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Abstract 

This research examines the economic values of the agroforestry paludiculture scenario model as restoration of 

degraded peatlands in OKI Regency, South Sumatra, Indonesia. The increasingly chronic problem has forced the 

government, academics and society to work together to resolve conflicts on peatlands. The application of the 

paludiculture model, which is an easy-to-implement method, preserves the peat ecosystem by planting in flooded 

land conditions and peatland adaptive plants. The research method uses a qualitative and quantitative approach 

through questionnaires and interviews with farmers who own and try to farm on peatlands and use peatlands as a 

place to earn a living. The findings show that the economic value of the agroforestry scenario of a paludiculture 

with a combination of nyamplung-paddy-duck has a positive NPV value of Rp. 343,013,632 Rp/year. The results 

show that the business conditions are profitable and feasible to run. The sensitive rate value is sensitive where 

price changes will result in changes in the NPV value received by farmers. To overcome production factor 

constraints, it is necessary to find a solution by expanding the market so that farmers are not limited to local 

markets only and cause production costs to not return on investment when prices increase. It was found that there 

were 13 marketing channels that farmers could choose to market their products to consumers. Markets need to be 

prepared for farmers, considering that agricultural products are classified as perishable commodities. Therefore, 

the parties involved in the current collaboration influence the success of the paludiculture model implemented by 

farmers on peatlands. 
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INTRODUCTION 

The vast peatlands owned by Indonesia have been looked at to change the function of 

sustainable natural ecosystems into economic functions (Barbier & Burgess, 2024; Budiman, 

Bastoni, et al., 2020; Evers et al., 2017; Nightingale et al., 2018). The interaction of ecology 

and economy will have a symbiotic relationship (Page & Baird, 2016). It was hoped that this 

interaction could support the progress of the ecosystem and economy of communities in peat 

areas (Gunawan, 2018a). Interactions have been going on for a long time, but people only 

continue to take existing resources without being able and willing to manage these resources 

into a sustainable source of livelihood (K. et al., 2018; Widiyanto et al., 2023). The impact of 

incorrect peatland management has caused widespread fires, as has occurred repeatedly, 

especially in Sumatra and Kalimantan (Dohong, 2016; Sarmiasih & Pratama, 2019).  
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The physical characteristics of peat land are marginal land, lacking nutrients, acidic and 

flammable (Wasis et al., 2019). Comprehensive management is needed to overcome the 

consequences of peatland processing for the community (Andersen et al., 2017; K. et al., 2018; 

Syahza et al., 2020). Peatlands must be continuously flooded to prevent fires, so a combination 

of technology is needed to cultivate on peatlands (Chimner et al., 2017). The government's 

peatland restoration agency offers the 3R concept (Rewetting, Revegetation and Revitalization) 

(Jessup et al., 2020; R.K. & D., 2021; Terzano et al., 2022). 

Peatlands are managed by applying the 3R principles, efforts to reduce fires by clearing, 

reforesting peatlands and creating livelihood opportunities for peat area communities (Miller, 

2022; Mishra et al., 2021). Paludiculture technology is an alternative that can be applied to 

support the 3R principles (FAO, 2012). Paludiculture is cultivation in wetlands that are always 

flooded with water where the process is complex, easy to implement (Ziegler et al., 

2021)(Giesen, 2015). The paludiculture model is an alternative solution offered for processing 

peatlands in an integrated manner. Apart from that, the function of peatlands cannot be ignored 

because it is the area that absorbs the most carbon. For this reason, its sustainability must be 

maintained and managed well. There has been a lot of research carried out on peatland 

restoration such as (Tan et al., 2021) analyzing the sustainable use of tropical peatlands using 

the paludiculture model. This study explains the function of paludiculture as a balancer for the 

ecosystem in absorbing carbon and becoming a sustainable agriculture. The findings are that 

paludiculture has benefits for ecosystem services, hydrological conditions and selection of 

cultivated vegetation. 

The results of these findings are an evaluation and progress in expanding development with the 

paludiculture concept. Furthermore (Budiman, Bastoni, et al., 2020) reviewing the 

effectiveness and progress of paludiculture projects (agrisilviculture and agrosilvofishery) with 

commodities (jelutung-ramin-sulfur) and using rewetting, revegetation and livelihood 

revitalization approaches on peatlands. The findings from this study are that there are 

limitations to the use of paludiculture principles in the two project models which have different 

contributions to peatland restoration. (Ziegler, 2020) studying the sustainability of peatland 

agriculture by relying on the innovative mission of the paludiculture model. The findings from 

the research show that the path of palmiculture cultivation is intensive land use, shows 

strategies for farmers in institutional conversion that are more productive and there are 3 

schemes, namely innovation, mission and ways to create the sustainability of paludiculture.  

However, unfortunately there is still a lack of research on the economics of alternative 

commodity combinations in implementing the paludiculture model in South Sumatra, 

Indonesia. From the various phenomena that have been raised in the background, the aim of 

the research is to show a combination of the paludiculture model with the nyamplung-paddy-

duck commodity agroforestry scenario. This research will review in detail the economics of 

the agroforestry scenario's paludiculture model as well as the feasibility of a business that can 

be accepted by farmers as an alternative for sustainable cultivation on peatlands. This research 

uses a qualitative and quantitative approach using questionnaires to collect interview data from 

farmers in OKI Regency, South Sumatra who have peatlands. It is hoped that this research can 
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be a reference for farmers in selecting combinations of cultivation commodities on peatlands 

using the paludiculture model. It is hoped that the findings of this research will provide 

consideration and intervention for the government in sustainable peatland management for 

farmers, so that ongoing problems resulting from peatland fires can be overcome, create 

livelihoods, improve the welfare of farmers, and create a balance in an integrated natural 

ecosystem. 

 

METHOD 

This research was conducted in OKI Regency, South Sumatra, Indonesia. This research was 

raised because of the many problems related to peatlands which caused communities around 

peat areas to lose their livelihoods due to fires in peatlands. Often advances in technological 

science continue to be explored. Efforts to restore peatlands have led researchers to study the 

economics of the agroforestry scenario of a paludiculture model in the peatlands of South 

Sumatra, Indonesia. The research was conducted from September 2023 to January 2024. The 

research method used qualitative and quantitative approaches to identify problems and cultivate 

agroforestry using a combination of nyamplung-rice-ducks in OKI Regency, South Sumatra, 

Indonesia. Qualitative approach to look at the characteristics of farming communities, farming 

experience, community views about farming on peatlands. A quantitative approach to see and 

identify the application of the agroforestry scenario of the paludiculture model, from 

investment costs, operations, production to income. This research also uses a literature review 

as a reference to complement and confirm that many agroforestry models have been 

implemented but the right and efficient combination of commodities will be suitable for 

farmers' lives on peatlands. 

Problem analysis uses direct benefit cost analysis and indirect benefit analysis by analyzing the 

overall economic value. Profitability analysis is broadly divided into 2 parts, namely financial 

analysis using NPV, BCR, IRR, PP indicators and sensitivity analysis to see the results of 

financial feasibility analysis based on various possibilities that occur. In fact, the use of data 

analysis using cost-benefit research has been carried out in many previous studies (Adriani et 

al., 2023; Budiman, Bastoni, et al., 2020; de Jong et al., 2021; Glenk & Martin-Ortega, 2018; 

Gunawan, 2018b; Ulya et al., 2021) However, assumptions and scenarios will differentiate the 

results of this research. Meanwhile, to assess the benefits of a paludiculture scenario on 

degraded peatlands from restoration efforts, an Extended Cost Benefit Analysis approach will 

be used (Growth et al., 2014). Multiplying the production quantity with the determined selling 

price is the total revenue. In general, the mathematics is formulated: 

𝑇𝑅 = 𝑌 . 𝑃𝑦 

Information: 

TR  = Revenue (Rp) 

Y  = Production obtained from a farming business (Kg) 

Py  = Production price (Rp) 
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The reduction between total revenue and total production costs is net income or profit. The 

mathematics is formulated as follows: 

𝜋 = 𝑇𝑅 − 𝑇𝐶 

𝜋 = 𝑌 . 𝑃𝑦 − {(𝛴𝑋𝑖 . 𝑃𝑥𝑖) − 𝐵𝑇𝑇} 

Information: 

π  = Income (Rp)     TR  = Overall income (Rp) 

C  = Overall cost (Rp)    Y  = Production amount (kg) 

Py  = Production price (Rp/unit)   Xi  = Production factor 

Pxi  = Price of production factors (Rp)  TBT  = Total fixed costs (Rp) 

NPV (Net Present Value)  

NPV is the net present value. This variable is based on the concept of discounting all cash flows 

to their present value to obtain a net value. If the NPV value is > 0 then it is called a viable 

business, if the NPV < 0 then it is called an unviable business. The formula is:  

NPV = ∑ = 𝑛
𝑡

(𝐶)𝑡

(1+𝑖)𝑡 − ∑ = 0 
(𝐶𝑜)𝑡

(1+𝑖)𝑡
𝑛
𝑡  

Where:  

i  = Interest per period 

N  = Period (year, month) 

- C  = Capital (capital) 

C  = Net results (proceeds) 

BCR (Benefit Cost Ratio) 

BCR is the division between the discounted value of benefits and costs. If the value is > 1 then 

it is called a viable business, if the value is < 1 then it is called an unfeasible business. The 

BCR formula is as follows: 

BCR = 
𝐵𝑒𝑛𝑒𝑓𝑖𝑡

𝑐𝑜𝑠𝑡
 

IRR (Internal Rate of Return)  

IRR is the acceptable level of efficiency of an investment. The amount of IRR cannot be 

determined directly, with a simulated value of NPV=0 as a prerequisite. The IRR formula is: 

∑ = 0
𝑛

𝑡

(𝐶)𝑡

(1 + 𝑖)𝑡
− ∑ = 0 

(𝐶𝑜)𝑡

(1 + 𝑖)𝑡

𝑛

𝑡
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PP (Payback Period)  

The length of time required for investment funds to be returned. There are 2 PPs, namely 

Simple Payback Period (does not take interest rates into account) and Discounted Payback 

Period (takes interest rates into account). The PP formula is as follows:  

𝑘(𝑃𝐵𝑃) =  ∑ = 0 𝐶𝐹𝑡

𝑘

𝑡
(𝐹𝐵𝑃)𝑡 

 

RESULTS AND DISCUSSION 

South Sumatra has the second largest peatland area after Riau province (Noordwijk et al., 2011; 

Thorburn et al., 2013). Degradation due to human activities that are not compatible with the 

ecosystem, currently peatlands are still in the recovery stage (Mishra et al., 2021). Various 

efforts have been made to overcome the reduction of water during the dry season, the 

construction of canal blockades, the existence of economic activities that change peatlands into 

agricultural land by slashing, burning and drying which is not in accordance with the concept 

of life on peatlands (Syahza et al., 2020; Wildayana, 2017). As a result, many animals in 

peatlands become extinct. 

 

Sumber: Source: JJ/Antara/Manggalaagni/Foc/OKI Sumsel/WRI 

Figure 1. Problems faced in peatlands one way to restore the condition of peatlands is by 

restoring the function of wetlands. Conditions where the land is always watery, whether flooded 

or wet. Because the government has established a Peatland Restoration Agency in 2016, efforts 

are made to restore the land with a strategy of rewetting the peatland, so that it does not burn 

easily, as well as reforesting peat forest revegetation plants with native peatland commodities, 
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and efforts to improve the standard of living of the people around the land. Peat innovates peat 

forest products without having to damage the ecological function of peat. According to research 

results (Budiman, et al., 2020) that alternative community livelihood efforts have not supported 

the restoration of peatlands. Such as dragon fruit, coffee and pineapple farming which has been 

carried out in Kalimantan and also Jambi, because this farming requires draining the land. 

(Budiman, et al., 2020) stated that in order to restore peatlands and alternative community 

livelihoods in a sustainable manner and protect the environment, economy and society, it is 

necessary to implement a paludiculture model with an integrated economic zone in the concept 

of an economic zone pilot area (SPEZ). 

Various Alternative Livelihoods that Exist in OKI Regency, South Sumatra 

Alternative livelihood efforts for local communities in peat areas continue to be studied and 

updated in line with the problems and concepts of peat forest sustainability. Alternative 

livelihoods on peatlands are in line with restoration efforts because land degradation causes 

people to lose places to earn a living and reduced income. Various studies have attempted to 

examine alternatives to increase income, but have not provided significant changes (Azni et 

al., 2023; Pusvita et al, 2023; Wildayana, 2017; Winarno et al., 2020, 2022). According 

(Adriani et al., 2023) The most important thing that must be known is what livelihoods have 

been carried out by local peatland communities, then form a scenario to create alternative 

livelihoods to increase income by managing peatlands according to the peat ecosystem and 

helping the restoration of degraded peat. An example of existing livelihoods is purun which is 

typical of peat plants. Purun has become a lot of innovative derivative products such as bags, 

sandals, mats, baskets, key chains. Apart from that, people's livelihoods are on peatlands, 

raising swamp cattle, processing smoked fish, planting sonor rice and cultivating vegetables 

for daily life. 

This research also produces alternative livelihoods by applying the paludiculture model on 

peatlands with a combination agroforestry scenario of nyamplung-rice-ducks. 

Table 1: Commodities, Benefits and Distribution of Growing Commodities on Peatlands 

No Commodity Benefits Grow in the Region 

1 

Nyamplung 

(Calophyllum 

inophyllum) 

Optimizing land and vegetable energy sources. It has 

a lot of fruit as an oil potential of around 30-74%, 

and the waste can also be recycled. 

Sumatera, Jawa, Bali / Nusa 

Tenggara, Kalimantan, 

Sulawesi, Maluku, Irian Jaya 

Barat, Papua 

2 
Rice  (Oryza 

sativa) 

Rice is a food crop which is the staple food of 

Indonesian people. The rice varieties that excel on 

peatlands are: Inpari 4, 10, 11, 13, Mekongga, 

Ciherang. 

Kalimantan, Sumatera dan 

Irian Jaya 

3 
Duck 

(Anatidae) 

Ducks are one of the livestock that can be raised on 

peatlands, according to their living conditions, ducks 

like places that are flooded with water, and eat 

earthworms in addition to their animal feed. Duck 

farming is a symbiotic mutualism for the 

environment and farmers. 

Sumatera, Kalimantan 

Source: literature study 
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(Table 1) Utilization of forest commodities, food, fruit and livestock can be an alternative 

choice for a combination of efforts to improve community welfare. Recovery efforts are also 

being carried out, which aim to protect peat forests from fires, carbon evaporation and land use 

by diversifying farming (Maftu’ah et al., 2021; Osaki & Tsuji, 2015).  

Agroforestry 

Agroforestry is land use by combining woody plants with agricultural crops and livestock 

(Sitepu et al., 2017; VERMA et al., 2016; Wilson & Lovell, 2016). The combination of the 

woody tree environment used by livestock and other animals such as fish and honey bees is an 

agroforestry system. In principle, the implementation of agroforestry applies a holistic and 

systemic concept to achieve comprehensive and sustainable food security for the community 

and the existing ecosystem. Agroforestry uses planning with an appropriate technology system. 

Ecological interactions provide mutualistic benefits economically and environmentally. 

 

Figure 2. Example of implementing an agroforestry model on a demonstration plot 

The concept of biodiversity in the agroforestry pattern improves the degradation of the natural 

peat environment, restores the ecosystem's function according to its function, and provides 

benefits to the surrounding community as an effort to earn a sustainable living (Afentina et al., 

2021; Lestari & Mukhlis, 2021). It's not like before just taking existing biological benefits, and 

not trying to preserve them again. Like the agroforestry scenario applied on peatlands with a 

combination of Nyamplung-rice-duck plants. This biodiversity, with a sustainable concept, will 

provide long-term added value. 

Cost Benefits Direct and indirect 

Costs and benefits will often be in line, the business or funds spent will gain benefits or profits 

from the business process. In principle, every business will have direct and indirect costs and 

benefits. Costs are funds spent on all farming activities (Asenso-Okyere et al., 2011; Christie 

et al., 2018; Simtion, 2021). Costs are divided into direct and indirect costs. Direct costs are 

costs that are directly incurred in the production process, for example operational costs. 

Meanwhile, indirect costs are costs incurred by production planning, or consequences arising 

from the production itself, for example investment costs, unforeseen costs (Table 2). 
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Description of costs in each scenario of the paludiculture model, namely agroforestry, is 

categorized into investment costs, depreciation, contingencies and operational costs. 

Table 2: Description of Agroforestry Model Costs 

Uraian Agroforestry 

Investment (Rp/Project) Rp. 91.660.000 

Depreciation (Rp Rp. 4.940.000 

Contingency 10% Rp. 9.166.000 

Operational Costs (average/year) Rp. 41.018.857 

Using shared costs in each scenario will save and streamline funds and time during the planting 

season on the same land using an intercropping pattern. These shared costs will maximize 

production profits (Uda et al., 2020; Van Der Meer et al., 2021). Cost advantages of Joint 

intercropping patterns, 1). Having various harvest periods, 2) waiting for annual crop harvests, 

with an intercoppring pattern you can harvest seasonal crops first. 3). Has short, medium and 

long term income. 

Table 3: Description of Benefits and BEP of Agroforestry Model 

Commodity Production Revenue (Rp) BEP (Rp) 
Selling 

price 
BEP Unit 

Agroforestry      

Nyamplung fruit 43618 fruit 87.235.714 49.754.153 /period 2.500 19.902 kg/35 year 

Paddy 3200 kg 32.000.000 18.250.930 /period 12.000 1.521 kg/year 

Abandoned ducks 210 tail 7.350.000 4.192.010 /period 35.000 120 kg/year 

Duck Eggs 13.650 kg 34.125.000 19.462.906 /period 2.500 7.785 kg/year 

(Table 3) Shows the benefits of the agroforestry scenario model for each intercropping plant. 

This selection is made according to the derivative benefit scenario (Roziaty, 2023). This 

scenario provides an overview and benefits for farmers, to adopt the model. Providing multiple 

benefits, over a sustainable period of time farmers obtain seasonal, annual and decades-long 

benefits. For example, the nyamplung plant whose benefits will be felt for decades to produce 

wood. Meanwhile, nyamplung is a biofuel plant that at the age of 7-8 years will produce fruit 

which has many benefits as a biofuel producer. Meanwhile, the benefits of rice and duck eggs 

can be felt every 3-4 months. Then the annual commodity of rejected ducks is useful for at least 

1 year, harvested and sold. Indirectly, farmers benefit from continuous profits, and on the other 

hand, the environment is protected. 

Table 4: Financial Feasibility of Agroforestry Model Businesses 

Uraian Agroforestry 

Net present value (NPV) Rp. 343.013.632 year 

IRR 26 % 

Net B/C 6,01 year 

Gross B/C 3,63 year 

Payback Periode (PP/year) 0,32 year 
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(Table 4) shows the results of the agroforestry scenario with NPV and IRR values which are 

quite feasible and profitable for farmers to carry out and apply on peatlands. The interest rate 

(IRR) is above 7% of the interest rate used, this means that the intercropping business is quite 

profitable for farmers. The type of plant chosen is very important to support people's income. 

Likewise, research results (Jahan et al., 2022) use the concept of an agroforestry scenario, 

where the scenario uses 5 types of tree plants combined with 3 types of vegetable plants. 

Vegetable crops are seasonal crops where the harvest time is quicker, becoming an alternative 

for short-term livelihood sustainability of the community and also the use of annual crops to 

cope with long-term livelihoods. (Afentina et al., 2021)(Asmaliyah et al., 2020)(Ekawati et al., 

2021)(Yuwati et al., 2021) formulating policies, one of the strategies, is exploring the 

development of participation in the implementation of agroforestry peatland demonstration 

plots, alternative livelihood efforts and efforts to overcome degradation. Peatlands. 

Analysis of the Sensitivity Rate of the Paludiculture Model 

The sensitivity rate aims to see changes caused by an increase in production costs at a certain 

percentage. In this research, it is assumed that seeds and feed have increased by 5%. (Table 5) 

sensitivity rate conditions in the paludiculture model scenario. 

Table 5: Agroforestry Scenario Sensitivity Rate 

Criteria 
Sensitivity Rate Information 

Agroforestry  

NPV 17,84 Sensitive 

IRR 22,61 Sensitive 

Net B/C 15,35 Sensitive 

Gross B/C 9,81 Sensitive 

PP 10,25 Sensitive 

(Table 5) shows the sensitivity of the paludiculture model scenario. The theoretical concept is 

that if there is an increase in the price of production costs, it will affect the farming process. It 

can be seen that NPV, IRR, Net B/C, Gross B/C and PP have experienced a shift, where this 

change from before the increase will shift to a value called sensitivity rate or sensitivity. 

Alternative Marketing for Paludiculture Model Products 

Marketing is an entity that must exist when the product is created. There are many and long 

channels in marketing to reach consumers. Marketing channels are chains or paths through 

which products are distributed from producers, intermediaries to final consumers(Watson et al., 

2015). The choice of the length of the marketing channel is related to whether or not the farmers 

have information to distribute or sell directly to consumers. Often, farmers are only producers 

and some farmers are bound by agreements with middlemen. The impact is that farmers cannot 

determine the price of their own products. But as long as the business is successful, it is possible 

that there will be a market. Production from peat soil is increasing and continues to be explored. 

So that the livelihood of farmers is not only for cultivators, but farmers also have the 

opportunity to become market agents. Seen in the schematic (figure 3). 
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Figure 3: Alternative Scheme for Marketing Channels for Paludiculture Model 

Products from Farmers to Consumers 

Alternative marketing channels focused on farmers include 13 channels that farmers can use to 

get to the market or directly to consumers. The commodities offered as a result of this research 

are varied, and can be used as local, foreign or foreign commodities. For example, the jelutung 

plant, apart from wood, produces sap. In several studies in Kalimantan, there are many 

companies that export and sell raw material products to Singapore and Japan (Asian & Bank, 

1972; Lindblad, 1985). As well as other commodities, it is an opportunity for farmers to sell to 

local, national or international markets (Ferris et al., 2014). 

 

CONCLUSION 

Restoration efforts and community livelihoods on peatlands are expected to go hand in hand 

and mutually benefit both. Processing has been carried out frequently and extensively on 

peatlands, but has not produced a significant impact. The condition of peatlands that are 

flammable has forced the government and policy makers to place restrictions on peatland 

processing. Peatland exploration that does not prioritize ecological and economic interactions 

can invite mistakes that are fatal to the condition of the peat ecosystem. So, through the peatland 

restoration agency, the government is implementing the 3R strategy. If people want to cultivate 

peat land, they must prioritize the principles of land wetting, revegetation of peat plant types 

and sustainable efforts to revitalize peat products. The strategy can be implemented using the 

agroforestry scenario Hammerdikutur model. The NPV value is positive and profitable enough 

to be applied to farmers on peatlands. Choosing a combination of commodities is a priority that 

must be considered. When production costs experience an increase in price, it will have an 

impact on the NPV value obtained, the results of which are sensitive, namely experiencing 
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changes when prices increase. Apart from that, there are 13 marketing channels that farmers 

can choose to market their products to consumers. Markets need to be prepared for farmers, 

considering that agricultural products are considered perishable commodities. 
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