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Abstract: Agroforestry systems are increasingly recognized as climate-smart land-use strategies that integrate ecological
sustainability with socio-economic benefits. This study evaluates the carbon stock and CO: sequestration capacity of a mixed-
species agroforestry system in Indonesia, specifically focused on Durian tree, Longan tree, Banana tree, and Avocado tree.
We used field measurements of basal area and biomass to estimate aboveground carbon stock and CO: equivalents. The
findings revealed a total above-ground biomass of 47.02 tons ha™!, which corresponds to a carbon stock of 22.07 tons C ha™*
and a CO2 sequestration potential of 81.02 tCO-ze ha™'. Longan tree and Durian tree contributed the most biomass and
carbon storage, while Banana tree and Avocado tree contributed comparatively smaller amounts. Moderate species diversity
was indicated by the computed Shannon—Wiener index (H' = 1.65), pointing to an agroforestry system that is partially
structured but not yet extremely complicated. These findings emphasize the importance of large-diameter, long-lived fruit
trees in long-term carbon storage, but fast-growing species like banana improve short-term sequestration. The
heterogeneous composition promotes both ecological resilience and continued carbon cycling. Comparisons with recent
research show that the sequestration value of this system is within the effective mitigation range of Indonesian agroforestry,
making it a potential candidate for inclusion in national climate programs and voluntary carbon markets. Overall, the study
emphasizes the potential of agroforestry to considerably reduce greenhouse gas emissions while benefiting rural livelihoods.

Keywords: Agroforestry, Biomass, Carbon Stock, CO: Sequestration, Plant Diversity.

How to Cite: Youmandja Arif Riyak Thiombiano; Vergiliano Haumen Colo; Jacob Da Costa Pereira; Kamidi Ouoba (2026) Field-
Based Estimation of Biomass Carbon and Carbon Dioxide CO: Offset from Tree-Integrated Agriculture in Indonesia. International
Journal of Innovative Science and Research Technology, 11(2), 2111-2117.
https://doi.org/10.38124/ijisrt/26feb1091

I INTRODUCTION patterns, and the frequency of extreme weather occurrences
[2]. Land use change, particularly deforestation and the

Global climate change has emerged as one of the most
pressing issues confronting humanity in the twenty-first
century. It refers to long-term, persistent alterations in global
temperatures and weather patterns that reach from the tropics
to the poles [1]. With the acceleration of industrialization, the
continual increase in greenhouse gas concentrations has led to
an increase in global temperatures, major changes in climatic
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expansion of monoculture farming, remains a significant
contributor to global carbon emissions, while simultaneously
degrading ecosystem functions and biodiversity, especially in
tropical countries where forest conversion to agricultural land
is widespread [3]. According to the reference [4], climate-
related risks spread throughout several systems, such as
ecosystems, biodiversity, agricultural production, water

Www.ijisrt.com 2111


https://doi.org/10.38124/ijisrt/26feb1091

Volume 11, Issue 2, February — 2026
ISSN No:-2456-2165

resources, human health, infrastructure, and the national
economy, as global temperatures rise. Indonesia, with one of
the world's largest tropical forests, has generated significant
carbon fluxes, with annual net emissions from oil palm
development alone estimated at 12.41-25.83 t CO: ha™ per
year [5]. These trends have triggered urgent efforts to identify
land management options capable of combining agricultural
productivity and climate change mitigation.

Sustainable land management approaches are becoming
increasingly popular as climate mitigation strategies.
Agroforestry, conservation agriculture, and reclaiming
degraded land are among strategies that help absorb CO, and
increase resistance to climatic extremes [6]. Agroforestry, the
intentional integration of trees with crops and/or livestock, is
a sustainable land-use system that balances environmental
conservation with improved rural livelihoods [7]. These
systems, which combine agricultural output with permanent
woody vegetation, can help smallholder farmers' livelihoods
while sequestering carbon in soils and aboveground biomass
[8]. Studies of Indonesian home gardens show that traditional
agroforestry delivers up to 20 % greater dietary diversity than
purely commercial farms, while commercial-oriented systems
can generate up to five-fold higher income, thereby improving
household resilience to climate shocks [9]. Overall,
developing agroforestry in Indonesia's upland and lowland
environments provides a viable strategy to combat climate
change, maintain biodiversity, and support rural livelihoods.

The carbon sequestration potential of Indonesian
agroforestry varies significantly depending on system and
management approaches. The results of a study led in
Indonesia has showed a biomass estimation of 3011.79 tons
ha™! and a carbon stock estimated to 94.30 tons ha ! [10].
Regardless of age, mixed tree agroforestry systems in
Indonesia's Bengkulu province store about 95.2 tons ha™' [11].
Depending on the soil bulk density, carbon stock storage in
agroforestry systems that combine oil palm and agar wood
ranges from 78.28 to 79.13 Mg C ha™! [12]. These findings
underscore the critical importance of mature, native tree
retention for maximizing carbon storage without
compromising agricultural yields.

Evaluating carbon stocks and CO- sequestration potential
in Indonesian agroforestry systems is crucial for
understanding their ecological value and providing scientific
evidence to support sustainable agriculture, climate mitigation
strategies, and rural development policies. The purpose of this
study is to quantify carbon storage and assess the sequestration
capability of agroforestry systems in Indonesia, thereby
helping to climate change mitigation and sustainable land-use
planning.

1. MATERIEL AND METHODS
A. Study Area

This research was situated in Wonosalam district,
Jombang Regency East Java based on the slopes of Mount
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Anjasmoro and geographically at 112° 21' 05" to 112° 23" 22"
East Longitude and 07° 44' 59" to 07° 40' 01" South Latitude.
Wonosalam is the most distant and highest sub-district in
Jombang Regency with geography in the form of green hills.
It is dominated by forest areas and plantations with the main
commodities such as konjac (Amorphophallus muelleri),
coffee (Coffea arabica), cloves (Syzygium aromaticum),
djenkol beans (Archidendron pauciflorum) and the most
famous is durian (Durio zibethinus). This site was delimited
over an area of 10 * 20 m?= 200 n?.

B. Material and Tools

The tools required for this research include is the
administrative map of Wonosalam District, GPS, measuring
tapes, wooden sticks, tree height measuring devices, plastic
ropes, observation blanks, digital cameras, a clinometer and
writing instruments.

C. Data Analysis

The data of biomass, carbon stock and carbon dioxide
was calculated, analyzed and interpreted in the laboratory of
the Faculty of Agriculture at Universitas Pembangunan
Nasional “Veteran” Jawa Timur.

» Calculation of the Basal Area (BA)

Basal Area (BA) is the cross-sectional area of a tree trunk
measured at breast height (usually 1.3 meters above the
ground). When scaled up, it represents how much of a hectare
is actually "covered" by tree stems. To determine the Basal
area, we used the following formula:

BA (m?) = 3.142 x (DBH/200) 2

Where:
BA = Basal area (m?)
DBH = diameter at breast height (1.3 m from ground level)

» Calculation of Above-Ground Biomass (AGB)

Al trees in the sampling plot had their diameter at breast
height (DBH, cm) measured at 1.3 m above ground level, as
well as their overall height. Above-ground biomass (AGB)
was evaluated using a conventional tropical allometric
equation (Chave model).

AGB= 0.11 p D

Where:

AGB = above-ground biomass (kg tree™")

p = wood density (g cm™)

D = diameter at breast height (cm)

To get the above-ground biomass for Banana trees, we need to
use an allometric equation: AGB = 0.281 D%

» Calculation of the Carbon Stock (C)

Carbon reserves in trees are the result of multiplying tree
biomass (kg/tree) by the fixed value of the total Carbon
content in plant tissue, which is 0.47% [13].
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C= Biomass * 0.47
Where: C= carbon stock (t C ha™)

Table 1. Wood Density for Avocado, Durian and Longan
Trees
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Trees Wood Density Source
Avocado 0.54 [14]

Longan 0.51 [15]

Durian 0.80 [16]

Table 2. Structural Characteristics of the Trees in the Observation Area

Vegetation Type Quantity (n) Circumference (cm) Diameter (cm) Basal Area (m2)
Avocado 1 6 1.91 0.0003
Durian 5 55.60 17.69 0.0263
Longan 6 36.33 11.56 0.0130
Bananas 12 44.08 14.03 0.0160

» Calculation of the Carbon Dioxide Equivalent (CO:ze)

To determine the quantity of atmospheric carbon dioxide
stored in the environment, carbon stock measurements were
converted to CO: equivalent using the molecular weight ratio
between CO: and carbon (44/12 = 3.67).

COe=C *3.67
Where: COze = Carbon dioxide equivalent (t CO: ha™)

» Plant Diversity Mesurement

To measure the diversity in our plot area, we used the
Shannon-Weaver Index (often called the Shannon Diversity
Index or Shannon-Wiener Index) which is a mathematical
formula used to measure biodiversity or the complexity of a
community.

H= — X pi In(pD)

Where:

S: The total number of species in the community (richness).
pi: The proportion of individuals belonging to the i™" species
(number of individuals of species i divided by the total number
of individuals in the sample).

In: The natural logarithm.

—: The negative sign at the front is used to make the final value
positive (since the log of a fraction is always negative).

1. RESULTS AND DISCUSSION

A. Trees Characteristics

The four main permanent crop species found in the
agroforestry system were banana, durian, avocado, and
longan. The structural characteristics of these trees are
presented in Table 2.

From these results, the measured vegetation stands
avocado, durian, longan, and banana show distinct structural
differences. Banana showed the highest population density (12
individuals), followed by longan (6 individuals), durian (5
individuals), and avocado (1 individual). Durian trees had the
largest diameter (17.69 cm) and highest basal area (0.0263 m?)
exhibited the most substantial contribution to stand structure
despite having fewer individuals (n=5) than either longan or
banana whereas avocado had the lowest basal area (0.0003
m?). This finding supports the explanation of [17], which said
that Durian trees are reported to reach very large stem
diameters at breast height (DBH) of about 450 cm and mean
DBH values around 20 cm. Durian has a higher basal area,
which suggests more woody biomass accumulation because
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basal area is directly proportional to tree volume and above-
ground biomass [18].

B. Estimation of tree biomass

The estimation of aboveground biomass for the four
vegetation types—avocado, durian, longan, and banana
calculated from a formula with the diameter at breast height
and the wood density are shown in the table 3.

Table 3. Estimated Above-Ground Biomass

Vegetation Biomass .
Type (kg/tree) Biomass (tons/ha)
Avocado 0.32 0.02
Durian 104.40 26.10
Longan 53.04 15.91
Bananas 8.32 4.99
Total 166.08 47.02

The assessment of aboveground biomass for the four
vegetation types such as avocado, durian, longan, and banana
show significant variance in biomass contribution among
species. The total stand biomass reached 47.02 tons ha™', with
a cumulative trunk biomass of 166.08 kg tree™ across species.
Durian tree produced the largest biomass, accounting for
104.40 kg tree™ and 26.10 tons ha™, with more than 55% of
the overall stand biomass followed by Longan tree with 53.04
kg per tree, 15.91 tons ha (31.9% of total). This major
contribution is due to its bigger stem diameter and woody
structure, which considerably increase above-ground biomass
accumulation [19]. This finding coincides with data from
home gardens in Bogor Regency, where Durian tree was
identified as one of the major fruit tree species with significant
aboveground biomass increase [20]. In contrast, banana tree
contributed 8.32 kg tree™ and 4.99 tons ha™!, while Avocado
tree showed the lowest biomass value at 0.32 kg tree™! and 0.02
tons ha™'. Despite having a higher plant density, banana
contributed less biomass due to its herbaceous pseudostem
form and lower wood density [21]. According to [22], low
biomass accumulation in avocado trees is usually driven by
environmental stressors, particularly in clay soils that inhibit
root growth and water intake, or under saltwater
circumstances. Based on these findings, biomass buildup in
agroforestry systems is largely determined by species traits
rather than just plant number. Woody perennials with lignified
tissues, larger stem diameters, and longer lifespans, like durian
and longan, store significantly more biomass [23].
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C. Potential Carbon Stock

The carbon stock which refers to the total amount of
carbon stored in various global carbon pools, including the
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atmosphere, and terrestrial ecosystems calculated for the four
species through the biomass accumulation is presented in
Table 4.

Table 4. Estimated Carbon Stock

Vegetation Type Trunk Carbon Reserves (kg/Tree) Trunk Carbon Reserves (tons/ha)
Avocado 0.15 0.009
Durian 49.07 12.26
Longan 24.93 7.47
Bananas 3.91 2.34
Total 78.06 22.07

The carbon stock estimation revealed distinct patterns of
carbon storage among the four vegetation types present in the
agroforestry system. Among the wvegetation components,
Durian tree contributed the largest share of carbon storage,
with 49.07 kg C tree™' and 12.26 tons C ha™', representing
62.9% of the total per-tree carbon reserves. Longan tree ranked
second with 24.93 kg C tree”' and 7.47 tons C ha™'. This
finding aligns with research from [24] about durian (traditional
fruit gardens) in East Kalimantan, where old-growth durian-
based agroforestry systems achieved carbon stocks of 53.62
tons C ha™ in aboveground biomass. Trees with dense wood
and big stem diameter can store carbon for a long time because
carbon is fixed by photosynthesis and absorbed into lignin and
cellulose tissues [25]. Large-diameter trees continuously
gather carbon as they develop; a 180-year-old oak in a
temperate forest was found to hold = 120 Mg C and Trees with
diameters > 100 cm can retain up to half of a stand's total

above-ground carbon [26]. Banana’s tree stored 3.91 kg C
tree™! or 2.34 tons C ha™', while avocado tree contributed only
0.15 kg C tree™* and 0.009 tons C ha™. Reference [27] stated
that Banana plants have low long-term carbon storage capacity
because they are fast-growing herbaceous perennials with soft,
water-rich pseudostems and short, rapid harvest cycles. For
Avocado trees, they have a lower aboveground carbon storage
capacity than natural pine-oak forests because of their lower
wood density [28].

D. Estimation of Carbon Dioxide CO: Equivalent

The carbon stocks estimated from aboveground biomass
were converted to carbon dioxide equivalent (CO:¢) to
quantify the climate change mitigation potential of the
agroforestry system. Table 5 presents the carbon dioxide
values derived from the carbon stock estimates for each
vegetation type.

Table 5. Carbon Dioxide Equivalent (CO2¢) Estimates by Vegetation Type

Vegetation Type Carbon dioxide equivalent (tCOz./ ha)
Avocado 0.03
Durian 44.99
Longan 27.41
Bananas 8.59
Total 81.02

The conversion of carbon stock to CO-e revealed that the
agroforestry system has a total sequestration capability of
81.02 tCOz¢ ha™'. The figure was calculated using the usual
conversion factor (1 ton C = 3.67 tons CO2), as recommended
by the Intergovernmental Panel on Climate Change (IPCC).
The Durian tree had the highest CO- sequestration potential of
44.99 tCOz¢e ha™', accounting for more than 55% of the total
CO: equivalent. The Longan tree had 27.41 tCOze ha™, while
the Banana tree had 8.59 tCOze ha™'. Meanwhile, avocado
trees contributed 0.03 tCO2e ha™.

Durian and longan have larger diameters and denser
wood, which directly increase biomass and carbon storage and
they excel in CO: sequestration due to their enormous
aboveground biomass, particularly big trunks and canopy.
This study's total sequestration value of 81.02 tCOze ha™ is
within the range reported for tropical smallholder agroforestry
systems. The results are consistent with usual findings for
tropical smallholder agroforestry systems, which range from
12 to 228 Mg ha' [29]. Sequestration values exceeding 75

tCO2¢ ha” are deemed robust enough to contribute
meaningfully to national climate targets and voluntary carbon
markets [30]. This level of sequestration shows that the system
can offset a significant portion of emissions from land-use
change and small-scale agriculture. It aligns with Indonesia’s
commitments under the Paris Agreement, where agroforestry
is promoted as a climate-smart land-use strategy [31]. In fact,
according to [32], Agroforestry in Indonesia is an important
climate-smart method to meet Paris Agreement obligations,
aiming to reduce net-sink emissions in the Forestry and Other
Land Use (FOLU) sector by 2030 and by including trees with
crops, it contributes to Indonesia's Enhanced NDC to cut
emissions by 31.89-43.20% encourages sustainable land
management, biodiversity, and carbon sequestration.

E. Plant Diversity Index

The vegetation analysis recorded 24 individual plants
belonging to four species: Avocado Durian, longan and
banana. The results are shown in Table 6.

Table 6. Plant Diversity Index in the Observation Area

Species Total of each species Pi (ni/N) Ln(pi) Pi * Ln(pi)
Avocado 1 0.04 -3.21 -0.13
Durian 5 0.20 -1.60 -0.32
IJISRT26FEB1091 WwWw.ijisrt.com 2114
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Longan 6 0.25 -1.38 -0.35
Bananas 12 0.5 -1.69 -0.85
Total of species (N) 24
Richness diversity 4
Diversity index (H”) 1.65 -

The Shannon—-Wiener diversity index (H') calculated
from the relative abundance (Pi) of each species was H' = 1.65.
According to [33], the H' value is an indicator of the level of
species variation in an area. If H'< 1, that is the case of Low
diversity; H’ between 1 — 3, Moderate diversity; H> 3 High
diversity (natural forest).

According to the results, a H' score between 1 and 3
shows moderate diversity, implying that the agroforestry
system is neither species-poor nor very complicated. Richness
was acceptable in this trial, but because bananas
predominated, evenness was low. Similar circumstances have
been seen in Southeast Asian smallholder tropical agroforestry
systems, where farmers give priority to commercially
significant species, resulting in an uneven distribution of
species [34]. The moderate diversity value (H' = 1.65)
indicates that the analysed agroforestry system still has room
for ecological development. Increasing the number of woody
perennial species will promote canopy stratification and
carbon storage. Moreover, through the integration of various
tree species, crops, and animals, agroforestry systems establish
resilient ecosystems that promote and profit from enhanced
biodiversity. By storing carbon, these systems simultaneously
slow down climate change and help to adapt to and gain from
increased biodiversity [35].

Iv. CONCLUSION

The study on carbon stock and CO: sequestration
capability in agroforestry systems emphasizes the importance
of species composition, tree size, and planting density in
influencing overall climate mitigation capacity. Durian and
longan appear as the primary contributors due to their vast
basal area and dense wood, whereas bananas contribute
significant short-term sequestration due to their quick growth
and high density. Avocado, while less significant in this case,
shows the diversity of species contributions in a mixed system.
The existing carbon stock of 81.02 tons CO: ha™ only covers
a part of the system's sequestration capacity. Carbon stocks in
mature homegarden systems can reach 123 Mg C ha™ with
proper growth and management, including retention of mature
trees, enrichment planting with additional native or fruit tree
species, and species diversity maintenance. With a total
Sequestration value of 81.02 tCO:e ha”, the system
demonstrates a moderately high potential for greenhouse gas
mitigation, placing it within the effective range of tropical
agroforestry systems in Indonesia. The Shannon-Wiener
diversity index (H' = 1.65) showed a modest level of species
diversity. This shows that the agroforestry system already
serves ecological purposes, although it is still dominated by a
single species. These findings highlight the relevance of
agroforestry as a climate-smart land-use plan that can help
Indonesia meet its Paris Agreement goals while also providing
prospects for carbon monetization through voluntary markets.
Agroforestry systems like this one stand out as long-term
solutions for balancing rural development and climate security
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because they combine ecological advantages with livelihood
assistance.
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