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Comperative study of aboveground biomass and carbon stor-
age between Tembawang and conventional rubber agrofor-
estry in West Kalimantan Indonesia

Abstract: In the era of intensive oil palm and rubber 
plantations in Kalimantan, some local communities of Dayak’s 
tribe in West Kalimantan preserved the traditional agroforestry 
system “Tembawang”. In the last two decades, rubber has been 
planted traditionally by local communities since the expansion 
of rubber industries. This study aimed to compare tree above 
ground biomass (AGB) distribution and carbon storage in dif-
ferent DBH (diameter at breast height) classes between Tem-
bawang and conventional rubber plantation in West Kaliman-
tan, Indonesia. Vegetation transect analysis was carried out on 
two types of traditional agroforestry namely Tembawang and 
conventional rubber. AGB estimation was based on the exist-
ing allometric, carbon storage was estimated from the percent-
age of biomass. Total AGB of Tembawang was higher than 
conventional rubber plantation and significantly different (p 
< 0.01). The highest AGB accumulation both Tembawang and 
conventional rubber was found at above 50 cm diameter class. 
The aboveground carbon storage from Tembawang and con-
ventional rubber plantation were 90.26 and 42.01 Mg C ha-1, 
respectively. The highest contribution to carbon storage was 
found at above 50 cm diameter class, estimated 62.58 % from 
Tembawang and 49.24 % from conventional rubber. AGB and 
carbon storage at traditional agroforestry in West Kalimantan 
were greater than varied different agroforestry system, also the 
estimated value was closed to tropical secondary forests. Tem-
bawang agroforestry has good potential contribution to carbon 
storage and conservation of native fruit trees of Kalimantan.

Key words: carbon storage; Dayak’s tribe; ethnoecology; 
plantation; Tembawang

Primerjalna raziskava nadzemne biomase in shranjevanja ogljika 
med Tembawangom in konvencionalnim pridobivanjem kavčuka v 
Zahodnem Kalimantanu, Indonezija

Izvleček: V obdobju intenzivnega gojenja oljne palme in plantaž 
kavčukovca v Kalimantanu so nekatere lokalne skupnosti plemena 
Dajakov v Zahodnem Kalimantanu ohranile tradicionalni kmeti-
jsko gozdarski sistem (agroforestry), imenovan “Tembawang”. Kljub 
povečevanju industrije kavčuka v zadnjih desetletjih so nekatere lo-
kalne skupnosti ohranile tradicionalno gojenje kavčukovca. V raziska-
vi sta bili primerjani nadzemna biomasa dreves (AGB) in porazdelitev 
ogljika v različnih debelinskih razredih dreves (DBH= premer drevesa 
na prsni višini) med sistemom Tembawang in konvencialno pridelavo 
kavčuka na plantažah v Zahodnem Kalimantanu, Indonezija. Analiza 
vegetacije je bila opravljena v dveh transektih tradicionalnega pri-
dobivanja kavčuka imenovenega Tembawang in v konvencionalnih 
plantažah kavčukovca. Določitev nadzemne biomase je temeljila na 
alometričnih enačbah, zaloge ogljika so bile ocenjene iz odstotkov 
biomase. Celokupna nadzemna biomasa je bila v sistemu Tembawa-
ng večja kot v konvencionalnih plantažah kavčukovca in značilno 
različna (p < 0,01). Največja akumulacija nadzemne biomase je bila v 
obeh sistemih, Tembawangu in pri konvencionalni pridelavi kavčuka 
v debelinskih razredih nad 50 cm. Nadzemna zaloga ogljika je bila v 
sistemu Tembawang 90,26 Mg C ha-1 in 42,01 Mg C ha-1pri konven-
cionalni pridelavi. Največji delež shranjenega ogljika je bil v debelin-
skih razredih dreves nad 50 cm, ocenjen na 62,58 % pri Tembawangu 
in 49,24 % pri konvencionalni pridelavi kavčuka. Nadzemna biomasa 
in zaloga ogljika sta bili v tradicionalnem kmečkem gozdarstvu Za-
hodnega Kalimantana večji kot v različnih konvencionalnih sistemih, 
tudi ocenjene vrednosti so bile blizu tistim v drugotnih tropskih goz-
dovih. Tembawang sistem kmečkega gozdarstva ima dober potencial 
za shranjevanje ogljika in ohranjanja samoniklih sadnih dreves v Ka-
limantanu.

Ključne besede: shranjevanje ogljika; pleme Dayak; etnoekolo-
gija; plantaža; Tembawang



Acta agriculturae Slovenica, 117/1 – 20212

R. RAFDINAL et al.

1 INTRODUCTION

Forest ecosystems are an important component of 
the terrestrial ecosystem. They contain more than half 
of biodiversity, and highly contribute to stored carbon. 
Trees are the main component in forest ecosystems con-
taining about 677 Pg or 80 % of the total forest biomass 
(Kinderman et al., 2008). Forest ecosystems absorb car-
bon dioxide (CO2) from the atmosphere through pho-
tosynthesis and increase in the average concentration of 
CO2 in the atmosphere can be reduced through carbon 
sequestration (C) (IPCC, 2007).

Carbon sequestration in forest ecosystems has be-
come an important issue both in global climate change, 
climate discussions and in forest ecosystem studies. For-
est conversion into other land-uses such as agriculture, 
settlement, and also forest degradation can pose a serious 
threat to sustaining carbon storage. Carbon storage in a 
forest ecosystem is mainly determined by growth factors, 
mortality, decomposition, disturbance, forest succession, 
and climate variations (Gough et al., 2008).

Indonesia has the third-largest area of tropical for-
est after Brazil and Congo, with an area of 92.133 M 
ha (FAO, 2020). Furthermore, the potential for carbon 
stocks in natural forests in Indonesia is large, ranging 
from 7.5-264.70 t C ha-1 (Ministry of Forestry, 2010). 
In the period of 2000 to 2015, the rate of deforestation 
of primary forests in Indonesia is also very high (FAO, 
2015). Deforestation and forest degradation in Indonesia 
are generally caused by the settlement expansion driven 
by population growth, forest logging, and conversion to 
plantation / agricultural land (Prasetyo et al., 2011).

Kalimantan (Borneo) is the second-largest island 
in Indonesia, with a vast expanse of natural forests with 
high diversity and endemicity (Rhee et al., 2004). Among 
109 tree families found in Kalimantan, Dipterocarpace-
ae family was dominated by the forest composition and 
more than half species in this group were endemic spe-
cies in Kalimantan (Soepadmo and Wong, 1995). De-
forestation in tropical forests in Kalimantan from 2000-
2017 reached 6.04 M ha, of which half was caused by 
land conversion to the plantation industry (Gaveau et al., 
2017). According to Carlson et al. (2012), by 2020 the ex-
pansion of palm oil industries is projected to contribute 
about 0.12-0.15 Gt C year-1 CO2 equivalent emissions.

Tembawang represents the term of agroforestry 
management practices by Dayak’s tribe in Kalimantan. 
This term also represents the other management systems 
by local communities such as forests, plantations, rice 
fields, and settlements (Wahyuni, 2002). Tembawang and 
rubber agroforestry are part of the tropical rainforest in 
West Kalimantan. This area is a very important natural 
resource to provide oxygen and preserving carbon. Over 

the past few decades, the expansion of plantations, ag-
riculture, and settlements in West Kalimantan has been 
a serious threat to Tembawang and rubber forests. Re-
quired anticipation of land-use changes to provide a bet-
ter climate from assessing population and biomass in 
Tembawang and traditional rubber agroforestry for en-
hancing carbon storage. Preliminary research has been 
conducted in this traditional agroforestry, a total of 43 
species and 8 dominant species were found (Rafdinal and 
Pitopang, 2019). This study aims to compare the standing 
biomass of Tembawang and conventional rubber agro-
forestry related to carbon storage and mitigation of cli-
mate change. 

2 MATERIALS AND METHODS

2.1 DESCRIPTION OF RESEARCH AREA

This study was located at Kayu Lapis Road, Kilom-
eter 21, Nanga Pemubuh Village, Sekadau Hulu District, 
Sekadau Regency, West Kalimantan Province, Indonesia 
(Figure 1). Sekadau Hulu is one of 7 districts in Seka-
dau Regency, has an area of ± 869.7 km2. Sekadau Hulu 
District is geographically located in the southern part 
of Sekadau Regency, consists of 15 villages including 
Nanga Pemubuh. Nanga Pemubuh village has an area of 
89.92 km2 and is located 55 km from the central district. 
In general, this region’s has relatively high annual rainfall 
and wet tropical climate. Based on the record of Meteoro-
logical, Climatological, and Geophysical Agency of Indo-
nesia (Indonesian Statistics, 2016), the highest rainfall in 
2011 occurred in November (826 mm) and the lowest in 
May (118 mm). The average monthly temperature ranged 
from 24.8-27.3 oC, and there was no dry season. Soil con-
ditions are generally very heterogeneous, with the pH of 
soil H2O in horizon-A ranging from 3.69 to 5.55. 

2.2 FOREST INVENTORY

Analysis of vegetation in each sampling site was car-
ried out by a belt transect method. The transects were 
further divided into 20 m x 20 m plots. In each plot, 
all individuals with ≥ 10 cm DBH (Diameter at Breast 
Height) were tagged, measured, and identified. The girth 
and height of each individual were measured. The plant 
specimens were identified. Frequency, density, basal area, 
and Importance Value Index (IVI) were calculated fol-
lowing Misra (1968), Mueller-Dombois and Ellenberg 
(1974). Trees were grouped into five DBH classes i.e. 10-
20 cm, 20-30 cm, 30-40 cm, 40-50 cm, and > 50 cm and 
the density and Aboveground biomass (AGB) distribu-
tion under each DBH class were analyzed.
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2.3 ESTIMATION OF ABOVEGROUND BIOMASS

The AGB in different tree diameter classes in 
each site was estimated using the following mentioned 
model (Ketterings et al., 2001):

Where:
ρ = wood density
D = diameter at breast height
The aboveground biomass for all diameter class-

es was summed to calculate the total aboveground 
biomass in each agroforestry type. The values for the 
Tembawang and the traditional rubber were compared 
using t-test analysis.

2.4 ESTIMATION OF CARBON

The aboveground biomass carbon storage was 
calculated by assuming that the carbon content is 50 % 
of the total aboveground biomass (Brown, 1997; Can-
nel and Dewar, 1995; Dixon et al., 1994; Ravindranath 

et al., 1997; Richter et al., 1995; Schroeder, 1992).

3 RESULTS AND DISCUSSION

3.1 STAND CHARACTERISTICS

Twenty-eight species were recorded from the 
Tembawang agroforestry, and 31 species were record-
ed from the conventioal rubber plantation. The den-
sity of woody species (≥ 10 cm DBH) was greater in 
Tembawang (195 trees ha-1) than in traditional rubber 

agroforestry (190 trees ha-1), but not statistically dif-
ferent (p > 0.5). Based on density, Hevea brasiliensis 
Müll. Arg. (57.50 trees ha-1) and Durio zibethinus L. 
(26.25 trees ha-1) were the dominant species in the 
Tembawang agroforestry and these two species ac-
counted for 31 % of ha-1) and Durio zibethinus (18.33 
trees ha-1) were the dominant and codominant species, 
respectively. The basal area was greater in the Tem-
bawang agroforestry (1,560.97 m2 ha-1) than in the 
conventional rubber plantation (811.27 m2 ha-1) (Table 
1). 

Tembawang and traditional rubber agroforestry 
in Dayak Tribe were implemented for decades. Both 
Tembawang and conventionalrubber agroforestry 
were managed traditionally from generation to gen-
eration. The differences in these systems is based on 
the constituent trees species of each agroforestry type 
(Rafdinal and Pitopang, 2019). Tembawang is former 
forest land that is used for planting fruit trees for pro-
viding food or traditional ceremonies need by local 
people, therefore the 3 main constituent species are 
Durio zibethinus, Nephelium lappaceum, and Artocar-
pus sp. However, in the recent decades, Tembawang 
agroforestry has began to be planted rubber trees by 
local people, and the latex is sold to industries or com-
panies in the city, therefor now the rubber trees domi-
nated Tembawang agroforestry.

Rubber plantation was generally formed from 
land clearing by local communities in the decade 
2000-2010 in West Kalimantan to support the national 
rubber industry, rubber latex had high selling value 
at that time (Indonesia-Investment, 2018). However, 
some conventional rubber plantations still preserved 
trees used for daily needs such as wood and fruit trees. 
Thus, Durio zibethinus and Shorea species still exist 
besides the dominant rubber trees.

Figure 1: Location and land use of the study site
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3.2 ABOVEGROUND BIOMASS DISTRIBUTION

Although the young individuals belonging to 10-
20 cm DBH class dominated both forests for tree den-
sity (Figure 2), the AGB accumulation was greater in 
the up 50 cm diameter class in Tembawang agroforestry 
forest and traditional rubber plantation (Figure 3). The 
contribution of AGB by higher diameter classes gener-
ally increases in both agroforestry. The contribution of 
> 50 cm diameter trees to AGB is greater in Tembawang 
agroforestry (62.58 %) than in traditional rubber planta-
tions (49.24 %).

Rubber growth is faster than in other trees in these 
agroforestry systems, latex harvesting of rubber trees 
was carried out when entering 5-6 years vegetation ages 
with 45 cm girth or about 15 cm trunk diameter for 25-
30 years production period (Damanik et al., 2010). After 
production age, rubber trees were usually felled and re-
planted, so that the highest density of rubber agroforestry 
was dominantly distributed in the lower diameter class, 
whereas tree density in Tembawang agroforestry was 
mainly distributed in the higher diameter class, covered 
by old fruit trees that have been down through genera-
tions. Further, the difference in density distribution from 
diameter class caused the basal area and overall AGB val-
ue of Tembawang were greater than rubber plantations.

3.3 TOTAL ABOVEGROUND BIOMASS AND 
CARBON STORAGE

The total AGB of Tembawang agroforestry (180.51 

Mg ha-1) was significantly greater (p < 0.01) than tradi-
tional rubber plantation (85.01 Mg ha-1). A primary for-
est can store AGB of up to ± 350 Mg ha-1 while a second-
ary forest varies considerably between 59 - 140 Mg ha-1 
(Stas, 2014). The value of AGB in a forest ecosystem 
depends on the composition and structure of the forest. 
The AGB value of rubber agroforestry was in the range 
of secondary forest values and was still in the inten-
sive tree crop plantation value range of 60-120 Mg ha-1 
(Hairiyah et al., 2011). The ABG value of Tembawang 
agroforestry was higher than the average AGB value of 
the secondary forest. The composition and structure 
of Tembawang agroforestry were quite varied and the 
conditions had been preserved for generations so that 
it had large AGB potential, but not as large as primary 
forest.

The aboveground carbon stored by Tembawang 
and traditional rubber forests was 90.26 and 42.01 Mg 
C ha-1, respectively and were significantly different (p < 
0.01). Carbon organic was mostly stored in up 50 cm 
DBH class in Tembawang (62.58  %) and traditional 
rubber (49.24 %). The younger (10-20 cm DBH class) 
trees, which had the highest density in both forests, 
stored only 3.52  % of total carbon in the Tembawang 
agroforestry and 5.52 % of traditional rubber (Table 2).

Aboveground carbon storage of Tembawang agro-
forestry was two times higher than rubber plantations, 
in terms of carbon storage Tembawang agroforestry 
was better, but the age of the community and vegetation 
cycle also to be considered. When compared to other 
agroforestry systems, the Tembawang agroforestry sys-
tem stored more carbon. In a comprehensive report 

Variables
Agroforestry
Tembawang Conventional Rubber

Species richness (number of species) 28 31
Stand density (trees ha-1) 195 190
Density of dominant tree species:
Durio zibethinus L. 26.25 18.33
Hevea brasiliensis Müll. Arg. 57.50 38.33
Nephelium lappaceum L. 11.25 10.00
Artocarpus sp. 13.75 10.00
Shorea stenoptera Burck. 12.50 10.00
Artocarpus integer Merr. 10.00 -
Anacardium occidentale L. - 10.00
Shorea leprosula Miq. - 13.33
Shorea macrophylla (de Vr.) Ashton - 10.33
Basal area (m2 ha-1) 1,560.97 811.27

Table 1: Stand characteristics of Tembawang and conventional rubber agroforestry of West Kalimantan
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bon storage values of 14.35 to 37.88 Mg C ha-1 (Awang 
Besar et al., 2020), the carbon storage value of rubber 
plantation had higher value. In the same DBH range (≥ 
10 cm), the carbon storage value in Tembawang agro-
forestry was in the aboveground carbon storage range 
of secondary tropical forests in Maluku, Indonesia with 
an average value of 70.3 Mg C ha-1 (Stas, 2014).

from Schroeder (1984), agroforestry systems in humid 
areas had an average value of 50 Mg C ha-1, whereas 
in another report, Takimoto et al. (2008) reported the 
value of biomass C storage ranged from 0.7 to 54.0 Mg 
C ha-1 in traditional and improved agroforestry in West 
Africa. Compared to the dominating palm oil and agar-
wood industries in Indonesia and Malaysia, with car-

Figure 3: Aboveground biomass at different diameter classes from Tembawang forest and traditional rubber of West Kalimantan

Figure 2: Tree density in different diameter classes in Tembawang forest and traditional rubber of West Kalimantan

Diameter Size 
(cm)

Tembawang Forest Conventional Rubber Forest
Density 
(%)

Carbon Storage 
(%)

Density 
(%)

Carbon Storage 
(%)

10-20 41.03 3.52 44.49 5.52
20-30 21.79 8.39 23.68 12.19
30-40 12.18 10.02 17.54 20.94
40-50 11.54 15.49 5.26 12.07
>50 13.46 62.58 7.02 49.24

Table 2: Carbon storage in different tree diameter classes in Tembawang forest and conventional rubber of West Kalimantan
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4 CONCLUSIONS

The aboveground carbon storage value of the tradi-
tional Tembawang and Rubber agroforestry system was 
estimated at 90.26 and 42.01 Mg C ha-1. The traditional 
agroforestry system of the Dayak tribe community of 
Sekadau Regency, West Kalimantan had better impact 
and potential to preserve carbon than an intensive agro-
forestry system. The preservation of several species of 
fruit trees in the agroforestry system was major contribu-
tion to carbon storage.

Tembawang agroforestry has high potential for car-
bon storage compared to rubber plantations and varied 
different agroforestries, also the value was almost similar 
to carbon storage potential in secondary tropical forests. 
Local people’s knowledge in traditional agroforestry sys-
tems need to be reported. The system could become a 
model in developing productive agroforestry and mini-
mizing carbon emission. 
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