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SUMMARY

3

!urrent studies on tropical peatlands in Indonesia focus mostly on the environmental effects of management
practices. Studies on the efforts of farmers to conserve and rehabilitate degraded tropical peands by
operating agroforestry systems have been limited. We addressed this research gap by conducting a qualitative
survey with semi-structured interviews and field observafeins of agroforestry systems in the villages of
Tumbang Nusa and Kalampangan in Central Kalimantan. The results showed that the main motivation of
farmers establishing agroforestry systems was the understanding that trees would otherwise become scarce in
the future, and combining intercrops with planted trees would provide adequate income that would meet the
economic needs of their families. Farmers who chose intensive intercropping options followed market demand.
whereas others preferred crops that did not require intensive management. Communities in both study villages
need further knowledge and training on agroforestry, which can provide a source of income in conjunction
with conservation and rehabilitation of degraded tropical peatland. In particular, Govermmment support is
important, especially when initiating peatland rehabilitation using agroforestry. More guidance and support
than is currently available is needed. Restoring degraded peatland through agroforestry utilising local tree
species, such as Dyera polyphylla, Shorea belangeran, Alstonia scholaris, Combretocarpus rotundatus and
Alseodaphne sp., has strong potential. All of these species grew well and could be managed by agroforestry
farmers; their growth provided greater vegetation cover which increased humidity, lowered temperatures and
reduced fire risk. The role of farmer institutions should be maximised to support more sustainable use of the
peatland.
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INTRODUCTION importance, especially in the context of climate
change, because of their huge carbon (C) storage

Peatlands occupy only 3 % of the gl(all terrestrial ~ capacity (Page ef al. 2011).

surface (Vitt & Short 2020) and are important
ecosystems for biodiversity conservation, climate
regulation (Joosten 2015) and human well-being
(Wildayana 2017). Some 31-46 Mha of peatland
(10-12 % of the global peatland area) is found in
tropical countries (Maltby & Proctor 1996) such as
se In Southeast Asia, South America, Africa,
Central America and the Caribbean, Mainland Asia,
Australia and the Pacific (Rieley & Page 2016).
Amongst these countries Indonesia contains the
st area (around 13.43 Mha) of tropical peatland
(Immirzi ef al. 1992, Rieley et al. 19 age et al.
2011, Anda et al. 2021), located mainly on the islands
of Sumatra, Kalimantan (Bomeo) and Papua
(Purnomo er al. 2019). In their natural condition these
peatlands provide environmental services of global
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For local communities in peatland areas, the
ecosystem is primarily a source of livelihood. The
use of Indonesian peatland by local communities is
long-established, mainly for traditional cultivation
activities in the areas with shallow peat (0.5 m)
alongside large rivers (Najiyati ef al. 2005, Osaki et
al. 2016). However, since the 1970s, substantial areas
with deep peat in Sumatra and Kalimantan have been
opened for development (Noor 2012). The largest
contiguous area identified for conversion into
agricultural land (>1 Mha in Central Kalimantan)
was opened in 1995, but works were discontinued in
1999 because they caused significant environmental
problems related to the drying of peat (Subagio et al.
2015). More generally it appears that, although
technical aspects of peatland development are well
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understood (Direktorat Rawa 1992), in practice it is
seldom successful because many negative effects can
be linked to peatland drainage (Widyati 2011).

Poor peatland management can lead to
degradation of the land, and peatland degradation
generally has detrimental consequences. Tropical
peatland. especially in Indonesia, has experienced
much degra n as a result of inept land
management, such as the use of fire for land clearing
and excessive drainage, as well as forest and land
fires (Purnomo et al. 2021c). Prolonged dry seasons
have seen increased fires in both forest and peatland,
especially since 1997 (Page et al. 2009). Nowadays
there are severe forest and peatland fires in Central
Kalimantan almost every long dry season, and the
worst conditions experienced to date occurred in
2015 (Huijnen et al. 2016, Miettinen et al. 2017).
Fire-related air pollution has caused problems at both
local and national/international levels, including
significant economic losses (Tacconi 2003), health
problems, and ecosystem damage (Uda et al. 2019).

ly et al. (2019) stated that fire also emits
substantial amounts of trace gases and aerosols,
resing in serious air pollution episodes.

In Southeast Asia, land-use conversion on around
10 Mha of peatland results in C emissions of 132—
159 Mt yr! from peat oxidation and increased
incidence of peat fires which not only augment GHG
emissions but also threaten human health and
livelihoods (Marli et al. 2013, Miettinen et al.
2017). In addition, loss of peat through oxidation and
fire results i d subsidence and an increased risk
of flooding (Hooijer et al. 2012, Evers et al. 2016,
Evans er al. 2019). Subsidence may also occur on
drained peatland due to a bination of
consolidation and decomposition (Wosten e al.
1997, Hooijer et al. 2010, Hooijer et al. 2012).

The Indonesian state has made numerous attempts
to address [fthe problems related to peatland
degradation. Presidential Regulation No. 1 of 2016
established the Peatland Restoration Agency Badan
Restorasi Gambut (BRG) to conserve and restore
degraded peatlands (Agustiyara ef al. 2021, Purnomo
et al.2021b). The terms restoration and rehabilitation
are often used in the context of improving peatland
ecosystems, and it seems that the infgdovement is
directed mostly towards rehabilitation. Restoration is
the process of assisting the recovery of ecosystems
that have been degraded, damaged or destroyed,
while rehabilitation is a management action that aims
to restore a level of ecosystem function ilaegraded
locations that will renew and sustain ecosystem
services other than the biodiversity and integrity of
the original reference ecosystem (Gerwing et al.
2021). The BRG has sought to implement an
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integrated approach to the conservation and
restoration of degraded peatlands which involves
hydrological restoration (rewetting), revegetation
and revitalisation of livelihoods alongside more
immediate fire prevention measures. Rewetting
programmes that aim to hydrologically rehabilitate a
peatland to a near-natural state involve canal
blocking, canal backfilling and construction of deep
wells (Dohong 2019, Sutikno et al. 2019).
Revegetation is carried out by replanting endemic
species in forest areas and peat swamps but, in
general, the success rate in propagation and
cultivation of local species is limited (Mishra et al.
2021). Therefore, it will be necessary to develop
rapid-propagation cultivation techniques capable of
generating endemic tree seedlings at a sufficient rate
to meet the government’s peatland restoration
targets. Initiatives for revitalisation of livelihoods
have twofold goals: i) to increase income and welfare
for local communities by creating various livelihood
alternatives, and ii) to improve the participation of
local people in operating and maintaining the
infrastructure installed to effect rewetting of the
peatland (Dohong 2019). Economic empowerment of
the community involves efforts to encourage people
to desist from activities that cause forest and peat
swamp land degradation, and even to protect forest
areas, by stimulating new enterprises such as
cultivation, fish farming and beekeeping. Putiksari er
al. (2014) found that community income is the main
factor that significantly affects deforestation.
Revegetation may be a less attractive restoration
activity locally because it requires long timescales
and does not provide obvious economic value to the
community. Planting trees, especially for timber
production, is a long-term investment with little or no
intermediate return because a long time period must
elapse before harvesting age is reached (Kallio et al.
2011). The alternative of agroforestry has been
proposed as a farming system that can provide social,
economic and environmental benefits by integrating
trees with other crops (Pumomo et al. 202la,
Maftu’ah er al. 2021). There are indications that
agroforestry improves soil quality, agricultural
production and ecosystem sustainability, as well as
income (Neupane & Thapa 2001, Jose 2009). For
example, Yuwariah (2016) states that production is
higher and more evenly distributed throughout the
year in agroforestry than in monocultures; also, that
the risk attached to failure of one crop is reduced, and
losses due to market price fluctuations for one crop
can be offset by sales of other crops. Some
researchers have found that, in addition to making a
significant contribution to environmental
sustainability and biodiversity (Paembonan et al.
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2018), agroforestry can help address the problem of
poverty (Barnes ef al. 1982, Foley & Barmnard 1984,
Gregerson 1988, Jordan 1988, Namwata et al. 2012,
Moriarty et al. 2014, Suharti 2015, Kholifah et al.
2017).

In this article we examine sociological and
economic aspects of agroforestry farming activities;
especially those relating to production, distribution,
exchange, consumption of goods, services and
resources, and how people achieve prosperity (Elia
2019). We shall explore: (a) how communities
practice agroforestry on peatlands and what
motivates them to practice it; and (b) whether or not
the practice of agroforestry provides financial
benefits and contributes to the conservation and
rehabilitation of peatland ecosystems. We focus
primarily on agroforestry community actors, in order
to identify commonalities in the informants'
experience of peatlands, peat conservation, and
matters  relating to the implementation of
agroforestry.

METHODS

Research setting

The research was conducted in Kalampangan Village
(Sabangau District) including its newer part known
as Kalampangan Misik, and Tumbang Nusa Village
(Jabiren Raya District), which are both located within
the Kahayan-Sebangau Peat Hydrological Unit
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(Kesatuan Hidrologis Gambut or KHG) in Central
Kalimantan (Figure 1). Descriptions of the sites are
presented in Table 1. These villages were selected
purposively according to the research objectives, on
the basis that KHG Kahayan-Sebangau is an area
with peatlands where a large fire occurred in 2015,
and a priority area for the BRG. Kalampangan
Village was founded in 1979 to accommodate
transmigrants (from Java) and lies entirely on deep
peat (depth range 2-3m). On the other hand,
Tumbang Nusa Village is a long-established
settlement alongside the Kahayan River, some of
whose inhabitants have opened a new area on both
sides of the Trans Kalimantan Road which now
connects Palangka Raya in Central Kalimantan with
Banjarmasin in South Kalimantan. This new
residential area is located on deep (>3m) peat and the
community has established agricultural areas on the
peat. Tumbang Nusa nowadays extends across a large
and massive peat area that experiences fires every
long dry season. Forest and peatland fires in Central
Kalimantan, including the Tumbang Nusa Village
area, have occurred since 1973 (Hoscilo et al. 2011)
and even up to 2015 (Yulianti et al. 2020). As a result
of the devastating fires in 2015, many of the natural
tree species with high economic value - e.g.
belangiran (Shorea belangeran), gelam (Melaleuca
leucadendra), meranti (Shorea leprosula), gemur
(Nothaphoebe coriacea Kosterm) and gerunggang
(Cratoxylon arborescens) - have begun to disappear
(Sutrisaputra & Hidayat 2018).
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Figure 1. Maps showing the locations and extents of Kalampangan and Tumbang Nusa Villages (diagonal
shading) in relation to the Kahayan river (blue line) and the Trans Kalimantan road (red line) (right-hand
pane); and within Central Kalimantan (shaded light green) and the island of Borneo (Kalimantan) (left-hand

pane). Peat depth data from BBSDLP (2019).
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Informants and interviews
Informants were selected using the ‘snowball’
purposive sampling technique (Bloor & Wood 2006,
Johnson 2014) on the basis of their knowledge of
agroforestry, conservation behaviour and the role of
institutions. We also considered their formal
education levels and other training (non-formal
education) relating to agroforestry management that
they had attended. We interviewed a total of thirteen
agroforestry farmers, six in Kalampangan and seven
in Tumbang Nusa Village. Two of the farmers in
Kalampangan and one farmer in Tumbang Nusa had
worked closely with the authors on different research
topics since 2017, and they provided us with
information about other agroforestry farmers who
were subsequently invited to contribute to this study.
Informants were interviewed in depth using a semi-
closed interview questionnaire (see Appendix) as a
means to obtain richer answers. Each interview was
recorded and transcribed so that a large narrative was
obtained from the interview results, then each
transcription was coded according to the research
aspects, namely: peat environment; agroforestry
practices; and forest socio-cultural values, especially
the meaning of trees in the farmers’ lives. To
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facilitate data analysis, each transcription was then
compiled and summarised on the basis of these codes
(Bloor & Wood 2006). Observations were also made
by visiting the agroforestry land owned by the
informants (Figure 2). To cross-check information
from the agroforestry farmer respondents, interviews
were conducted with resource personnelm the
forestry sector including staff from the Research,
Development and Innovation Agency of the Ministry
of Forestry and Environment, Banjar Baru
Environmental and Forestry Research & Development
Centre, the Environment Agency and the Provincial
Forestry Agency of Central Kalimantan.

Data analysis

A narrative analysis approach was employed to
capture information and dimensions of personal
human experience over time, and take into account
the relationship between individual experiences and
the cultural context (McLeod 2011). This analysis
was used to capture the informants' personal
understanding and experience about agroforestry
system practices in relation to social and cultural
factors in the areas that they farmed. To this end the
responses were carefully compiled. explained,

Table 1. Descriptions of Kalampangan and Tumbang Nusa Villages. Sources of information: *BPS 2020a;

## BRG 2018; *** BBSDLP 2019; ****data interview.

Kalampangan Tumbang Nusa
' Area (km?)* 4229 200
. Originally a traditional riverside
When developed®##** 1978-1980 village, subsequently extended to
encompass a trunk road.
Population* 4548 962
Number of households* 1215 228
Population density* 108 km™? 5 km?
{g‘iii;?ﬁ;g;ﬂ Agriculture (fruit and vegetables) Fishing
The river margins have
Land®#* The entire area is peatland with alluvial soil, the remainder

peat depth 2-3 m.

of the area is peatland with
a peat depth of 0.5-7.0 m.

Most of the area was cleared by
the government without burning;
a small area was affected by the
last peatland fire in 2015.

History of fire
on peatland****

Drainage history*### 1978-1980

Most of the peatland repeatedly
subject to peat fires, most recently
in 2015.

Drained by the community
in the 1990s.
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Figure 2. Examples of agroforestry practice

in the research area:

(a) jelutung (2 years) with vegetable crops;

(b) silvopasture duck in jelutung plantation;

(c) stingless bee husbandry in jelutung
plantation;

(d) jelutung (10 years) with vegetable crops;

(e) silvopasture cows in jelutung plantation.
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analysed and interpreted to obtain an in-depth
description of the informants’ perspectives on
landscape and peat conservation and the cultivation
of their agroforestry systems.

Financial analysis was conducted to determine the
feasibility of agroforestry farming on peatland with
the plants and cropping patterns selected the
respondent farmers. The criterion used was Benefit
Cost Ratio (BCR), calculated as the quotient of
benefit and cost; agroforestry farming was considered
feasible if BCR > 1 (Budiningsih & Effendi 2013).

RESULTS

Characteristics of informants

The characteristics of the informants are presented in
Figure 3 and Table Al in the Appendix. The largest
fraction (eight) of them had received education to
levels ranging from primary to senior high school,
two were illiterate, and the remaining three had
proceeded to tertiary education. Four had attended
vocational training courses (non-formal education)
on the prevention and control of forest and land fires,
provided by various government agencies including
the BRG, but none of this training was related to
agroforestry. Thus, a minority of the informants had
received additional training. The ethnicity of most
(six) of the informants was Dayak and Javanese and
one belonged to the Lampung ethnic group.

The informants” ages ranged from 43 to 74 years
and their average age was 57.5 years. The working
age range in Indonesia is 15-64 years, so all
informants were of working age except for the three
aged 66, 68 and 74. Based on secondary data, 68 %
of the population of Sabangau District (including
Kalampangan Village) is of working age. while the
corresponding figure for Jabiren Raya District (which
includes Tumbang Nusa Village) is 67 %.

A STUDY OF AGROFORESTRY FARMING FOR TROPICAL PEATLAND REHABILITATION

The main occupations of the informants varied.
Ten were farmers, two were teachers and one farmer
worked primarily as a fruit seller. On average,
informants stated that they devoted considerable time
and money to their agroforestry activities. For
example, Informant 1 reported that, after retiring
from teaching, he carried out plant cultivation
activities within the agroforestry system every day.
Farmers originating from Java (ex transmigrants)
spent a large amount of time (around eight hours per
day) on agricultural activities and so could manage
agroforestry well or optimally, whereas farmers who
came from local backgrounds generally had a variety
of income sources including food stalls on the
Palangka Raya— Banjarmasin road and additional
agricultural activities.

The number of household members ranged from
two to seven people (average 3.5). According to all
informants, the number of family members affected
not only the distribution of income in the family
through expenditure, but also farming activities,
because it reflected the workforce provided by the
family. Informant farmers in Kalampangan even said
that, for cultivating seasonal crops, they sometimes
had to use paid labour. They also admitted that people
engaged in agriculture on peatlands, which are
marginal lands, tend to be lower-class with limited
ability, knowledge and financial means so they are
less able to manage farming well (cf. Malta 2011). A
consequence of this condition can be that the
application of technology is relatively limited and
farmers tend to modify the technology according to
their knowledge, experience and available capital,
and thus adapt it to local farming habits.

Land ownership, tenure and trees

Table 2 shows the area of land farmed by each
agroforestry farmer, along with its ownership status.
In general, there are two types of ownership.

10 1
MNP = Non Productive (>64 yrs) NS=No Sch., PS=Primary Sch. JHS= Junior =
P = Productive (15-64 yr High Sch. SHS=Senior High Sch., UG= 10 oA
Undergraduate el BmoTIer;
w B 4 - o — 9 T =Teacher
= FS = Fruit Seller
g 8
c
s 6 3] !
2 6
5
9_: 4 4 2
o 4
o 3
Z 24 1 2
1 ,—| ’—| ,—|
0 T T 0 T T ’_‘ T - 0 T T -
NP B NS PS JHS SHS UG Fm RT T FS

Figure 3. Characteristics of respondents based on age, education and main occupation.
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Table 2. Area and ownership status of the land farmed by individual informants. The same Informant Numbers

are used in all Tables.

Informant Area  Ownership Current agricultural Type and £ planted trees
No. (ha) status system practice ype and age of planted trees
monoculture, intercropping ) . -
1 2 owned (chilli, cassava, corn) Dyera polyphylla, 15 years
monoculture, intercropping -
2 5 owned (pineapple) Dyera polyphylla, 15 years
intercropping .
3 7 owned (tomato, comn) Dyera polyphylla, 15-17 years
intercropping
4 1.75 owned (corn, spinach, mustard,  Dyera polyphylla, 15 years
kangkung, spring onion)
intercropping
5 1.75 owned (spinach, mustard, Dyera polyphylla, 15 years
lettuce, corn)
intercropping
6 175 owned (pineapple, kangkung, Dyera polyphylla, 15 years
spinach, celery) Agarwood
monoculture, intercropping
7 1.75 owned (leeks, spinach, Dyera polyphylla, 3 years
mustard, vanilla)
8 4 owned monoculture, intercropping  Shorea belangeran, 5 years
Shorea belangeran, Alstonia scholaris,
Combretocarpus rotundatus,
9 R od monoculture, intercropping  Alseodaphne sp., mulberry (Morus alba),
own (long bean, chilli) Dyera polyphylla (all aged approximately
five months); previously planted
sengon (Falcataria moluccana)
10 uses other monoculture Dyera polyphylla, 15 years
people's land (chilli) yera pobipiyd, 19 yeans
1 ) owned monoculture Hevea {JP‘(‘.‘.“J‘.’I‘GH.’&‘LT, 2 years
Nephelium lappaceum
monoculture
12 2 owned (kangkung, spinach, Dyera polyphylla, 10 years
bitter gourd)
intercropping . .
13 5 owned (long bean, chilli, Fa!::‘(ftarm moluccana, 2 years
: . Fruits
spinach, bitter gourd)
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Informants 1-6 (transmigrant farmers from
Kalampangan) each had 2 ha of land allocated from
the transmigration program, consisting of 0.25 ha of
yard and 1.75 ha of farming area. The other seven
informants (from Tumbang Nusa) farmed areas of 2—
8 ha (average 3 .42 ha). One of these respondents was
farming someone else’sland rent-free. The land owner,
who was currently in Java because he had changed
his employment situation, allowed the respondent to
farm his land and thus maintain it. The remaining six
respondents had purchased land, especially in the
area adjacent to the road, then expanded their
holdings behind the land they originally purchased.
The two ex-transmigration farmers had land
certificates, but land ownership was substantiated
only by a Land Ownership Letter (SKT or Surat
Keterangan Tanah) in all other cases (Table 2).

All except one of the tree species that are used for
agroforestry in Central Kalimantan (Table A2) are
species that grow naturally on local peatlands. The
exception is the exotic multipurpose sengon tree
Falcataria moluccana which was chosen by two
farmers (15,000 seeds on 8 ha) because, at the time
of planting, there was demand for sengon to supply a
factory that was being built in Pulang Pisau, Central
Kalimantan.

All of the respondent farmers planted intercrops
in the agroforestry farming that they set up initially,
but some farmers had now stopped intercropping due
to the increasing size of the trees, arguing that this
was dictated by tree shading and tree roots.

A STUDY OF AGROFORESTRY FARMING FOR TROPICAL PEATLAND REHABILITATION

Motivation of agroforestry farmers

The reasons that individual informants gave for
planting trees are summarised in Figure 4 and
detailed data are presented in Table A3. Their
primary motivations for planting agroforestry
systems were the encouragement and support from
government delivered via Banjar Baru Environmental
and Forestry Research and Development Centre and
BP DAS Kahayan, and the value of agroforestry as a
long-term economic investment. For example,
Informant 1 stated, "A guest from the Banjarbaru
Forestry Research and Development Centre came to
me and asked if he could plant trees on my land. I
said it would be okay to plant trees with good and
profitable prospects. Then he explained that, because
the roots of the tree are pointing downwards, the sap
will sell and the trees will produce income."
Informant 7 said, "Within this village community, we
usually plant rubber (Hevea brasiliensis) trees and
rattan (Calamus sp.). When I asked the Head of the
KHDTK (Kawasan Hutan Dengan Tujuan Khusus =
Special Purpose Forest Area) he said it was advisable
to plant jelutung (Dyera sp.). I was interested in
planting jelutung because my parents planted it at a
time in the past when only jelutung, hangkang
(Palaquium  leiocarpum  Boerl) and nyatoh
(Palaquium obtusifolium Burck.) were marketable."
Informant 2 shared, "Having a tree is the same as
having gold. My grandfather told me that selling just
one teak tree could fetch Rp. 20,000,000 (USD
1380.08) to Rp. 25,000000 (USD 1725.07). Instead,

Introduced by Gov
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Economic (pulp 10
industry) 3
6
4
Land markers 2
0
Experienced

Ecotourism
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Figure 4. Radar graph summarising the farmers” motivations for engaging in agroforestry.
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you could plant a jelutung. So planting jelutung is a
natural choice for me." Informant 9 said, "I wanted to
develop agroforestry because I saw other people have
done it and, if other people can plant their land with
agroforestry systems, I should be able to do it too.
Planting trees is a step towards preserving the land. It
is sad to see burn marks because the fire can burn
down into the peat by 50 cm, creating a pool of water
(where there used to be dry land)".

All informants believed that that the need for
wood will increase in the future. Some farmers regard
the timber of standing trees. including jelutung and
rubber, as savings to be utilised when economic
conditions become difficult. By tapping rubber alone,
you can meet your daily food needs. More money can
be earned by selling products from trees grown on
actively cultivated land with secure tenure and well-
fertilised soil. The farmers believed that this can be
achieved by growing and fertilising annual crops in
between rows of planted trees, because the fertiliser
applied to these intercrops is also consumed by the
trees. All respondent farmers reported that when they
monocrop trees, fertilisation is usually done only at
the start of planting.

All farmers in Kalampangan Village started
agroforestry activities on peatlands following
directions given by the Banjar Baru Environmental
and Forestry Research and Development Centre,
which explained the benefits of agroforestry
activities. The head of the Forest Farmers group, who

Famil

Good production

Jd Ud e L O ] OO

Easy to develop

Good price
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was also a respondent, explained that previously
there had been as many as 15 farmers who carried out
agroforestry through farmer groups following the
govermnment’s directions, but only six of these
farmers had continued and all of them had planted
jelutung trees partially combined with agarwood.

The reasons given by the informants for planting
trees can be grouped into the following categories:
(1) initiated or introduced by Forestry Research and

Development (Dyera sp. seedlings from the

forestry programme);

(2) long-term investment for posterity;

(3) suitable for development on peatland, with low
plant mortality;

(4) land retention (mark of ownership); and

(5) the trees support family income even if the yield
is small.

Reasons for the selections of intercrops planted
between tree rows is presented in Figure 5. The most
important reasons for the farmers” choices were: to
adjust to market demand; the species were suitable
for, and could grow well on, peatlands under shaded
conditions; good income source in the short-term;
and suitability as food reserves. In the context of food
reserves, one respondent stated that cassava plants,
for example, can be utilised in case of food shortages.
Other reasons offered were following or imitating
other farmers, as well as the availability of plant
seeds in the form of assistance from the Banjar Baru
Forestry Service.

y Food

Short term incoime

Market demand

Suitable under
trees and on peatland

Less maintenance

Figure 5. Radar graph summarising farmers’ reasons for adopting intercropping.
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Income from agroforestry
The range of informants' household incomes was
USD 2277.00-9867 41 per year with an average of
USD 5022.90 per year, or USD 189.75-822.28 per
month with an average of USD 418.58 per month.
Household income comes from various livelihood
activities carried out by the informants. ranging from
tree planting and agriculture to livestock husbandry
and fisheries (tree nurseries, planting horticultural
crops, secondary crops, raising goats, chickens and
bees, and fishing), as well as other sources outside the
agricultural sector (retirement, teaching, trading,
guarding gardens). Table 3 provides information
about incomes from agroforestry at the research sites.
All informants obtained income from agriculture,
animal husbandry and fisheries although in widely
differing proportions ranging from 3.7 % to 100 % of
total income. Farmers in Kalampangan Village who
apply intensive agriculture on the areas between trees
earn 76.9 % of their total annual income from
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intercropping, while farmers in Tumbang Nusa
Village earn less than this (47.3 %). Only five
informants had earned income by selling jelutung
seeds or seedlings (contributions of 4.1 %, 21.4 %,
31.0 %, 34.6 % and 42.0 %, respectively). However,
all informants believed that planting trees was a form
of saving or long-term investment that would provide
economic benefits for their households in the long
run. Comparing between the two research locations,
Kalampangan Village - which practises intercropping
more intensively and earns income by selling
products from jelutung trees - had a higher average
income (USD 5567.66 per year) than Tumbang Nusa
Village (USD 4555.97 per year).

The financial analysis indicated that the
cultivation practices making up this pattern of
agroforestry do provide net benefits. The full range
of results from the BCR calculation was 0.61-10.32,
and only one farmer (Informant 3) had a BCR below
unity (0.61).

Table 3. Annual income and sources of income of individual informants in each village. The conversion factor
from USD to Indonesian rupiah (IDR) is 1USD=IDR 14 .492.15.

Agroforestry
Informant ) Agriculture, animal Others Total
No. Trees husbandry, fisheries BCR
uUsD %o uUsD G0 USD o usD
1 1104.05 21.37 1992 .46 38.56 7.03 2070.09  40.07 5166.38
E@” 2 0 0 3622.65 100.00 1.65 0 0 3622.50
§ 3 4140.17  41.96 5727.24 58.04 0.61 0 0 | 986741
gﬂ 4 1552.56 30.95 3464.50 69.05 3.51 0 0 5017.06
E‘ 5 0 0 3036.54 100.00 2.52 0 0 3036.54
E 6 276.01 4.12 6420.03 95.88 10.32 0 0 6696.04
Average 1178.80 1640 4043.90 76.92 345.02 6.68 | 5567.66
7 207009  34.64 2663.51 44.57 265 | 124205 2079 | 597540
g 8 0 0 2760.11 100.00 205 0 0 2760.00
% 9 0 0 2001.08 44 .62 5.20 2484.10 5538 | 4485.00
E 10 0 0 1035.04 29.41 201 2484.10 70.59 3519.00
E‘Q 11 0 0 662.43 9.09 353 | 662428 9091 | 7286.40
=
= 12 0 0 2277.09 100.00 2.06 0 0 | 2277.00
=
= 13 0 0 207.01 3.70 2.67 538222  96.30 5589.00
Average 295.73 495 1658.04 47.34 2602.39  47.71 4555.97
Grand Average 70330 1023 275921 60.99 1560.53  28.77 | 5022.90
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Values of peatswamp forest ecosystems

Peatland ecosystems have important values for all
informants, which indicates that the ecosystem is
very important for livelihoods within the local
community. In general, there is a difference between
the values for Javanese and non-Javanese farmers.
Javanese who work solely as agroforestry farmers on
peatland can earn income from these activities. On
the other hand, for non-Javanese and especially
Dayak people who have a strong culture as hunter-
gatherers, the peatland is a source of vegetables and
fish protein. These people collect kelakai (the edible
fern Stenochlaena palustris), young pineapple
(Ananas comosus) and crinum lily (Crinum
asiaticum) as vegetables and catch fish as a side-dish
protein source. Thus, peat and its aquatic ecosystem
are very important for all people living in peat areas
and must be maintained. One of the informants also
relies on the peatland to provide feed for
domesticated goats, especially the uyah-uyah
(Stemonurus secundiflorus) plant.

Revegetation with local trees has shown success.
According to the seven informants from Tumbang
Nusa Village, most of the community have planted
rubber trees in their household environments. Rubber
was also cultivated in the original village of Tumbang
Nusa on the banks of the Kahayan River, where the
alluvial soil meant that less intensive management
was required. The main plant required for the Forest
Research Agency’s ‘Repeat’ rehabilitation area in
Tumbang Nusa Village and Sebangau National Park
is belangiran (Shorea belangeran). Informant 9 had
established a local nursery for seedlings of Shorea
belangeran as well as other trees such as Alstonia
pneumatophora and meranti (Shorea spp.). Several
agroforestry actors still have their own tree nurseries
to this day. Apart from selling seedlings of these
trees, they also planted seedlings to raise on their own
farms.

There is a community tree nursery in Tumbang
Nusa but not in Kalampangan. Nurseries are usually
located near people's homes and are established for
commercial purposes, usually in collaboration with
the Provincial Forestry Agency or the Forestry
Research and Development Centre in Banjarbaru
who need tree seedlings for land rehabilitation
activities. Nursery activities are carried out by the
community, including respondents who are not
agroforestry actors. Some of the stock is raised from
seed collected in natural forests around the village at
the end of the flowering period, while jelutung trees
are purchased from farmers who have jelutung
plantations.

All informants agreed that drainage was important
for crop cultivation within agroforestry, and all of
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them made and used drainage channels. Only one
was still experiencing a problem with crop output due
to his relatively low-lying land being subject to
periodic flooding, especially during the rainy season.
However, these farmers used polybags for seasonal
crop cultivation. For the people of Tumbang Nusa, an
abandoned irrigation channel from the former Mega
Rice Project provided an additional source of income
in the form of purun (Lepironia articulata) plants
which were used to manufacture ‘green’ drinking
straws.

All informants appreciated the comfort provided
by trees in the agroforestry system, in the form of
beauty, shade and inner calm. Fresh air and
comfortable temperatures improved the environment,
and some farmers utilised this for kelulut (stingless
bee) farming while others planned to exploit it for
ecotourism. Table 4 shows the value of growing trees
for all respondents.

Institutional support
Based on the interviews, one factor contributing to
sub-optimal agroforestry management is the low
income obtained from agroforestry farming activities
and the absence of initial support from the
government. Nonetheless, in the experience of four
informants, the intended initial assistance (seeds and
fertilisers) did turn out to support community
participation in agroforestry.

Thus, supporting institutions are important for
farming activities. The views of informants about the
availability and role of institutions in supporting
agroforestry management in the two study villages
are summarised in Table 5. From this assessment it
becomes clear that the rural supporting institutions
are insufficient to support sustainable agroforestry
management in the study area.

Points that emerged from an interview with a
forestry sector stakeholder are summrised as follows:
(1) To increase success in the implementation of

peatland revegetation, the government should

carry out integrated peat restoration involving
rewetting,  revegetation and  livelihood
revitalisation in the same location, with support
for upstream to downstream facilities and
opening up of markets for the products produced
to provide economic benefits for the community.

The success of government intervention in the

implementation of revegetation could be

measured by four indicators, namely:
governance, ecology, economy and social.

(2)In order to provide encouragement and
motivation to the farmers involved, incentives
should be given in the form of easy access to
seeds, fertilisers and other agricultural materials.
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Table 4. Reasons for and benefits of planting trees. based on interview responses/

Informant
No.

Benefits of planting trees

Kalampangan
Village

Whether or not direct benefits are realised from the trees, they produce
oxygen and make the environment cool. I think plants and trees play an
important role in life on Earth, making the planet habitable. Agroforestry is
essential because disasters, floods and landslides are occurring everywhere
due to disturbed ecology. and trees can be planted for mitigation. Planting
trees alone is restoration, and the agroforestry system benefits me because
it produces year-round returns, giving hope in every timeframe: short-term
chilli and vegetables, medium-term cassava, and long-term Dyera sp. fruit.
Below the ground is cassava, above the ground there are chillis and
vegetables, and above those crops there is Dyera sp. fruit.

Currently I benefit from the extraordinary results of selling jelutung fruit. I
have bonded with the jelutung tree that I planted and will not cut it down,
but only take the fruit to sell. The benefits of planting trees will be felt fora
long time; the Dayak people who travel abroad will come back and
remember this tree that was planted in the past as a marker and a link to
family relationships.

The trees keep the environment sustainable, and provide economic benefits
in the medium term (jelutung latex) and in the long term (trees).

In addition to advantages to the environment, planting trees is an investment
that provides medium-term returns in the form of saleable seeds 2-3 times
a year and long-term returns in the form of wood.

Trees provide protection, and a long-term investment by producing wood;
although you can't enjoy it now, it will be enjoyed later for posterity.

Planting trees is good for preserving the environment. On the economic
aspect, [ am hoping to get benefits from jelutung in the form of seeds that
can be sold, the sap can be sold easily (markets or buyers are available), the
wood can be used for furniture, and I get agarwood from the agarwood trees.

Tumbang Nusa
Village

The coolness of the trees provides a shady environment and comfortable
atmosphere that will encourage people to visit for study, research and travel,
and so ultimately provide economic benefits for us.

Long-term investment because it has economic value; trees also protect the
environment by preserving the soil and averting land and forest fires.

Long term investment; protecting the environment / averting forest and land
fires; there is a plan to make a tourist spot.

10

Although planting trees has not provided economic returns, the trees provide
comfort, coolness and fresh air.

11

Planting trees has been done for a long time, especially by those who
produce e.g. fruit and rubber trees for their own consumption or for sale;
and planting trees make the environment fresh, shady and comfortable.

12

Trees are a long-term asset which will be enjoyed by my children and
grandchildren. They provide long-term investment (trees); and short-term
income, e.g. from rambutan (Nephelium lappaceum).

13

The trees are a long -term investment that will be realised in the form of
wood products. Possibility of developing environment-based tourism in the
area planted with trees.
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Table 5. Perceptions of the quality of support in agroforestry management provided by various institutions.
The number of respondents who chose each option is shown in brackets. The total number of respondents was

13 (6 from Kalampangan and 7 from Tumbang Nusa).

Kalampangan Tumbang Nusa

Institutional support

Low Moderate Good Low  Moderate Good
Production (Farmers' Institutions) X (6) X (7N
Production Facilities Provider
(Kiosk, Co-operation-KUD ) X0 x() X0 X@
Extension Institution X (4) X (2) X (6) X ()
Capital Service Institutions
(Farmers' cooperatives, savings and loan
groups, joint business groups, small and X4 X(Q2) 2
medium enterprises)
Marketing (village market) X (6) X (2) X (5
Agricultural Mechanisation Service
(tractor, huller) X0) xa) LY

(3) In addition to facility support, farmers need to be
given knowledge and assistance with selecting
seeds and crop types to harvest and market.

(4) Extension agents are needed as the spearhead of
programme implementation, for both knowledge
transfer and mentoring. Field extension officers
in the forestry sector come from the Forest
Management Unit (Kesatuan Pemangku Hutan,
KPH) but their number and distribution are
limited. Therefore, it is necessary to cooperate
with field extension workers at the Agricultural
Mechanisation Service.

DISCUSSION

The practice of agroforestry on peatland
Agroforestry systems have long been employed in
Indonesia, ever since the shift in human livelihood
support from hunting and gathering to agriculture
(Penot 2004, Penot et al. 2017). In Central
Kalimantan, agroforestry was incorporated into
shifting cultivation (swidden) systems, where people
planted trees in fields that would be abandoned so
that these areas continued to generate some benefit to
communities and individuals. They used species such
as rubber (Hevea brasiliensis), durian (Durio
zibethinus), rambutan and langsat (Lansium
domesticum). Communities have also traditionally
planted trees as fences and to mark land boundaries
in their yards.

Swidden agriculture was carried out primarily by
Dayak people (Nopembereni e al. 2018,
Silvianingsih et al. 2020) on shallow peat along
riverbanks or in backswamps; this was the practice of
the inhabitants of Tumbang Nusa village. With the
construction of a state road connecting the cities of
Palangka Raya in Central Kalimantan and
Banjarmasin in South Kalimantan, people who
initially lived in riverside villages and worked on
river embankments gradually moved to the sides of
the highway and commenced agricultural activities in
the areas around the new settlements. In our study,
seven farmers from the village of Tumbang Nusa
were operating in this new agricultural setting. In
contrast, the ex-transmigration community in
Kalampangan Village, who originate from Java, are
accustomed to intensive agricultural cultivation and
have never carried out shifting cultivation activities.

In general, our informants cultivate areas with a
peat layer >3 metres deep which, in terms of soil
fertility, is classified as marginal, requiring intensive
fertiliser inputs to support development for
agriculture. All respondents stated that when land
clearing started, plant growth was not good without
fertiliser applications, especially of manure and NPK
fertiliser. Plant growth in peat soil certainly suffers
from fertility problems. Alwi & Hairani (2007) and
Harun et al. (2020) both state that peat soils have low
fertility, including low pH and low nutrient levels,
especially of the elements N, P and K. Also, the
cation exchange capacity (CEC) is very high but base
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saturation is very low (Salampak 1999, Harun et al.
2020). The fertility of peat soils depends on their
maturity. The application of fertiliser has antagonistic
effects; it may support plant growth, but also increases
the rates of peat decomposition, peat subsidence and
GHG emissions (Husnain et al. 2017, Khasanah &
van Noordwijk 2019, Anshari er al. 2021). High
inputs of fertiliser are required to improve the land
sufficiently to achieve adequate plant growth and
production, as practised by the informants with
Javanese ethnic backgrounds. They report significant
differences in success between agroforestry systems
based on local native trees and those utilising other
species deemed suitable for forestry,agroforestry and
agro-food in the Indonesian climate and in Central
Kalimantan (Table A3). In particular, Informant 9
initially planted sengon (Falcataria moluccana) trees
which did not grow well.

The agroforestry practices developed by the
informants vary, depending on their understanding
and experience. Farmers in Kalampangan practice
intercropping, combining trees with secondary crops.
In these systems, the trees are arranged to admit
sufficient sunlight to support vegetable crops planted
between the trees. On the other hand, informants in
Tumbang Nusa mix only woody plant species; they
grow Dyera sp. or rubber (Hevea braziliensis) with
rambutan, and alternating single-species rows of
trees such as belangiran (Shorea belangeran), pulai
(Alstonia spp.), tumih (Combretocarpus rotundatus
(Mig.)), mulberry (Morus alba) . jelutung (Dyera sp.)
and gemor (Alseodaphne sp.) on a different area of
land. Vegetables are not intercropped with trees, but
are planted separately using a monoculture cropping
pattern. The main reason for not intercropping
vegetables with trees is that the trees are planted more
closely than in Kalampangan, to suit the land
conditions and mimic the spacing of trees in the
forest. According to Rotinsulu et al. (2022), farmers
develop different types of agroforestry depending on
peat depth. Most of them plant endemic trees

including rubber (Hevea braziliensis), gelam
(Melaleuca  leucadendra) and  gerunggang
(Cratoxylum  arborescens), intercropping with

vegetables and fruits, on shallow peat; rubber, annual
crops and fruits on medium-depth peat; and fruits and
rubber on deep peat.

All informants know about and understand the use
of both inorganic and organic fertilisers to increase
peatland productivity. However, they agree that crop
suitability is the main criterion for selection of trees,
which should grow well without intensive
maintenance and fertilisation. Although they applied
limited amounts and types of fertiliser to their
existing trees at the time of planting, in future they
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will adopt the principle that the trees will receive
some of the fertilisers applied to intercrops,
especially those grown seasonally in the spaces
between trees.

Farmer institutions have a real influence on the
success of agroforestry crop cultivation, especially
seasonal crops such as vegetables and fruits, as shown
by ex-transmigration farmers in the Kalampangan
area. Farmer institutions play a role in providing
cultivation facilities, including means for distributing
subsidised fertilisers and sharing experience in plant
cultivation practice. Based on information from the
head of the Kalampangan forest farmer group, who is
also arespondent, that group specifically initiates tree
cultivation and honey bee husbandry. On the other
hand, there are no active farmer groups in Tumbang
Nusa where, especially in peat areas, the farmers
adopt plant cultivation methods from Kalampangan,
including the use of labour from Kalampman.
Firmansyah er al. (2017) suggest that farmer
institutions have a role in solving farming problems,
disseminating information and farming technology,
and in providing a place for group members to
collaborate both amongst themselves and with
outside parties.

Motivation of agroforestry farmers

Motivation is important in the adoption process.
However, it is not easy to inspire motivation amongst
small-scale farmers due to the limitations imposed by
their land resources. knowledge and skills. We
observed that the strength of motivation varies
between individuals. The strongest (dominant)
motive is the one that is the main cause of individual
behaviour at any given moment. The relative
strengths of the motives that are controlling a person
in general can be gauged on the basis of: (1) strong
will to do; (2) the amount of time invested;
(3) willingness to prioritise over other obligations or
duties; (4) willingness to pay for the sake of that
action; and (5) persistence in doing the task. Farmers
who want to increase their income will work hard,
spending most of their time farming. The motivation
of farmers may also be a factor in determining
whether available technology will be accepted or
rejected; farmers who are motivated by outside
influences take the technology that is provided to
them seriously (Soekartawi 1988).

In the case of agroforestry farmers on peatlands in
the research location, they are more driven by
economic motives. Thus, agroforestry farmers who
are proven to persist in implementing agroforestry
have a strong desire to maintain agroforestry
activities and devote sufficient time, farming as they
would in non-agroforestry agriculture. Farmers are
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also diligent in leaming from the initial guidance
provided by the Banjar Baru Research and
Development Agency and also from experience
gained during agricultural activities using an
agroforestry pattern. Some farmers even combine
plant cultivation with other activities such as kelulut
(honey bee) and livestock (goats, cows) husbandry.
In the long term, farmers hope to earn income from
wood, latex and even non-extractive sources such as
tourism. Meanwhile, in the short term, income is
obtained from intercropping, which is generally
involves growing short-lived crops chosen according
to market demand. Agroforestry farmers who aim to
perpetuate maximum results from short-lived
intercrops set the trees at wider spacings so that
intercrops still get optimal sunlight for their growth.

Another study, by Sagastuy & Krause (2019),
revealed that there are four main reasons why farmers
implement agroforestry cultivation patterns, namely
to increase ifgbme, diversify production systems,
improve land quality and productivity, and increase
self-sufficiency. Meanwhile the three most common
reasons cited by conventional farmers for not
switching to agroforestry were uncertainty over
whether the system would be successful. declining
yields of key agricultural crops, and lack of models
and knowledge within the region.

Income from agroforestry

The development of Dyera sp. as part of an
agroforestry system has better economic feasibility
than planting the same tree in monoculture, because
the benefits received from intercropping are quite
large. In this study, the individual BCR values for
twelve agroforestry actors were >1 and only one had
a BCR of < 1. The BCR of the agroforestry system
ranged from (.61 to 10.32, which reflects the variation
in benefits obtained from different intercropping
combinations. The variations in BCR are influenced
by intercropping business activities, which include
the components of production inputs and commodity
selling prices. Although the types of plants cultivated
are the same, the use of different production inputs
affects the BCR value, as does the selling price
received by agroforestry farmers - which is largely
determined by middlemen. The production inputs
that are very influential are the use of fertilisers,
herbicides and labour, and fertilisers account for the
largest element of production expenditure.
Intercropping conducted using in-family labour and
optimal fertilisation gives a better BCR. The greatest
benefit (BCR=10.32) was obtained by combining
tree components with pineapple, celery, spinach and
kangkung (Ipomoea aquatica) intercrops. Pineapple
planting provides great benefits for farmers because
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it requires no fertiliser and minimal maintenance, and
it is adaptable and grows well on peatlands. The
lowest benefit (BCR=0.61) was attained from a
combination of trees, tomato and corn crops, and
livestock (cow) farming. The investment value of
purchasing cattle exceeds the profit earned, which
affects the overall BCR. Another component that
influences the BCR is the selling price of the
commodities produced. Agroforestry actors sell their
agricultural products through traders who aim to
make profits and largely determine the selling price.
When a commodity is abundantly available in the
market. the price received by agroforestry actors is
very low because they share profits with the
collecting traders. When compared with vegetable
farming on peatlands, the BCR value in agroforestry
patterns is greater than in monoculture with a BCR of
2.12-10.08 (results of reprocessing Sustainpeat
Project data). This is possible because some
agroforestry farmers still benefit from selling Dyera
sp. fruit. Harun (2011) showed that Dyera sp. and the
rubber agroforestry system has a Net Present Value
(NPV) of USD 4816.36, Benefit-Cost Ratio (BCR)
8.68 and Internal Return Rate (IRR) 29. The
calculations of Budiningsih & Effendi (2013) for
agroforestry systems generally generate USD 638.10
for NPV, 5.35 for BCR and 24.1 for IRR.

The Biro Pusat Statistik (BPS 2020a, BPS 2020b)
classifies the income of the Indonesian population
into four categories based on the average monthly
income, namely: very high (more than USD 241.51),
high (USD 172.51-241.51), medium (USD 103.50—
172.51) and low (less than USD 103.50). On this
basis, eleven informants had very high incomes and
the other two belonged to the high income category.
In general, informants practising agroforestry on
peatlands are included in the very high income
category. Their average monthly income of USD
376.67 also exceeds the minimum wage for the
districts of Palangka Raya and Pulang Pisau. This
income is higher than the average monthly income of
USD 308.26 achieved from the combination of land-
based and non-land-based businesses on peatlands
investigated by Surati et al. (2019), who also
suggested the development of agroforestry systems
adapted to the biophysical conditions of peatlands.
Despite showing a very high level of income, only
five informants obtained results from planting trees
by selling Dyera sp. fruit/seeds, with a contribution
to income of 10.2 %. The limited market for
fruit/seeds and non-availability of the Dyera sp. latex
market were concems expressed by informants in
relation to the development of agroforestry systems.
Therefore, the selection of tree species for
agroforestry developments should pay attention not
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only to the biophysical suitability of the peatland
environment, but also to the economic value and
availability of markets.

Agroforestry in the context of peat conservation
and peatland rehabilitation
The tendency of local communities to clear peatland
for agriculture is certainly detrimental from the
perspective of peat resource conservation. According
to respondents, the Tumbang Nusa area experiences
forest and land fires every dry season, with various
negative consequences. Forest and peatland fires in
Central Kalimantan, including the Tumbang Nusa
Village area, have occurred since 1973 (Hoscilo et al.
2011) and even up to 2015 (Yulianti e al. 2020). On
the other hand, the Kalampangan area never
experienced forest and land fires, except in a new
area called Jalan Misik, before it was opened for
agricultural activities after the 2015 fires. The
Kalampangan transmigrant farmer community,
established in 1979-1980 (Jaya et al. 2002), took
about ten years to adapt to the poor quality of peat
soil and successfully cultivate crops using ash from
weeds and peat as fertiliser; although nowadays the
use of manure and artificial inorganic fertilisers is
becoming more prominent. The newer part of
Kalampangan village, known as Kalampangan Misik,
has experienced substantial fires during most dry
seasons. After the 2015 fires, the area was developed
for cultivation of (mostly) vegetables and fruits.
Agroforestry farmers in Kalampangan Village
who are ex transmigrants from Java generally use
knowledge about plant cultivation based on their own
previous experience of farming in peat areas before
they converted to agroforestry activities and, in
general, expect to use fertilisers. They learned quite
inadvertently that peat soil can be improved by
applications of ash so that various plants (as shown
in Table 2) can be grown. When jelutung trees are
planted for agroforestry purposes, 1-1.5 kg of
manure is initially applied as a fertiliser (Jaya et al.
2021). On the other hand, the Dayak community and
some local migrants have traditionally used deep
peatlands for fisheries, especially capture fisheries
(fish ponds). In the research area in Tumbang Nusa
Village and other villages in Central Kalimantan,
natural deep peat areas are used for capture fishery.
Fish species found in the area include lele (Blackskin
catfish, Clarias meladerma), Haruan (Striped
snakehead, Channa striata), sepat (Trichopodus
pectoralis), papuyu (Climbing perch, Anabas
testudineus), kapar (Belontia hasselti), toman (Giant
snakehead, Channa micropeltes) and karandang
(Channa pleurophthalma) (Nurseptiani ef al. 2021),
which are either acquired and sold for income or

A STUDY OF AGROFORESTRY FARMING FOR TROPICAL PEATLAND REHABILITATION

consumed. Amongst the respondents. one farmer
cultivates swamp fish using a karamba (cage) system
which is placed in canals on his own land. Yuptriani
et al. (2020) stated that peat areas were a source of
livelihood for the community because they provided
income from fishing. However, the views of Dayak
people have been affected by their perceptions of the
success of farmers cultivating peatland (Fransiska et
al. 2020).

An important component of many of the farmers'
agroforestry systems is jelutung rawa (Dyera
polyphylla (Miq.) Steenis). Because this plant grows
naturally on inundated land and is adapted to grow in
tropical peat swamps, it is compatible with land
management that benefits the environment and is
thus very well suited for peat rehabilitation
mfor‘estry systems (Harun 2016). The wood can be
processed into blocks or boards, plywood and wood
lp; the sap can be tapped and sold in blocks or
sheets that can be used as an insulator for electrical
cables, as well as in tyres and gum; while the resin
can be used in cosmetics, varnishes and essential oils
(Tata er al. 2015).

The decline or loss of the original peatland forest

r is linked with lowering of the water table
(Wosten et al. 2006, Sumarga et al. 2016, Uda et al.
2017, Cooper et al. 2019), which affects
characteristics of the peat soil including the
decomposition process and compaction. The result is
land subsidence (Sherwood et al. 2013, Evans et al.
2019) associated with an increase in bulk density
(Sinclair et al. 2020). In general, farmers do not
realise that trees are an important factor for peat
conservation. This emerged when they were asked if
they knew that the surface of peatland subsides due
to decomposition following opening of the peat
swamp forest. All agroforestry actors stated that they
were not aware of this consequence.

In the future, additional activities that utilise the
value of environmental services provided by forest
areas for tourism should be considered.

RECOMMENDATIONS

I. The main motivation in starting agroforestry
activities is a farmer’s understanding that in the
future there will be limited trees and that planting
trees with a combination of intercrops can
provide an adequate income. Thus, actors who
devote considerable time to agroforestry can
meet the economic needs of the family.
Government support, especially in initiating
peatland rehabilitation using agroforestry, is
important, but the government and its agencies
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should study the performance of each crop under
local  conditions  before  recommending
widespread use by smallholders. Government
support can be provided in the form of seeds and
other supporting facilities such as fertilisers and
agroforestry cultivation guidance as well as
creating a market for products such as jelutung
latex. To promote successful tree planting for
agroforestry, it is important to understand the
characteristics of trees in terms of how they adapt
to peatland conditions, as well as to test or
improve trees locally (Tata & Susmianto 2016).

Restoring degraded peatland requires the re-
establishment of vegetation cover which
increases humidity, lowers temperatures and
reduces fire risk. The appropriate approach to
revegetation depends on the level of peat
degradation that has occurred. Where peat
swamp forest vegetation is still present,
hydrological rehabilitation alone may be
sufficient to allow natural regeneration of the
forest, as long as the area is protected from tree
cutting and fires. However, if only a few trees
remain. enrichment planting is necessary. If fire
has occurred in most of the area, then ecological
rehabilitation  involving both hydrological
rehabilitation and replanting will be required.
Species found adjacent to and within protected or
conserved areas of ecological importance should
be included in the species mix. Revegetation
programmes located near settlements should
utilise peat swamp species that can provide
economic benefits such as sago (Metroxylon
sago), jelutung (Dyera sp.), gelam (Melaleuca
leucadendra) and Alseodaphne sp. However,
trees planted for revegetation purposes take a
long time to reach their productive stage (Giesen
& Sari 2018). From this research, the trees of
Dyera polyphylla, Shorea belangeran, Alstonia
scholaris, Combretocarpus rotundatus and
Alseodaphne sp., grew well and could be
managed by agroforestry farmers. Uda et al.
(2020) found that the best choices of crop plants
were sago (Metroxylon sago), banana (Musa
paradisiaca) and pineapple (Ananas comosus),
followed by water spinach or kangkung,
macaque or edible fern (Stenochlaena palustris),
ilip nuts or tengkawang (Shorea spp.), dragon
fruit  (Hylocereus  undatus), mangosteen
(Garcinia mangostana) and sweet melon
(Cucumis melo). Sago and ilip nuts have market
sustainability and scalability, while bananas,
pineapples and sweet melons have market
scalability and farmer acceptability.
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The role of farmer institutions in supporting and
encouraging more sustainable land use is not
functioning optimally. Also, relevant economic
institutions have not provided optimal support
for marketing. Indeed, there is no evidence that
any support institutions function effectively in
the research area; such as the information
technology and extension services, the providers
of production facilities (Kiosk, KUD = Village
Unit Cooperatives), and the financial, marketing
and agricultural labour institutions. Thus, the
benefits received by farmers are relatively low,
although institutional support in Kalampangan is
generally better than in Tumbang Nusa (Table 5).
The results of our study indicate that all of the
supporting infrastructure needs to be improved,
including farmers’ access to funding and
production facilities.

The success rate of peatland revegetation
programmes carried out by Indonesian
communities is rather low (Nurohman et al.
2019) with a low tree survival rate. The main
cause is associated with the marginal agronomic
characteristics of peatlands. Our study has shown
that government intervention through tree
planting programmes stimulates agroforestry
activities and these can yield good income for
farmers. However, many farmers and
communities are still not adopting the
agroforestry  principle of combining the
cultivation of profitable trees and intercrops in
peatland areas. Agroforestry will have a better
chance of adoption if farmers can demonstrate
that it can produce crops with high economic
value. To further support uptake, the agriculture
and forestry agencies should compile a
comprehensive rationale for agroforestry as a
solution to the conservation and rehabilitation
problems in tropical peatlands.

The way that degraded land is used is important
and requires attention. For peat conservation and
fire prevention, the government can direct the use
of degraded land so that it becomes productive
land, although it cannot be managed too
intensively. Agroforestry and agricultural
activities still cause peat subsidence of 0.41-3.21
cm yr'! (Evans et al. 2021), which may increase
flood risk. Peatland can otherwise be used for
animal-based enterprises such as bee husbandry,
fish and goat farming. Intercropping can be
adapted for areas with shallow water table by
applying the principles and techniques of
paludiculture (Tan et al. 2020).
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6. In agroforestry practices. land management is
still carried out with the main objective of
peatland drainage so that the oxygen needs of
plants can be met (Dariah & Nurzakiah 2014).
Drainage can also improve the physical
properties of the peat and remove some
phytotoxic organic acids. On the other hand,
drainage is antagonistic to conservation of the
peat deposit because it promotes decomposition
and greenhouse gas emissions. It also makes
peatlands vulnerable to fire. Therefore, peatlands
under agroforestry should generally be managed
to minimise the need of drainage.
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Appendix

Questionnaire for study of agroforestry farming for tropical peatland conservation and rehabilitation
in Central Kalimantan, Indonesia

Introduction

Hello, my name is . I am speaking to you as part of Agroforestry Research.
This research is being carried out by a research team from the University of Palangka Raya so that we can
learn more about the environment, agroforestry farming practices and the income from these activities. We
invite you to participate in this research as respondents who are expected to provide a brief explanation by
answering questions about your identity, ily, work and agriculture in your area. Your involvement in this
survey is completely voluntary, and you have the right to stop the interview at any time. You also have the
right not to answer the questions we ask. Your identity will not be known from the information provided, and
the information we receive will be treated strictly confidentially. Such information will only be used as part of
this research study and will be stored securely. It is hoped that the results of this research will be used to
identify methods of agroforestry cultivation as a way to conserve and rehabilitate peatlands.

Date:
Time:

Village:

LIST OF QUESTIONS: AGROFORESTRY PRACTICES IN CENTRAL KALIMANTAN

I. Identity of respondent

Name :

Age : years

Education

Ethnicity

Address

How long have you lived in this village : years
Livelihood

a. Main job
b. Other job
Estimated income per month  : Rp.

9. Number of family members : person

=1 O Ln B L b —

oo

IL Agricultural practices

10. How long have you been a farmer? years

11. What is the ownership status of the land that you use for farming?
a. Owned
b. Rented
c. Borrowed
d. Other

12. How much land is cultivated for agriculture? ___ hectare

13. Please describe the agricultural system used, including the agroforestry pattern
a.

b.
c.
d
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I1I.

16

17.

20.

21.

A STUDY OF AGROFORESTRY FARMING FOR TROPICAL PEATLAND REHABILITATION

. What is the pattern of farming system/model that you have developed?

Does the developed pattern provide an advantage?
a. YES, because of the advantages:

b. NO, because of the disadvantages:

. Is the system/model used in accordance with the soil conditions?

a. YES
b.NO

. Do you know the type of land being cultivated (Peatland/wetland/swampland, dry land, etc.)?

If yes, please state type:
In your opinion, is peatland development fertile or not? What are the obstacles to farming on
peatlands?

In your opinion, what is the use of the peat swamp forest around this village?

Understanding of agroforestry

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

. What do you know about the agroforestry model as a form of forest management or timber

trees with short-term commodity crops?

When did you start your agroforestry activities and from whom did you learn about
agroforestry? What tree did you plant?

What motivates you to cultivate with this agroforestry pattern, especially planting trees?

In your opinion, can agroforestry be applied as the pattern or system of farming in the area
currently being worked on?

Do you want to expand the agroforestry pattern/system?
a. YES, because:

b. NO, because:

Can you name the institutions that support agricultural activities in this village and what do
you think about the quality of their support?

What is the role of these institutions or institutions in supporting the implementation of
agroforestry development? The institution concerns a. Production, b. Production Facilities
provider (Kiosk, Co-operation-KUD ), c. Extension Institution, d. Capital Service Institutions,
e. Village Market and f. Agricultural Mechanization Service (Tractor, huller).

Do you know other farmers who carry out agroforestry as you do, in this village?

Mires and Peat, Volume 28 (2022), Article 22, 34 pp.,ﬂp:ﬁwww,mires-and-peatnet}" ISSN 1819-754X
International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2021.OMB.StA.2368

27




8¢

89£Z'VIS AWO 1 202 dBN/68L6L 0L (10 f18100S pUElES [EUONEUISIU| PUE dNOIS UOHEAISSUOD SIIN [BUOHE LIS

X¥52-61.81 NSSI smc_ama-ncm-mm__e_a;é_a_ﬁ_.% #€ 'ZZ 910y (ZZ0Z) 8Z SWN|OA 'Jesd pue sa.ipy

doysyiom
[onuo) I
[ gpofo10j0WW Jourmy yede(q €S i [ooyag Y31y Jorung € €1
. 15210,] pue pue|
doys / open
doys ; opex JouLm eAw auou 100498
14 ys /apen 2 yeaeqg € SurraourSuy Arepuosag v cl .
=
doys ; apen =4
€ ‘ pomumey Jaydea) yede(q Lt auou alenpeidiopun LY 1 g
s
€ Jowirey Jo[[as Iy Jyedeq 09 auou [ooyos Arewnig 09 oz
w
. [01u0)) 211 [00yoS yS1H Jorung °
4 doys /apen oULEy ekeq 15210,] pue pue| w0} AJenpels jou pip 6v 6 W
wea, [o1uo)) S
[onuo)) aIg
7T QI 1sa10] pue Jowrej  Sundwe 6S i [00y2§ YySTH Io1uag 6S ]
18210,] pue pue-|
pue ATe[IIA
[0AUO7 L] [00yoS yS1H Jorung
¢ auot oy edea 9 15210,] pue pue| w0} AJenpels jou pip 9 L
UL JOULIE, 9SOUBAE auou 00yo§ YSIH J0Tua
£ [B120§ 19LSI(] 2 saueARf [43 [00Y2§ YsTH IoTuag €s 9 m
¥ auou Jowirej  oasoueAv[ or auou [ooyos Arewnig 99 g ,m
r auou JouLIej  9souBAR[ ot auou [ooy2s ou Pl + qnu“
[}
L auou JOWLIE]  SOUBAR[ or auou [00Y2§ YSTH Io1uag #9 € M
¥ auou JOWLIE]  9SOUBAR[ or auou [ooys ou 8¢ z W
¥ JoWiIe]  JUOBQ) PaIrjal  OsouBAR[ or auou ¢ ewordiq 89 I ®
Gmmgo aofewo  wfwmy S0 RS ki ey so. st N
LWn_E.: N , o M ek - ON [PUORIPPY [2A9] 189YSTH Jjo mwd‘“ JUBLLIONI

NOILVYLITIgVHIY ANV1LVY3d 1vOIdOH1 HO4 ONINYYH AH1S3FHO40H9OY 40 AANLS V

"SJUBLLLIOJUT JO SONSLIAOBIRYD) "V gL

e 10 efer vy




6¢

89€Z'VIS A0 'L 202 dBIN/BRL6L 0L :10a "A8100S puejead [euojeulsiu| pue dnols UoleAIssuo) alij [euole wsiu|
X¥52-61.81 NSSI smc_ama-ﬂcm-mmh_e_gaa_gﬁ_.% #€ 'ZZ 910y (ZZ0Z) 8Z SWN|OA 'Jesd pue sa.ipy

"K1082180 [RUISIew ap ul [[s Ayenb
pue| ur Juowaaotdwr seam durems Jead 1oy ajqeins ss9] pur aandepe ssa7]

"STRLIdIBW MBI AT)Snpul
dind 1aded pue ‘pmoq sonmd ‘omyoejnuew rouad
‘Ansnpur yolew ‘Sunsed JUSWAD ‘pIROq UONB[NSU]

(pup2oNjOUL DIV )
uosuas

‘uononpoad poos 195 0] Juawdopasap
Spaau 31 ysnoyie AIunmuwod i AQ pIJeANMD A[UOWWOD SI Idqqny

*QIIJ 0] JUR)SISAI
Kroanerar iseare duwrems jead 10§ oqeins pue aandepe ‘ur A[eimeu smoin)

‘sdurems ur
Ajeameu smold pue aandepe ‘eIsauopu] nOYSnoy) UONNQLISIP paIdaneds

"an[eA JIwou0d3 sey pue sdurems jead payepunur 01 aandepy

"moO[s 23mb st 9381 PMOIE Ay T, "STUNIND J00YS WO} A[9ATIRISIA PUR ‘S100YS
[edmeu ‘pass Aq soeSedord fisaiof jead papeiSap JO SUOIIPUOD SNOLIEA
10§ 20URID[0) YSIY SeY| a1 B Id)J8 $J00ySs mau saonpoxd A[ipear pue jur)sisal
amy A[QANE[aI ST {UOIEPUNUI JJRISPOW JO SUOHIPUOD ISPUN [[dM SMOID)

"s10npoad Xaje[ 10 SIONIBW JO AN[IQR[TRAR PATWI] ST A[OB)SqO
urew 3y} sdurems papoopy (01 paydepe [[om pue) ul A[[eImEU $MOID

"POOM PAJONISUOIAT
pue poomArd ‘amyuiny ‘(Sunoopy) spieoq janbied
pue wnsdAS ‘pieogaforued pue [rodIRyd ‘(Ioquun)
poos oapnpour sponpord Ioqqni ‘xJ)e[ SIpISAY

'sim)s pue suntoofj 3enbred ‘amirumyg
‘smopuIm ‘saued I00p ‘SoUrRI I0J Pasn ST poos 2y,

"QUIDIPAW SB Pasn aq UBD SIOMO[J PUB SIABI] “Ieq
Ay} isjauIqed pue spreoqyoe[q ‘syrouad ‘syeIdipuey
I0J [RLIJJBUI MBI B SB pasn aq UBD poom 3L

‘saAlsaype
pue asuaout ‘juafjodar oyibsow 10J syuatpaidur Jrseq

‘s[eLIdIRW SUIp[ing J0J poosm uong

"aImIuwng
pue sjiouad 10J S[BLIJEWI MBI {S)JRIDIPURY puk wng
SuImayD 10J S[BLIQJBW MEI JO 0IN0S (XJ| SONPOL]

(S1SUNIZ04q DIAIE)
Jaqqna

(snmpunio. sndinao12.4quio))
{runy

(naoydoypuwmaud puioisyy)
rend

(-dds auydvpoasyy)
Jourasd

(unaa3uv)aq vaioys)
ueIrsue[aq

(rnyddod paad(q)
suninpal

SAZRIUBAPESIP PUB SOSRIUBAPY

sas)

2217,

(910¢) owenusNg

® BRI ($107) UBLQ (£107) 77 12 BYpIEN “(T107) OYOISNN “(600T) YNIEPUJ :$0M0S wejuewey [enua)) ur Knsaiojorse jo ired se pajued ssa1], '7v dqeL

NOILVYLITIgVHIY ANV1LVY3d 1vOIdOH1 HO4 ONINYYH AH1S3FHO40H9OY 40 AANLS V

e 10 efer vy




oe

89£Z' VIS AWO 1 202 dBN/68LEL 0L [10a f1800s pueliead [euoleulsju| pue dnol9 uoleAlasuod ally [euoneus)u|

X¥S2-61.81 NSSI smc__mma-ncm-mm__e_a;é_a_ﬁ_.% #€ 'ZZ 910y (ZZ0Z) 8Z SWNOA 'Jesd pue sa.ipy

*(saeak

sany) Apuaima st afe ‘v)lydijod

paad(q) sdoramur se payuerd

aq ([0S uwd J[qrIasaa jo sadq

[e13428 Je) o8 Suneds (w g x

¢) 1apiam e Sumngal yiam payuerd
sem (ey ¢ 1) 0d pue puooas ayg g

*UIODUT WLID)-WINT Pat

107 *asnewrne ue se pajueyd aq <
14 (apeys ammbax yorym) syuerd “are ysaiy sapraoad
R[[IURA MON] "(s1R2K ¢ Apuarmnd ‘JUALLUOIA U §192)01d T ‘padofasap
st a3e Sumnpal) seak 2a1y 195w ‘syyauaq (sdoxo -2oud poo3 v e 2q [[I4 JBY) SUOTIPUOD [RINIRU ) O)
pajeAnnd 2q j0u pnoa sdomiaur 221) uLR)-3u0] pue 1R 0) Asea 2 Aa) R[[IUBA § sydepe 11 asnedaq uasoyd sem Sumnpar g
e 08 W X ¢ [ Jo Suroeds (RI[IURA) WLI)-WNIpa 08 ‘ pUBLL2P JUALIND 11} 0) ‘pIRISNIN “€ RAR[ UT SUIAT]
e s pauerd sem Sumngal ‘(sdo1o pur sapqeIagoa) pasnlpe aq ued umoId ‘yorurdg "7 20urs JYSNE) UA2q SEY JEY) 2IMND B Ul
(e ¢z () 101d puey Isiy ay uQ) °| ULI)-MIOYS SAPIAOI "] sa[qmadaa Jo sad) ayg, ' SHPOT ] JUDUNSIAUT WLI-FUO] © SB $221) Sunued '
JySruns sasuanpjur Sunueyd
Jo uondanp pue Sudeds ayy g
‘Mol joor Surpeards ue 1oper *saa1 ‘saond Surppas pood
premusmop 20103 03 juerd Sumngal Sunuerd 1oj 1re ysaiy pue 2IND3S SNY) pue purRwAp ‘poom /U pue
a1 aprsaq youan v Suryew MIOJWOD “2PRYS SAPIA0Id "¢ yoopew )1y 03 pajsnlpe X2)B[ ‘SPaas 10] JUA)SIAUL WId)-FuoT ¢ I
£q paedionue uaaq sey suy “aWooUl UL Juo] pue 2Q ued Jey) 2WOodU1 ‘wio) ¢ spuepead uojuswdoaaap 10j 2[qe)ng ‘7
ng *sdororaur Jo pmoIs ay) Yim WINTPat “HoYSs SAPIA0Id ' ULIR)-)IOYS JO 22IN0G "7 "BARSSED) "7 ‘(@) wewdoasagg
QIAJIAUI ULD WASAS J001 Fumnap *[  "A[IWe] 10J pooj sapraoid '7  Aquey goy A1ddns pood '] M 1 pue yoIeasay] Ansa1o Aq paonponuy ‘|
wWNSAS Ansarojoife oyl jo wWNsAs Ansarojoise sdorarau Sunuerd Ansaiojoide saan Sunuerd |
S2sSAURaM, /ST RIURAPRSI( ay) Jo sageueApy 10] SUOSEIY JosadA L 10] UOSBY ON

"ON JuBWLIOJU] = "ON "Sa8e[[1 A ueSurduwr ey pue esnN Suequn ] je spuepead uo Ansal0joide SUnONpuOd I0J SJUBLLIOJUL €] Y] JO SIATION "€V I[qeL

NOILYLMIgYHIY ANY1LY3d TvIIdOYL HO4 DNINYYL AHLSIHO40HOY 40 AANLS V1278 ehepy




8

89£Z'VIS AWO 1 202 dBN/68L6L 0L (10 f18100S pUElES [EUONEUISIU| PUE dNOIS UOHEAISSUOD SIIN [BUOHE LIS

X¥52-61.81 NSSI smc_ama-ncm-mm__e_a;é_a_ﬁ_.% #€ 'ZZ 910y (ZZ0Z) 8Z SWN|OA 'Jesd pue sa.ipy

"DIODOY SE
INs $321 12quun 110 01 paredwod

"nIeyes 1238 01 (pjnbp wnudiy)

221 pooMmIRSE WOIJ (2IMIWING 10] Pasn
aq PINod JBL) POOM PUr ‘(JayIeL at)
ur 2]qe[IeAR) A[ISE2 P[OS 3q P[NOd IR

2RI PMOIT MO[S B SBI POOM ) des “plos 2q prnoa 1ey) spads Jo woj 9
pue ‘ mou xae] Sumnal o] 1oxmew A1[D) ¢ a ut Sumnjal woiy jauaq 0y Sutdoy '
10 PUBLLDP OU ST AT} ISNEIA] POOM ‘yoeurdg ¢ anua)) juawdoaaag pue
pue X27e[ S SI[NSAI PAISAT[AP 124 Jou ‘sdoxarayur SunySuey] "7 o1easay ANS2I0] puw [RIUDUOIIAUL
sey saan Sumnpal jo uonoapas ay L, WIOI] PAUTRIQO 1SIATRY UL, ‘pUBLLDP JRLIRIA ‘opddesurg 1 nueg aelueq woaj 20urISISSE SB PAas J00) ' |
‘(poom pue
(g X9R[) WiI-5uo] pue (spads W)
x wg) Fumnpal jo Suroeds jysn ay Sumn[ar) wiay-wnipaw 0MNAT ¢ Svadg [
0) anp y31puns jo yoey 03 anp rewndo ‘(Surddoxarmur woiy) ‘preIsniy ‘g LWIOT] DDUR)SISSE SB PA3s PAATINY '
uetp ssaf st uonanpord dorarauy AWODUT WLID)-LIOYS IPIAOI] ‘puBRLIap JRIRIA ‘yoeurdg °g “JUILL)SDAUT ULID) FUoT |
JyS1uns ySnoua 125 [[ns ‘uoruo Suudg -¢
syueyd Surddoroiajur ap ye os *(wg ‘SunySuey
x wg1) apim b 3as st Suroeds 2an Sumnpal e ‘preIsny g JUAUNSIAUL UL} Suo g +
a1 asnedaq ‘wAsds Ansarojoise “auIoduUI Wid) Suoj peauaq payued aq ue) g ‘yoeurds "7 'SV d{ WOIj 20UR)SISSE SB
1) WL} SASLJURAPRSIP OU 20V 212N, PUR WNIPAUI “LIOYS IPIA0I] ‘pueRwIap JRMRA | WD) °| paas paaranar‘sdno1d reule) ysnoayy |
ADsa10 Jjo
Ansupy (SVd 49) SV ueejoaduag
R[Rg WOIJ AURISISSE SB PAAIIIAL SPaag "¢
‘(a1qe1ns sem Sunmngal
A[uo ‘paSiawqns sem BIIR 3] ISNRIAQ
JATAINS JUPIP £21) INQ (URLIND ‘OpPRIOAR e
*2an Sumnpal v 1opun “a8ueIo ‘ofuew) iy pue nmweyed
UOTIRATI[ND 10] 2[qRIINS WO *§ :Surpnpout saan Jo sadA) snotea patig ‘g
-{nsaiojoiSe *auodUl W) Suoj pue pURLIAp JNIeLW ORwox, "7 *(s2an) w)-Suo] pue ‘(xaye|
SurAdde wouy ssoj ou st aray ], PUE WNIPIW LIOYS IPIAOI] UIA 2DURPIOIDE Uf *| "M0D ] Sumnpal) JUAUDSIAUL WLID)-WNIPAW B S ° |
wIsAs ANsarojoise oy Jo wsds £nsarojoise sdoxoraur Sunuepd Ansarojoise saon Sunuepd o
S2sSAUYRaM /ST RIURAPRSI(] ay) Jo sageueApy 10] SUOSEAY Jjosad&, 10] UOSBY N

NOILYLTIgYHIY ANY1LY3d 1vIIdOYL HO4 DNINYYL AHLSIHO40HOY 40 AANLS V1279 ehepy




ce

89€Z'VIS A0 'L 202 dBIN/BRL6L 0L :10a "A8100S puejead [euojeulsiu| pue dnols UoleAIssuo) alij [euole wsiu|
X¥52-61.81 NSSI smc_ama-ﬂcm-mmh_e_gaa_gﬁ_.% #€ 'ZZ 910y (ZZ0Z) 8Z SWN|OA 'Jesd pue sa.ipy

suRdIYD) T *S2ILJ 1S2I0] puw pue|
SnupouDg snAIsAon SUIPIOAR [ JUAIUOITAUD A1) FUNI0I]
‘ppnsouda) pasoys “2)R1 A)[RMOW MO B SBY
“ITe S} SAPIAOI] T ‘DUDIIN) O pue spuepead uo Sunuerd 107 ajqeNns
'$2a1 A UM "SI} puR| pue 1$210] “adeia DLIDIDID ] SII1 ASNRIAQ PAIAS UPNTUD]AG PIIOYS * ¢ 8
umo1s jou axe syuepd 1apo ySnowy 10 renuayod ay saonpar oy ut padofaaap aq ue) ' ‘UpISUDag DILOYS “[1OS 2U) JO DURUNUIRIA "7
UAD ‘SISSIUNEIM [ SOTRIURAPERSID pue[ uead ‘FULIEa[d pue| -2o11d Surppas poos ‘olydgod vaad “AN[BA JIWOUOID
ou sey wjsAs Ansarojorde ayr ‘| saonpail saan Sunueld ' pU® PURLLAP 1IN *| 103 L12s1nu 2217, ° | SR )T 2SNEDAQ *JUAUNSIAUT WLI)-FUOT * |
-Asea s1 Sunaspew
pUE ‘2[qRINOAR] ST
2oud a1 *pooj aqe[reAR
SRl PUR 10J 2182 0) ASEd
SI 23q Auot NNy AL ¢
‘pooj
jo A1ddns juepunqge
UMO I12) pury ued
A21) sNEdaq UIRUIRL *spaas Fumnjal
0} ASEa a1 sjpon 7 201os 0) A[penadsa ‘uaippyopueis pue L
sspuedya £doued aan LRI ua1p(iyd Aw £q pakofua aq (s yomgm
atp 1ayye payuerd aq 123uo] ou ued 2A1J JO 28R ue yoral 128Se WI)-3u0] ® se s2an Sunueyd "¢
sdorarour 1o pue s Susdumm syued Sumnpal oy 19yye s Qunuuos
JeLf) SURDL ST, “19A0 Suiqe; 's201) ySrpuns ySnouod 128 jou yeAR( AU} 0] ANRA DWOUODID Ip1aoad
woIj §3230 o) jusasxd o) :run Sunuepd 10] o ysaay puw [[1#4 INq *synsa1 pood (mnodiapy) Jerp sjuepd o soon meAu pue SueySurey
$221) JUAIFJIP JO SwA)s4s joor JIOJWOD *APRYS SIPIAOI] T SOAIS puR adURUIUIRLU saaq Asuoy nay ¢ ‘Sumnpal toan onuapua ue pue puepead
a1 Jey) uonuur ) Pia Suroeds “awosur uL Suop pue aatsuayur anmnbar 's;pon "7 uo Judawdo[aaap 105 a[qeIns st Sumnpar g
30 e umoad st pjjdydijod paade | WNIPaw ‘MOYS SIPIA0L] " | jou seop addeaurd " -arddeaurg -1 ‘(9 Ansa10q Aq peonpanuf ||
wIsAs ANsarojoise oy Jo wsds £nsarojoise sdoxoraur Sunuepd Ansarojoise saon Sunuepd o
S2sSAUYRaM /ST RIURAPRSI(] ay) Jo sageueApy 10] SUOSEAY Jjosad&, 10] UOSBY N

NOILYLTIgYHIY ANY1LY3d 1vIIdOYL HO4 DNINYYL AHLSIHO40HOY 40 AANLS V1279 ehepy




£e

89£Z'VIS AWO 1 202 dBN/68L6L 0L (10 f18100S pUElES [EUONEUISIU| PUE dNOIS UOHEAISSUOD SIIN [BUOHE LIS

XtG/-6181 NSSI ____._mr_.ﬁmmnuvr_mumm.____.\_.__._.S_.S_S__q_haﬂm..QD_ +E 22 Pnay .__,.NNDNV |7 |swnjop jead pue sadipy

‘sauo Junsixa Jumurejure
g saan Suronpoid raquin mau
Sunuerd jop "s1saarey pajeadar aa1d
‘aqes ued (URINQUIBI SB YINS $221) JINI) pue)
107 pue uondwmnsuod 1 2SNED3q 1] A[IRp JO Spaau ) 1
usmo 107 poq ‘sdord 0] SWOHUT ULIN-FUO] B SIJJO 12qqNy "¢
a[qmafoa MoIs [[IA T afe Sunof
*§)[nsal ® woay padofaaap * Kyrpowwod sy I
pood saa1d satoads Suronpoid wr aouatradxa sey sewaey ayy, g
SIY) 25NEd3q pAjuawine ‘uaIp[iyopueIs pue
Sureq Apuaimo URIP[IYD 10 20T WLId)-Suo] v apraoad
e (I9y Ansaloyg ued saan ai ‘20ud £q paouanijur
PAyNUAPI U22Q ARY “JUDLSIAUT LLLID) £q papraoxd asnoy 's22q Aauoy SI12sNeaq [[ews s1 pratk ysnoyp
SOTRIUBAPRSIP 1O SISSAD[RIM ON | Suo] pue wiIa) 1I0Ys Y ° | N[N JO sax0q UL "] (ssa[suns) may '| u2A2 Awouona ey ay) Suntoddng |
‘saond
1aIew poos sey 1) "7 'S$AU[00D 10Jwod sapraoid saa1] 17
“JyStjuns 135 jou op Latp) asnedaq *§SIUTO0D pUw LIOJWOd ~adfy ‘AW Ansaiof o1
pajurepd aq jouumes sdoxd 1apQ) '] apraoad saam pajue[g * | [10s 21 0] 2[qEINg ° | D 1 wony awuneiford poass ppjdydijod paade -y
1JASSDY DHUOI2G
SHAUIPNISI) SPGOUY
0PI
‘DIDLAS DUUDYD)
ANUNUOd SE 1oNs USIJ [B20] JO j0ds 1sumoy v aypew 0y uepd v st a1y "¢
[[4 S[RLY) 2521 (equueaey) 25w ysig ‘v "SI} PUR| Puw 1S210J
pue padojasap Suraq ‘(1o ‘ueaq SuIproAr ; JUAWUOIIAUD 21 Fund0Id ‘+
Apuarmy a1 safed Suoy) sajqeiaiap ¢ JUAUNSIAUL UL SuoT "¢
Us1J pue s[qeaiap "7 THYIRIND PIAAY ‘awy Ansarog woyy uoddns 6
‘meak A1aA0 sBurpaas ‘mpnsouda) vaioyg ose ‘arendordde am saads san (w07 °g
‘(moqey 10] PURLUDP ST DIN]) ‘puUPIIN)OUE ‘s1ak 0M) UT Im0IS pood
PUR SIISI[TIIA] ‘SPaas) SISSO[ 28NEAQ SILIISINU I "7 PLIDIDID apraoad jou pip 11 Inq ‘nestg Sueng
juaunsoAur 231w £134 U1 paynsal ofeurr 0 IO ‘UDNFUD)IG DIIOYS ut Jmnq Suraq seam jep Liojoeg dind
ST} ASNEIq $I2T) PUDIIN|OUL *sjjauaq uLa)-fuoy pue jou pue spuepead ‘oydgod vaad aty) 103 sarads sy aonpoid oy paydway
DLIDIDID JO uondafas Huepodun WLI}-LI0YS loq apraoad 10J J[QEIINS ST J1 ISNEIAq 10J SALISINU 31 " SEM IBULIR] M) asnedaq A[eniur
st sadA) juepd jo uonoapag | swasAs Ansa10joIdy " | pajuepd sem apddeaurq - | -arddeaurg -1 pauerd sem DUBIINIOU DIIDIDI]O,] * |
wIsAs ANsarojoise oy Jo wsds £nsarojoise sdoxoraur Sunuepd Ansarojoise saon Sunuepd o
S2sSAUYRaM /ST RIURAPRSI(] ay) Jo sageueApy 10] SUOSEAY Jjosad&, 10] UOSBY N

NOILYLTIgYHIY ANY1LY3d 1vIIdOYL HO4 DNINYYL AHLSIHO40HOY 40 AANLS V1279 ehepy




¥e

89€Z'VIS ANO 'L 202 dBIN/BRL6L 0L :10a "A8100S puejead [euojeuwsiu| pue dnols UoReAIssuoD Sl [euole wsiu|
X¥52-61.81 NSSI smc_ama-ncm-mm__e_a;;xd_ﬁ_.% #€ ‘22 910y (Z2Z0Z) 8Z SWN|OA 'Jead pue sa.py

"paonpai sI Ysu
QITJ ASNBIAQ qNIdS O] Pue|
oy Suraea] 0 JqeIAjAId "¢

(pnos 1an1q
‘yoeurds ‘1piyod ‘ueaq
Suoy) sojqeiaiap 7

“wisLno) Jo juawdorasap
aqrssod puw jusunsaAur wird-suo ¢
‘poddns juswiioAod Jo asneaaq

*SSaUYSAIY PUDIIN)OU umoId ae apddeourd pue uenquier
pue LIOJW0d *apeys DLIDIDID ] ‘oFuew B yoNns JINIJ JO SPUIY SNOUEA *7 el
apraoad sean paurld "7 ‘un1Sumag paLoys JaspIew e sapraoad
‘S3SSA[EaM [ SOSEURAPRSIP “2LODUT ULIY) Suo] puw ‘sj[nsa1 pood aa1S uwd ‘opdydgod vaadq 1o1nsi(q nesid Sueng ur L1030y dind o
ou sey wasds Ansarojorde ayy, | WINTPAt “MOYS SAPIAOI] " | pue juawapdwr o) Aser "] 10y L1asanu 2217, " | ISNBDIAQ DUBIINOUL DIIIDIT] PAUR[] |
*(sayouan
0] ATRLLI[E) SINIRL PUR[ 221 °C
‘BIRIA OM)
‘(pano3 1aniq 1se[ 211 105 paonpoid jou seiy urinquies
‘yorurds ‘SunySuey) ysnorpe (URINQUIET) WO WLIA-LIOYS
sapqmadop g pue $(8321) JUAUNSIAUT WIN-FUOT ¥ | 7]
PUDIIN)OUE (A9 ANS210] WOIJ SUONIAII "¢
*$221) JO ULIO M) PLIDIDID ‘uaIpyopueId
“paonpoad ur SSUTAES / JUSUSIAUL ‘UBATUD]IG DILOYS pue uap[iyd £q pafolua aq
u22q JOU SBY X2)B[ ISNRIaq SE [[am se (sa[qeadaa) *SPaaul WLI) MIOYS ‘vpplydsjod paadcq [[14 YOI JASSE WI-SUO] B 218 $221], T
awoout / synsal Suipraoad 124 JoN | pooj Ajiwey sapraoid *| J Arep yeaw sdoaoaayug * | 10§ L1asanu 2217, "] ‘spuepead uo Sutmoid 10j a[qeing °|
wIsAs ANsarojoise oy Jo wsAs £nsarojoise sdoxoraur Sunuepd Ansarojoise saan Sunuepd o
S2SSAUYRaM /ST RIURAPRSI(] auy) Jo sageueApy 10] SUOSEAY Jjosad&, 10] UOSBY N

NOILYLMIgYHIY ANY1LY3d TvIIdOYL HO4 DNINYYL AHLSIHO40HOY 40 AANLS V1278 ehepy




A study of agroforestry farming for tropical peatland
conservation and rehabilitation in Central Kalimantan,

ORIGINALITY REPORT

/%

SIMILARITY INDEX

PRIMARY SOURCES

B =

B 0 B

B B B

0
core.ac.uk 572 words — 4 /0

Internet

i - 0
A Jaya, Sosll'lawaty, EU Antang, A A Djaya, H 29 words — '] /0
Gunawan. "Agroforestry farming system as peatland

restoration efforts in Central Kalimantan, Indonesia", IOP

Conference Series:; Earth and Environmental Science, 2021

Crossref

I\r/W\Q/r\rlj\éxt/.sciencegate.app 60 words — < 1 0%
IIri]tr;rlrf;tspringer.com 23 words — < 1 0%
ﬁxg.mdpi.com 21 words — < 1 %
ﬁtpe)rrnigts.qut.edu.au 19 words — < 1 %
stewardshipcentrebc.ca 17 words — < 1 %

Internet

dokumen.pub 13words — < 1 0%

Internet



— — — — —
NN W N —_ o

—
Ul

—_ —_ —_ RN
O (00] ~ o

_ 0
I\I/W\Q/r\r/w\é\t/.front|erS|n.org 13words — < 1 %
F : 0
ﬁtgr?:tjrnal.upr.ac.ld 12 words — < 1 %o

. 0
ﬁ;cezises.whlterose.ac.uk 12 words — < 1 /0
. 0
IInrtcezlr;}e/tahooapls.com 12 words — < 1] %0
. 0
Jmet?naef.org 11 words — < ] %
R : 0
Astiani, Dwi. "Bornean Peatlands: Forest 10 words — < 1 A
Dynamics, Land Use and Carbon Flux.", Proquest,
2014.
ProQuest
n H I 0
Romero, Lyndell D.. "Security Architecture 10 words — < ’| /0

Components Cybersecurity Specialists Need to
Establish a Limited-Budget Cybersecurity Program: A
Qualitative Study.", Colorado Technical University, 2020

ProQuest

ﬁtaerrntjtda.rlstekdlktl.go.ld 10 words — < 1 0
: ) T 0)
Ie%r(:r(izi\rendal website-live.s3.amazonaws.com 10 words — < 1 /0
_ . : 0
jopscience.iop.org 10 words — < 1 /0

Internet

. " 0
media.neliti.com 10 words — < 1 /O

Internet



oxfordre.com 10 words — < 1 %

Internet

ON <10 WORDS
ON <10 WORDS



