, the research group of Iqbal et al. proposed 
another improved RNA extraction method, 
IRCM (Isolation of RNA from Complex 
Matrices), by halving the concentrations of β-
mercaptoethanol (1%) and polyvinylpyrrolidone-
40 (1.5%) in comparison with QRREM. The 
protocol was applied for coconut endosperm, 
coconut mortise and coconut buds, and the 
results were higher when compared with CTAB, 
TRIzol and plant RNA extraction kit (Iqbal et al. 
2020). In all the above methods, the main lysis 
component was guanidine thiocyanate. Although 
it was more effective than CTAB and TRIzol, the 
components were quite complex and acquiring 
the products from the suppliers was a time 
consuming process, which sometimes affected 
the progress of the project. However, TRI 
reagents, the major component of which is 
guanidine thiocyanate, are often accessible from 
vendors, making them more convenient to 
purchase. 

Contrary to guanidine thiocyanate-based 
methods, Souza-Perera et al. (2018) enhanced the 
CTAB extraction method for RNA from various 
tissue samples, such as leaves, inflorescences and 
primary and secondary roots based on the CTAB 
extraction protocol for DNA. This study 
examined the characteristics of grade, zygote 
embryos, and solid endosperm in mature coconut 
trees. The authors successfully isolated RNA 
from coconut endosperm tissue with higher 
integrity compared with the TRIzol method and 
without any carbohydrate or protein 
contamination (Souza-Perera et al. 2018). 
Therefore, various RNA isolation methods 
should be evaluated in coconut endosperm tissue 
samples and optimised to obtain high quality 
RNA. This study aimed to develop a protocol for 
the extraction, preservation, and transportation 
of total RNA to minimise RNA quality loss. 

 
 

MATERIALS AND METHODS 
 

Collection of coconut tissue samples 

Throughout the study, the waxy endosperm 
(WE) sample from coconut was the main target 
for the investigations, i.e. evaluation of RNA 
extraction efficiency, purity improvement test, 
lysis temperature test and RNA preservation test 
during transportation. Particularly, in the 



BIOTROPIA Vol. 30 No. 3, 2023 

386 

evaluation of RNA extraction efficiency of the 
two methods CTAB-LiCl and TRIsure, 
additional samples of non-waxy endosperm 
(NWE) tissues and leaf (L) tissues from the same 
coconut cultivar were used as comparison 
controls. All samples were collected from Tra 
Vinh province, Vietnam. 

The morphology of coconut shells and skulls 
of waxy and non-waxy fruits indicated no 
discernible differences in their shape or 
coloration (Figure 1). The only external 
difference between the two types of fruits was the 
characteristic sound upon shaking. The waxy fruit 
made a rattling sound owingto its thick, viscous, 
overdeveloped endosperm. However, this sound 
may also arise during the growing stages of non-
waxy fruit. Hence, precise differentiation is 
possible only by identifying the endosperm 
tissues. The endosperm of waxy coconut is 
pliable and contains colloidal water and a 
disorganised tissue arrangement. In contrast, 
non-waxy fruit exhibits high water content and a 
dense and rigid endosperm. 

Therefore, for waxy samples, sterile spoons 
were used to collect viscous endosperm from the 
non-cut contact area, which was then promptly 
transferred to labelled sterile bags. The non-waxy 
endosperm and the leaf tissue were prepared by 
partially cutting and cleaning them with distilled 
water and 70% alcohol. After drying, the samples 
were aseptically transferred to labelled sterile 

bags. All pretreated samples were promptly 
utilised or preserved at −80°C. 

 
Extraction of total RNA 

Guanidine thiocyanate and CTAB methods 
have been extensively evaluated but have shown 
varying results in different studies. Hence, in this 
study, these two approaches were tested for high-
performance RNA extraction from the coconut 
endosperm tissue. As the composition of lytic 
compounds is quite complex in IRCM and 
QRREM and orders for these chemicals are time 
consuming, the main lysate guanidine thiocyanate 
via the TRIsure reagent was used with some 
improvements. The total RNA extraction 
methods investigated included CTAB-LiCl 
(Chang et al. 1993, Ghangal et al. 2009, White et al. 
2008) and TRIsure (Thermo Fisher 2010).  

After assessing the extraction efficiency, 
several follow-up investigations were conducted 
to improve the quality of the RNA product. For 
enhancing the purity of RNA, the addition of 
NaCl and β-mercaptoethanol to the lysis process 
was tested and the RNA washing step was 
repeated thrice. For increasing the efficiency of 
tissue resolution, different incubation 
temperatures (room temperature, 50°C, 55°C and 
60°C) were used during the lysis process. As 
RNA is easily degraded, it was stored under 
conditions similar to transportation conditions to 
determine its degradation time. Each treatment 
was performed in triplicate. 

 
 

 
Figure 1  Coconut samples collected in the study 

Notes: top row: non-waxy coconut; bottom row: waxy coconut. From left 
to right: unpeeled fruit; fruit skull, endosperm samples in petri dish.  
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Investigation of the preservation process 
under transportation conditions 

RNA is inherently unstable and prone to 
degradation. This experiment aimed to examine 
the preservation of total RNA post-extraction. 
Two methods were used to preserve total RNA: 
(i) Total RNA was stored at −20°C in 
diethylpyrocarbonate (DEPC)-water after 
dissolution. (ii) Total RNA was mixed with 0.1× 
volume of 3M sodium acetate CH3COONa (pH 
5.5) and twice the volume of 100% ethanol after 
dissolution in DEPC. It is a chemical compound 
that inactivates RNase, the enzyme that degrades 
RNA. DEPC is used to preserve RNA integrity 
in laboratory settings during various experimental 
procedures. Meanwhile, sodium acetate acts as a 
co-precipitant in the presence of ethanol. When 
added to an RNA sample, it neutralises the 
negative charges on the RNA molecules, 
facilitating their aggregation and precipitation, 
which in turn condenses the RNA structure and 
resists degradation. Both methods are often used 
for RNA preservation. RNA samples were then 
stored at −20°C. The examination was 
performed over a period of 1 month, with weekly 
testing. 

 
Quality assessment of the extracted RNA 

For transcriptome sequencing, the 
concentration and purity of RNA are of primary 
concern. RNA purity and total electrophores 
concentration were checked using the 
NanoDrop™ - Thermo Fisher Scientific 
spectrophotometer at wavelengths A260, A280 
and A230. For Illumina sequencing, the 
minimum required weight is 500 ng and 
concentration should be >10 ng/µL (Hong et al. 
2020). As for purity, the A260/A280 ratio should 
be in the range of 1.8–2.0 and A260/A230 should 
be between 2.0 and 2.2. 

Electrophoresis was also used to assess the 
relative concentration and integrity of RNA 
bands of different sizes. The extracted RNA 
samples were electrophoresed on a 2% (w/v) 
agarose gel together with a DNA scale. However, 
the size of the mRNA varied greatly depending 
on the length of the corresponding gene; hence, 
the number or position of the lanes on the 
electrophoresis gel was not evaluated. The DNA 

scale preliminarily assessed the length of the 
RNA lines that appeared. Brighter the bands, 
higher the concentration of RNA; clear bands 
represented intact RNA molecules of certain 
lengths, whereas smeared bands represented 
different sizes of RNA, which could be attributed 
to degradation. To enhance the objectivity while 
analysing the electrophoresis images, the 
GelAnalyzer 19.1 software (Lazar Jr. et al.) was 
used in combination. 

 
Statistical analysis 

The data obtained from the above 
experiments were statistically analyzed using the 
MiniTab 17 software (Minitab Inc. 2020). The 
data were statistically evaluated using ANOVA 
with the Turkey algorithm. 

 
 

RESULTS AND DISCUSSION 
 

Evaluation results of RNA extraction 
procedures using CTAB-LiCl and TRIsure 

The WE sample was used as the main target 
for investigating the effects of the two extraction 
methods CTAB-LiCl and TRIsure on the quality 
of the extracted RNA. In addition, the NWE and 
L samples from the same plant were included as 
control samples. In total, three types of tissue 
samples were used for the two extraction 
methods. Each treatment was repeated thrice for 
calculating statistical reliability.  

With regard to the total RNA concentration, 
the results showed the statistical difference 
between the two methods (P value < 0.05) in all 
types of tissues. The total RNA concentrations 
obtained from WE tissue samples were 142.00 ± 
2 ng/µL and 157.00 ± 1.7 ng/µL for the CTAB-
LiCl and TRIsure methods, respectively (Table 
1). In both methods, there was no statistically 
significant difference between WE and NWE 
samples. However, both endosperm tissues 
(statistically classified as B) had significantly 
lower extraction efficiency than leaf tissues 
(statistically classified as A), and the difference 
was significant (P value < 0.05) (Table 1). There 
was no interaction between the two factors and 
tissue types [P value > 0.05 (0.422)]. 
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Table 1  Total RNA concentrations extracted using CTAB-LiCl and TRIsure 

Extraction method 
Tissue type 

Waxy endosperm sample 
(WE) 

Non-waxy endosperm 
sample (NWE) Leaf sample (L) 

CTAB-LiCl 142.00 ± 2bB 142.33 ± 1.5bB 155.00 ± 2bA 

TRIsure 157.00 ± 1.7aB 156.67 ± 0.5aB 167.67 ± 0.5aA 

P value (Extraction method) 0 (<0.05) 
P value (Tissue type) 0 (<0.05) 
P value (two-factor interaction) 0.422 (>0.05) 

Note: Two-way ANOVA analysiswas used to investigate the influenceeffects of different extraction methods (CTAB-
LiCl versusvs TRIsure) and different tissue types (waxy endosperm, non-waxy endosperm and leaf tissue) on RNA 
product concentration. The lowercase letters a and b: represent the differences between the extraction methods; 
the uppercase letters A and B represent the differences between the tissue types. The differences are significant 
when the P value is <0.05.  

 
As for the OD assessment to determine 

sample purity, both CTAB-LiCl and TRIsure 
methods yielded an A260/A280 OD ratio 
within the optimal range of 1.8–2.0 (Table 2). 
In contrast, the OD A260/A230 ratio exhibited 
a distinct disparity. Samples extracted with 
CTAB-LiCl had a ratio of 1.8–1.9, whereas 
those extracted with TRIsure had a significantly 
lower ratio of 0.99–1.02 (Table 3). The 
optimal purity range for A260/A230 is 2.0–2.2. 

Macrogen company does not necessitate high-
quality samples for sequencing as the issue 
can be resolved by purifying the sample 
before sequencing. The index of samples 
extracted using CTAB-LiCl was acceptable 
at 1.8–1.9, despite not reaching 2.0–2.2. 
On the contrary, the A260/A230 ratio of 
TRIsure-extracted samples fell very much 
below the standard threshold and should be 
improved. 

 
Table 2  A260/A280 ratio of samples extracted using CTAB-LiCl and TRIsure 

Extraction method 
Tissue type 

Waxy endosperm 
sample (WE) 

Non-waxy endosperm 
sample (NWE) Leaf sample (L) 

CTAB-LiCl 1.99 ± 0.03 aA 1.99 ± 0.01 aA 2.00 ± 0.05aA 

TRIsure 1.99 ± 0.01 aA 2.00 ± 0.03 aA 2.01 ± 0.01 aA 

P value (Extraction method) 0.482 (>0.05) 
P value (Tissue type) 0.526 (>0.05) 
P value (two-factor interaction) 0.928 (>0.05) 

Note: Two-way ANOVA was used to investigate the effects of different extraction methods (CTAB-LiCl vs TRIsure) 
and tissue types (waxy endosperm, non-waxy endosperm and leaf tissue) on the A260/A280 ratio of the RNA 
product. The lowercase letters a and b represent the difference based on the extraction method; the uppercase 
letters A and B represent the difference based on the tissue type. The differences are significant when the P value 
is <0.05. 

 
Table 3  A260/A230 ratio of samples extracted using CTAB-LiCl and TRIsure 

Extraction method 
Tissue type 

Waxy endosperm 
sample (WE) 

Non-waxy endosperm 
sample (NWE) Leaf sample (L) 

CTAB-LiCl 1.87 ± 0.005 aA 1.89 ± 0.01 aA 1.87 ± 0.02aA 

TRIsure 1.01 ± 0.03 bA 0.99 ± 0.02 bA 1.02 ± 0.06 bA 

P value (Extraction method) 0.00 (<0.05) 
P value (Tissue type) 0.936 (>0.05) 
P value (two-factor interaction) 1.87 ± 0.02aA 

Note: Two-way ANOVA was used to investigate the effects of different extraction methods (CTAB-LiCl vs TRIsure) 
and tissue types (waxy endosperm, non-waxy endosperm and leaf tissue) on the A260/A280 ratio of the RNA 
product. The lowercase letters a and b represent the difference based on the extraction method; the uppercase 
letters A and B represent the difference based on the tissue type. The differences are significant when the P value 
is <0.05. 
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In electrophoretic separation, RNA samples 
extracted using CTAB-LiCl exhibited limited 
bands, including two 23S rRNA subunits at 
approximately 2900 bp, 18S rRNA subunits at 
approximately 1900 bp and various other bands 
at approximately 250–500 bp (Thermo Fisher 
2006) (Figure 2). On the contrary, electrophoretic 
separation of RNA samples extracted using the 
TRIsure method displayed multiple bands in the 
range of 250–3000 bp in addition to the 23S and 

18S rRNA bands, and these bands were more 
distinct and intense. To evaluate the results of 
electrophoresis more objectively, a combination 
of electrophoretic images and the image analysis 
software Gelanalyzer was used. A significant 
difference was observed (Figure 3). According to 
the analysis results, RNA samples extracted using 
the TRIsure reagent had clearer peaks and were 
better in terms of quantity than those extracted 
using CTAB-LiCl (seven peaks vs two peaks). 

 

 
Figure 2 Results of electrophoresis on 2% agarose gel with a scale of 10 kbp; WE: waxy endosperm, NWE: non-waxy 

endosperm, L: leaf tissue 

 
Figure 3 Results of electrophoretic analysis using the GelAnalyzer software 

Note: Intensity axis: brightness level based on background; pixel axis: coordinate position on the electrophoresis 
membrane. The blue area shows the location of the marked RNA bands. 
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The results indicated that the concentration of 
total RNA in leaf tissue samples was greater than 
that in endosperm tissues, specifically in WE and 
NWE. This finding is consistent with those from 
previous studies (Iqbal, Yang, Qadri, Wu, Li, 
Shah, Hamayun & Hussain 2019, Iqbal, Yang, 
Wu, Li, Hamayun, Hussain & Shah 2020, Souza-
Perera et al. 2018). Coconut endosperm tissue is 
hard and has a high lipid content, making it 
harder to grind than the leaf sample. 
Furthermore, endosperm is a significant 
component of seeds and comprises tissues that 
contain high levels of various polysaccharides 
(such as starch, cellulose, arabinoxylan, β-glucan, 
and fructan), proteins, lipids, and secondary 
metabolites (Angeles, Laurena & Tecson-
Mendoza 2005, Ghangal, Raghuvanshi & Chand 
Sharma 2009, Zhang et al. 2019, Liu et al. 2018). 
Most of these components share structural 
similarities with nucleic acids, including 
polysaccharides that resemble the ribose sugar of 
RNA. Consequently, these compounds can bind 
to RNA and undergo degradation. Low RNA 
extraction yield was observed because of its 
encapsulation during centrifugation and its 
subsequent removal during phase separation 
using chloroform (White, Venter, Hiten & Burger 
2008, Li et al. 2005, Wang et al. 2012). In addition, 
small polysaccharide molecules were distributed 
in the liquid phase during phase separation and 
co-precipitated with RNA, which reduced the 
RNA yield and affected subsequent applications 
(Liu, Han, Yu, Zhang, Xing, Xie & Peng 2018, Li 
& Trick 2005, Wang et al. 2010). Furthermore, a 
low A260/A230 ratio was detected, which 
indicated potential guanidine thiocyanate 
contamination as inferred from the warning 
messages from the meter. This component was 
present as a key element in the TRIsure mixture 
during the extraction procedure (Iqbal, Yang, 
Wu, Li, Hamayun, Hussain & Shah 2020). 

Particularly, for coconut endosperm tissue, 
RNA extraction yielded mixed results in previous 
studies. The present study had some interesting 
findings. The concentration of the product 
extracted using TRIsure was approximately 157 
ng/µL (corresponding to 47.1 µg/g), which was 
not as high as the QRREM results of Iqbal et al. 
(2019) (16.2 µg/80 mg corresponding to 202.5 
µg/g) or the IRCM results of Iqbal et al. (2020) 
(150 µg/g).  Moreover the results were not even 
comparable to those of the TRIzol method in the 

aforementioned studies (130 µg/g from Iqbal et 
al. 2019 and 145 µg/g from Iqbal et al. 2020). 
However, the product from CTAB-LiCL of 
approximately 142 ng/µL (equivalent to 42.6 
µg/g) was significantly higher than the CTAB 
results of Iqbal et al. (2019) (1.25 µg/g) and Iqbal 
et al. (2020) (7.5 µg/g) and even higher than the 
results of Souza et al. (2018) (28.3 µg/g) in which 
CTAB was rated as the best reagent. However, in 
the end, the RNA concentration obtained from 
TRIsure was still higher than that from CTAB-
LiCl in a statistically significant manner [P value 
0.00 (<0.05)]. 

The integrity of the RNA fragments is 
important in assessing the quality of the total 
RNA obtained. Total RNA differs from DNA as 
it includes several types of RNA (rRNA, tRNA, 
mRNA, etc.) that vary in size. The size of rRNA 
in plants is usually fixed at 25S (3700 bp), 23S 
(2900 bp), 18S (1900 bp) and 16S (1500 bp) 
(Thermo Fisher 2006). In contrast, the size of 
mRNA varies widely because it depends on the 
length and specificity of the coding gene. 
Transcriptome sequencing focuses on mRNA 
molecules, which carry genetic information from 
the gene and encode functional proteins. mRNA 
sequencing provides valuable insights into the 
expressed functional gene and its expression 
level, which may be significantly lower than that 
of rRNA. Identifying specific mRNA bands on 
electrophoresis is challenging owing to variations 
in size and expression levels. Relative estimates of 
band quantity and tape compactness may indicate 
the presence of more intact RNAs and fewer 
fragmented RNAs (Wang et al. 2009, Kukurba et 
al. 2015).  

The results demonstrated that the TRIsure 
method yielded superior electrophoresis and 
concentration outcomes than the CTAB-LiCl 
method. Furthermore, the TRIsure procedure 
required a total extraction time of merely 1 h, 
which was significantly shorter than the 15 h 
required for the other methods. This step aimed 
to determine the relative efficiency of the 
endosperm tissue compared with the leaf 
samples, rather than to enhance the extraction 
efficiency. Therefore, in the next step, the 
TRIsure method was employed to optimise the 
extraction of RNA from WE tissue as it offered 
superior RNA integrity and can potentially 
overcome the limitations of the current methods. 
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Improving purity valuethe A260/230 ratio, an 
indicator of purity, in RNA extraction 
process with TRIsure 

During the extraction of plant tissue samples, 
A260/230 values are often low owing to the 
presence of polysaccharides (Wang & Stegemann 
2010, Orek 2018). To overcome this problem, 
nucleotide lysis buffers can be supplemented with 
NaCl and β-mercaptoethanol to limit the amount 
of polysaccharides remaining in the sample. NaCl 
effectively removes polysaccharides during 
chloroform cleavage (Chang, Puryear & Cairney 
1993), and β-mercaptoethanol is a potent 
reducing reagent that aids in denaturing RNase 
(Chang, Puryear & Cairney 1993, Mommaerts et 
al. 2015) thereby preventing undesired RNA 
degradation. 

In this study, 0.1 mL of 2M NaCl and 1% β-
mercaptoethanol were added simultaneously to 
the TRIsure buffer, as recommended by Chang et 
al. (1993). The amount of chloroform was 
increased to a ratio of 1:1 (v/v) for the sample 
aliquot obtained in the phase separation step. The 
RNA washing step with 75% alcohol was 
repeated thrice to eliminate any residual 
guanidine thiocyanate in the sample. 
Subsequently, only WE and NWE samples were 
utilised, with no further inclusion of leaf samples.  

The results of statistical analysis using 
ANOVA signified no difference in the RNA 
concentration (P value 0.067), A260/280 (P value 
0.124). Furthermore, the A260/230 value was 
significantly improved when using TRIsure 
supplemented with NaCl + β-mercaptoethanol 
(1.58 ± 0.02) compared with the use of TRIsure 
only (1.01 ± 0.03) [P value 0.000 (<0.05)] 
(Table 4). 

RNA quality was measured using the 
absorption spectrometric ratios of the 
components present in the sample: pure RNA 

(Amax = 260 nm), proteins (Amax = 280 nm) 
and polysaccharides (Amax = 230 nm) (Iandolino 
et al. 2004). The addition of NaCl and the strong 
reducing agent β-mercaptoethanol to the 
extraction buffer enhanced the solubility of 
polysaccharides, decreased their co-precipitation 
with RNA in later steps and denatured 
ribonucleases and proteins. Other contaminants 
were reduced during extraction (Iandolino, Goes 
Da Silva, Lim, Choi, Williams & Cook 2004, 
Lodhi et al. 1994, Fang et al. 1992), thereby 
improving the purity ratio A260/230. 

 
Testing of the sample incubation 
temperature atduring the lysis step for 
improvingto improve RNA concentration 

Following the extraction with TRIsure as 
recommended by the manufacturer of Bioline, 
the lysate was incubated at room temperature for 
5 min. However, coconut endosperm tissues are 
often hard and contain several lipids. Hence, the 
grinding process is more difficult than that of the 
leaf tissue, leading to lower extraction efficiency. 
In the CTAB method, the sample is usually 
incubated at a higher temperature (approximately 
65°C) to augment the activity of the tissue-
degrading enzyme. Therefore, this study tested 
the effect of increased incubation temperature 
(50°C, 55°C and 60°C) on the lysis of WE 
samples for 15 min to determine whether 
temperature affects the ability to obtain total 
RNA from coconut endothelial cells in the 
TRIsure reaction. 

The results of ANOVA showed that the WE 
sample had total RNA concentrations of 157.67 
± 0.57, 156.67 ± 2, 157.00 ± 1 and 156.67 ± 2.5 
ng/µL (Table 5), which corresponded to the 
incubation temperatures of room temperature 
(approximately 25°C–28oC), 50°C, 55°C and 
60°C.  However, there was no difference in yield  

 
Table 4  Investigation of the improvement in A260/230 ratio when adding NaCl and β-mercaptoethanol in the lysis step 

Buffer Concentration A260/280 A260/230 
TRIsure 157.33 ± 0.5 a 1.99 ± 0.01 a 1.01 ± 0.03 a 
TRIsure + NaCl +  
β-mercaptoethanol 

159.00 ± 1 a 1.94 ± 0.04 a 1.58 ± 0.02 b 

P value 0.067 (>0.05) 0.124 (>0.05) 0.000 (<0.05) 

Note: One-way ANOVA was used to investigate the influence of the two extraction methods (original TRIsure vs 
modified TRIsure) on the A260/A230 ratio of the RNA product from the endosperm. The lowercase letters a and 
b represent the difference in the extraction methods. The differences are significant when the P value is <0.05. 
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among the investigated temperatures (P value 
0.875). The OD results were also not different. 
The A260/A280 ratio was in the range of 1.8–2.0, 
and the 260/A230 ratio was in the range of 1.58–
1.6. The electrophoresis results of the three 
treatments were also not different (Figure 4). 
These results revealed that increasing the sample 
incubation temperature did not increase the 
amount of total RNA obtained in the TRIsure 
procedure. 
 
Testing the effectiveness of RNA 
preservation during transport 

In many cases, the sample needs to be sent 
elsewhere for sequencing, which can take several 
days to a week, which affects RNA quality. To 
minimise RNA loss during transport, tests were 
performed using two preservation methods: 
DEPC solubilisation and absolute alcohol 
precipitation. The sample was kept chilled in a 
Styrofoam container filled with gel ice. The 

temperature of the container was maintained 
between 8°C and 10°C, which is similar to the 
transportation condition. RNA quality during this 
preservation process was evaluated on a weekly 
basis using electrophoretic analysis.   

After 1 week, in samples that were stored in 
DEPC and precipitated with absolute alcohol, the 
electrophoresis bands showed minimal changes. 
However, from the 2nd week, the electrophoresis 
band of the RNA product precipitated with 
DEPC began to become more blurred, and by the 
4th week, it was completely blurred and had 
several streaks (Figure 5). On the contrary, the 
electrophoresis band of the RNA stored in 
absolute alcohol did not show many changes 
compared with the initial time; nonetheless, it 
began to fade after the 3rd week. The results 
showed that storage in absolute alcohol is more 
optimal for RNA preservation than that in 
DEPC, which could be maintained for up to 3 
weeks. 

 
Table 5 Investigation of the possibility of improving the A260/230 ratio when increasing the annealing temperature in 

the lysis step 

Annealing temperature Concentration A260/280 A260/230 

Room temperature (25°C–28°C) 157.67 ± 0.57 a 1.98 ± 0.02 a 1.6 ± 0.01 a 
50°C 156.67 ± 2 a 2.00 ± 0.03 a 1.58 ± 0.01 a 
55°C 157.00 ± 1a 2.01 ± 0.01 a 1.6 ± 0.001 a 
60°C 156.67 ± 2.5 a 1.98  ± 0.02 a 1.6 ± 0.02 a 
P value 0.875 (>0.05) 0.281 (>0.05) 0.205 (>0.05) 

Note: One-way ANOVA was used to investigate the influence of four different temperatures in the lysis step on the 
A260/A230 ratio of the RNA product from the endosperm. The lowercase letter a represents the difference 
between the screening temperatures. P value >0.05 shows lack of statistical significance. 

 

 
Figure 4  Results of electrophoresis of RNA extracted from WE samples at different temperatures 
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After RNA extraction, its preservation is 
crucial. Because RNA is rapidly influenced by 
temperature and nucleases in the media, it 
becomes unstable following extraction. This 
instability could be attributed to the fact that the 
RNA is often single-stranded and that the 
hydroxyl group renders the structure unstable, 
making the nucleotides prone to hydrolysis and 
destruction (Fordyce et al. 2013). Moreover, 
samples are often sent to sequencing firms 
located abroad, leading to extended transit times. 
Unfortunately, this prolonged transportation can 
immensely affect the quality of the RNA. In such 
circumstances, precipitation with pure alcohol is 
a technique that can help prolong the 
preservation of RNA. Unlike DNA, RNA in its 
single-stranded structure is inherently more 
challenging to preserve over an extended period. 
By precipitating RNA with 99.5% alcohol, the 
RNA structure condenses, strengthening the 
bonds and eliminating the enzymes that catalyse 
hydrolysis reactions. Consequently, RNA 
becomes significantly more resilient, facilitating 
its storage, transportation and utilisation for 
further research. 

 
 

CONCLUSION 
 

The concentration and purity of RNA, as 
reflected by the 260/280 ratio, is of utmost 
concern in next-generation sequencing. Even 
some sequencing companies now have strict 
requirements in terms of quality and 
concentration. This is because prior to 
sequencing, the extract will be purified so that the 
product is of the desired purity, but the 
concentration will be lost. Concentration is also 
significantly lost during transportation if the time 
is too long. Therefore, improving the 
concentration of the extracted RNA is essential. 
We recommend the use of TRIsure in 
combination with  NaCl and β-mercaptoethanol 
for efficient RNA extraction instead of the 
CTAB-LiCl method. Additionally, RNA could 
withstand temperatures of 8°C–10°C for 3 weeks 
when stored in a 99.5% ethanol solution, which 
helps to reduce its degradation when shipping 
samples over a long distance for an extended 
period prior to sequencing. 
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