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INTRODUCTION 
 
Today, the increasing amount of greenhouse gases in the atmosphere contribute the most to the global warming issue. It has risen 

the concentration of atmospheric carbon dioxide as the result of the increasing amount of gas emissions, which mainly caused by 

human activities and/or industrial activities. During the decade, the number of carbon dioxide (CO
2
) in Indonesia, showing an 

increasing trend. The carbon dioxide was increased over the five-year period from 0.33 billion tons in 2003 to 0.41 billion tons 

in 2008. Subsequently, the number of gas emission continue to increase at 0.49 billion tons in the following four years [1]. 

 

Plants play a pivotal role in climate change mitigation. It is believed that plants can help to reduce the number of emissions and 

increase CO
2
 absorption. Cacao is considered as one of the commodities that can be widely developed in Indonesia in order to 

support the efforts in increasing carbon dioxide absorption to decrease the global warming level. 

 

Plants absorb carbon dioxide in the photosynthesis process, combine it with sunlight, then transform CO
2
 to carbohydrates. The 

carbohydrates will be circulated to the whole parts of the plants and eventually will be stored in leaves, stem, roots, flowers, and 

fruits. As a result, the measurement of carbon stored in biomass at the field could illustrate the amount of CO
2
 in the atmosphere 

absorbed by plants. While the measurement of carbon stored in necromass describes the unreleased CO
2
 into the atmosphere 

through combustion. 

 

Abstract 
This study aims to understand the estimation of carbon stock to various cropping system that has been applied in east 

Luwu district, South Sulawesi province. The study was conducted in three sub-districts area in east Luwu, which are; 

Burau, Wotu and Mangkutana. The data was collected by differentiates K0 (un-shaded cacao cropping system), K1 

(shaded cocoa cropping system), and K2 (cacao agroforestry system). The carbon stock measurement was conducted by 

using allometric formula on the stem diameter, tree age, and tree species which made on 20m x 20m plot with three times 

assessment repeated. The indicator in this study was cacao biomass and canopy shade, understorey biomass, brown waste, 

CWD, roots and soil. The result shows that the cropping pattern K2 produce more carbon stock than the cropping pattern 

K1. It is known that the highest estimated carbon stock in Burau was found in cropping pattern K2 plot 2 by 65.84 t/ha 

and the lowest one is in the cropping pattern K1 plot 3 by 45.79 t/ha. In Wotu, the highest deposit carbon was found in 

cropping pattern K2 plot 3 by 76.27 t/ha. Furthermore, the lowest carbon stock was in cropping system K1 plot 3 by 41.33 

t/ha. Moreover, the highest carbon deposit in Mangkutana was found in cropping pattern K2 plot 2 by 73.02 t/ha whereas 

the lowest was in the cropping pattern K1 plot 1 by 55.82 t/ha 
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In addition, Cacao or Cocoa is one of the farming commodities which has a high prospect in its development process. Also, 

cacao has an essential role in the national economy. Cacao is one of Indonesia’s foreign exchange assets. It is considered as the 

top three earners besides palm oil and rubber. Moreover, cacao is the income source for farmers, for the employment provider, 

and for the natural resources & environment conservationist. 

 

Estimating plant biomass can be done by two approaches. The first one was based on the estimation of the bark to branch-free 

trunk volume, which then converted to biomass density (tons/ha). The second was the direct approach by using biomass 

regression analysis, better known as the allometric equation [2]. This study used the non-destructive method with an allometric 

approach.  The non-destructive method was used with the allometric approach. The allometric equation is able to be used to 

examine the carbon stock estimation on plants. 

 

Furthermore, it is prevalent for many scholars to use this approach in estimating vegetation carbon stock used in this approach to 

estimate carbon stocks at cocoa’s various ages and cropping pattern systems [3]. It is assumed that the amount of carbon stored 

in the land becomes more significant when the soil is fertile. Soil fertility results in the fertility of plants and subsequently 

increase the plant biomass caused being influenced by C organic soil. 

 

The second approach is a determination of biomass density by using a biomass regression equation based on the diameter of the 

tree trunk. The basis of this regression equation is the approximates average biomass of the tree according to the diameter 

distribution by combining several trees in each diameter class and sum up the total number of the trees for all diameter classes. 

The biomass estimation can be measure with the direct approach (destructive) and indirect approach (non-destructive) [4]. Given 

this, it is necessary to conducting biomass measurement in cocoa as an illustration for CO
2
 absorption uptake by cacao in each 

existing cocoa cropping system in east Luwu. 

 

MATERIALS AND METHODS 

 

The study was conducted in the east Luwu district. There are three sub-districts has chosen as the area of the study. It is Burau, 

Wotu, and Mangkutana. The chosen areas were determined by a purposive sampling approach. In the areas where the study 

conducted, cacao occupied 57% of the whole of total areas. The remain was consisted of; Gamal (19%), coconut (7%), cloves 

(4.8%), and other plants (0.20%). According to the mentioned proportion, this plantation classified as simple agroforestry (SAF). 

Moreover, there are three categories of cocoa plantations, which become the research indicator; K0 (un-shaded cacao field), K1 

(shaded monoculture plant), and K2 (agroforestry cacao). The data collection process begins from making sample plots then 

doing the data retrieval process for the type of tree, the tree diameter, understorey, necromass, and soil. The formula used can be 

described as follow: 

 

Table 1: Allometric formula 

 
Type of tree Ρ Allometric formula Source 

1 Cacao  (AGB)est = 0.1208 D
1.98

 [3] 

2 Gamal 0.74 (AGB)est = 0.11 ρ D
2.62

 [5] 

3 Cloves 1.20 (AGB)est = 0.11 ρ D
2.62

 [5] 

4 Coconuts 0.66 (AGB)est = 0.11 ρ D
2.62

 [5] 

5 Bananas  (AGB)est = 0.030 D
2.13

 [5] 

6 Teak trees  (AGB)est=0.015 (D
2
H)

1.08
 [6] 

7 Sengon trees (Albizia chinensis)  (AGB)est = 0.020 (D
2
H)

0.93
 [6] 

Notes:  

AGB = Above Ground Biomass (kg/tree)   

D = tree diameter/dbh (1.3 m) 

ρ = wood specific gravity/wood density (g/cm
3
) 

 

Determination and Making observation plots 

The plot was determined by using a purposive sampling method with concern on the cropping system as the indicator in this 

study. The size of the observation plot was determined by the stem diameter of the growth vegetation [7]. The sample plot was 

created with 20m x 20m size. 

 

The measurement of tree biomass 

The tree biomass can be recognized by estimating the tree volume with a non-destructive method. Stated that the tree volume can 

be estimated from the stem diameter that measured by diameter at breast height (DBH) or as 1.3m above-ground [7]. Table 1 

provides the similarities in the proposed allometric. 

 

The measurement of understorey biomass 

Understorey biomass measurements were undertaken by initially make a sub-plot with 0.5 m x 0.5 m size. The sampling was 

assessed by repeating the process six times. The understorey has taken with its roots, then the total weight of the understorey is 
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weighed in the area of the measurement sub-plot. Then the sub-sample of understorey has taken as much as 300 grams. 

However, if the plant biomass is less than 100 grams, then all of the biomass is used. Moreover, the sample was put into a paper 

envelope/paper bag and labeled then oven-dried at a temperature of 80
0
c for 48 hours. Finally, the roasted sub-sample was 

reconsidered to find out the dry weight of the understorey and calculated using the following equation: 

Total BK (g) = BKsubcontoh (g) / BBsubcontoh(g) x BBtot (g) 

Total Dry Weight = Wet weight sub-sample/Total Wet weight sub-sample x Total Wet Weight 

 

Note: 

BK = (dry weight of plant biomass),  

BK subcontoh= (dried weight),  

BB subcontoh =(wet weight),  

BB tot =  (total wet weight of plant biomass) 

*all counted in gram 

 

Necromass measurement 

Necromass is defined as the mass of all dead material and usually in reference to dead plant material.  

 

Coarse woody debris (CWD) 

Necromass, have further been divided upon whether the material has fallen to the ground or whether it remains standing. It is 

often divided into two categories: fallen or downed necromass and standing dead trees (snags). Coarse woody debris defined as 

necromass with a diameter greater than 5 cm and length more than 0.5 cm. Standing deadwood measured at 1.3 m above ground. 

For the fallen or downed necromass, the diameter measurement has done on both sides. Next, the part of the necromass that has 

not weathered yet will be predicted in order to obtain its weathering percentage. The weathering percentage of an intact 

necromass was considered as 100% and the percentage of weathered necromass is merely counted as 50%. The formula for 

calculating woody necromass is as follows: 

BK (kg/nekromasa) = ρHD2/40 x %pelapukan 

Dried weight necromass (kg/necromass) = ρHD2/40 times the weathering percentage  

Note: 

BK = (Dried weight necromass) 

H  = (lengthy/height of necromass in metres) 

D   = (necromass diameter in cm) 

ρ   = (wood density/wood specific gravity in g/cm) 

 

Brown waste/Serasah measurement 

Brown waste refers to the heaps of dry leaves and organic waste, that are locally called serasah. In the measurement of this 

brown waste, the sample was taken from the sub-plot where the understorey is taken. 

 

Tree-root biomass estimation 

The estimating process of tree root biomass was carried out by using the default value, which based on the shoot root ratio 

(root/shoot ratio). The standard ratio between above-ground biomass and root biomass for the tropical rainforest in the dried soil 

is 4:1 [8], and for the wet soil, the ratio is 10:1, whereas the ratio for the nutrient-poor soil is 1:1 [9]. 

 

Soil carbon stocks estimation 

Soil carbon stocks were calculated based on the bulk density and the soil organic carbon content of each soil layer. The weight of 

the soil in each layer can be measured by using the following formulas: 

Mt-n = Vt-n x ρb-n 

Note:  

Mt-n = the mass of solids in the soil, for instance, the layer 0-10 cm 

Vt-n = the total soil volume in the ‘n’ layer 

ρb-n = the solid of the soil in layer ‘n’ 

 

RESULTS AND DISCUSSION 

 

Table 2 presented the data according to the result of carbon sequestration analysis at the study area in east Luwu Regency in 

three districts, namely Burau District, Wotu District and Mangkutana District. 
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Table 2: Analysis of carbon sequestration in East Luwu Regency 

Sub-

district 

Cropping 

patterns 
Plot 

C1 

(t/ha) 

C2 

(t/ha) 

C3 

(t/ha) 

C4 

(t/ha) 

C5 

(t/ha) 

C6 

(t/ha) 

Above-

ground 

Below-

ground 

Total 

Biomasa 

CO
2
 

Absorption 

Carbon 

deposit 

C0
2 
(CO

2
-

Eq) 

Burau 

K1 

1 19.97 2.72 4.78 1.26 7.18 60.97 28.73 68.15 96.88 49.41 181.34 

2 23.41 1.82 
 

2.15 6.84 57.72 27.38 64.56 91.94 46.89 172.09 

3 26.49 2.13 
 

2.02 7.66 51.49 30.64 59.15 89.79 45.79 168.06 

K2 

1 27.77 0.84 
 

1.19 7.45 88.27 29.80 95.72 125.52 64.02 234.94 

2 40.47 1.14 0.71 1.02 10.84 74.92 43.34 85.76 129.10 65.84 241.63 

3 23.87 0.82 
 

1.98 6.67 86.19 26.67 92.86 119.53 60.96 223.72 

Wotu 

K1 

1 29.55 1.56 
 

4.53 8.91 43.3 35.64 52.21 87.85 44.80 164.43 

2 29.16 3.49 
 

5.7 9.59 40.98 38.35 50.57 88.92 45.35 166.43 

3 26.64 2.47 
 

4.07 8.30 39.56 33.18 47.86 81.04 41.33 151.67 

K2 

1 44.79 1.86 
 

0.98 11.91 66.05 47.63 77.96 125.59 64.05 235.06 

2 22.15 1.49 
 

1.04 6.17 67.75 24.68 73.92 98.60 50.29 184.55 

3 33.37 0.7 3.11 0.87 9.51 84.34 38.05 93.85 131.90 67.27 246.88 

Mangkutana 

K1 

1 19.8 1.39 
 

0.84 5.51 72.91 22.03 87.43 109.46 55.82 204.86 

2 24.29 1.54 
 

1.11 6.74 60.09 26.94 98.05 124.99 63.75 233.96 

3 32.78 1.11 2.54 1.66 9.52 46.99 38.09 92.97 131.06 66.84 245.30 

K2 

1 26.03 2 
 

1.5 7.38 81.92 29.53 89.30 118.83 60.60 222.42 

2 36.37 3.24 
 

1.89 10.38 91.31 41.50 101.69 143.19 73.02 268.00 

3 33.76 1.03 
 

2.42 9.30 83.45 37.21 92.75 129.96 66.28 243.25 
Note: 

K1: Cacao monoculture 

K2: Cacao agroforestry 

C1: Cacao with shaded tree (t/ha) 

C2: Understorey 

C3: Coarse woody debris (CWD) (t/ha) 

C4: Fine Litter/Brown waste (t/ha) 

C5: Roots (t/ha) 

C6: Soil (t/ha) 

 

The table above illustrates that the carbon stocks in Burau have the highest result in cropping pattern K2 plot 2 by 65.84 t/ha. 

Meanwhile, the lowest was in cropping patterns K1 plot 3 by 45.79 t/ha. In wotu, the highest carbon absorption was in the 

cropping pattern K2 plot 3 by 76.27 t/ha and the lowest was in K1 plot 3 for 41.33 t/ha. In mangkutana, the highest carbon 

absorption was in the K2 plot 2 by 73.02 t/ha and the lowest was in K1 plot 1 by 55.82 t/ha. 

 

The high and the low rate of the carbon absorption in the research sites were determined by the plant's composition inside. Cacao 

biomass plays an essential role in absorbing carbon dioxide (CO
2
) and storing it in the form of carbon on itself. The carbon value 

varied depends on the biomass composition, the plant age, and the cocoa planting pattern [10]. 

 

From data given in table 2, the carbon absorption below groud was higher compare to the carbon absorption above ground for 

both cropping pattern K1 and K2. It is proved that most of the carbon stock lay in the soil. The source derived from the soil 

organic substances and the plant roots biomass [11]. On the other hand, the amount of carbon inventory in the soil should be 

maintained. In this regard, the soil becomes an essential agenda in discussing climate change resolve. Also, it can be used as 

food and water safety because the soil is not only for growing plant media [12]. 

 

Understanding the mechanism in controlling the stability of soil carbon is crucial to predict the future earth climate [13]. It is 

indicated to soil biology as the main driving factor for carbon stock [14]. This simple agroforestry can create an efficient nutrient 

cycle to support land productivity through soil fertility by developing soil microbes. The availability of organic substances, C, 

and N Soil from the brown waste will influence the soil microbial biomass, include mycorrhizae, which actively absorb and 

provide microelements P, N, Zn, Cu, and S for the plants [14]. Therefore the nutrient cycle in the agroforestry was having an 

efficient and a close nature [15]. 

 

Plants can reduce CO
2
 in the atmosphere through the carbon transfer process into the soil, leaves, fallen branch, rind, which 

transform to be a brown waste. The organic substances in cacao’s brown waste contain about 50 ratio C/N [16]. The comparison 
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of the ratios is an important factor that can influence the brown waste decomposition and the nutrient release. This phenomenon 

also indicates the quantity and the quality of the brown waste input, which can affect the soil carbon dynamics [17]. 

 

The component of plant biomass (cacao and shaded-plants) also provides a significant contribution to carbon absorption in this 

study. However, the proportion is smaller than the previous study. It is shown that the biomass of cacao agroforestry contributed 

for 77% from cacao and the remain 23% came from the shaded-plant [18]. Nevertheless, the biodiversity in this cacao yields is 

lower than the natural forest, and the carbon inventory remains more significant compare to the yearly monoculture plants [19] 

[20]. 

 

Taking all the carbon stock components into considerations, CWD contribution and necromass below ground show a smaller 

contribution in comparison to the other components. In fact, the existence of CWD was considered minor. Thus, its contribution 

to the carbon stock is not quite significant. However, the finding suggests that the existence of the below-ground necromass in 

the study area is indeed not as much as others; the degree of the canopy closure, which starts to dense, caused the reduction of 

sunlight exposure to the ground [21]. This phenomenon makes it difficult to understorey to photosynthesize. Consequently, it 

cannot be growing rapidly and contribute more to carbon stocks [22]. 

 

 

CONCLUSIONS 

 

The highest estimated carbon deposit in Burau sub-district could be found in cropping patterns K2 plot 2 by 65.84 tons/ha and 

the lowest is in cropping pattern K1 plot 3 at 45.79 tonnes/ha. In Wotu, the highest carbon deposit found in pattern K2 plot 3 at 

76.27 tonnes/ha and the lowest was in K1 plot 3 at 41.33 tonnes/ha. The highest in Mangkutana was in K2 plot 2 by 73.02 

tonnes/ha while the lowest was in k1 plot 1 by 55.82 tons/ha. In general, the highest carbon stock contained in cropping pattern 

K2, the cacao agroforestry system. 
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