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Hardwood plantation development and threats 
to its sustainability in Indonesia 

G.D. Golani1

Abstract

Sustainable management of plantation forests should embrace the interests of the planet Ñ conserving
biodiversity and preventing environmental degradation; the people Ñ providing opportunities for social
development and poverty alleviation; and profit Ñ ensuring a steady supply of renewable, high quality,
internationally cost-effective fibre. Options for managing plantations in this way are considered. The
sustainability of plantation forests is threatened by improper management of monocultures, fire and illegal
logging. This paper outlines ways of combating these threats through effective forest management and a multi-
stakeholder approach to ending illegal logging. Interdisciplinary research will continue to play a role in the
current and future establishment of industrial forests in Indonesia.

Indonesia is one of the major players in pulp and paper
production. Strong demand for paper in Asia led to an
overall increase in the global pulp market by 2.9% in
2003 (APRIL 2004). Strategic location, proximity to
the fast-developing economic giants, China and India,
and climatic and physiographic conditions conducive
for growing short-rotation fibre plantations make Indo-
nesia a preferred choice for pulp and paper production.
In line with ever-increasing demands for wood, Indo-
nesia has initiated a massive reforestation program.
Since the mid 1980s the area of industrial forest plan-
tations in Indonesia, particularly those of short-rotation
species, has increased dramatically with a target of 10.5
million ha by 2030 (Gintings et al. 1996). The aim of
the program is to provide the required supply of forest
products while at the same time maintaining the
remaining natural forest. It is expected that, after 2020,
most of the forestry industry in Indonesia will depend
more on wood from plantation forest than natural forest
(Natadiwirya 1998). Dependence upon exploitation of

natural forest will eventually cease: natural forests will
be preserved and valued for their ecological functions
and benefits. To fulfil this requirement, development of
new forest plantations in balanced and responsible
ways is of critical importance. This paper is intended to
discuss the development of industrial plantation forests
in Indonesia and constraints to their sustainability.

Key issues

The main issue in the management of large-scale
industrial plantation forests of fast-growing species
is to ensure product sustainability over successive
rotations. This is particularly true in areas conducive
to high growth rates and thus imposing heavy
demands on site resources. Nambiar and Brown
(1997) have set goals for industrial plantation for-
estry, which include:
¥ productivity Ñ to ensure that the trend in

plantation productivity is non-declining over
successive harvests

¥ soil and water conservation Ñ to protect and if
possible enhance the quality of soil and water in
the plantation environment,

1 PT. Riau Andalan Pulp and Paper, PO Box 1089,
Pekanbaru 28000, Indonesia. 
Email: <golani@aprilasia.com>.
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¥ economic viability Ñ to promote incentive,
innovation and profit for the business of growing
and utilising wood

¥ socioeconomic improvement Ñ to improve the
economic and social benefits to the community.
Sustainable management of plantation forest is not

merely about maintaining tree growth, rotation after
rotation. Rather, it includes a more holistic approach
that fosters the long-term sustainability of the entire
forest ecosystem and considers the diverse social
impacts. Forest management should recognise and
involve a consideration of several values, especially
those of economic, environmental, and social signif-
icance. Plantation forest should be mutually accept-
able to various stakeholders:
¥ to industries, for steady sustained wood supply
¥ to local people who need access to land and forest

resources, minor forest products like firewood,
honey, herbs etc.

¥ to governments and environmental groups for
conservation of natural forests and the ecosystem. 
The interactions between people, forests and other

natural resources have to be better understood. Man-
agement of plantation forest should be considered as
a business that is efficient and economically benefi-
cial for all the above stakeholders including conces-
sionaires and local people by providing opportunities
for employment. This will also make plantation
forests not only viable and sustainable but attractive
to investors. Inefficient management systems may
create potential social problems that lead to rapid
conversion of forest resources to other land uses.
Parthama and Widiarti (1998) emphasise that man-
agement options for plantation forest, low or high
capital, must be carefully considered.

Ecological aspects of plantation forest establish-
ment are critical. These should include conservation
of environment and biodiversity to maintain the eco-
logical functions of the forest landscape. Thus,
changes to the environment during plantation estab-
lishment should be minimised. Strengthening of the
relationship between production forests and natural
landscapes includes the retention of conservation
areas in such a way that losses to biodiversity are also
minimised (Santosa 1998). Failure to recognise this
requirement in plantation forest management may
deleteriously affect the long-term sustainability of
the forest landscape.

The ÔmosaicÕ plantation concept (Figure 1) offers
an important strategy in managing forest resources in
a sustainable manner that balances the need for com-

mercial, environmental and social development. Pro-
tection and conservation of HCVF (high
conservation value forest), riparian areas to protect
soil and maintain natural river ecosystems, and buffer
zones to serve as habitat and corridors for wildlife,
form part of this approach to maintain the balance
between plantations and natural forests for sustain-
able outcomes.

Social aspect is another important component of
plantation forest management. In the past this aspect
received relatively little consideration: the main
emphasis was wood production (Gintings and
Suharti 1998). Social problems such as conflicts
between companies and local communities over
access to land, and years of experience, have indi-
cated the importance of a participatory process in
plantation forest management. The evidence sug-
gests that such a process contributes to sustained
forest productivity as well as the welfare of forest
communities. Thus, active participation of local
people should be continuously encouraged.

Challenges

There has been growing concern over the sustaina-
bility of wood production in industrial plantation
forest management systems (Muhtaman et al.
2000). Without proper management, long-term site
productivity may fall. This is particularly relevant
to industrial plantation forest in Indonesia; i.e. a cul-
tivation system involving monocultures of fast-
growing species, many of them exotic. Under this
system, improper management negatively affects
the hydrological balance of river basins within the
plantation forest areas, soil nutrients, and the food
chain (Santosa 1998), leading to decreased quality
of soil and water as well as higher vulnerability to
potential pests and diseases. Forest fires and illegal
logging also constrain the sustainable production of
industrial plantation forest in Indonesia. Manage-
ment options that simultaneously meet wood-pro-
duction goals and avoid these threats should be
developed.

Plantation forests are often established on mar-
ginal soils. One constraint to the further expansion of
the plantation forest, especially of fast-growing spe-
cies, is long-term site productivity. Each harvest is
accompanied not only by nutrient export, but also
some soil erosion, soil compaction, nutrient leaching
and volatilisation. Losses of nutrients during harvest
and site preparation may exceed the rate of their
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replacement by weathering of minerals in soils or by
nutrient inputs through precipitation (Ruhiyat 1998;
Santosa 1998). Thus, a proper fertiliser regime and
effective soil and water conservation strategies are
crucial to sustainable plantation forestry.

Fertiliser application can replenish the nutrient
supply to maintain or even increase productivity. The
results of Riaufiber research in Baserah, Riau, indi-
cate that application of balanced NPK fertilisers and
good harvest-residue management lead to increased
height and diameter at breast height of 3-year-old
Acacia mangium in the second compared with the
first rotation at the same age (Siregar et al. 2004).
This improved growth was in part attributable to
better genetic material. Attention to detail at this level
should mean that degraded forest lands can also be
replanted and managed to provide wood, at the same
time restoring ecosystem services such as freshwater
regulation and soil retention.

Sustainable production of industrial plantation
forest will also depend on the ability of managers to
genetically improve planting stock. The more recent
industrial plantation forests in Indonesia have been
established to mainly exotic species. This has limited

the availability and use of good genetic stock. Tree
improvement programs are therefore crucial to the
adoption of monoculture plantations. Wood volume
and density are among the important characteristics of
interest. Through intensive breeding programs, Wong
and Wijoyo (2005) have shown that predicted genetic
gain in A. mangium can increase to as high as 43% for
wood volume and 5% for wood density, with pre-
dicted mean annual increments (m3/ha/yr) of 66.0
(potential) and 46.2 (operational) (Table 1). In addi-
tion to wood volume and density, Riaufiber breeding
programs also consider resistance to pests and dis-
eases. Through selection, Riaufiber has demonstrated
that some Acacia crassicarpa plus-trees have genetic
resistance to Passalora (formerly Pseudocercospora)
leaf and shoot blight disease (Gafur et al. 2005).

The common use of a small number of species of
the same age grown in monoculture in plantation
forest poses a concern for managers, as these condi-
tions provide an opportunity for pests and diseases to
multiply and reach epidemic proportions (Sitepu and
Suharti 1998). An abundance of substrate over a rel-
atively long time provides particularly suitable con-
ditions for the development of pests and pathogens.

Figure 1. Mosaic plantation concept in Raiufiber Industrial fibre plantations (HTI)
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One good example is root-rot disease. This disease,
which is caused by Ganoderma sp., has been dam-
aging oil-palm plantations in Southeast Asia for
years. In acacia plantations, the disease is also
causing high mortality (3.2Ð40.0%) in Southeast
Asia and India (Eyles et al. 2004). Although often
difficult in practice, the implementation of compat-
ible control measures, more popularly known as inte-
grated pest management (IPM), to maintain pest and
disease losses at acceptable levels, is recommended.
This will include appropriate application of chemi-
cals, site- and species-specific silvicultural practices,
biocontrol, and planting of less-susceptible species.
The management of plantation forest is a key factor
in pest and disease management: very often control
measures fail due to improper management.

Forest fires cause devastating effects on the lands.
In addition to the loss of thousands of hectares of
wood, both in natural and plantation forests, fire also
causes starvation or even extinction of wildlife. The
smoke causes health problems in forest communities.
A number of causal factors have been associated with
forest fire in Indonesia, including Ômanual slash and
burnÕ land-clearing practices mainly adopted by
small farmers, escaped cooking fires, careless dis-
posal of cigarette butts and arson. Some farmers
intentionally use fire to open up new land. Past
logging has also left forests degraded and very sus-
ceptible to fire. Fire often gets out of control. The
issue of fire can be solved only by prevention and
effective management. Plantation forest manage-
ment should incorporate: 
¥ a no-burn policy for land clearing.
¥ plantation forest and wildfire fighting capability
¥ compulsory basic fire-fighting and prevention

training for staff
¥ community awareness and participation in fire

prevention and control.
¥ stronger regional cooperation in managing forest

fires will also help.
Illegal logging has been occurring for years and is

believed to have destroyed millions of hectares of
forest. Wood is routinely smuggled between neigh-
bouring islands and countries, costing the Indonesian
Government millions of dollars in loss of revenues
each year. Illegal loggers also cut trees in the conser-
vation areas and in corridors left by plantation forest
managers for biodiversity conservation, causing
wildlife habitats to degrade. Illegal logging in Indo-
nesia occurs in a number of ways (APRIL 2005):

¥ organised large-scale logging in natural forest
without a permit

¥ smallholder farming Ñ clearing of forest land for
agriculture without permit

¥ excessive logging of forest concessions
¥ misuse of logging licenses Ñ felling of trees in

other than designated areas. 
To maintain the already very limited conservation

area (15Ð20% of concession area), forest managers
must provide alternative ways to plan and manage the
corridors of native forest that allow local people to
collect firewood, medicinal plants and other products
to support their livelihood. 

Plantation forestry generates 5 direct and 30 indi-
rect jobs for each 100 ha managed and thus offers an
option for a legitimate livelihood to people currently
engaged in illegal logging. A multi-stakeholder task
force, involving local communities, law-enforcement
authorities, environment protection agencies, non-
government organisations and forest industries can
be effective in combating illegal logging.

Conclusions

The development of plantation forests in Indonesia is
taking place and seen as part of future progress. For
sustainable production, plantation forests should be
properly managed by considering several values,
especially those that are of economic, environmental
and social significance. There is growing demand for
more-integrated approaches to natural resource man-
agement. The interactions between all the resources
(soil, water, biological and atmospheric resources)
within a given landscape need to be better understood.
There will of course be more challenges ahead. These
include quality of soil and water, plant genetic mate-
rial, vulnerability to pests and diseases, forest fire, and
illegal logging. Careful consideration of these aspects
will help drive plantation forestry along the right
track. Interdisciplinary research will continue to play
an important role in the current and future establish-
ment of industrial forests in Indonesia.
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Heart rots in plantation hardwoods: 
the background to this ACIAR project

Anto Rimbawanto1

Abstract

Heart-rot fungi are wound parasites that enter through broken branches and branch stubs after self pruning, or
through singling and manual pruning. Heart rot has been identified as one of the major disease problems in
Acacia mangium. It was therefore important to address this problem if the benefits of tree improvement
programs are to be realised, particularly where trees are grown for solid-wood products. The focus of the
project activities was to assess the incidence of heart rots, including links with silvicultural practice and
identify any resistance to disease. DNA-based methods were to be developed and coupled with traditional
taxonomic methods to identify fungi causing heart rot. Technology-transfer activities included assisting
plantation managers to reduce heart rot, and staff exchange and interaction. Preliminary work was also
undertaken in respect of root rot for some of the above activities.

During the past decade, Australian and Southeast
Asian researchers have completed a number of collab-
orative forest pathology projects. Pathology and tree
improvement specialists from CSIRO have collabo-
rated with their counterparts from government
research agencies and universities in Indonesia and
five other Southeast Asian countries with ACIAR and
Center for International Forestry Research (CIFOR)
support. One of the most successful of these projects
was the survey of diseases of tropical acacias carried
out during 1995Ð96, which included a workshop in
Subanjeriji. One request of the representatives at the
workshop was met by the publication of the book
ÔA manual of diseases of tropical acacias in Australia,
South East Asia and IndiaÕ (Old et al. 2000). One of
the major disease problems discussed at the workshop
was heart rot in Acacia mangium Willd.

In Indonesia the demand for wood, from both
domestic and international markets, continues to
increase, and the Government of Indonesia has
embarked on a massive afforestation and reforesta-
tion program aimed at preserving the natural forest
while maintaining the supply of forest products.
Since the mid-1980s, the area of forest plantations in
Indonesia, particularly those grown on short rota-
tions, has dramatically increased. The government
has launched an ambitious program for rehabilitation
of unproductive Imperata grassland and secondary
scrubland into industrial forests in islands other than
Java. The program aimed to establish 2.3 million ha
of plantations by the end of 2000 and 10.5 million by
2030. The current plantation program has been
planned to produce wood for pulp, paper-making or
medium-density fibreboard. The Ministry of For-
estry has identified the supply of genetically
improved material as being critical to the success of
the plantation program. The genetic material being
generated is potentially significant in producing
high-quality plantation for solid-wood products and
for achieving sustainability by optimising yield. 

1 Ministry of Forestry FORDA, Centre for Plantation
Forest Research and Development, Jalan Palagan Tentara
Pelajar Km. 15, Purwobinangun Ð Pakem, Yogyakarta
55585, Indonesia. Email: <rimba@indo.net.id>.
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Fast-growing hardwood plantations are important to
the economies of many Australasian countries,
including Australia and Indonesia. The major planta-
tion species in Indonesia is A. mangium, which appears
to be highly susceptible to heart rot. Unless the problem
of heart rot is overcome it is unlikely that the benefits of
tree improvement programs will translate into
increased productivity and economic gain. The finan-
cial interests of small growers and agroforestry in Indo-
nesia must also be considered. Tree breeders work
closely with their counterparts in resource protection,
tree physiology, soil and silviculture to develop sus-
tainable production systems. This type of activity best
fits the role of a public research institution rather than
the private sector, as such organisations have devel-
oped these interlinking contacts and are less hampered
by issues of intellectual property.

Heart rot

Wood-decay fungi may be defined by the zone of
the tree that the fungi invade. The outer structure of
the tree consists of the sapwood, which contains
functional or living cells and the heartwood, which is
formed by the death of cells. The species of fungi that
are able to degrade the sapwood are generally dif-
ferent from those that can degrade the heartwood.
The decay, which establishes itself in the heartwood
and becomes progressive, is defined as heart rot.

Heart rot has been reported to occur in the older
trees of many species of acacias, including Acacia
auriculiformis A. Cunn. ex Benth. and A. mangium,
but its widespread occurrence in relatively young
trees of the latter species was unexpected. Heart rot
has not been reported from Acacia aulacocarpa
A. Cunn. ex Benth. or Acacia crassicarpa A. Cunn.
ex Benth. However, this may be because these two
species have not been systematically surveyed for
incidence of decay. Ito and Nanis (1994) found that
A. mangium was more susceptible to heart rot than
was A. auriculiformis and a hybrid between these
species.

Wounds are usually the entry points for the wood-
decay fungi. On A. mangium trees, wounds include
broken branches, mechanical injuries and branch
stubs after self-pruning or through singling and
manual pruning operations. The incidence and extent
of the decay is highly variable and depends on many
factors including species, location of wound on the

stem, size and season of injury, age of wounds, stand
dynamics and decay organism(s).

Heart-rot fungi are generally pan-tropical or cos-
mopolitan saprophytic wood-decay fungi or wound
parasites. A range of hymenomycetes are known to
be associated with heart rot of acacias, but several
fungi associated with A. mangium have only recently
been identified. 

As heart-rot fungi are wound parasites, lopping off
branches with parangs or machetes should be
avoided. Singling of multi-stemmed, fast-growing
trees creates large stem wounds that heal slowly and
are more prone to invasion by fungi. Wound protect-
ants are commercially available but their effective-
ness on A. mangium has not been tested. This
approach is also expensive and impractical for large-
scale use in forest plantations.

Quantitative information on the extent of heart rot in
acacia plantations is lacking. In Peninsular Malaysia, a
volume loss of up to 17.5% of the merchantable timber
of A. mangium has been reported as a result of heart rot
(Zakaria et al. 1994). Although the disease is also
known to be present in A. mangium plantations in Indo-
nesia, no equivalent detailed data are available.

The heart-rot project

Milestones

The project originated from within Australia but
has been based on the outcomes of an industry/
research provider workshop held in Indonesia (Sub-
anjeriji in Sumatra) in April 1995 that was partly sup-
ported by ACIAR and CIFOR.

The major research on heart rot of tropical acacias
has been carried out by Dr Lee Su See and her col-
leagues of the Forest Research Institute of Malaysia
(Kuala Lumpur) and by Dr Shin-ichiro Ito of the
Forest and Forest Products Research Institute (Kyoto,
Japan). There is clear evidence that branch stubs and
damage from singling are the main entry points of rot.
Dr Caroline Mohammed and co-workers at the Uni-
versity of Tasmania have carried out the main body of
work in Australia on entry of decay fungi via pruning
wounds. This has included pruning trials and research
on defence processes by Dr Karen Barry (University
of Tasmania). Drs Inez Tommerup, Neale Bougher
and Morag Glen (CSIRO Forestry and Forest Prod-
ucts, Perth) have carried out investigations in myco-
logical taxonomy and molecular studies.
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Objectives

Factors determining the extent of decay in acacias
in Southeast Asia and eucalypts in Australian hard-
wood have a high degree of commonality. This
project sought to establish the means to minimise
impacts of decay on the potential of A. mangium to
produce high-value products. The main aims of the
project activities were to:
¥ assess the incidence of heart rot (and root rot) in

different Indonesian environments
¥ establish the relationship between silvicultural

practices and pruning of A. mangium with the
incidence of heart rot

¥ establish the relationships between trees selected
for other traits such as leaf pathogen/insect
resistance and form, and the incidence or risk of
heart rot

¥ develop DNA-based methods coupled with
traditional taxonomical and pathological methods
to identify and characterise fungi causing rot

¥ assist plantation managers in Indonesia to reduce
heart rot (and root rot) 

¥ provide revised selection criteria for tree
improvement projects in Indonesia to reflect
outcomes of the research

¥ achieve technology transfer by staff exchange and
interaction.

Outputs

Some of the major outputs of the project are sum-
marised here. Other papers present the project
outputs in more detail.

1. Incidence of heart rots and root-rots in 
A. mangium (see Barry et al. 2004)
Surveys were completed at four sites (Perum Per-

hutani Jasinga, West Java; PT Wira Karya Sakti,
Jambi; PT Arara Abadi, Riau, East Kalimantan; and
PT Musi Hutan Persada, South Sumatra), in which
trees were assessed at the harvest age of 8 years (in
addition, 3-year-old thinned trees were examined in
Jasinga). A rapid method of surveying logs stacked in
the plantation was developed.

The incidence of heart rot in the main stem was sig-
nificantly different between some regions, ranging
from 6.7% in East Kalimantan up to 46.7% in West
Java (Figure 1). However, the proportion of each
defect type (1Ð4) did not show a consistent trend
across all sites. A combination of differences in plan-
tation management (e.g. pruned or not pruned), age
and climate between these five regions may explain
the differences in heart-rot incidence and severity.

2. Effect of pruning on heart rot in A. mangium 
(see Beadle and Barry 2004).
This experiment in South Sumatra set out to test

two hypotheses. The first was that pruning would be
associated with an increase in the incidence of heart
rot. Eighteen months after pruning, the incidence of
heart rot was negligible or absent. As all the pruning
wounds were occluded, it was likely that heart rot
would not arise from pruning in this plantation in
the future. Surveys of heat-rot incidence in har-
vested logs of trees aged 6Ð8 years had shown that it
varied with region in Indonesia (Barry et al. 2004).
While in South Sumatra the average incidence was
low (11.3%), it was not absent. It was therefore dif-

Figure 1. Percentage of logs in each defect class (1Ð4) for the five
survey sites. The numbers correlate with increasing
severity of heart rot.
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ficult to explain why heart rot was completely
absent in the trees assessed from the pruning trial.
The results suggested that interventions with
pruning and thinning that are essential for the man-
agement of plantations for solid wood should not
increase the incidence of heart rot in South Sumatra
if managed carefully.

The second hypothesis tested whether form-
pruning was associated with a lower incidence of
heart rot and better form than was lift-pruning. The
first part of the hypothesis could not be tested. How-
ever, there was strong evidence that form-pruning
was associated with better form, particularly in rela-
tion to kinks, though only in the first 3 m of the stem
where form-pruning had been undertaken. The
results also suggested that form-pruning would have
been effective in the next 3 m of the stem had it been
undertaken after the end of the third growing season
(MarchÐSeptember 2003) when the trees were 8 m
high (tree height was around 12 m at harvest). 

3.  Surveys for root rot of A. mangium in Indonesia 
(Barry and Irianto 2004)
Of the diseases of A. mangium identified, root rot is

the most significant in terms of loss of productivity,
resulting in tree death (Old et al. 2000). Root rot of
A. mangium plantations caused by Ganoderma spp.
or Phellinus spp. has been found to occur throughout
Asia, with reports from Malaysia (Lee 1997), the
Philippines (Almonicar 1992), Papua New Guinea
(Arentz 1996), and India (Prasad and Naik 2002). In
Indonesia, the disease is also widespread (Rahayu
1999; Old et al. 2000), but there have been limited
reports to date on its incidence.

This study surveyed root-rot incidence and spatial
arrangement in commercial plantations and trials. In
second-rotation commercial plantations in Sumatra,
root-rot incidence recorded was 3Ð26%. The com-
partments surveyed in Riau province had signifi-
cantly higher root rot than those in South Sumatra.
Fruitbodies of Ganoderma philippii and other
species were collected in both regions during inde-
pendent collections. In a provenance/family trial of
A. mangium in Java, root-rot incidence was surveyed
at two separate times. Root rot incidence was about
7% at the time of the first survey and 13% during the
second survey, 1 year later. Spatial analysis by dis-
tance indices (SADIE) revealed that infected trees
were randomly distributed at the first time point but
tended to become aggregated by the time of the

second survey. This highlights the potential for veg-
etative spread of the fungus after initial introduction
to the site.
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