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Abstract: Peatlands support the daily needs of people in many villages in Indonesia, including in
Central Kalimantan Province. They provide the natural resources to enable fisheries, agriculture,
plantations, and forestry. However, peatland utilization comes with various challenges, including
fire, soil acidity, inundation, low fertility, and limited choice of suitable species. Many of the current
uses of peatland can result in its degradation, oxidation, and increased risk of peat fire. Avoiding
further environmental degradation will require the development of new technology that allows the
community to both earn a livelihood and protect the peatland. In this study we assessed a range
of technologies applied by 14 farmers at Tumbang Nusa village, Central Kalimantan province, in
managing degraded peatlands in their home yard for agricultural business. The study shows that
for endemic peatland species, good success can be achieved if they are planted directly. However,
for species endemic to mineral land, there are four technologies applied by farmers in managing
degraded peatland. The choice of technologies is influenced by their economic capacity/cash flow
flexibility and their understanding of peatlands. Technologies intended to adapt to land inundation
include the use of polybags, development of raised beds, and making peat mounds with mineral
soil in the centre. Technologies to address the acidity and soil fertility include amelioration with
dolomite lime and fertilizer. The use of polybags filled with peat soil is the easiest technology to
adopt and can be conducted by all family members. However, a farmer’s choice of technology needs
to always consider the potential environmental impacts in addition to increasing soil fertility so that
peat conservation is maintained.

Keywords: degraded peatland; agroforestry; home yard; agricultural technology

1. Introduction

Indonesia has around 15 Mha of tropical peatlands (the largest area of any country),
most of which is situated on the three islands of Kalimantan (5 Mha), Sumatra (6 Mha), and
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Papua (3 Mha) [1,2]. Of the 17 provinces on these 3 islands, 7 have extensive peatlands,
comprising around 2945 villages [3]. Peatland in its natural state functions as a large store
of carbon [4,5] and water [6,7]. After being drained, they can be developed for agriculture,
forestry, and energy [8–10], however, this can also result in loss of ecosystem services
such as regulation of the hydrological cycle [4,9,10], hosting a rich biodiversity [11–13],
carbon sequestration [14,15], and provision of livelihoods for the local people [16,17].
There continues to be new peatland development in many areas, including drainage and
establishment of new oil palm plantations. Many existing developments are unsustainable
and are leading to rapid peat depletion and loss through oxidation and susceptibility to
fire [18]. Restoration of degraded peatland areas is key to preventing further degradation
and reducing future emissions of CO2. However, in trying to restore and maintain the
long-term sustainability of peatlands, the Indonesian government has been confronted with
two major issues: frequent fire that prevents effective revegetation and ensuring sustainable
livelihoods for those people who depend on access to peatlands.

Repeated peat fires cause peatland degradation due to loss of peat soil as well
as changes in its chemical and physical properties [19,20]. In addition, the choice of
prospective species on peatland is limited [19] due to low fertility, high acidity, and poor
drainage [10]. Another challenge is the suitability of existing agricultural technology on
peatlands. Due to its fragility, and to avoid degradation of land function, careful and
prudent management is required. For this reason, appropriate technological innovations
are needed so that peatlands can be used sustainably [10]. Thus, the challenge is how to
utilize degraded peatland for cultivation while at the same time reducing or avoiding its
negative impact.

The use of peatlands for cultivation and production requires careful water manage-
ment without the need for drainage. Paludiculture techniques can be applied for the
cultivation and conservation of peatlands by selecting plant species that are native to the
environment and also are economically viable. Even though paludiculture has not been
fully developed in Indonesia [21], it offers some opportunities for sustainable peatland
management [22]. Apart from paludiculture, a ‘raised bed’ support system can be adopted
for peatland cultivation so that plants do not become inundated for a long time [23].

The home yard is a plot of land around the house that can be managed for cultiva-
tion of food crops, flowers, livestock, and fisheries [12,13]. Thus, it can provide various
benefits if well managed, providing aesthetic value as well as providing additional family
income and meeting household needs [12]. The home yard also has a cultural and social
function [24]. Home yards can be developed by poor communities with smaller areas of
land that can be managed intensively with available resources, using limited and natural
production inputs such as waste and animal manure as natural fertilizers that are applied
by low-cost and low-risk technologies. Palestine-González et al. (2021) suggested this
could represent a sustainable agricultural system with the principles of diversity-resilience,
self-management-autonomy, integration, and self-sufficiency [25]. The home yard is an
opportunity to trial new systems and livelihood options such as paludiculture, agroforestry,
or agrosilvofishery systems.

Home yards can be managed in such a way that they are a multi-level and multi-
purpose food production system that is beneficial for households [26]. The yard can
provide a source of fresh and nutritious food for the household and become a buffer for
the household during the lean season when the household has a reduced income [27].
Home yards can be managed intensively and with low costs by applying simple technology
according to the abilities and knowledge of each household.

The aim of this study was to examine the technologies currently being applied by a
subset of villagers cultivating degraded peatlands in their home yard in Tumbang Nusa
Village, Central Kalimantan. We studied the community experience of peatland manage-
ment in their home yard, including understanding the planting system and plant species
cultivated in peatland home yard, and the problems and advantages of the implementation
of technologies by the community. This study can help to understand the capacity of local
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communities to transition to the use of wet peatlands or peatlands with moderate drainage.
Learning from community practices can assist in solving broader problems associated with
scaling up sustainable agricultural practices in peatlands. Learning from peatland man-
agement carried out by the community will be valuable for supporting further sustainable
peatland management. With increasing pressure on peatlands [28–30], community involve-
ment in peat restoration can provide many social and economic as well as environmental
benefits. These benefits include providing knowledge and increasing public awareness
about good management/use of peatlands, improving the quality of peatlands, and at the
same time providing an income. Promoting sustainable livelihood options on peatlands is
part of a livelihood revitalization approach to peatland restoration.

2. Materials and Methods
2.1. Study Location and Biophysical Characteristics

The study was conducted from 2019 through to early 2021 in Tumbang Nusa village,
Jabiren Raya District, Pulang Pisau Regency, and Central Kalimantan Province. This
village is located about 35 km southeast of the provincial capital, Palangkaraya and is
one of the focus villages for BRG restoration efforts. As part of their restoration efforts,
BRG has installed a small number of canal blocks and around 250 deep wells, as well as
exploring some livelihood options with the Tumbang Nusa community. Approximately
21% of the respondents in this survey were directly involved in the BRG activities. This
village occupies around 200 km2; 90% of which is peat with a depth of more than 3 m.
Approximately 20% of this peat area is currently under cultivation [31]. In the dry season,
the village is very vulnerable to fires, and in the rainy season it often floods.

Peatlands in Tumbang Nusa experience inundation from tidal flows in the Kahayan
River. This is exacerbated by the many artificial canals in Tumbang Nusa that have been
intentionally built to drain peat. The number of artificial canals causes large areas, even
those far from the river, to be inundated. These canals were part of the mega rice project
(MRP, Kalimantan, Indonesia) where 1 million hectares were planned to be developed to
grow food crops from 1995. On an area of 1,133,607 hectares, the following infrastructure
was established:

a. 200 km-long main channel connecting the Kahayan River and Barito River.
b. an additional 1000 km long main channel connecting the blocks in the MRP area.
c. primary and tertiary canals for irrigation and drainage of rice fields along hundreds

of kilometers with a total channel length of about 2000 km.

Both trees and agricultural crops, particularly those not adapted to waterlogging,
experience severe stress when grown on peat. This, plus the risk of fire and inundation are
obstacles that make many villagers reluctant to work on peat. Hence, only around 13% of
village households living along the highway manage their home yard for farming.

2.2. Groundwater Level and Subsidence

The groundwater level in peatlands fluctuates based on rainfall and intensity of
drainage. The ability of the peat to store water has decreased over time as it has become
more degraded. The lowest groundwater level in 2013–2014 was 30.6 cm below the peat
surface [32], while in 2020–2021 we found the lowest level to be 44.0 cm below the peat
surface (Figure 1). Fluctuations in groundwater level are also influenced by land cover and
peat soil conditions.
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Figure 1. Water table depths measured in 2013–2014 and in 2020–2021.

Changes in peat soil conditions are also caused by the drying of peatlands due to the
installation of many canals. These canals are designed to lower the groundwater level,
which has also increased the vulnerability of the peatlands in Tumbang Nusa to fire. Land
drying and fire incidents as well as land management activities for cultivation have resulted
in a decrease in peat soil level (subsidence) [33].

2.3. Demography

In 2020 there were around 268 households in Tumbang Nusa, with the majority
belonging to the Dayak ethic group. Each family tends to have more than one source of
livelihood, with the majority (90%) earning a livelihood from fishing. Other livelihoods
include rubber tapping, rattan collection and processing, purun collection and processing,
timber harvesting, agarwood and resin collection, nursery production, oil palm plantation,
raising livestock (swallows, ducks, chickens, goats, cows), and food and drink stalls.
However, as of the time of study, rubber had not been tapped for 3 years and rattan not
harvested for 5 years as the prices were low and unstable (US $420/tonne of latex and US
$28/tonne for rattan). Purun is harvested from mineral soils on the river banks when water
levels are high between January and May, but only if there is a request from a buyer. The
price of purun is also low, at US $2.50/bunch.

About 60% of the families live along the Kahayan river on mineral soil, while the
remaining 40% (107 households) live on peatlands, along the trans Kalimantan road that
connects Palangkaraya, the capital of Central Kalimantan Province, with Banjarmasin,
capital of South Kalimantan Province. The two settlements are 3 km apart.

Each of these 107 households along the highway have land holdings on peat that have
been partially degraded by fires and/or current land management practices. Frequent fires
and floods make most of these villagers hesitant to manage their land. However, around
14 households use the land for agriculture for their own consumption and/or to generate
business income. They have adopted various technologies to overcome the challenges they
face in managing their peatland.

2.4. Data Collection

This study was conducted from 2019 to early 2021 in Tumbang Nusa village, Jabiren
Raya District, Pulang Pisau Regency, Central Kalimantan Province. We conducted a survey
into people’s preferences in the use of degraded peatlands in their yards and the technology
applied to overcome various challenges, both natural and in the form of government
policies that prohibit burning during land preparation.
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The unit of analysis of this study was the family. Respondents came from 14 families
who were selected purposively. Our sample reflected all of those households in Tumbang
Nusa who utilised the peat land in their yards for agricultural activities.

Both primary and secondary data were collected. The primary data included quantita-
tive and qualitative information on:

• Characteristics of respondents
• Existing uses of peatland in the home yard, including types of crops grown.
• Challenges in farming
• Farming technology

Secondary data was obtained from the study of documents that was relevant in
this activity.

Primary data collection was carried out using interview techniques and field ob-
servations. Interviews were conducted using a list of in-depth questions that had been
prepared to obtain further data/information on the research topic. Field observations
allowed us to verify the responses and complete other information that respondents had
accidentally omitted.

3. Results
3.1. Characteristics of Respondents

The 14 respondents had all previously lived on mineral soil along the Kahayan river.
They began to move and settle along the highway after its construction began; and more
followed after the inauguration of the Tumbang Nusa bridge (and completion of the road)
in 2013. They made the move based on an expectation of improved economic opportunities
arising from through traffic on the road and easier access to the big cities and markets.

Of the 14 respondents cultivating their home yard, 57% were indigenous people
(Dayak) and 43% were migrants from Banjar-South Kalimantan, Lampung-Sumatra, and
Java. Those who were migrants had been living in Tumbang Nusa village for some time and
had married local people. The respondent ages were from 37 years old to 62 years old and
their education also varied from elementary to undergraduate, with the highest proportion
(35%) having achieved high school level and the lowest proportion (6%) elementary level.

Some of the reasons respondents nominated for utilising their home yard were:

• As farmers, their future is in their yards and livestock. They should not be easily
discouraged from working in the yard.

• The home yard can at least guarantee the availability of family food needs if man-
aged properly.

• The yields reduce family expenses, and if there is left over it can be saved for other
purposes, like children’s education.

Those who manage their home yard had other sources of livelihood, such as wages
from employment and nursery workers for the Watershed Management Institution, employ-
ment with the Ministry of Environment and Forestry, traders, and/or other government
employment. From time to time they still catch fish in the Kahayan river for additional
income or for their own consumption. Some villagers are managing peatland in their home
yard as a family business, while others are just managing it for supplemental income, but
both involve family members in their implementation.

Their interest in cultivating peatlands in their home yard is supported by knowledge
gained from training, work experience, internet (such as Youtube, San Bruno, CA, USA),
family, neighbours, or personal experience. Training they have participated in includes
development of a nursery, sowing seeds, planting seedlings, pineapple cultivation, pest
control, how to make compost, technical guidance on handling forest and land fires,
stingless bee cultivation, and swallow breeding. They also share knowledge on utilizing
peatland with each other.
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3.2. Existing Uses of Peatland in the Home Yard

Historically, the villagers were granted peatlands located along the trans-Kalimantan
road by the village head, starting in 1975. They were granted an area of 2 ha (50 m × 400 m),
with a letter from the village head providing proof of ownership. Only a small number of
the villagers were interested in ownership of these peatland areas because, at that time,
the peatlands were far from residential areas along the river, there was no road (the trans
Kalimantan road had not been built), the main transportation was river boat, and residents
believed that peatlands were not suitable for cultivation. Over time, more and more people
became interested in owning peatlands. The sale and purchase of peatlands occurred and
continues to this day. Those who can afford it can have large holdings of peatland (up to
10 ha or more). However, now that the government has deemed peatland deeper than
3 m to be protected, it will not issue certificates of ownership of these peatlands to the
community. However, they can continue to utilize it without ownership.

The home yard of the Tumbang Nusa respondents along the trans-Kalimantan highway
can be quite extensive, ranging from 0.8 ha to 10 ha, with an average of 3.5 ha. Some of
the yards are partially inundated during the rainy season. To mark land ownership, land
owners made small (0.5 m wide) canals around their land. The respondents had built a
house and cultivated areas from 0.2 ha to 5 ha in their yards. The average cultivated area
was 1.6 ha or 45% of their home yard.

An inventory of plant species in the village home yards revealed that villagers
were growing a wide range of plants, including plantation crops, forestry species, fruit
trees/plants, and agricultural crops (Table 1). Typical livestock found in the home yard
included chickens, ducks, goats, and swallows. Stingless bees (Trigona sp.) were also being
cultivated. Chicken, duck, and swallow farms are community initiatives, while goats and
stingless bees were initiated by BRG and Banjarbaru Environmental and Forestry Research
Institute, respectively.

Swallow nest production is very capital intensive, requiring between US $10,700 to US
$28,600 to build one swallow house. Therefore, only respondents who have access to this
capital, or who have regular income (such as civil servants) can cultivate swallows for their
nests. They can fund the upfront cost through a bank loan that is repaid in installments
from their monthly salary. Nest prices received at the farm level range from US $500/kg
for low quality to US $1071/kg for good quality nests. When they are successful, they can
harvest 0.5 kg to 1 kg/building/month.

The Banjarbaru Environmental and Forestry Research Institute, in 2020, conducted an
experiment in cultivating Trigona sp honey bees in community yards. The Trigona bee box
measuring 30 cm long × 20 cm wide × 10 cm high, was placed under a Geronggang stand
(Cratoxylon arborescens) between 10 and 15 years old, belonging to one of the respondents.
In respondent’ yards, honey can be harvested within 2 months after installing the box
containing the bees. The first harvest of seven boxes yielded 1.7–2.5 L of honey and sold for
US $10–14 per 460 mL. Subsequently, Trigona honey can be harvested every month with
a yield of 0.5–1 L per box. The respondent then learned through Youtube to break up the
Trigona bee colony and the number of Trigona bees has grown to 10 boxes. Trigona honey
cultivation is considered not difficult. Other communities began to show their interest in
raising Trigona bees. In October 2021, the Forest Management Unit in Pulang Pisau District
provided training to the community on Trigona bee cultivation.

One of the home yards was used for a broiler chicken business, producing healthy
chickens to supply a restaurant in Palangkaraya. This family constructs chicken cages in
their home yard and collects the manure as fertilizer for their nursery business.
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Table 1. Plant species cultivated in peatland home yards in Tumbang Nusa.

Common Name Scientific Name

Plantation crops

Oil Palm Elaeis sp
Rubber Hevea brasiliensis
Cacao Theobroma cacao
Calliandra Calliandra calothyrsus
Coconut Cocos nucifera

Forest/Non Timber Forest Trees

Balangeran Shorea balangeran
Sengon Paraserianthes falcataria
Jelutung Dyera polyphylla
Gaharu Aquilaria malaccensis
Bintangur Calophyllum sp.
Pete Parkia speciosa
Geronggang Cratoxylon arborescens
Pulai Alstonia scholaris
Ramin Gonystylus bancanus
Tumih Combretocarpus rotundatus

Fruit plants/trees

Rambutan Nephelium lappaceum
Mango Mangifera indica
Guava Psidium guajava
Watery rose apple Syzygium aqueum
Avocado Persea americana
Durian Durio zibethinus
Pineapple Ananas comosus
Banana Musa sp.
Lemon Citrus sp.
Papaya Carica papaya
Longan Dimocarpus longan
Citrus Citrus aurantifolia

Vegetable plants

Chili Capsicum frutescens
Water spinach Ipomoea aquatica
Maize Zea mays
Eggplant Solanum melongena
Celery Apium graveolens
Cassava Manihot utilissima
Tomato Solanum lycopersicum
Potato taro Colocasia sp.
Green pepper Piper nigrum

3.3. Agroforestry on Peat Land in the Home Yard

Of the various species planted, the respondents each identified up to 10 different
plants that were considered important by them (Table 2).

Eleven of the species considered important (as shown in Table 2) were planted by
between 21.4% to 85.7% respondents. The number of times each species was noted as being
important (Figure 2) showed that more than 75% of the respondents were growing jelutung
and rambutan, almost two thirds of the respondents were growing balangeran, and half of
them were growing oil palm and vegetables. The other species present in Table 2 but not
shown in Figure 2 were planted by only one respondent (7%) each.
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Table 2. Summary of home yard plant species considered by the respondents to be important.

Common Name Scientific Name Plants Native to
Peat Soils

Plants Native to
Mineral Soil

Plantation crops

Oil Palm Elaeis sp √

Rubber Hevea brasiliensis √

Cacao Theobroma cacao √

Coconut Cocos nucifera √

Forest/Non Timber Forest Trees

Balangeran Shorea balangeran √

Sengon Paraserianthes
falcataria

√

Jelutung Dyera polyphylla √

Gaharu Aquilaria malaccensis √

Pete Parkia speciosa √

Geronggang Cratoxylon arborescens √

Pulai Alstonia scholaris √

Ramin Gonystylus bancanus √

Tumih Combretocarpus
rotundatus

√

Fruit plants/trees

Rambutan Nephelium lappaceum √

Mango Mangifera indica √

Durian Durio zibethinus √

Pineapple Ananas comosus √

Citrus Citrus aurantifolia √

Vegetable plants

Chili Capsicum frutescens √

Maize Zea mays √

Eggplant Solanum melongena √

Celery Apium graveolens √

Tomato Solanum lycopersicum √

Figure 2. Proportion of times each species was noted as being important by the respondents. Note
that species with only one mention in Table 2 were not included in this figure.
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Respondents planted species that were endemic to both peatlands and mineral soils.
The types of plants native to peatland included balangeran, jelutung, geronggang, pulai,
ramin, and tumin. Other species are endemic to mineral soils, but the respondents tried
to cultivate them on peatlands. The reasons for the choice of plant species cultivated in
the yard (Table 3) shows that endemic peat species tended to be planted for investment
purposes, while vegetables and rubber were to meet the family needs or provide income
on a daily basis. Other crops met family needs and/or provided income on a monthly or
annual basis.

The planting system varies between respondents, as well as the number of plants per
species in one yard. For example, jelutong (Figure 3), balangeran (Figure 4), oil palm, and
rubber plants are usually grown in clusters and the number varies. Four respondents had
jelutung with a respective total of 100 stems, 200 stems, 300 stems, and up to 1000 stems.
Three respondents planted rubber in their home yard with a total of 150, 1000, and up to
2000 stems.

Figure 3. Jelutung trees and stingless bees.

Figure 4. Balangeran and rambutan trees.
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Table 3. Reasons noted by respondents for choice of species planted in their home yards.

Common Name
Investment Fulfillment of Family Needs/Cash Protection Note

Timber Seeds for Seedlings Daily Monthly Annually

Plantation crops

Oil Palm √

Rubber √

Cacao √

Coconut √

Forest/Non Timber Forest Trees

Balangeran √ √

Sengon √

Jelutung √ √

Gaharu √

Pete √

Geronggang √

Pulai √

Ramin √

Tumih √

Fruit plants/trees

Rambutan √
Fruit prioritized to meet

family needs, and if there
are leftovers, they are sold

to neighbors.

Mango √

Durian √

Pineapple √

Citrus √

Vegetable plants

Chili √
Vegetables prioritized to
meet family needs, and if

there are leftovers, they are
sold to neighbors.

Maize √

Eggplant √

Celery √

Tomato √
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Vegetables are planted in the ground or in polybags and placed under stands. Plants
commonly grown in polybags include tomatoes, chillies, and celery. The number of plants
that are cultivated is dependent on the capital and available family labour. In the family, the
reliable labour is the head of the family and the wife. Children will provide help before or
after school. If they have enough money, they will pay labourers to perform several types
of work, mainly in land preparation (clearing land, shoveling, digging trenches, making
planting holes, and land mounds). Other jobs include fertilizing, watering plants, cleaning
grass, harvesting, and selling crop produce. They reported spending 2–7 days a week
working in farming, for 2–6 h per day.

3.4. Challenges in Farming

Farming on peatlands is challenging, even under ideal conditions. Respondents faced
many challenges from land preparation to harvesting, both in the rainy and dry seasons.
Farming is considered high risk for the respondents. These challenges include technical
and non-technical aspects.

1. Rainy season

a. Flood: Every year the village of Tumbang Nusa is prone to flooding with
varying frequency, flood height, and duration of inundation. Floods in the rainy
season at the end of 2019 caused many rambutan trees of harvesting age to die.
In 2021, from January to November 2021, floods occurred in Tumbang Nusa
Village four times, in early April, early May, mid-September, and November.
Floods in November 2021 lasted for 12 days, with the water level continuing
to rise to 1.9 m on the riverbank, and 85 cm on peatland which is about 3 km
away from the riverbank. Water not only inundated the plants, but also entered
the houses. To date, the villagers have no way to prevent flooding.

2. Dry season

a. Fire: Tumbang Nusa Village is one of the villages that is known to be prone to
peat fires. Until 2019, peat fires occurred every year. The biggest fires occurred
in 2015 and 2019. The 2015 fires burned thousands of hectares of the village [31].
Since that incident, villagers have been increasingly vigilant in protecting the
village area from fire. They have established a Fire Care Village group that aims
to prevent peat fires from occurring. Tumbang Nusa village had few fires in
2020 and 2021, partly because of the surveillance carried out by the Fire Care
Village group, but also because the dry season in each of those years remained
relatively wet and not conducive to fires.

b. Drought. During the dry season, the peat land in the home yards becomes
very dry and vegetable crops die easily due to drought. Respondents had to
frequently water their vegetable gardens. They noted that vegetables required
watering once or twice per day. The respondents found this to be time consum-
ing because their vegetable garden is large and additionally there is not always
enough water available during the dry season.

3. Land preparation when first clearing land for agricultural activities is very difficult.
The land has substantial shrub growth with lots of roots that need to be removed.
The prohibition on burning imposed by the government further complicates land
preparation activities. Some respondents who have sufficient capital prefer to pay
wages for agricultural land preparation activities. Certain crops need the land to be
drained through canal installation, which is a high upfront cost.

4. Fertilizer must be applied regularly and in sufficient quantities, especially for fruit
trees. According to one respondent’s experience, if their rambutan trees are not
regularly fertilized, they will not bear fruit.

5. Pests and snakes are quite prevalent, and as well as being a danger to humans, they
also prey on livestock (chickens and ducks).
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3.5. Farming Technology

Respondents did not face many obstacles in cultivating plants that were endemic
to the peat, such as balangeran and jelutung in their home yard. Planting is done using
seedling stock. They make a planting hole at a certain planting distance (e.g., 3 m × 3 m
for jelutung), into which they plant the seedlings. It is critical to protect seedlings from
fire. As long as the plants are protected from fire, they are likely to grow well. However,
it is different for the cultivation of agricultural crops that are endemic to mineral soil but
planted on peatlands. To grow these plants in their home yard, villagers apply various
management technologies to overcome challenges of inundation, acidity, and soil fertility.
They are: (1) use of polybags, (2) raised beds (locally called ‘surjan’ technology), (3) peat
mounds with mineral soil, and (4) dolomite lime and fertilizers.

The first three technologies aim to overcome the problem of waterlogging on peatlands,
and the use of dolomite lime and fertilizer is to overcome acidity and soil infertility.

The choice of technology is dependent on the economic capacity of the household, the
knowledge they have, and the availability of labor in the family. If the home yard is run
as a larger scale business, the economic capacity (capital) of the family becomes the main
consideration. This is because they have to buy materials in large quantities and recruit
outside labor for several activities, like preparing planting media and filling polybags with
planting media.

3.5.1. The Use of Polybag

• Nursery Business

About 10 households conduct nursery businesses that market seedlings outside the
village, including to other provinces. They use polybags for planting balangeran, sengon,
jelutung, and agarwood seedlings. The seedlings are kept in wooden beds and covered
with a plastic cap until they are ready to sell. The beds are built in the home yard, placed
in a location that is not flooded and not far from the highway to facilitate transferring the
seedlings to the roadside (Figure 5). To ensure that seedling is not submerged in water,
some villagers construct shallow ditches to drain water out of the peat. They build wells or
use the river water that flows on their land to water the seedlings.

Figure 5. Seedling nursery in Tumbang Nusa.

Beds for nurseries vary in size. Farmers running a nursery business construct more
than one bed. One of the farmers had eight beds (each 20 m2), with Jelutung, Balangeran,
Pulai, and Sengon seedlings. He raises and sells 600,000–700,000 seedlings per year. They
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are ready for sale once they reach a height of more than 40 cm. Prices were US $0.08–0.11
per seedling for Jelutung, US $0.05 for Balangeran and Pulai, and US $0.07 for Sengon.

The nursery business does not occupy a large area of land, but they do require signif-
icant capital input of up to US $1400 to establish. These input costs are needed to cover
the bed construction materials, nursery equipment and materials, and to pay labourers to
fill polybags with seedling media. This initial capital does not include labour from family
members involved in this activity, or electricity for pumping water to the seedlings. Beds
are estimated to be serviceable for about 2 years.

Seedling media used by the nurseries is a mixture of peat soil, compost, mineral
soil, and rice husks. Peat is the main component and is extracted locally by clearing the
vegetation layer and collecting the topsoil material. The peat is then sieved to extract only
the fine material. Some villagers conduct a business selling sieved peat soil for US $0.84
per bag (sufficient to fill 250 seedling polybags).

The use of peat soil as a seedling-growing medium is likely to be based on the expe-
rience of a project on Tropical Forest Reforestation and Management (ATA-267), which
ran from 1984 to 1998 in South Kalimantan Province. The project was carried out by Enso
Forest Development Ltd. (Helsinki, Finland) in collaboration with the research office of
Banjarbaru Reforestation Technology (now called the Banjarbaru Environment and Forestry
Research and Development Institute—BEFORDI, Banjarbaru, Indonesia). In this project
they introduced a mixture of peat and husk in a ratio of 70:30 as a medium for growing
fast-growing species to rehabilitate critical land. The BEFORDI researchers used this tech-
nology to develop nursery activities at the Tumbang Nusa, and it was then adopted by the
Tumbang Nusa villagers.

The communities that have nursery business mostly sell seedlings outside the city, so
that the use of peat as a planting medium in polybags for large-scale nursery businesses
and in the long term can lead to thinning of the peat layer and loss of biodiversity along
with the polybag media taken out of the area. Peat mining for nurseries will also change
the physical properties of the peat surface to become undulating, with puddles forming in
the swales due to peat exploitation

• Agricultural Crops

Some Tumbang Nusa villagers plant agricultural crops in their home yard such as
chillies; tomatoes; eggplants; and celery using large black polybags, used plastic wrappers
for rice or cooking oil, and other used items such as used buckets (Figure 6). This practice
can be for their own use, for a business, or for both. Each bag is filled with either peat-only,
or a mixture of peat soil with fertilizer as a growing medium. Each polybag is planted
with one crop species. The villagers place the polybags in the home yard areas that are not
flooded, in an open area, in between other plants (e.g., oil palm), or in a terrace or bench to
avoid standing water during the rainy season. Although they are placed between oil palm
plants, villagers select an area where the crops can get enough sunlight. They regularly
irrigate the agricultural crops using plastic hoses.

The respondents stated that agricultural crops, such as chillies and tomatoes, planted
in polybags generally last longer and grow more vigorously than those grown directly
in the peat. They noted that agricultural inputs such as fertilizer can be fully absorbed
by plants grown in polybags. Weeding and loosening of the soil is also easier compared
to plants grown in the ground. For agricultural crops grown directly in peat soil, heavy
rains and floods will wash away fertilizers, while weeding and loosening the peat are also
more difficult.
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Figure 6. Planting agricultural crops in polybags.

Polybag production has been noted as having several advantages:

• The costs can be managed to meet the economic capacity of the family, with potential
for lower initial capital input as they can choose whether they want to procure polybags
or use other receptacles like unused buckets or cleaned cooking oil plastics. They can
choose to procure fertilizers or nutrients can come from their own livestock manure.
Some of the farmers do not even apply fertilizer. If farmers only have a small number
of polybags, they can often collect the peat for the media themselves.

• It can be used in plots that are submerged in the rainy season, as long as the inundation
level is not high. This technique allows the plant to survive, but if the water reaches a
certain height that floods the roots of the plant, the poly bag containing the plant can
be moved to a safe place.

• It can be done autonomously by family members if it is on a small scale, with children
also able to contribute. The number of polybags can be adjusted to account for the
labor that is available in the family.

• It does not require a large area.

3.5.2. Raised Beds (Surjan Technology)

Some farmers adopted raised bed technology (Figure 7), that is planting into a mound
of peat that extends to the height and width of the crops to be planted on it. Some of the
topsoil is removed or excavated and then used to elevate the adjacent plot of land. This
technology was adopted because they understand that it helps to keep the water table below
the rooting zone so that more agricultural crops or species that are not native to peatland
are able to grow better. Another important aspect to consider in making raised beds is the
need to mitigate the possibility of inducing acid sulfate production from oxidation of pyrite
in the peat or underlying substrate [34].

The crops planted on raised beds include water spinach, long beans, and pineapple.
Some villagers also plant oil palm onto raised beds. Pineapple is planted between oil palm,
or beside fruit trees to fill the empty space. The respondents noted that pineapple grows
well on peatlands, but the price is quite low. Farmers receive between US $0.18 and $0.21
per pineapple.

So far, the use of the Surjan technology in Tumbang Nusa Village has been the choice of
the community, which is considered friendly to peat ecology and provides optimal results
without having to drain the peatland.

However, the construction of surjan must pay attention to the physical and chemical
characteristics of peat soil in the form of pyrite and overflow of water so that there is no
drying of the pyrite layer, which causes pyrite oxidation, which is toxic to plants.
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Figure 7. Raised bed (Surjan) technology.

3.5.3. Peat Mounds with Additional Mineral Soil and Fertilizer

To plant fruit trees, some villagers make peat mounds with a hole in the middle that
is filled with a small quantity of mineral soil and manure or mineral fertilizer (Figure 8).
They plant the trees after leaving it to stabilise for 2 weeks. One of the farmers in Tumbang
Nusa had used this technique to plant out 20 trees each of mango, Syzygium aqueum, guava,
avocado, rambutan, durian, longan, mangosteen, and lansium. This required 7 m3 of
mineral soil, at a cost of US $140. These plants grew well, except that four of the mangosteen
and lansium died. Using mineral soil in this way is quite capital intensive, and only a few of
the farmers apply this technology. Other farmers have planted Parkia speciose (locally called
‘petai’) on peat home yard using this technique, which starts to produce after 7–8 years.
The mounds in principle serve the same function as raised beds (increasing the rooting
depth to the water table), but the addition of mineral soil and fertilizer also improves soil
porosity and fertility. They found that this practice can lead to good crop yields.

Figure 8. Example of fruit tree growing on a peat mound.

3.5.4. The Use of Limestone and Fertilizer

The peat soil sampled from the cultivation area of Tumbang Nusa village was very
acidic, with pH between 3 and 4. Lime, fertilizer, and ash from combustion are used as
ameliorants [35–37]. They can increase soil fertility through improvement in physical and
chemical conditions [38], and increasing the pH [35]. Respondents noted that peat soils are
acidic, especially if they are not burnt. They understand that peat is unsuitable for many
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plants/crops, causing them to grow poorly or die. Pangaribuan (2018) [37] noted that the
high acidity of peat soils reduces the bioavailability of phosphorus, which is an essential
nutrient for many plant processes including photosynthesis, root development, flowering,
fruiting, and seed formation [39]. To neutralize this acidity, one farmer in Tumbang Nusa
applied dolomite lime after clearing his peatland. Dolomite can reduce the level of soil
acidity and improve the nutrient balance so that nutrients can be taken up by the plants [36].

The method of dolomite lime and fertilizer application on peatlands deployed by this
farmer was as follows:

a. Any remaining vegetation is cleared, including removal of the roots, and then
dolomite is applied at a rate of up to 1.5 tonnes/ha.

b. The dolomite is cultivated into the peat and allowed to equilibrate. This operation
takes about 1 week to complete.

c. If enough ash is available (from burning organic wastes), about 100 g of ash is applied
into a planting hole.

d. Fertilizer is also added into the planting hole.

While this process can give good results, it takes care and time before the plants can
be planted. The farmer learned the technique while working at the Arjuna Wiwaha timber
concession in 1997. Other techniques used by this household included:

a. Land preparation, which includes manual clearing and spraying of herbicide (gramox-
one) at a rate of approximately 2 L gramoxone/ha. This process takes approximately
5 days.

b. The dead plants are collected and stacked. This activity takes about 2 weeks.
c. The planting hole is made, with up to 1 kg of lime and organic fertilizer being added.

There are three main sources of organic fertilizer: chicken, cow, or swallow manure.
Of the three types of materials, the farmer used swallow manure in a ratio of 4:1 (peat
soil:swallow manure). Other farmers may use different ratios of peat:manure, depending on
their economic situation, but importantly, they know that too much manure can kill plants,
and that they need to wait 2–3 days after application before planting out with vegetables.

Villagers also neutralize soil acidity by using ash from burning grass, shrubs, or
litter. One of the respondents generates their ash by piling several layers of litter and peat
together for burning. Burning is done very carefully so that the fire does not enter the peat
because of the risk of starting a peat fire. This technique for acidity amelioration is easy
and practical to do, low cost, quick, and it can repel pests (such as rats). Burning on a
scale of 1–2 ha for land preparation was the norm, but the prohibition on burning and the
punishment/sanctions imposed by the government on those who do the burning, make
the people of Tumbang Nusa Village afraid to do land preparation using fire. In fact, they
object to the policy as they have no suitable alternative solutions.

Each farmer has their own technique for applying lime, fertilizer, and ash, and there is
no standard application method. Most villagers rarely (if at all) take measurements, and
rates of application are based on experience or economic ability of the family. There is
substantial opportunity to work with farmers to improve their agricultural productivity
through targeting their lime/ash and fertilizer applications. One study found that the
application of 20 tonnes of ameliorant (80% chicken manure + 20% dolomite) per hectare
gave the highest dry weight and nutrient uptake of NPK [36].

A small number of Tumbang Nusa farmers developed a unique way of making deep
peat land suitable for planting horticultural crops. They understand that plants can grow
well if their macro and micro nutrient requirements are met. Peatlands are acidic and
have low concentrations of Ca, Mg, K, and Na. For this reason, they add slaked lime
(Ca(OH)2), as well as a small amount of detergent and cement to the peat. Detergents
can function as surfactants that can increase the storage of K and Mg cations and restore
the moisture of dry peat [40]. The results of a mixture of cement and lime as peatland
stabilization on a laboratory scale have proven positive, although its effectiveness in the
field is unknown [41]. Another way that has been reported to neutralize peatlands is by
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planting cassava (Manihot utilissima). According to respondents, cassava has the capacity to
neutralize the acidity of peatlands and kill the grass around it, but the cassava cannot be
eaten because the taste is bitter.

4. Discussion

Respondents use their home yards for various purposes, including meeting family
nutrition needs, earning additional income, creating a shady environment around the
house, and planting trees to stabilize the soil. Utilization of the home yard is carried
out by growing various tree species, fruit crops, vegetables, and livestock, in the form of
agroforestry. This pattern of using a home yard can provide additional daily, monthly,
and/or yearly income, and even long-term savings.

4.1. Bridging the Gap between Sustainable Use of Peat and Ensuring Sufficient Income for Farmers

The people of Tumbang Nusa village cultivate degraded peatlands to support their
livelihoods. In utilizing the peatlands, the government encourages sustainable practices on
peatlands, including issuing a policy that prohibits burning and protecting peatlands with
a depth of more than 3 m. For the respondents in this study, these provisions are not easy
to follow because the peatlands in Tumbang Nusa are greater than 3 m deep, but are still
being managed by the community for production.

Villagers applied a paludiculture system to grow tree species endemic to peat soil, such
as balangeran, jelutong, and geronggang. This system is non-destructive and compatible
with restoring the peatland. These tree species grow well and represent a form of long-term
savings for the respondents. Even though these plants have not produced income from
harvest yet, at least they have modified the microclimate and provided enough floral
resources suitable for cultivation of stingless trigona bees. Utilization of space under
stands with stingless trigona bee cultivation provides respondents with regular monthly
income, so they can continue to support the growth of the endemic peatland species. This
combination can help restore peatlands, as well as provide nutrition and additional income
for respondents.

Respondents did not have a good understanding of how endemic peatland species can
provide daily, monthly, and annual income. They were more familiar with the cultivation
of plant species that are endemic to mineral soils. Seeing success, either in the neighbouring
village or through friends/relatives, and armed with knowledge and great determination,
they try to cultivate crops that are native to mineral soils. They understand that there are a
number of risks and obstacles to successful peatland cultivation.

The agricultural technology adopted by the respondents for growing mineral soil
species is primarily to avoid the key risks, namely not burning during land preparation and
protecting their agricultural land from fire hazards, making raised bed or using polybags
so that plant roots are not submerged in water when flooded, using fertilizers and dolomite
lime, as well as cultivating fast-growing agricultural crops (such as tomatoes, chillies,
etc.). This agricultural practice is relatively non-destructive. Their agricultural crops are
produced for their own consumption, and if there is surplus they can be sold.

Agricultural practices on peatlands using the raised bed techniques have been tested
in Bengkulu Tengah Regency, Bengkulu Province for agricultural crops, and in Kapuas
Regency, Central Kalimantan Province for perennials at demonstration plot scale. These
studies support the methods adopted by the Tumbang Nusa farmers; for agricultural
crops, a rotation of cucumber, bitter melon and long beans on raised beds could return
US $3781/hectare/year; and for a cucumber, squash, long bean rotation, farmers received
US $3620/hectare/year [42]. For perennials, good survival was achieved in raised beds
with mahogany (Swetania mahagony, 87%), petai (Parkia speciosa, 100%), and rubber (Hevea
brasiliensis, 80%) [43].

The various agricultural technologies carried out by the community of Tumbang Nusa
Village, each have their own advantages and suitability to the various characteristics of peat.
Peat mining for polybag planting media will cause direct depletion of the peat layer [44].
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Likewise, construction of surjans or raised bed must pay attention to the characteristics
of the peat, including the depth of pyrite, the depth of the peat, and also the depth of the
ground water table. Pyrite depth <50 cm from the peat surface if a surjan is made will
be susceptible to pyrite oxidation, where pyrite oxidation occurs due to dry conditions in
the pyrite layer. Pyrite oxidation will be toxic to plants and other biotans. Pyrite is not
dangerous under flooded or aerobic conditions [45,46].

Long-term application of dolomite and fertilizer, especially chemical fertilizer, will
contribute to the CO2 and N2O emissions arising from soil organic matter decomposition
from agricultural land in tropical peatland [47]. Among other options, the establishment of
mounding has the least impact on the peat. The challenge in making mounds is how to
create a sufficiently solid mound that can withstand heavy rain and flooding for at least
several years to enable the seedling to develop sufficiently strong roots and stem to support
further development. Moreover, species tolerance to flooding and the susceptibility to
flooding in the planting site should be considered when selecting mounds [48,49]. The
choice of agricultural technology on peatland must consider peat physical and chemical
characteristics. Agricultural technology can be applied as long as we keep the peat wet and
ensure that it can be sustainability managed.

4.2. Adoption of the Agricultural Innovation

Around 13% of Tumbang Nusa villagers have used peat land in their yards for agri-
cultural production. They have harvested the produce, either for their own consumption
or for sale. Neighbouring villages that include more transmigrant populations have been
intensively cultivating vegetables on peatlands to supply the city of Palangkaraya. Even
though there are concrete examples and evidence, the adoption of peat land use in home
yards in Tumbang Nusa village has been slow. This is because there is little interest from
other villagers in cultivating peatlands. They do not have enough knowledge on peatland
cultivation, and their predecessors did not farm on peatlands because they were considered
infertile. Agriculture on peatland requires substantial capital, as well as strong will and
willingness to accept high risk.

Raised beds require substantial labour input, from clearing of the undergrowth to
creation of the mounds. The height of the mounds must take into account the height of the
water that inundates their yards during floods. This work requires significant time and
energy. They must ameliorate the peat soil, such as with dolomitic lime or irrigate with
water that has been mixed with detergent and fertilizer, to ensure that the peat is ready
to be planted with agricultural crops. Other jobs include weeding, ensuring plants are
safe from pests and diseases, and protecting plants from floods and fires. Due to these
high demands, the expansion of agricultural production has occurred slowly. The effort
required and the limited market in Tumbang Nusa has resulted in a relatively small area
of development.

Mounding aims to provide a depth of peat where plant roots can grow above the
water table even under flood conditions [50]. This can aid survival even when the area has
been inundated for more than 1 week [51]. However, [49] noted it is challenging to create
a solid mound that can withstand heavy rain and flooding for several years to allow the
seedlings to develop strong roots and stem. This technology is commonly used to plant
trees that usually grow on mineral soils (like mango and rambutan), and they are usually
planted out at one plant per mound. Mounding could reduce the mortality of seedlings
planted in the peatland at the initial stage [48,52].

The practice of cultivation technology such as raised bed and mounding development
has been found to increase a farmer’s income 3-fold compared with conventional farm-
ing [53]. Similarly, [54] found that use of a raised bed system in Jambi, Sumatra, could
increase the productivity of land and commodity diversification and improve a farmer’s
income by around 44%.

For the people of Tumbang Nusa village, mounding technology is quite expensive
because they have to buy mineral soil from outside the village and fertilizer to fill the inside
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of the mound. They tend to consider that the effort required was greater than the benefits
they received, especially the older respondents. One of the farmers in Tumbang Nusa
village noted that he had switched from cropping to duck farming because the ducks are
easier to maintain and do not require the same level of labour input.

Polybags are one solution for farmers with limited mineral land, degraded land or
land with low productivity, and/or for land that is often flooded, as in Tumbang Nusa
village, for agricultural cultivation activities. The use of polybags has advantages and
limitations. Interestingly, the community of Tumbang Nusa uses household plastic waste
to reduce costs, they note that the use of fertilizer is more efficient because fertilizer can be
measured as needed per polybag and is not washed away by flooding; weeding is easier
to do than cultivation on degraded land; the composition of the planting media can be
adjusted to an optimum fertility [55]; and importantly, it can be cultivated regardless of the
season as it can be moved to a place that is safe from flooding.

The limitation of cultivation in polybags includes that they are only suitable for fast
growing annual crops such as vegetables, chilli, tomatoes, ginger, and others, but it cannot
be used to plant tree species. The material used for polybags has limited durability, it is not
suitable for large-scale businesses because in the end it will encourage the use of plastic
in large quantities, which will result in accumulation of plastic waste [56,57]. In Tumbang
Nusa, the community also diversified into making environmentally friendly pots from
woven purun plants. Purun pots can be planted directly into the ground with the plants, but
the price is still more expensive than plastic and is not economical for nursery businesses.

4.3. Practices Taken Up by Others Which Are Yet to Be Adopted by the Respondents

The planting technique with the raised bed system can utilise a form of local wisdom
whereby one section of the component is elevated (elevated bunds/beds) and the other
section is excavated (sunken beds) [58]. Plants that are not resistant to flooding are planted
on the raised section, and plants that are flood tolerant are planted in the lower section.
The alternating bed system can reduce Fe levels from the first month to the fifth month,
while sulfate increases in the first and second months and decreases after the third month.
However, respondents generally only planted the raised part and not the excavated bottom
part, so the advantages of this system (increasing the intensity of land use, increasing diver-
sity of cultivated varieties, reducing the risk of crop failure, and increasing income, [58]),
have not been fully obtained.

5. Conclusions

Sustainable cultivation of the fragile peatland ecosystem requires that farmers take
extra care and consider how their practices impact on both the long-term sustainability of
their peatlands, and on the broader public good. Due to past mismanagement of peatlands
in Tumbang Nusa, they are now prone to fires in the dry season, susceptible to flooding in
the rainy season, and the peat has acidified. These conditions make most villagers reluctant
to cultivate the peatland. However, some Tumbang Nusa farmers consider their peatlands
as an asset and are interested in managing it as productive land either for a source of income
or for fulfilling family needs. They understand there are a lot of challenges to overcome in
utilizing peatlands.

The peat land in the yard is used to meet daily, monthly, and yearly needs, as well as
for investment purposes. For investment, people tend to plant species that are native to peat
soils. However, to fulfill daily, monthly, and yearly needs, people are more familiar with
and tend to plant species that are native to mineral soil. The incompatibility of the types of
plants cultivated on degraded peatlands makes the cost of farming expensive with a high
risk of failure. Various technologies are applied to overcome various challenges in managing
the yard, such as the use of polybags, development of raised beds, making peat mound,
and amelioration with dolomite lime and fertilizer. From these various technologies, the
use of polybags to cultivate agricultural crops, to meet the daily needs of farming families,
provides the effective home yard management and the simultaneous preservation of the
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peatlands for the study areas. This technology is the easiest and cheapest/to overcome
problems related to standing water. This technology can be carried out by all family
members and has the potential for wider scale adoption. To optimize the use of home
gardens, planting of species that are native to peat soil by utilizing the space below the
stand will simultaneously restore degraded peatland and provide long-term investment.

Managing the risk of flooding through adopting these technologies also means that
peatland restoration through canal blocking can occur without substantially impacting
on farmer livelihoods. Farmers have options to directly plant endemic species that will
return an income (and act as a long-term savings), as well as obtain cash flow from shorter
term production of agricultural species using these techniques. There should also be some
consideration given to providing explicit and financial recognition of the social benefits
provided to broader society from the restoration efforts of the farmers, notably prevention
of greenhouse gas emissions and reduction in smoke haze from fires, particularly if the
peat is allowed to be rewet.

Author Contributions: Conceptualization, N.S.; methodology, N.S.; data collection, N.S.; data anal-
ysis N.S.; writing—original draft preparation, N.S.; writing—review and editing, N.S., D.R., D.M.,
T.W.Y., B.W., B.T.P., S.L., A.A., R., K.B., D.C.H. and M.I. All authors have read and agreed to the
published version of the manuscript.

Funding: This research and the APC were funded by ACIAR FST/2016/144 Improving Community
Fire Management and Peatland Restoration in Indonesia.

Institutional Review Board Statement: Ethics approval was granted from CSIRO Social and Inter-
disciplinary Science Human Research Ethics Committee 122/18.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank ACIAR for providing research and publication funding.
This paper was supported by ACIAR project FST/2016/144 Improving Community Fire Management
and Peatland Restoration in Indonesia (2016–2023). We also would like to express our sincere
gratitude to Aysha Fleming from CSIRO Australia for her comments and suggestions to improve
our manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Anda, M.; Ritung, S.; Suryani, E.; Sukarman; Hikmat, M.; Yatno, E.; Mulyani, A.; Subandiono, R.E.; Suratman; Husnain. Revisiting

tropical peatlands in Indonesia: Semi-detailed mapping, extent and depth distribution assessment. Geoderma 2021, 402, 115235.
[CrossRef]

2. Masganti, M.; Marpoyan, P.; Wahyunto, W.; Dariah, A. Karakteristik dan potensi pemanfaatan lahan gambut terdegradasi di
provinsi riau. J. Sumberd. Lahan. 2014. Available online: http://repository.pertanian.go.id/handle/123456789/2339 (accessed on
10 January 2022).

3. BRG. Rencana Strategis Restorasi Gambut 2016–2020; Badan Restorasi Gambut: Jakarta, Indonesia, 2016.
4. Suwarno, Y.; Purwono, N.; Suriadi, A.; Nahib, I. Kajian Kesatuan Hidrologis Gambut Wilayah Kalimantan Tengah. Semin. Nas.

Geomatika 2016, 233–242. Available online: https://adoc.pub/kajian-kesatuan-hidrologis-gambut-wilayah-kalimantan-tengah.
html (accessed on 10 January 2022).

5. Kurnianto, S.; Warren, M.; Talbot, J.; Kauffman, B.; Murdiyarso, D.; Frolking, S. Carbon accumulation of tropical peatlands over
millennia: A modeling approach. Glob. Change Biol. 2015, 21, 431–444. [CrossRef] [PubMed]

6. Ritson, J.P.; Bell, M.; Brazier, R.E.; Grand-Clement, E.; Graham, N.J.; Freeman, C.; Smith, D.; Templeton, M.R.; Clark, J.M.
Managing peatland vegetation for drinking water treatment. Sci. Rep. 2016, 6, 36751. [CrossRef] [PubMed]

7. Wösten, H.; Hooijer, A.; Siderius, C.; Rais, D.S.; Idris, A.; Rieley, J. Tropical peatland water management modelling of the air
hitam laut catchment in Indonesia. Int. River Basin Manag. 2006, 4, 233–244. [CrossRef]

8. Afifudin, M.; Nuriman, M.; Gusmayanti, E.; Arianie, L.; Susana, R.; Nusantara, R.W.; Sugardjito, J.; Rafiastanto, A. Drainage
and land use impacts on changes in selected peat properties and peat degradation in west Kalimantan province, Indonesia.
Biogeosciences 2010, 7, 3403–3429. [CrossRef]

http://doi.org/10.1016/j.geoderma.2021.115235
http://repository.pertanian.go.id/handle/123456789/2339
https://adoc.pub/kajian-kesatuan-hidrologis-gambut-wilayah-kalimantan-tengah.html
https://adoc.pub/kajian-kesatuan-hidrologis-gambut-wilayah-kalimantan-tengah.html
http://doi.org/10.1111/gcb.12672
http://www.ncbi.nlm.nih.gov/pubmed/25044171
http://doi.org/10.1038/srep36751
http://www.ncbi.nlm.nih.gov/pubmed/27857210
http://doi.org/10.1080/15715124.2006.9635293
http://doi.org/10.5194/bg-7-3403-2010


Land 2022, 11, 150 21 of 22

9. Maimunah, S.; Rahman, S.A.; Samsudin, Y.B.; Artati, Y.; Simamora, T.I.; Andini, S.; Lee, S.M.; Baral, H. Assessment of suitability
of tree species for bioenergy production on burned and degraded peatlands in central Kalimantan, Indonesia. Land 2018, 7, 115.
[CrossRef]

10. Silvianingsih, Y.A.; Hairiah, K.; Suprayogo, D.; van Noordwijk, M. Kaleka agroforest in central Kalimantan (Indonesia): Soil
quality, hydrological protection of adjacent peatlands, and sustainability. Land 2021, 10, 856. [CrossRef]

11. Harrison, M.; Rieley, J. Tropical peatland biodiversity and conservation in southeast Asia. Foreword Mires Peat 2018, 22, 1–7.
12. Husson, S.; Limin, S.; Boyd, N.; Brousseau, J.; Collier, S.; Cheyne, S.; D’Arcy, L.; Dow, R.; Schreven, S. Biodiversity of the sebangau

tropical peat swamp forest, Indonesian Borneo. Mires Peat 2018, 22, 1–50.
13. Posa, M.R.C.; Wijedasa, L.S.; Corlett, R.T. Biodiversity and conservation of tropical peat swamp forests. BioScience 2011, 61, 49–57.

[CrossRef]
14. Leng, G.; Hall, J. Crop yield sensitivity of global major agricultural countries to droughts and the projected changes in the future.

Sci. Total Environ. 2019, 654, 811–821. [CrossRef] [PubMed]
15. Harenda, K.M.; Lamentowicz, M.; Samson, M.; Chojnicki, B.H. The role of peatlands and their carbon storage function in the

context of climate change. In Interdisciplinary Approaches for Sustainable Development Goals; Springer: Berlin/Heidelberg, Germany,
2018; pp. 169–187.

16. Suyanto, S.; Sardi, I.; Buana, Y.; van Noordwijk, M. Analysis of Local Livelihoods from Past to Present in the Central Kalimantan
Ex-Mega Rice Project Area; World Agroforestry Centre: Bogor, Indonesia, 2009.

17. Wildayana, E. Challenging constraints of livelihoods for farmers on the south Sumatra peatlands, Indonesia. Bulg. J. Agric. Sci.
2017, 23, 894–905.

18. Yuwati, T.W.; Rachmanadi, D.; Pratiwi; Turjaman, M.; Indrajaya, Y.; Nugroho, H.Y.S.H.; Qirom, M.A.; Narendra, B.H.; Winarno, B.;
Lestari, S.; et al. Restoration of degraded tropical peatland in Indonesia: A review. Land 2021, 10, 1170. [CrossRef]

19. Agus, C.; Azmi, F.F.; Ilfana, Z.R.; Wulandari, D.; Rachmanadi, D.; Harun, M.K.; Yuwati, T.W. The impact of forest fire on
the biodiversity and the soil characteristics of tropical peatland. In Handbook of Climate Change and Biodiversity; Springer:
Berlin/Heidelberg, Germany, 2019; pp. 287–303.

20. Astiani, D.; Widiastuti, T.; Latifah, S.; Simatupang, D. Soil characteristics and co2 emissions of ex-burnt peatland in kubu raya
district, west Kalimantan, Indonesia. Biodiversitas J. Biol. Divers. 2020, 21. [CrossRef]

21. Wichtmann, W.; Joosten, H. Paludiculture: Peat formation and renewable resources from rewetted peatlands. IMCG Newsl. 2007,
3, 24–28.

22. Budiman, I.; Sari, E.N.; Hadi, E.E.; Siahaan, H.; Januar, R.; Hapsari, R.D. Progress of paludiculture projects in supporting peatland
ecosystem restoration in Indonesia. Glob. Ecol. Conserv. 2020, 23, e01084. [CrossRef]

23. Nursyamsi, D.; Raihan, M.N.S.; Anwar, K.; Alwi, M.; EniMaftuah, I.K.; Ar-Riza, I.; Simatupang, R.S.; Noorginayuwati, A.F.
Pedoman Umum Pengelolaan Lahan Gambut Untuk Pertanian Berkelanjutan; IAARD PRESS: Jakarta, Indonesia, 2014.

24. Beckford, C.; Campbell, D. Domestic Food Production and Food Security in the Caribbean: Building Capacity and Strengthening Local
Food Production Systems; Springer: Berlin/Heidelberg, Germany, 2013.

25. Palestina-González, M.I.; Carranza-Cerda, I.; López-Reyes, L.; Torres, E.; Silva-Gómez, S.E. Sustainability assessment of traditional
agroecosystems in the high region of Anahuac, Puebla, Mexico. Environments 2021, 8, 40. [CrossRef]

26. Galhena, D.H.; Freed, R.; Maredia, K.M. Home gardens: A promising approach to enhance household food security and wellbeing.
Agric. Food Secur. 2013, 2, 1–13. [CrossRef]

27. Boone, K.; Taylor, P.L. Deconstructing homegardens: Food security and sovereignty in northern Nicaragua. Agric. Hum. Values
2016, 33, 239–255. [CrossRef]

28. Giesen, W.; Sari, E. Tropical Peatland Restoration Report: The Indonesian Case. Berbak Green Prosperity Partnership; MCA-Indonesia:
Jakarta, Indonesia, 2018.

29. Miettinen, J.; Hooijer, A.; Tollenaar, D.; Page, S.; Malins, C.; Vernimmen, R.; Shi, C.; Liew, S.C. Historical Analysis and Projection of
Oil Palm Plantation Expansion on Peatland in Southeast Asia; ICCT White Paper: Washington, DC, USA, 2012; p. 17.

30. Miettinen, J.; Shi, C.; Liew, S.C. Two decades of destruction in southeast asia’s peat swamp forests. Front. Ecol. Environ. 2012, 10,
124–128. [CrossRef]

31. BRG. Profil Desa Peduli Gambut Desa Tumbang Nusa Desa Tumbang Nusa Kecamatan Jabiren Raya, Kabupaten Pulang Pisau,
Provinsi Kalimantan Tengah. Jakarta: Badan Restorasi Gambut. 2018. Available online: http://brg.go.id/wp-content/uploads/
2019/03/FIX-Kalteng-Pulang-Pisau-Jabiren-Raya-Desa-Tumbang-Nusa.pdf (accessed on 10 January 2022).

32. Rachmanadi, D.; Faridah, E.; van der Meer, P.J. Keanekaragaman potensi regenerasi vegetasi pada hutan rawa gambut: Studi
kasus di kawasan hutan dengan tujuan khusus (khdtk) tumbang nusa, kalimantan tengah. J. Ilmu Kehutan. 2017, 11, 224–238.
[CrossRef]

33. Agus, C.; Ilfana, Z.R.; Azmi, F.F.; Rachmanadi, D.; Wulandari, D.; Santosa, P.B.; Harun, M.K.; Yuwati, T.W.; Lestari, T. The effect of
tropical peat land-use changes on plant diversity and soil properties. Int. J. Environ. Sci. Technol. 2020, 17, 1703–1712. [CrossRef]

34. Nazemi, D.; Hairani, A.; Indrayati, L. Prospek pengembangan penataan lahan sistem surjan di lahan rawa pasang surut. Agrovigor
J. Agroekoteknologi 2012, 5, 113–118.

35. Agus, F.; Subagjo, H.; Rachman, A.; Subiksa, I. Properties of Tsunami Affected Soils and the Management Implication. Proc. Int.
Salin. Forum 2008, 1–2. Available online: https://balittanah.litbang.pertanian.go.id/ind/dokumentasi/lainnya/f_agus_adelaide.
pdf (accessed on 10 January 2022).

http://doi.org/10.3390/land7040115
http://doi.org/10.3390/land10080856
http://doi.org/10.1525/bio.2011.61.1.10
http://doi.org/10.1016/j.scitotenv.2018.10.434
http://www.ncbi.nlm.nih.gov/pubmed/30448671
http://doi.org/10.3390/land10111170
http://doi.org/10.13057/biodiv/d210836
http://doi.org/10.1016/j.gecco.2020.e01084
http://doi.org/10.3390/environments8050040
http://doi.org/10.1186/2048-7010-2-8
http://doi.org/10.1007/s10460-015-9604-0
http://doi.org/10.1890/100236
http://brg.go.id/wp-content/uploads/2019/03/FIX-Kalteng-Pulang-Pisau-Jabiren-Raya-Desa-Tumbang-Nusa.pdf
http://brg.go.id/wp-content/uploads/2019/03/FIX-Kalteng-Pulang-Pisau-Jabiren-Raya-Desa-Tumbang-Nusa.pdf
http://doi.org/10.22146/jik.28286
http://doi.org/10.1007/s13762-019-02579-x
https://balittanah.litbang.pertanian.go.id/ind/dokumentasi/lainnya/f_agus_adelaide.pdf
https://balittanah.litbang.pertanian.go.id/ind/dokumentasi/lainnya/f_agus_adelaide.pdf


Land 2022, 11, 150 22 of 22

36. Maftu’ah, E.; Maas, A.; Syukur, A.; Purwanto, B.H. Efektivitas amelioran pada lahan gambut terdegradasi untuk meningkatkan
pertumbuhan dan serapan npk tanaman jagung manis (Zea mays l. Var. Saccharata). J. Agron. Indones. 2013, 41. [CrossRef]

37. Pangaribuan, N. Pengelolaan lahan gambut berkelanjutan dengan budidaya tanaman pangan dan sayuran. In Seminar Nasional
FMIPA Universitas Terbuka; Universitas Terbuka: Jakarta, Indonesia, 2018.

38. Kartikawati, R.; Setyanto, P. Ameliorasi tanah gambut meningkatkan produksi padi dan menekan emisi gas rumah kaca. Sinar
Tani 2011, 6, 2.

39. Bachtiar, B.; Ghulamahdi, M.; Melati, M.; Guntari, D.; Sutandi, A. Kebutuhan nitrogen tanaman kedelai pada tanah mineral dan
mineral bergambut dengan budi daya jenuh air. J. Penelit. Pertan. Tanam. Pangan 2016, 35, 124293.

40. Utami, H.; Nuryani, S.; Maas, A.; Radjagukguk, B.; Purwanto, B.H. Restorasi gambut dengan tiga jenis surfaktan, dan pengaruh-
nya terhadap efisiensi penyimpanan kation dan kapasitas memegang. Agritech. J. Fak. Teknol. Pertan. UGM 2009, 29, 91117.

41. Wahyuni, F. Pengaruh Filtrasi Air Terhadap Perubahan Perilaku Tanah Gambut Berserat Yang Distabilisasi Fly Ash Dan Kapur Ca (Oh);
Institut Teknologi Sepuluh Nopember: Surabaya, Indonesia, 2016.

42. Putra, W.E.; Ishak, A.; Rokhani, R. Analisis Usahatani Pola Tanam Sayuran Pada Lahan Gambut; University of Jember: Kabupaten Jember,
Indonesia, 2019.

43. Hafizianor, H. Pengembangan Sistem Pengelolaan Agroforestri Lahan Basah Berbasis Pengetahuan Dan Teknologi Ekologi Lokal; Universitas
Lambung Mangkurat Press: Jakarta, Indonesia, 2016.

44. Reumer, M.; Harnisz, M.; Lee, H.J.; Reim, A.; Grunert, O.; Putkinen, A.; Fritze, H.; Bodelier, P.L.; Ho, A. Impact of peat mining
and restoration on methane turnover potential and methane-cycling microorganisms in a northern bog. Appl. Environ. Microbiol.
2018, 84, e02218-17. [CrossRef]

45. Suriadikarta, D.A. Pembelajaran dari kegagalan penanganan kawasan plg sejuta hektar menuju pengelolaan lahan gambut
berkelanjutan. Pengemb. Inov. Pertan. 2009, 2, 229–242.

46. Pangaribuan, N. Menjinakkan gambut untuk pertanian. In Optimalisasi Peran Sains & Teknologi Untuk Mewujudkan Smart City;
Universitas Terbuka: Jakarta, Indonesia, 2017; p. 61.

47. Hatano, R.; Toma, Y.; Hamada, Y.; Arai, H.; Susilawati, H.L.; Inubushi, K. Methane and nitrous oxide emissions from tropical peat
soil. In Tropical Peatland Ecosystems; Springer: Berlin/Heidelberg, Germany, 2016; pp. 339–351.

48. Santosa, P.B.; Andriani, S.; Ardhana, A. Effect of land mounding on seedling growth of gemor (nothaphoebe coriacea, kosterm.)
on peat swamp forest. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2020; Volume 499.

49. Lampela, M.; Jauhiainen, J.; Sarkkola, S.; Vasander, H. To treat or not to treat? The seedling performance of native tree species for
reforestation on degraded tropical peatlands of se asia. For. Ecol. Manag. 2018, 429, 217–225. [CrossRef]

50. Wibisono, I.T.C.; Siboro, L.; Suryadiputra, I.N.N. Panduan Rehabilitasi dan Teknik Silvikultur di Lahan Gambut; Wetlands international:
Wageningen, The Netherland, 2005.

51. Tata, H. Jelutung Rawa: Teknik Budidaya Dan Prospek Ekonominya; World Agroforestry Centre (ICRAF) Southeast Asia Regional
Program: Bogor, Indonesia, 2015.

52. Lampela, M.; Jauhiainen, J.; Vasander, H. Enhancing reforestation in degraded tropical peatlands in central Kalimantan. In
Proceedings of the 15th International PEAT Congress (IPC 2016), Kuching, Malaysia, 15–19 August 2016.

53. Ar-Riza, I.; Noor, H.D.; Sutikno, H. Teknologi Sistem Usahatani Lahan Lebak Dangkal Kalimantan Selatan. Available online:
https://perpustakaan.pertanian.go.id/repository_litbang/uploaded_files/scan0383.pdf (accessed on 8 October 2021).

54. Jumakir, J.; Endrizal, E. Optimizing Land with Surjan System through Crop Diversification in Lowland Swamp Jambi Province. J.
Penelit. Pertan. Terap. 2017, 17. Available online: https://www.researchgate.net/publication/319436176_Optimizing_Land_With_
Surjan_System_Through_Crop_Diversification_In_Lowland_Swamp_Jambi_Province (accessed on 10 January 2022). [CrossRef]

55. Shalizi, M.N.; Goldfarb, B.; Burney, O.T.; Shear, T.H. Effects of five growing media and two fertilizer levels on polybag—Raised
camden whitegum (eucalyptus benthamii maiden & cambage) seedling morphology and drought hardiness. Forests 2019, 10, 543.

56. Nursyamsi. Biopot sebagai pot media semai pengganti polybag yang ramah lingkungan. Bul. Eboni. 2015, 12, 121–129.
57. Nurul, A.M.Y.; Rahmah, M.; Muhammad, A. Degradability studies of photodegradable plastic film. Int. J. Env. Ecol. Geol. Geophys.

Eng. 2013, 77, 813–818.
58. Susilawati, A.; Nursyamsi, D. Sistem surjan: Kearifan lokal petani lahan pasang surut dalam mengantisipasi perubahan iklim. J.

Sumberd. Lahan 2014, 8, 31–42.

http://doi.org/10.24831/jai.v41i1.7071
http://doi.org/10.1128/AEM.02218-17
http://doi.org/10.1016/j.foreco.2018.06.029
https://perpustakaan.pertanian.go.id/repository_litbang/uploaded_files/scan0383.pdf
https://www.researchgate.net/publication/319436176_Optimizing_Land_With_Surjan_System_Through_Crop_Diversification_In_Lowland_Swamp_Jambi_Province
https://www.researchgate.net/publication/319436176_Optimizing_Land_With_Surjan_System_Through_Crop_Diversification_In_Lowland_Swamp_Jambi_Province
http://doi.org/10.25181/jppt.v17i1.5

	Introduction 
	Materials and Methods 
	Study Location and Biophysical Characteristics 
	Groundwater Level and Subsidence 
	Demography 
	Data Collection 

	Results 
	Characteristics of Respondents 
	Existing Uses of Peatland in the Home Yard 
	Agroforestry on Peat Land in the Home Yard 
	Challenges in Farming 
	Farming Technology 
	The Use of Polybag 
	Raised Beds (Surjan Technology) 
	Peat Mounds with Additional Mineral Soil and Fertilizer 
	The Use of Limestone and Fertilizer 


	Discussion 
	Bridging the Gap between Sustainable Use of Peat and Ensuring Sufficient Income for Farmers 
	Adoption of the Agricultural Innovation 
	Practices Taken Up by Others Which Are Yet to Be Adopted by the Respondents 

	Conclusions 
	References

