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The FORTROP II International Conference on "Tropical Forestry Change in
a Changing World" was organized by Kasetsart University Faculty of
Forestry. The conference aimed not only to commemorate the 72"d
anniversary of forestry education in Thailand but also to motivate exchanges
of technology and experience in various aspects of tropical forestry among
stakeholders, researchers, technicians and involved professionals. FORTROP II
focused on how society can create more sustainable uses of tropical forests,
and how the changing global physical and social environment affects the
future of tropical forests.
The FORTROP II International Conference was held at Kasetsart University,
Bangkok, from 17-20 ~ovember 2008. The conference consisted of four major
components: technical symposia, poster sessions, ao exhibition aod inconference excursions. There were 536 participaots representing research,
educational and management institutions from 29 countries. There were more
than 200 papers and oral and poster presentations presented in 11 technical
symposia.
The proceedings of the FORTROP II International Conference consist of 11
volumes:
Keynote Addresses, Forestry Education aod List of
• Volume 1:
Delegates
• Volume 2:
Tropical Forests and Climate Change
• Volume 3: GIS/GPS/RS: Applications in ~atural Resources and
Environmental Management
• Volume4: International Long-Term Ecological Research
• VolumeS: Dry Forest Ecology and Conservation
• Volume 6: Mangrove and W edand Ecosystems
• Volume 7: Commercial Plantation Forestry
• Volume 8: Urban Forestry and Urban Greening
• Volume 9: Trends and Issues in Community Forestry
• Volume 10: Protected Areas and Sustainable Tourism
• Volume 11: Wood Products and Bio-Based Materials

Sustainable Management of
Plantation Eucalypts and Acacias in Asia
B. Dell' and P.Q, Thu2
1
2

Murdoch University, Perth, Australia

Forest Science Institute of Vietnam, HanOI: Vietnam

Abstract
The long-term productivity of short-rotation plantation
eucalypts and acacias in Asia requires ongoing investment in
the biology of current and new genetics and constraints that
climate change may impose. Understanding site fertility
constraints has the potential to further lift productivity
through preclSlon application of inorganic fertilizers,
management of beneficial bacteria and fungi and appropriate
slash management. It remains a concern that nutrient
disorders, especially micronutrients, which could be easily
corrected in acid soils, are still being widely reported in the
region. The low genetic diversity in many plantations
heightens the risk of productivity loss due to incursions of
pathogens and pests. In the past decade, a number of new
biotic eucalypt threats have appeared within the region and
are rapidly spreading. No plantation estate can be considered
to be risk-free from such incursions. Furthermore, abiotic
stresses (e.g. water, nutrients) are likely to exacerbate damage
from biotic agents. With climate change, plantations
established on marginal lands and sites with poor soils are
likely to experience stresses that are more frequent and a more
diverse group of stress agents than those in areas that are more
resilient to climate change. Future breeding programs should
include selection for tolerance to key abiotic and biotic stress
agents that have the highest risk to plantation productivity.
Keywords: biotic stress, climate change, plantation
management, nutrition, sustainability
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Introduction
There are over 2.5 million ha of eucalypts and nearly 2 million ha of acacias
in plantations in East and Southeast Asia being grown predominantly for the
pulpwood market. In some areas, such as the Leizhou Peninsula of south
China, plantations are in their 3'" to 5'h rotation. By contrast, in parts of
south-western Yunnan, central Lao PDR and Kalimantan degraded lands are
being converted to new hardwood plantations. Productivity range is broad,
3
with mean annual increment (MAl) from less than 10 to over 45 m /ha/yr for
eucalypts and 20 to over 50 m 3/ha/yr for acacias. Plantations are mostly
managed for short-rotation pulpwood. However, there is an emerging
interest in sawlog production in some countries.
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to the expansion of tropical dry forests and the contraction of subtropical
moiSt forests (Boonpragob and Santisirisomboon, 1996). Fairbanks and Scholes
(1999) concluded that climate change has the potential to globall l.t th
d" ·b ·
.
y a er e
Istn utwn of optimum planting areas for current cultivars of ilie main tree
species.
This paper examines some of the major constraints facing commercial acacia
and eucalypt plantations in SE Asia and discusses adaptive actions in the face
of chmate change.

In many parts of Asia, productivity is constrained by soil infertility coupled
with inadequate fertilisation and the incursion of damaging pests and diseases
(Dell et al., 2008). Although macronutrients (K and P Acacia, Figures 1a and
1b; K, N, P Eucalyptus, Figure 1f) still limit growth in some plantations,
micronutrients remain problematic in many geographical regions (Figures lg
and 1h). In the majority of countries where eucalypts and acacias have been
established as exotics, plantations have initially been relatively pest and
pathogen-free. The location of plantations in west Indonesia and in all but
Mindanao in the Philippines can be considered to be sufficiently remote from
native stands of these genera to be exotic. Over time, however, disease and
pest problems have generally increased in plantations (Wingfield, 1999;
Wingfield et al., 2001) and still remain a threat.
The vulnerability of plantations to existing biotic and abiotic factors could be
exacerbated in the future by climate change. All the climate change scenarios
generated from the various models predict a warming trend in Asia but there
is high uncertainty regarding the projected rainfall amount and distribution
for the region (IPCC, 2001a; Sivakumar et al., 2005). Extreme weather events
associated with El Nino have increased in frequency (Aldhous, 2004). There
has, for example, been an increase in tropical cyclones originating in the
Pacific and impacting on China, Philippines, Vietnam and Cambodia (Cruz
et al., 2007). Whilst precipitation may increase in the tropics, the frequency
and intensity of drought periods may also increase in parts of Indonesia, Lao
PDR, Thailand and Vietnam during or following ENSO events. ENSO is the
primary driver of precipitation fluctuations for Southeast Asia (Malhi and
Wright, 2004). In Thailand, for example, climate change is anticipated to lead

Figure 1

Symptoms of nutrient deficiencies in Acacia mangium (a-e) and
Eucalyptusspp. (f-h). (a) P, (b) K, (c) B, (d) Cu, (e) Zn, (f) p (upper)
K (centre) N (lower), (g) Band (h) Fe.
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Site Fertility Constraints for Plantation Productivity
Soil fertility constraints for plantation productivity and their management
are given in Table 1. Here the focus is on micronutrient deficiencies because
they remain problematic and are not well managed (Xu and Dell, 2002; Dell
et al., 2003, Dell et al., 2008). Some fertilizer practices exclude micronutrients
even where symptoms are observable in the field (Dell et al., 2001).
Furthermore, micronutrient disorders can be induced by fertilization with
macronutrients which promote initial rapid tree growth that exceeds the
supply characteristics of the plantation soil. This has been observed forB and
Zn in acacias and B, Cu and Zn in eucalypts. In other situations, soil
properties may restrict access by roots to micronutrients or limit their
utilization (e.g. Cu and Bin peaty soils in Indonesia, Fe in calcareous soils in
Thailand and China). Soils may be so deficient in micronutrients that tree
growth is severely impaired from an early age [e.g. Fe deficiency in Acacia
mangium on acidic sands in Sumatra (Dell, 1997), B deficiency in Eucalyptus
in Yunnan (Dell and Malajczuk, 1994)], or heavy metals in soils may result in
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In the past, the high cost of inorganic fertilizers has prevented the application
of optimum levels of macronutrients for tree growth in many areas.
However, the small amounts of micronutrients that are needed to correct or
prevent the onset of deficiencies, typically a few kg per hectare, should not
constrain their wider use where correct diagnosis of nutrient constraints are
available (Bell and Dell, 2008). Foliar analysis has proven to be an effective
tool in the diagnosis and prevention of micronutrient disorders.
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Fe deficiency in A. mangium (Dell, 1997).
Eucalypts and acacias are sensitive to B deficiency resulting in loss of crown
vigour, shoot death, poor stem form and bunchy canopies. Boron deficiency
is a major constraint to the productivity of plantations in many parts of Asia,
especially in new plantations in China, Indonesia, Lao PDR, Philippines,
Thailand and Vietnam. Symptoms of deficiency are more severe during the
dry season and mildly affected trees may partially recover during the
following wet season (Dell et al., 2008). Sites with sandy soils derived from
granite and sandstones are especially vulnerable.

w

·~

"'<::"'
....

·p

,:>;
0

1:i<U

~

s

0

bJ)

u

<U

"'

~ ~

;.:1

'E

s....

·~

~
co0 .;l
~

<U

""

....
~
0

·~"'
·~

"'

~:!!

"'" "'§w "
] "• r.2 ~
~ ·~ w
.;i .s
g g ·~
"§ ·3"
w

"

~

0

sID •~

'0
(!)

;..::::1

r.2

sg ';;j~
"' ,D

.~

"

~

"~0 ~
~ .s
~ :, §
"0 ...... . ....
(lj

.Ef

"w "b ,g~
':; w w
0

u

1-<

,..,w

"

'B
'1=1

~ ~

" ""'
§ ~
w
0

"

0
~
<l.l

2l ~ ·~
<ll ,..0

~ ~

...o~tl=l

·2< ""CI

~ ~
A

·~ ~

eo¢1

2

;..::::1

0~

u

sr/:1 ~ ':;
~
w "s
>
w
w

.
,.., •• "'
1
:<lo~

u
':;

w

"

,D

~

"~
0
0

V>

A

•

~

~ "

.

o E~

u

Q)

"'
p..z"•

"'w

"1i:E
·p
·p 6b

0

·o

"CC

{3 §

g

p..

"'

~• "w "
~,.
~ ""

!-<

~

0 ~ ~
" w w
""@
w

~

".~--<w ;a ~s "g ]
<il
0

,D

C<:l

Q)

0

S<St;l?:

~

~

"'"~"~
·§ ~

0</) "'j:l
"'

m

V>

</)

·~ til

B 'oJ

"· s sp
lS <l:! «<

.•

0

. .-s"

" "'
w
~
u ,.cl
u ,D

1d .~

,..,w

"'

w

0

FORTROP IL· Tropical Forestry Change in a Changing World

54

Volume 7: Commercial Plantation Forestry

55

Biotic Constraints for Plantation Productivity
A number of pathogens and pests threaten the productivity of plantation
eucalypts (Figure 2, Table2) and acacias (Figure 3, Table 3) in tropical and
subtropical regions of East and Southeast Asia (Old et al., 2000; Pongpanich,
2002; Hardy et al., 2003; Old et al., 2003; Barber, 2004; Mohammed et al.,
2006; Dell et al., 2008). Of the pathogens, root rot is the most damaging agent
for A. mangium whereas leaf and shoot blights are the most damaging for
eucalypts (Lee, 2003). Pests, particularly leaf chewing insects, stem borers
and root-eating termites are locally problematic in some areas for eucalypts
(Wylie, 1992; Nair, 2001), but few wide-spread pest outbreaks have occurred
in acacia plantations (Nair, 2001). Whereas most of the plantation pests are
native, some of the pathogens are probably introduced and have been
spreading through the region.
One example is Kirramyces destructans (Figure 2c) which damages foliage in
the wet season (Wingfield et al., 1996). Since it was first observed in 1995, it
has spread to Thailand (2000) and Vietnam (2002) (Old et al., 2003; Thu,
2005) and is now problematic in south China (Burgess et al., 2006a). Recent
molecular analysis by Dr V. Andjic showed that there was very low genetic
variation in the pathogen which suggests it has been recently introduced into
the region. Another pathogen of eucalypts that is spreading in Southeast Asia
is Kirramyces zuluensis.
As pointed out by Ploetz (2007) for perennial crops, tropical environments
contain diverse pathogens in regions that are often disease conducive. Much
remains to be done in forest pathology in Asia in order to recognize potential
pathogens that have either co-evolved with plantation species or are newencounter pathogens. Not surprisingly, new pathogens continue to be
described (e.g. Hunter et al., 2006; Burgess et al., 2006b; Zhou et al., 2007;
Zhou et al., 2008) in the region. A sustained effort is needed to combat the
worldwide movement of invasive species (Bright, 1999; Wingfield et al.,
2001).

Figure 2

Some diseases and pests of Eucalyptus spp. in Asia. (a) Ralstonia
vc
· stem
solanaceamm
. bacterial wilt (Lao PDR) , (b) rurramyces
z u1uens1s
canker (China), (c) Foliage regenerating after leaf fall from Kirram ces
destructans
· for resistance
)"
. (China) • (d) Stem b orer (Ch'Ina), (e) Screening
to leaf dis~ase pathogens in Vietnam, (f) First record of Leptocybe in vasa
gall wasp m Lao PDR (photo f: Viengxay Vue).
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often very low. Barr and Cossalter (2004) stated that only three clones have
been used in the majority of eucalypt plantations established in recent years.
This is well below the threshold of diversity for an acceptable level of risk for
damage by pests and disease (Evans and Turnbull, 2004).
Table 2

Major pathogens and pests that threaten productivity of eucalypt
plantations in Asia.

Type
Leaf diseases

Name
Cryptosporiopsis
eucalypti

Serathrocera lowi

Status
Well-established
in Southeast
Asia
Well-established
in Southeast
Asia
Spreading rapidly
in Southeast
and East Asia
Present in South
China
Present in North
Vietnam
Not present in
the region
Widespread in
Southeast and
East Asia
Some biovars of
bacterial wilt
are widespread
Widespread in
Southeast Asia
Spreading rapidly
in Southeast
Asia; recently
reported in Lao
PDR (2008)
and China
(2007)
Vietnam

Trabala vishnou

Vietnam

Cylindrodadium
quinqueseptatum
Kirramyces
destructans
Quambalaria
pitereka
Quambalaria
eucalypti
Puccinia psidii
Stem diseases

Kirramyces
zuluensis
Ralstonia
solanacearom

Figure 3

Some insect pests of Acacia mangium in Vietnam. (a) Defoliation
from caterpillars, (b) Speiredonia retorta, (c) Stem damage in
nursery from mosquito bug Helopeltis sp. (d) and (e) external stem
symptoms of Xylosandrus crassiusculus (f).

E. camaldulensis plantations in Thailand, Lao PDR, Vietnam and China are
being threatened by the recent incursion of the chalcid wasp (Figure 2f),
Leptocybe invasa, which causes severe damage from galls in young tissues in
susceptible clones. No biocontrol agent has been identified so far.

Insect pests

Chrysoporthe
cubensis
Leptocybe in vasa

Impact
Severe in Thailand and
Vietnam
Severe in Thailand and
Vietnam; moderate in China
Severe in Sumatra, Thailand,
Vietnam and Lao PDR;
moderate in China
Mild
Recently reported in Vietnam
in 2008, impact unknown
Unknown but potentially
severe
Minor impact in Thailand,
Vietnam and China
Moderate in Vietnam and
China; E. urophylla clone
PN2 very susceptible
Minor impact in Vietnam and
Thailand
Severe impact in susceptible
clones, especially E.
camaldulensis, in Thailand
and Vietnam

Stem borer causing severe
damage to E. urophylla, clone

U6

Monocultures, especially clonal trees, increase the probability of pest and
disease outbreaks (Sitepu and Suharti, 1998; Cock, 2003). This is of particular
concern in East and Southeast Asia where genetic diversity in plantations is

Leaf eating caterpillar causing
severe local impact

, ]Forestry
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d pests that
Table 3 Major pathogens an
plantations in Asia,

Change m, a C'h anging World

threaten pro

Stat11S

ductivity of acacia

Impact
thogen associated with

Oidium spp.

Pestalotiopsis neglecta
Cephaleuros virescens
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Adaptive Responses to Plantation Health Issues and Climate Change
As pointed out by Dell et aL (2008), actions can be taken to ensure
productivity is not limited by current soil fertility constraints. To feed the
world's increasing population, the IFRI 2020 Vision and World Agriculture
Towards 2015-30 both emphasize sustainable management of soil fertility.
The agricultural sector is adopting best management practices for fertilizer
use and precision farming operations, Similar approaches can be applied to
industrial tree estates, Adaptive silviculture should include an assessment of
vulnerabilities due to climate change in formulating operation schedules, For
example, an increase in the intensity of precipitation could result in increased
soil erosion on slopes or in the leaching of nutrients such as B. Intercropping
with agricultural species in the first year of establishment can reduce erosion
if minimum tillage practices are adopted, Application of less soluble forms of
B would reduce leaching loss, Consideration should be given to the extra
nutrient demands that will be placed on fragile soils due to enhanced
sequestration of carbon under higher atmospheric COz levels resulting in
more biomass and nutrients being harvested,

Botryosphaeria spp.
~--

d A. mangwm an
..
<5
I ;;-:--:--:--+;;:::::;-:::::-----~ r Widesprea
l
suscepu'ble'' infection
. ranges from
Heart rot
Various
,, problematic for saw-1og
(eg
to> 40 ro,
Hymenomycetes . .
duction but death of young
pro d
urs· entry via wounds
species of Pheflinas,
'1
stan s ace ,
d
TinctoporeL us,
1 f impact varies with site an
~
__
JLeveo
.
Rigidoporus, Widesprea
exceed 30% depending on
Root rot
Amauroderma and
m,·-~:ction levels in previous forest or
Ganoderma spp. (red
lll'
plantation
rot), Phellinus noXJUS

(brown rot),

Rigidoporus Jignosos
(white rot),

TinctoporellllS
epimiltinus (brown
rot)

Insect pests

---

Vietnam

V ?rious Lepidoptera

North

Xylosandrus
crassiusculus

Vietnam

de loss from outbreaks of
Phy11o
1'"
,
caterpl'liars in A. auricu nonms
(Acanthopsyche sp., Phaiera sp.,

Stauropus sp.), A. mangmm. ful 'd
(Acanthopsyche sp., Anomis VI a,
Phalera sp., Speiredonia retort~,
Stauropus sp.) and acacia h~bnd
(Acanthopsyche sp.) plantations
, beetle causing blue stam
.Ambrosia
.
fungi disease in A. mangwm

In areas with a prolonged and intensive dry season, water deficit can be more
important in limiting productivity than soil infertility, In some areas where
E camaldulensis is being grown, climate modeling suggests that precipitation
may decline, exacerbating water deficits. Future actions for consideration
include:
• Change tree spacing,
• Breed water use-efficient genotypes,
• Change the species to one more suited to the climate and site type,
and
• Improve site selection using knowledge of regoliths, hydrology and
tree water use at the stand level,
Abiotic and biotic factors should not be considered in isolation as they often
interact in their impact on plantation health, Deficiencies of micronutrients
such as Cu, B and Mn have implications for tree defence against some fungal
pathogens (Dell et al., 2008). For example, Botryosphaeria cankers are more
prevalent in B-stressed A. mangium than in trees of balanced nutrition,
Botryosphaeria damage was high in drought-stressed stands of A. mangium in
west Thailand (Pongpanich, 1997), Dell and Xu (2006) observed a connection
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Table 4 Possible impacts of climate change on health of acacia and eucalypt
plantations in Asia.
Climate parameter

Impact of pathogens and pests

Increased temperature

and Arentz (1997).

(Booth et al., 1999).

Volume 7: Commercial Plantation Forestry

Unknown (lack of information on
temperature responses of pathogens,

Increased frequency of severe weather
events
Increased length of the wet season

pests and hosts)
Increased risk of pest and pathogen
spread from typhoons in China,
Philippines, Cambodia and Vietnam
Increased damage from leaf pathogens
(polycyclic diseases, conducive
environments)

Increased incidence and severity of

drought

Increased damage from stem cankers and
possibly from borer insects (more sites
with water deficit in the dry season)

Conclusions
The health of acacia and eucalyptus plantations in Asia is likely to deteriorate
unless strategies are implemented to increase research on the factors
contributing to tree stress in conjunction with a greater effort in tree
breeding for the subtropics. Plantation managers should explore future
actions that can be implemented to mitigate against the likely increase in
impact from pests and diseases.
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Commercial Plantation in Thailand:
A Case Study of the Forest Industry Organization
B. Thaiutsa
Kasetsart University, Bangkok, Tha1land

Abstract
The first commercial forest plantation m Thailand was
established in the North by the Royal Forest Department
(RFD) in 1906 by dibbling teak seeds. Since then, economic
plantations have been established continuously by the
government, state enterprises and the private sector resulting
in a total area, including rubber plantation, of about 4.83
million ha. The top three species planted are rubber, teak and
eucalypts. The Forest Industry Organization (FIO) has been
well known as a leading owner of commercial forest
plantations in Thailand.
FIO is a state enterprise that originated from the Logging
Division, and was established as an organization under RFD in
1947. It has been separated from RFD as an independent
organization since 25 July 1956. The major activi of FlO

