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Abstract
Peatlands in South Sumatra are increasingly degraded due to anthropogenic activities and cli-

mate change. Effective restoration therefore requires broad consensus on conserving biodiversity 
and carbon stocks through the planting of native peat species, such as rumbia palm (Metroxylon 
sagu Rottb.). This study aimed to evaluate the suitability of peatlands for rumbia palm cultivation 
and to identify the main limiting factors affecting its development. The research combined field 
observations, laboratory analyses, and environmental assessments to evaluate the physical and 
chemical characteristics of local peatlands. Results indicated that rumbia palm is closely linked 
to the cultural history of the Sriwijaya Kingdom in Palembang, yet has become marginalised due 
to widespread conversion of peatlands into industrial plantations. Soil acidity, nutrient levels, and 
peat depth were found to be the primary limiting factors influencing cultivation potential. Overall, 
the study shows that peatlands in South Sumatra have high potential for rumbia palm cultivation 
under proper management practices, such as soil improvement, fertilisation, and groundwater 
regulation. The novelty of this research lies in positioning rumbia palm cultivation as an indige-
nous, biodiversity-supporting, nature-based solution for restoring ecological functions of tropical 
peatlands.

Key words: degraded peatlands, peatland restoration, soil ameliorant, sustainable restora-
tion.

sive drainage leads to peatland subsid-
ence, irreversible drying, gas emissions, 
biodiversity loss, and devastating peat 
fires. The stability is strongly influenced 
by its water content (Yamamoto et al. 
2020). Peatlands should ideally be highly 
moist to allow consistent, long-term peat 
accumulation that can be restored. Sus-

Introduction

Preventing peatland conversion is very 
difficult because the government has pre-
pared peatland plans for industrial plan-
tations, agriculture, and non-agricultural 
uses (Armanto et al. 2025a). All peatland 
reclamation requires drainage and exces-
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tainable peatland management has to be 
a top priority to slow climate change and 
promote green economic growth (Arman-
to 2019a,b). Fires and carbon emissions 
are two environmental impacts of agricul-
tural methods using canals to drain peat-
lands. They have to be managed sustain-
ably due to their fragile ecosystems.

Rewetting, revegetation, and liveli-
hood revitalisation (3R programs) are 
programmes for peatland restoration. 
Rewetting degraded peatlands reduces 
net greenhouse gas emissions signifi-
cantly. Replanting with peat native plants 
that were once present there is known as 
paludiculture (Byg et al. 2023) with three 
methods, namely maximum replanting, 
enrichment, and natural succession. One 
way to compensate communities sur-
rounding peatland restoration is to revital-
ize the livelihoods of indigenous commu-
nities. Three categories of their livelihood 
revitalisation programmes are known as: 
ecosystem service-based, land-based, 
and water-based. Carbon trading belongs 
to ecosystem service-based program, 
paludiculture is typically thought of as a 
land-based agricultural method used on 
peatlands, and fisheries can be catego-
rised as water-based restoration (BRGM 
2022).

Rumbia palm (Metroxylon sagu Rottb., 
syn. М. rumphii Mart.) cultivation study on 
peatlands is still limited and only identified 
the results of its cultivation with certain 
treatments without considering land suit-
ability criteria. For a wide variety of wild 
plants and animals, rumbia palm (as a 
native peat species) offers a stable, nu-
trient-rich habitat, making it a foundation 
species that is crucial to carbon seques-
tration (Bagasbas and Barroca 2020). Its 
cultivation and peatland restoration can 
conserve biodiversity and carbon storage 
while also fostering a strong local econo-

my (Dimara et al. 2021). Although it grows 
in flooded conditions, production is bet-
ter if the peatland can fluctuate between 
flooded and dry conditions (Sasaki et al. 
2025). Canals with barriers are necessary 
to maintain water level stability in peat-
lands and serve as transportation routes 
for harvested rumbia palm trunks (Syakina 
et al. 2024a,b). This study aimed to eval-
uate the suitability of peatlands for rumbia 
palm cultivation and to identify the main 
limiting factors affecting its development. 
The findings are expected to inform land-
use planning for the cultivation of rumbia 
palm within peatland restoration efforts.

Materials and Methods

Study plots

The study plots are peatland areas locat-
ed in the eastern part of South Sumatra 
Province, situated at an elevation of 0–5 m 
a.s.l., and relatively isolated, although 
they are accessible via numerous rivers 
(Fig. 1). Plot 1, with a peat depth of 50–
100 cm, is located at 104°57′18.58″ E and 
3°26′37.31″ S; Plot 2 (100–200 cm) is sit-
ed at 104°53′35.12″ E and 3°25′53.37″ S; 
Plot 3 (200–300  cm) is positioned at 
104°57′52.38″  E and 3°25′22.34″  S; 
and Plot 4 (>300  cm) is located at 
104°57′54.55″ E and 3°25′20.43″ S.

Study methods

Purposive and composite soil sampling 
was conducted from four observation 
plots. A three-quadrant transect approach 
was employed as the data gathering tech-
nique with each plot measuring 10×10 m 
for tree observation, 5×5 m for sapling ob-
servation, and 2×2 m for seedling obser-
vation. Next, the peat samples were dried 
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niques are summarised in Table 1 (ASTM 
International 2025).

and analysed in the laboratory. Study 
parameters and their measurement tech-

Fig. 1. Distribution of dominant peatlands in South Sumatra, Indonesia and study plots.

Table 1. Study variables and their measuring techniques.

Parameter and units Methods
Water content, % Oven-drying and weighing
Bulk density, g·cm-3 Core (ring) samples and weighing
Total pore space, % Derived from bulk density and particle density
Organic C, % Walkley and Black method
Total N, % Wet digestion with H2SO4, spectrophotometric determination
C/N ratio Calculated ratio
Peat depths, cm Boring method
Soil acidity, pH value pH meter
Inundation depth, cm Piezometer reading
Moisture content (wet), % Air-drying and weighing
Moisture content (dry), % Oven-drying and weighing
Groundwater level, cm Field measurement
Fiber content, % Sieving and weighing
Ash content, % High-temperature and laboratory analyses
Dry biomass, kg·ha-1 Weighing and oven-drying
Total biomass, kg·ha-1 Calculated as 1.74 × organic C, %

Available P, K, kg·ha-1 Wet digestion with HNO3 and H2SO4, spectrophotometric determi-
nation

Note: Organic carbon (C), total nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), sulphuric acid (H2SO4), and nitric acid (HNO3).
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Method for determining rumbia palm 
suitability was carried out according to 
Ministry of Agriculture Regulation (2021), 
No 79/Permentan/OT.140/8/2013. Land 
suitability was assessed using the match-
ing method, namely by matching peatland 
parameters with rumbia palm growth re-
quirements (Armanto et al. 2013).

Results and Discussions

Rumbia palm ethnobotany and decline 
in the South Sumatra peatlands

The ethnobotany of rumbia palm was an 
important aspect of daily life among the 
Sriwijaya communities, which were locat-
ed in the southern part of Sumatra, par-
ticularly around Palembang City and the 
Musi River in South Sumatra, Indonesia. 
The relationship between rumbia palm 
and the Sriwijaya Kingdom was direct-
ly documented in the main historical in-
scription stone of the Sriwijaya Kingdom. 
Based on ethnobotanical, geographical 
and archaeological studies, several piec-
es of information can be drawn (Table 2). 
Sriwijaya kingdom may have traded rum-
bia palm with other kingdoms, given its 
role in extensive maritime trade and rum-
bia palm contributed to the survival of the 

Sriwijaya community and had an impact 
on the local economy at that time. These 
findings are consistent with those of other 
researchers (Wildayana et al. 2018).

Rumbia palm trunks are harvested to 
produce rumbia palm starch. The carbon 
cycle, ecological functions, and wildlife 
species dependent on rumbia palms are 
all negatively impacted by deforestation. 
Biodiversity, carbon storage protection, 
and regional economic stability can be 
maintained by combining rumbia palm 
cultivation with sustainable peatland res-
toration.

The condition in South Sumatra is very 
ironic, rumbia palm has become almost 
extinct in the peatlands due to several 
interrelated factors. The main drivers of 
its decline are predominantly anthropo-
genic (79  %), including land conversion 
and drainage, while natural factors such 
as fire and climate account for only 21 %. 
This is relevant to the findings reported by 
Wildayana and Armanto (2018). It means 
that if peatlands were not influenced by 
humans, it was very possible that rumbia 
palm would still be found. Here are some 
of the main reasons why rumbia palm is 
difficult to find in the study plots today:

1) Land conversion for industrial plan-
tations (53 %). This activity causes major 
changes in the ecosystem and the loss of 

Table 2. Information about sago written on the stone inscriptions of the Sriwijaya  
kingdom.

Uses of rumbia palm General descriptions

Food source In coastal and swamp areas, sago was the main source of carbohy-
drates, especially for indigenous communities.

Food trade and distri-
bution

Sriwijaya was a maritime kingdom and a centre of international 
trade. In its logistics system, indigenous foodstuffs such as sago, 
coconut, and dried fish were essential as provisions for sea travel 
and daily consumption. Sago is known to last a long time after being 
processed into flour, making it suitable as a logistical reserve food.

Non-food uses Building materials (leaves and stems). Animal feed and by-products 
(sago worms as a source of protein).

Source: Field survey and literature review (2025).
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natural habitat for rumbia palm. Peatlands 
that used to be fertile places for it to grow 
are now being converted into plants that 
are more economically profitable.

2)  Peatland drainage for agriculture 
and industrial plantations caused a de-
crease in water content in the soils playing 
a role of around 26 %. Rumbia palm re-
quires waterlogged environment to grow 
well. If peatlands are drained, they are no 
longer ideal for planting rumbia palm.

3) Frequent land fires. They will dam-
age the peat ecosystem including rumbia 
palm because fires reduce its number. 
Rumbia palm belongs to a fire-resistant 
species, therefore the role of fire in the 
destruction is relatively small (only 12 %).

4)  Climate change affects the peat 
ecosystem and the growth of rumbia palm 
(playing a role of 9  %). Extreme weath-
er conditions (such as longer droughts or 
erratic rainfall) can damage the peat eco-
system supporting rumbia palm growth.

Rumbia palm is often less considered 
in agricultural policies and natural re-
source management, so its existence is 
increasingly threatened. Overall, its loss 
in peatlands is caused by a combination of 
human activities, environmental damage, 
and climate change. Preserving rumbia 

palm requires a more holistic approach, 
including better peatland management 
and protection of existing ecosystems.

South Sumatra is forced to import rum-
bia palm flour from outside to meet the 
need for pempek (a typical South Suma-
tran food) made from rumbia palm flour, on 
the other hand, many peatlands are aban-
doned and degraded. It would be a useful 
if these peatlands can be utilised for rum-
bia palm cultivation. Besides making pem-
pek, rumbia palm can be processed into a 
variety of foods (noodles, cakes, etc.). The 
protein, glucose, and dextrin content in it 
can be utilised in the food and beverage, 
pharmaceutical, paper, wood, cosmetics, 
and pesticide industries. Its production 
waste is used as fertilizer, animal feed, or 
as fuel briquettes. Among the several im-
mediate advantages of rumbia palm are 
its starch, fibre, leaves, leaf stalks, lar-
vae, sap, palm kernel, seeds, and roots. 
It became a staple, generating flour other 
than tapioca, protecting the environment, 
and reducing reliance on imports. Rum-
bia palm trunks have to be incorporated 
into social forestry and peat restoration 
projects in order to restore rumbia palm 
food security and strengthen environmen-
tal-based food security (Fig. 2).

Rumbia palm threes Rumbia palm  
processing

Rumbia palm flour

Fig. 2. Rumbia palm (Metroxylon sagu) as a potential species for peatland rehabilitation 
and local food production.
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Key variables of rumbia palm 
suitability in peatlands

The climate conditions for all study areas 
meet the criteria of highly suitable (S1) 
and ideal for rumbia palm growth. The 
average air temperature, according to 
climate data from 2000 to 2024, is 31 °C. 
The region is categorised as S1 (highly 
suitable) because to its average annual 
rainfall of 3,128 mm.

The peat depth determines the adapt-
ability of rumbia palm growth. Its growth 
is slightly inhibited in deep peatland be-
cause rumbia palm roots cannot pene-
trate the deep peatland substrate layer, 
which often consists of nutrient-rich sed-
iment layers. If the peatland is shallow, 
the substrate layer below the peatland 
layer provides sufficient nutrients and can 
be absorbed by its root system. In other 
words, it can be said that the deeper the 
peatland, the worse the environment is to 
support rumbia palm growth (Table 3).

For all study plots, the lowest bulk den-
sity (BD) was often found in the deepest 
peat layers, increasing with decreasing 
depth and reaching a maximum in the 
shallower layers (50–100  cm). This pat-
tern is due to the greater influence of hu-
man activities and river systems on shal-
low peat compared with deeper layers. 
These activities include industrial planta-
tions, illegal logging, agriculture, slash-
and-burn farming, grazing, and fisheries. 
The peatland surface, which experiences 
high temperatures burning charcoal pro-
duction through pyrolysis process, is the 
primary site of fires and other disturbanc-
es.

Changes in peat properties generally 
occur in the shallower layers, particularly 
where BD increased; organic carbon (C) 
decreases, while ash and fibre content are 
reduced. At these depths, peat particles 
are more vulnerable to water flow, fire, and 
extreme heat. Fine peat particles can be 
transported by water to fill holes, crevices, 

Table 3. Average key variables of peatland suitability and Tukey HSD test.

Key variables Peatland depth, cm
50–100 100–200 200–300 >300

BD, g·cm-3 0.23a 0.23a 0.14b 0.15b

TPS, % 82a 84a 88b 88b

Organic C, % 41.96a 43.50ab 49.11c 48.73c

Total N, % 1.79a 1.78a 1.99a 1.95a

C/N ratio 23.44a 24.44a 24.68a 24.99a

P2O5, kg·ha-1 3.29a 3.20a 3.15a 3.10a

K2O, kg·ha-1 11.08a 11.02a 9.97a 9.21a

WM, % 443a 468b 470b 472b

DM, % 80a 84a 80a 84a

GWT, cm 41a 39a 20b 21b

Fiber, % 23.34a 24.40a 37.02c 30.50b

Ash, % 5.36a 5.42a 5.89a 10.12b

Note: Bulk density (BD), total pore space (TPS), organic carbon (C), total nitrogen (N), wet 
moisture (WM), dry moisture (DM), and groundwater table (GWT). Mean values with the same 
superscript in each row indicate no significant difference at p < 0.05 based on Tukey HSD test. 
Source: Results of laboratory data analysis (2025).
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and fissures on the peat surface, affect-
ing several peat characteristics. Total pore 
space (TPS) and BD exhibit an inverse 
relationship: higher TPS corresponds to 
lower BD. Shallow peatlands exhibited 
the lowest TPS values (82–84 %), where-
as deeper peatlands had the highest TPS 
values (88 %). Consequently, a decrease 
in TPS is associated with an increase in 
BD, indicating peat compaction.

Organic C, N, and the C/N ratio exhib-
ited the following patterns: shallow peat 
(41.96–43.50  %) contained considera-
bly lower organic C compared with deep 
peat (48.73–49.11 %). Although N values 
showed no significance overall variation, 
shallow peatlands experienced greater N 
losses due to more extensive decomposi-
tion. The C/N ratio did not vary markedly 
across all sampling plots; however, peat-
lands appear increasingly degraded, as 
evidenced by a declining ratio.

Several studies on ombrotrophic peat-
lands have also reported that the C/N ratio 
increases with depth. In addition to N loss-
es through volatilisation during peat burn-
ing, repeated fires deplete soil biomass, 
further reducing overall N concentrations. 
Consequently, deep peatlands were found 
to have a higher C/N ratio. Land clearing 
was the primary factor driving the decline 
in N concentrations in shallow peatlands. 
Maintaining crop residues in situ can help 
preserve a higher C/N ratio, while availa-
ble P and available K do not show signifi-
cant differences with peat depth.

Limiting factors of rumbia palm 
suitability in peatlands

Rumbia palm is highly suitable for growth 
on peatlands, but several factors must be 
considered to ensure these ecosystems 
remain suitable for supporting its devel-
opment. In general, peatlands possess 

characteristics favourable to rumbia palm 
growth; however, proper management 
is crucial. Similar findings have been re-
ported by other researchers (Armanto et 
al. 2025b,c). The main factors are sum-
marised below.
1) Moisture conditions
Rumbia palm requires peatlands that re-
main constantly moist and waterlogged. 
Peatlands naturally maintain high humid-
ity because of their ability to store large 
volumes of water. Therefore, consistently 
moist peatlands are ideal.
2) Soil acidity (pH)
Peatlands generally have low pH values 
varying between 3.5 and 5.5. Rumbia 
palm can tolerate acidic soil, although ex-
cessively low pH can inhibit root growth. 
The optimal pH range is between 4.0 and 
6.0.
3) Nutrient availability
Peatlands are often deficient in essential 
nutrients such as nitrogen (N), phospho-
rus (P), and potassium (K). Therefore, ad-
ditional fertilisation is required to ensure 
optimal growth and productivity.
4) Peat depth
Rumbia palm grows best in shallow peat, 
where the root system can reach the un-
derlying mineral substrate that serves as 
an anchor and nutrient source. In deep 
peat, the roots cannot reach this layer, 
making the plant more prone to waterlog-
ging and poor stability.
5) Drainage and hydrology
Peatland drainage disrupts the hydrolog-
ical balance and is detrimental to rum-
bia palm cultivation. Excessive drainage 
leads to peat degradation, drying, and 
increased fire risk. Proper water manage-
ment is therefore essential.
6) Groundwater level
Rumbia palm grows best where ground-
water levels are maintained between 20–
30 cm below the peat surface. Both overly 
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deep and overly shallow water tables can 
stress the plants and reduce yield.
7) Sustainable management
Wise management practices are crucial 
for maintaining peatland suitability. This 
includes preventing its conversion for in-
dustrial plantations, avoiding burning, and 
maintaining appropriate soil moisture to 
support healthy rumbia palm growth.
8) Climate change impacts
Climate change can affect the suitability 
of peatlands for rumbia palm. Changes 
in rainfall patterns or increased tempera-
tures can affect soil water content and 
make the conditions unsuitable for the 
species. Overall, they have great po-
tential to support its growth, especially if 

managed wisely. Success in cultivating 
depends on proper water management, 
adequate fertilisation, and efforts to main-
tain the balance of the peat ecosystem to 
ensure sustainable production.

Table 4 explains that the chemical and 
physical fertility of peatlands is a major 
constraint in rumbia palm cultivation. The 
study sites can be categorised into three 
land suitability classes: S1 (highly suita-
ble), S2 (moderately suitable), and S3 
(marginally suitable). There are just a few 
short-term limiting factors that can be im-
proved through the application of science 
and technology when assessing the suita-
bility and limitations for cultivation. These 
include NA (nutrient availability, such 

Table 4. Actual suitability of rumbia palm cultivation in peatlands based on peat depths.

Parameters
Peat depths (cm) related to rumbia palm land suit-

ability (in brackets)
50–100 100–200 200–300 >300

Temperature (TC)
	 Average temperature, °C 31 (S1) 31 (S1) 31 (S1) 31 (S1)
	 Wet moisture (WM) 443 (S1) 468 (S1) 470 (S1) 472 (S1)
	 Rainfall, mm 3,128 (S1) 3,128 (S1) 3,128 (S1) 3,128 (S1)
Rooting media (RC)
	 Peat depth, cm 80 (S1) 125 (S1) 250 (S2) 450 (S3)
Nutrient retention (NR)
	 Peat CEC, cmol kg-¹ 20 (S2) 17 (S2) 10 (S3) 8 (S3)
	 pH H2O 4.50 (S1) 4.40 (S1) 3.90 (S2) 3.50 (S2)
	 Organic C, % 41.96 (S1) 43.50 (S1) 49.11 (S1) 48.73 (S1)
Nutrient availability (NA)
	 N total, % 1.79 (S2) 1.78 (S2) 1.99 (S2) 1.95 (S2)
	 P2O5, kg·ha-1 3.29 (S2) 3.20 (S2) 3.15 (S2) 3.10 (S2)
	 K2O, kg·ha-1 11.08 (S2) 11.02 (S2) 9.97 (S2) 9.21 (S2)
Sulphidic hazards (XS)
	 Depth of sulphidic layers, cm 100 (S1) 105 (S1) 107 (S1) 110 (S1)
Danger of flooding (FH)
	 Flood depth, cm -15 (S1) -17 (S1) -18 (S1) -20 (S1)
Actual suitability S1-NA-NR S1-NA-NR S2-NA-NR S3-NA-NR

Note: S1 – highly suitable, S2 – moderately suitable, S3 – marginally suitable; CEC – cation 
exchange capacity. Land suitability was determined only based on the suitability of potential land 
and water resources for rumbia palm. Source: Field survey and laboratory analyses (2025).
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as N, P, and K), A (soil acidity), and NR 
(nutrient retention, including organic C, 
and CEC). Peat depth (1–3 m) is also a 
limiting factor, particularly for peat layers 
deeper than 3 m.

Improving the suitability of peatlands 
for rumbia palm cultivation

The actual suitability of peatlands is deter-
mined by their current land-use character-
istics, without any additional treatment or 
enhancement. Table 5 lists several initia-
tives to improve actual suitability to its po-
tential level. Based on the limiting charac-
teristics, each peatland depth layer has its 
own suitability class. With limiting factors 
such as N, P, and K nutrients, soil acidity, 
and CEC, the actual land suitability class-
es for peatland depths of 50–100 cm and 
100–200 cm are S1-NA, NR; S2-NA, NR, 
respectively, while S3-NA, NR applies 
to peatland depths of 200–300  cm and 
>300 cm. The primary limiting criteria for 
deeper peatland layers, as listed above, 
classify them as marginally suitable (S3).

Depending on the type of limiting fac-
tors, the potential suitability is defined 
as peatland suitability after receiving im-

provements inputs such as fertilisation, 
drainage, and irrigation. After determin-
ing suitability class for each peat depth, 
it was found that there were no limiting 
factors and that these peatland depths 
had land suitability class S1. With CEC 
and pH as limiting factors, its suitability 
class was S1-NR for peatland depths of 
100–200  cm and 200–300  cm. With pH 
and CEC as limiting criteria, its peatland 
suitability was S2-NR for depths greater 
than 300  cm. Inputs such as liming and 
the application of soil ameliorants (e.g. 
KCl fertiliser) with minor improvements (+) 
can still be applied to address or manage 
potential suitability, resulting in a potential 
land suitability class S2-NR (moderately 
suitable).

To address or manage potential suita-
bility and improve peatlands to the poten-
tial land suitability class S2-NR (moder-
ately suitable), inputs such as soil amelio-
rants and liming with minor improvements 
(+) can still be applied (Table 5). However, 
to achieve S1 uniformity, it is necessary to 
apply soil ameliorant and liming with high 
improvements (++). This finding is con-
sistent with the results reported by other 
workers (Chua et al. 2021).

Table 5. Efforts to improve actual suitability to potential suitability of peatlands.

Peatland 
depth, cm

Actual 
suitability Given inputs Improvement 

level
Potential 
suitability

50–100 S1-NA, NR Soil ameliorant, GWT control, no burn-
ing, rewetting, keep peatlands flooded. ++ S1

100–200 S1-NA, NR Soil ameliorant, GWT control, no burn-
ing, rewetting, keep peatlands flooded. ++ S1-NR

200–300 S2-NA, NR Soil ameliorant, GWT control, no burn-
ing. + S1-NR

>300 S3-NA, NR Soil ameliorant, GWT control, no burn-
ing. + S2-NR

Note: S1 – highly suitable; S2 – moderately suitable; S3 – marginally suitable; NA – nutrient 
availability (N, P, K); NR – nutrient retention (organic C, CEC); GWT – groundwater table; ++ – 
improving of two level in peatland suitability class; + – improving of one level in peatland suitability 
class. Field survey and laboratory analyses (2025).
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Rainfall and temperature have a sig-
nificant influence on rumbia palm growth 
and are also key indicators in assessing 
the suitability of peatland for its cultivation. 
These climatic factors strongly affect rum-
bia palm productivity both before and after 
harvest. Peatlands frequently experience 
natural phenomena such as pronounced 
climate variability and rising tempera-
tures. Farmers and land users in peatland 
areas typically adopt agricultural practices 
that are adapted to seasonal and weath-
er conditions to mitigate the impacts of 
climate change and rising temperatures. 
According to data from the study site, the 
mean air temperature between 2000 and 
2024 was 30 °C, indicating highly suitable 
conditions for rumbia palm cultivation.

Waterlogging is essential for rumbia 
palm growth. In aerobic conditions, how-
ever, a shallow and oxidised pyrite layer 
often becomes a limiting factor due to 
the resulting very acidic pH in peatland 
environments. As iron sulphide minerals 
become more prevalent, the soil acidity 
increases and may adversely affect plant 
productivity. The pyrite layer can be man-
aged most effectively by regulating the 
groundwater level and applying soil ame-
liorants such as lime. These measures 
can raise the peatland suitability class 
from S3 to S2 and help the soil pH return 
to near-neutral.

The expansion of rumbia palm culti-
vation often raises concerns regarding 
the risk of waterlogging in peatlands. 
They may become inundated through two 
main mechanisms: sea tides and river 
tides. During the oxidation process, water 
serves as an essential reaction medium, 
and the rate of infiltration directly effects 
the rate of oxidation. Effective soil and 
water management is therefore crucial in 
addressing the pyrite problem. Pyrite can 
be controlled by farmers through the use 

of tertiary canals that help maintain the 
groundwater level. These channels are 
designed to regulate the water supply dur-
ing high and low tides, thereby reducing 
the risk of flooding during the rainy sea-
son and preventing drought during the dry 
season. Drainage management systems 
within the channels, particularly tertiary 
ones, can inhibit pyrite oxidation, which is 
otherwise detrimental to soil and plants. 
Based on data from the study site, wa-
terlogging was indicated by flood depths 
ranging from –15 to –20 cm below ground 
level (classified as S1), making the area 
highly suitable for rumbia palm cultivation.

Peat depth has a significant influence 
on rumbia palm cultivation. The deeper 
the peat, the more degraded its charac-
teristics tend to be compared with shal-
low peatlands. The nutrient content of 
peat decreases with depth, and the root 
system of the rumbia palm cannot pene-
trate far enough to reach the substrate, 
or bottom layer, which usually consists of 
sediment richer in mineral nutrients. Fur-
thermore, when rumbia palms are planted 
on deep peat, their root systems are una-
ble to provide adequate support, causing 
the trees to lean and eventually collapse. 
Deep peat is therefore categorised as 
marginally suitable (S3).

Essential nutrients (N, P, K) need to be 
taken into account, as rumbia palm pro-
ductivity increases when these nutrients 
are available in sufficient amounts. One of 
the main constraining factors at the study 
sites is the lack of macronutrients. The 
low phosphate and potassium concen-
trations in peatlands are primarily caused 
by soil pH, potassium leaching by water, 
excessive potassium uptake by rumbia 
palm, and the insufficient application of 
potassium fertiliser by farmers, which 
does not meet the peatland requirements. 
Phosphate and potassium fertilisers can 
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be applied in adequate quantities to sus-
tain rumbia palm productivity in peatlands, 
thereby overcoming this limitation. KCl 
fertiliser and natural phosphate are two 
fertilisers that farmers frequently apply to 
their fields. Adequate nutrient availability 
can enhance rumbia palm yield, with ap-
plication rates of 100 kg·ha-1 of KCl fertil-
iser and 150 kg·ha-1 of natural phosphate, 
respectively.

Water overflow is important factor in 
rumbia palm cultivation. Climate condi-
tions affect its planting. The type of over-
flow, land characteristics, and land typol-
ogy must all be taken into account when 
managing water for agricultural devel-
opment in peatlands. There are two dis-
tinct seasons in tidal peatlands: the rainy 
season and the dry season. To prevent 
flooding, rumbia palm should be planted 
during the dry season. Limiting factors for 
its planting during the first season, which 
runs from November to April, include 
flooding caused by climate change, tidal 
water, and heavy rainfall. Prolonged in-
undation may drown rumbia palm plants, 
leading to serious problems such as root 
system rot. Land in tidal zones needs to 
be managed with appropriate micro-water 
control when growing rumbia palm.

The construction of water channels is 
planned with a width of about 30 cm and 
a depth of around 20 cm, positioned be-
tween plots or beds approximately 4  m 
wide. During the dry season these chan-
nels facilitate the entry of tidal water into 
the land. Thereafter, from planting to har-
vest, the water level in the beds needs to 
be maintained at a constant level. Two 
weeks prior to planting, a systemic herbi-
cide can be applied to the beds once the 
tide has entered the channel. These find-
ings are also supported by other workers 
(Armanto et al. 2025d).

Some challenges of Metroxylon sagu 
cultivation in peatlands

Although peatlands were assessed as 
highly suitable for M. rumphii cultivation, 
its use in these areas remains limited. 
This disparity suggests that widespread 
adoption within regional land-use systems 
is not determined by ecological suitability 
alone. These findings are consistent with 
those reported by other researchers (Choi 
et al. 2024).

From an ecological standpoint, M. 
rumphii possesses characteristics that 
closely correspond to the physico-chem-
ical and hydrological conditions of peat-
lands. The species can tolerate prolonged 
flooding, low oxygen levels, and acidic 
substrates – conditions frequently encoun-
tered in the peatlands of South Sumatra. 
Its natural distribution demonstrates con-
siderable adaptive capacity particularly in 
areas surrounding riverine peat domes, 
backswamps, and persistently flooded 
depressions. These observations support 
the notion that M. rumphii could serve as a 
native paludiculture crop capable of main-
taining peat moisture, reducing fire risks, 
and contributing to ecological restoration. 
Despite these ecological advantages, the 
species is not currently prioritised in resto-
ration initiatives, which typically focus on 
commercially recognised species such as 
Jelutong (Dyera costulata (Miq.) Hook.f) or 
fast-growing species such as Melaleuca 
cajuputi Powell. Other research findings 
are consistent with our results (Armanto 
et al. 2023, Terzano et al. 2023).

Socioeconomic considerations have 
a stronger correlation with the restricted 
adoption of M. rumphii. Rumbia yields 
comparatively low short-term financial re-
turns when compared to other peatland 
crops. Its harvest cycle is prolonged, lo-
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cal markets for rumbia-based products 
(such fibre, starch, or thatch materials) 
are underdeveloped, and the commodity 
is thought to have little economic value. 
Moreover, modernisation of local food 
systems has lessened the traditional reli-
ance on rumbia starch, further weakening 
its market relevance. These socioeco-
nomic limitations draw attention to a cru-
cial point: ecological fit does not always 
translate into livelihood desirability, and 
local communities are unlikely to accept it 
in the absence of supportive market insti-
tutions. Other research findings are con-
sistent with our results (Nurda et al. 2020, 
Monda et al. 2022).

An additional limitation is posed by 
institutional and governance constraints. 
Peatlands in South Sumatra are primar-
ily designated for large-scale land uses 
such as agriculture, industrial plantations, 
or conservation areas with stringent man-
agement regulations. There is little policy 
space for the production of native species 
like M. rumphii under such systems. Al-
though paludiculture is increasingly pro-
moted by current peatland restoration 
frameworks, there are currently no clear 
incentives for incorporating underutilised 
species. As a result, even if these species 
may not be as ecologically suitable as M. 
rumphii in certain peatland environments, 
restoration initiatives typically focus on 
species with greater market value and 
regulatory support. These findings are 
consistent with those of other researchers 
(Lupascu and Wijedasa 2021).

M. rumphii offers several clear advan-
tages over other paludiculture options, 
which warrant a reevaluation of its role. 
The species can strategically contribute 
to long-term hydrological stabilisation 
and is particularly well suited to deep, 
permanently submerged peat layers. Its 
relevance for community-based peatland 

management is emphasised by its poten-
tial multifunctional benefits, including food 
security, fibre production, cultural herit-
age, and ecosystem resilience. However, 
the realisation of these advantages is lim-
ited by the absence of institutional support 
and organised value chains. These find-
ings are consistent with those reported by 
other researchers (Budiman et al. 2020, 
Yuwati et al. 2021).

The results also indicate that reviving 
rumbia farming could make a significant 
contribution to the restoration of sustaina-
ble peatlands. M. rumphii is a peat-native 
species that supports low-impact liveli-
hoods and ecosystem-based restoration, 
as it can thrive without drainage. Without 
compromising the integrity of the peat, 
community-led rumbia planting could en-
hance hydrological recovery, improve bi-
odiversity, and provide non-timber forest 
products. Promoting M. rumphii therefore 
offers an opportunity to integrate the so-
cio-cultural revitalisation of traditional 
knowledge with ecological restoration.

Comparison with other species for 
peatland restoration

Compared with commonly promoted 
peatland restoration species, rumbia palm 
uniquely provides hydrological compati-
bility, enhances biodiversity, and delivers 
earlier economic benefits, addressing a 
major limitation of currently selected res-
toration species. Comparative list of local 
species suitable for peatland restoration is 
summarised in Table 6.

Study limitations

It is challenging to fully assess growth 
performance across peat typologies due 
to the lack of long-term planting studies. 
Because of habitat deterioration and land-
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scape change, field surveys of natural 
rumbia stands may not accurately reflect 
the species’ environmental amplitude. 
Furthermore, a comprehensive economic 
analysis of rumbia-based value chains – 
which is essential for determining the vi-
ability of livelihoods – is absent from the 
study. Hydrological modelling of rumbia 
stands, experimental paludiculture trials, 
and detailed market analyses of products 
derived from rumbia would all be valuable 
for future research.

Overall, the results underscore the 
need to reconsider the applicability of M. 
rumphii beyond specific agronomic or eco-
logical assessments. The species is clear-
ly compatible with peatland conditions, yet 
institutional, market, and socioeconomic 
factors constrain its potential. To fully re-
alise the role of rumbia as a key species 

Table 6. Comparative list of local species for peatland restoration.

Species Rewetted 
peatlands

Biodiversity 
contribution

Economic 
benefits

Economic 
return 
(years)

Limitations

Rumbia palm  
(Metroxylon sagu 
Rottb.)

Very high 
(native, wa-
terlogging 
tolerant)

High (supports 
understory and 
microhabitats)

High and di-
versified (sago 
starch, leaves, 

fibre)

Medium 
(7–10)

Limited large-
scale adop-

tion

Jelutong (Dyera 
costulata (Miq.) 
Hook.f)

High 
(peat-adapt-

ed tree)

Medium 
(closed can-

opy)
Medium (latex) Long 

(15–20)

Slow return, 
market de-
pendence

Meranti (Shorea 
balangeran (Korth.) 
Burck)

Medium-high Low-medium Medium (tim-
ber)

Very long 
(20–30)

Long rotation, 
drainage sen-

sitivity

Gelam (Melaleuca 
cajuputi Powell) Medium Low

Low-medium 
(fuelwood, oil 

niche)

Medium 
(7–10)

Low biodiver-
sity value

Sengon (Falcataria 
falcata (L.) Greuter 
& R.Rankin)

Low-medium Low Medium (tim-
ber)

Short-me-
dium

Poor under 
high water 

table

Acacia spp. (exotic) Low Very low High (short-
term pulp)

Short 
(5–7)

Ecologically 
incompatible

Source: Field survey and literature review (2025).

for sustainable peatland management in 
South Sumatra, a more comprehensive 
strategy integrating ecological restoration, 
livelihood diversification, and policy inno-
vation is required.

Conclusions

Peatland acidity, macronutrients (N, P, K), 
and peat depth are considered as tem-
porary limiting factors. Peatlands were as-
sessed as highly suitable for rumbia palm 
cultivation in terms of their actual suitabil-
ity class (S1-NA, NR). Potential suitability 
class can be optimally achieved through 
liming, fertilisation, and groundwater level 
regulation under high-level management 
(++), thus reaching potential suitability 
S1 (very suitable). Moderate manage-
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ment (+), involving only groundwater lev-
el control, can also achieve the potential 
suitability S1, but not optimally. Although 
rumbia palm is resistant to waterlogging, 
optimal production is achieved through an 
integrated water management system and 
planting at a peat depth of 50–100  cm. 
Overall, improving rumbia palm suitability 
on peatlands can be achieved relatively 
easily and at low cost by local farmers, 
while peatland restoration can be carried 
out simultaneously without additional ex-
pense or field work.

Despite M. rumphii’s high degree of 
ecological suitability - it thrives in acid-
ic, wet, and nutrient-poor peat environ-
ments – its practical application remains 
underdeveloped. Native but underutilised 
species such as M. rumphii receive min-
imal institutional support under current 
peatland restoration frameworks, which 
tend to prioritise economically valuable 
or fast-growing species. Nonetheless, 
M. rumphii offers significant ecological 
and cultural benefits that merit renewed 
attention. It can contribute to biodiversity 
enhancement, fire prevention, hydrolog-
ical stabilisation, and the preservation of 
traditional knowledge systems as a native 
paludicultural species. Its compatibility 
with persistently flooded peatlands makes 
it particularly important for long-term eco-
system recovery. Therefore, incorporating 
M. rumphii into peatland restoration plans 
provides an opportunity to balance sus-
tainable rural livelihoods with ecological 
restoration. In conclusion, reconsidering 
the suitability of M. rumphii requires a shift 
in perspective – from regarding the spe-
cies merely as a wild plant to recognising 
it as a vital component of livelihood devel-
opment and sustainable wetland restora-
tion. With appropriate institutional, scien-
tific, and financial support, M. rumphii has 
the potential to make a significant contri-

bution to the management of South Su-
matra peatlands in the future.
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