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Abstract Knowledge of the variation of potential carbon stocks in different types of forests 

provides information about the capabilities of each forest type in dealing with climate change 

mitigation. This research was conducted to determine the dynamics of carbon stocks in gofasa 

plantation community forests and compared to other land use systems in South Sulawesi.  The 

research used sample plots 20 m x 50 m to measure tree biomass and 1 m x 1 m sub plots for 

undergrowth and litter. The results of the study indicated that there were variations of potential 

carbon stocks in plantation community forests and agroforestry. Carbon stocks in plantation 

community forest were varied according to the condition and age of forest stand. The total 

aboveground carbon stocks in homogenous gofasa stand ranged from 22.34 to 52.65 ton/ha by 

the difference in stand ages, while in mixed community forest was 77.60 ton/ha. As for 

agroforestry system, the carbon stocks ranged from 46.40 to 65.89 ton/ha. The dynamics of 

variations in carbon stocks in plantation community forest and agroforestry were determined by 

several variables such as species composition, stand age, and stand density. Therefore, a good 

management of community forests and agroforestry systems will ensure the mitigation of climate 

changes and environmental preservation through effective carbon storage. 

 

 

1. Introduction 

Global warming is a condition that has actually happened in the present decade. Various environmental 

variables that are affected by global warming are: the occurrence of climate change, the temperature that 

rises gradually, and the seasons are uncertain. 
The occurrence of climate changes directly have significant impact on the physiological activity of 

plants and then it affects the overall forest productivity. In the agroforestry pattern, sustainable products 

can be obtained due to different harvest times for each type of plant, and this will make a significant 

contribution to farmers’ income, while in homogenous forest is mostly occupied by longterm age of 

trees.  In addition to providing direct production, the forest also functions as a carbon store. The type of 

forest community has different constituent components so that they have different capabilities in carbon 

stocks capacity.  

Several studies have conducted about the potential of biomass and carbon stocks. Such studies 

include research on the carbon stock of aboveground and soil organic carbon in natural forests [1], forest 

plantations [2, 3], and carbon sinks on various types of land use, especially agroforestry in Indonesia 

[4]. Furthermore, few studies have been reported concerning the ability of various types of tropical tree 

mixture to absorb CO2 from the air to reduce global warming both in landscape and in site scale [5].  
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One of the most effective land-use systems for absorbing and storing carbon is the agroforestry system 

[6]. 

From these various studies, the results differed according to the characteristics of each forest type 

and species. However, so far there has been no special discussion of carbon stocks to compare the 

different location and different land use in south Sulawesi. This study focuses on several research 

locations for gofasa stands of the community forest by comparing carbon stocks capacity with other 

types of land use. 

Therefore, as the representative of a landscape-scale study of the Sulawesi island, Indonesia, this 

study was conducted to identify the most appropriate way to maintain the potential carbon pool and to 

preserve and increase the carbon reserves within the framework of global climate change mitigation. 

This study aimed to investigate the dynamics of variations of carbon biomass potential of different 

landuse system in south Sulawesi, Indonesia. 

 

2. Research Methods 

2.1. Site Description 

The research was carried out for two years from 2016 to 2018 in South Sulawesi Province, in four 

regencys, namely Gowa, Makassar City, Bulukumba and Toraja regency. There are 2 types of landuse 

compared, those are agroforestry systems and plantation community forests (mixed and homogeneous). 

 

2.2. Techniques of Data Collection 

The focus of this study was to determine the potential for carbon stocks in gofasa plantation community 

forest stands in South Sulawesi, namely in Bulukumba, Gowa and Makassar City, and then compared 

with carbon stocks capacity in mixed community forests and agroforestry in Toraja Regencies. 

A total of 40 plots of 20 m × 50 m (0.1 ha) in size, were chosen purposively according to the type of 

landuse systems in 4 regencys in South Sulawesi Province which representing community plantation 

forest and agroforestry systems.  Within each main plot, 5 subplots of 1m × 1m, each in a rectangular 

corner and in the middle, were used to measure the biomass of undergrowth and litter.  

The primary data collected included tree diameter and height, the fresh and dry weights of the 

undergrowth, and the necromass (dead plants and litter). The measurement of the plots that were 

categorised as ‘trees’ was conducted non destructively, while the measurement of the undergrowth was 

conducted destructively. Measurements of diameter and height of trees were conducted in the plots of 

20 m × 50 m, while fresh weights of the undergrowth and necromass were measured in subplots. Dry 

weights of the undergrowth and litter samples were measured in the laboratory after kiln-drying for 48 

hours at a temperature of 80 °C. 

The data obtained processed and classified and then analyzed with qualitative and quantitative 

descriptive methods. 

 

2.3. Analysis method 
1. The basal area of the tree 

For the calculation of the basal area of a tree using the formula: 

                   

                                  ………………………………………………….… (1)     

 
2. Calculation of Tree Biomass 

Estimation of branched tree biiomass and necromass using allometric models developed by [4] with the 

equation: 

 

                                                                       …………………..… (2) 

 

Whereas for estimating Arecaceae biomass and unbranched necromass, the equation is used as follows 

[7]: 

W = 0,0509 x ρ x D2 x H 

A = 0.25 𝜋 D2  
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                                      ………………………. 

                                                                                            ……………………... ( 3) 

 

To estimate the biomass in the undergrowth and litter, the following equation is used [6]: 

 

                                                                      

                                                                                              …………………….. (4) 

  

where :               

       W = Biomass (kg); 

       ρ  = Wood density (Mg / m3, kg / dm3, g / cm3); 

       D = Tree diameter at breast height (cm); 

       H = Tree Height (m); 
       DW = Dry Weight (g); 

       FW   = Fresh Weight (g); 

         

3. Estimation of Carbon Trees, undergrowth, and Litter 

According to [7], Carbon content in biomass using conversion factors as follows: 

                                                                                    

                                                                                     ………………………… (5) 

 

Where, 

              C = Total carbon stock (kg / ha) 

              W = Dry Biomass (Kg / ha) 

0.46    = Conversion factor for carbon estimators 

                                  

3 Results 

3.1. Basal Area (BA) 

The basal area is a measure of the level of land occupated by a stand illustrated in the comparison of the 

tree basal area with the total area. Mixed community forests in Toraja Regency, consisting of several 

local superior species, have a total basal area of 6.6 - 37.5 m2 / ha, while homogenous seed stands in 

Gowa Regency are 9.44 m2 / ha at the age of 11 years and Bulukumba District of 15.04 m2 /ha at the age 

of 23 years. 

The area of tree basal area in agroforestry systems is lower and ranges from 0.61 to 2.09 m2/ha, 

because tree density is around 60-100 trees/ha compared to community forests of 500-800 trees/ha. The 

total Basal Area is mostly determined by tree diameter, stand density, and tree age. 

 

3.2. Carbon Stocks in Homogeneous and Mixed Community Forests 

Carbon stocks for homogeneous community forests in gofasa stands is shown in Table 1.  

Table 1. Carbon stock in homogeneous gofasa plantation of community forest 

Component 

Bulukumba Gowa Makassar Average 

 C 

(ton/ha) 
% 

C 

(ton/ha) 
% 

C 

(ton/ha) 
% 

C 

(ton/ha) 

Proportion 

(%) 

Trees 51.50 97.82 23.46 94.15 20.90 93.53 31.95 95.95 

Undergrowth 0.54 1.03 0.64 2.58 0.97 4.34 0.71 2.13 

Litter 0.61 1.15 0.82 3.27 0.48 2.13 0.64 1.92 

Total of 

Aboveground parts 
52.65 100 24.92 100 22.34 100 33.30 100 

       
  

W = 0,25𝜋 x ρ x H (D2) 

W = (
DW sampel

FW sampel
) x Total FW 

C = W x 0,46  
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As depicted in Table 1, real contributions were obtained from tree components in storing carbon if 

compared to undergrowth and litter. The carbon stocks in different sites was quite varied. Bulukumba 

has the highest carbon stocks referred to the order stand age compared to other two regencies. The 

avegerage proportion of aboveground carbon stocks consist of 95.95% for trees, 2.13% for undergrowth, 

and 1.92 % for litter.  

The carbon stock of mixed community forests in Toraja regency is quite higher, but the same 

tendency shows the potential for carbon deposits between trees, undergrowth and litter (Table 2).   

 

Table 2. Carbon stock in mixed community plantation forests in Toraja Regency 

 

 

 

 

 

 

 

 

3.3. Carbon Stocks in agroforestry systems 

Agroforestry practices in Toraja Regency occupy a large area of around 80% in community farming 

systems and the rest are mixed community forests. The carbon stocks in agroforest systems in Toraja 

regency are in moderate capacity, but the tendency for the proportion of carbon stocks between trees, 

undergrowth and litter is also the same as plantations and mixed forest (Table 3).   

 

Table 3. Value of agroforestry carbon stocks in Toraja Regency 

 

 

 

 

 

 

 

 

 

Table 3 shows that the potential for carbon stocks in agroforestry systems is moderately higher compared 

to homogeneous forests but is below the capacity of mixed forests.  

 

4. Discussion 

The proportion of above the ground carbon stocks varied based on different types of land use. Gofasa 

homogeneous plantation forest have total carbon stocks ranges from 22.34 to 52.65 ton/ha referred to 

tree ages. While for mixed community forest was 77.60 ton/ha and agroforestry systems ranged from 

46.40 to 65.89 ton/ha. The proportion of carbon deposits between trees, undergrowth and litter tends to 

be similar among land uses, where tree carbon proportions are very dominant above 90%, while 

undergrowth and litter below 5%. Basal area has a linear relationship with carbon deposits where areas 

overgrown with trees have the ability to store carbon higher than understorey and litter. 

The biomass of trees represented the greatest proportion of the aboveground plant biomass, while the 

biomass of the undergrowth and leaf litter represented the lowest proportion. The proportion represented 

by trees increases with age, whereas the proportion represented by the undergrowth and leaf litter 

remains small over the same time frame. This proportion is greater in line with the increasing age of 
trees because trees grow bigger while undergrowth plants and litter only increase slightly [8]. 

Through the rapid growth of the diameter and height of trees in stands, it is linearly proportional to 

the increase in carbon stocks [9]. The amount of C stored between these land use varies depending on 

 Components Carbon Stocks (ton/ha)  Proportion (%) 

Trees 72.38 93.27  

Litter 3.17 4.09 

Under growth 2.05 2.64 

Total of above ground parts 77.60 100 

Components 
Distric-1 

% 
District-2 

% 
Average 

(ton/ha) 

Proportion 

(%) C (ton/ha) C (ton/ha) 

Trees 44.01 94.85 63.53 96.42 52.77 95.76 

Litter 1.75 3.77 1.87 2.84 1.81 3.22 

Undergrowth 0.64 1.38 0.49 0.74 0.57 1.02 

Total of 

Aboveground parts 
46.40 100 65.89 100 56.15 100 
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the diversity and density of the plants, the type of soil and the way it is managed [7]. In order to adapt 

and mitigate climate change, the development of plant species that can absorb carbon quickly and can 

store carbon for a long time can be the right solution [10]. 

The results of carbon measurements in this study was in the ranged value with that obtained by [1], 

who reported that the C density in the above- and below-ground biomass of productive forests in Turkey 

and Europe was 41.66 Mg C/ha and 43.90 Mg C/ha, respectively and also by [11] of 71.5 Mg C ha-1. 

[12] also found in a dry deciduous forest in western Himalaya from 37.34 tons C/ha to 65.98 tons C/ha. 

However, our study was smaller than that reported by [2] for tall, evergreen forests in Bolivia (with 

208.6 tons/ha C). [10] also found a higher carbon stocks for plantation forest in Nepal of about 140.32 

tons C/ha. 

The results of this study concur with those of [13], who studied the land use system in 25-year old 

monocultural rubber plantations with C stores of 97 tons/ha and 74 tons/ha. [9] conducted a study for 

carbon content on Acacia mangium stands at different ages in Sarawak Malaysia and found that 5-year-
old A. mangium stands store a total carbon of about 138.9 t C ha-1, and also [1] reported that aboveground 

carbon stocks of Populus deltoides in central Himalaya was 90.1 Mg C ha-1 at 11 year old.  Carbon 

stocks in the undergrowth and litter of this research is almost equivalent to those reported by [12] for 

various forests types in Bolivia (with 2.4 tons/ha C), but smaller than the C storage in the home gardens 

of North Lampung (of 0.3 tons/ha) [5]. This results are slightly lower compared to the results of the 

study reported by [15] on mangium (Acacia mangium) plants in Sumatra which amounted to 76.7 tons 

/ ha and the results of the trial of carbon monitoring methods in North Lampung by [16] which amounted 

to 60.8 tons / ha. The value of carbon stocks of the mixed community forest stands and agroforestry 

patterns in Toraja Regency is smaller compared to the results of [15] study in Bolivia in forests with 

high canopy and always green (tall, evergreen forest) of 173 tons ha-1 and in various forest types 

amounting to 155 tons ha-1 or in secondary forest (secondary forest) in North Lampung and Jambi of 

177 tons ha-1 and 176 tons ha-1. 

There is a significant difference in the dynamics of carbon stocks between landuse systems and forest 

types. This difference is very much determined by several things, namely: forest type, composition of 

the type of constituent of each type of forest, stand density, age of stand, and vertical and horizontal 

structure of the type of compiler. Type of vegetation and differences in wood density also has an 

influence on carbon stocks capacity in land-use [18, 19]. 

The enhancement of plant diversity in agroforestry programs could help towards absorbing C quickly 

while storing C for extended time periods could contribute towards mitigating climate change [20]. Thus, 

the sustainable management of community forest and agroforest systems could be adapted to play a role 

in C storage, which could help towards mitigating climate change, as well as securing and preserving 

the ecological functions. 

 

 

5. Conclusion 

There are significant variations in carbon stocks between homogeneous community forests, mixed 

community forests with agroforestry in South Sulawesi. 

The dynamics of variations in carbon stocks in various types of land cover are influenced by forest 

type, the composition of the types of constituents of each type of forest, stand density, the age of stands, 

and vertical and horizontal structures of forest types. 

Community forests and agroforestry can guarantee carbon stocks in order to mitigate climate change 

if managed properly through sustainable forest management. 
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