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ABSTRACT

The development of global warming is one of the main causes of climate change.
The increase in greenhouse gasses causes global warming which affects the earth's
ecosystem. The imbalance of CO, concentration in the atmosphere with the availability of
vegetation is also one of the causes of climate change. Loksado District, which is located
around the Meratus Mountains, with the majority of its people being the Meratus Dayak
Tribe, still applies local wisdom owned by the local community by farming using a rotational
system. This has resulted in the existence of former community cultivation lands which are
divided into balukar anum, jurungan, and mixed gardens. The ability to store carbon is
different for each land due to the variation in the types of vegetation that make up each land
use. Therefore, this study was conducted to analyze and calculate the potential for carbon
storage in each ex-cultivated area. Calculation of tree biomass during the research analysis
used the allometric formula for estimating carbon content in natural forests. The percentage
of carbon stored in a tree species in natural forest stands can be estimated at 47% of the
total biomass. The mixed garden area had more species found than the other two areas. The
highest average diameter and base area in the ex-cultivated area for the pole level are in the
mixed garden area in Haratai Village, while the lowest value is in the Balukar anum area in
Haratai Village. From the total biomass per hectare for each ex-cultivated area it can be seen
that the biomass is greater at the tree level than at the pole level. The highest carbon
estimate is in the mixed garden area in Lok Lahung Village, which is 61,097 tons/ha.
Meanwhile, the lowest estimated carbon value is found in the anum balukar area in Haratai
Village, which is 1,045 tons/ha.
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Global warming is one of the main causes of climate change. The increase in
greenhouse gasses causes global warming which affects the earth's ecosystem. The
imbalance of CO, concentration in the atmosphere with the availability of vegetation is also
one of the causes of climate change (Rahman et al. 2018). Vegetation has an important role
as a CO, absorber so it can be an effort to overcome global warming caused by an increase
in greenhouse gasses. Carbon storage is an important indicator of forest ecosystem
services. One of the ways to determine carbon storage is by measuring aboveground
biomass (Puspanti et al. 2021). Aboveground biomass consists of both living and dead
vegetation. However, several studies have focused on measuring aboveground biomass
using living components because of their superiority as the primary carbon store. Above
ground, biomass accounts for 70% to 90% of the total forest biomass (Kumar & Mutanga,
2017). Accurate biomass estimates can be used to understand the impacts of deforestation
and environmental degradation (Kumar & Mutanga, 2017).

Mitigation of carbon by reducing greenhouse gas emissions and increasing carbon
storage has become one of the efforts to overcome climate change. Optimizing the potential
for carbon sequestration in soil can be a way to mitigate climate change (Abdullah et al,
2022). Carbon emissions can be reduced through protected forest management by
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controlling deforestation and replacing fossil fuels with renewable fuels. There is one way to
recover CO, from the atmosphere, namely by conservation, restoration, and sustainable
forest management (Nunes et al. 2019). Land use practices related to trees, such as in
forestry can make a major contribution to reducing atmospheric CO,. Such land use has a
high capacity to capture and store CO. on vegetation, soil, and in biomass products
(Dayamba et al. 2016; Jose & Bardhan 2012).

Indonesia is a country that has forests with great potential and its existence is
important for forest communities. The Meratus Dayak community living around the Meratus
Mountains is one of the people who fulfill their daily needs by utilizing the land for gardening
and farming. The community carries out gardening activities on their former agricultural land.
The rotational system applies land clearing for cultivation activities that are rotated with
annual crops in the fallow period after the cultivation period is complete to increase soil
fertility and production levels (Kristian et al. 2019). In this system, people move from one land
to another after being used for cultivation for approximately 2 years to rest the land. If the first
land left is fertile after the fallow period, it will be re-opened for farming and this system will
be sustainable (Kristian et al. 2013; Van et al. 2013). This farming system is the local wisdom
of the local community in managing the land. Broadly speaking, land management with this
system is related to three things, namely land clearing, planting period, and fallow period
(Susanto, 2016). In a rotational system, the community utilizes annual crops in cultivated
areas and annual crops such as rubber, fruits, candlenut, and cinnamon in ex-cultivated
areas (Fahrianoor et al. 2014; Muhaimin et al. 2021; Siahaya et al. 2016)

Loksado District, which is located around the Meratus Mountains, with the majority of
its people being the Meratus Dayak Tribe, still applies the local wisdom of the local
community. For example, in Haratai Village, Lok Lahung Village, and Loksado Village, which
still apply a rotational system for farming activities. This has resulted in the discovery of
former community cultivation lands. The ex-cultivated land by the community is divided into
balukar anum, jurungan, and mixed gardens. Changes in land use by communities can affect
carbon stocks in an ecosystem (Han et al. 2015). Previously, the conversion of forest land
into various other land uses was believed to be the main cause of global warming (Big et al.
2020). According to Abdullah et al. (2022), knowing the availability of carbon stocks in each
land use is necessary because it is related to sustainable cultivation activities and can be an
effort to conserve natural resources. Research on climate change in agriculture can be used
to assess more controlled mitigation and adaptation and can be used to evaluate the
potential for more appropriate management (Ogle et al. 2013). The diversity of species found
in ex-cultivated areas from land use by the community has the ability to absorb and store
carbon. The ability to store carbon is different for each land due to the variation in the types
of vegetation that make up each land use. Therefore, it is necessary to conduct this study to
analyze and calculate the potential for carbon storage in each ex-cultivated area.

MATERIALS AND METHODS OF RESEARCH

The study was conducted in Loksado District, Hulu Sungai Selatan Regency, South
Kalimantan. Loksado District has an area of 338.89 km® and geographically borders
Kotabaru Regency in the east, Banjar Regency in the southeast, Padang Batung District in
the west, and Telaga Langsat District and Hulu Sungai Tengah Regency in the north (BPS
Kab. Hulu Sungai Selatan, 2021). Loksado District is located around the Meratus Mountains
where the community is dominated by the Meratus Dayak Tribe. The Meratus Dayak tribe
has local wisdom in farming activities that use a rotational system. The research was
conducted on former farming areas belonging to the community which was divided into
balukar anum, jurungan, and mixed gardens in Haratai Village, Lok Lahung Village, and
Loksado Village. These three villages were chosen because the majority of the community
still carry out farming activities with a rotational system so that many ex-cultivated areas are
found. The research location can be seen in Figure 1.
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Figure 1 — The research location about the estimation of stored carbon above soil surface in Post-
rotational cultivation land of dayak community

Calculation of tree biomass during the research analysis used the allometric estimating
carbon content in natural forests by Ketterings (2001), as follows:

BD =p0.11 D**

Where: BD is the Biomass Density, then p is the kind density, D is the diameter at breast
height (DBH), and the values 0.11 is the equation coefficients. After that, the biomass
analysis was carried out using the above obtained per tree and was canceled for each land
use.

Calculation of Biomass content per hectare for aboveground biomass with the following
formula:

Biomass in hectares (Kg/ha) = Biomass (in kg/m® ) x 10,000m?

After knowing the value of biomass content in hectares, then the results are converted
into units tons per hectare (Tons/ha). The percentage of carbon stored in a tree species in
natural forest stands can be estimated at 47% of the total biomass (Indonesian National
Standardization Agency number 7724, 2011).

RESULTS AND DISCUSSION

The types of vegetation found in former cultivation areas for balukar anum, jurungan
and mixed gardens areas have varied results. In balukar anum area for pole level, woody
plants such as balik angin (Mallotus paniculatus), candlenut (Aleurites moluccana), sungkai
(Peronema canescens), cinnamon (Cinnamomum verum), rubber (Hevea brasiliensis), lua
(Ficus racemosa), bangkal gunung (Nauclea subdita), and jengkol (Archidendron
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paucifiorum) were found. In addition, plants such as banana (Musa sp.) and bamboo
(Bambusa sp.) were also found. This is because balukar anum is a former field of cultivation
with an age of 3-6 years, so some plants such as bananas and bamboo are still found. For
the tree level, species were found such as jengkol (Archidendron pauciflorum), balik angin
(Mallotus paniculatus), candlenut (Aleurites moluccana), sungkai (Peronema canescens),
tarap (Artocarpus odoratissimus), bangkal gunung (Nauclea subdita), hillwood, and several
other typical fruits plants of Kalimantan such as hamawang (Mangifera foetida) and tiwadak
(Artocarpus integer).

The jurungan area which is a former cultivation area aged 6-12 years is dominated by
woody plants. For the pole level found types of mahang (Macaranga sp.), candlenut
(Aleurites moluccana), lua (Ficus racemosa), madang puspa (Schima wallichii), balik angin
(Malotus paniculatus), candlenut (Aleurites moluccana), cinnamon (Aleurites moluccana),
sungkai (Peronema canescens), palawan, tarap (Artocarpus odoratissimus), and jengkol
(Archidendron pauciflorum). Types of fruit were found, such as hambawang (Mangifera
foetida), durian (Durio zibethinus), and pampakin (Durio kutejensis). In addition, in this area
there are still several types of bamboo (Bambusa sp.). The vegetation found at the tree level
included tarap (Arfocarpus odoratissimus), jengkol (Archidendron pauciflorum), rubber
(Hevea brasiliensis), sungkai (Peronema canescens), cinnamon (Cinnamomum verum), balik
angin (Malotus paniculatus), and bangkal gunung (Naucleasubtitie). In this area, several fruit
trees were also found, such as pampakin (Durio kutejensis), durian (Durio zibethinus),
tiwadak (Artocarpus integer), hambawang (Mangifera foetida), kapul (Baccaurea
macrocarpa) and rambai (Baccaurea motleyana). In the area of the jurungan, pioneer
species such as mahang (Macaranga sp.) were found. Mahang is one of the pioneer species
which is often found in ex-cultivated areas (Susanto, 2016; Karyati, 2013).

The vegetation found in mixed garden areas with an age of more than 12 years is
dominated by fruit trees. At the pole level, fruit trees were found, namely durian (Durio
zibethinus), langsat (Lansium domesticum), rambai (Baccaurea motleyana), mangosteen
(Garcinia parvifolia), rambutan (Nephelium lappaceum), kasturi (Mangifera casturi), jackfruit
(Artocarpus integra), hambawang (Mangifera foetida), kapul (Baccaurea macrocarpa), and
papakin (Durio kutejensis). Other woody plants were also found, such as sungkai (Peronema
canescens), rubber (Hevea brasiliensis), candlenut (Aleurites moluccana), cinnamon
(Cinnamomum verum), and tarap (Artocarpus odoratissimus). The species found at the tree
level were almost the same as the vegetation found at the pole level. However, at the tree
level, other vegetation was found, such as kayu kuning (Arcangelisia flava), kayu luing (Ficus
hispida), sugar palm (Arenga pinnata) and coconut (Cocos nucifera). In the mixed garden
area, the most typical fruit plants of Kalimantan were found compared to other areas.
Examples of typical fruit plants from Kalimantan include pampakin (Durio kutejensis),
ramania (Bouea macrophylla), kuini (Mangifera odorata), kasturi (Mangifera casturi),
hambawang (Mangifera foetida), kapul (Baccaurea macrocarpa) and rambai (Baccaurea
motleyana).

Figure 2 shows a comparison of the number of vegetation types in each cultivated
area. It can be seen in Figure 1, the pole-level vegetation has a higher number of species
found than the tree level in each ex-cultivated area. The mixed garden area had more
species found than the other two areas. This can be influenced by the age of a land. The
older a vegetation community, the more species found, but the lower the number of
individuals in each species. In young communities, there will be fewer species with a higher
number of individuals per species. Similar to the research of Oktavia et al., (2021) in Belitung
Island which stated that the number of species in the Bebak and Padang areas had fewer
species compared to jungle land which had an older age than the other two areas. The low
number of species in the balukar anum can be caused by the fact that at the age of 3to 7
years, the land has just recovered from former cultivation by the community (Aththorick,
2012).

The people of Loksado District, the majority of whom are Dayak Meratus, have local
wisdom in managing land for farming. Land management using a rotational system has the
main characteristic of cultivating on one land which after the cultivation period is complete

109

i




RJOAS, 8(128), August 2022

the land will be left to restore soil conditions and cultivators use other land for farming. The
presence of fallow period in a land can increase carbon storage in the soil. Increasing soil
organic matter in the long term can reduce CO, in the atmosphere and increase soil fertility
(Kristian et al. 2019). Therefore, in this land management system there are ex-cultivated
areas which are divided based on the fallow period of the land.
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Figure 2 — Comparison of vegetation types in each area of former rotational cultivation

Vegetation diameter is one of the important parameters to assess the performance of
vegetation and has a close relationship with other tree characteristics such as volume,
biomass, and carbon (Setiahadi 2021). The parameter in the form of diameter is commonly
used as a variable in the assessment of aboveground biomass. There are several studies
which state that diameter as a variable in biomass calculations has good accuracy (Ribeiro et
al. 2015; Taeroe et al. 2015; Setiahadi 2021). In areas with irregularly spaced vegetation,
diameter can be a better variable in calculating carbon estimates than using tree height. This
can be due to the fact that free height measurements have a high potential for bias due to
difficulty in determining the canopy of vegetation (Setiahadi 2021). The diameter and area of
the base area in the ex-cultivated area can be seen in Table 1.

Table 1 — Diameter and area of the base area of vegetation in each ex-cultivated area

Land Covering/Use Pole 5 Tree 5
Diameter (cm) LBD (m?) Diameter (cm) LBD (m?)

1. Haratai Village

Balukar Anum 10.333 83.995 - -

Jurungan 10.625 90.766 - -

Mixed Garden 14.773 178.017 26.684 572.802

2. Lok Lahung Village

Balukar Anum 10.500 86.743 - -

Jurungan 12.200 119.163 - -

Mixed Garden 14.000 150.983 28.714 668.035

3. Loksado Village

Balukar Anum 13.617 148.651 27.026 579.821

Jurungan 13.565 147.451 27.109 583.498

Mixed Garden 13.527 146.656 27.033 580.431

The highest average diameter and base area in the ex-cultivated area for pole level
were found in the mixed garden area in Haratai Village of 14.773 cm and 178.017 m2,
respectively. Meanwhile, the lowest value is found in the balukar anum area in Haratai
Village with a diameter of 10.333 ¢cm and a base area of 83.995 m2. The diameter at the tree
level which has the highest value is found in the mixed garden area in Lok Lahung Village,
which is 28.714 cm with a base area of 668.035 m2. Compared to Haratai Village and Lok

110




RJOAS, 8(128), August 2022

Lahung Village, in Loksado Village the values of diameter and base area for pole and tree
levels in each ex-cultivated area did not have a significant difference. Mixed gardens are the
areas with a higher average diameter than other areas in Haratai Village and Lok Lahung
Village. In addition, Haratai Village and Loksado Village have an increasing average
diameter in each ex-cultivated area that has an older age. This is different from Loksado
Village, where at the pole level the highest average diameter is found in the balukar anum
area and at the tree level the highest average diameter is found in the jurungan area.

Table 2 — Calculation of estimated above ground carbon land

Land Covering/Use ;?;:::sc:e g?;ﬁ'lna-\r;: ° Total Biomass Total Carbon
(tonnes/a) {tonnes/a) (tonnes/ha) (tonnes/ha)

1. Haratai Village

Balukar Anum 2.271 - 2271 1.045

Jurungan 15.349 - 15.349 21.181

Mixed Garden 51.5688 81.232 132.819 61.097

2. Lok Lahung Village

Balukar Anum 7121 - 7121 3.276

Jurungan 13.685 - 13.685 6.295

Mixed Garden 40.872 138.585 179.467 82.555

3. Loksado Village

Balukar Anum 28.699 42.331 71.030 32.674

Jurungan 26.940 40.074 67.014 30.826

Mixed Garden 26.218 39.810 66.028 30.373

Table 2 showed the calculation of the estimated carbon in the ex-cultivated area in
each village. From Table 2, it can be seen that at the pole level the highest amount of
biomass was found in the mixed garden area of Haratai Village at 51.588 tons/ha. The lowest
amount of biomass was found in the balukar anum area in Haratai Village at 2.271 tons/ha.
The highest amount of biomass at the tree level was found in the mixed garden area in Lok
Lahung Village of 138.595 tons/ha. Meanwhile, the lowest amount of biomass was found in
the mixed garden area in Loksado Village, which was 39.810 tons/ha. The mixed garden
area has a low value when compared to other use areas found in Loksado Village. Balukar
anum area has the highest amount of biomass at 42.332 tons/ha among the jurungan and
mixed garden areas in Loksado Village. Same as at the pole level, the amount of biomass at
the tree level in Loksado Village has a value that the ditference is not too significant. This is
compared to the amount of biomass for the pole level in Haratai Village and Lok Lahung
Village which increases with the aging of the land.

The highest total biomass was found in the mixed garden area in Lok Lahung Village
with a value of 179.467 tons/ha and the lowest was found in the balukar anum area of 2.271
tons/ha. In Haratai Village and Lok Lahung Village, mixed gardens have the highest total
biomass value when compared to other ex-cultivated areas, namely the balukar anum area
and the jurungan area. However, different results were found in Loksado Village, where the
highest amount of biomass was found in the balukar anum and mixed gardens became the
area with the lowest biomass value. Although the balukar anum has a higher value, the
biomass value in the three ex-cultivated areas in Loksado Village does not have a significant
difference. Differences in Haratai Village and Lok Lahung Village with Loksado Village can
be influenced by different environmental conditions. This is similar to the statement of
Dayamba et al. (2016), which states that there are differences in the total biomass value
which can be caused by environmental conditions that can affect vegetation productivity. In
addition to environmental conditions, biomass production in vegetation can be influenced by
soil type, as well as the length of the planting period (Big et al. 2020).

Data on total biomass per hectare for each ex-cultivated area can be seen that the
biomass is greater at the tree level than at the pole level. This is because trees have a larger
diameter compared to pole-level vegetation. In general, the larger the size of the vegetation,
the higher the biomass and carbon stock in the vegetation will be (Karyati et al. 2021).
Diameter is an important parameter in the calculation of biomass and carbon. The larger the
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diameter of the tree can indicate good growth where the vegetation can absorb nutrients and
water well, so it can have a high biomass value (Setiahadi et al. 2021; Wang et al. 2019). As
can be seen in Table 1 and Table 2, the mixed garden area in Lok Lahung Village has the
largest average diameter so that it has high biomass and total stored carbon as well. Most of
the results of biomass and carbon calculations in ex-cultivated areas increase in proportion
to the larger the diameter. However, there are some results where the average diameter of
vegetation in an area does not match the amount of biomass. This could be due to the
greater number of individuals found in the area so that it can produce greater biomass as
well. Similar to the study of Besar et al. (2020) which states that the carbon storage in palm
oil is greater than that of gaharu because it has a greater number of individuals.

Carbon estimates were calculated using 47% of the biomass value. Based on Table 1,
it can be seen that the highest estimated carbon value is in the mixed garden area in Lok
Lahung Village, which is 61.097 tons/ha. Meanwhile, the lowest estimated carbon value is
found in the anum balukar area in Haratai Village, which is 1,045 tons/ha. Loksado Village is
the village with the highest total estimated carbon value compared to Haratai Village and Lok
Lahung Village. There is a significant difference between the carbon estimates in the mixed
garden area and other ex-cultivated areas in Haratai Village and Lok Lahung Village. This
could be because mixed gardens have a longer fallow period than other areas, so the soil in
mixed gardens in Haratai Village has a higher value. In addition, carbon accumulation can be
affected by the age of the vegetation (Dayamba et al. 2016). Mixed gardens are ex-cultivated
areas that have an age of more than 15 years, so that in mixed garden areas there will be
more vegetation that is older than the balukar anum and bridge areas. This is in accordance
with the statement of Besar et al. (2020), which states that differences in carbon
sequestration from various land uses can be caused by differences in land age.

200,000
180,000 174,024
160,000
140,000
120,000
100,000

80,000
58,303

Total carbon (ton/ha)

60,000

36,994
40,000
- .
0,000

Balukar Anum Jurungan Mixed gardens

cultivation area
Figure 3 — Total carbon storage in the former rotational cultivation area

Figure 3 shows the total carbon storage in the former cultivation area. Based on Figure
2, it can be seen that mixed gardens have the highest total carbon storage of 174.024
tons/ha compared to the other two areas. Jurungan is in second place with a total of 58.303
tons/ha and balukar anum has the smallest carbon storage value of 36.994 tons/ha. The
results of carbon storage in mixed garden areas have values that are not much different from
stored carbon in natural forests in Sabah according to Asner et al. (2018) which ranged from
200 - 500 tons/ha and in the study of Besar et al. (2020) which has a yield of 249.90 tons/ha.
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In addition, the total carbon stored in the balukar anum and jurungan areas that have an age
of 3-15 years has a higher yield compared to agroforestry between oil palm and gaharu and
oil palm monoculture in a study conducted by Besar et al. (2020).

The difference in the yield of each ex-cultivated area is influenced by the age of the
mixed garden land which is somewhat older than the balukar anum and the jurungan so that
there is a lot of vegetation that is older as well. Most of the older trees have a larger diameter
so they can store more carbon. In addition, in mixed garden areas, more species were found
compared to other ex-cultivated areas. According to Karyati et al. (2020), the amount of
carbon absorbed by vegetation can be affected by species composition. This allows areas
with a more diverse number of species to have greater estimates of carbon sequestration.
This is similar to the study of Besar et al. (2020) on agroforestry land in Sabah, Malaysia
which stated that tropical rain forest areas with more diverse species had higher estimates of
above-ground carbon sequestration compared to oil palm agroforestry areas with agarwood.

CONCLUSION

The number of species found at the pole level was higher than the tree level in each
ex-cultivated area. The mixed garden area had more species found than the other two areas.
The older a vegetation community, the more species found, but the lower the number of
individuals in each species. The highest average diameter and base area in the ex-cultivated
area for pole level were found in the mixed garden area in Haratai Village of 14,773 cm and
178.017 m”. Meanwhile, the lowest value is found in the balukar anum area in Haratai Village
with a diameter of 10.333 cm and a base area of 83.995 m?. The total biomass per hectare
for each ex-cultivated area can be seen that the biomass is greater at the tree level than at
the pole level. This is because trees have a larger diameter compared to pole-level
vegetation. At the pole level, the highest amount of biomass was found in the mixed garden
area of Haratai Village at 51.588 tons/ha. The lowest amount of biomass was found in the
anum balukar area in Haratai Village at 2.271 tons/ha. The highest amount of biomass at the
tree level was found in the mixed garden area in Lok Lahung Village of 138,595 tons/ha.
Meanwhile, the lowest amount of biomass was found in the mixed garden area in Loksado
Village, which was 39.810 tons/ha. The highest carbon estimate is in the mixed garden area
in Lok Lahung Village, which is 61.097 tons/ha. Meanwhile, the lowest estimated carbon
value is found in the anum balukar area in Haratai Village, which is 1.045 tons/ha. Loksado
Village is the village with the highest total estimated carbon value compared to Haratai
Village and Lok Lahung Village. The difference in the value of biomass and carbon in each
ex-cultivated area can be influenced by the diameter of the vegetation, the number of
individuals, the number of species, and the age of the land.
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