
  https://journal.uhamka.ac.id/index.php/bioeduscience/ 

 

BIOEDUSCIENCE, 7(1): 88-95.2023. DOI: https://doi.org/10.22263/jbes/7111403  ISSN: 2614-1558 | 88 

 

 

 
  BIOEDUSCIENCE 

ISSN: 2614-1558 
 

http://journal.uhamka.ac.id/index.php/bioeduscience 

 

Composition, Structure, and Carbon Stock of Tree in the System: Teak-
Based Agroforestry in Gemawang Wonogiri Village 

Alifia Zahra Nanda Hasanah 1*, Santhyami 1  
 

1 Biology Education, Faculty of Teacher Training and Education, Universitas 
Muhammadiyah Surakarta 

* Correspondence: A420190153@student.ums.ac.id   
 
 

Abstract 

 
Background: The teak-based agroforestry system in Gemawang Wonogiri Village has the potential for 

various types of constituent tree vegetation that can act as carbon stock stores. This research was 

conducted considering the limited research on teak-based agroforestry systems, especially in the 

Wonogiri area. This study aims to provide information on tree vegetation's composition, structure, and 

diversity and determine the potential carbon stocks of tree vegetation standing in teak-based 

agroforestry systems. Methods: The research method used a 20 x 20 m2 plot of 1 ha, and the plots were 

placed using a purposive sampling approach. Results: Found nine species of tree vegetation from 8 

families with 271 individuals ha-1. The species of teak tree (Tectona grandis) has the highest INP of 

81.56 %. The Diversity Index is moderate, with a value of 1.79, and the Dominance Index is low at 0.21. 

The amount of carbon stored in tree stands is 45.71 MgC ha-1. Conclusions: This research can give 

information and points of reference about the structure and composition of stands in agroforestry 

systems and their potential to store carbon stocks. The research data is useful for the community as a 

source of information regarding the condition of the agroforestry area in Gemawang Village so that 

they can make optimal use of the area by developing suitable vegetation. 
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  Introduction 

Currently, the problem for people in areas close to forests is converting forest land into 

agricultural areas. Forest areas are maintained as soil protectors from erosion and as forest 

cover, which acts as an absorber of carbon dioxide. The conversion of forest functions to 

non-forest areas causes the loss of tree vegetation, which impacts soil stability due to 

erosion (Bella & Rahayu, 2021). Many forest land uses are currently developed through 

agroforestry systems to use land sustainably and increase ecological carrying capacity 

(Fitri et al., 2018). Agroforestry uses land by combining crops and trees integrated with 

one area. 

Vegetation undergoes the process of photosynthesis to produce carbon reserves. The 

carbon stock in vegetation is about 47 % of the vegetation biomass. Tree biomass is 

calculated by calculating the wood's specific gravity and the trunk's diameter at breast 

height or 1.3  meters above ground level (Susila & Apriliani, 2019). Tree vegetation has a 

long life cycle and can store the highest carbon reserves (Maryadi & Linda, 2019). There 

are two types of agroforestry, namely simple agroforestry and complex agroforestry. 

Simple agroforestry comprises seasonal crops such as corn, papaya, and banana and forest 

plants such as teak or coconut. At the same time, complex agroforestry uses a fairly large 

area of land, namely 0.5 ha to 1 ha, with the constituent components of palawija, mango, 
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cocoa, and teak trees. Teak (Tectona grandis) is one of the tree species that make up the 

agroforestry system. Teaks can survive in both humid and dry conditions. Generally, teak 

trees reach a height of 9 to 11 meters (Husein et al., 2022). Most teak trees are developed 

in tropical climate forests with rainfall of 1200 to 1300 mm/year and humidity of 60 % to 

80 % (Jannah et al., 2022). Teak is a commercial plant because the wood has a high selling 

value and is included in the durable and robust class II woods (Rahmawati et al., 2019). 

One of the plantations that apply the agroforestry pattern is a plantation located in 

Gemawang Village, Ngadirojo District, Wonogiri Regency. The community utilizes the land 

by planting cashew trees with other vegetation, especially tree vegetation with a diameter 

of more than 20 cm, such as teak, cocoa, mahogany, and jackfruit. The agroforestry system 

is managed to improve people's welfare, especially in areas around forests, by paying 

attention to preserving natural resources (Agu et al., 2022). Vegetation has a significant 

influence on the environment, including playing a role in supplying organic matter, N 

fixation, improving soil physical properties, improving soil biological processes, and acting 

as a store of carbon reserves (Evizal et al., 2012).  

Many studies have examined agroforestry systems, one of which compared carbon 

stocks for cocoa rubber, cocoa-multistate, cocoa-coconut, and cocoa grown in monoculture. 

The results showed that most carbon-absorbing vegetation was non-cocoa, 86-96 % 

(Santhyami et al., 2018). Other studies also compared carbon stocks in agroforestry, 

primary, and secondary forests. The total carbon storage in the woods is 1,869.73 kg ha-1, 

2,618.32 kg ha-1, and 1,460.91 kg ha-1. The amount of carbon storage is affected by the 

density and diameter of the constituent trees (Luth & Setiyono, 2019). 

Gemawang Village has large plantations with many different plants set up in an 

agroforestry system. But there isn't a lot of research on how these agroforestry systems 

store carbon or how many different kinds of plants they have. This study aims to provide 

information on the composition, structure, and diversity of tree vegetation making up teak-

based agroforestry systems and to determine the potential of standing carbon stocks of 

tree vegetation in teak-based agroforestry systems. The research results are expected to 

be helpful and provide information about tree vegetation and the potential for carbon 

storage in agroforestry systems for readers and the surrounding community to optimize 

their management. 

Methods 

Time and Place and Research 

This research was conducted for four months, from December 2022 to March 2023. 

The research location was in Gemawang Village, Ngadirojo District, Wonogiri Regency, 

Central Java, which is located at coordinates 70° 32' – 80° 15' South Latitude and 1100° 41' 

– 1110° 18' East Longitude. The topographical condition of Gemawang Village is limestone 

hills, where most of the land is dry, covering an area of 9,325.556 ha. The research location 

is located on a teak-based agroforestry plantation in Gemawang Village (Figure 1). 

Tools and materials 

The tool used in this research is GPS Essentials to get plot coordinates—a 

thermohygrometer and soil tester to measure abiotic factors. Roll a meter to measure the 

circumference of a tree as high as DBH (1.3 m). The materials used in this study were tree 

vegetation in the agroforestry system in Gemawang Village. 
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Figure 1. Research location 

Data Collection 

This research is a type of quantitative research based on measurement results (Djaali, 

2020). The technique used is a survey by looking at the study site's physical conditions, 

including the existing tree vegetation, to determine the structure and composition of tree 

vegetation species. The data in this study are primary and secondary. Preliminary data 

include species names and abiotic factors such as temperature, humidity, soil pH, and soil 

moisture. Secondary data consists of vegetation analysis to determine the structure and 

composition of tree vegetation and estimate carbon stocks using allometric formulas. 

Research Procedure 

The first step to collecting information on temperature, air humidity, soil pH, and soil 

moisture is to measure abiotic factors. The next stage is the experimental method to 

determine the research plots, and the placement of the fields is carried out using the 

purposive sampling method. Determining plot area using the species-area curve method 

with an initial lot measuring 20 x 20 m2 for tree stands (Sufyan, 2018). The initial plot area 

was 400 m2, and the type of tree vegetation found was recorded, then the room was doubled 

to 800 m2, and the second area was doubled until no new species were added (Solihat, 

2022). Community forests managed in agroforestry have a minimum size of 0.25 ha 

(Widayanti et al., 2020). So in this study, we used an agroforestry system on land with a 

minimum area of 0.25 ha to achieve a maximum size of 1 ha and a total of 25 research plots. 

Data Analysis 

 The Important Value Index (INP) comes from relative density (KR), relative frequency 

(FR), and relative dominance (DR) (Kusmana, 2017). The Dominance Index (D) is based on 

the Simpson index, and the Diversity Index (H') uses Shannon-Wiener (Odum, 1993). The 

amount of biomass is based on the specific gravity of the wood taken 

from db.worldagroforestry.org (Wood Density Database), and potential carbon stocks in 

standing stands were calculated using the Allometric Ketterings equation (Ketterings et al., 

2001) 

Result 

Structure and Composition Vegetation 

Based on observations of environmental conditions in a teak-based agroforestry 

system in Gemawang Village in December 2022.  
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Table 1. Abiotic Factors in Teak-Based Agroforestry System 

No Parameter ∑ Average 

1 Temperature 27.1 oC 

2 Humidity air 77 % 

3 Humidity of soil 50 % 

4 Soil pH 5.5 

In the teak-based agroforestry system in Gemawang Village, nine types of tree-level 

vegetation were found in the study plots. 

              Table 2. Analysis of Vegetation in Teak-Based Agroforestry System 

No Family Species KR FR DR INP 

1 Lamiaceae Tectona grandis 28.78 23.08 29.70 81.56 

2 Anacardiaceae Anacardium occidentale 30.63 17.95 27.55 76.13 

3 Sterculiaceae Theobroma cacao 13.65 10.26 11.14 35.05 

4 Leguminose Albizia chinensis 9.59 11.54 10.66 31.80 

5 Moraceae Artocarpus heterophyllus 5.90 12.82 9.20 27.92 

6 Meliaceae Swietenia macrophylla 3.32 7.69 4.04 15.05 

7 Fabaceae Leucaena leucocephala 2.95 7.69 3.37 14.01 

8 Fabaceae Gliricidia sepium 2.95 5.13 2.32 10.40 

9 Arecaceae Cocos nucifera 2.21 3.85 2.02 8.08 

 Total  100 100 100 300 

Based on the Important Value Index (INP), Tectona grandis has the highest value, 

81.56 %. So, the tree vegetation is the most dominant type at the study site. 

Tree  Vegetation Diversity 

Vegetasi, The most common tree vegetation in each study plot, was teak (Tectona 

grandis), and the rarest tree vegetation in the study plots was coconut (Cocos nucifera) and 

other tree vegetation. 

Table 3. Diversity and Dominance in Teak-Based Agroforestry System 

 

 

The Diversity Index was obtained with a value of 1.79, which indicated a moderate 

level of species diversity, and a Dominance Index of 0.2113, which indicated a low level of 

species abundance. 

Potential Carbon Stocks of Tree Vegetation 

The calculation of carbon stock for each type of tree vegetation in a teak-based 

agroforestry system is presented in Table 4. 

 

 

No Species Total H’ D 

1 Tectona grandis 78 0.36 0.0828 

2 Anacardium occidentale 83 0.36 0.0938 

3 Theobroma cacao 37 0.27 0.0186 

4 Albizia chinensis 26 0.22 0.0092 

5 Artocarpus heterophyllus 16 0.17 0.0035 

6 Swietenia macrophylla 9 0.11 0.0011 

7 Leucaena leucocephala 8 0.10 0.0009 

8 Gliricidia sepium 8 0.10 0.0009 

9 Cocos nucifera 6 0.08 0.0005 

 Total              271 1.79  0.2113 
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Table 4. Biomass and Carbon Stock in Teak-Based Agroforestry System 

Species 

Total Biomass Jumlah Stok Karbon 

Average 

(Tons Ind-1) 

Biomassa 
Area-1 

(Tons ha-1) 

Average 

(MgC Ind-1) 

Carbon 
Area-1 

(MgC ha-1) 

Tectona grandis 0.45 34.95 0.21 16.08 
Anacardium occidentale 0.28 22.99 0.13 10.57 
Artocarpus heterophyllus 0.67 10.72 0.31 4.93 
Albizia chinensis 0.34 8.95 0.16 4.12 
Theobroma cacao 0.22 8.31 0.10 3.82 
Swietenia macrophylla 0.49 4.37 0.22 2.01 
Albizia chinensis 0.34 8.95 0.16 4.12 
Leucaena leucocephala 0.53 4.26 0.24 1.96 
Gliricidia sepium 0.35 2.77 0.16 1.27 
Cocos nucifera 0.41 2.28 018 0.95 

Total 3.74 99.6 1.71 45.71 

The amount of biomass in a teak-based agroforestry system covering an area of 1 ha 

is 99.6 tons ha-1, while the amount of carbon stock is 45.71 MgC ha-1. 

 

Discussion 

The results of the research show that there are nine types of tree vegetation from 8 

families, including cashew (Anacardium occidentale), teak (Tectona grandis), jackfruit 

(Artocarpus heterophyllus), cocoa (Theobroma cacao), mahogany (Swietenia macrophylla), 

sengon (Albizia chinensis), lamtoro (Leucaena leucocephala), gamal (Gliricidia sepium), and 

coconut (Cocos nucifera). The species Tectona grandis has the highest Importance Value 

Index (INP) value of 81.56 %, followed by Anacardium occidentale with a value of 76.13 %. 

This shows that the species with the highest INP are the most influential in a community 

(Basrowi et al., 2018). She was supported by the opinion (Sosilawaty, 2020), which states 

that plants with the highest index are plant species that are most dominant and have a high 

level of dominance in a community. Although the number of Anacardium occidentale 

species was higher than that of Tectona grandis, the INP of Tectona grandis was higher 

because Tectona grandis vegetation dominated the study plots. Based on (Hidayat, 2018), 

species with a higher abundance than other species are caused by these species being 

dominant at the research station and spreading across all stations.  

The dominance index value in this teak-based agroforestry system is 0.21, so the 

dominance index is in the low category. The species with the highest dominance index is 

Anacardium occidentale. This can be influenced by environmental conditions that support 

Anacardium occidentale growth (Suhadi, 2007). This is by the environmental conditions in 

the study area, where the abiotic factor has been measured in Table 1, namely the air 

temperature of 27.1oC. The dominance index in the low category shows that the diversity 

of species occupying this habitat has a balanced opportunity to maintain species growth 

and remain sustainable (Febriana et al., 2022). Table 1 shows measurements of 

environmental conditions in a teak-based agroforestry system in Gemawang Village. Based 

on the measurements in this area, the pH is 5.5, which indicates the soil conditions tend to 

be acidic. This soil condition is suitable for tree vegetation that has adaptability or can 

adapt to environmental needs, such as the Tectona grandis species. Areas, where Tectona 

grandis grows generally have soil with a medium texture and a pH of 4.5 - 6.5 (Amalia et 

al., 2022). 

The physiological processes of individuals in a community are influenced by 

surrounding factors such as environmental factors, both physical and chemical. Different 

temperatures affect each vegetation's growth because of the various stages of development 

in each vegetation as needed, so it can’t determine the optimum temperature (Arisandy & 
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Triyanti, 2020). Air humidity in the research area is 77 %, while soil moisture is 50 %. 

Research (Pratama et al., 2021) states that air humidity for vegetation growth is between 

70-90 %, and the optimum soil moisture suitable for vegetation growth is 50-80 %. Based 

on this, the environmental conditions in the teak-based agroforestry system in Gemawang 

Village are ideal for growing the constituent vegetation in the agroforestry system. 

Anacardium occidentale is suitable to develop in areas with an air humidity of 70-80 % and 

has a humidity tolerance of 60-70 % (Saragih & Yadi, 1994). 

While the calculation of the diversity index Shanon-Wiener (H') shows a level of species 

diversity of 1.79, based on Table 3, the level of species diversity in this teak-based 

agroforestry system is included in the medium category, which is between 1<H>3. The 

medium type indicates that the growth of tree vegetation in this agroforestry area is 

heading to a sound stage. Species diversity in a community is a parameter to determine 

whether a species can maintain its stability against disturbances in that habitat (Doudi et 

al., 2020). This is supported by research (Santhyami et al., 2020), which states that the 

cocoa-coconut agroforestry system in Pariaman, West Sumatra, has a medium category 

diversity index of 1.02. 

Table 4 shows the biomass and carbon stock amount using the allometric Ketterings 

formula for estimating carbon in branched tree stands. The calculation results show that 

the amount of biomass per area is 99.6 tons ha-1 with a total average of 3.74 tons individual-

1. Meanwhile, the amount of carbon stored per area is 45.71 MgC ha-1 with an average total 

of 1.71 MgC individual-1. In the agroforestry area of 1 ha in Gemawang Village, the largest 

carbon stock storage tree is Tectona grandis, with a total biomass per area of 34.95 tons 

ha-1, and the amount of carbon stored is 16.08 MgC ha-1. The amount of biomass and carbon 

stock in different stands can be affected by the presence of different tree species. In 

addition, it is influenced by various factors such as stem diameter, density, and diversity of 

tree vegetation types (Istiqomah et al., 2022). The various types of tree vegetation in 

agroforestry systems produce relatively larger carbon stocks than areas with similar 

vegetation or monocultures. The amount of carbon stored depends on the ability of 

vegetation to absorb CO2 in the environment through photosynthesis. This research is by 

(Santhyami et al., 2018), who compared carbon storage in cocoa-rubber, cocoa-multi-

strata agroforestry, cocoa-coconut, and monoculture cocoa. The highest carbon storage in 

cocoa-coconut agroforestry was 103.42 MgC ha-1, while the lowest was in cocoa grown in 

monoculture, 10 MgC ha-1. 

This research can provide information about the structure, composition, and potential 

of stands in agroforestry systems to store carbon stocks. Besides that, it can be used as a 

reference in ecology and environmental research. The information contained therein 

regarding ecological conditions in teak-based agroforestry systems is beneficial for the 

community to optimally utilize the area by considering ecological conditions and suitable 

vegetation to develop in the area so that can manage the land in the agroforestry system in 

Gemawang Village and provide sustainable benefits. Further research is needed regarding 

the structure and composition of the agroforestry system's sapling, seedling, and sapling 

levels based on teak in Gemawang Village. 

Conclusions 

Based on research that has been conducted on teak-based agroforestry systems in 

Gemawang Wonogiri Village, the environmental conditions in the area are classified as 

suitable for its constituent vegetation, such as cashew (Anacardium occidentale), teak 

(Tectona grandis), jackfruit (Artocarpus heterophyllus), cocoa (Theobroma cacao), 

mahogany (Swietenia macrophylla), sengon (Albizia chinensis), lamtoro (Leucaena 

leucocephala), gamal (Gliricidia sepium), and coconut (Cocos nucifera). The species 

diversity index was moderate at 1.79 with a low dominance of 0.21. The species Tectona 

grandis has the highest Importance Value Index (81.56 %). The amount of carbon stock 

stored in this agroforestry system is 45.71 MgC ha-1, with the Tectona grandis species 

having the highest reserve storage of other constituent vegetation, 16.08 MgC ha-1. 
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