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ABSTRAK

Revegetasi hutan rawa gambut tropis (HRG) bekas kebakaran dengan jenis pohon lokal
mempunyai nilai strategis untuk pemulihan HRG yang sebagian besar telah hilang dan
terdegradasi berat oleh penebangan hutan, konversi, drainase dan kebakaran berulang.
Pemulihan HRG akan diikuti oleh peningkatan tutupan hutan, sekuestrasi CO2, produksi O
dan biodiversitas ekosistem gambut. Penelitian bertujuan untuk menganalisis pertumbuhan
tanaman revegetasi pada HRG bekas kebakaran. Penelitian menggunakan rancangan
percobaan lapangan dengan 4 jenis pohon lokal gambut, yaitu ramin (Gonystylus
bancanus), punak (Tetramerista glabra), tembesu (Fragraea. fragrans) dan pulai (Alstonia
pneumatophora). Hasil penelitian sampai umur 2 tahun menunjukkan daya hidup tanaman
revegetasi berkisar antara 92,56%-94,69%, riap tinggi 32,53-44,94 cm/tahun dan riap
diameter 0,87-1,21 cm/tahun. Pertumbuhan tanaman revegetasi masih mengalami fase
percepatan pada pengamatan sampai umur 3 tahun. Penelitian ini memberikan optimisme
bahwa revegatasi HRG yang telah terdegradasi oleh kebakaran dapat dilakukan dengan
hasil yang memuaskan.

Kata kunci: hutan rawa gambut, jenis pohon lokal, daya hidup, riap tinggi, riap diameter
ABSTRACT

Revegetation of tropical peat swamp forests (PSF) from former fires with local tree
species has strategic value for the recovery of PSF, which has been largely lost and
severely degraded by logging, conversion, drainage, and repetitive fires. The PSF recovery
will be followed by increased forest cover, CO> sequestration, O production, and peat
ecosystem biodiversity. The method of revegetation that guarantees successful planting is
still very lacking and has not been widely publicized. The study aimed to analyze the
growth of revegetated plants on PSF of former fires. It used a field experiment design with
four types of local peat plants, namely ramin (Gonystylus bancanus), punak (Tetramerista
glabra), tembesu (Fragraea fragrans), and pulai (Alstonia pneumatophora). The results of
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the study showed that until the age of 2 years, the survival rate of revegetated plants ranged
from 92.56%—94.69%, with growth of 32.53-44.94 cm/year and diameter growth of 0.87—
1.21 cm/year. The growth of revegetated plants still accelerated in observations until the
age of 3 years. This study provides optimism that PSF revegetation degraded by the fires

could be carried out with satisfactory results.

Keywords: peat swamp forests, local tree species, survival rate, height growth, diameter

growth
INTRODUCTION

Tropical peat swamp forests (PSF)
widely found in Southeast Asia, mainly in
Indonesia where forty-seven percent of PSF
was lost between 1990 and 2015, only 29%
was found as primary forest in 2015
(Miettinen et al, 2016). Peatlands
decreased by about 1.47 M ha between
2013 and 2019 in Indonesia (Anda et al.,
2021). PSF is a type of swamp forest with a
specific and fragile ecosystem (Osaki et al.,
2021), both in terms of land habitat in the
form of peat with high organic carbon
content and a thickness ranging from less
than 0.5 m to a depth of more than 20 m
(Daryono, 2009; Page et al., 2002). PSF
stores large amounts of carbon in its peat,
but peat degradation causes high
greenhouse gas emissions (Graham et al.,
2017; Ma et al., 2022).

PSF degradation is caused by three main
factors: logging, fires and land conversion,
followed by peat drainage (Mishra et al.,
2021; Osaki et al., 2021). Degraded PSF
directly increases fire  susceptibility
(Dohong et al., 2017; Mishra et al., 2021).
Fires are a huge source of carbon emissions
(CO2); for example, peatland fires in
Central Kalimantan in 1997 were estimated
to release 0.19-0.23 G tons of carbon
emissions from a burned area of 0.73
million ha (Page et al., 2002). Recurrent
fires are also directly correlated with
increased bulk density of peat soils and
decreased biodiversity (Wijedasa, 2016).
Repeated fires slow down the speed of peat
recovery due to the damage to soil physical
properties (Hoscilo et al., 2011; Sinclair et
al., 2020) and damage to seed sources and
mother trees (Blackham et al., 2013) and
increase the density of naturally growing

pioneer species from the remaining forest
stands (Blackham et al., 2014; Posa et al.,
2011). Microtopographic changes in burnt
peat areas into basins where the standing
water stunts the natural species (Lampela et
al., 2016).

Indonesia has a target to restore 2.4
million ha of degraded peat in seven
provinces affected by fires (Dohong et al.,
2018; Wicaksono & Zainal, 2022).
Restoration consists of three main activities:
rewetting, revegetation and revitalization.
Rewetting is an effort to increase
groundwater levels on peatlands that have
already been drained through the
construction of canal bulkheads and canal
stockpiling, and revegetation of peatland
that was burnt through replanting local tree
species. Revitalization aims to improve the
livelihoods of local communities (Dohong
et al., 2018; Mishra et al., 2021; Yuwati et
al., 2021). Revegetation has a strategic goal
in PSF recovery because it will be able to
restore forest cover, increase carbon
dioxide (CO3) sequestration (Budiman et al.,
2020), produce oxygen (O), and increase
the biodiversity of flora and fauna (Smith et
al., 2022). Revegetation still faces
considerable problems because although the
costs incurred are quite significant, it still
does not guarantee the success of
revegetation due to the threat of repeated
fires and soil damage less supportive of
plant growth (Graham et al., 2017; Smith et
al., 2022). The method of revegetation that
guarantees successful planting is still very
lacking and has not been widely publicized
(Graham et al., 2017). This study aimed to
analyze the growth of 4 species of local
peat trees from PSF revegetation activities
on the former fires in OKI District, South
Sumatra.
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MATERIALS AND METHODS

Research Site

The research site was located in the
Limited Production Forest (LPF) of
Pedamaran (Figure 1). The research
activities were carried out from October
2016 to December 2019. LPF of
Pedamaran was in the Peat Hydrological
Unit (PHU) of Burnai River — Sibumbung
River, Ogan Komering Ilir District, South
Sumatra. The research area was a former
fire of PSF in 2012. GPS site 3°31°27.6°" S,
105°01°07.7 E.

Materials
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The research materials consisted of 4
species of peat local tree seedlings, namely:
ramin  (Gonystylus  bancanus), punak
(Tetramerista  glabra), swamp pulai
(Alstonia pneumatophora), tembesu
(Fragraea fragrans); NPK compound
fertilizer (15:15:15), bamboo stakes. The
tools comprised a compass, calipers, meters.
and land preparation tools.

Methods

The research plot was designed in the
species trial method (Wahno et al., 2022)
and built on an area of 1.6 ha divided into
16 treatment plots. The size of each

treatment plot was 40 m x 25 m (Figure 2).

480000

9645000

9530000

9515000

9600000

o00kwse

ooabesn

005136

0005056

B Research
g“i i ! T

465000

= —- —=—
480000 485000 510000 525000

Figure 1. Research site in LPF of Pedamaran, OKI District, South Sumatra (Ngudiantoro, 2022)
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Figure 2. Layout of research plots in an area of 1.6 hectares

The observation and measurement of
several variables of vegetation, soil, and
hydrology (Hanum et al., 2019), on a plot

area of 1.6 ha were carried out to find out
the characteristics of peatlands of former
fires, followed by total clearance activities
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of the understorey. The planting distance
was 5 m x 4 m in which one treatment plot
consisted of 50 plants. At each plant stake,
the roots of undergrowth and wood left over
from the forest fires were cleaned. After
that, peat mounds were made to collect peat
soil mass and raise part of the soil, so the
tree seedlings were not submerged in the
rainy season. The next stage was planting
activities conducted at the beginning of the
rainy season before entering the peak of
inundation, followed by root plant
clearance activities and NPK fertilization
dose 20 g/stem at the ages of 4 months, 8
months, 12 months, 18 months, 24 months,
30 months, and 36 months after planting.
Growth observations and measurements
were carried out once every 6 months until
the plant reached 3 years old.

Experimental design and data analysis
This field research used a completely
randomized trial design because the land
conditions  were relatively  uniform
(homogeneous) with flat topography (<
3%). The growth variables measured were
survival rate, height growth, and diameter
growth. Growth measurement data were
analyzed wusing analysis of variance
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(ANOVA) and then continued with
Duncan's Multiple Range Test (DMRT) for
growth variables significantly different
from the analysis of variance. The plants
whose growth was measured were those in
the middle of the treatment plot, as many as
8 x 3 = 24 plants per plot.

RESULT AND DISCUSSION

Land Characteristics

The results of observations and
measurements of land characteristics were
presented in Table 1.

Revegetated Plants Survival Rate

The survival rate of plants was an
important indicator that shows the
adaptability of plants to the conditions of
their growing environment. The result of
variance analysis in very deep PSF (Table 2
& 3).

Viability shows species adaptability to
grow in some environmental conditions and
could be used as indicator for species
selection in rehabilitation. The results of the
viability among 4 species of revegetated
plants in very deep PSF could be seen in
Table 4.

Tabel 1.Characteristics of very deep peat (> 300 cm) in burn-affected PSF revegetation plots in Ogan

Komering Ilir District, South Sumatra

Land Characteristics

Very deep peat (> 300 cm)
LPF of Pedamaran

A. Land
Land Type
Peat Thickness
Peat Maturity

Peat Type
pH peat

B.  Hidrology
Peak water level during the rainy season
Depth of groundwater end of dry season
Duration of waterlogging

Water pH
C. Vegetation results from natural succession
Tree

Understorey

Typic Tropohemist

410 — 625 cm (very deep) Hemic
Ombrogenic (low fertility)

3.4 (very acidic)

10 — 18 cm (shallow)
45 — 63 cm (medium — deep) 9 months (long)
3.7 (very acid)

Beriang (Ploiarum alternifolium) Perepat
(Combretocarpus rotundatus) Gelam (Melaleuca
leucadendron) Gelam tikus (Eugenia sp.)

Pakis udang (Stenochlaena palustris) Pandan duri
(Pandanus sp.)
Purun tikus (Eleocharis dulcis)
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Revegetated Plant Height Growth

The results of the variance analysis of
the height growth of 4 species of
revegetated plants on very deep PSF were
presented in Table 5 and 6. The results of
the variance analysis showed that the height
of the four species of plants for very deep
PSF revegetation was significantly different.
The comparison of the height of the four
species of plants was presented in Table 7.

Diameter Growth of Revegetated Plants
The results of the variance analysis of
diameter growth of 4 species of revegetated
plants in very deep PSF presented in Table
8 and 9. The results of the variance analysis
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showed that the diameter growth of the 4
species of plants selected for very deep PSF
revegetation was significantly different at
the age of 12 months and insignificantly
different at the age of 24 months. A
comparison of the growth diameters of the
four types of plants was presented in Table
10.

Growth of Revegetated Plants in Very
Deep PSF According to Age

The height and diameter growth of 4
species of revegetated plants in very deep
PSF (> 300 cm) was presented in Figure 3
& 4.

Table 2. Analysis of variance of the survival rate of 4 species of plants revegetation aged 12 months on very

deep PSF (> 300 cm)

Source of Variance dF SS MS F-count
Plant species 3 70.312 23.438 0.59 1
Galat 12 478.125 39.844

Total 15 548.437

Note: ns = insignificantly different at the 5% test level

Table 3. Analysis of variance of the survival rate of 4 species of revegetated plants aged 24 months on very
deep PSF (> 300 cm)

Source of Variance dF SS MS F-count
Plant species 3 149.563 49.854 1.88 ns
Galat 12 318.85 26.573

Total 15 468.438

Note: ns = insignificantly different at the 5% test level

Table 4. Duncan’s Multiple Range Test (DMRT) for the viability of 4 species of revegetated plants in very
deep PSF (> 300 cm)

Species of Revegetated Plants Survival Rate (%)
Aged 12 Months Aged 24 Months
Punak (7. glabra) 97.50a 96.87,
Pulai (4. pneumatophora) 95.62, 93.754
Ramin (G. bancanus) 93.75a 90.87,
Tembesu (F. fragrans) 91.87. 88.75a
Avarage 94.69 92.56

Note: numbers followed by the same letter in columns, insignificantly different according to DMRT test at
5% test level

Table 5. Analysis of variance of height growth of 4 species of revegetated plants aged 12 months in very
deep PSF (> 300 cm)

Source of Variance dF SS MS F-count
Plant species 3 2515.009 838.336 8.28 ™
Galat 12 1215.139 101.261

Total 15 3730.147

Note: ** = significantly different at 1% test level



214 Bastoni et al.: Revegetation of Tropical Peat Swamp Forest of Former Fires

Table 6. Analysis of variance of the height growth of 4 species of revegetated plants aged 24 months on very
deep PSF (> 200 cm)

Source of Variance dB SS MS F-count
Plant species 3 4641.850 1547.283 6.68 **
Galat 12 2778.736 231.561

Total 15 7420.586

Note: ** = significantly different at 1% test level

Table 7. Duncan’s Multiple Range Test (DMRT) of height growth of 4 species of revegetated plants on very
deep PSF (> 300 cm)

Species of Revegetated Plants Height Growth (cm/year)
Aged 12 Months Aged 24 Months
Tembesu (F. fragrans) 49.14, 66.59,
Punak (7. glabra) 40.10, 56.35,
Pulai (4. pneumatophora) 21.55, 25.74,
Ramin (G. bancanus) 19.30, 31.07.
Avarage 32.53 44.94

Note: numbers followed by the same letter in columns, insignificantly different according to DMRT at 5%
test level

Table 8. Analysis of variance of the diameter growth of 4 species of revegetated plants aged 12 months on
very deep PSF (> 300 cm)

Source of variance dF SS MS F-count
Plant species 3 0.6702 0.2234 2.14"
Galat 12 1.2503 0.1042

Total 15 1.9205

Note: * = significantly different at 5% test level

Table 9. Analysis of variance of the diameter growth of 4 species of revegetated plants aged 24 months on
very deep PSF (> 300 cm)

Source of variance dF SS MS F-count
Plant species 3 1.141 0.380 1.86 ns
Galat 12 2.456 0.205

Total 15 3.598

Note: ns = insignificantly different at 5% test level

Table 10. Duncan’s Multiple Range Test (DMRT) of diameter growth of 4 species of revegetated plants on
very deep PSF (> 300 cm)

Species of Revegetated Plants Diameter Growth (Cm/Year)
Aged 12 Months Aged 24 Months
Punak (7. glabra) 1.11, 1.48,
Tembesu (F. fragrans) 0.95a 1.21,
Pulai (4. pneumatophora) 0.804p 1.37,
Ramin (G. bancanus) 0.55y 0.78.
Avarage 0.87 1.21

Note: numbers followed by the same letter in columns, insignificantly different according to DMRT test at
5% test level
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Figure 3. The height of 4 species of revegetated plants until the age of 3 years after planting in very deep PSF

in LPF of Pedamaran, OKI District - South Sumatra
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Figure 4. The diameter of 4 species of revegetated plants until the age of 3 years after planting on very deep
PSF in the Pedamaran LPF area, OKI District - South Sumatra

DISCUSSION

Based on the observed variables, the
peatland characteristics of 4 years after the
fire in the study area already existed a
natural succession of vegetation from both
tree strata and understorey (Table 1). The
intensity of fires was relatively low, so
there was still vegetation of tree strata that
was not burned to death and recovered after
the fire (Giesen & Sari, 2018). The
relatively long duration of waterlogging
with shallow waterlogging and moderate
groundwater levels (Table 1) could also
prevent high-intensity fires resulting in land
conditions to be not degraded heavily.
These conditions supported the growth of
revegetated plants planted in PSF of former
fires (Blackham et al., 2013, 2014; Hoscilo
etal., 2011; Posa et al., 2011; Sinclair et al.,

2020; Wijedasa, 2016).

The results of the analysis of variance
(ANOVA) showed that the survival rate of
the four species of revegetated plants aged
12 and 24 months was not significantly
different (Table 2 & 3), with an average
survival rate of 94.69 % at 12 months of
age and 92.56 % at 24 months of age (Table
4). This shows that the four species of
rehabilitation plants have high viability and
good adaptability to growing environmental
conditions and can be selected for the
rehabilitation of very deep (> 300 cm) peat
swamp forests after fires. The results of a
revegetation study of 141 plant species at
92 sites in the Southeast Asia region
obtained an average survival rate of 62 %
(Smith, 2022), lower than the results of this
study. Another study showed that the
viability of PSF revegetation plants in
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Central Kalimantan was < 50% (Tata &
Pradjadinata, 2016). The high viability of
the results of this study is in line with and
supported by the characteristics of the land
in the study area (Table 1) which are not
heavily degraded.

The results of ANOVA showed that the
height increment of revegetated plants was
highly significant at 12 and 24 months after
planting (Table 5 & 6). The height growth
of the 4 species of revegetated plants varied
from 19.30 — 49.14 cm/year at 12 months to
31.07 — 66.59 cm/year at 24 months of age.
The growth sequence from the highest to
the lowest was tembesu (F. fragrans),
punak (T. glabra), island (A.
pneumatophora) and ramin (G. bancanus)
(Table 7). The difference in height growth
between the plant species occurred because
each type had a different growth character,
ranging from fast to slow growth. In this
case ramin was classified as a slow-
growing species.  The average height
growth of revegetated plants increased from
35.53 cm/year at 12 months of age to 44.94
cm/year at 24 months of age; this shows
that revegetated plants still underwent a
growth acceleration phase. Data and
information about the height increment of
revegetated plants up to 24 months of age is
minimal. Several publications provide the
growth data at <12 months after planting
(Santosa et al., 2020; Tata & Pradjadinata,
2016).

The results of ANOVA of the diameter
growth of the four species of revegetated
plants were slightly different from the high
growth. The growth diameter significantly
differed at 12 months and insignificantly at
24 months (Table 8 & 9). The diameter
growth of the 4 species of revegetated
plants varied from 0.55 — 1.11 cm/year at
12 months of age to 0.78 — 1.48 cm/year at
24 months of age. The sequence of growth
from the highest to the lowest is punak (T.
glabra), pulai (A.  pneumatophora),
tembesu (F. fragrans) and ramin (G.
bancanus) (Table 10). The average growth
diameter of revegetated plants increased
from 0.87 cm/yearat 12 months of age to
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1.21 cm/year at 24 months of age. This
indicated that revegetated plants still
underwent an accelerated growth phase.
From the results of this study, the pattern of
growth in height and growth in diameter of
revegetated plants is relatively the same.
Increasing the growth of revegetated plants
can be done by applying AeroHydro
Culture Technology (Osaki et al., 2021).

The results of observations and
measurements of plant height and diameter
up to 3 years after planting showed that the
revegetated plants in the fire-affected PSF
at LPF Pedamaran had satisfactory growth
performance (Figure 3 & 4). This gives
optimism that revegetation of degraded PSF
is relatively not as tricky as the research
results published (Smith et al., 2022; Tata
& Pradjadinata, 2016). Various post-fire
peat land and forest biophysical constraints
(Blackham et al., 2013, 2014; Hoscilo et al.,
2011; Lampela et al., 2016; Posa et al.,
2011; Sinclair et al., 2020; Wijedasa, 2016)
need to be anticipated by applying land
preparation, planting, and maintenance
techniques appropriate to site conditions.

CONCLUSION

The growth of 4 species of local peat
trees for revegetation of burn affected PSF
in South Sumatra showed very satisfactory
results with a high survival rate (> 90%).
Revegetated plants still underwent an
accelerated growth phase, as shown by the
height growth and diameter growth, which
increased up to 3 years of age after planting.
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