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Abstract: (1) Background: The destruction of peatlands caused by forest fire can significantly damage
the ecosystems, flora, and fauna found in forests. Swamp jelutung (Dyera polyphylla) is a tree species
that can be planted on peatland and combined with seasonal plants to provide multiple economic
and environmental benefits. The aim of this study is to analyze the biomass and carbon stocks above
and belowground in stands of swamp jelutung of an age class of 10, 13, and 17 years. (2) Methods:
Observation plots were determined based on the age classes of D. polyphylla plants. The plots were
determined using a purposive sampling method with a size of 20 m x 5 m with two sample plots
in each class of plant age. The biomass calculation measured the diameters of living trees without
causing any damage. The understory biomass was obtained by cutting and then placing in a container
before weighing and recording the wet weight. The necromass was determined by measuring the
diameter and length of all the wood. (3) Results: The amount of aboveground biomass (trees) was
divided into 111.73 ton/ha (17 years), 55.96 ton/ha (13 years), and 50.08 ton/ha (10 years) age classes.
The root biomass had the highest values of 18.36 ton/ha (17 years), 9.45 ton/ha (13 years), and
9.07 ton/ha (10 years). Meanwhile, the organic C contents in peat soil under stands of D. polyphylla
were 33.45% (13 years), 31.32% (17 years), and 26.14% (10 years). (4) Conclusions: D. polyphylla
trees play a role in restoring forest ecosystems on peatlands and absorb more CO, as the trees age.
Therefore, they are useful in dealing with climate change.

Keywords: swamp jelutung; carbon storage; peatland; biomass; climate change

1. Introduction

The forest and land fires on peatlands in Sumatra, Riau, and Kalimantan have signifi-
cantly impacted the destruction of ecosystems, flora, and fauna in forests. Peatland fires
occur due to drought through the drainage system or forest area clearing on a large scale.
After a fire incident, most living species in the forest find it challenging to return to their
original states. The vegetation community differs from the original types that made up the
peat forest before the incident [1]. Peatlands have distinct subsidence, irreversible drying
properties, poor mineral nutrients, and high acidity but can quickly burn in the absence
of water [2]. The smoke produced causes upper respiratory tract infections, asthma, and
chronic obstructive pulmonary disease of the respiratory tract.

Air quality due to peatland burning has decreased. According to the results of a study
in Pelalawan Village (Riau Province), the average emissions on a sapric plot were 273 ppm
CHy, 10,395 ppm CO;, and 1223 ppm CO and in hemic plots were 306 ppm, 10,678 ppm,
and 2176 ppm, respectively. The content of high CO emissions means that combustion
occurs completely from wet (moist) conditions [3]. The appearance can interfere with
visibility, especially for flight transport. In addition, smoke from forest and land fires can
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reach neighboring countries, such as Singapore, Malaysia, and their surrounding areas [4].
Peatlands have large terrestrial carbon stocks and are also a significant source of CO,, CHy
and N,O emissions, thus requiring appropriate and sustainable management.

The conditions that result in the release of carbon from peatlands usually arise from
human activities and peat forest fires. Carbon emissions into the atmosphere in the form of
CO,, CH4, and N,O gases are the cause of increasing greenhouse gas (GHG) concentrations,
resulting in global warming. The clearing of peatlands for agricultural and plantation
development is also a source of GHG emissions. In general, this begins with the creation
of various drainages for draining peatlands. Given the importance of GHG emissions on
peatlands, the IPCC made the 2013 Supplement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories: Wetlands. According to the Supplement, CH, emissions
from drainage canals can reach CHy 2259 kg/ha/year or the equivalent of 47 tons of
COy-e/ha/year [5].

Furthermore, they are a massive carbon storehouse, recognized as an essential sub-
stance from greenhouses in global warming. Many failures of peat forest conversion to oil
palm plantations have resulted in environmental degradation, such as loss of biodiversi-ty,
damage to ecosystem functions, and other side effects. Forest and peatland fires release
many carbon emissions to drive climate change. As a result, they destroy tropical wetland
ecosystems and accelerate the process of climate change. The recovery time for forest eco-
systems damaged by fire is very long, taking 30-50 years or more. Therefore, comprehen-
sive forest fire disaster risk management is needed between ministries and government
agencies, including neighboring countries, within the ASEAN Agreement on Disaster Risk
Management [6].

The action to restore damaged forest ecosystems includes planting tree species that
live on peatlands, and a local type is chosen, which has its peculiarities. In addition, this
tree species has a high commercial value compared to others. This includes balangeran
(Shorea balangeran), kempas (Kompasia malaccensis), meranti rawa (Shorea pauciflora), and
jelutung rawa (Dyera polyphylla), etc. Planting jelutung rawa (D. polyphylla) can provide
multiple benefits for economic and environmental conservation. Furthermore, hydro-
logical regulation techniques and appropriate agricultural practices on peatlands can
benefit D. polyphylla without contributing to increased GHG emissions [7]. According
to [8], Dyera spp. are used as food, medicine, housing, and trade goods. The sap produced
can be sold to generate income for the community around the forest. D. polyphylla has
turned out to be tolerant of inundation conditions even though it had only been planted
for 2 weeks [9]. This plant is the most suitable species for deep peatlands because of its
high-speed growth [10].

An effort to convert peatlands into forests is through peat restoration, which has
different stages of activities carried out in the form of mapping, species determination and
restoration, timing, implementation, and special approaches to improve the local commu-
nity’s economy. An area’s cultivation method and the amount of carbon-stock-lowering
emissions should be determined to restore forest ecosystems on degraded peatlands of this
type. This includes the knowledge of the flowering and fruiting period, where this tree
flowers in some areas in November and produces ripe fruit from February to May [11].
Therefore, a strategic solution applied to reduce the greenhouse effect is planting local types
of plants with superior properties that are resistant to climate change and maintain field
capacity conditions. Forest and land management efforts should involve the community
in a participatory manner in areas encumbered with rights. The efforts to use land are
in line with the mandate of Law no. 41 of 1999 concerning Forestry, namely, “Forestry
development can increase the capacity of the community in the economic, social and en-
vironmental sustainability sectors in an equitable and environmentally friendly manner”.
The calculations should measure the information on emission and absorption factors for
peat swampland. The main challenge in calculating the emission levels and references is
complying with monitoring, reporting, and verification principles. Information on carbon
stocks in peat swampland can determine emission and absorption factors for GHG gases in
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the forestry sector at the national level, particularly in the Central Kalimantan Province
(central Indonesia). According to [12], there was a significant variation in annual GHG
emissions and removals in Central Kalimantan Province, reflecting the impact of previous
and current land management practices. Likewise, there were fluctuations in weather
conditions, especially in the dry season, with higher fires.

Forests on peatlands play an important role in reducing global warming because
they have global carbon storage capacity in the soil and climate moderation, regulate
water management, and support people’s lives. The information on carbon stocks in peat
swampland can become a reference for parties in making technical decisions, such as (a)
the planting vegetation types to increase carbon sequestration and (b) the prediction of
emissions in certain forest types and trees at the time of felling. Furthermore, peatlands
have large terrestrial carbon stocks and are also a significant source of CO, emissions,
thus requiring appropriate and sustainable management. The purpose of this research is
to analyze the biomass and carbon stocks above and belowground in stands of swamp
jelutung of 10-, 13-, and 17-years age class. One of the benefits of this research is to provide
important information in an efforts to restore degraded peat swamp land for climate
change management.

2. Materials and Methods

Figure 1 shows a research location in the community-owned forest in Jabiren Village,
Pulang Pisau Regency, Central Kalimantan Province.

/L _
7 ® Blok A

oe S e : L —
-
AN . |

Biok B

] LE
BNE
Biok B |

Figure 1. Research location in Jabiren Village.

Carbon stock measurements were carried out on D. polyphylla located on communi-ty-
owned land. The jelutung swamp stands were divided into 17 years, 13 years, and 10 years
of age classes. The sketch of the research location is presented in Figure 2.
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Trans Kalimantan Street
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Figure 2. Sketch of the research location.

The research implementation procedure was as follows:

1.  Observation plots were determined based on the age classes of D. polyphylla plants by
measuring and marking the boundary markers with ribbons to mark the boundaries
of the plots. The plots were determined using a purposive sampling method with a
size of 20 m x 5 m (area = 0.01 ha) for 2 (two) sample plots in each class of plant age.

2. Wecreated an observation subplot measuring 1 m x 1 m (area 1 m?) in the observation
plots for each plant age class to observe understory and litter in the plots. The observed
subplots were determined randomly with 5 subplots, as shown in Figure 3.

3. The tree biomass calculation used the measurement of the diameters of living trees
without damage in the measuring plots of 5 m x 20 m with two replications.

4. To measure the understory biomass, 10 plots of samples were made randomly using a
1m x 1 m plot. The plots” lower plants (shrubs, grass, and herbs) were obtained by
cutting and then placed in a container. The wet weight was recorded after weighing,
and 200 g of lower plants were taken. The samples were put in plastic bags and then
labeled to be taken to the laboratory. This activity calculated the dry weight in an
oven, and from a plot of 1 m x 1 m, a wet weight of understory <200 g was used as
a sample.

5. Measurement of the wood necromass was carried out in a plot of 20 m x 5 m by
measuring the diameter and length. The measurement of necromass was carried out in
two forms, namely wood and dead trees. Deadwood was a fallen tree with a diameter
of >2.5 cm and a length of >1 m. It consisted of 3 categories: good, moderate, and
a degree of weathering. Dead trees could stand upright with a height of >1 m and
a diameter of >2.5 cm [13]. They were categorized based on the level of the tree’s
integrity, affecting the amount of carbon stored in this section.

6.  Carbon storage in the litter necromass was dead biomass with a size larger than soil
organic matter, as well as deadwood measuring <2.5 cm with a height <1 m that
underwent a decay process on the surface or became soil organic minerals [14]. The
plot for measuring carbon storage for litter types was a square with an area of 1 m?
(I m x 1 m). Therefore, measurement plots of 10 units were randomly placed on the
research subplot.

7. Data processing:
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(a) Measurement of tree biomass: We entered the tree diameter data into the
allometric model developed by [15] with the following model equation:

BAP = f(DBH)

BAP = a + DBH"
LN(BAP) = a+ (b.LN(DBH))
LN(BAP) = —1.831 + (2.348.LN(DBH))
BAP = Exp (LN(BAP))

where
BAP: aboveground biomass in kg

DBH: diameter at breast height in cm

The root biomass content was estimated using the root-to-shoot ratio (RSR)
method. The allometric equation used in [13] was as follows:

BBP = Exp (—1.0587 +0.8836 x LN(BAP))

where
BBP: belowground biomass in kg

BAP: aboveground biomass in kg

(b)  The laboratory measured the dry weight of the understory biomass and litter
necromass. The biomass estimation formula was used to calculate the amount
of understory biomass and litter necromass stored in a 1 m x 1 m plot as
follows:

WKc

Wkt = WBe

x WBt

where
WKt: total dry biomass (g)

WBt: total wet biomass (g)
WBc: sample of wet biomass (g)
WKc: sample of dry biomass (g)

(c) Measurement of the dry weight of woody necromass: The calculation of the
dry weight of the necromass using the allometric formula for living trees
referred to the research of [13]. The allometric equation for estimating the total
biomass of deadwood used that of living trees multiplied by a correction or
decomposition factor. The following formula was used to calculate the biomass
of D dead trees:

D1+ D2

2
) x T x RKp

where
NPM: dead tree necromass (kg)

m:22/7
D1, D2: base and tip diameter, respectively (cm)
T: tree height (m)
RKp: mean squared density of deadwood (kg/m?)



Forests 2022, 13, 1297

6 of 15

(d)

The value of the correction factor in calculating the biomass of dead trees
was based on SNI (Indonesian National Standard) measurements according to
carbon stock:

Dead Tree A: multiplied by the value of correction factor 0.9.

Dead Tree B: multiplied by the value of correction factor 0.8.

Dead Tree C: multiplied by the value of correction factor 0.7.

Calculation of the amount of C stored between fields: The calculation of the
amount of carbon stored per plot followed the research procedure. Most
laboratory results use dry weight and biomass parameters, not carbon units.
In contrast, all estimates of biomass units use total carbon, and the content
analysis requires special tools and methods [13]. The use of universal carbon
estimates at the global level corresponds to a correction factor of 0.47 [14].
Therefore, all measurement sources in the field should calculate the total
carbon in each subplot and convert it to tons/ha. The extrapolation process
should pay attention to the area of the subplot. The total biomass calculation
for the mathematical equation plot was as follows:

BP plot = ((BPy) x 10/ plot areay) + ((BP,) x 10/ plot areap)+
((BP3) x 10/ plot areas)

where
BP plot: total tree biomass in the plot (ton/ha)

BPjp3: total tree biomass in plots 1, 2, and 3, respectively (kg)
Plot areayp3: width of plots 1, 2, and 3, respectively (m?)

Necromass and other biomass could be calculated using the above formula.

The following formula was used to calculate each biomass component in
the land:
_ YLBP+YBA+YBTb+Yy NS+} TG

B NPlot

where
B: average biomass and necromass in the land (ton/ha)

2 BP: total tree biomass from all the plots (ton/ha)
Z BA: total root biomass of all the plots (ton/ha)

Z BTb: total understory biomass from all the plots (ton/ha)
Z NS: total litter necromass of the entire plot (ton/ha)
) TG: total peat soil biomass from all the plots (ton/ha)
N plot: total plots

The mathematical equation for calculating the conversion of biomass to carbon
(C) was:
C stock = B.CF
where
C stock: amount of carbon stored on average (ton/ha)

B: average biomass and necromass of land (ton/ha)
CF: carbon fraction (0.47)

The data measurements were tabulated and analyzed using a t-test analysis to
determine the differences in biomass and the amount of carbon stored in each
age class of D. polyphylla stand on peatlands. The calculation result was then
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compared with the f-table value for certain degrees of freedom, and there were

two alternative hypotheses, as follows:
There was a real difference when t count >t tabel-
There was no real difference when t count < t tapel-

Remarks :

[ ] : Sub plot (size 5Sm x 20m) for tree biomass and
necromass observations

"1 :Sub plot (size 1m x 1m)

| . |
7 :Sub plot (size Im x 1m), for understorey observation

; : Sub plot (size 1 m = 1 m), for litter observation
'L- _i : Observation point of soil organic mineral (peatland)

Figure 3. Example of distribution of random sampling points.

The hypothesis predictions used 95% (0.05) and 99% (0.01) levels of confidence. These
differences were stated as “real” (significant) or “very real” (very significant) [16]. An
ANOVA analysis and Tukey test at the 95% confidence level were carried out to de-
termine the effects of D. Poliphylla’s age on the amount of carbon (C) stored in each

constituent component.

3. Results

The aboveground biomass at the D. polyphylla stand location consisted of biomass
and necromass. The components of biomass consisted of swamp jelutung trees and un-
dergrowth. Meanwhile, the necromass was only found in the aboveground litter under
the D. polyphylla stands, and the total plant biomass consisted of three age classes. In
age class I (17 years), the plants had the most significant amount of biomass savings at
111.73 ton/ha compared to II (13 years) III (10 years), with storage values of 55. 96 ton/ha

and 50.08 ton/ha, respectively, as seen in Table 1.

Table 1. The average amounts of biomass stored in D. polyphylla trees for 3 age classes.

No. . 2 Tree Biomass

Plant Age Class Plot Tree Biomass (kg/100 m~) (ton/ha)
I 1 582.93 58.29
(17 years) 2 534.36 53.44
Y Total 1117.29 111.73
I 1 266.05 26.60
(13 years) 2 293.53 29.35
Y Total 559.57 55.96
- 1 283.50 28.35
(10 years) 2 217.32 21.73
Y Total 500.82 50.08

Source: observational data, 2019.

The calculations of the amounts of biomass found in the understory under D. polyphylla

stands in three classes are presented in Table 2.
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Table 2. The average amounts of stored biomass in the understory under D. polyphylla stands for 3
age classes.

Plant Age Class 11:112; Stored Biomass (kg/ha) Stored Biomass (ton/ha)
! 1 488.69 0.49
47 years) 2 661.89 0.66
Y Total 1150.58 1.15
. 1 725.13 0.73
(13 years) 2 457.93 0.46
Y Total 1183.06 1.18
. 1 483.14 0.49
10 years) 2 507.82 051
Y Total 990.96 1.00

Source: observational data, 2019.
The results of the litter necromass observations in each plot are presented in Table 3.

Table 3. The average amounts of necromass stored in the litter under D. polyphylla stands for three
age classes of plants.

Plant Age Class Il’\lI:; Litter Necromass (kg/ha) Litter Necromass (ton/ha)

. 1 11,186.50 11.19

47 years) 2 13,419.89 13.42

Y Total 24,606.40 24.61

. 1 6993.81 6.99

(13 years) 2 7041.84 7.04

Y Total 14,035.64 14.04

- 1 5814.91 5.81

(10 years) 2 432227 432

Y Total 10,137.18 10.14

Source: observational data, 2019.
The subsurface biomass component at the study site consisted of the roots of the
swamp D. polyphylla plants and the peat soil. Observation of the biomass stores in the roots

of D. polyphylla was carried out using the root-to-shoot ratio (RSR), as presented in Table 4.

Table 4. The average amounts of biomass stored in the roots of D. polyphylla trees for three age classes.

Plant Age Class II,\II:; Root Biomass (kg/ha) Root Biomass (ton/ha)
. 1 948.19 9.48
47 years) 2 887.60 8.88
Y Total 1835.80 18.36
. 1 437.75 438
(13 years) 2 507.20 5.07
Y Total 944.95 9.45
- 1 507.02 5.07
(10 years) 2 400.00 4.00
Y Total 907.02 9.07

Source: observational data, 2019.

The condition and organic C content in peat soil under stands of D. polyphylla can be
seen in Table 5.
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Table 5. Condition and organic C content in peat soil under stands of D. polyphylla for three
age classes.

Plant Age Class No. Plot Peat Maturity Rate Peat T(l::l;kness Org(i/n)lc C

I 1 Hemic 0.87 32.37

(17 years) 2 Sapric 0.96 30.26

Y Average 0.92 31.32

I 1 Hemic 0.92 32.48

(13 years) 2 Hemic 0.88 3441

Y Average 0.90 33,45

111 1 Hemic 0.88 24.09

(10 years) 2 Hemic 0.84 28.18

Y Average 0.86 26.14

Source: observational data, 2019.

Figure 4 depicts the average amounts of stored biomass per constituent component
aboveground in D. polyphylla, which became the average amount of C stored in each
constituent component aboveground.

The average amount of C stored above the surface in
the swamp jelutung stand (D. polyphylla Miq. Steenis.)
with 3 (three) age classes.

a u Trees
g Understorey
<
* .
§ u Litter
2
Q

k
|

Age class of the swamp jelutung

stands

Figure 4. The average amount of C stored in each constituent. the component aboveground in
D. polyphylla stands in three age classes.

Statistical tests were carried out to determine the truth of the hypotheses. The results
of the one-way ANOVA analysis for the average amounts of C stored in the jelutung swamp
trees for three age classes are presented in Table 6.

Table 6. One-way ANOVA analysis results for the average amounts stored in D. polyphylla trees for
thre age classes.

. Source of Sum of Mean . . .
Composing Components Diversity Squares df Square F-Statistic Sig.
Tree Treatment 2686.14 2 1343.07 21.32 0.00
Error 3591.63 57 63.01
Total 6277.78 59

Source: results of research data analysis, 2019.

The honest real difference test is presented in Table 7.
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Table 7. Honest Tukey’s significant difference test results for the average amounts of C stored in
D. polyphylla trees for three age classes.

Age Class Mean C of Trees
10 11.772
13 12.382
17 26.26°

Information: numbers in the column followed by the same letter are not significantly different. Source: results of
research data analysis, 2019.

One-way Anova analysis results for the average amounts of C stored in the litter under
D. polyphylla stands for three age classes are presented in Table 8.

Table 8. One-way Anova analysis results for the average amounts of C stored in the litter under
D. polyphylla stands for three age classes.

Source of Sum of Mean

Composing Components Diversity Squares df Square F-Statistics Sig.
Tree Treatment 61.89 2 30.94 19.97 0.00
Error 41.83 27 1.55
Total 103.71 29

Source: results of research data analysis, 2019.

In addition to trees and litter as constituent components of C stored on the surface,
understory was also found with the lowest average value compared to the other two on
the surface. Table 9 shows the paired t-test for the average amounts of C stored in plants
from three age classes of the D. polyphylla stand at a 95 percent confidence level.

Table 9. Honest Tukey’s significant difference test results for the average amounts of C stored in the
litter under D. polyphylla stands with three age classes.

Age Class C Litter Average
10 2.38 2
13 2302
17 578"

Information: numbers in the column followed by the same letter are not significantly different. Source: results of
research data analysis, 2019.

Paired t-test results for the average amounts of C stored in plants under D. polyphylla
stands for two age classes are presented in Table 10.

Table 10. Paired t-test results for the average amounts of C stored in plants under D. polyphylla stands
for two age classes.

T daf Sig.

Ages of 17 and 13 years old 10 0.401 0.251
Source: results of research data analysis, 2019.

Storage was also found below the surface with constituent components, including the
roots of the D. polyphylla trees and the peat soil. Figure 5 depicts the average amounts of C
deposited belowground.
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The average amount of C stored below the surface in the
stands of swamp jelutung (D. polyphylla Miq. Steenis.) With

3 (three) age classes.
C stock .

(ton/ha)

¥ Roots

= Peat soil

Age class of the swamp jelutung stands

Figure 5. The average amounts of C stored in each constituent component belowground in
D. polyphylla stands with three age classes.

The carbon stock was estimated based on the amount of biomass contained in its
constituent components in one land unit. From the observations, the amounts of C stored
in the D. polyphylla stand for three age classes were as follows:

Table 11 shows that the most significant average numbers of stored C were in the class
I plot (751.77 ton/ha), followed by the class II plot (725.85 ton/ha) and the class III plot
(533.53 ton/ha). The paired t-Test was for the total amount of C stored both aboveground
(BAP) and belowground (BBP) at 95% confidence intervals. The results showed that plant
age did not affect the total amount of C stored in each plant age class.

Table 11. The total average amounts of stored carbon (C stock) in the study location in D. polyphylia
stands with three age classes.

Composing Components Age Class I Age Class IT Age Class III
(ton/ha) (ton/ha) (ton/ha)
C stock aboveground:
Tree (}_ BP) 26.26 13.12 11.77
Bottom plants (3 BTb) 0.27 0.28 0.00
Litter necromass (}_ NS) 5.78 3.30 2.38
Total C stock 32.31 16.69 14.15
C stock belowground:
Root of the tree ()~ BA) 4.31 2.35 2.13
Peat soil () TG) 715.14 706.81 517.25
Total C stock 719.46 709.15 519.38
Total C stock 751.77 725.85 533.53

Source: results of observational data processing, 2019.

Paired t-test results for the amounts of C stored both aboveground (BAP) and below-
ground (BBP) are presented in Table 12.

Table 12. Paired t-test results for the amounts of C stored both aboveground (BAP) and
belowground (BBP).

t df Sig.

BAP and BBP 1.933 65 0.058
Source: results of research data analysis, 2019.
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4. Discussion

Based on Table 1, in age class I (17 years), plants had the most significant amount of
biomass savings at 111.73 ton/ha compared to age classes II (13 years) and III (10 years),
with storage values of 55. 96 ton/ha and 50.08 ton/ha, respectively. The growing conditions
for age class I (age 17 years) were peat land with an average depth of 0.92 m, mature peat
(sapric), and constant moisture due to overflowing river or brackish water. For age class II
(age 13 years) and age class III (age 10 years), the peat land was relatively shallow with an
average depth of 0.90 and 0.86 m, the peat was undercooked (hemic), and it was wet due to
overflow or rainfall. The location of the peatlands for age classes II and III was far from
the river flow, while age class I was close to the river flow. This indicated that the growing
conditions of age class I were relatively more fertile than those of age classes II and III, so
the amount of biomass stored in age class I was almost twice that of age class II. In addition
to D. polyphylla having a high biomass content, this species also has the highest percentage
of survival rate at 98%. This high percentage is because jelutung is one of the native tree
species of peat swamp forests. This species is generally one of the types of trees commonly
used for restoration activities. This consideration is because it has a high conservation
value, and there are advantages such as good adaptability to peat swamp land, which is
always inundated or periodically inundated, so that it can survive despite unfavorable
environmental conditions [17]. The biomass content was almost 4.5 times greater in class I
because the stands studied were older than 17 years.

Based on Table 2, the largest average amount of biomass was found in understory
plants under the marsh jelutung stands of age class II, with a biomass value of 1.18 ton/ha,
followed by age class I at 1.15 ton/ha and age class III at 1.00 ton/ha. This was because
the canopy density of marsh jelutung at age class Il is still relatively loose, causing a lot
of sunlight to enter the floor below the stand compared to the dense canopy density at
age class I. The average widths of the canopies for age classes I, 1I, and III, respectively,
were 7.8 m, 6.1 m, and 5.8 m. The presence of plant types that make up the understory
community is closely related to the intensity of incoming light and is less influenced by
other factors, such as the availability of nutrients in the soil. The contribution of the
understory to the aboveground biomass varied but was generally quite small. However,
this component was still included in the analysis to produce a complete estimate of the
total aboveground forest biomass [18]. Underground plants are one of the providers of
aboveground carbon biomass. They absorb carbon and leave the atmosphere with CO,
through the decomposition process. Understory plants also serve as a groundcover that is
kept moist by the soil, allowing the decay process to occur quickly and providing nutrients
for staple plants [19].

Litter is organic material that is above the soil surface. Under the stands of D. polyphylla,
it was mainly sourced from the leaves, twigs, and fruits, and a small part came from the
dead understory. The leaf litter of D. polyphylla was slow to decompose because the dry
part was stiff and could be crushed into small pieces with sharp sides. Based on Table 3, it
can be seen that the average value of the litter necromass was greater than the understory
biomass. To clarify the condition of litter in jelutung stands for age classes I, II, and III at
the study site, see Figure 6.

e S

Figure 6. The condition of litter in jelutung stands for age classes I, II, and III. Remarks: (a) solid litter
in age class I; (b) moderate litter in age class II; and (c) rare litter in age class III.
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This is not consistent with the research results of [20] at the tailings deposition area of
PT Freeport Indonesia, which stated that the biomass and carbon stock values of litter were
lower than that of understory plants. It was suspected to be related to organic matter’s
decomposition process, which took place more quickly in the litter. This could happen
because each vegetation that makes up forest stands produces different biomass quality,
especially in the contents of litter and understory biomass. Furthermore, the remaining
biomass is a source of organic matter that improves the soil quality.

Based on Table 4, the total root biomass values for the plant age classes of 17 years,
13 years, and 10 years were 18.36 ton/ha, 9.45 ton/ha, and 9.07 ton/ha, respectively.
Jelutung has a high conservation value, and there are advantages such as good adaptability
to peat swamp land, which is always inundated or periodically inundated, so that it can
survive despite unfavorable environmental conditions. Peat soil is rich in organic matter
because it is formed from plant debris that is not completely decomposed. It is also the most
important buffer for ecosystems because of its high carbon storage and water retention
capacity. In addition, peat is a participatory ecosystem for carbon storage and air release
and can be used as a resource for agriculture, forestry, and energy. In addition, peatlands
have many regulatory, production, and economic functions [21].

The most significant contribution to the total C stored in the subsurface is peat soil
as its constituent component, but statistically, this is not the case. This indicates that the
vegetation of the stems and roots are also two critical components in biomass allocation.
This is closely related to the amount of C stored on the upper surface. In addition, the age
of the tree/stand with a diameter affects the amount of biomass contained, and the amount
of litter produced by D. polyphylla stands has an impact on biomass and C stored.

The aboveground and belowground biomass of D. polyphylla increased with the in-
creasing age classes of 10, 13, and 17 years. In our opinion, this observation can be used
for determining the maximum jelutung biomass cycle to be harvested and the maximum
tree volume cycle. Usually, it is determined by means of the graph intersection between
the mean annual increment (MAI) and the current annual increment (CAI) to determine
the maximum volume cycle, as has been conducted in Southeastern Brazil [22]. Thus, the
measurement of the biomass of D. Polyphylla can be used for peat restoration in the context
of handling climate changes as well as helping in handling forest management.

Table 11 clearly shows that the amount of C stock below the surface was much larger
than the C stock above the surface. In addition, the deeper the peat, the greater the carbon
content. This is in accordance with the results of research on Pematang Gadung Peat Swamp
Forest and Lesan River Protection Forest, Kalimantan [23]. In general, the compo-sitions of
C stock in peatlands are greater below the surface than above and vice versa for dry land or
mineral soils above the surface compared to below the surface.

5. Conclusions

The aboveground biomass of D. polyphylla increases with the age classes of 10, 13,
and 17 years to 50.08 ton/ha, 55.96 ton/ha, and 111.73 ton/ha. Necromass biomass also
increases the age class to 10.14 ton/ha (10 years), 14.04 ton/ha (13 years), and 24.61 ton/ha
(17 years). Likewise, the belowground biomass increases the age class to 9.07 ton/ha
(10 years), 9.45 ton/ha (13 years), and 18.36 ton/ha (17 years). Furthermore, the highest
understorey and peat biomasses were found in the 13-year age class of 1.18 ton/ha. C stock
aboveground increased from age class III, II, and I to 14.15 ton/ha, 16.69 ton/ha, and
32.31 ton/ha, respectively. Likewise, C stock belowground increased from age class 1II,
II, and I to 533.53 ton/ha, 725.85 ton/ha, and 751.77 ton/ha. D. polyphylla trees play a
role in restoring forest ecosystems on peatlands and absorbing more CO, as the tree ages;
therefore, it is useful in dealing with climate change. In addition, this species has a high
conservation value, and there are advantages such as good adaptability to peat swamp
land, which is always inundated or periodically inundated so that it can survive despite
unfavorable environmental conditions.
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