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Abstract. Hatta SM, Salleh E, Suhaili NS, Besar NA. 2022. Estimation of carbon pool at mangrove forest of Kudat, Sabah, Malaysia. 
Biodiversitas 23: 4601-4608. Mangroves play a significant role in reducing tropical carbon emissions and preventing climate change. 
This study was carried out in Kudat's Tun Mustapha Park mangrove forest. This research aims to quantify the aboveground, 
belowground, and soil carbon pools. Nine 125-meter-long transect lines were set up, and every 25 meters, a 7-meter-diameter circle was 
placed. A forest inventory was conducted to determine the diameter at the breast height of standing trees. For soil analysis and bulk 
density, soil samples were collected at four different depths (0-15 cm, 15-30 cm, 30-50 cm, and 50-100 cm). An ICP-OES analyzer was 
used to determine the value of soil nutrients, and a CHNS analyzer was used to determine the soil carbon concentration. The 

aboveground and belowground biomass was calculated using the allometric equation, and the carbon stock was estimated at 50% of the 
total biomass. The outcome showed a 455.87 MgCha-1 total carbon pool. The soil carbon has the highest value with 273.76 MgCha-1, 
followed by aboveground carbon (living trees) with 136.58 MgCha-1 and belowground carbon (roots) with 45.53 MgCha-1. This study 
found that soil carbon stock made up almost 60% of the total carbon stock in the mangrove forest. 

Keywords: Aboveground, belowground, carbon pool, mangrove, soil carbon 

INTRODUCTION 

Mangroves are one of the planet's most productive 

marine ecosystems, offering many species a special habitat 

opportunity and essential human goods and services. 

However, due to direct anthropogenic impacts and climate 

change, mangrove habitats are declining at an alarming rate 

(Carugati et al. 2018). Mangrove ecosystems are of great 
ecological and economic importance (Lee et al. 2014). 

Mangrove habitats are thought to cover between 14 and 15 

million ha worldwide and it was estimated there were 

137,760 km2 of mangrove forests in 118 nations and 

territories in 2000 (Giri et al. 2011). Mangroves occupy for 

0.7% of the world's total tropical forest area (statistics from 

1990 to 2020), with Asia having the largest concentration 

at about 6.8 million ha (Kauffman and Donato 2012; FAO 

2020). Malaysia, which has 33 million hectares of total 

land area, holds approximately 537,686 ha of mangrove 

forest, with more than half of it (364,100 ha) found in 
Sabah (MENR 2021). The other regions in Malaysia, which 

are Sarawak and Peninsular Malaysia, covered 

approximately 132,000 ha (23%) and 104,181 ha (18%) of 

mangrove forest, respectively (Olaniyi et al. 2012; Marzuki 

2019; Suhaili et al. 2020; Tangah et al. 2020).  

Mangroves are among the most carbon-rich ecosystems 

in the world, and because of the significant amounts of 

carbon they capture and sequester (mainly in soils), which 

balance out anthropogenic CO2 emissions, they are thought 

to play a role in climate regulation and mitigation. The 

strong primary production rates and the quick soil accretion 

rates on the forest floor are reflected in the high levels of 

carbon. Like other forested ecosystems, Mangroves 

exchange gases with the atmosphere, but they also do so 

with the nearby coastal waters, just like all coastal 

wetlands. Tidal linkages are intricate, involving tides, 

porewater pumping, and subsurface groundwater advection 

to import and export different quantities of dissolved 
organic and inorganic solutes and particles (Jennerjahn et 

al. 2017; Alongi 2018; Friess et al. 2020). Eventually, it 

will contribute to additional carbon emissions into the 

atmosphere and consequently lead to global warming 

problems (Rizal et al. 2018). Therefore, various forms of 

mitigation programs and schemes have been studied in the 

effort to reduce the greenhouse gases concentration in the 

atmosphere (IPCC 2007). Conserving the vegetal biomass 

of the forest ecosystem as the carbon sinks and 

sequestration is one of the efforts implemented to mitigate 

this global warming problem (Soto-Pinto et al. 2010; 
Cenamo et al. 2012). Mangrove forests store organic 

carbon 3-5 times higher than terrestrial forests (Donato et 

al. 2011). The two main carbon pools in the forest 

ecosystem are the living vegetation and the soil (Kauffman 

et al. 2011; Chen et al. 2012). The soil carbon pools usually 

constitute over 50%, and sometimes over 90%, of 

mangroves' total ecosystem carbon stock (Donato et al. 

2011; Kauffman et al. 2011). Even though the carbon pools 

in the mangrove forest have a significant capacity to hold 

carbon for a long period, there is still a dearth of 

knowledge in this area, particularly on the underground 

carbon pools. 
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 In Southeast Asia, mangroves have been extensively 

cleared for other land purposes and deforested (Hamilton 

and Casey 2016; Richards and Friess 2016). Recorded 

mangrove losses in Indonesia, Malaysia, and Myanmar 

were 0.26%, 0.41%, and 0.70%, respectively. A significant 

component of some countries' greenhouse gas (GHG) 

emissions is caused by mangrove conversion and 

deforestation, which produces a significant amount of 

carbon emissions (Murdiyarso et al. 2015; Taillardat et al. 

2018). Specifically, mangrove forests are the subject of 
numerous worldwide conservation discussions. Mangrove 

ecosystems offer a wide range of functions, yet they are 

deteriorating or disappearing at an alarming rate despite 

this (Millennium Ecosystem Assessment 2005; Barbier 

2012; Tallis et al. 2012). 

The pace of destruction and degradation is still 

alarmingly high despite all the significant services that a 

mangrove forest may offer. Unsustainable human activities, 

such as converting mangrove habitats into aquaculture 

sites, timber harvesting, and shrimp farming, are to blame 

for this issue (Bryan-Brown 2020). These practices might 
undoubtedly have a negative impact on the mangrove 

forest's ability to perform its natural functions, particularly 

when it comes to addressing the current problem of 

reducing climate change. The mangrove ecosystem's 

carbon pools will be depleted due to destruction or land 

alterations, which may influence the forest's capacity to 

sequester and store carbon. Any alterations or losses inside 

mangrove ecosystems have the potential to make the forest 

the primary source of atmospheric carbon emissions 

(Kauffman et al. 2011). To execute better plans and 

strategies to maintain the forest, a deeper examination of 
the carbon stores in the mangrove ecosystem and how 

human activities affect it is urgently required. To 

counteract carbon emissions and climate change, mangrove 

forests must be preserved. 

Carbon stock evaluation in Peninsular Malaysian 

mangrove forests is one of the publications that have been 

made on the Malaysian mangroves by Hong et al. (2017), 

while the other was made by Suhaili et al. (2020) at a 

mangrove forest in Sabah and by Chandra et al. (2015) in 

Sarawak. In addition, Rambok et al. (2010) also published 

the soil properties of mangrove forests in Sarawak, 

Malaysia. Even though Sabah was home to more than half 

of Malaysia's mangroves, not much was known about their 

importance as global carbon (C) stores. Therefore, it is 
imperative to close this gap to better understand the role 

and significance of mangrove forests. The primary goal of 

this study is to estimate the two major carbon reservoirs in 

mangrove ecosystems: soil carbon and live plants. The 

REDD+ (Reducing Emissions from Deforestation and 

Forest Degradation and Enhancing Forest Carbon Stocks in 

Developing Country) projects would be realized with the 

help of this study's practicable data for future management 

planning. 

MATERIALS AND METHODS 

Study area  
This research was conducted in the Kudat part of Tun 

Mustapha Park, Sabah, Malaysia (Figure 1). Tun Mustapha 

Park (TMP) covered approximately 898,762.76 ha in area 

with more than 50 islands and islets located across Kudat, 

Pitas, and Kota Marudu Districts in Kudat-Banggi Priority 

Conservation Area (PCA). This area was gazetted on 19th 

May 2016, and it has unique biodiversity that supports a 

series of complex and linked habitats. It is also home to 

endangered marine animals such as green sea turtles and 

dugongs. 

 

 
 
Figure 1. Location of the study area mangrove forest Tun Mustapha Park, Kudat, which is located in the northern part of Sabah, Malaysia 
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Procedures 

Experimental design 

A transect method with 3 transect lines with 5 subplots 

each was established randomly throughout the study area. 

The subplot was built circular (A= πr2) with a 7 m radius. 

The distance between each subplot was 25 m and the length 

for the transect lines was 125 m. Standing trees' above- and 

belowground carbon, as well as soil carbon, are the carbon 

stocks that have been measured in this study. The 

aboveground and belowground data were estimated using a 
non-destructive manner, and the soil data were obtained 

through soil sampling. This study employed the transect 

line approach, implemented by a published procedure book 

(Kauffman et al. 2011). The field data collections were 

done in April and August 2019. 

Field data collection 

Forest inventory was done to get the diameter breast 

height (DBH) and tree height of the standing trees with 

DBH of more than 5 cm. The measurement was done using 

a DBH meter and TruPulse 360 rangefinder. All trees with 

more than 5 cm DBH were measured within a 7 m radius. 
(Komiyama et al. 2005; Kauffman and Donato 2012). The 

soil sample was taken from 4 depths (0-15 cm, 15-30 cm, 

30-50 cm, and 50-100 cm) at each subplot. Twenty (20) 

samples were collected from each transect, and the total 

samples for this study were 60 samples. Mixed soil samples 

were collected to analyze soil properties such as moisture 

content and organic matter percentage, soil texture, soil 

carbon content, and soil acidity. In addition, an undisturbed 

soil sample was collected using a bulk density ring (98.125 

cm³) to analyze soil bulk density. 

Data analysis 
Soil analysis  

After being air dried at room temperature and sieved 

through a 2 mm soil sieve, all soil samples were examined 

for their Physico-chemical characteristics. Physical 

characteristics of the soil included its moisture content, 

texture, and bulk density, while chemical characteristics 

included its pH, salinity, cation exchange capacity (CEC), 

nutrient content, and carbon concentration. Utilizing the 

gravimetric approach, the amount of moisture in the soil 

was assessed after it had been dried for 24 hours at 105°C 

(Shukla et al. 2014). In the meantime, the ratio of a soil's 

dry mass to its volume is used to describe its bulk density 
(Han et al. 2016). First, the silt, clay, and sand percentages 

were determined using the Pipette method. The same 

numbers were then used to define the soil texture by 

comparing them to the USDA Soil Classification Triangle. 

A portable refractometer was used to test soil salinity, 

and a soil-distilled water ratio (1:2.5) approach was used to 

measure soil pH. The Loss-on-ignition method, weighing 

the soil after it had been ignited at 500°C for 24 hours, was 

used to determine the percentage of soil organic matter. 

Total cation exchange capacity (CEC) was calculated by 

adding base cations (calcium, magnesium, potassium, and 
sodium) and acid cations, which are exchangeable 

(hydrogen and aluminum) (Culman et al. 2019). Soil 

digestion using aqua regia was done to extract the elements 

(except hydrogen), and an Inductively Couple Plasma-

Optical Emission Spectrometry (ICP-OES) machine was 

used to analyze the samples. The analysis for soil nutrient 

availability also was done using the same method. While 

the concentration of carbon, hydrogen, nitrogen, and sulfur 

was done using A Vario EL CHNS (carbon-hydrogen-

nitrogen-sulfur) auto analyzer machine. 

Aboveground and belowground biomass analysis 

Other equations were developed to quantify mangrove 

tree biomass, but there is a dearth of data on species 
distribution at the study site, therefore, the options for 

allometric equations are constrained (Wong et al. 2020). 

The aboveground biomass for the primary mangrove zone 

in Sabah was calculated using an allometric equation 

for Rhizophora spp. because the area was dominated 

by Rhizophora spp. that was developed by Fromard et al. 

(1998). The only parameter in the equation, 

W=0.128DBH2.60, is the tree's diameter at breast height. 
 

 
 

Compared to other equations like Clough and Scott 

(1989), that has a relative error of -9.84 to +10.3%, and 

Ong et al. (2004) with a relative error of +6.81 to 10.8%, 
this allometric equation has a relative error of -8.44 to 

+6.81% (Komiyama et al. 2008). The result for 

aboveground biomass was then converted into 

aboveground carbon using the conversion factor of 0.5 with 

respect to the supposition that the carbon stock of standing 

trees is equal to 50% of its biomass (Houghton and Hackler 

2001). Finally, using the 3:1 (AGB:BGB) biomass 

comparison ratio developed by Kusmana et al. (2018), the 

biomass of roots was calculated, and the carbon content 

was estimated to be equal to 50% of the biomass. 

Soil carbon stock and total carbon pool 

The bulk density and carbon concentration of all the 
undisturbed soil samples were determined from four 

depths. The soil carbon stock was then calculated using the 

values as the inputs. First, using the equation below 

(Kauffman and Donato 2012), the soil carbon stock 

(MgCha-1) for each sampled depth interval was determined. 

The total soil carbon stock was then estimated by adding 

the carbon stock for each soil depth: 
 

Soil carbon (Mg ha-1) = Bulk density (g cm-3) × Soil 

Depth Interval (cm) × Carbon concentration (%C) 
 

By adding up all of the major carbon pools that have 

been measured, including the aboveground (live plants), 

belowground (roots), and soil carbon pools, the total 

ecosystem carbon pools in the Tun Mustapha Park Kudat 

were estimated. To determine the potential value of the 

research site in emitting and absorbing carbon dioxide to 
and from the atmosphere, the entire value of ecosystem 

carbon stock was then translated into its carbon dioxide 

equivalents by multiplying it with 3.67 (CO2e). 

 

Carbon dioxide equivalent (CO2e) = Total ecosystem 

carbon stock × 3.67 
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RESULTS AND DISCUSSION 

The study area is dominated by Rhizophora spp. with 

217 total individual trees in the sampling area (2309.07 

m²). Most trees fall into the 5-15 cm class, while the least 

was found in the 45-60 cm class. For annual rain, Kudat 

typically receives about 96.4 millimeters (3.8 inches) of 

precipitation and has 215.55 rainy days (59.05% of the 

time) annually and temperatures are oppressively hot and 

cloudy. The temperature rarely falls below 22ºC or rises 

over 33°C throughout the year, usually fluctuating between 
24°C and 32°C. 

Soil physicochemical properties 

Soil pH value, as well as the soil salinity level, are two 

factors that have a significant influence on the growth, 

adaptation, and survival of most mangrove species 

(Jeyanny et al. 2018). The percentage of soil organic 

content and its nutrient level are other main components 

that could affect the mangrove forest's species composition 

and structure (Hossain and Nuruddin 2016). Assessing 

soil's physical and chemical characteristics is one way to 

determine an area's soil fertility level (Rambok et al. 2010). 
Soil bulk density, moisture content, sand, silt, clay 

percentage, and soil texture are the soil's physical 

properties measured in this study (Table 1). The result 

shows the range of the soil bulk density was from 0.76 ± 

0.09 g cm-1 to 0.84 ± 0.08 g cm-1, slightly higher compared 

to the bulk density that was recorded by Hemati et al. 

(2015) in their study of mangrove forest in Peninsular 

Malaysia, which range from 0.57 g cm-1 to 0.65 g cm-3. 

The percentage of soil organic matter and soil texture were 

some of the factors that influenced the soil bulk density 

(Chaudhari et al. 2013). The soil moisture content analysis 
shows that few significant variations could be observed on 

the parameter. It was ranging from 21.42 ± 2.03% to 22.63 

± 1.52%. Among the soil texture's particles, sand makes up 

the majority, with a range of 54.57% to 61.62%, and silt 

has the lowest range of percentages of 3.37% to 19.97%. 

The soil texture in the study area was determined to be 

sandy clay loam based on the clay, silt, and sand ratio. The 

soil's high porosity resulted from the high amount of sand 

in the mixture. Low bulk density and high water holding 

capacity are typical characteristics of soil with high 

porosity. 

The soil in the study area is acidic, as seen by the pH 

range of 3.04 to 3.36 (Table 2). It has a more acidic soil 

compared to the study of Arianto et al. (2015) at a 

mangrove forest in Sarawak, Malaysia. The range is from 

3.93 to 5.41. According to Pazi et al. (2016), the presence 

of both sulfur-reducing bacteria and acidic clays in the 

mangrove soil is the factor that causes it to have a neutral 
to the slightly acidic type of soil. However, some mangrove 

forests in Malaysia have a very acidic brackish water 

caused by the formation of sulphuric acid that comes from 

the aeration of soil sulfates (Arianto et al. 2015; Pazi et al. 

2016). Soil salinity increase through the depth, where 12.7 

is the lowest and 22.4 is the highest. The mean for soil 

organic matter ranged from 18.81% to 21.56%. The soil's 

darker color and low bulk density values can be attributed 

to the high value of soil organic matter (Rambok et al. 

2010). Ca and Na were the two most abundant elements in 

the soil, according to an analysis of its significant 
constituents with a range of 2.71 meq/100 g to 4.23 and 

0.52 meq/100 g 0.72, respectively. Mg and K have the 

lowest values, 0.61 meq/100 g to 0.90 meq/100 g and 0.30 

meq/100 g to 0.42 meq/100 g compared to others (H and 

Al), with the lowest value of 1.51 meq/100 g to 1.84 

meq/100 g and 0.72 meq/100 g to 1.02 meq/100 g. Because 

a high soil salinity could hinder tree growth, the high 

amount of calcium helps to reduce soil salinity (Hemati et 

al. 2014). The Cation Exchange Capacity (CEC) of the soil 

rises with depth, reaching a maximum of 8.94 meq/100 g at 

50-100 cm and a minimum of 6.68 meq/100 g at 30-50 cm. 
Results obtained show that among the nutritional 

components, sulfur has the biggest mean range, followed 

by nitrogen (0.83 ppm to 0.96 ppm), potassium (0.27 ppm 

to 0.54 ppm, and phosphorus (0.05 ppm to 0.06 ppm), 

which has the lowest mean range (0.10 ppm to 0.85 ppm). 

Additionally, the outcome demonstrates that carbon 

concentration and the carbon-nitrogen ratio were constant 

throughout the depths. 

 
 
Table 1. The physical properties of soil in mangrove forest, Tun Mustapha Park Kudat, Sabah, Malaysia 
 

Soil depth (cm) Bulk density (g cm -1) Moisture content (%) Clay (%) Silt (%) Sand (%) Soil texture 

0-15 0.84 ± 0.08 21.42 ± 2.03 26.98 ± 6.86 3.37 ± 3.94 62.60 ± 3.94 Sandy clay loam 
15-30 0.83 ± 0.08 21.47 ± 1.61 29.96 ± 3.02 19.97 ± 9.61 48.80 ± 9.62  Sandy clay loam 
30-50 0.80 ± 0.08 22.63 ± 1.52 37.91 ± 4.09 3.45 ± 6.63 52.15 ± 6.63 Sandy clay  
50-100 0.76 ± 0.09 22.17 ± 1.53 33.74 ± 2.30 6.75 ± 5.74 52.20 ± 5.74 Sandy clay loam 

 
Table 2. The chemical properties of soil in mangrove forest, Tun Mustapha Park Kudat, Sabah, Malaysia 
 

Soil 

depth 

(cm) 

pH 

(1:2.5) 

Salinity 

(ppt) 

Soil organic 

matter (%) 

Acid cations (meq/100) Base cations (meq/100g) 
CEC 

(meq/100 g) Al3+ H+ Mg2+ Ca2+ Na+ K+ 

0-15 3.36 ± 0.33 12.7± 1.87 21.56± 2.03  1.02 ± 0.33 1.51 ± 0.41 0.80 ± 0.21 0.66± 0.47  3.24±1.15 0.37± 0.36 7.60 ± 2.93 
15-30 3.24 ± 0.25 14.2± 4.87 19.49 ± 1.62 0.97 ± 0.50 1.58 ± 0.22 0.88 ± 0.25 0.72 ± 0.81 3.78±1.35 0.42± 0.21 8.35 ± 3.34 
30-50 3.16 ± 0.25 19.6± 8.69 18.81 ± 1.52 0.72 ± 0.25 1.82 ± 0.35 0.61 ± 0.11 0.52 ± 0.21 2.71±0.52  0.30± 0.62 6.68 ± 2.06 
50-100 3.04 ± 0.28 22.4±10.38 19.60 ± 1.54 0.94 ± 0.42 1.84 ± 0.34 0.90 ± 0.28 0.64 ± 0.65 4.23±1.51 0.39± 0.59 8.94 ± 3.79 
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Table 3. Soil nutrient contents in mangrove forest Tun Mustapha Park Kudat, Sabah, Malaysia 
 

Soil depth (cm) Carbon (%) Total N (%) P (ppm) K (ppm) S (%) C:N ratio 

0-15 7.83 ± 2.51 0.96 ± 0.83 0.06 ± 0.02 0.37 ± 0.23 1.10 ± 0.57 13.56 ± 7.34 
15-30 8.93 ± 0.57 0.83 ± 0.74 0.06 ± 0.01 0.32 ± 0.45 1.37 ± 0.23 15.58 ± 7.37 
30-50 8.80 ± 0.43 0.93 ± 0.79 0.05 ± 0.01 0.54 ± 0.25 1.64 ± 0.22 15.36 ± 7.58 
50-100 9.65 ± 0.49 0.95 ± 0.84 0.06 ± 0.01 0.27 ± 0.39 1.64 ± 0.35 16.02 ± 8.05 

 

 
 

Aboveground carbon stock, belowground carbon stock, 

soil carbon, and total carbon pool 

Figure 2 presents the aboveground and belowground 
biomass for both living trees and roots in the mangrove 

forest in Kudat Sabah. Because the roots are constantly 

exposed to the harsh mangrove environment, which 

includes high salinity and a high-water table, the 

aboveground tree biomass has a higher value than the 

belowground biomass (Kusmana et al. 2018). The findings 

show the standing trees of mangrove forests in Kudat have 

aboveground biomass of 273.15 Mg ha-1. Moreover, it is 

somewhat higher than the aboveground biomass discovered 

in the mangrove forest's leading species (Rhizophora 

apiculate), as determined by Suhaili et al. (2020) at 

Sulaman Lake Forest Reserve, Sabah, Malaysia, which is 
134.59 Mg ha-1. 

However, compared to the 305.03 Mg ha-1 of 

aboveground biomass observed in an undisturbed 

mangrove forest at Kuala Selangor Nature Park, Peninsular 

Malaysia, the aboveground biomass recorded in these 

research areas is lower (Hemati et al. 2015). These changes 

in values were influenced by the species composition of the 

forest and its ecological setting (Komiyama et al. 2008; 

Chandra et al. 2011). For example, the mangrove forest in 

Kudat has a similar ecology to the Awat-Awat mangrove 

forest, close to the settlement and where the Rhizophora 
species dominate the mangrove (Chandra et al. 2015). 

Meanwhile, a Non-Governmental Organization (NGO) by 

the name Malaysian Nature Society is in charge of 

managing the mangrove forest in Kuala Selangor Nature 

Park. The Kuala Selangor Nature Park has access 

restrictions, making it difficult for anyone to engage in 

human activity there. As a result, most of the land is 

undisturbed, and this location includes more Avicennia and 

Bruguiera species (Hemati et al. 2015). 

The anoxic environment in the research location, the 

structure of the forest, and the excavation techniques 

utilized during measurement are a few factors that could 
have contributed to the discrepancies in belowground 

biomass values (Hemati et al. 2014; Njana et al. 2015). 

Compared to aboveground biomass in mangroves, less 

research has been done on belowground biomass since it 

requires more time and effort, in addition to the difficulties 

of collecting samples (Njana et al. 2015; Adame et al. 
2017). In their research at Kuala Selangor Nature Park in 

Malaysia, Hossain et al. (2008) discovered that the root 

biomass in that mangrove forest is 0.4924 Mg ha-1. 

Meanwhile, Komiyama et al. (2000) gathered research on 

the belowground biomass produced by several mangrove 

species, including 17.4 Mg ha-1 for Rhizophora forests, 

147.3-160.3 Mg ha-1 for Avicennia forests, and 32.4 Mg ha-

1 for Sonneratia forests. Although it is smaller than the 

study Komiyama et al. (2000) reported, our study 

discovered a higher value than the Kuala Selangor Nature 

Park, which is 91.05 Mg ha-1. The anoxic environment in 

the research location, the structure of the forest, and the 
excavation techniques utilized during measurement are a 

few factors that could have contributed to the discrepancies 

in belowground biomass values (Hemati et al. 2014; Njana 

et al. 2015). 

 
 

 
 
Figure 2. Aboveground (AGB) and belowground biomass (BGB) 
for standing living and root trees in mangroves Forest at Tun 
Mustapha Park, Kudat, Sabah, Malaysia 

 
 
 
Table 4. Total ecosystem carbon stock in Tun Mustapha Park, Kudat, Sabah, Malaysia 

 

Study site 
Aboveground 

carbon (MgCha-1) 

Belowground carbon 

(MgCha-1) 

Soil carbon 

(MgCha-1) 

Total ecosystem carbon 

pool (MgCha-1) 

CO2 equivalent 

(MgCha-1) 

Tun Mustapha 
Park, Kudat 

136.58 (30%) 45.53 (10%) 273.76 
(60%) 

455.87 1673.04 
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Figure 3. Soil carbon stock by sampling depth in Mangroves Forest at Tun Mustapha Park Kudat, Sabah, Malaysia 
 

 
 

According to the sampling depth, Figure 3 illustrates 

the trend of soil carbon stock. The greatest value, 123.43± 

17.81 MgCha-1, was discovered in 50-100 cm depth. There 
is a significant difference between the depth of 50-100 cm 

and the other depths, which are 43.55 ± 7.04 MgCha-1 (0-

15 cm), 45.95 ± 5.32 MgCha-1 (15-30 cm), and 60.90 ± 

8.21 MgCha-1 (30-50 cm). In their study, Hemati et al. 

(2015) found a similar finding that the soil organic carbon 

increases with depth; however, Hong et al. (2017) observed 

the reverse tendency, finding that the soil's surface layer 

has a higher value of organic carbon than the lower section 

of the soil profile. These results might be affected by the 

history of disturbance, the pattern of tidal inundation, the 

age of the forest, the sedimentation, and the species mix 

(Sherman et al. 2003; Hemati et al. 2015; Hong et al. 
2017).  

In this study, the soil carbon pool was found to be about 

60% of the total carbon stock, which is similar to a 

previous study by Hong et al. (2017) at Peninsular 

Malaysia's degraded mangrove forest and Suhaili et al. 

(2020) at Sulaman Lake Forest Reserve, Sabah. However, 

these reports differ from a study on the carbon stock value 

of a natural tropical forest published by Besar et al. (2020). 

According to their research, soil only accounted for 13% of 

the ecosystem's total carbon pool, while living trees are 

responsible for 87%. Large dead roots influenced this 
difference in the mangrove ecosystem that acts as the 

nutrient-conserving mechanism compared to the terrestrial 

roots that recycle their nutrients by deleting litter on the 

soil surface (Alongi et al. 2012). This is supported by other 

research showing how mangrove soils store more carbon 

than trees and roots compared to other major worldwide 

forest domains like tropical forests, boreal forests, and 

temperate forests (Donato et al. 2011; Kauffman et al. 

2011). The soil carbon turnover rates in the mangrove 

forest are also a thousand times slower compared to the 

terrestrial forest soils, resulting in a higher value of soil 

reservoir than the aboveground carbon pools (Atwood et al. 
2017).  

Table 4 shows the total ecosystem carbon pool in the 

mangrove ecosystem at Tun Mustapha Park, Kudat, and 

found that soil, with a carbon stock value of 273.76 
MgCha-1, has the highest value, followed by the 

aboveground carbon for living trees, at 136.58 MgCha-1 

and belowground with 45.53 MgCha-1 (Table 4). The total 

carbon pool's value is similar to the total Carbon pool at the 

mangrove forest at Sulaman Lake Forest Reserve, Sabah, 

which is 441.91 MgCha-1 (Suhaili et al. 2020) but was 

higher than the study by Hong et al. (2017) at Peninsular 

Malaysia. The total C pool mangrove ecosystem is 

influenced by the history of disturbance, such as human 

activities, age, species of trees, and soil texture. 

Overall, the total carbon pool in mangrove forests at 

Tun Mustapha Park, Kudat Sabah, Malaysia, was 455.87 
MgCha-1. The soils in the mangrove forest are the major 

contributor to the total ecosystem carbon pools, followed 

by the aboveground (living trees) and the belowground 

(roots). The finding from this study showed that the 

mangrove ecosystem could store an enormous amount of 

carbon in its pools, especially the soil carbon pools, making 

it crucial to include this ecosystem in the national climate 

change mitigation scheme. Furthermore, this quantification 

of carbon pools also might benefit the nation as it can serve 

as the baseline data for the policymakers in Malaysia to see 

and plan the mangrove ecosystem's potential in the carbon 
trading market. 

ACKNOWLEDGEMENTS 

University Malaysia Sabah funded this study with 

research grants GUG0333 and SDK0031-2018. We want to 

thank Sabah Forestry Department, Malaysia, for permitting 

us to do our research in the research area. We also thank 

Loke Thian Liew and Rino Flamino for their help during 

field sampling. 



HATTA et al. – Carbon pool at mangrove forest of Kudat, Malaysia 

 

4607 

REFERENCES 

Adame MF, Cherian S, Reef R, Stewart-Koster B. 2017. Mangrove root 

biomass and the uncertainty of belowground carbon emissions. For 

Ecol Manag 402: 52-60. DOI: 10.1016/j.foreco.2017.08.016. 

Alongi DM. 2012. Carbon sequestration in mangrove Forests. Carbon 

Manag 3 (3): 313-322. DOI: 10.4155/cmt.12.20. 

Alongi DM. 2018. Blue Carbon: Carbon Sequestration for Climate 

Change Mitigation. Springer Nature: Cham, Switzerland. DOI: 

10.1007/978-3-319-91698-9. 

Arianto CI, Gandaseca S, Rosli, N, Pazi AMM, Ahmed OH, Hamid HA, 

Majid NMA. 2015. Soil carbon storage in dominant species of 

mangrove forest of Sarawak, Malaysia. Intl J Phy Sci 10 (6): 210-214. 

DOI: 10.5897/IJPS2014.4183. 

Atwood TB, Connolly RM, Almahasheer H, Carnell PE, Duarte CM, 

Lewis CJE, Irigoien X, Kelleway J, Lavery PS, Macreadie PI, Serrano 

O, Sanders C, Santos I, Steven A, Lovelock CE. 2017. Global 

patterns in mangrove soil carbon stocks and losses. Nat Clim Change 

7 (7): 523-528. DOI: 10.1038/nclim ate3326. 

Barbier EB. 2012. Progress and challenges in valuing coastal and marine 

ecosystem services. Rev Environ Econ Policy 6: 1-19. DOI: 

10.1093/reep/rer017. 

Besar NA, Suardi H, Phua MH, James D, Mokhtar M, Ahmed MF. 2020. 

Carbon stock and sequestration potential of an agroforestry system in 

Sabah, carbon stock and sequestration potential of an agroforestry 

system in Sabah, Malaysia. Forests 11 (2): 210. DOI: 

10.3390/f11020210. 

Bryan-Brown DN, Connolly RM, Richards DR, Adame F, Friess DA, 

Brown CJ. 2020. Global trends in mangrove forest fragmentation. Sci 

Rep 10 (1): 1-8. DOI: 10.1038/s41598-020-63880-1. 

Carugati L, Gatto B, Eugenio RE, Martire ML, Coral C, Greco S, 

Danovaro R. 2018 Impact of mangrove forests degradation on 

biodiversity and ecosystem functioning. Sci Rep 8: 13298. DOI: 

10.1038/s41598-018-31683-0. 

Cenamo MC, Carrero GC. 2012. Reducing emissions from deforestation 

and forest degradation (REDD) in Apuí, Southern Amazonas: 

Challenges and caveats related to land tenure and governance in the 

Brazilian Amazon. J Sustain For 31 (4-5): 445-468. DOI: 

10.1080/10549811.2011.588486. 

Chandra IA, Seca G, Abu Hena MK. 2011. Aboveground biomass 

production of Rhizophora apiculata Blume in Sarawak mangrove 

forest. Am J Agric Biol Sci 6 (4): 469-474. DOI: 

10.3844/ajabssp.2011.469.474. 

Chandra IA, Seca G, Noraini R, Ahmad MMP, Osumanu HA, Hazandy 

AH, Nik MAM. 2015. Soil carbon storage in dominant species of 

Mangrove Forest of Sarawak, Malaysia. Intl J Phys Sci 10 (6): 210-

214. DOI: 10.5897/ijps2014.4183. 

Chaudhari PR, Ahire DV, Ahire VD, Chkravarty M, Maity S. 2013. Soil 

bulk density as related to soil texture, organic matter content and 

available total nutrients of Coimbatore soil. Intl J Sci Res 3 (2): 1-8. 

Chen L, Zeng X, Tam NF, Lu W, Luo Z, Du X, Wang J. 2012. Comparing 

carbon sequestration and stand structure of monoculture and mixed 

mangrove plantations of Sonneratia caseolaris and S. apetala in 

Southern China. For Ecol Manag 284: 222-229. DOI: 

10.1016/j.foreco.2012.06.058. 

Clough BF, Scott K. 1989. Allometric relationships for estimating 

aboveground biomass in six mangroves species. For Ecol Manag 27: 

117-127. DOI: 10.1016/0378-1127(89)90034-0. 

Culman S, Mann M, Brown C. 2019. Calculating cation exchange 

capacity, base saturation, and calcium saturation. Agric Nat Resour 

81: 6.  

Donato DC, Kauffman JB, Murdiyarso D, Kurnianto S, Stidham M. 2011. 

Mangroves among the most carbon-rich forests in the tropics. Nat 

Geosci 4: 293-297. DOI: 10.1038/ngeo1123. 

FAO. 2020. Global Forest Resources Assessment 2020: Main Report. 

Rome. DOI: 10.4060/ca9825en.  

Friess D, Krauss KW, Taillardat P, Adame MF, Yando ES, Cameron C, 

Sasmito SD, Sillanpää M. 2020. Mangrove blue carbon in the face of 

climate change, and restoration. Ann Plant Rev 3: 427-456. DOI: 

10.1002/9781119312994.apr0752. 

Fromard F, Puig H, Mougin E, Marty G, Betoulle JL, Cadamuro L. 1998. 

Structure, aboveground biomass and dynamics of mangrove 

ecosystems: New data from French Guiana. Oecologia 115 (1-2): 39- 

53. DOI: 10.1007/s004420050489. 

Giri C, Ochieng E, Tieszen, LL, Zhu Z, Singh A, Loveland T, Duke N. 

2011. Status and distribution of mangrove forests of the world using 

earth observation satellite data. Glob Ecol Biogeogr 20 (1): 154-159. 

DOI: 10.1111/j.1466-8238.2010.00584.x. 

Hamilton SE, Casey D. 2016. Creation of a high spatio-temporal 

resolution global database of continuous mangrove forest cover for 

the 21st century (CGMFC-21). Glob Ecol and Biogeogr 25: 729-738. 

DOI: /10.1111/geb.12449. 

Han Y, Zhang J, Mattson KG, Zhang W, Weber TA. 2016. Sample sizes 

to control error estimates in determining soil bulk density in 

California forest soils. Soil Sci Soc Am J 80 (3): 756-764. DOI: 

10.2136/sssaj2015.12.0422. 

Hemati Z, Hossain M, Emenike CU, Rozainah MZ. 2015. Rate of carbon 

storage in soil of natural and degraded mangrove forest in Peninsular 

Malaysia. Clean-Soil Air Water 43 (4): 614-619. DOI: 

10.1002/clen.201400034. 

Hemati ZH, Mahmood H, Rozainah MZ. 2014. Biodiversity and biomass 

of a natural and degraded mangrove forest of Peninsular Malaysia. 

Environ Earth Sci 71 (11): 4629-4635. DOI: 10.1007/s12665-013-

2853-6. 

Hong LC, Hemati ZH, Zakaria RM. 2017. Carbon stock evaluation of 

selected mangrove forests in Peninsular Malaysia and its potential 

market value. J Environ Sci Manag 20 (2): 77-87. DOI: 

10.47125/jesam/2017_2/09. 

Hossain M, Othman S, Bujang JS, Kusnan M. 2008. Net primary 

productivity of Bruguiera parviflora (Wight & Arn.) dominated 

mangrove forest at Kuala Selangor, Malaysia. For Ecol Manag 255 

(1): 179-182. DOI: 10.1016/j.foreco.2007.09.011. 

Hossain MD, Nuruddin AA. 2016. Soil and mangrove: A review. J 

Environ Sci Technol 9 (2): 198-207. DOI: 10.3923/jest.2016.198.207. 

Houghton RA, Hackler JL. 2001. Carbon Flux to the Atmosphere from 

Land-Use Changes: 1850 to 1990. Environmental Sciences Division; 

Office of Biological and Environmental Research U.S. Department of 

Energy. USA. DOI: 10.3334/CDIAC/lue.ndp050. 

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate 

Change 2007: Synthesis Report. An assessment of the IPCC. 

Jennerjahn TC, Gilman E, Krauss KW, Lacerda LD, Nordhaus I, 

Wolanski E. 2017. Mangrove ecosystems under climate change. In: 

Rivera-Monroy VH, Lee SY, Kristensen E, Twilley RR (eds). 

Mangrove Ecosystems: A Global Biogeographic Perspective. 

Springer Nature: Cham, Switzerland. DOI: 10.1007/978-3-319-

62206-4_7. 

Jeyanny V, Siva Kumar B, Ne’ryez SR, Fakhri MI, Daljit SK, Maisarah 

MZ, Wan Rasidah K, Husni MHA. 2018. Assessing soil quality of a 

regenerating mangrove forest using geospatial modelling approach. 

Malay J Soil Sci 22: 161-173. 

Kauffman JB, Donato D. 2012. Protocols for the measurement, 

monitoring and reporting of structure, biomass, and carbon stocks in 

mangrove forests. Working Paper 86. CIFOR, Bogor, Indonesia. DOI: 

10.17528/cifor/003749. 

Kauffman JB, Heider C, Cole TG, Dwire KA, Donato DC. 2011. 

Ecosystem carbon stocks of Micronesian mangrove forests. Wetlands 

31 (2): 343-352. DOI: 10.1007/s13157-011-0148-9. 

Komiyama A, Havanond S, Srisawantt W, Mochida Y, Fujimoto K, 

Ohnishi T, Ishihara S, Miyagi T. 2000. Top/root biomass ratio of a 

secondary mangrove forest. For Ecol Manag 139: 127-134. DOI: 

10.1016/S0378-1127(99)00339-4. 

Komiyama A, Ong JE, Poungparn S. 2008. Allometry, biomass, and 

productivity of mangrove forests: A review. Aquat Bot 89: 128-137. 

DOI: 10.1016/j.aquabot.2007.12.006. 

Komiyama A, Poungparn S, Kato S. 2005. Common allometric equations 

for estimating the tree weight of mangroves. J Trop Ecol 21 (4): 471- 

477. DOI: 10.1017/S0266467405002476. 

Kusmana C, Hidayat T, Tiryana T, Rusdiana O, Istomo. 2018. Allometric 

models for above-and belowground biomass of Sonneratia spp.. Glob 

Ecol Conserv 15: e00417. DOI: 10.1016/j.gecco.2018.e00417. 

Lee SY, Primavera JH, Guebas FD, Mckee K, Bosire JO, Cannicci S, 

Diele K, Fromard F, Koedam N, Marchand C, Mendelssohn I, 

Mukhrrjee N. 2014. Ecological role and services of tropical mangrove 

ecosystems: A reassessment. Glob Ecol Biogeogr 23: 726-743 DOI: 

10.1111/geb.12155. 

Marzuki FH. 2019. Keunikan Hutan Paya Bakau Malaysia. 

Forestry.https://www.forestry.gov.my/images/keratan_akhbar/2019/Ju

ly/KOSMO14OGOS2019.pdf. [Malaysian] 

MENR. 2021. Malaysia Policy on Forestry. Ministry of Environmental 

and Natural Resources, Putrajaya, Malaysia. 



 BIODIVERSITAS  23 (9): 4601-4608, September 2022 

 

4608 

Millennium Ecosystem Assessment. 2005. Millennium Ecosystem 

Assessment. World Resources Institute, Washington, DC. 

Murdiyarso D, Purbopuspito J, Kauffman JB, Warren MW, Sasmito SD, 

Donato DC, Kurnianto S. 2015. The potential of Indonesian 

mangrove forests for global climate change mitigation. Nat Clim 

Change 5: 1089-1092. DOI: 10.1038/nclimate2734. 

Njana MA, Eid T, Zahabu E, Malimbwi R. 2015. Procedures for 

quantification of belowground biomass of three mangrove tree 

species. Wetlands Ecol Manag 23 (4): 749-764. DOI: 

10.1007/s11273-015-9417-3. 

Olaniyi AO, Abdullah AM, Ramli MF, Alias MS. 2012. Assessment of 

drivers of coastal land-use change in Malaysia. Ocean Coast Manag 

67: 113-123. DOI: 10.1016/j.ocecoaman.2012.05.029. 

Ong JE, Gong WK, Wong CH. 2004. Allometry and partitioning of the 

mangrove, Rhizophora apiculata. For Ecol Manag 188: 395-408. 

DOI: 10.1016/j.foreco.2003.08.002. 

Pazi AMM, Gandaseca S, Rosli N, Hamzah AH, Tindit AE, Nyangon L. 

2016. Soil pH and carbon at different depth in three zones of 

mangrove forest in Sarawak, Malaysia. Malay For 79 (1&2): 164-173. 

Rambok E, Gandaseca S, Ahmed OH, Muhamad N, Majid A. 2010. 

Comparison of selected soil chemical properties of two different 

mangrove forests in Sarawak. Am J Environ Sci 6 (5): 438-441. DOI: 

10.3844/ajessp.2010.438.441. 

Richards DR, Friess DA. 2016. Rates and drivers of mangrove 

deforestation in Southeast Asia, 2000-2012. Proc Natl Acad Sci USA 

113 (2): 344-349. DOI: 10.1073/pnas.15102 72113. 

Rizal A, Sahidin A, Herawati H. 2018. Economic value estimation of 

mangrove ecosystems in Indonesia. Biodiv Intl J 2 (1): 98-100. DOI: 

10.15406/bij.2018.02.00051. 

Sherman RE, Fahey TJ, Martinez P. 2003. Spatial patterns of biomass and 

aboveground net primary productivity in a mangrove ecosystem in the 

Dominican Republic. Ecosystems 6 (4): 384-398. DOI: 

10.1007/s10021-002-0191-8. 

Shukla AK, Panchal H, Mishra M, Patel PR, Srivastava HS. 2014. Soil 

moisture estimation using Gravimetric Technique and FDR probe 

technique: A comparative analysis. Am Intl J Res Formal Appl Nat 

Sci 8 (1): 89-92. 

Soto-Pinto L, Anzueto M, Mendoza J, Ferrer GJ, de Jong B. 2010. Carbon 

sequestration through agroforestry in indigenous communities of 

Chiapas, Mexico. Agrofor Syst 78 (1): 39-51. DOI: 10.1007/s10457-

009-9247-5. 

Suhaili NS, Fei JLJ, Sha’ari FW, Idris MI, Hatta SM, Kodoh J, Besar NA. 

2020. Carbon stock estimation of mangrove forest in Sulaman Lake 

Forest Reserve, Sabah, Malaysia. Biodiversitas 21 (12): 5657-5664. 

DOI: 13057/biodiv/d211223. 

Taillardat P, Friess DA, Lupascu M. 2018. Mangrove blue carbon 

strategies for climate change mitigation are most effective at the 

national scale. Biol Lett 14 (10): 201802516. DOI: 

10.1098/rsbl.2018.0251. 

Tallis H, Lester SE, Ruckelshaus M, Plummer M, McLeod K, Guerry A. 

2012. New metrics for managing and sustaining the ocean’s bounty. 

Mar Pol 36: 303-306. DOI: 10.1016/j.marpol.2011.03.013. 

Tangah J, Chung AYC, Baba S, Chan HT, Kezuka M. 2020. 

Rehabilitation of Mangroves in Sabah: The SFD-ISME Collaboration 

(2014-2019). Sabah Forestry Department, International Society for 

Mangrove Ecosystems and Tokio Marine and Nichido Fire Insurance 

Co. Ltd., Malaysia. 

Wong CJ, James D, Besar NA, Kamlun KU, Tangah J, Tsuyuki S, Phua 

MH. 2020. Estimating mangrove aboveground biomass loss due to 

deforestation in Malaysian Northern Borneo between 2000 and 2015 

using SRTM and landsat images. Forests 11 (9): 1018. DOI: 

10.3390/f11091018.
 


