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Abstract: Peatland ecosystems can recover from fire disasters through ecological succession, revegetation, or both. 

In the context of oil palm plantations, revegetation planning for peatlands aims to restore the hydrological and carbon 

storage functions of peatlands, as well as to continuously increase the diversity of local vegetation by minimizing 

engineering activities on the land. This study explores the factors that influence revegetation of peatlands and 

identifies the distribution of water table levels as the main determinant. The water table levels, which vary from 

approximately 10 cm to 110 cm, correlate with topographic conditions and significantly impact vegetation 

survivability. The dominant plant species in the study area is Purun (Eleociharis dulcis), occupying approximately 

44.5% of the total area. Other adaptable vegetation types, such as Gelam (Melaleiuca spp.) and Perepat 

(Combretocarpus rotundiatus), are considered suitable for propagation and planting as part of the peatland 

revegetation program. The study recommends prioritizing revegetation in areas with low vegetation diversity. 

Planting in areas with deep water table levels (60-80 cm) is recommended during the dry or humid months (June to 

September) while planting in areas with shallow water table levels (0-40 cm) is better conducted in the rainy season 

(October to December). 
Keywords: burned peatland, revegetation map, palm oil concession. 

 

1.  Introduction 

Peatland is an invaluable ecosystem in climate 

change mitigation, serves as a significant carbon 

reservoir and is essential for global climate stability. 

Its ecological functions encompass carbon storage, 

water balance maintenance and biodiversity habitat 

provision. However, peatlands face a high 

vulnerability to fire disasters, threatening the 

ecosystem [1]. Peatland fires result in environmental 

consequences, including carbon release into the 

atmosphere, exacerbating climate change [2]. 

Additionally, social impacts affect local communities 

relying on peatlands for livelihoods, such as 

fishermen, weavers, and wood gatherers, deeply 

intertwining their well-being with ecosystem health 

[3]. This underscores the urgency of preserving and 

restoring peatland ecosystems to mitigate climate 

change, protect biodiversity and sustain local 

communities and studies are vital. 

Due to the urgency of restoring peatland 

ecosystems, a study focused on plant selection, pattern 

design and water management strategies within this 

ecosystem has become imperative [4]. A more 

profound comprehension of how to tackle the 

challenges in peatland recovery holds importance not 

only for preserving the ecosystem but also for taking 

tangible actions in global climate change mitigation. To 

achieve the desired peatland recovery targets, 

comprehensive planning of planting patterns are needed. 

The recovery of burned peatland ecosystems can be 

achieved through ecological succession, revegetation, or 

a combination of both [5]. These options hinge upon the 

intricate interplay among plant species, the surrounding 

environment, and the dynamics of plant populations [6]. 

Such interactions form the foundational basis for crafting 

effective planting patterns. In the specific context of oil 

palm plantations, the planning of peatland revegetation 

initiatives must meticulously consider implementation 

patterns that minimize land modification. Furthermore, 

these plans should maintain a low water table to prevent 

future land fires, avoid introducing non-native species 

with invasive potential that could jeopardize local plant 

diversity, and ensure they do not impose technical or 

economic burdens on the company [7], [8].  

The primary objective of this study is to formulate 

practical guidelines for the revegetation of post-fire 

peatlands. It is noteworthy that there is a significant gap 

in the existing literature regarding the design of 

revegetation planting patterns, particularly those 
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specifically designed for post-fire peatlands. This 

study conducts an analysis of both quantitative and 

qualitative data, encompassing land characteristics 

and vegetation diversity at the study site. The findings 

from this analysis are utilized in the creation of a 

planting pattern map. The outcomes of this study are 

expected to serve as a valuable reference for 

stakeholders involved in peatland management and 

significantly contribute to future restoration project. 

 

 

2. Material and Methods 

2.1. Time, Location and Materials 

The research activities were conducted in August 

2023, during the dry season, within the Concession 

Area of "X" Company in Pulau Geronggang, 

Pedamaran Timur District, Ogan Komering Ilir 

Regency, South Sumatra, covering an area of 401,82 

hectares. The data used in this study included aerial 

photographs of the research location with a resolution 

of 3,94 cm/pixel, taken in August 2022 from the 

archives of "X" Company, which had previously 

conducted asset management activities in 2022. Land 

topography data were obtained from DEMNAS, 

published by the Badan Informasi Geospasial (BIG) 

through their website (tanahair.indonesia. 

go.id/demnas). Data on peat depth and groundwater 

depth were acquired through field surveys in August 

2023. The monthly rainfall data is derived from 

CHIRPS (Rainfall Estimates from Rain Gauge and 

Satellite Observations) data from January 2013 to July 

2023. 

2.2. Methods 

2.2.1. Topography Data Processing 

Topography data processing was conducted using 

QGIS software. The DEMNAS data, once acquired, 

underwent extraction by cropping it to match the study 

area coverage. This extraction process yielded raster 

data representing the elevation of the study area, which 

was subsequently converted into vector format for 

overlay with other datasets. 

2.2.2. Rainfall Data Processing 

Rainfall data processing was carried out by 

creating an average monthly rainfall distribution table 

to observe the patterns of annual dry and wet months. 

The rainfall pattern is then used as a reference for 

planting timing at the study site. 

2.2.3. Peat and Ground Water Level Depth Mapping 

The mapping of peat and groundwater depth is 

conducted through field observations, with the data 

obtained subsequently processed using spatial 

interpolation. Peat and groundwater depth at various 

points are observed and then interpolated using the 

Inverse Distance Weighting method to predict the 

distribution of peat thickness [9]. Additionally, the 

Empirical Bayesian Kriging (EBK) regression 

prediction method is employed to predict the distribution 

of the water table [10].  

2.2.4. Population density and local plant diversity 

mapping 

The density of vegetation and diversity of local 

plants are mapped in two stages: first, through manual 

delineation based on visual interpretation of aerial 

photographs to categorize areas according to their 

population density and vegetation diversity. second, 

through field surveys using 10×10 meter plots to record 

the quantity and observe the types of local plants present 

in each area. The results of the field surveys, combined 

with the visual delineation, provide a distribution of the 

population density and types of local plants in the study 

area. 

2.3. Data Analysis 

The reforestation pattern planning is carried out 

through an overlay analysis of spatial data on vegetation 

population density and local plant diversity, with spatial 

data on land topography, and the distribution of peat and 

groundwater depths. The overlaid results are then 

matched with seasonal patterns derived from rainfall 

data. In areas with lower elevation, inundation, and lower 

vegetation density and diversity, priority will be given to 

management during the dry season. Areas with higher 

elevation, no inundation, and lower vegetation density 

and diversity will be recommended for management 

during the wet season. Areas with good vegetation 

density and diversity will serve as a source of seedlings 

to be distributed to areas with lower vegetation density 

and diversity. 

 

3. Results and Discussion 

3.1.1. Topography Conditions 

The topographic conditions in peatland are crucial 

to understanding because they affect the water table's 

elevation on the land. Based on the DEMNAS data 

extraction results, the topographic conditions in the study 

area are not flat, as is typically found in peatland. There 

is an elongated topographic decline in the central part of 

the study area. 

During field surveys, it was observed that the lower-

lying areas tend to be inundated, especially during the 

rainy season. This is consistent with historical accounts 

from senior employees of Company “X”, who revealed 

that the study area was previously a riverine area before 

it became a concession land. The presence of these low-

lying areas poses a significant challenge for plantation 

roads. 
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Figure 1. The Topographic Condition. 

 

 

Based on visual observations during field 

surveys, the low-lying areas tend to be inundated. 

According to information from senior company 

employees, before becoming the concession land of 

Company "X," the study area used to be a riverine 

area. The plantation roads in these low-lying areas 

become submerged during the rainy season, posing a 

significant obstacle to conducting revegetation 

activities in the vicinity.  

The elevation of the study area ranges from 7,8 

to 15,4 meters above sea level, with a relatively flat 

contour. This range of elevation is typical for 

peatlands. In addition to the topographic variations in 

the study area, it's essential to consider the seasonal 

dynamics of water levels. These wetter conditions 

might not only impede plantation efforts but also 

influence the overall success of revegetation. The 

interaction between topography and seasonal changes 

in water levels is a vital factor to account.  

3.1.2. Wet and Dry Season Pattern 

Based on the average monthly precipitation data 

sourced from CHIRPS from January 2013 to July 

2023, it is evident that the monthly rainfall in the study 

area is relatively high, with an average rainfall of over 

100 mm per month. A decrease in rainfall (<200 mm) 

typically occurs from June to September. During these 

months, reforestation activities in the study area can 

be carried out as the groundwater level tends to 

decrease, facilitating mobility and planting 

techniques, especially in low-topography areas. 

Given the high rainfall conditions, it is advisable 

to avoid any planting activities in the study area in 

locations that remain waterlogged from June to 

September. These locations are better suited for use as 

water retention areas. 

 

 

 

Table 1. Average Monthly Rainfall in 2013-2023 
       

Date 
Rainfall 

(mm/month) 
Condition 

 January 298,17 wet month 

 February 226,58 wet month 

 March 297,29 wet month 

 April 288,51 wet month 

 May 218,23 wet month 

 June 161,48 humid 

 July 149,08 humid 

 August 137,38 humid 

 September 157,55 humid 

 October 225,16 wet month 

 November 338,84 wet month 

 December 359,69 wet month 

 

3.1.3. Distribution of Peat Thickness 

Based on observations at 18 peat soil boreholes in 

the study area interpolated with the Inverse Distance 

Weighting method, it is known that the distribution of 

peat on the land is currently uneven, with thickness 

ranging from 0 (no peat) to 250 cm (conservative peat 

area). The thickness of peat can change naturally or due 

to human activities [11]. Naturally, peat thickness may 

decrease through processes like decomposition during 

seasonal changes or alterations in land features caused 

by geological events [12]. 

 

 

Figure 2. Peat Thickness Distribution. 

 

The type of soil found in the peat substratum in the 

study area is of the alluvial type. Alluvial soil is a type of 

soil formed from the process of sedimentation [13]. This 

type of soil is commonly found on riverbanks or lands 

that were once part of a river [14]. Peatlands with an 

alluvial substratum are generally more fertile compared 

to peatlands with a quartz substratum [15]. The alluvial 

substratum is composed of clay minerals that have a 

negative charge capable of attracting and retaining 

positive nutrient ions such as potassium, calcium, and 

magnesium. In other words, the clay minerals in the 

alluvial substratum can function as a nutrient reservoir 

for plants [16]. 
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The thickness of peat material and the type of 

substratum (soil layer at the base) on the land can 

influence the diversity of vegetation that grows on its 

surface [17]. Human activities on peatlands, such as 

canal construction or other developments that lower 

the groundwater table, can trigger unnatural 

decomposition. In dry conditions, peat not only 

decomposes but also becomes susceptible to wildfires 

[11]. 

3.1.4. Groundwater Level 

Concurrent with the peat depth observations, 

groundwater levels were also monitored at the same 18 

peat bore points and interpolated with the EBK 

regression prediction method, with topographic 

conditions as the explanatory variables that will be used 

to build the regression model. EBK regression 

prediction is a method of interpolating data that 

combines empirical Bayesian kriging with regression 

analysis. It uses explanatory variable raster that is 

known to affect the value of the data that are 

interpolated [10]. Groundwater levels in the study area 

varied from approximately 10 cm to 110 cm. The 

distribution of groundwater depth correlates with the 

topographic conditions, which become deeper in the 

middle. 

 

 

Figure 3. Groundwater Level Distribution. 

According to senior employees of Company "X," 

the low-elevation areas were formerly part of the 

Burnai River, with water flowing to south-eastward. 

The depth of the groundwater table is the primary 

impediment to peatland revegetation activities [18]. 

Apart from posing technical challenges, the water 

table's elevation significantly affects the success rate 

of introduced plant species.  

3.1.5. Distribution of Vegetation Population and 

Diversity 

Based on the interpretation of aerial photos taken 

in August 2022 and verified through field 

observations, the dominant plant species in the study 

area is Purun (Eleocharis dulcis). This particular plant 

species significantly dominates the land cover in the 

study area, occupying an estimated 44,5% or 

approximately 178,81 hectares of the total study area. 

Remarkably, this plant can be found at every observation 

point. E. dulcis exhibits a strong ability to adapt well to 

areas with high inundation. Intriguingly, during the dry 

season, the groundwater level in this area will decrease 

but remain above the ground surface, resulting in 

conditions of inundation all year round. This unique 

adaptation allows E. dulcis to thrive, outperforming 

many other plant species in these challenging conditions 

[19]. 

 

Figure 4. Distribution of Vegetation Diversity. 

 

In addition to E. dulcis, other plants that can adapt 

well to environments with high inundation (>70 cm) are 

Gelam (Melaleuca spp.) and Perepat (Combretocarpus 

rotundatus). Melaleuca spp. begins to be found in areas 

with medium to high diversity. Meanwhile, S. alba) can 

be found at almost all water levels, but the majority of its 

population is in areas with medium diversity. Areas with 

medium diversity cover about 17,4% or approximately 

69,92 hectares of the total study area and are dominated 

by Melaleuca spp, Combretocarpus rotundatus and 

Eleocharis dulcis. 

Areas with high diversity cover 34,1% or 

approximately 137,02 hectares of the total study area, 

which includes various species of trees, shrubs, and 

ferns. Typical swamp plants found in this area include: 

Purun (Eleocharis dulcis), Gelam (Melaleuca spp.), 

Perepat (Combretocarpus rotundatus), Jambu-jambuan 

(Syzgium sp), Pakis (Stenochlaena sp), Pandan Alas 

(Pandanus helicopus), Beriang (Ploiarium 

alternifolium), Senduduk (Melastoma malabathricum), 

Rumput rija-rija (Scleria sp) and Kantong Semar 

(Nephentes sp). In these areas with high diversity, the 

groundwater level tends to be lower than in other areas.  

Based on its distribution pattern, the diversity of 

vegetation in the study area is more influenced by the 

height of water accumulation than by the thickness of the 

peat. This suggests that hydrological conditions, 

particularly the depth of water, play a significant role in 

determining the composition and distribution of plant 

species in the area. The water level can affect the 
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availability of oxygen in the soil, which is crucial for 

plant root respiration. Higher water levels may lead to 

anoxic conditions, which can limit the types of plants 

that can survive in these environments [20]. 

Conversely, areas with lower water levels may offer 

more favorable conditions for a wider variety of plant 

species, resulting in greater biodiversity. 

3.1.6. Recommended Plant for Revegetation  

With the survey of vegetation diversity resulting 

from natural succession at the study site, it can be 

determined what types of local plants can be 

recommended for planting in revegetation activities. 

The selected plant species are local plant species that 

have proven to be able to adapt well to the 

characteristics of the study site with flooded conditions 

[21]. Other typical peatland plants that were not found 

during the observation activity are less recommended 

because they are feared to be less adaptive to the 

groundwater level conditions at the study site, and thus 

may not survive. 

In addition to adaptability, the benefits of the 

chosen plants also become a consideration. These 

benefits can be economic (forest products, timber, or 

non-timber) or ecological (being part of key species or 

rare species). It's important to note that these plants also 

contribute to carbon sequestration, a key factor in 

mitigating climate change. From several plants that we 

found, Gelam (Melaleuca spp.) and Perepat 

(Combretocarpus rotundatus) are candidates that are 

considered suitable to be propagated and planted on the 

study site in an effort to revegetate the peatlands. These 

two plants can be found in all groundwater conditions. 

This indicates that Melaleuca spp. and C. rotundatus 

are able to adapt well to soil conditions with various 

groundwater conditions. Their resilience and 

adaptability make them ideal for restoration efforts, 

ensuring the sustainability of the peatland ecosystem in 

the long term. 

Gelam (Melaleuca spp.) is a type of wood plant 

that can naturally grow in swamp forests in Indonesia. 

The wood from this plant is often utilized in housing 

construction due to its remarkable strength, being 

classified as strong II and durable III according to the 

Indonesian Wood Construction Regulations Standard 

(PKKI) NI 5-1961 [22]. This wood characteristic is 

particularly suitable for use as a supporting pole for stilt 

houses, which are common in swamp areas, or for 

revetments in watery areas. This plant is relatively easy 

to cultivate in swamp areas. The propagation of 

Melaleuca spp. is generally carried out through 

vegetative methods, such as stem cuttings or offshoot 

separation. 

Combretocarpus rotundatus, commonly known as 

Perepat, is a type of wood plant that is frequently found 

in tropical swamp forest ecosystems. According to the 

Indonesian Wood Construction Regulations Standard 

(PKKI) NI 5-1961, the wood from the Perepat plant is 

classified as strong class III and durable class IV [23], 

[24]. The wood of this class is quite suitable for use as 

building materials for houses, beams, floor and wall 

boards, door/window frames, and furniture. C. rotundatus 

has superior regeneration capabilities against land fires 

compared to various other types of typical peatland wood 

plants. As such, it can regrow from plant residues in the 

event of a forest fire. C. rotundatus are known to be 

propagated vegetatively using the apical cutting method. 

3.1.7. Revegetation Pattern Scheme 

The land fire that occurred in the peatland area 

within "X" company's concession actually took place in 

2015. The significant time gap on the burned land has 

initiated natural succession as a recovery mechanism. 

The revegetation activities in this area aim to enhance 

the carbon absorption capacity of the burnt land by 

increasing the number of growing trees and developing 

biomass within the peatland.  

The overlap of groundwater depth maps and 

vegetation diversity will indicate which locations need 

to be prioritized for revegetation. Meanwhile, rainfall 

patterns are used to compile a planting calendar where 

areas with deep groundwater levels will be planted in the 

dry season. It is hoped that technical revegetation 

activities in these areas can be carried out more easily 

and increase plant survival due to the declining 

groundwater levels in the dry season. 

 

 

Figure 5. Revegetation Pattern Map 

The revegetation of peatlands is a process that 

requires careful planning and execution. The priority for 

revegetation is often given to areas with low vegetation 

diversity and varying water table depths. For instance, 

areas with a water table depth of 40-60 cm and 60-80 cm, 

which cover about 7.8% and 14.1% of the total area 

respectively, are considered high priority for planting 

during the dry season. 

Medium-priority areas, on the other hand, have 

medium vegetation diversity and cover about 9.9% of the 

total area. These areas have water table depths ranging 

from 0-80 cm and are planted in both the dry and rainy 

seasons depending on the water table depth. The choice 

of planting season is crucial as it can significantly 

influence the survival and growth of the planted species. 

http://dx.doi.org/10.22135/sje.2023.8.


  

Vol. 8 No.3, 165-171               http://dx.doi.org/10.22135/sje.2023.8.3,165-171  170 

Low-priority areas are those with high 

vegetation diversity, covering about 26.6% of the 

total area. These areas have a water table depth 

ranging from 0-80 cm and are also planted in both the 

dry and rainy seasons. Despite being a low priority, 

these areas are still important for maintaining the 

overall biodiversity and ecological function of the 

peatland. In addition to these, there are areas such as 

flood plains and roads & water bodies, which cover 

about 39.3% of the total area, where planting is not 

feasible due to deep water table and non-planting 

areas respectively. 

Rainfall data also plays a crucial role in 

determining the planting time [25]. Based on the 

provided data, the months from January to May and 

October to December are considered wet months, 

while the months from June to September are 

considered humid months. Therefore, planting in 

areas with deep groundwater levels (60-80 cm) is 

better done in the dry or humid months, while 

planting in areas with shallow groundwater levels (0-

40 cm) is better done in the rainy season. Overall, the 

proposed revegetation pattern includes various 

strategies based on revegetation priority, vegetation 

diversity, water table depth, and planting time. These 

strategies are designed to maximize the success of 

revegetation and the recovery of the ecological 

function of peatlands. 

 

4. Conclusion 

Based on the research conducted at the study 

site, it was found that the water table level is a 

critical factor affecting peatland revegetation 

activities. Low-elevation areas present significant 

technical and ecological challenges. The water table 

levels in the study area varied from approximately 

10 cm to 110 cm, correlating with topographic 

conditions and becoming deeper in the central area, 

which was a riverine area in the past. This 

distribution of water table levels significantly 

impacts the survivability of vegetation. 

The dominant plant species in the study area is 

Purun (Eleocharis dulcis), occupying approximately 

44.5% of the total study area. Other vegetation types, 

such as Gelam (Melaleuca spp.) and Perepat 

(Combretocarpus rotundatus), have demonstrated 

good adaptability to the location. These species are 

considered suitable candidates for propagation and 

planting on the study site as part of the peatland 

revegetation efforts. 

Revegetation priorities are given to areas with 

low vegetation diversity. Rainfall data also plays a 

crucial role in determining the planting time. Planting 

in areas with deep groundwater levels (60-80 cm) is 

recommended during the dry or humid months (June 

to September), while planting in areas with shallow 

groundwater levels (0-40 cm) is better done in the 

rainy season (October to December). 
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