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Abstract

The potential to use plantation-grown Acacia mangium for solid-timber products is limited by heartrot, caused by decay fungi.

A rapid method of surveying logs stacked in the plantation following harvest was developed which is an alternative to time-

consuming whole tree destructive assessments. Logs were randomly chosen from the stacks using a transect method, the cut-

ends of the logs were assessed (2199 logs in total) and heartrot severity was scored on a 1–4 scale. Surveys of harvest-age A.

mangium were completed in five Indonesian locations to assess heartrot incidence and severity. The incidence of heartrot in the

main stem was significantly different between some regions, ranging from 6.7% in East Kalimantan up to 46.7% in West Java.

The proportion of each defect type (1–4) did not show a consistent trend across the sites. A combination of differences between

plantation management (e.g. pruning), age and climate in these five regions explain the differences in heartrot incidence and

severity.

# 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Timber production from native forests in many SE

Asian countries is considered to be unsustainable and

this is particularly so for Indonesia (Sist et al., 1998;

Rimbawanto, 2002). Indonesian forests have been

reduced in total area by approximately 40% in the

past 50 years (Holmes, 2002). Deforestation is con-

tinuing due to logging, both legally and illegally, for

timber (Casson and Obidzinski, 2002), conversion to

agricultural land and urban development. Availability

of native forest for timber production is also declining

due to the creation of protected areas and reserves by

the Indonesian Government, especially since the early

1970s (Mishra, 1994). Plantations present one option

for Indonesia to have a sustainable timber industry into

the future.

Indonesian plantations of fast-grown species with

short rotations have dramatically increased in the

past 15 years and currently total nearly 1 million ha

(Rimbawanto, 2002). Acacia mangium accounts for
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approximately 80% of these plantations and is planted

mainly in Sumatra but also in some parts of Kaliman-

tan. It is utilised primarily for pulp and secondly for

medium density fibreboard (MDF) or particleboard.

However, some companies are investigating its poten-

tial for solid-timber production in Indonesia (Gales,

2002).

Recent surveys to evaluate diseases of tropical

Acacia plantations have concluded that heartrot, root

rot and phyllode rust are the main threats (Old et al.,

2000). Heartrot has been observed in most of the

countries in which A. mangium has been planted,

including Malaysia (Mahmud et al., 1993; Zakaria

et al., 1994; Ito and Nanis, 1994; Ito, 2002), Thailand,

Vietnam, Papua New Guinea, Bangladesh (Basak,

1997), India (Mehotra et al., 1996) and Indonesia

(Old et al., 2000). Heartrot is usually associated with

older trees, but it occurs from the age of 2 years in A.

mangium (Lee, 2002) because heartwood forms early.

Heartrot can dramatically decrease timber volume and

quality (Lee, 2002). 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 heartrot (Lee

et al., 1988; Zakaria et al., 1994). In Sabah, the volume

of timber affected by decay was up to 18.1% of

merchantable volume (Mahmud et al., 1993). Heartrot

presents little problem for the pulpwood industry

(Gales, 2002). That is, the white-rot fungi that cause

heartrot preferentially remove lignin and it is this

component that must be removed by chemical treat-

ment for pulp production.

Heartrot incidence of A. mangium has been reported

from 57 to 98% in 2- and 8-year-old trees, respec-

tively, in Peninsular Malaysia (Zakaria et al., 1994). In

Sabah the average incidence of heartrot was 35.5%

from 6 to 9 years (Mahmud et al., 1993) and was a

maximum of 50% in a different study of 9-year-old

trees (Ito and Nanis, 1994). In Bangladesh heartrot

incidence ranged from 49 to 58% in different regions

(Basak, 1997). To evaluate heartrot incidence of A.

mangium, most surveys to date have utilised destruc-

tive methods. Of five major studies, the merchantable

stem length was sectioned into 1 m logs and then each

log was sliced longitudinally to allow detection and

quantification of heartrot (Mahmud et al., 1993;

Zakaria et al., 1994; Ito and Nanis, 1994; Basak,

1997; Ito, 2002). While these methods are extremely

valuable for gaining exact measures of heartrot and

understanding paths of fungal entry into the stem (Lee

et al., 1988; Mahmud et al., 1993; Ito and Nanis, 1994,

1997), they are labour intensive. This necessitates that

replicate tree numbers within treatments are reason-

ably low, for example, 5–6 trees per 13 plantations in

Bangladesh (Basak, 1997) or 10 trees per 20 plots of

different age in Sabah (Mahmud et al., 1993). Also,

following sectioning and slicing, the logs may not be

useable by the forest industries. For regular monitor-

ing, a quicker method of heartrot survey is desirable.

In this paper, we present heartrot survey results

from A. mangium plantations in five regions of Indo-

nesia. This includes three regions of Sumatra, one in

West Java and one in East Kalimantan (the latter being

the only region where heartrot has been previously

surveyed in Indonesia; Maurits et al., 2001). Our main

aims were to develop a quick method of heartrot

survey, confirm that heartrot was prevalent in Indo-

nesian plantations and obtain an indication of inci-

dence in these different regions. This study will

provide a basis for more detailed research on A.

mangium heartrot in Indonesia, which aims primarily

to provide management solutions.

2. Methods

2.1. Site details

Five sites were surveyed in Indonesia (Table 1),

covering the major areas where A. mangium is grown.

As surveys were completed in a number of compart-

ments within one plantation region, approximate lati-

tude and longitudes have been provided. Similarly, a

range of altitudes is provided for each region (Table 1).

Management practice in each area grown for pulp is

typically to single the trees at 3–6 months of age. Only

in the West Java region did further management occur,

including pruning and thinning.

All soils are from the Ultisol order (US classifica-

tion system) which are saturated with water at some

time of the year or artificially drained and have

features associated with wetness, for example, mottles

(USDA, 1990). Yellow-red or yellow-white podsolics

are a general terminology for these soils and they

correspond with the udult suborder of the Ultisols

(Siregar et al., 1999). The Ultisols are typically acidic

and poor in fertility.
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2.2. Survey method

At all sites except West Java, logs were surveyed

during harvest operations at the end of the rotation,

generally at age 8, but at age 6 in East Kalimantan

(Table 1). In West Java, some trees were harvested at

age 8 (60 trees), and others were surveyed at age 3

during thinning (39 trees). The number of compart-

ments and logs per compartment surveyed (Table 1)

were based on availability of harvested material dur-

ing the survey period.

Log-ends were assessed while logs were stacked

after harvest. Typically, ca. 100 logs were in each

pile and 3–4 logs could have been derived from one

individual tree. For example, in East Kalimantan,

logs were ca. 3.5 m long and 3–4 logs of this length

were produced from an individual tree. Therefore,

logs in the piles were not uniform in size and could

have come from a number of positions in the tree.

The logs chosen to assess from each log pile were

selected randomly by using a line transect (a piece of

string placed horizontally at random), which typi-

cally selected 10–15 logs.

Since A. mangium wood discolours rapidly upon

cutting, logs were assessed as soon as possible after

harvest. Discolouration related to heartrot can appear

similar to oxidative discolouration, therefore this is a

potential source of confusion. Also, care was taken to

correctly differentiate juvenile wood from heartrot, as

both can appear very similar. Juvenile wood can have a

rough, fibrous appearance similar to heartrot but is

generally more uniform in shape and no discoloura-

tion is associated with it. The diameter of each

selected log was measured and if a heartrot-related

defect was observed this was categorised on a 1–4

scale (Table 2) and the maximum diameter measured.

Logs with no heartrot were scored as 0. Where more

than one defect type was present on one log-end the

highest rating was recorded and the widest point of the

total defect was recorded. Sometimes the cut-face of a

log would intersect with a branch and if heartrot was

present in the centre of the branch, this was recorded

separately. This was not done for the Jambi or West

Java sites.

Table 1

Details of five survey regions in Indonesia

West Java South Sumatra Jambi Riau East Kalimantan

Latitude and longitude (approx.) 68200S, 1068200E 38300S, 1048100E 18400S, 1038300E 08500N, 1018300E 08200S, 1178000E

Altitude (m a.s.l.) 75–323 50–60 50 27–88 50–200

Total annual rainfall (mm) 3000 2900 1163 2400 2000

Soil types Yellow-red podsolic Yellow-red podsolic Psammentic

Hapludult

Yellow-red podsolic

and yellow-white

podsolic

Typic Hapludults and

Typic Kanhapludults

Original vegetation Paraserianthes falcataria,

Shima sp. (plantation)

Ulang-ulang

(Imperata sp., grassland)

Forest Forest Forest

Seed source PNG and Subanjeriji Subanjeriji Claudie River

(Queensland,

Australia)

Australia and PNG Subanjeriji

Rotation surveyed

(current rotations)

1 (1) 1 (1–2) 1 (1–2) 2 (1–3) 2 (1–2)

Harvest-age (years) 8 (3-year-old thinnings) 8 8 7–8 6

Main product Timber for furniture Pulp Pulp Pulp MDF and pulp

Survey date November 2001 November 2001 November 2001 October 2001 October 2002

Total number of logs surveyed/

number of compartments

99/2* 400/2 300/3 800/4 600/3

*
One compartment is 3-year old thinnings.

Table 2

Heartrot ratings used during survey

Rating Description

1 Only discolouration, no decay present

2 Some decay present (slightly rough surface)

but generally sound

3 Advanced decay, not sound (fibrous and soft decay)

4 Very advanced decay with hollows
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2.3. Statistical analysis

The complete data set for heartrot incidence was

analysed by an ANOVA (SAS for Windows Version 8;

SAS Institute, 1999) where heartrot ratings 0–4 were

treated as continuous data. Although the data was non-

normal due to the large counts of 0, the central limit

theorem states that as the sample size, n, approaches

infinity the distribution of the sample mean appro-

aches normality, which occurred in this case. Attempts

to normalise the data (log of class plus 1) did not alter

the outcomes of the analysis.

Pair-wise comparisons were performed with a Z-test,

for example, to reveal which plot to plot differences

were significant. This test was also used to compare the

harvest-aged to thinned trees from West Java.

3. Results

3.1. Heartrot incidence and severity

Total heartrot incidence (rating 1–4 combined) of

harvest-age A. mangium varied substantially with site

(Table 3). The ANOVA revealed that although there

were fewer replicates from the West Java survey

(n ¼ 60 for the 8-year-old logs), this region had sig-

nificantly higher total heartrot incidence (46.7%)

compared to the other regions except Jambi. Prove-

nances of Riau, South Sumatra and East Kalimantan

were not significantly different from each other, even

though East Kalimantan (6.7% total incidence) had ca.

2.4 and 1.7-fold less heartrot incidence than Riau and

South Sumatra, respectively. At three sites, heartrot

defect was also assessed in branches if they were

present on the selected logs. In South Sumatra and

East Kalimantan, the incidence of heartrot detected in

branches was substantial, representing at least an

additional 50% of heartrot to that detected from the

main stem (Table 3).

The proportion of each defect type (1–4) did not

show a consistent trend in all sites (Fig. 1). For

example, proportions were reasonably equal between

each type for East Kalimantan, while defect type 1 and

2 were dominant for Jambi and West Java.

A comparison between a small number of harvest-

age and thinned trees was made at the West Java site.

There was significantly more heartrot detected in the

thinned trees, which was attributed mainly to higher

levels of rating 1 and 3 heartrot (Table 4).

3.2. Heartrot diameter

Log and defect diameter data were averaged accord-

ing to which class of defect was observed, to deter-

mine if there was a relationship between tree growth

Table 3

Combined heartrot incidence (rating 1–4) as a percentage of total

logs surveyed, present in either the main stem or branch

Riau South

Sumatra

East

Kalimantan

Jambi West

Java*

Branch 1.3 6.0 4.3 NS NS

Main stem 15.9a,b 11.3a 6.7a 35.3b,c 46.7c

NS: Not surveyed.
a ,b,cValues followed by the same letter are not significantly

different (P ¼ 0:0134).
* Data for harvest-age logs only.

Fig. 1. Percentage of logs in each defect class (1–4) for the five survey sites.
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and defect rating or size (Fig. 2). In general, there was

no consistent relationship between log size and the

defect rating. Also, there was no consistent trend in the

defect diameter according to defect rating.

The proportion of the log diameter that was affected

by heartrot was in some cases over 50%, especially for

Riau and Jambi (Fig. 2). Average defect diameters of

ca. 10 cm were common for Riau and Jambi, but were

considerably less for South Sumatra and East Kali-

mantan.

4. Discussion

Heartrot incidence of the main stem was varied

between different regions of Indonesia (Table 3). East

Kalimantan and South Sumatra were associated with

the lowest heartrot incidence (Table 3) and the lowest

average defect sizes (Fig. 2). Less heartrot incidence

would be expected for the East Kalimantan site,

mainly because the trees were 6 years old compared

Table 4

Heartrot percentage detected in thinned and harvest-age trees in

West Java

Rating Thinned Harvest-age

0 15.4 53.3

1 43.6 26.7

2 12.8 11.7

3 20.5 5.0

4 7.7 3.3

Total 1–4 84.6a 46.7b

n 39 60

a ,bValues are significantly different (P ¼ 0:0003).

Fig. 2. (a)–(d) Comparison of average log diameter (cm � S:E:) with defect diameter (cm � S:E:) for all defect categories at four sites. Logs

having defect associated with branches were excluded from this analysis and classed as 0 defect. �: Average diameter of all logs; letters

indicate whether values are significantly different.
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to 8 years old at all other sites. This age-related trend

has been evident in other studies of A. mangium, with

positive correlations between heartrot incidence and

tree age (Zakaria et al., 1994) as well as between

heartrot diameter and tree diameter (Basak, 1997). A

relationship between heartrot diameter and tree dia-

meter was not apparent in this study. The results from

the Riau site indicate that the diameter of the logs not

affected by heartrot (category 0) is significantly lower

than the logs with category 2–4 heartrot defect, but this

trend is not consistent for the other sites (Fig. 2). This

may indicate that the infection biology of A. mangium

trees in Riau is different to the other sites. That is, trees

may have either become infected with heartrot at later

ages or lower down the stem (in both cases larger log

diameter would be expected) than other regions.

Apart from tree age, other factors such as climate

and management practices may influence heartrot

incidence and spread. For example, the length of

the dry season may have an effect on branch shedding

and hence fungal entry (Lee and Arentz, 1997). East

Kalimantan has a short dry season between June and

July (S. Maurits, pers. commun.). On the basis of

rainfall related theories of heartrot development (Lee

and Arentz, 1997), East Kalimantan would in fact be

expected to have higher heartrot incidence than areas

with a more prolonged dry season, such as South

Sumatra, which has a dry season from May to Sep-

tember (Siregar et al., 1999).

The fact that heartrot incidence at Jambi and West

Java was significantly higher than the other sites

(Table 3) may be explained by a number of factors.

At the West Java plantations, trees are grown for

furniture timber and most sites are pruned and thinned

during the rotation. Both practices lead to a great

number of wounds that can be readily invaded by

heartrot fungi. The fact that the younger thinned trees

had a higher incidence of heartrot than the older

harvested trees may be because trees with large

wounds were preferentially harvested for thinning.

At Jambi, the different seed source may be related

to higher heartrot incidence, as provenance has been

suggested to affect heartrot susceptibility (Ito and

Nanis, 1994). Since heartrot is commonly associated

with invasion of dead or broken branches (Lee et al.,

1988; Mahmud et al., 1993; Ito and Nanis, 1994, 1997;

Lee, 2002) provenance differences in branching may

have an influence on heartrot incidence. There is much

potential for heartrot incidence to be reduced by

utilising A. mangium trees which have been bred

for single stems, small branches and early branch

shedding (Nikles et al., 1988; Arnold and Cuevas,

2003). The Jambi plantations were derived from

Claudie River seed (Table 1) which has not been

shown to have particularly poor form compared to

other provenances (Arnold and Cuevas, 2003).

Previous surveys using destructive methods of ana-

lysis have detected heartrot incidence of at least 35%

in Sabah (Mahmud et al., 1993) and up to 98% in

Peninsula Malaysia (Zakaria et al., 1994). These

results are generally higher than those found in our

survey and it is possible that there are real differences

in incidence between the various studies. For example,

seed stock has improved markedly in the 10 years

between these Malaysian studies and our current

Indonesian surveys (C. Harwood, pers. commun.).

Alternatively, the differences in incidence could be

due to the different survey methods and our results

may be an underestimation of heartrot incidence

compared to the destructive studies. This is possible,

given that our method examined only one cross-sec-

tion of each log (although we surveyed a larger

number of logs). As such, it is not possible to directly

compare absolute levels of heartrot from this survey

with surveys conducted by other methods. Surveys by

Maurits et al. (2001) found volume losses of between

0.72 and 14.14% in A. mangium in East Kalimantan;

results which are also difficult to correlate with our

data. Options to correlate the data include completing

thorough destructive analysis of a sub-sample of logs

using methods of previous studies, following survey of

the same logs with the rapid method.

The vast difference in heartrot incidence levels

detected in Indonesia has varied implications for

potential solid-wood production. That is, the incidence

in East Kalimantan is low and therefore, theoretically,

if this trend is common in the plantations in this

region, solid-timber production could be viable. How-

ever, the results from Jambi indicate that there may be

a greater problem with heartrot and solid-timber

recovery would be less. Rotation length also needs

to be incorporated into any consideration of solid-

timber production, because A. mangium would need to

be harvested at age 10–15 years to be used as saw logs

or peeler logs (Gales, 2002). Over this rotation length,

heartrot incidence is likely to increase considerably.
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In conclusion, this rapid survey method achieved

the aims intended; to confirm that heartrot is prevalent

in Indonesia and compare the incidence between

different areas of Indonesia. This rapid method could

prove to be useful for monitoring heartrot incidence at

new sites or with changes in plantation management. It

should be noted that most of the plantations surveyed

in this study were being managed for pulp and as such

pruning was not practised. For the production of solid

timber, A. mangium will require pruning which will

slow early growth substantially (Tuomela et al., 1996)

and result in a source of wounds which will be invaded

by heartrot fungi. Therefore, while heartrot incidence

was low in some regions (e.g. East Kalimantan) this is

likely to become much higher if pruning occurs and if

rotation length is increased. Areas of research that are

currently being pursued by our group include prove-

nance differences in heartrot susceptibility and the

affect of standard pruning or form pruning on growth

and heartrot development.
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