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Abstract. Habib S, Karuniasa M, Setyaningsih L. 2025. Vegetation diversity and carbon stock in gold mining reclamation area in 

Pongkor, West Java, Indonesia. Biodiversitas 26: 4932-4945. Global greenhouse gas emissions set a new record of 57.1 GtCO2e in 

2023, an increase of 1.3 percent from 2022 levels. One of the efforts to mitigate carbon dioxide emissions in the mining industry can be 

done by reclaiming ex-mining land through revegetation. The objective of study was to analyze vegetation diversity and carbon dioxide 

absorption in the reclamation area of gold mining in Pongkor, West Java Province, Indonesia. The method used for this study was 

quantitative observation by measuring the number of species, density, frequency and growth of vegetation to calculate diversity index 

(H'), vegetation biomass and its ability to absorb carbon in the post-mined area reclaimed from 2014 to 2023 covering an area of 21.6 

ha. The results of the study showed that the Shanon-Wiener diversity index (H') of tree, pole, sapling and lower-level plant was in the 

moderate category (1<H'<3). The reclamation area of 21.56 ha was able to absorb carbon dioxide cumulatively of 3,237.98 tons or 

contributed 5.89% of CO2 emissions by the mining company. Reclamation in the gold mining area is able to restore the ecology of 

vegetation and absorb carbon dioxide emissions generated from mining activities. However, 10 years of reclamation and revegetation 

activities still does not offset carbon emissions resulted from the mining activities, suggesting a longer period of restoration with strong 

monitoring efforts to fully compensate the carbon footprint.  

Keywords: Carbon sequestration, emission, greenhouse gas, Indonesian Standard National Number 7724 of 2019, mining 

INTRODUCTION 

Since the industrial revolution, the Earth's surface 

temperature has been warming because of the continuing 

increase of greenhouse gases (GHGs) concentration due to 

human activities to meet economic and development 

interests (Fua et al. 2019; IPCC 2023). In 2023, global 

GHG emissions was 57.1 GtCO2e, increased 1.3% 

compared to 2022 (UNEP 2023). These emissions are 

caused by the uses of fossil energy, industrial activities, 

transportation, and changes in forestry and other land uses. 

Deforestation and forest degradation result in between 10 

and 15% of global greenhouse gas emissions (Pratiwi et al. 

2021; Han et al. 2022; Quispe et al. 2024).  

Reducing carbon emissions in combination with 

increasing carbon sink capacity and improving 

environmental quality are essential for building green and 

low-carbon economies (Chen et al. 2024). Reducing 

emissions from the forestry and other land uses can be 

contributed from mining sector by maximizing CO2 

absorption and managing carbon storage in reclaimed areas 

(Ministry of Environment and Forestry of Republic of 

Indonesia 2022). Mining sector has been a major concern 

in public policy and economic development for several 

years. Mining causes various ecological problems at the 

landscape level, resulting in the loss of vegetation cover, 

soil degradation and toxic soil due to tailings stockpiling 

activities. To mitigate the ecological impacts of mining 

activities, post-mined area can be restored to rebuild the 

degraded ecosystem as well as to sequester carbon to 

achieve the 13th sustainable development goal (Zhang et al. 

2021; Serafimova and Dedelyanova 2024; Setyaningsih 

2024). In doing so, land reclamation and revegetation must 

be carried out to recover the vegetation and soil (Timsina et 

al. 2021; Hartati and Sudarmadji 2022; Shi et al. 2023; 

Zhou et al. 2024). Efforts such as increasing soil pH levels, 

increasing ground cover species and planting native species 

can restore fragile ecosystems caused by mining operation 

(Ahirwal et al. 2020; Banerjee et al. 2021; Milkias et al. 

2022).  

Tropical forests as terrestrial ecosystems are important 

component in the Earth system as they comprise a great 

level of biodiversity (e.g., 63% of the world's tree species) 

and store the largest amount of carbon stock. When mining 

operation occurs in tropical forest, reclamation using local 

and native plant species is prioritized to restore ex-mining 

land in a sustainable manner (Pratiwi et al. 2021; Xiang et 

al. 2022; Wos et al. 2024). Climate change mitigation in 

the mining industry can be done by increasing carbon 

stocks stored in vegetation biomass, one of which is 

through planting local species with fast-growing properties 

(Pietrzykowski 2019; Jinman et al. 2024). Nonetheless, the 

amount of carbon stock varies among locations, depending 

on the diversity and density of vegetation, soil type and 

management method (Ananda and Sutrisno 2022). 



HABIB et al. – Reclaimed vegetation diversity for carbon dioxide mitigation 

 

4933 

In Indonesia, the highest contributors to GHG 

emissions are from deforestation and forest degradation 

(Alviya et al. 2021). Indonesia is committed to reducing 

GHG emissions by 31.89% in 2030 through its own efforts 

(unconditional) and by 43.2% with international supports 

(conditional) compared to Business as Usual (BAU). The 

target to reducing emissions from the forestry and other 

land uses (so called FOLU) is 60% with a calculation of 

500 MtonCO2e (17.4% of the target of 31.89%) or 54.7% 

of the overall sector target (915 MtonCO2e) with own 

efforts and 729 MtonCO2e (25.4% of the target of 43.2%) 

or 58.7% of the overall sector target (1,240 MtonCO2e) 

with international supports (Ministry of Environment and 

Forestry of Republic of Indonesia 2023).  

Reclamation programs are very important in mitigating 

greenhouse gas emissions. There have been several studies 

which looking at vegetation diversity and carbon 

sequestration generated from post-mining activities in 

Indonesia. For example, Farosandi et al. (2024) reported 

that 10 years old vegetation composed by 14 trees species 

in post-mining reclamation area of open coal mining in PT 

Berau Coal, Berau, East Kalimantan, Indonesia, was able to 

store carbon 0.53-60.3 MgHa-1 and absorption of CO2 1.95-

221.32 MgHa-1. Similarly, Ahirwal and Maiti (2017) 

reported that after 14 years of revegetation of a large open 

cast coal project in Central Coal Fields Limited in 

Jharkhand, India SOC concentrations increased 3 fold, and 

total ecosystem C sequestered increased from 30-333 Mg 

CO2 Ha-1 with an average rate of 6.4 MgCHa-1year-. 

This study aims to analyze vegetation diversity and 

carbon dioxide absorption in the reclamation area of a gold 

mining company in Pongkor, West Java, Indonesia. The 

company has carried out post-mining land reclamation 

activities which included local and non-local plants with a 

planting distance of 2x2 meters. Initial observations 

showed that the growth rate and diameter of local plants 

grew faster than non-local plants, which is a promising start 

to study further regarding its capacity in carbon 

sequestration. Further, this study analyzes the correlation 

between vegetation diversity and carbon sequestration from 

upper plants (trees, poles, saplings), and understorey. The 

research was conducted using a quantitative method to 

answer the first research objective (i.e., vegetation diversity 

analysis) and the second research objective (i.e., carbon 

dioxide absorption analysis). The hypotheses of this study 

are: (i) Vegetation diversity in the mine reclamation area is 

correlated with vegetation density; (ii) The use of local 

plants (fast growing and slow growing species) has a 

higher impact on carbon dioxide absorption than non-local 

species (fast growing and slow growing species) for mine 

reclamation. 

MATERIALS AND METHODS  

Research location 

This study was conducted in the area of PT Aneka 

Tambang (Persero) Tbk. Gold Mining Business Unit 

Pongkor, West Java, Indonesia (Figure 1). The research 

was conducted in Nanggung Sub-district, Bogor District, 

West Java, with coordinates 106°31’57.000”-

106°33’40.200”E and 6°39’3.400”-6°39’37.400”S. Annual 

rainfall ranges from 3,500 to 4,000 mm, with an average 

monthly temperature between 24.7°C and 26.3°C, and an 

elevation ranging from 400 to 800 m asl. The research was 

carried out at the post-mined area reclaimed from 2014 to 

2023 which had a total extent of 21.56 hectares.  

 

 

 
 

Figure 1. Map of research location in a gold mining company in Pongkor, West Java, Indonesia, showing area reclaimed in 2014-2023 
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Research procedure 
Population and sample in the mining reclamation area 

The vegetation sampled in this study was located in the 

reclaimed area from 2014 to 2023. The samples were 

determined using non-probability sampling with the 

purposive sampling technique, which is a selection 

technique based on the researcher's consideration to obtain 

more representative data (Creswell 2014). The sampling 

technique chosen was stratified systematic sampling or 

simple random sampling with a maximum sampling error 

tolerance of 20% (Indonesian Standard National Number 

7724 of 2019). As many as 23 plots were established to 

represent the reclaimed area of 21.56 hectares with size of 

each sample plot was 400 m2 (20 meters x 20 meters).  

The tools used in the study were the Global Positioning 

System (GPS), meters, sticks, label paper, sewing meters, 

hypsometer bags, plastic bags, digital scales, and ovens. 

The material used in this study was vegetation in the 

reclamation area with ages 1 to 10 years. 

Vegetation sampling 

Data on vegetation was collected through direct 

observation and field measurements. The measurement 

used non-destructive method on upper vegetation (i.e. 

sapling, poles and trees) and destructive method on lower 

vegetation (understory). Sampling plot with size 20x20 m 

was used to measure trees (diameter of ≥20 cm), while 

within this plot, nested plots were created with size 10x10 

m to record poles (diameter of 10 cm to <20), size 5x5 m to 

record sapling (diameter of 2 cm to <10) and size 1x1 m to 

record seedlings and understory (Indonesian Standard 

National Number 7724 of 2019) (Figure 2).  

Data analysis 

Vegetation diversity 

Vegetation data was analyzed using quantitative 

method to produce the Important Value Index (IVI) 

(Soerianegara and Indrawan 1998) using the equations 

below: 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

The level of vegetation diversity (H’) was measured 

using the Shannon-Wiener diversity index (Odum 1993) 

with the following formula: 

 

 
 

Where, H': Shannon-Wiener Diversity Index (H’<1: 

low, 1<H‘<3: medium, H’>3: high); S: Number of plant 

types; ni: Density of type i; N: Total density 

Carbon dioxide absorption 

The carbon dioxide absorption value was obtained from 

several carbon pools (Purnawan 2016) and calculated by 

the following formula  

 

 
 

 
 

The calculation of carbon stock of each pool was 

described as follow: 

Carbon of sapling, poles and trees: 

 

Bov = v × BJ × BEF 

 

Cv = Bov × %C 

 

Where, Bov: Total biomass of sapling, poles and trees 

(kg); V: Volume of branch-free wood in cubic meters (m3); 

BJ: Specific gravity of wood (kg/m3); BEF: Biomass 

Expansion Factor (3.4); Cv: Carbon stock (kg); Bov: Total 

biomass of sapling, poles and trees (kg); %C: Percentage of 

carbon content (0.47). 

 

 

 

 
 

Figure 2. Diagram of sampling plot to document vegetation at 

understory, sapling, pole and tree levels 
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Carbon of understory plants:  

 

Botb = (Bks x Bbt)/(Bbs)  

 

Ctb = Botb × %C  

 

Where, Botb: Total biomass of understory plants (kg); 

Bks: Dry weight (kg); Bbt: Total wet weight (kg); Bbs: Wet 

weight (kg); Ctb: Carbon stock of understory plants (kg); 

Botb: Total biomass of understory plants (kg); %C: 

Percentage of carbon content (0.47) 

Carbon of roots:  

 

Boav = NAP × Boap  

 

Cav = Boav × %C 

 

Where, Boav: Total root biomass (kg); NAP: Root ratio 

value; Boap: Total biomass above the surface (kg); Cav: 

Carbon stock of root (kg), Boav: Total biomass of roots 

(kg); %C: Percentage of carbon content (0.47). 

Carbon of dead trees: 

  

  

 

Bopm = Vpm × BJpm  

 

Cpm = Bopm × %C  

 

Where, Vpm: Dead tree volume (m3); dbh: Diameter at 

breast height at 1.3 m of dead tree (cm); t: total height of 

dead tree (m); f: Form factor; Bopm: Total biomass of dead 

tree (kg); Vpm: Volume of dead trees (m3); BJpm: Specific 

gravity of dead tree wood (kg m3); Cpm: Carbon content of 

dead tree (kg); Bopm: Total biomass of dead tree (kg); %C: 

Percentage of carbon content (0.47).  

Carbon of dead woods: 

 

 )  

 

Ckm = Bokm × %C  

 

Where, Vkm: Volume of dead wood (m3); dp: Diameter 

of dead wood base (cm); du: Diameter of dead wood end 

(cm); p: Length of dead wood (m); : 22/7 atau 3,14; Ckm: 

Carbon content of dead wood (kg); Bokm: Total biomass 

of dead wood (kg); %C: Percentage of carbon content 

(0.47). 

Carbon of symbiomass: 

 

Bos = (Bkt+Bbt)/Bbs  

 

Cs = Bos × %C  

 

Where, Boss: Litter biomass weight (kg); Bks: Sample 

dry weight (kg); Bbt: Total wet weight (kg); Bbs: Sample 

wet weight (kg); Cs: Carbon content of litter (kg); Boss: 

Total biomass of litter (kg); %C: Percentage of carbon 

content (0.47).  

Soil carbon:  

 

Ctm = Kd × ρ × %C  

 

Where, Ctm: Carbon content of dry mineral soil(g/cm2); 

Kd: Sample depth of dry mineral soil (cm); ρ: Bulk density 

in (g/cm3); %C: Soil carbon percentage value from 

laboratory analysis; Total carbon was calculated as the sum 

of all pools and presented as ton per hectare (tons ha-1). 

Statistical analysis 

Pearson correlation test was used to investigate the 

relationship between dependent and independent variables. 

The dependent variables were carbon stock, carbon dioxide 

absorption and the independent variable is species 

diversity, growth, density of vegetation. Statistical analyses 

used Microsoft Excel.  

RESULTS AND DISCUSSION 

Vegetation diversity 

Gold mining causes CO2 emissions and other 

environmental impacts including water pollution and land 

degradation, so gold producers are seeking to adopt clean 

production solutions including through post-mining 

reclamation (Liang et al. 2019; Trench et al. 2023). The 

stages of reclamation process are land preparation, contour 

reorganization, topsoil spread, and ground cover planting, 

pioneer species planting and native species planting and 

maintenance (Sudarmadji and Hartati 2016; Setiawan et al. 

2021).  

Reclamation is one of the important processes in 

mining that can be evaluated from its carbon stock 

(Fauziah et al. 2021; Hutayanon and Somprasong 2021; 

Setiawan et al. 2021). In this study, the structure and 

composition of vegetation in the reclaimed area were 

analyzed at all levels of vegetation, including trees, poles, 

saplings, seedlings and understorey. The density (number 

individuals per hectare) of trees, poles, saplings and 

undergrowth in the reclamation area can be seen in Table 1. 

Based on Table 1, the number of individuals in the 

reclamation area per planting location from 2014 to 2023 

varied. The number of individuals at tree level vegetation is 

smaller compared to the level of poles, saplings and 

undergrowth. The number of species, frequencies and 

Shannon-Wiener diversity index at trees, poles, poles and 

understory levels at each reclamation area are presented in 

Table 2. 

Revegetation activities in reclaimed land of former 

mines can maintain biodiversity through planting local tree 

species (Vachova et al. 2022). In this study, the succession 

was progressing which was marked by the previously 

barren land becoming covered with vegetation, so that the 

energy and food cycles occurred again and there will be 

ecosystem stability towards new forest reconstruction. The 

vertical strata formed with high biodiversity indicates that 

reforestation in mining areas has been successful, leading 
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to the return of tropical rainforest ecosystems (Dendang 

and Handayani 2015; Setyaningsih 2023). Based on Table 

2, the level of vegetation diversity index (H') at the tree, 

pole, sapling and undergrowth levels is greatly influenced 

by the number of species and the frequency of occurrences 

each species.  
 

 

 

Table 1. Number of individuals at each vegetation level in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Plot Year Reclamation area 
Trees 

(Individual ha-1) 

Poles 

(Individual ha-1) 

Saplings  

(Individual ha-1) 

Understory plant 

(Individual ha-1) 

1 2014 Ciladu  550 1,400 2,400 370,000 

2 2014 Bantar Karet 675 1,300 2,400 370,000 

3 2014 Cepak Puspa 475 2,900 3,200 310,000 

4 2014 Cepak Puspa 2 450 1,100 2,800 160,000 

5 2015 Quarry Bantar Karet 625 1,700 3,200 140,000 

6 2015 Dam 1 Puspa 325 275 3,600 70,000 

7 2016 Quarry Gunung Dahu 1 175 1,600 2,400 90,000 

8 2016 Jalan Quarry Bantar Karet  225 2,000 3,200 160,000 

9 2017 Gunung Dahu-Ciladu 200 1,600 3,200 100,000 

10 2017 Top Soil Area Cepak Puspa 175 1,600 2,800 130,000 

11 2018 Legok Geomin 350 2,500 2,800 130,000 

12 2018 Eks Landfill Cepak Puspa - 2,200 2,800 110,000 

13 2019 Cepak Puspa Komp.1 - - 2,800 50,000 

14 2019 Bantarkaret Sidempok - 1,200 2,800 110,000 

15 2020 Double Track Pongkor - 700 3,600 80,000 

16 2020 Lamping Budin - 200 3,200 110,000 

17 2020 Belakang Pabrik - 200 2,800 130,000 

18 2021 Level .600 Ciurug - 1,800 2,400 140,000 

19 2021 Semen Silo - 900 3,200 260,000 

20 2021 Area Bukaan Pondok Batu  - - 3,200 100,000 

21 2022 Cikabayan Timur - - 2,800 110,000 

22 2022 Batching Plant - - 3,200 120,000 

23 2023 Cikabayan Timur 3 - - 2,800 130,000 

 

 

 

Table 2. Number of species, frequencies (F) and Shannon-Wiener diversity index (H') at all levels of vegetation in the reclamation areas 

of gold mining in Pongkor, West Java, Indonesia 

 

Plot Year Reclamation area 

Trees  Poles  Saplings  Understory  
Species 

number 
F H' 

Species 

number 
F H' 

Species 

number 
F H' 

Species 

number 
F H' 

1 2014 Ciladu  7 22 1.83 5 14 1.51 2 6 0.64 6 37 1.50 

2 2014 Bantar Karet 8 27 1.86 5 13 1.52 4 6 1.24 9 37 2.16 

3 2014 Cepak Puspa 9 19 2.11 8 29 2.01 3 8 1.04 4 31 1.34 

4 2014 Cepak Puspa 2 6 18 1.75 4 11 1.37 5 7 1.37 4 16 1.37 

5 2015 Quarry Bantar Karet 6 25 1.70 4 17 1.32 6 8 1.32 8 14 1.97 

6 2015 Dam 1 Puspa 4 13 1.22 3 11 1.22 5 9 1.22 3 7 1.08 

7 2016 Quarry Gunung Dahu 1 3 7 1.08 4 16 1.07 5 6 1.07 5 9 1.52 

8 2016 Jalan Quarry Bantar Karet  3 9 1.00 3 20 0.73 5 8 0.73 5 16 1.58 

9 2017 Gunung Dahu-Ciladu 2 8 0.66 4 16 1.15 4 8 1.16 6 10 1.61 

10 2017 Top Soil Area Cepak Puspa 2 7 0.60 4 16 1.14 3 7 1.15 8 13 2.03 

11 2018 Legok Geomin 2 14 0.60 5 25 1.60 5 7 1.55 8 13 2.03 

12 2018 Eks Landfill Cepak Puspa - - - 2 22 0.62 5 7 1.48 5 11 1.47 

13 2019 Cepak Puspa Komp.1 - - - - - - 5 7 1.55 3 5 1.05 

14 2019 Bantarkaret Sidempok - - - 1 12 - 3 7 0.96 7 11 1.89 

15 2020 Double Track Pongkor - - - 1 7 - 5 9 1.43 6 8 1.73 

16 2020 Lamping Budin - - - 1 2 - 6 8 1.39 7 11 1.85 

17 2020 Belakang Pabrik - - - 1 2 - 3 7 0.96 7 13 1.84 

18 2021 Level .600 Ciurug - - - 1 18 - 2 6 0.64 8 14 1.82 

19 2021 Semen Silo - - - 2 9 0.62 3 8 0.90 4 26 1.18 

20 2021 Area Bukaan Pondok Batu  - - - - - - 5 8 1.49 7 10 1.49 

21 2022 Cikabayan Timur - - - - - - 3 7 1.00 6 11 1.67 

22 2022 Batching Plant - - - - - - 5 8 1.56 7 12 1.86 

23 2023 Cikabayan Timur 3 - - - - - - 4 7 1.28 6 13 1.41 
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Tree-level vegetation was only found in plots 1 to 11, 

where in plots 1 to 8, the species number of trees ranged 

from 2 to 9 with a frequency between 7 to 25 with a 

vegetation diversity index of 0.6 to 2.11 (low-medium 

category). There were 8 plots that fall into the H' medium 

category, namely plot 1 to plot 8 with the number of trees 

between 3 to 9 with a frequency between 7 to 27 per tree 

species. There are 3 plots that had low H', namely plots 9 to 

11 with the number of trees only 2 and a frequency ranging 

from 7 to 14, resulted in an H' value of 0.6-0.66 (low). 

Pole level vegetation was found in plots 1 to 12 and 

plots 14 to 19 (totaling 18 plots). For the poles in plots 1 to 

12, the number of species ranged from 2 to 8 species with 

frequencies between 11 to 29 and diversity index of 0.62 to 

2.01 (low-medium category). There were 5 plots that did 

not have a vegetation diversity index because only 1 

species of pole was found (plots 14 to 18). Sapling-level 

vegetation was found in 23 plots with number of species 

ranged from 2 to 6 species and frequency ranging from 6 to 

9 per species with diversity index of 0.64 to 1.56 (low-

moderate). Undergrowth-level vegetation was found in 23 

plots with number of species ranged from 3 to 9 and 

frequency of each species ranging from 7 to 37 and 

diversity index of 1.05 to 2.03 (moderate).  

The Important Value Index (IVI) in tree-level 

vegetation was obtained from the sum of Relative Density 

(RD), Relative Frequency (RF), Relative Dominance (RD). 

The Important Value Index (IVI) of each species at tree, 

pole, sapling and undergrowth levels in the reclamation 

area from 2014 to 2023 are presented in Table 3. 
 

 

 

Table 3. Important Value Index (IVI) of species at each vegetation level in the reclamation areas of gold mining in Pongkor, West Java, 

Indonesia 

 

Species name 
Important Value Index (IVI) (%) 

Tree Pole Sapling Understorey 

Ganitri (Elaeocarpus angustifolius Blume) 102.40 154.50 70.14 - 

Huru (Litsea sp.) 46.90 22.43 39.85 - 

Jati putih (Gmelina arborea Roxb.) 71.50 67.00 44.06 - 

Angsana (Pterocarpus indicus) 30.70 - - - 

Mahoni (Swietenia mahagoni L. Jacq.) 32.30 54.43 57.77 - 

Manglid (Manglietia glauca Blume) 40.50 59.64 83.30 - 

Suren (Toona sureni Blume. Merr.) 35.60 27.73 34.06 - 

Sengon (Paraserianthes falcatria L. Nielsen) 74.50 50.81 - - 

Puspa (Schima walichii DC. Korth.) 51.60 61.56 44.27 - 

Rasamala (Altingia excelsa Noronha) 54.40 94.09 46.73 - 

Ki kaya (Khaya anthotheca Welw. C.DC) - 35.24 43.52 - 

Huru bodas (Litsea umbellata Lour. Merr.) - 79.74 - - 

Ki Sireum (Syzygium lineatum D.C. Merr & L.M Perry.) - 67.30 38.40 - 

Pulai (Alstonia scholaris L. R. Br) - 10.11 34.29 - 

Durian (Durio zibethinus Linn.) - 31.69 - - 

Rambutan (Nephelium lappaceum L.) - - 35.42 - 

Pasang (Quercus argentata Korth.) - - 34.29 - 

Huru hiris (Actinodaphne sphaerocarpa Blume Ness) - - 37.69 - 

Sengon Butho (Enterolobium cyclocarpum Jacq. Griseb) - - 34.29 - 

Kayu Afrika (Maesopsis eminii Engl.) - - 29.80 - 

Salam (Syzygium polyanthum Wight. Walp.) - - 62.93 - 

Randu (Ceiba pentandra L. Gaertn.) - - 32.50 - 

Jampang (Eleusine indica L. Gaertn.) - - - 39.00 

Anting-anting (Acalypha indica L.) - - - 32.88 

Belimbing tanah (Oxalis barrelierli L) - - - 19.37 

Selasih mekah (Ocimum gratisimun L. Linnaeus) - - - 27.48 

Jampang pait (Digitaria sanguinalis L. Scop.) - - - 39.00 

Putri malu (Mimosa pudica L.) - - - 41.00 

Jukut bau (Hyptis suaveolens L. Poit) - - - 31.00 

Babandotan (Ageratum conyzoides L.) - - - 31.00 

Pakis (Diplazium esculentum Retz. Sw.) - - - 26.00 

Areuy (Trichosanthes tricuspidata Lour.) - - - 23.00 

Ceker ayam (Selaginella doederleinii Hieron) - - - 30.00 

Talas hutan (Colocasia esculenta L. Scot.) - - - 19.00 

Jampang gewor (Commelina benghalensis L.) - - - 39.00 

Rumput gajah (Pennisetum purpureum Schumach.) - - - 37.00 

Harendong (Melastoma malabathricum L.) - - - 39.00 

Widelia (Widelia trilobata L. Pruski.) - - - 44.00 

Cacabean (Ludwigia hyssopifolia G. Don Exell) - - - 29.09 

Jotang kuda (Synedrella nodiflora L. Gaertn.) - - - 63.46 

Sanagori (Codariocalyx gyroides Roxb. Ex Link.) - - - 24.36 
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At tree level, species with the highest important value 

index was Ganitri (Elaeocarpus angustifolius) with 102.4% 

and the lowest was Angsana (Pterocarpus indicus) with 

30.70%. At pole level, the highest important value was 

found in Ganitri (E. angustifolius) with an IVI of 154.5% 

and the lowest was found in Pulai (Alstonia scholaris) with 

10.11%. The highest IVI at sapling level was found in 

Manglid (Manglietia glauca) with 83.3% and the lowest 

was in Randu (Ceiba pentandra) with 32.5%. At 

understory level, species with the highest IVI was Jotang 

Kuda (Synedrella nodiflora) with 63.46% and the lowest 

was Starfruit (Begonia hirsela) and forest taro (Colocasia 

esculenta) with 19.37% and 19% each.  

Human activities that utilize nature without care and do 

not practice sustainable principles in Indonesia are very 

high, causing natural destruction characterized by a decline 

in the quality of biodiversity of flora and fauna. One of the 

efforts to maintain the quality of biodiversity in Indonesia 

so that it does not become extinct and further deteriorates 

its quality is by carrying out conservation in situ (in its 

natural habitat). An example of in situ conservation is by 

replanting native species in former mining land areas 

through reclamation (Setyaningsih 2022). This study shows 

that tree level was only found in reclaimed areas from 2014 

to 2018 (5 to 10 years age). The longer the reclamation, the 

more frequency and number of tree types found. Poles were 

found in the reclamation area from 2014 to 2021, but only 

one species was found in the site reclaimed in 2019, 2020 

and 2021. Saplings and understory were found in all 

reclamation areas from 2014 to 2023. 

Carbon dioxide absorption 

Natural forests in the tropics are the world's largest 

carbon sink and contain rich biodiversity that provides a 

wide range of ecosystem services. Measuring the carbon 

stock of these ecosystems is critical to understanding the 

global carbon cycle. Soil organic carbon is a very important 

variable for soil quality and function, global food security, 

and climate change mitigation (Yan et al. 2020; Biney et al. 

2021; Khaplea et al. 2021). Post-mining land reclamation 

and revegetation activities play an important role in 

restoring vegetation and degraded land, and mitigating 

climate change due to the loss of CO2 from the atmosphere 

caused by mining activities (Bandyopadhyay and Maiti, 

2022; Farosandi et al. 2024). Soils are effective carbon 

storage and immobilization sites through biomass 

production and increased Soil Organic Carbon (SOC). The 

soil's organic carbon storage capacity depends on land use 

and management. Degraded land loses a significant amount 

of carbon through soil organic decomposition, erosion, and 

leaching. The restoration of disturbed and degraded mining 

land can increase biomass productivity, improve soil 

quality, and increase soil carbon (Lal 2020; Han et al. 

2022). Before obtaining the value of carbon storage in each 

carbon pool, it is necessary to obtain the value of biomass. 

The biomass values of upper plants (trees, poles, saplings), 

understorey plant, vegetation roots, dead trees, dead wood, 

litter and soil per hectare can be seen Table 4.  
 

 

 

 

Table 4. Biomass of each carbon pool in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Plot 

Biomass (ton ha-1) Area 

reclaimed 

(Ha) 

Biomass 

total 

(ton) 
Tree Pole Sapling Understorey Root 

Dead 

tree 

Dead 

wood 
Litter Soil 

Total 

(ton ha-1) 

1 384.5 15.9 0.4 1.1 108.5 0.1 0.1 1.7 121.7 633.9 0.3 209.2 

2 289.7 28.2 1.9 0.9 86.6 0.2 0.3 1.6 6.1 415.4 0.2 95.5 

3 138.5 12.0 1.4 0.5 38.9 0.0 0.0 1.5 33.7 226.5 1.8 402.1 

4 138.1 16.1 0.8 0.5 42.0 0.0 0.0 1.6 33.7 232.8 1.8 413.2 

5 250.9 27.7 2.7 1.2 76.3 0.0 0.0 1.6 6.1 366.4 0.3 109.9 

6 48.7 23.9 1.3 0.3 20.1 0.0 0.0 1.7 33.7 129.7 0.4 53.2 

7 39.4 17.1 0.3 1.1 15.5 0.0 0.0 1.8 26.2 101.5 0.4 36.5 

8 53.9 23.7 4.1 1.1 22.3 0.0 0.0 1.9 6.1 113.0 0.0 2.3 

9 37.3 22.4 3.3 1.1 17.3 0.0 0.0 1.5 26.2 109.1 1.0 107.1 

10 33.2 40.9 1.7 0.7 23.2 0.0 0.0 1.5 65.5 166.7 1.8 296.8 

11 83.5 161.8 27.0 0.7 51.2 0.0 0.0 1.5 65.5 391.2 1.6 625.9 

12 0.0 7.1 50.2 0.5 15.6 0.0 0.0 0.9 33.7 108.0 2.4 259.2 

13 0.0 0.0 16.6 0.3 4.6 0.0 0.0 0.6 33.7 55.7 1.3 74.7 

14 0.0 6.9 12.1 0.6 5.3 0.0 0.0 1.5 6.1 32.3 0.2 7.4 

15 0.0 19.8 18.9 0.6 10.6 0.0 0.0 1.4 16.4 67.7 1.1 74.6 

16 0.0 10.2 14.8 0.7 6.9 0.0 0.0 1.5 37.4 71.6 0.6 43.0 

17 0.0 29.2 24.1 0.7 14.6 0.0 0.0 1.5 74.4 144.4 0.2 25.7 

18 0.0 33.0 14.6 0.8 13.1 0.0 0.0 1.5 34.2 97.1 0.8 81.6 

19 0.0 22.1 38.2 0.8 16.5 0.0 0.0 1.4 82.3 161.3 0.4 64.5 

20 0.0 0.0 12.0 0.8 3.4 0.0 0.0 1.4 30.7 48.3 3.5 167.1 

21 0.0 0.0 5.2 0.8 1.6 0.0 0.0 1.5 7.1 16.2 0.5 7.7 

22 0.0 0.0 5.0 0.7 1.5 0.0 0.0 1.3 37.3 45.9 0.8 35.6 

23 0.0 0.0 3.6 0.7 1.2 0.0 0.0 1.4 7.1 14.1 0.2 2.7 

            3,195.5 
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Based on Table 4, biomass at each plot of the 

reclamation area highly varied. Biomass in the Plot 1, 

which was reclaimed in 2014 (10 years old) had the highest 

biomass value with 633.9 tons ha-1. Conversely, biomass in 

the Plot 23, which was reclaimed in 2023 (1 year old), only 

had biomass of 14.1 ton ha-1. The value of biomass is 

influenced by several factors such as the age of vegetation, 

the density of vegetation, the growth rate (diameter and 

height of vegetation), the specific gravity of each 

vegetation and the growth nature of the vegetation type 

(fast and slow growing) as well as the land management. 

The total biomass produced in the reclamation area with 

extent of 21.6 ha was 3,195.4 tons. The highest total 

biomass was obtained in Plot 11 with a value of 625.9 tons 

and reclamation area of 1.6 ha and the lowest biomass was 

in the reclamation area in 2016 (plot 8) with 2.3 tons.  

The total value and percentage of biomass derived from 

10 biomass sources can be seen in Table 5. Based on Table 

5, the total biomass produced from the reclamation area of 

21.6 ha is 3,195.5 tons. The largest biomass was obtained 

from trees with 1,024.2 tons or 32.05%, while the lowest 

biomass was obtained from dead trees with 0.1 tons or 

0.0024%.  

The biomass values are used to analyze carbon stocks in 

the reclamation area from 2014 to 2023. Carbon storage 

from vegetation root is influenced by the value of the Root 

Shoot Ratio (RSR) which is the comparison between root 

biomass and aboveground biomass. The RSR constant 

value used in this study was tropical mountain forest 

(highland forest) and referred to SNI 7724:2019 it has RSR 

of 0.37-0.38. Carbon storage in soil is influenced by the 

organic C value (%) in each soil, which was obtained from 

primary data through laboratory analysis of soil quality in 

the reclamation area with the values shown in Table 6. 

The results of the analysis of carbon stocks from all 

carbon pools in each reclamation area are presented in 

Table 7. Carbon storage in the Pongkor reclamation area 

was concentrated in tree-stage vegetation, poles, saplings, 

undergrowth, plant roots, litter, and soil, due to the very 

limited carbon contribution of seedlings, dead trees, or 

dead woods. The total carbon stock across the entire 21.6 

Ha reclamation area is 1,502 tons, equivalent to 69.5 tons 

of carbon per hectare. The highest carbon storage per 

hectare was found in Plot 1/Ciladu (10 years old) with 

297.9 tons per hectare, and the lowest carbon storage per 

hectare was found in Plot 23/East Kabayan 3 (1-year-old) 

with 6.6 tons per hectare.  
 

 

 

Table 5. Biomass value and percentage of each source in the 

reclamation areas of gold mining in Pongkor, West Java, 

Indonesia 

 

Biomass source Biomass (ton) Percentage (%) 

Trees 1,024.2 32.051% 

Pole 528.3 16.533% 

Sapling 311.0 9.732% 

Seedling 0.0 0.000% 

Understorey 14.1 0.441% 

Roots 471.4 14.752% 

Dead trees 0.1 0.003% 

Dead woods 0.1 0.003% 

Litter  29.9 0.936% 

Soil 816.4 25.548% 

Total  3,195.5  100 

 

 

 

Table 6. Organic C value (%) in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Plot Reclaimed area Initial state before reclamation  C organic (%) 

1 Ciladu (Sidempok Ranca) Former excavation of soil material (cut and fill) 2.60 

2 Bantar Karet Former excavation of soil material (cut and fill) 0.13 

3 Cepak Puspa Former stockpile of hazardous waste (tailings) 0.72 

4 Cepak Puspa 2 Former stockpile of hazardous waste (tailings) 0.72 

5 Quarry Bantar Karet Former excavation of soil material (cut and fill) 0.13 

6 Dam 1 Puspa Formerly stockpiled hazardous waste (tailings) 0.72 

7 Quarry Gunung Dahu Former excavation of soil material (cut and fill) 0.56 

8 Jalan Quarry Bantar Karet Former non-mining road 0.13 

9 Gunung Dahu-Ciladu Former excavation of soil material (cut and fill) 0.56 

10 Cepak Puspa Former top soil and sub soil stockpile 1.40 

11 Legok Geomin Former non-ore stockpile (disposal waste) 1.40 

12 Landfill Cepak Puspa Former hazardous waste stockpile (Tailings) 0.72 

13 Landfill Cepak Puspa 1  Former stockpile of hazardous waste (Tailings) 0.72 

14 Bantarkaret Sidempok Former excavation of soil material (cut and fill) 0.13 

15 Double Track Pongkor Former non-mining road 0.35 

16 Lamping Budin Natural landslide area 0.80 

17 Belakang Pabrik Former excavation of soil material (cut and fill) 1.51 

18 L.600 Ciurug Former soil material excavation (cut and fill) 0.73 

19 Semen Silo Former soil material excavation (cut and fill) 1.83 

20 Bukaan Pondok Batu Former non-ore dump (disposal waste) 0.66 

21 Cikabayan Timur Former soil material excavation (cut and fill) 0.16 

22 Batching Plant Former non-ore stockpile (disposal waste) 0.83 

23 Cikabayan Timur 3 Former excavation of soil material (cut and fill) 0.16 
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Table 7. Carbon stock in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Plot 
Reclaimed 

year 

Area 

(Ha) 

Total Carbon Stock-C (Ton C) 
Carbon stocks 

per Ha 

(ton C Ha-1) 
Tree Pole Stake 

Understorey 

plant 

Root 

vegetation 
Litter Soil 

Total 

carbon 

stock (Ton) 

1 2014 0.3 59.6 2.5 0.1 0.2 16.8 0.3 18.9 98.3 297.9 

2 2014 0.2 31.3 3 0.2 0.1 9.4 0.2 0.7 44.9 195.2 

3 2014 1.8 115.6 10 1.1 0.4 32.4 1.2 28.1 189 106.5 

4 2014 1.8 115.2 13.5 0.7 0.4 35 1.4 28.1 194.2 109.4 

5 2015 0.3 35.4 3.9 0.4 0.2 10.8 0.2 0.9 51.7 172.2 

6 2015 0.4 9.4 4.6 0.2 0.1 3.9 0.3 6.5 25 61 

7 2016 0.4 6.7 2.9 0.1 0.2 2.6 0.3 4.4 17.2 47.7 

8 2016 0.0 0.5 0.2 0 0 0.2 0 0.1 1.1 53.1 

9 2017 1.0 17.2 10.3 1.5 0.5 8 0.7 12.1 50.3 51.3 

10 2017 1.8 27.7 34.2 1.4 0.6 19.4 1.3 54.8 139.5 78.4 

11 2018 1.6 62.8 121.7 20.3 0.5 38.5 1.2 49.3 294.2 183.9 

12 2018 2.4 0 8 56.6 0.6 17.6 1 38 121.8 50.8 

13 2019 1.3 0 0 10.5 0.2 2.9 0.4 21.2 35.1 26.2 

14 2019 0.2 0 0.7 1.3 0.1 0.6 0.2 0.7 3.5 15.2 

15 2020 1.1 0 10.2 9.8 0.3 5.5 0.7 8.5 35.1 31.8 

16 2020 0.6 0 2.9 4.2 0.2 2 0.4 10.6 20.2 33.7 

17 2020 0.2 0 2.4 2 0.1 1.2 0.1 6.2 12.1 67.9 

18 2021 0.8 0 13 5.8 0.3 5.2 0.6 13.5 38.3 45.7 

19 2021 0.4 0 4.2 7.2 0.1 3.1 0.3 15.5 30.3 75.8 

20 2021 3.5 0 0 19.5 1.2 5.6 2.3 50 78.6 22.7 

21 2022 0.5 0 0 1.2 0.2 0.4 0.3 1.6 3.6 7.6 

22 2022 0.8 0 0 1.8 0.3 0.6 0.5 13.6 16.7 21.6 

23 2023 0.2 0 0 0.3 0.1 0.1 0.1 0.6 1.3 6.6 

Total 

Average 

21.6 481.4 248.2 146.2 6.9 221.8 14 383.9 1,502   

69.5 

 

 

Carbon storage per hectare in the reclamation area from 

2014 to 2023 is influenced by the biomass produced from 

each carbon pool. In the 4.1 Ha reclamation area at year 

2014 (Plot 1, 2, 3 and 4 or Ciladu, Bantar Karet, Cepak 

Puspa and Cepak Puspa 2) with 10 years old have been 

contributed 526.4 tons of total carbon storage, or almost 

36% of the total reclamation area (1,502 tons in 21.6 ha). 

Total carbon storage is influenced by the area of land 

reclamation, vegetation age, vegetation density, and 

biomass value as well as the structure of vegetation in the 

reclaimed area (Syaufina and Ikhsan 2013; Setyaningsih et 

al. 2022; 2023). The total value and percentage of carbon 

storage derived from each carbon pool are presented in 

Table 9. Based on Table 8 the largest carbon store was 

obtained from trees with 494.37 tons or 32.91%, while the 

lowest was obtained from dead trees and dead woods with 

0.04 tons or 0.0025%. 

The average increment of diameter and height, and 

carbon sequestration of each plant species per year are 

presented in Table 9. Based on Table 9, mahagony has the 

highest carbon absorption capacity with 0.929 tons of 

C/plant/year followed by Ganitri with 0.854 tons of 

C/plant/year. The lowest carbon absorption was found 

Quercus argentata with 0.005 tons C/plant/year. The 

carbon absorption capacity of each plant is affected by the 

annual average growth of diameter and height as well as the 

specific gravity of each vegetation. Reclamation using native 

species is the best engineering technique to improve the 

environmental conditions of former mines (Buta et al. 2019). 

The results of the analysis of the potential value of 

carbon storage in the reclamation area from 2014 to 2023 

were used to analyze the potential for carbon dioxide (CO2) 

sequestration. The potential absorption of carbon dioxide 

(CO2) was obtained from vegetation at the level of trees, 

poles, saplings, seedlings and undergrowth with results are 

presented in Table 10. Reclamation plays a role in 

increasing CO2 absorption by utilizing sunlight and water 

from the soil, chlorophyll vegetation to absorb CO2 from 

the atmosphere through photosynthesis. The results of 

photosynthesis are stored in the form of biomass, which 

makes vegetation grow larger or taller (Noor et al. 2020). 

Based on Table 11, the total CO2 absorption in the 

reclamation area of 21.6 ha is 3,238.6 tons. The highest 

CO2 absorption was obtained in the reclamation area of 

2014 (10 years old) at 297.9 tons Ha-1. 
 

Table 8. Total carbon stock and percentage of each carbon pool in 

the reclamation areas of gold mining in Pongkor, West Java, 

Indonesia 

 

Carbon pool Total carbon stock (tons) Percentage (%) 

Trees 494.37 32.91% 

Pole 241.06 16.05% 

Sapling 140.39 9.34% 

Seedling - 0.00% 

Understorey 6.65 0.44% 

Roots 221.56 14.75% 

Dead trees 0.04 0.0025% 

Dead woods 0.04 0.0025% 

Litter  14.03 0.93% 

Soil 383.72 25.54% 

Total  1,501.9 100.00% 



HABIB et al. – Reclaimed vegetation diversity for carbon dioxide mitigation 

 

4941 

Table 9. Annual increment of diameter and height, and carbon sequestration of each trees species in the reclamation areas of gold 

mining in Pongkor, West Java, Indonesia 

 

Tree name 
Average annual diameter 

growth (cm/year) 

Average annual height 

growth (cm/year) 

Carbon sequestration  

(C ton/plant/year) 

Angsana (Pterocorpus inidicus Willd.) 2.19 1.86 0.406 

Ganitri (Elaeocarpus angustifolius Blume.) 2.75 2.63 0.854 

Huru (Litsea sp.) 2.13 1.07 0.171 

Jati putih (Gmelina arborea Roxb.) 2.61 3.15 0.849 

Mahoni (Swietenia mahagoni L. Jacq.) 2.86 2.44 0.929 

Manglid (Manglietia glauca Blume) 2.18 1.41 0.242 

Puspa (Schima wallichii DC. Korth.) 2.21 1.43 0.422 

Rasamala (Altingia excelsa Noronha) 2.26 1.57 0.574 

Sengon (Paraserianthes falcatria L. Nielsen.) 3.42 1.23 0.656 

Suren (Toona sureni Blume. Merr.) 2.17 2.72 0.416 

Huru bodas (Litsea umbellata Lour. Merr.) 1.07 1.30 0.014 

Kayu Afrika (Maesopsis eminii Engl.) 0.95 1.05 0.010 

Ki kaya (Khaya anthotheca Welw. C.DC) 1.27 1.03 0.022 

Ki Sireum (Syzygium lineatum D.C. Merr & L.M 

Perry.) 

0.91 0.87 0.007 

Pasang (Quercus argentata Korth.) 0.53 0.70 0.005 

Pulai (Alstonia scholaris L. R. Br) 1.77 1.90 0.057 

Randu (Ceiba pentandra L. Gaertn.) 0.73 2.07 0.011 

Salam (Syzygium polyanthum Wight. Walp.) 1.20 1.37 0.047 

Sengon buto (Enterolobium cyclocarpum Jacq. 

Griseb)  

2.10 2.40 0.116 

 

 

Table 10. Total CO2 absorption in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Plot Year Area (ha) 
CO2 absorption (Tons) 

Total CO2 absorption (tons) 
Tree Pole Sapling  Seedling Understorey 

1 2014 0.3 218.9 9.0 0.2 0.0 0.6 228.7 

2 2014 0.2 114.9 11.2 0.8 0.0 0.3 127.2 

3 2014 1.8 424.1 36.8 4.2 0.0 1.6 466.7 

4 2014 1.8 422.7 49.4 2.5 0.0 1.4 476.0 

5 2015 0.3 129.8 14.3 1.4 0.0 0.6 146.2 

6 2015 0.4 34.5 16.9 0.9 0.0 0.2 52.5 

7 2016 0.4 24.4 10.6 0.2 0.0 0.7 36.0 

8 2016 0.04 1.9 0.8 0.1 0.0 0.0 2.9 

9 2017 1.0 63.1 38.0 5.6 0.0 1.9 108.5 

10 2017 1.8 101.8 125.6 5.2 0.0 2.0 234.7 

11 2018 1.6 230.4 446.5 74.6 0.0 1.8 753.3 

12 2018 2.4 0.0 29.3 207.8 0.0 2.1 239.2 

13 2019 1.3 0.0 0.0 38.4 0.0 0.6 39.1 

14 2019 0.2 0.0 2.7 4.8 0.0 0.2 7.7 

15 2020 1.1 0.0 37.5 35.9 0.0 1.2 74.6 

16 2020 0.6 0.0 10.6 15.3 0.0 0.7 26.6 

17 2020 0.2 0.0 9.0 7.4 0.0 0.2 16.6 

18 2021 0.8 0.0 47.8 21.2 0.0 1.1 70.1 

19 2021 0.4 0.0 15.3 26.3 0.0 0.5 42.1 

20 2021 3.5 0.0 0.0 71.4 0.0 4.5 75.9 

21 2022 0.5 0.0 0.0 4.3 0.0 0.6 4.9 

22 2022 0.8 0.0 0.0 6.7 0.0 1.0 7.7 

23 2023 0.2 0.0 0.0 1.2 0.0 0.2 1.4 

Total 21.6 1,766.6 911.3 536.4 0.0 24.4 3,238.6 

 

 

The percentage of CO2 emissions and absorption from 

areas reclaimed during 2014-2023 can be seen in Table 14. 

The total value and percentage of CO2 uptake from each 

carbon pool are presented in Table 11. Carbon storage can 

be obtained above the soil surface, which includes tree 

biomass, understory biomass, necromass, and litter 

biomass. The largest proportion of carbon stored on land is 

found in trees, namely in the trunk (Pradipta and Sutrisno 

2022). Based on Table 11, the total CO2 absorption 

produced from the reclamation area of 21.6 ha is 3,238.6 

tons. The largest carbon absorption was obtained from trees 

with 1,766.6 tons or 54.55%, while the lowest was from 

undergrowth with 24.4 tons or 0.75%. 

Each reclamation site has different carbon dioxide 

absorption capacity depending on initial state before 

reclamation as presented in Table 12. The largest 
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percentage of CO2 absorption was in the reclamation area 

with the initial state of the former area of soil material 

excavation (cut and fill) with 2,276.19 tons of CO2 ha-1 or 

57.64%, followed by the former hazardous and toxic 

materials waste (tailing) landfill area with 783.46 tons of 

CO2 ha-1 or 19.84%. The lowest absorption was in the area 

of the former natural avalanche with 44.32 tons of CO2 ha-1 

or 1.12%. Direct carbon dioxide emissions resulting from 

mining activities from 2014 to 2023 averaged 5,493.4 tons 

of CO2 year-1.  

Based on Table 13, until the year 2023, the cumulative 

carbon dioxide emissions produced for 10 years (2014- 

2023) was amount 54,934.03 tons. The reclamation area of 

21.6 Ha is able to absorb carbon dioxide of 3,238.6 tons or 

5.89% of total emission. The value of carbon dioxide 

absorption is relatively small compared to the emissions 

produced because the reclamation area is very small due to 

the mining method carried out is underground mines that 

are not much to clear land and forests. Other CO2 

emissions have the potential to be absorbed by vegetation 

from primary forests such as conservation forests and 

protected forests around the reclaimed areas. 

The percentage of CO2 emissions and absorption from 

areas reclaimed during 2014-2023 can be seen in Table 13. 

Based on Table 14, the estimated carbon dioxide 

absorption in 2041 for 10-year-old reclamation was 

1,196.62 tons ha-1, was the biggest than the all year 

reclamation. The carbon dioxide absorption of 6 years 

reclamation age, 1,093.44 tons Ha-1, was the second biggest 

and even bigger compared to the older reclamation age of 7 

to 9 years. This is due to the individual density of trees, 

poles and saplings in the reclamation area of age 6 years. 

To determine the correlation between vegetation 

diversity and carbon dioxide absorption in each plot in the 

reclamation area, a Pearson correlation test was carried out 

with the results described in Table 16. Through the analysis 

of the Pearson correlation coefficient, carbon sequestration 

shows a very significant positive correlation with 

vegetation diversity in reclaimed areas (Qiu 2022). Based 

on the results of the Pearson correlation test in Table 15 (at 

the level of 5% or p value<0.05), the variables that were 

significantly correlated with CO2 sequestration were the 

vegetation diversity index (H’) of the pole level 

(R=0.6853) and tree level (R= 0.5075). Meanwhile, the 

correlation of CO2 sequestration to the total vegetation 

diversity index (overall H') (R= 0.4691) was un-significant. 
 

 

 

Table 11. Value and percentage of CO2 absorption from each 

carbon pool in the reclamation areas of gold mining in Pongkor, 

West Java, Indonesia 

 

Carbon pool Total CO2 absorption (tons) Percentage (%) 

Tree 1,766.5 54.55% 

Pole 911.3 28.14% 

Sapling 536.4 16.56% 

Seedling - 0.00% 

Understorey 24.4 0.75% 

Total  3,238.6 100.00% 

 

 

 

Table 12. Percentage of CO2 absorption in each initial state of site in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Initial state of reclamation 

Total 

reclamation 

area (Ha) 

Percentage of 

reclamation 

area (%) 

Biomass 

(ton Ha-1) 

Carbon 

sequestration 

(ton C Ha-1) 

CO2 

absorbtion/

Ha 

Percentage of 

sequestration 

(%) 

Natural avalanche marks 0.60 2.78 71.6 33.7 44.32 1.12% 

Former excavation of soil material (cut and fill) 4.52 20.96 2,091.7 983.1 2,276.19 57.64% 

Former waste landfill hazardous and toxic 

materials (tailing) 

7.7 35.71 752.7 353.8 783.46 19.84% 

Former stockpile non ore (disposal waste) 5.84 27.09 485.4 228.1 502.65 12.73% 

Former stockpile top soil and sub soil 1.78 8.26 166.7 78.3 131.64 3.33% 

Former non-mining roads 1.12 5.19 180.8 85.0 210.50 5.33% 

Total 21.6 100     

 

 

Table 13. Percentage of CO2 emissions and absorption from 2014 to 2023 in the reclamation areas of gold mining in Pongkor, West 

Java, Indonesia 

 

Year 
Reclamation 

area (ha) 

CO2 emissions 

(ton) 

Cumulative CO2 

emissions (ton) 

CO2 absorption 

(ton/year) 

Cumulative CO2 

absorption (ton) 

Percentage of CO2 

absorption (%) 

2014 4.11 6,391.64 6,391.64 1,298.00 1,298.00 20.31% 

2015 0.71 5,663.88 12,055.51 198.70 1,496.70 12.42% 

2016 0.38 5,084.02 17,139.53 38.80 1,535.50 8.96% 

2017 2.76 5,093.00 22,232.53 343.20 1,878.70 8.45% 

2018 4.00 4,569.00 26,801.53 992.50 2,871.20 10.71% 

2019 1.57 5,253.00 32,054.53 46.80 2,918.00 9.10% 

2020 1.88 6,004.72 38,059.25 117.80 3,035.80 7.98% 

2021 4.70 5,891.30 43,950.55 188.10 3,223.90 7.34% 

2022 1.25 5,545.44 49,495.99 12.65 3,236.55 6.54% 

2023 0.19 5,438.04 54,934.03 1.43 3,237.98 5.89% 

 



HABIB et al. – Reclaimed vegetation diversity for carbon dioxide mitigation 

 

4943 

Table 14. Estimated carbon dioxide absorption in 2041 in the reclamation areas of gold mining in Pongkor, West Java, Indonesia 

 

Reclamation age 

(Years) 

Average CO2 uptake 

(ton ha-1) in 2024 

Average CO2 absorption 

(ton Ha-1 year-1) 

Estimated CO2 absorption in 

2041 (ton Ha-1 year-1) 

Total estimated CO2 absorption 

in 2041 (ton Ha-1 year-1) 

10 443.19 44.32 753.43 1,196.62 

9 307.67 34.19 581.15 888.81 

8 121.35 15.17 257.87 379.22 

7 121.18 17.31 294.30 415.48 

6 285.24 47.54 808.19 1,093.44 

5 31.40 6.28 106.75 138.15 

4 68.40 17.10 290.71 359.12 

3 70.22 23.41 397.91 468.13 

2 10.10 5.05 85.88 95.98 

1 7.53 7.53 127.93 135.45 

 

 

 

Table 15. Correlation (R) between vegetation diversity and CO2 absorption in the reclamation areas of gold mining in Pongkor, West 

Java, Indonesia 

 

Variables 
H' 

trees 

H' 

pole 

H' 

sapling 

H' 

understorey 

H' 

overall 

Reclamation age 

(years) 

CO2 sequestration (ton CO2 ha-1) 0.5075* 0.6853** -0.1497 0.2717 0.4691* 0.7004** 

H' tree 
 

0.5717 -0.1904 -0.2366 0.6964* 0.9534** 

H' pole  
 

0.1532 -0.1648 0.8512** 0.8431** 

H' sapling   
 

0.0168 0.4989* -0.1466 

H' understorey    
 

0.1156 -0.0359 

H' overall     
 

0.3152 

Reclamation age (years)     
  

Note: **: Significant correlation at the level of 1% (p-value<0.01); *: Significant correlation at the level of 5% (p-value<0.05) 

 

 

 

There was positive and significant correlation 

(R=0.7004) of CO2 sequestration to reclamation age.  Each 

of these variables has a positive correlation with CO2 

uptake, meaning that the higher the vegetation diversity 

index, the higher the CO2 uptake. Likewise with the 

reclamation age, the higher the reclamation age, the higher 

CO2 absorption will be. 

In conclusion, reclamation in gold mining area is able 

to restore vegetation diversity and absorb carbon dioxide 

emissions generated from mining activities. Nevertheless, it 

took approximately 10 years to make the carbon stock 

contributable to offset the carbon emissions. The results of 

the study showed that the Shanon-Wiener diversity Index 

(H') of the tree, pole, sapling and lower-level plant was in 

the moderate category (1<H'<3). The reclamation area of 

21.6 Ha was able to absorb carbon dioxide cumulatively of 

3,237.98 tons or contributed to absorb the 5.89% of CO2 

emissions in 10 years (2014-2023). Reclamation in the gold 

mining area is able to restore the ecology of vegetation and 

absorb carbon dioxide emissions generated from mining 

activities.  

ACKNOWLEDGEMENTS 

We acknowledge to the Management of PT. Antam 

Tbk, the Pongkor Gold Mining Business Unit in Pongkor, 

West Java, Indonesia, that facilitated the research. 

REFERENCES 

Ahirwal J, Kumar A, Maiti SK. 2020. Effect of fast-growing trees on soil 

properties and carbon storage in an afforested coal mine land (India). 

Minerals 10 (10): 840. DOI: 10.3390/min10100840. 
Ahirwal J, Maiti SK. 2017. Assessment of carbon sequestration potential 

of revegetated coal mine overburden dumps: A chronosequence study 

from dry tropical climate. J Environ Manag 201: 369-377. DOI: 
10.1016/j.jenvman.2017.07.003. 

Alviya I, Lis, Sarker T, Sarvaiya H, Iftekha MS. 2021. Role of the land-

based private sector in low-emission development: An Indonesian 
case. Sustainability 13 (24): 13811. DOI: 10.3390/su132413811. 

Ananda DP, Sutrisno AJ. 2022. Penilaian korelasi biodiversitas dan 

karbon tersimpan pada Taman Kota Bendosari, Kota Salatiga. Jurnal 
Agrifor 21 (2): 227-240. DOI: 10.31293/agrifor.v21i2.6014. 

[Indonesian] 

Bandyopadhyay S, Maiti SK. 2022. Steering restoration of coal mining 

degraded ecosystem to achieve sustainable development goal-13 

(climate action): United Nations decade of ecosystem restoration 
(2021-2030). Environ Sci Pollut Res Intl 29 (59): 88383-88409. DOI: 

10.1007/s11356-022-23699-x. 

Banerjee K, Sahoo CK, Paul R. 2021. Assessment and modelling of 
vegetation biomass in a major bauxite mine of Eastern Ghats, India. 

Model Earth Syst Environ 7: 2341-2361. DOI: 10.1007/s40808-020-

01004-4. 
Biney JKM, Saberioon M, Borůvka L, Houška J, Vašát R, Agyeman PC, 

Coblinski JA, Klemen A. 2021. Exploring the suitability of UAS-

based multispectral images for estimating soil organic carbon: 
Comparison with proximal soil sensing and spaceborne imagery. 

Remote Sens 13 (2): 308. DOI: 10.3390/rs13020308. 

Buta M, Blaga G, Paulette L, Păcurar I, Ros S, Borsai O, Grecu F, 
Sînziana PE, Negrus C. 2019. Soil reclamation of abandoned mine 

lands by revegetation in northwestern part of Transylvania: A 40-year 

retrospective study. Sustainability 11: 3393. DOI: 

10.3390/su11123393. 

Chen F, Liu Y, Guo J, Bai H, Wu Z, Liu Y, Li R. 2024. Assessing carbon 

sink capacity in coal mining areas: A case study from Taiyuan City, 
China. Atmosphere 15 (7): 765. DOI: 10.3390/atmos15070765. 



 BIODIVERSITAS  26 (10): 4932-4945, October 2025 

 

4944 

Creswell JW. 2014. Research Design: Qualitative, Quantitative, and 

Mixed Methods Approaches. SAGE Publications, California. 

Dendang B, Handayani W. 2015. Structure and composition of forest 
stands in Mount Gede Pangrango National Park, West Java. 

Biodiversitas 1 (4): 691-695. DOI: 10.13057/psnmbi/m010401. 

Farosandi NH, Mansur I, Istikorini Y. 2024. Carbon stock estimation in 
post-mining reclamation area of open coal mining in PT Berau Coal, 

Berau, East Kalimantan. IOP Conf Ser Earth Environ Sci 1315: 

012043. DOI: 10.1088/1755-1315/1315/1/012043. 
Fauziah, Fiqa AP, Lestari DA, Budiharta S. 2021. Carbon-stock 

estimation in three types of coal post-mining reclamation at East 

Kutai Regency, East Kalimantan. Jurnal Penelitian Kehutanan 
Wallacea 10 (2): 189-197. DOI: 

10.18330/jwallacea.2021.vol10iss2pp189-197. 

Fua P, Xieb Y, Wengc Q, Myintd S, Hensolda KM, Bernacchi C. 2019. A 
physical model-based method for retrieving urban land surface 

temperatures under cloudy conditions. Remote Sens Environ 230: 

111191. DOI: 10.1016/j.rse.2019.05.010. 
Han J, Hu Z, Mao Z, Li G, Liu S, Yuan D, Guo J. 2022. How to account 

for changes in carbon storage from coal mining and reclamation in 

Eastern China? Taking Yanzhou Coalfield as an example to simulate 
and estimate. Remote Sens 14 (9): 2014. DOI: 10.3390/rs14092014. 

Hartati W, Sudarmadji T. 2022. The dynamics of soil carbon in 

revegetated post-coal mining sites: A case study in Berau, East 
Kalimantan, Indonesia. Biodiversitas 23 (10): 4984-4991. DOI: 

10.13057/biodiv/d231004. 

Hutayanon T, Somprasong K. 2021. Application of integrated spatial 
analysis and NDVI for tree monitoring in reclamation area of coal 

mine. Environ Sci Pollut Res 32: 13053-13063. DOI: 

10.1007/s11356-023-28910-1. 
Indonesian Standard National Number (SNI). 2019. 7724:2019. 

Pengukuran dan Penghitungan Cadangan Karbon-Pengukuran 

Lapangan untuk Penaksiran Cadangan Karbon Berbasis Lahan (Land-
Based Carbon Accounting). Indonesian National Standard, Jakarta. 

[Indonesian] 

Intergovernmental Panel on Climate Change (IPCC). 2023. Climate 

Change 2023: Synthesis Report. IPCC, Geneva, Switzerland. 

Jinman W, Man Y, Biao L, Qiuping Z. 2024. Carbon sources/sinks and 
emission reduction and sink enhancement in green mining. Off China 

Coal Soc 49: 3. DOI: 10.13225/j.cnki.jccs.XH23.1628. 

Khaplea AK, Devagiria GM, Veerabhadraswamya N, Babub S, Mishras 
SB. 2021. Vegetation biomass and carbon stock assessment using 

geospatial approach. In: Shit PK, Pourghasemi HR, Adhikary PP, 

Bhunia GS, Sat VP (eds). Forest Resources Resilience and Conflicts. 
Elsevier Science, The Netherlands. DOI: 10.1016/B978-0-12-822931-

6.00006-X. 

Lal R. 2020. Soil carbon sequestration to mitigate climate change. 
Geoderma 375: 114435. 

Liang W, Luo S, Zhao G. 2019. Evaluation of cleaner production for gold 

mines employing a hybrid multi-criteria decision making approach. 
Sustainability 11 (1): 146. DOI: 10.3390/su11010146. 

Milkias AM, Pietrzykowski M, Wós B. 2022. Soil carbon sequestration in 

novel ecosystems at post-mine sites: A new insight into the 
determination of key factors in the restoration of terrestrial 

ecosystems. Forests 13 (1): 63. DOI: 10.3390/f13010063. 

Ministry of Environment and Forestry of Republic of Indonesia. 2022. 
Indonesia Operational Planning of FOLU Net Sink. Ministry of 

Environment and Forestry of Republic of Indonesia, Jakarta. 

[Indonesian] 
Ministry of Environment and Forestry of Republic of Indonesia. 2023. 

Enhanced Nationally Determined Contribution, Republik of 

Indonesia. Ministry of Environment and Forestry of Republic of 
Indonesia, Jakarta. [Indonesian] 

Noor MS, Hafizianoor, Suyanto. 2020. Analysis of carbon on reclamation 

area of post coal mining on Borneo Mining Ltd. Trop For 8 (1): 8166. 
DOI: 10.20527/jht.v8i1.8166. 

Odum EP. 1993. Dasar-Dasar Ekologi. Universitas Gadjah Mada Press, 

Yogyakarta. [Indonesian] 
Pietrzykowski M. 2019. Tree species selection and reaction to mine soil 

reconstructed at reforested post-mine sites: Central and Eastern 

European experiences. Ecol Eng 150: 142100012. DOI: 
10.1016/j.ecoena.2019.100012. 

Pradipta D, Sutrisno AJ. 2022. Correlation assessment of biodiversity and 

carbon stored in Bendosari City Park, Salatiga City. Jurnal Agrifor 
21: 227-240. DOI: 10.31293/agrifor.v21i2.6014. 

Pratiwi BH, Narendra, Chairil AS, Turjaman M, Hidayat A, Henti H, 

Rachmat, Mulyanto B, Suwardi. 2021. Managing and reforesting 

degraded post-mining landscape in Indonesia. Land 10 (6): 658. DOI: 
10.3390/land10060658. 

Purnawan EI. 2016. Teknik Estimasi Cadangan Karbon Serapan 

Karbondioksida and Produksi Oksigen Hutan Alam Dipterocarpa. 
Palangka Raya, Kalimantan Tengah. [Indonesian] 

Qiu S, Yu Q, Niu T, Fang M, Guo H, Liu H, Li S. 2022. Study on the 

landscape space of typical mining areas in Xuzhou City from 2000 to 
2020 and optimization strategies for carbon sink enhancement. 

Remote Sens 14 (17): 4185. DOI: 10.3390/rs14174185. 

Quispe JG, Machaca MH, Auquipata VP, Aguirre GA, Quispe SB, Carpio 
Vargas EE. 2024. Resilience of aboveground biomass of secondary 

forests following the abandonment of gold mining activity in the 

southeastern Peruvian Amazon. Diversity 16 (4): 233. DOI: 
10.3390/d16040233. 

Serafimova E, Dedelyanova K. 2024. The potential for carbon 

sequestration in reclaimed mine soil. J Chem Technol Metall 59 (2): 
403-410. DOI: 10.59957/jctm.v59.i2.2024.20. 

Setiawan IE, Zhang Z, Corder G, Matsubae K. 2021. Evaluation of 

environmental and economic benefits of land reclamation in the 
Indonesian coal mining industry. Resources 10 (6): 60. DOI: 

10.3390/resources10060060. 

Setyaningsih L, Silaturahmi, Mulya H, Rusli AR, Habib S. 2022. 
Composition and diversity of tree species in PT. Antam UBPE 

Pongkor mining license area, Bogor. J Nusa Sylva 22 (2): 55-67. 

DOI: 10.31938/jns.v22i2.487. 
Setyaningsih L. 2023. Reforestation in the reclamation area of Pongkor 

gold mining. Sains Natural 13 (4): 212-220. DOI: 

10.31938/jsn.v13i4.649. 
Setyaningsih L. 2024. Potensi Fitoremediasi oleh Kolaborasi Habitus dan 

Fungi Mikoriza Aruskula dalam mendukung kebijakan reklamasi 

Lahan Pasca Tambang pada Kawasan Hutan. Bogor, Indonesia. 
[Indonesian] 

Shi Z, Bai Z, Guo D, Li S, Chen M. 2023. Species diversity and soil 

interconstraints exert significant influences on plant survival during 

ecological restoration in semi-arid mining areas. Diversity 15 (10): 

1100. DOI: 10.3390/d15101100. 
Soerianegara I, Indrawan A. 1998. Ekologi Hutan Indonesia. Institut 

Pertanian Bogor, Bogor. [Indonesian] 

Sudarmadji T, Hartati W. 2016. The process of rehabilitation of mined 
forest lands toward degraded forest ecosystem recovery in Kalimantan, 

Indonesia. Biodiversitas 17 (1): 185-19. DOI: 10.13057/biodiv/d170127. 

Syaufina L, Ikhsan M. 2013. Estimation of above ground carbon stock at 
above reclamation area of PT. Antam UBPE Pongkor, West Java 

Province. Jurnal Silvikultur Tropis 4: 100-107. 

Timsina S, Hardy NG, Woodbury D, Ashton MS, Cook-Patton SC, 
Pasternack R, Martin MP. 2021. Tropical surface gold mining: A 

review of ecological impacts and restoration strategies. Land Degrad 

Dev 33: 3661-3674. DOI: 10.1002/ldr.4430. 
Trench A, Baur D, Ulrich S, Sykes JP. 2023. Gold production and the 

global energy transition: A perspective. Sustainability 16 (14): 5951. 

DOI: 10.3390/su16145951. 
United Nations Environment Programme (UNEP). 2023. Emissions Gap 

Report 2024. https://www.unep.org/resources/emissions-gap-report-

2024. 
Vachova P, Vach M, Skalicky M, Walmsl, Berka M, Kraus K, Hnilickova 

H, Vinduskova O, Mudrak O. 2022. Reclaimed mine sites: Forests 

and plant diversity. Diversity 14 (1): 13. DOI: 10.3390/d14010013. 
Wos B, Misebo AM, Ochał W, Iwan AK, Paja M, Sierka E, Kompała A, 

Bujok M, Bierza W, Józefowska A, Bujak J, Pietrzykowski M. 2024. 

Biodiversity characteristics and carbon sequestration potential of 
successional woody plants versus tree plantation under different 

reclamation treatments on hard-coal mine heaps: A case study from 

Upper Silesia. Sustainability 16 (11): 4793. DOI: 
10.3390/su16114793. 

Xiang F, Guan Y, Bai Z, Zhou W, Zhu C. 2022. Optimization of reclamation 

measures in a mining area by analysis of variations in soil nutrient grades 
under different types of land usage: A case study of Pingshuo coal mine, 

China. Land 11 (3): 321. DOI: 10.3390/land11030321. 

Yan M, Fan L, Wang L. 2020. Restoration of soil carbon with different 
tree species in a post-mining land in eastern Loess Plateau, China. 

Ecol Eng 158: 106025. DOI: 10.1016/j.ecoleng.2020.106025. 

Zhang S, Han G, Yu R, Wen Z, Xu M, Yang Y. 2021. The sustainable 
development path of the gold exploration and mining. Sustainability 

13 (21): 11648. DOI: 10.3390/su132111648. 



HABIB et al. – Reclaimed vegetation diversity for carbon dioxide mitigation 

 

4945 

Zhou S, Li X, Zhang P, Lu G, Zhang X, Zhang H, Zhang F. 2024. Carbon 

sequestration capacity after ecological restoration of open-pit mines: 

A case study in Yangtze River Basin. Sustainability 16 (18): 8149. 

DOI: 10.3390/su16188149. 
 


