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Climate change is one of the most widely discussed environmental 

issues. Climate change is caused by forest degradation and 

deforestation. Efforts are made to reduce the impact of climate 

change by controlling carbon concentration through carbon sinks. 

Data is needed on the carbon content stored in forest biomass. One 

of the forest areas that has the potential to store carbon is the Imbo 

Putui customary forest. This study aimed to calculate the carbon 

stock potential of forest carbon sources in the Imbo Putui customary 

forest, Kampar Regency. The research method used was destructive 

sampling and non-destructive sampling. Data collection was carried 

out by making sample plots using the systematic sampling method 

with random start. The results of the research in the Imbo Putui 

customary forest have a total carbon stock potential of 179.65 tons/ha 

and a total biomass stock potential of 382.21 tons/ha. Details of 

carbon stock potential in five carbon sources are 86.46 tons/ha of 

surface carbon stock, 32.00 tons/ha of subsurface carbon stock, 2.20 

tons/ha of litter carbon, 4.73 tons/ha of necromass carbon, 54.26 

tons/ha of soil carbon. The substantial carbon stock indicates that the 

Imbo Putui Customary Forest serves as an important carbon sink, 

playing a crucial role in reducing atmospheric CO₂ concentrations 

and supporting Indonesia’s commitment to achieving Net Zero 

Emission (NZE). 
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1. Introduction  

Climate change has become one of the most widely discussed environmental issues worldwide. 

According to data from the Indonesian Meteorology, Climatology, and Geophysics Agency 

(BMKG), the year 2024 was recorded as the hottest year on record, with the global average 

temperature reaching 1.55 °C above the pre-industrial baseline (1850–1900). In Indonesia, 2024 

was also recorded as the warmest year since observations began in 1981, with temperatures 

averaging 0.8 °C higher than the 1991–2020 normal. Climate change is largely driven by forest 

degradation and deforestation caused by encroachment, forest fires, illegal logging, and the 

conversion of forests for settlements, plantations, agriculture, and other uses that disregard 

sustainable forest management principles [1]. 

Controlling carbon concentrations through carbon sinks is one of the key strategies for mitigating 

the impacts of climate change. A carbon sink refers to vegetation or trees within forests that 

function as reservoirs for storing and sequestering carbon [2]. Data on carbon stocks stored in 

forest biomass are essential for the development of carbon sink programs [1]. Forest biomass 

provides critical information for estimating biomass at various stand ages, which can then be used 

to assess forest productivity levels [3]. 

One forest area with significant potential for carbon stock is the Imbo Putui customary forest, 

located in Riau Province, Indonesia. This forest is managed by local Indigenous communities who 

apply customary laws that have been passed down through generations to maintain the forest’s 

sustainability and ecological integrity [4]. Further research is required to quantify the potential 

carbon biomass stored within the Imbo Putui customary forest. The objective of this study is to 

estimate the carbon stock potential from forest carbon sources in the Imbo Putui Customary Forest, 

Kampar Regency. 

2. Research Significance 

This study provides both scientific and practical contributions to the field of forest carbon 

dynamics. Scientifically, it establishes baseline data on the carbon stock potential of the Imbo Putui 

Customary Forest—an area that has not been previously quantified. The findings enhance current 

understanding of the role of community-managed tropical forests as effective carbon sinks, thereby 

contributing to global climate change mitigation efforts. Furthermore, the quantified carbon stock 

value offers a useful reference for comparative studies across different forest types and 

agroforestry systems in Indonesia. 

From a practical standpoint, this research supports the implementation of sustainable forest 

management and provides empirical evidence that can inform local policy and conservation 

planning. The results also highlight the potential for integrating the Imbo Putui Customary Forest 

into carbon-based incentive schemes such as REDD+ and Payment for Environmental Services 

(PES). Overall, the study underscores the ecological importance of this forest as the last remaining 

natural forest in Petapahan Village, emphasizing its crucial role in biodiversity conservation and 

long-term carbon sequestration. 
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3. Methods 

Study Area and Period 

This study was conducted in the Imbo Putui Customary Forest area, located in Petapahan Village, 

Tapung Subdistrict, Kampar Regency, Riau Province, Indonesia. The research was carried out 

from June to October 2024. The research location map is presented in Figure 1. 

 

Fig 1. Research Location Map 

Materials and Equipment 

The materials used in this study included vegetation, understory plants, litter, necromass, and soil 

samples collected from the Imbo Putui Customary Forest. The equipment utilized comprised a 

camera, stationery, hoe, measuring tape, phiband, raffia string, scissors, compass, machete, plastic 

bags, meter stick, a 1.3 m wooden pole, Avenza Maps application, weighing scale, label paper, 

rubber bands, marker, ring sampler, and an oven. 

 

Research Methods 

The research employed both destructive sampling and non-destructive sampling methods. The 

destructive sampling method was applied to seedlings, understory vegetation, litter, and soil, while 

the non-destructive sampling method was used to measure the biomass of roots, saplings, poles, 

trees, and dead trees. 
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Data collection was carried out by establishing sample plots using the Systematic Sampling with 

Random Start method. A sampling intensity of 1% was applied to the total research area of 251 

ha, resulting in a total observation area of approximately 2.5 ha. Based on this sampling intensity, 

13 transects were established, with an interval distance of 500 m between transects. 

Research Implementation 

Establishment of Sample Plots 

Sample plots measuring 2 m × 2 m were established for the seedling, understory, and litter layers. 

Plots measuring 5 m × 5 m were used for the sapling layer, 10 m × 10 m for the pole layer, and 20 

m × 20 m for the tree layer. The plots were arranged longitudinally from north to south to account 

for the influence of sunlight on different vegetation types. The north–south orientation provides a 

more representative depiction of vegetation composition and structure [5]. 

Above-Ground Biomass Measurement 

The measurement of seedling and understory biomass followed the procedures outlined in SNI 

7724:2019, with the following steps: 

1. Cut all parts of understory vegetation above the soil surface and seedlings or saplings with a 

diameter of < 2.5 cm, excluding the roots, within the 2 m × 2 m plots using scissors or 

machetes. 

2. Weigh the total fresh biomass within the sample plots. 

3. Collect and weigh approximately 300 grams of fresh biomass as a subsample. 

4. Oven-dry the subsamples in the laboratory at 105 °C for 24 hours until a constant weight is 

achieved. 

5. Weigh the dried biomass to determine the dry weight of the understory vegetation. 

Data collection for saplings, poles, and trees was conducted using non-destructive sampling. 

Diameter at breast height (DBH) was measured at approximately 1.3 m above the ground surface 

using a phiband. DBH measurements were adjusted according to the various tree forms 

encountered in the field. 

DBH data and species names were then used to estimate biomass through species-specific 

allometric equations, depending on the vegetation type. The allometric equations used are 

presented in Table 1. 

Table 1. Allometric equations for vegetation biomass 

Tree species group Allometric equation Source 

Artocarpus, Macaranga, Mallotus, Rhodamnia W = 26.475 D^0.055 [6] 

Calophyllum W = -0.972 + 2.078 ln(D) [7] 

Palaquium, Diospyros W = 0.153108 D^2.40 [8] 

Tectona grandis W = 0.153 D^2.39 [8] 

Dipterocarpaceae W = 0.141 D^2.525 ρ^0.231 [9] 

Other tree species W = 0.11 ρ D^2.62 [10] 

Notes: W = total biomass, D = diameter at breast height (DBH), ρ = wood density. 
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Litter Biomass Measurement 

The measurement of litter biomass followed the procedures outlined in SNI 7724:2019, with the 

following steps: 

1. Litter was collected from the 2 m × 2 m measurement plots. 

2. The total fresh weight of the litter was measured. 

3. A subsample of approximately 300 grams was taken and weighed. 

4. The subsample was oven-dried at 105 °C for 24 hours until a constant weight was achieved. 

5. The dry weight of the litter was then recorded. 

Necromass Biomass Measurement 

The measurement of dead tree necromass followed SNI 7724:2019, with the following steps: 

1. The DBH of dead trees was measured. 

2. The degree of decomposition (or tree intactness level) of each dead tree was determined. 

The classification of dead tree intactness levels is shown in Figure 3. 

3. The necromass of dead trees was estimated using allometric equations, multiplied by a 

correction factor based on the tree intactness level. 

 

 

Fig 2. Levels of dead tree intactness 
(Source: BSN, 2019 [11]) 

Soil Sampling 

Soil samples were collected to a depth of 30 cm from the ground surface. Sampling was conducted 

for each soil horizon (0–5 cm, 5–10 cm, 10–20 cm, and 20–30 cm) using a ring sampler. 

 

Data Analysis 

Biomass Analysis of Seedlings, Understory Vegetation, and Litter 

The calculation of biomass for seedlings, understory vegetation, and litter followed the formula 

[11]: 
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𝐵𝑜 =
𝐵𝑘𝑠×𝐵𝑏𝑡

𝐵𝑏𝑠
       (1) 

 

Where: 

Bo = Biomass (kg) 

Bks = Dry weight of subsample (kg) 

Bbt = Total fresh weight (kg) 

Bbs = Fresh weight of subsample (kg) 

 

Belowground (Root) Biomass Analysis 

Belowground biomass was estimated using an indirect method in accordance with SNI 7724:2019. 

The following equation was applied: 

𝐵𝑏𝑝 = 𝑁𝐴𝑃 × 𝐵𝑜𝑎𝑝 (2) 
 

Where: 

Bbp = Total root biomass (kg) 

NAP = Root-to-shoot ratio 

Boap = Aboveground biomass (kg) 

 

Necromass Biomass Analysis 

The biomass of necromass was calculated using the following equation [11]: 

𝐵𝑜𝑘𝑚 = 𝑉𝑘𝑚 × 𝐵𝐽𝑘𝑚 (3) 
 

Where: 

Bokm = Dead wood biomass (kg) 

Vkm = Volume of dead wood (m³) 

BJkm = Wood density of dead wood (kg/m³) 

 

Soil Carbon Stock Analysis 

Soil carbon stock was analyzed based on the BSN (2019) method, using the following equation 

[11]: 

𝐶𝑡𝑚 = 𝐾𝑑 × 𝜌 ×%𝐶𝑜𝑟𝑔𝑎𝑛𝑖𝑐 (4) 

 

Where: 

Ctm  = Carbon content of mineral soil (g/cm²) 

Kd  = Depth of mineral soil sample (cm) 

ρ  = Bulk density (g/cm³) 

% C organic = Percentage of organic carbon content in mineral or peat soil, obtained from  

   laboratory analysis. 
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Carbon Stock Analysis 

Carbon content was estimated by multiplying the biomass by the carbon fraction. This analysis 

was applied to aboveground biomass, belowground biomass, litter, seedlings, understory 

vegetation, and necromass, using the following equation [11]: 

𝐶 = 𝐵 ×%𝐶𝑜𝑟𝑔𝑎𝑛𝑖𝑐 (5) 

 

Where: 

C = Carbon content of biomass (ton/ha) 

B = Total biomass (ton/ha) 

% C organic = Carbon fraction (0.47) 

4. Results and Discussion 

4.1 Research Site Conditions 

Petapahan Village consists of several major land cover types. Plantation and agricultural areas 

dominate the village, covering 5,900 ha, followed by rice fields (50 ha), wetlands (85 ha), and 

forest areas (251 ha). The Imbo Putui Customary Forest represents the only remaining natural 

forest in Petapahan Village. The topography is generally undulating with slopes ranging from 20° 

to 40°, and elevations between 500 and 1,000 m above sea level. This customary forest serves as 

the native habitat for various plant and animal species. Approximately 60 tree species have been 

recorded, including Syzygium sp., Shorea sp., and Ficus sp., as well as endemic species such as 

Scorodocarpus borneensis [12]. 

4.2 Aboveground Carbon Stock 

Aboveground carbon sources consist of trees, poles, saplings, seedlings, and understory 

vegetation, each contributing different amounts of biomass [11]. The results are presented in Table 

2. 

Table 2. Aboveground Carbon Stock 

Carbon Source Biomass (ton/ha) Carbon (ton/ha) Percentage (%) 

Seedlings & understory 0.61 0.29 0.34 

Saplings 2.68 1.26 1.46 

Poles 15.51 7.29 8.43 

Trees 165.15 77.62 89.78 

Total 183.95 86.46  100.00 

The largest carbon pool originates from trees, which is influenced by their larger diameters 

compared to other vegetation types. Tree diameter plays a crucial role in determining stand 

biomass, as biomass increases with age and diameter [13,14]. Forest stands dominated by species 

with higher wood densities also store greater amounts of carbon than those dominated by lower-

density species [15]. High-diameter and high-density species commonly found in the Imbo Putui 

Customary Forest include Shorea sp., Scorodocarpus borneensis, and Pentace sp. 
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The total aboveground carbon stock in this study area is lower than that reported for Ghimbo 

Pomuan Customary Forest, which reached 145.19 ton/ha for pole and tree strata [16], and lower 

than that of Talang Forest in Bengkalis (95.96 ton/ha) [14]. This variation is influenced by 

differences in stand structure, species composition, and the allometric equations applied. 

4.3 Belowground Carbon Stock (Roots) 

Belowground carbon stock is stored in plant root systems and was estimated using non-destructive 

methods. The results are presented in Table 3. 

Table 3. Belowground Carbon Stock (Roots) 

Carbon Source Carbon (ton/ha) Percentage (%) 

Seedlings & understory 0.11 0.34 

Saplings 0.47 1.47 

Poles 2.70 8.44 

Trees 28.72 89.75 

Total 32.00 100 

 

The belowground carbon values were lower than those of aboveground pools due to the smaller 

root volumes [17]. A large proportion of plant biomass, approximately 60%, is stored in stems 

[18]. Direct root measurements are often challenging because fine roots are difficult to separate 

from surrounding vegetation [19]. 

The belowground carbon value recorded in this study is higher than that of Sorong agroforestry 

systems (0.184 ton/ha) [20] and eucalyptus industrial plantations (6.15 ton/ha) [22]. This is likely 

due to the higher tree density and biomass typically found in natural forests [21]. 

4.4 Litter Carbon Stock 

The total litter carbon stock was 2.20 ton/ha, with a corresponding biomass of 4.68 ton/ha. This 

relatively small value reflects the advanced stage of decomposition typical of litter layers. This 

value is higher than that recorded in Talang Forest, Bengkalis (1.20 ton/ha) [14], secondary forests 

in Samarinda (3.13 ton/ha) [23], and mangrove forests in Pulau Cawan (0.10 ton/ha) [24]. Litter 

accumulation is strongly influenced by canopy cover and tree age; dense canopies tend to increase 

litterfall [25]. 

4.5 Necromass Carbon Stock 

The necromass carbon stock reached 4.73 ton/ha. This value is lower than that observed in Rumbio 

Customary Forest (8.27 ton/ha) [26], but higher than that in Rowosari agroforestry systems in 

Jember (0.40 ton/ha). Accumulation of necromass is influenced by natural disturbances such as 

pest outbreaks, disease, and lightning strikes [17]. 
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4.6 Soil Carbon Stock 

Soil represents one of the largest carbon pools. The analysis results are shown in Table 4. 

Table 4. Soil Carbon Stock 

Depth (cm) Bulk Density (g/cm³) Organic C (%) Carbon Stock (ton/ha) 

0–5 0.90 0.05 16.34 

5–10 0.94 0.02 10.51 

10–20 0.97 0.02 14.39 

20–30 1.09 0.01 13.02 

Total — — 54.26 

 

Soil carbon stock is influenced by soil organic carbon content, bulk density, and depth [28,29]. 

The soil carbon value recorded in this study is higher than that of the Senaru Forest Education and 

Training Area (42.7 ton/ha) [30] and post-coal mining reclamation sites at PT Borneo Indobara 

(53.76 ton/ha) [32], but lower than that of the Maribaya Forest Management Unit (74.9 ton/ha) 

[31]. Mineral soils generally have lower carbon stock capacities compared to peat soils, which can 

store up to ten times more carbon [33]. 

4.7 Total Carbon Stock 

Total carbon stock is the sum of all five carbon pools. The results are presented in Table 5. 

Table 5. Total Carbon Stock 

Carbon Source Biomass (ton/ha) Carbon (ton/ha) Percentage (%) 

Aboveground 183.95 86.46 48.13 

Belowground 68.06 32.00 17.81 

Soil 115.46 54.26 30.21 

Necromass 10.06 4.73 2.63 

Litter 4.68 2.20 1.22 

Total 382.21 179.65 100 

 

The largest proportion of carbon is stored in aboveground vegetation (48.13%), while the smallest 

contribution comes from litter (1.22%). Litter carbon is rapidly released back into the atmosphere 

through decomposition processes [36]. The total carbon stock of 179.65 ton/ha is higher than that 

of Talang Forest (99.56 ton/ha) [14], but lower than that of complex agroforestry systems (166.55 

ton/ha) and simple agroforestry systems (58.86 ton/ha). Variations in carbon stocks are largely 

influenced by stand composition and tree diameter distributions. 

5. Conclusions 

The Imbo Putui Customary Forest has a total carbon stock potential of 179.65 ton/ha, with total 

biomass reaching 382.21 ton/ha. This includes aboveground carbon (86.46 ton/ha), belowground 

carbon (32.00 ton/ha), litter (2.20 ton/ha), necromass (4.73 ton/ha), and soil (54.26 ton/ha). The 

implications of this finding are highly significant for both environmental management and climate 
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change mitigation. The substantial carbon stock indicates that the Imbo Putui Customary Forest 

serves as an important carbon sink, playing a crucial role in reducing atmospheric CO₂ 

concentrations and supporting Indonesia’s commitment to achieving Net Zero Emission (NZE). 

The large biomass and carbon reserves reflect a relatively healthy and stable forest ecosystem, 

emphasizing the ecological importance of conserving customary forests as part of sustainable 

forest management practices. 
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