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Introduction
Agricultural development has been one of the corner
stones in developing human societies (Elasha, 2010;
Larsen, 1995; Lipton et al., 2002; Marlowe, 2005;
Ranis, 2004). Indeed, as of 2011 more than 1.3 billion
people were active in agricultural production on the
Earth (FAO, 2012), and agriculture continue to play
a major part of most countries’ gross national product
(FAO, 2012). In 2010 approximately 4.9 billion
hectares of the Earth was allocated for some form of
agriculture (FAO, 2012). Of this, palm oil plantations
take up less than 0.5%, but due to the extraordinary
high yields palm oil production is a key revenue
earner for many countries, particularly, Malaysia and
Indonesia, the World’s two largest palm oil producers.
At a Global scale, palm oil occupies a very small land
area compared to other food crops (e.g. wheat, maize,
rice and soy) that occupies 10-15 times more land area
per crop (FAO, 2010). Despite the relatively small land
area used for palm oil production and the importance
in contributing to nations’ economic development, the
extensive landuse change has also come with significant
environmental costs (Dermawan, 2001; Fuller et al.,
2004; Greenpeace, 2008a, b, c; Greenpeace 2007; Koh,
2007; Malcolm et al., 2006; UNEP, 2007) with large
tracts of intact tropical forested regions cleared for oil
palm development (Koh et al., 2011; Carlson et al.,
2013; Carlson et al., 2012).
With the formation of the Round Table of Sustainable
Palm Oil (RSPO) in 2004, the sector has seen a
progressive shift towards environmentally sound
development practices that increasingly integrates
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environmental concerns into standard operational
practices. In some cases RSPO-certified companies
are required to rehabilitate degraded land and restore
riparian zones to its original conditions. This also
applies, when companies take over already degraded
land or areas where previous owners were in violation
of respective national environmental laws or the RSPO
rules. The RSPO Principles and Criteria (RSPO,
2007) stipulate that member companies are responsible
for rehabilitating land areas that were cleared in
contravention of the RSPO P&C by its previous owner
after 2000.
Tropical forest rehabilitation can be a complicated
and tedious process (Kettle, 2010), because different
species require different sprouting, growth and survival
conditions that are usually determined by micro-habitat
(Dalling and Hubbel, 2002; Herault et al., 2010; Kettle,
2010; Rey et al., 2004), seed size (Baraloto and Forget,
2007; Khan, 2004; Rees and Venable, 2007; Ruger et
al., 2011; Turnbull et al., 2012), competition (Baraloto
et al., 2005; Gonzalez et al., 2010; Muscarella et al.,
2013; Paz et al., 2005), predator pressure (Eichorn
et al., 2010; Eichorn et al., 2007; Koricheva, 2002;
Lamarre et al., 2012; Shuldt et al., 2012) and local
light conditions (Baraloto and Forget, 2007; Bloor and
Grubb, 2003; Kettle, 2010; Ruger , 2011). In addition,
the significant time required to restore clear felled areas
to tropical rainforests habitat means that very little
practical knowledge is available to support and guide
an effective rehabilitation and restoration programme
of tropical forests in Southeast Asia. In areas, where
oil palms have already been planted, restoration often
begins with clearing and uprooting existing vegetation
with subsequent planting of tree seedlings.
Various tree species require different light and
microhabitat conditions for optimal growth rate in the
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early and later growth stages (Baraloto et al., 2005;
Bloor and Grubb, 2003; Kettle, 2010; Ruger et al.,
2011). Some seedlings adapt well to elevated light
exposure, though it may impair the growth rate, whereas
overexposure to the sunlight inhibits growth rates for
others (Krause et al., 2012; Krause et al., 2006). Many
tropical rainforest tree species require shady conditions
in the early stages of growth to reduce the negative
effects of temperature and evaporation (Muscarella et
al., 2013; Bloor and Grubb, 2003). Therefore, complete
removal of existing palms may not necessarily provide
suitable growth and survival conditions for some
native tree seedlings and, consequently, clear felling of
palms may not necessarily be advisable when restoring
tropical forests habitat. This study aimed at testing the
effect of three different rehabilitation approaches for
the restoration of a tropical flooded forest in Central
Kalimantan, Indonesia.
Methods
Study area
The study area is located in Central Kalimantan, Indonesia
(2°29’33.14”S; 111°47’32.86”E) and consists of 36ha
of degraded freshwater swamp forest. The area was
cleared and planted with oil palm in 2005, but because
it contravened with the RSPO P&C, the new owner – an
RSPO-member - set it aside for rehabilitation purposes.
Since there had been no tree species inventory undertaken
in the area prior to clear felling, the species composition
was assumed to be similar to adjacent forests in Central
Kalimantan. Acep Komara (2008) and Irwanto (2006)
were used as additional guidance.
Preparation of seedlings
We collected and propagated seeds from 17 different
tree species. In the rehabilitation process we focused
on five species only, namely; Rengas (Gluta renghas),
Ubar (Calophyllum castaneum), Idat (Cratoxylum
arborescens), Belangiran (Shorea balangeran) and
Penaga (Mesua sp). All five species were propagated
in polybags and watered once per day for five months,
before being out planted into the study area.
Site preparation
The study site was left without external treatment
(weeding, fertilizer) for more than 12 months to prevent
residual chemicals and/or fertilizer from influencing
growth and survival rates of the tree seedlings.
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Harvesting of the remaining oil palms continued at
regular intervals. The study site was divided into three
different categories;
Category A: All planted oil palms remained and tree
seedlings were planted between the palm rows in grids
of 10m by 10m. Harvesting continued but no additional
treatment (weeding, fertilizer) was carried out.
Category B: 50% of the oil palms were uprooted and
removed. Tree seedlings were planted in the empty palm
rows in grids of 20m by 10m. Harvesting continued but
no additional treatment (weeding, fertilizer) was carried
out.
Category C: All palms were uprooted and removed.
Tree seedlings were planted in grids of 10m by 10m.
A total of 1358 seedlings from five different species were
planted in Plots A, B and C in the period 12th of January
to 22nd of February, 2011. The growth rate (height)
was measured in centimetres (cm) from substrate to
highest leaf point; the trunk growth rate was measured
in millimetres as the diametre at 20cm above substrate.
Results
Growth rates (Fig. 1)
The growth rates measured in height (cm) and trunk
diameter (mm) varied significantly between species
and Pstudy lot. Compared across all three study
plots, Rengas’ vertical growth rate (height, cm)
was reversely correlated with its trunk growth rate
(diameter, mm) (Pearson, r = -0.83). The growth
rate patterns of Idat showed no correlation between
height and trunk growth rates (Pearson, r = 0.03) and
for Penaga there was a positive correlation between
height and trunk growth rates (Pearson, r = 0.90).
There were also no correlation between height and
trunk growth rate across study plots of Ubar and
Belangiran (Pearson, r = 0.03 and 0.027, respectively).
Survival rates (Fig. 2)
There was no significant difference in survival rate
between the study plots when all species were combined
(p>0.05, t-test). In each individual category, Rengas sp
survived significantly better than Idat in Plot A and C
(p<0.05, t-test), whereas Idat and Belangiran survived
significantly better than Ubar and Penaga in Plot B
(p<0.05, t-test).
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Figure 2. The average survival rate of all species in the three
study plots (top) and the survival rate for each species in
each study plot (bottom).
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Figure 1. The growth rate measured in height and trunk
diameter from February-July 2011 for Gluta renghas (top),
Cratoxylum arborescens (middle) and Mesua sp. (bottom).
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Discussion
Rehabilitation of degraded tropical rainforest is still in its
infancy. In Southeast Asia, some of the more prominent
large scale forest restoration and rehabilitation project have
taken place in Luason Forest Reserve, Sabah and Harapan,
Sumatra (Harrison and Swinfield, 2015; YS Sabah,
2007). In these cases, however, sites consisted primarily
of lowland dipterocarp forest that had been subjected
to logging, but not clear-cut. Restoration of wetland,
peat forest or a similar habitat that has been cleared and
replaced with a single species, such as oil palms, offers a
very different challenge (Abdul Razak, 2007).

© University of Andalas / Copenhagen Zoo

Farikhah and Traeholt

The results reveals that different species exhibit
significantly different growth strategies, with some
species exhibiting a very rapid height growth rate, and
others tend to grow a bigger trunk size (Fig. 1). Microclimate also appears to influence the growth statistics;
Rengas’ height and trunk growth is reversely correlated
between the three study plots (Fig.1; Pearson, r = -0.83).
This is likely due to the photosynthesis competition with
taller palms in Plot A (planted between palm rows),
whereas in Plot C there were no competition for sunlight.
However, there were also no palms to shield against wind
gusts either, and growing a stronger trunk to prevent
possible wind damage could be a likely reason for the
slower height growth and larger trunk growth. In contrast
Penaga exhibited a positive correlation (Pearson, r =
0.90) between height and trunk growth across the three
plots, whereas there were no correlation recorded for
Ubar., Belangiran and Idat.
The survival rates for all five species were almost
similar across all three study plots. Rengas, however,
survived significantly better than Idat in Plot A, and this
may be due to Idat’s slower height growth rate (Rengas
averages ~60cm; Idat averages ~30cm) that makes it
less likely to capitalise on photosynthesis amongst taller
palms.
The results from this study reveals that rehabilitation
of an area previously planted with oil palms requires
approaches that consider growth strategies of the specific
tree species that is out planted. Our study suggests that
following the “all palms must be cleared” approach is not
an optimal practical solution, because it creates growth
conditions that are unfavourable to many seedlings to
either survive, or to maximise growth potential.
We recommend that rehabilitation practitioners should
make use of the existing palms to “mimic” natural growth
conditions in an undisturbed forest habitat, however,
with active intervention to maximise photosynthesis
opportunities for the seedlings and better rehabilitation
success.
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