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ABSTRACT

In this article, we assess the potential of alternative land use systems using non-drainage peatland species

which could eventually phase out or partly replace oil palm plantations on undrainable peatlands. We

have used the ecosystem services approach to analyse what scenarios using drainage-free peatland species

could be suitable alternatives for oil palm cultivation on peat and how these scenarios compare to oil palm
plantations in terms of selected ecosystem services. Our results indicate that alternative paludiculture
systems will provide more direct and indirect ecosystem services than oil palm plantations on peat. We

also found that stakeholders were aware of issues with growing oil palm on peat, and that there was a
general intention for sustainable use of peatlands amongst several groups of stakeholders. Replacing oil

palm with alternative systems such as paludiculture in Malaysia is not yet realistic. The most important
impediments are a lack of knowledge on potential of non-drainage peatland species and its associated value

chains, as well as the technical difficulty for smallholders to implement such a system. We recommend
starting experimental plantings with paludiculture systems to further test species performance, life cycle
analysis, growth, intercropping limitations and possibilities, yields and improvements in the value chain.
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million hectares of land in Malaysia are covered by
oil palm plantations, with an export revenue from
oil palm reaching more than RM 46 billion in 2017
(MPOB, 2017; Kushairi et al., 2018). As suitable and
accessible land has become scarce the cultivation
has shifted from the more suitable mineral soils
towards peatlands1 formerly covered by peat forest
(Omar et al., 2010). These cultivations on peatlands
have rapidly increased since the 1990s, mainly for
oil palm and acacia plantations. By 2015, of the
total peatland area in Malaysia, which is around
2.5 million hectares, approximately 1.06 million
hectares were covered with oil palm plantations
(Miettinen et al., 2016; Ishikura et al., 2018).

INTRODUCTION
The global demand for oil palm has increased rapidly
over the last decade (World Growth, 2011; EPOA,
2016; Kushairi et al., 2017). At this moment 85%
of the oil palm plantations are found in Indonesia
and Malaysia (EPOA, 2016). Currently, some 5.8
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(Histosols) are organic soils with 65% or more organic matter and
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Growing oil palm on peat is complicated.
Peatlands in Malaysia are originally predominantly
covered by peat swamp forests (PSF). One of the
most important characteristics of these peatlands
is that they are waterlogged, which reduces
the decomposition of organic matter, which
then accumulates as peat. Therefore, before any
cultivation can take place, the PSF needs to be
cleared, leading to large losses of biodiversity and
carbon stocks (Fitzherbert et al., 2008; Verwer et al.,
2008; Posa et al., 2011). Secondly, as oil palms do not
grow well in conditions with high ground water
levels the peat needs to be drained to levels of 6080 cm below soil surface (DID, 2001). With such a
drainage depth the process of peat accumulation
stops and the peat starts to decompose due to
oxidation, resulting in large greenhouse gas (GHG)
emissions (Verwer, et al., 2008; Hooijer et al., 2010). In
addition, the drainage of peat will also lead to land
subsidence (due to decomposition and shrinkage)
which may result in flooding and eventually loss of
plantable land, especially when combined with sea
level rise caused by climate change (Hooijer et al.,
2015; Page and Hooijer, 2016; Carlson and Garrett,
2018).
In response to the issues related to oil palm
development on peat, the Roundtable on Sustainable
Palm Oil (RSPO) has developed guidelines for
sustainable management of existing oil palm
plantations on peat as well as for the management
and rehabilitation of vegetation surrounding oil
palm plantations on peat (Lim et al., 2012). The RSPO
recently revised the Principles and Criteria for RSPO
certification, including a ban on new plantation
developments on all peatlands (RSPO, 2018).
The challenge lies in finding economically viable
and sustainable alternatives for oil palm on peat,
which reduces the trade-off effect between economic
and environmental benefits. An alternative system
like paludiculture could provide a solution for this
challenge (Giesen, 2013; FAO, 2014). Paludiculture
(from Latin palus ‘swamp and culture ‘cultivation’)
is a wetland agricultural practice that produces
biomass from wet and rewetted peatlands while
maintaining the peatland’s natural conditions (FAO,
2014; Wichtmann et al., 2016). Besides rewetting
and contributing to peat soil conservation and the
related carbon storage, paludiculture is promoted
with timber, food and other by products or nontimber forest products (NTFP), that can provide
economic returns (Widayati et al., 2016).
In order to assess the suitability of alternative
scenarios with non-drainage peatland species, we
use the ecosystem services2 approach which was
used for the first time by the Millennium Ecosystem

Assessment (Millennium Ecosystem Assessment,
2005). It enables an unbiased quantification and
valuation of various goods and services which the
community (both local and global) receive from
both natural and man-made ecosystems (FAO,
2014). We selected this widely used approach to
compare whether and how these scenarios differ in
some selected direct and indirect benefits we receive
from these systems.
This study aimed to assess the opportunity for
alternative paludiculture scenarios for peat areas in
Malaysia that are currently cultivated with oil palm.
We addressed this aim by trying to answer three
research questions:
(1) Which non-drainage peatland species and
what alternative management scenarios
(as opposed to oil palm) could be used on
rewetted peatlands?
(2) What are the costs and benefits of such
alternative scenarios in terms of important
ecosystems services?
(3) What are the perceptions on the peat issues
and alternative scenarios amongst selected
stakeholders in the oil palm sector?
METHODS
We used a combination of three methods to address
the above research questions:
(1) A multi-criteria analysis of non-drainage
peatland species as an alternative to oil
palms.
(2) An analysis of ecosystem services provided
by the four different peatland use scenarios.
(3) Interviews with stakeholders involved in
the oil palm industry.
Multi-criteria Analysis for Selection of Nondrainage Peatland Species and Scenarios
Scenarios. Four scenarios were drawn up for this
study which are illustrated in a conceptual drawing,
Figure 1. The scenarios were assumed to start when
the current oil palm cycle has come to an end, and
they were drawn up for a time-frame of 30 years
(based on the rotation length of oil palm which is
around 25 years). The scenarios were derived and/
or adapted from reviews and case studies found in
literature (Salleh and van den Berg, 2005; van der
Meer and Ibie, 2009; Ismail et al., 2009; Sofiyuddin,
2012; Lim et al., 2012; Giesen, 2013; 2015; FAO,
2014; OAF, 2014; MPS, 2016; SIIA, 2017; Graham
et al., 2017; Lampela et al., 2017). Differentiating
factors like polyculture versus monoculture,
and immediate change versus transitioning to a
paludiculture system were taken into account when
formulating the scenarios. No differentiation was
made between the different oil palm ownership

Ecosystem services can be defined as ‘the benefit people
obtain from ecosystems’ and can be classified in four categories:
provisioning, regulating, cultural and supporting services
(Millennium Ecosystem Assessment, 2005).
2
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competitive to oil palm, though more suitable for
undrained peat. At this stage, canal blocking can
take place to provide suitable conditions for the
non-drainage peatland species. Scenario 3 assumes
a direct complete change from oil palm towards a
monoculture paludiculture system by planting a
fast growing cash crop that can compete with oil
palm, though is more suitable for cultivation on
wet peat soils. Canal blocking is in place as the first
step of this management option to realise a ground
water level (GWL) near the soil surface. Annual
cash crops can be planted to provide income for the
early years, until the initial crop starts producing.
Scenario 4 assumes an immediate change to a mixed
paludiculture system with 3-5 species. The water
management should be improved by canal blocking
to realise a GWL near the soil surface. The species
should be a mixture of pioneer and climax species,
appropriate for undrained peat, preferably tolerant
to flooding, and provide economic benefit.

Years

Species selection. A multi-criteria analysis was
carried out to select suitable non-drainage peatland
species. For the analysis, we selected species based
on other recommended species lists for peat in
South-east Asia. The following criteria were used
for the final selection: species tolerances, suitability
for paludiculture, commercial value, and species
recommended for community trials in South-east
Asia (Salleh and van den Berg, 2005; Giesen, 2013;
Banjarbaru Forestry Research Unit, FORDA and
Graham, 2014; Graham et al., 2017).

Figure 1. Conceptual drawing of the four scenarios. Scenario 1 illustrates
the monoculture oil palm cultivation with an average drainage level of
-70 cm. Scenario 2 illustrates the transition from a double avenue oil
palm towards a mixed paludiculture system, including the transition
of the drainage level from -70 to -10 cm. Scenario 3 illustrates a
monoculture paludiculture system, and scenario 4 illustrates a mixed
paludiculture system, both with an immediate drainage level transition
towards -10 cm.

systems (i.e. smallholders and private estates).
The first scenario, the base-line scenario, assumes
another cycle with oil palm. Oil palm seedlings will
be planted and intercropped with annual crops like
banana, pineapple and yam for the first three years
to receive yield and income before oil palms become
productive. After three years oil palm will start to
provide yield and the plantation will shift towards
monoculture oil palm. Drainage levels are assumed
to be 70 cm below surface. The second scenario is a
transition from oil palm plantation towards a mixed
paludiculture system. The palms will be planted
in a double-row avenue planting system, where
two rows of oil palm will be planted more closely
together, with additionally more distance between
the two rows of palms (Ismail et al., 2009). The oil
palm should be intercropped with an annual species
to produce additional income for the first three years
(until oil palm becomes economically productive).
By this time, drainage levels of the peat will go up
from 70 cm to 50 cm depth. When the oil palm is
mature enough, another species should be grown as
an intercrop with oil palm to provide more income in
the long-term. This species should be more suitable
to undrained peat, preferably indigenous and has
tolerances to flooding. When oil palm production
declines after approximately 25 years, the palms
can be replaced with other species, economically

Ecosystem Services Selection and Quantification
The ecosystem services (ES) selected for this
study were based on the Millennium Ecosystem
Assessment, together with a list of beneficial functions
of peatlands (Joosten and Clarke, 2002; FAO, 2014),
ecosystem goods and services from plantation
forests (Bauhus et al., 2010) and on valuation of ES
(Hein et al., 2006). We selected four ES for this study:
(1) carbon emission (climate regulation); (2) carbon
sequestration (climate regulation); (3) provisioning
(marketable commodities/food- and by-products);
(4) biodiversity (habitat for species). For climate
regulation, we focused only on carbon sequestration,
and carbon emissions due to peat oxidation, which
are described in literature as the most important
aspects in the carbon balance of tropical peatland
(Page et al., 2011).
The quantification of the four selected ES
was done as follows: carbon emission due to peat
oxidation was quantified as C-CO2 ha-1 yr-1 (where
C-CO2 is the carbon content of CO2). This was based
on subsidence studies, and total and heterotrophic
respiration data of oil palm and acacia on drained
peatland (DID and LAWOO, 1996; Hooijer et al., 2006;
Othman et al., 2011; Comeau et al., 2013; Couwenberg
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and Hooijer, 2013; Dariah et al., 2014; Marwanto and
Agus, 2014; Carlson et al., 2015).
Carbon sequestration was quantified as above
ground biomass in t C ha-1 yr-1. Where information
on carbon sequestration for certain crops or crop
mixtures was missing, we used sequestration
rates from similar crops or systems (Verwer et al.,
2008; Khasanah et al., 2012; Kho and Jepsen, 2015;
Sumarga et al., 2016; Hashim et al., 2017).
Provisioning ecosystem services is here
defined as nutritional or monetary value crops that
smallholders can derive from the peatland (e.g.
marketable commodities, food and by-products).
This was assessed using four criteria relating to
commonly used aspects of value chain development:
(1) level of income; (2) diversification of income;
(3) regularity of yield; (4) steady market demand
(Giesen, 2013; FAO, 2014; Giesen and Sari, 2018).
Biodiversity was assessed using four criteria,
three of them relating to commonly used aspects of
biodiversity (heterogeneity of the habitat, presence
of indigenous species, presence of trees). In addition,
we included rewetting as this enhances natural peat
processes (including fauna) and reduces fire risks
(Peh et al., 2006; Wichtmann and Joosten, 2007;
Azhar et al., 2015; Schröder et al., 2015; Ghazali et
al., 2016; Page and Hooijer, 2016; Asmah et al., 2017;
Meijaard et al., 2018).
A ranking system was developed for the
ecosystem service values in the four scenarios. For
every unit of ecosystem service, an assessment in
scores was assigned, ranking from low (1) to high
(4) (Table 1). The ranking was based on expert
knowledge by the authors, and based on similar
ecosystem service assessment studies (Apostolova
et al., 2018; Millennium Ecosystem Assessment,
2005; van der Meer and Ibie, 2009). The assessment
of the ES provisioning, and biodiversity was based
of the total sum of valuation of the criteria, where
every criterion received a value of 0; 0.5 or 1.

Consequently, every ES could receive a maximum
of four points, which results in a total potential
maximum score of 16 points per scenario. This
method therefore does not make a distinction in
order of priority between the ES. The assessment
scores for every scenario were summed up (∑ni).
An overall performance assessment of the scenarios
was calculated as the percentage of the maximum
possible sum: (∑ni/∑ni(max))*100.
where:
∑ni
- sum of parameter assessment (sum of 1-4
scores per ecosystem).
∑ni(max) - sum of the maximum of parameter assessment
(i.e. n*4 = 16).
PA
- performance assessment, in percentage:
(∑ni/∑ni(max))*100.

Interviews with Stakeholders Involved in the Oil
Palm Industry
In total, 50 stakeholders interviews were
conducted, of which 37 were interviews with the
owners of independent oil palm smallholders3 on
peat and 13 interviews with specialists, including
five researchers and specialists, five plantation
managers and controllers, and three market sellers.
Two different blueprint interview forms were used;
one for the smallholders and one for the specialist
interviews (Appendices 1 and 2 are available as
supplementary materials). For the smallholders,
the results of every question were presented as
percentage of the answered questions, including
the number of respondents for that particular
question (n=#). The qualitative interview data
were categorised and merged when possible, based
Smallholders are here defined as farmers having less than 50
ha of land, and grow oil palm in a monoculture or polyculture
plantation (Azhar et al., 2015).
3

TABLE 1. METHODOLOGY OF ECOSYSTEM SERVICES ASSESSMENT OF SCENARIOS
Assessment scale (scores)
Ecosystem service

Indicator/criterion

Quantification

1

2

3

4

Carbon emissions

Carbon emission from
peat oxidation

t C-CO2 ha yr

>15

10-15

5-10

<5

Carbon sequestration

Above ground biomass

t C ha-1 yr-1

<2

2-3.5

3.5-5

>5

Provisioning

-1

-1

1)
2)
		
3)
4)

Monetary value
Total of scores,
0-1
2
3
>1 commodity
0-1 per criterion		
diversification of income					
Regular harvest					
Steady market

4

Biodiversity

Polyculture
Total of scores,
0-1
2
3
Paludiculture
0-1 per criterion				
Native					
Tree-based

4

1)
2)
3)
4)
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on the essence of the answers and on keywords.
Due to the limited number of interviews and the
variability amongst the interviewees, the data of
the specialist interviews were only analysed as
additional comments and perceptions as personal
communication.

is followed by scenario 3 with 75%, and scenario
2 with 69%. Scenario 1, the baseline scenario of oil
palm contributes the lowest with 38% to all ES.
The performance of every scenario differs per ES,
which is more clearly illustrated in Figure 2. This
figure shows that scenarios 1 and 2 score the highest
on production of commodities, scenario 4 scores
the highest on biodiversity, scenario 3 scores the
highest on carbon sequestration and scenarios 3 and
4 score the highest on carbon emission. Although
the assessment is conceptual and sensitive to many
variables, the potential impact of different scenarios
remains tangible.

RESULTS AND DISCUSSION
Selection of Non-drainage Peatland Species
We selected 32 species which could be used in
alternative, non-drainage peatland systems (Table 2).
This selection was based on the 82 priority species
recognised by PROSEA4 and additional literature
(Ambak and Melling, 2000; Salleh and van den
Berg, 2005; Giesen, 2013; FAO, 2014; Graham et al.,
2017). The FAO (2014) and Giesen (2013) described
return of commodities on peat, Banjarbaru Forestry
Research Unit, FORDA and Graham (2014) described
known ecological tolerances and successional stages
of a range PSF species, and Salleh and van den Berg
(2005) provided a selection of NTFP species to be
suitable for community cultivation. There is still
a lack of information on species and some of these
species might not have high tolerances for prolonged
inundation/flooding (Banjarbaru Forestry Research
Unit, FORDA and Graham 2014). One of the few
studies investigating how water management
regimes affect sustainability of crops grown on peat,
was done by Wösten and Ritzema (2001). They
indicate that with a peat depth of 200-250 cm, oil
palm can be grown for 20-30 years (water table 50
cm), and sago for 40-60 years (water table 25 cm).

Perception of Stakeholders
All smallholder respondents (n=37) were
satisfied with growing oil palm. People generally
felt that oil palm is easy to take care of compared
to other crops. Of 35 respondents, 67.6% had
grown other crops before, 27.0% had not. Of the
32 species from the shortlist, only seven species
were cultivated by 18.9% of the respondents (Table
4). None of the respondents considered cultivating
any of the (other) species in the shortlist if it was
possible. The most frequently mentioned reason was
low and unsteady income. Thirty-four respondents
elaborated on the environmental sustainability
of the plantations, and 76.5% of the smallholders
found this to be very important. Many smallholders
believed that the conservation of peat is important,
because a healthy soil leads to a healthy crop. Of
the respondents, 20.6% were not sure about their
perception on the environmental sustainability of
their land, they often felt it is important, but they
did not know about specific issues. Only 2.9% of
the respondents did not find the environmental
sustainability of their land important. Of all
smallholder respondents, 73.0% experienced soil
compaction as well as soil subsidence, and 10.8%
experienced compaction only. From the remaining
respondents, 10.8% experienced no subsidence
or compaction, and 5.4% did not know. Fourteen
respondents mentioned what effect they experience
from peat subsidence and/or compaction. Of these
respondents, the most frequently mentioned effect
with 28.6% was decreased soil quality, and the need
for more or improved soil amendment (Table 5). Out
of 25 respondents, only 9.1% of the smallholders
would consider changing to a paludiculture system
if they could maintain the same income and 45.5%
of the respondents disagreed, while 45.5% would
‘maybe consider it’. A change to other types of land
use are quite costly and thus require substantial
incentive from other parties (e.g. knowledge,
physical help, machinery and technical assistance).
Moreover, if farmers’ revenue will not increase from
the land use change, there is no reason for them to
shift their agricultural system in the first place. Most

Ecosystem Service Assessment of the Four
Scenarios
The ecosystem service assessment illustrates
the effect of the four scenarios on ES (Table 3). An
overview of the results that were used for this
ecosystem service assessment is shown in Appendix
3 in the supplementary material. Overall, scenario
4 scores the highest with 81% of the maximum
performance value, followed by scenario 3 (75%),
scenario 2 (69%) and scenario 1 (38%). Scenario 4
Plant Resources of South-east Asia (PROSPEA) was a
programme involving Forest Research Institute Malaysia
(FRIM) (Malaysia), Lembaga Ilmu Pengetahuan Indonesia
(LIPI) (Indonesia), Institute of Ecology and Biological ResearchNational Centre for Scientific Research (IEBR-NCSR) (Vietnam),
University of Technology (UNITECH) (Papua New Guinea),
The Philippine Council for Agriculture, Aquatic and Natural
Resources (PCARRD) (The Philippines), Thailand Institute of
Scientific and Technological Research (TISTR) (Thailand) and
Wageningen Agricultural University, The Netherlands. PROSEA
ran from 1990-2004 and resulted in a list of 5000+ useful plant
species, arranged according to the various commodity groups.
4
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TABLE 2. SHORTLIST OF SPECIES POTENTIALLY SUITABLE FOR PALUDICULTURE SCENARIOS
#

Scientific name

1
Aleurites moluccana
2
Baccaurea motleyana
3
Baccaurea racemosa
4
Chloranthus erectus
5
Dimocarpus longan
6
Donax canniformis
7
Dyera polyphylla
8
Elateriospemum tapos
9
Finschia chloraxantha
10
Flacourtia rukam
11
Garcinia mangostana
12
Garcinia morella
13
Ipomoea aquatica
14
Mangifera caesia
15
Mangifera foetida
16
Mangifera griffithii
17
Melaleuca cajaputi
18
Metroxylon sagu
19
Momordica charantia
		
20
Nephelium cuspidatum
21
Nephilium lappaceum
22
Nephelium maingayi
23
Rhodomyrtus tomentosa
24
Shorea compressa
25
Shorea macrophylla
		
26
Shorea pinanga
		
27
Shorea stenoptera
		
28
Shorea teysmanniana
29
Stenochlaena palustris
30
Syzgium aqueum
31
Vaccineum bracteatum
32
Vatica mangachapoi

Commonl names*

Family

Main use

Candle nut (E), buah keras (M)
Common rambai (E), rambai (M)
Menteng, setambun (M)
Keras tulang (M)
Longan (E), mata kucing (M)
Common donax, bemban (M)
Swamp jelutong, jelutung (M)
Tapas (E, M)
Finschia nuts (E)
India plum (E), rukam (M)
Mangosteen (E), manggis (M)
Indian gambodge tree (E), asam gelugor (M)
Water spinach (E), kangkung (M)
Mango (E), binjai (M)
Horse mango (E), bacang, machang (M)
Rawa, mangga keal (M)
Gelam, pokok kaya putih (M), paperbark (E)
Sago palm (E), sagu (M)
Bitter gourd, bitter melon, balsam-apple,
balsam-pear (E)
Kedet, rambutan kabung (M)
Rambutan (E, M)
Buah raydun, ridan (M)
Rose myrtle (E), kemunting (M)
Tengkawang (I)
Tengkawang hantelok (I), meranti merah
muda (M)
Tengkawang rambai (I), kawang pinang,
meranti langgai bukit (M)
Tengkawang tungkul (I), engkabang
kerangas, engkabang rusa (M)
Meranti bunga, meranti lilin, seraya bunga (M)
Pucuk paku, midin (M), pakis (I)
Water apple (E), jambu air (M)
Sea bilberry (E), kelempadang (M), rangas (I)
Resak julong, resak bajau (M)

Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Chloranthaceae
Sapindaceae
Marantaceae
Apocynaceae
Euphorbiaceae
Proteaceae
Flacourtiaceae
Guttiferae
Guttiferae
Convolvulaceae
Anacardiaceae
Anacardiaceae
Anacardiaceae
Essential oil
Arecaceae
Cucurbitaceae

Nut
Fruit
Fruit
Tea
Fruit
Weaving
Latex
Nut
Nut
Fruit
Fruit
Fruit
Vegetable
Fruit
Fruit
Fruit

Sapindaceae
Sapindaceae
Sapindaceae
Myrtaceae
Dipterocarpaceae
Dipterocarpaceae

Fruit
Fruit
Fruit
Fruit
Oil bearing illipe nuts
Oil bearing illipe nuts

Dipterocarpaceae

Oil bearing illipe nuts

Dipterocarpaceae

Oil bearing illipe nuts

Dipterocarpaceae
Blechnaceae
Myrtaceae
Ericaceae
Dipterocarpaceae

Oil bearing illipe nuts
Vegetable
Fruit
Fruit
Oil bearing illipe nuts

Starch
Vegetable

Note: *English (E), Malay (M), Indonesian (I).
Data from FAO (2014); Giesen (2013); Graham et al. (2017); Salleh and van der Berg (2005).

oil palm smallholders mentioned they rely heavily
on the oil palm harvest for supporting their families
and were hesitant to change to an unknown system.
From the 25 respondents who elaborated on their
opinion on paludiculture, 93.3% answered ‘maybe’
and 66.7% answered ‘no’, and 33.3% answered with
‘yes’ (Table 6). Most of the respondents that answered
‘maybe, if there was more land area to try it out’,
were in their first or second year of their oil palm
planting, and did not experience the high yields of
oil palm yet. Most smallholders agreed that they
would need a lot of help if an alternative system
like paludiculture were to be implemented. This
is recognised by Lim et al. (2012) who stated that
smallholders would need more technical guidance
and financial support to be able to implement better
management practices for oil palm cultivation. The

unfamiliarity of smallholders with a system like
paludiculture, their educational level and their lack
of awareness of environmental issues could have
negatively influenced their opinion. However, the
results illustrate the perceived negative perception
of smallholders on these systems.
In the specialist interviews (n=13) another
set of questions was asked. When asked about
the development of the oil palm industry on peat
in the future, the main opinion of the plantation
controllers (n=5) was quite optimistic. They did not
foresee many problems in the future for oil palm
plantations on peat, and were of the opinion that
technical solutions would be able to solve future
problems with draining or peat subsidence. Overall,
the perception of specialists on the feasibility of
alternative scenarios was negative. None of the
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TABLE 3. RESULT ASSESSMENT OF SCENARIOS ON CONTRIBUTION TO ECOSYSTEM SERVICES
Ecosystem services

Scale/criteria

Scoring

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Carbon emission
(t C-CO2 ha-1 yr-1)

>15
10-15
5-10
<5

1
2
3
4

18
-

13
-

3

3

1

2

4

4

<2
2-3,5
3,5-5
>5

1
2
3
4

1.4
-

4.3
-

5.8

4.3
-

1

3

4

3

0-1

1

0.5

0.5

0.5

0-1
0-1
0-1

0
1
1

1
1
0.5

0
0.5
0

1
0.5
0

3

3

1

2

0
0
0
0

1
1
0.5
0.5

0
1
1
1

1
1
1
1

Carbon emission score
Carbon sequestration
(t C ha-1 yr-1)

Carbon seq. score
Provisioning

Level of income
>1 commodity
diversification of income
Regular harvest
Steady market

Provisioning score
Biodiversity

Polyculture
Paludiculture
Native species
Tree-based

0-1
0-1
0-1
0-1

Biodiversity score

1

3

3

4

Total Ecosystem Services scores (∑ni)		

6

11

12

1

38

69

75

81

Performance Assessment (%)

Note: *Scenario 1 - baseline mono-oil palm; Scenario 2 - transition to poly-PAL; Scenario 3 - mono-paludiculture;
Scenario 4 - poly-paludiculture.

Ecosystem services

Carbon emission

Carbon sequestration

Biodiversity

Provisioning

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Assessment scores of scenarios
S1

S2

S3

S4

Figure 2. Assessment score of scenarios per ecosystem service (S1: baseline scenario; S2: transition to mixed paludiculture; S3: monoculture
paludiculture; S4: mixed paludiculture).
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paludiculture systems could be more feasible for
smallholders since they do not use heavy machinery.
It was also suggested that the double avenue system
(for intercropping) is not yet practical for big estates.
Moreover, it was indicated that utilising indigenous
paludiculture crops would be difficult due to the
problems with the propagation of some selected
species.

TABLE 4. SMALLHOLDERS’ MENTIONED SPECIES FROM
SHORTLIST THAT THEY CULTIVATE
Species

#*

Nephelium lappaceu (rambutan)
Ipomea aquatica (kankung)
Dimocarpus longan (longan)
Syzgium aqueum (water apple)
Garcinia mangostana (mangosteen)
Chloranthus erectus (keras tulang)
Dyera polyphylla (jelutung)

9
4
3
2
2
1
1

CONCLUSION AND RECOMMENDATION

Note: *Indicates how often the specific species was mentioned
(n=37).

Overall, it can be concluded that alternative
paludiculture systems are likely to contribute
more to ES than oil palm, and the intention
for sustainable use of peatland is presented.
Although many smallholders recognise the
issues with peat subsidence and compaction,
replacing oil palm with alternative systems like
paludiculture in Malaysia is not yet realistic.
The most important impediments are a lack of
knowledge on potential of non-drainage peatland
species and its associated value chains, as well
as the technical difficulty for smallholders to
implement such a system.
It is recommended to further investigate the
issues associated to oil palm growing on undrainable

TABLE 5. RESPONDENTS’ EXPERIENCED EFFECT FROM
PEAT SUBSIDENCE AND COMPACTION
Experienced effect
Decreased soil quality, needs more
soil amendment
Increased flooding
Increased leaning
The soil is easier to walk and work
on now the soil is compacter
Planting is more difficult
Compaction is caused by root system
of oil palm
Soil erosion
Not good for plants

Frequency (%)
28.6
21.4
14.3
14.3
7.1
7.1
7.1
7.1

Note: * n=14, multi-response.

TABLE 6. OPINION OF RESPONDENTS ON CHANGING THEIR SYSTEM TO A PALUDICULTURE SYSTEM,
INCLUDING RESPONDING REASONS FOR THEIR OPINION
Opinion on
paludiculture

Reasons

#*

No

Oil palm is too economically important for their livelihood
Hard to change the whole land system
No faith in subsidy system
Too much effort/workers needed
Soil conditions not suitable for other species
Not enough area to try out
No species as lucrative as oil palm. Other species do not produce higher revenues
Too costly to change to another system
Peat won't restore anymore
		
Maybe
Only if there was more land area to try it out
Only if the alternative species provide better revenues, otherwise no point in trying out
		
Yes
But not enough land to try it out

7
7
7
2
2
1
1
1
1
12
2
1

Note: * Indicates how often the specific reason was mentioned (n=25, multi-response).

respondents had heard of paludiculture, or the
name or the management system itself. Moreover,
none of the respondents believed there is a crop as
lucrative as oil palm and they were sceptical about
the feasibility of management practices on wet
peat soils. However, in addition to the questions,
three respondents mentioned that they believed
that if a system like paludiculture could work, it
could be of great importance. It was suggested that

peat areas. It is advised to collaborate with specialists
and conduct more research on the potential of
non-drainage peatland species in paludiculture
systems and to further evaluate the effects on a
wider range of ecosystem services. Moreover, we
advise to conduct an economic analysis of ES of
the different scenarios. We also suggest setting up
trial studies with suitable alternative species to gain
more insight in crop uses, planting regimes, life
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cycle, intercropping possibilities, yield, harvesting
methods, and value chains. Based on the outcomes
of these trials, we suggest to test the most promising
species within the scenario which have the highest
score for the ecosystem services assessment, i.e.
scenario four: 'immediate change to a polyculture
paludiculture system'. In addition, it is important
to acquire more data on the selected and additional
ecosystem services, to verify our findings and get a
more complete ecosystem service assessment for all
scenarios.
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