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Acacia mangiumwas planted on a large scale in the 1990s as it was thought to be the solution for afforestation
in Sarawak. However, the trees are now being decimated by fungal diseases which attack its stem and its roots.
The genetic variability of the species is limited and thus, there is little hope of saving the species through
selection for resistance or tolerance. Hybridisation with A. auriculiformis holds some promise though, as
witnessed in Vietnam. Selected hybrids show resistance to some of the diseases, grow well and can easily be
propagated by vegetative means. The switch to A. crassicarpa presently holds much promise for poor and
peat soils and some disease resistance, and there may be a few different acacia species still available for
testing. Nevertheless, controlled hybridisation of the acacias is not easily accomplished. Except for the hybrid
mentioned above, vegetative propagation is not easy, such as is with the eucalypts. The eucalypts (E. pellita,
E. deglupta, E. brassiana, E. lereticornis var. tereticornis, possibly also E. leptophleba, especially Papua Island and
northern Australian provenances) are a good starting point for eucalyptus cultivation in equatorial climates
like Sarawak, along with the use of hybridisation and vegetative propagation. These species can form the
pillar for selection, formation of landraces, hybridisation and vegetative propagation for the humid and hot
equatorial climate. Eucalypts are more demanding on soil quality, but easy to hybridise and amenable to
vegetative propagation and with a wide array of wood qualities. Their gene pools and the clones obtained can
be widened with genetic inputs of a variety of other species being bred into eucalypts in sub-tropical regions
where they are extremely successful. A wide genetic base and quick replacement for more productive and
resistant clones form one of the bases for successful short-rotation forestry. About 25 additional species are

suitable for hybridisation. Possibilities within the genus Corymbia are briefly discussed in this paper.
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INTRODUCTION

In the 90s, Acacia mangiumwas planted on a large
scale in Sarawak as it was deemed as the best
choice and a viable alternative for Sarawak’s hot
and humid climate. Harwood (1998) reported
that A. crassicarpa and A. mangium were promising
species along with the hybrid A. x mangiiformis
(A. mangium x A. auriculiformis) (Maslin et al.
2019) and Paraserianthes falcataria (now known
as Falcataria moluccana). These species have
been planted in Southeast Asia, particularly in
Indonesia, Malaysia, and Vietnam as they have
been proven to be resilient and pest resistant.
Eucalypts did not appear promising at that
time. Koutika and Richardson (2019) found A.
mangium to be useful in restoring biodiversity but
a challenge is that the species is invasive in many
environments.

According to Harwood (1998), acid and
infertile (usually leached, low base saturation,
often low aeration) soils of Sarawak were not
favourable to most plantation trees. The high
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year-round humidity and high rainfall were
particularly conducive to diseases like leaf-
blights for the sub-tropical eucalypts which
were very successful elsewhere in sub-tropical
environments. He warned in 1998 that for
Acacia mangium “Significant disease problems are
anticipated.”

This ominous prediction turned out to be
a tragic reality. Tarigan et al. (2011) described
Ceratocystis mangenicans as a wilt disease that now
continues to ravage plantations everywhere in
SEA. The conidia of the fungus remain in the
soil for a very long time (Nasution et al. 2018)
and it is believed to be spread mainly via insects
after the wounding of the tree by pruning or
by animals. Spreading through air is a distinct
possibility. Ganoderma philippii is another type of
fungal disease which targets A. mangium (Page
et al. 2020) through the root system. Heart
rot diseases are already widespread in Acacia
mangium. Lee (2018) emphasised the need to



Journal of Tropical Forest Science 35 (Special Issue): 1-15 (2023)

breed for disease resistance and search for other
means (hybridisation, cloning for example) to
evade the threats of diseases.

One of the limitations of Acacia mangium is
that it has a very low variability and few genes
for resistance to Ceratocystis acaciivora (Brawner
et al. 2015). This means that in the best of the
cases, selection progress for resistance will be very
slow through tree generations. An alternative is
hybridisation with A. auriculiformis, which has
some genes for resistance, and it additionally can
be propagated by cuttings, as can also be done
with their hybrids (Chi et al. 2019). Hybridisation
and clonal propagation combined are powerful
tools for quickly obtaining resistant clones and
can be used to stay ahead of the advancement
of diseases, while at the same time striving for
adaptation and productivity (Assis 2006 & 2011,
Goncalves et al. 2001). There are more than 1,000
species of Acacia in Australia alone (Boland et
al. 2006), but there are only a few of commercial
growth potential, contrasting with the genus
FEucalyptuswith over 700 species, of which at least
25 species are grown in tropical and subtropical
regions in the world, with wide possibilities of
hybridisation and cloning.

In Vietnam, there have been large scale trials
with the hybrid Acacia mangiiformis (A. mangium x
E. auriculiformis) (Maslin etal. 2019). It takes years
of screening to produce favourable characteristics
and adaptation to different environments which
has to be done in the spots where hybrids are
to be planted. There are more Acacia species
than the above to be screened for resistance and
growth, but the adapted species with potential
growth are limited in numbers. Hybridisation
does not happen naturally between many Acacia
species for genetic and geographic distances
and flowering phenology. Even where possible,
acacias are difficult to hybridise manually due
to the small size and anatomy of its flowers. The
method usually applied in hybridisation is by
planting the two desired clones or species for
hybridisation side by side and then screening
for hybrids in the seedlings produced during the
period of synchronous flowering.

The hybrid A. x mangiiformis is of commercial
importance and capable of vegetative
propagation, but no other hybrid in the acacias
has yet been shown to be of plantation value.
The genetic potential between only two species
is limited to the combination of the variability
exhibited by each of the species involved.
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Hybridisation possibilities are limiting factors in
acacia hybridisation, and most of the acacias do
not exhibit the very useful potential of cheap and
easy vegetative propagation, as is the case with
most of the eucalypts planted worldwide. The
more expensive laboratory way of tissue culture
is sometimes used. Vegetative propagation and
the wide possibility of hybrid combinations
added to the ease of hybridisation allow for
quick development of new clones, testing and
replacement of previous less productive ones
for greater productivity and against new disease
threats. The commercial hybrids of wide and
different genetic origins produced constitute
a genetic reservoir for a quick replacement of
suddenly susceptible or less productive clones.
This is what is being done worldwide in eucalypt
hybridisation in subtropical climates and to a
lesser degree within the genus Corymbia.

While A. mangium is still planted on a wide
scale, alternative species have been sought.
A. crassicarpa is currently thought to be less
susceptible to Ceratocystis and Ganoderma while
being more tolerant of poor soils. It may have
a more genetic variability than A. mangium, but
hybridisation possibilities with other species are
limited. Another species proposed by Harwood
in 1998 is Falcataria moluccana from the tropical
rain forest in Papua and PNG. Its wood is of low
density butit has several uses and is being planted
on a commercial scale in many countries, in
Sarawak and SEA. Unfortunately, it has proved to
be very difficult to propagate by vegetative means
(Harwood 1998) but some genetic improvement
based on selection is taking place in Sarawak. It
is therefore worthwhile to look into the eucalypts
for solutions in the equatorial climate.

Eucalypts and climate

Eucalypts are divided into seven genera: Fucalyptus,
Corymbia, Angophora, Stockwellia, Allosyncarpia,
Eucalyptopsis and Arillastrum (Ladiges et al. 2003).
Of these, species in the genera Fucalyptus and
Corymbia are the main planted ones throughout
the world.

Although the 700-800 Eucalyptus species are
fewer than the approximately one thousand
Acacia species in Australia alone, they include
approximately 25 successful plantation forest
species around the world, compared with the
handful plantation tree species of Acacia with
limited hybridisation possibilities (A. mangium,
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A. crassicarpa, A. auriculiformis, A. aulacocarpa,
A. midgleyi, possibly also A. peregrina and the
tetraploid A. koa) (Friday 2018). Currently, there
are 8 sub-genera recognised within Fucalyptus,
but the majority of plantation species belong to
the sub-genus Symphyomyrtus, which comprises
450 species (Nicolle 2019) with wide possibilities
of hybridisation among them (Potts et al. 2003)
but these are not always easy to obtain. Similarly,
within the genus Corymbia, consisting of 95 species
in two sub-genera (Nicolle 2019) the chances
for hybridisation and adaptation are also high
(Dickinson et al. 2007). Eucalyptus and Corymbia
hybrids when planted outside their native range
very frequently display heterosis. This vigour is
one of the reasons for the remarkable success of
eucalypts worldwide.

Different Fucalyptus species are adapted to
a wide array of natural environments, from
cold winters in Tasmania northward into areas
of very low rainfall, regular, summer or winter
rainfall, up into the north, with some species
trespassing Australia into the Sunda archipelago
in Indonesia and into Papua and Papua New
Guinea, and Eucalyptus deglupta even extending
north of the equator on Sulawesi Island and
reaching Mindanao in the Philippines (Davidson
et al. 2018). A few species are exclusively extra-
Australian (E. deglupta, E. albavar. alba, E. orophila,
E. wrophylla, E. wetarensis) (Nicolle 2019). Species
native to Australia and extra-Australian are
L. leptophleba, E. brassiana, E. tereticornis subsp.
tereticornis, E. pellita from northern Queensland
which also grows in Papua-Indonesia and Papua
New Guinea (Nicolle, 2019). Hill and Johnson
(2000) classified the portion of this species
occurring north of 15°S in Queensland and on
Papua as E. biterranea. This is not widely accepted.
House and Bell (1996) using isozymes found no
support for the separation of E. pellitatrom Papua
New Guinea into a separate entity. The species
from areas in PNG and Papua-Indonesia are of
high interest for SEA because they have evolved
in areas of much rainfall and high humidity,
particularly E. pellita.

Extraordinary progress with eucalypt
productivity has been achieved in many places
in the world after vegetative propagation was
developed in the 1970s and onwards. In Brazil,
pure species with uncertain hybrids were planted
until that time, with a productivity of maximum
15 m® ha™! year™! at age 6-7 years and large
individual variability (Assis 2006). After the
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cloning technique was well mastered and better
clones were produced, from the 1980s onward
productivity increased at a speed of 2.5% per
annum (Gongalves et al. 2013). Hybridisation
followed quickly, and by 2005 a technique
had been developed, which allowed mass-
hybridisations to be performed in a quick and
efficient manner, called “Artificially Induced
Protogyny” —AIP- (Assis et al. 2005). It was the
combination of clones with large-scale and
efficient hybridisation which led to very high
gains in eucalypt productivity — now on an
average of 45 m® ha™! year™! in that country and
several others (Assis 2006, Assis 2011, Assis et al.
2015, Assis 2014, Rezende et al. 2014) at rotation
age (6-7 years) in Eucalyptus and more recently
in Corymbia (Assis 2020) as well.

Native forests, including vigorous vegetation
in the high rainfall and humidity equatorial
regions, have a mean annual increment from
1-5 m? ha™! year™! (Payn etal. 2015). Therefore,
the high productivity of eucalypts in sub-
tropical regions (45-60 m® ha™! year™') presents
a strong argument for planting them in the
areas where they are well adapted, while at the
same time, being an important factor at saving
the native forests from further destruction and
depletion (Evans 2009, Buongiorno & Zhu 2014).
Destruction and depletion of native forests is
not usually done to establish high-productivity
planted forests, but there are demographic and
economic reasons why destruction still happens.
Evans (2009) estimated that planted forests
around the world potentially contributed two
thirds of the industrial wood and fibre supply
and that 70% of the world’s forest products are
sourced from 7% of the world’s forests - the
planted ones. Sub-tropical eucalypts contribute
avery substantial part to this production, with an
increasing trend.

Planted forests are expanding at a rate of
0.8-1.2 million ha per year in the world and
will continue at this rate in the coming decades
(Elias & Boucher 2014). These authors stated that
“the warm and wet tropics where trees can grow
virtually year-round are an important region for
fast wood monocultures”. A similar conclusion
was reached by Alvares et al. (2011). The
authors used the 3-PG (Physiological Processes
Predicting Growth) model for all of Brazil, in
which they considered maximum and minimum
temperature data, relative humidity, solar
radiation, relief and slope, soil natural fertility,
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rainfall and soil water holding capacity. Eucalypt
productivity is most strongly related to annual
rainfall. The authors also predicted a possible
productivity of over 45 m® ha!year™ in the vast
Amazon area - climates Af and Am (tropical
rainforest and tropical monsoon) in the Képpen-
Geiger climate classification (Kottek etal. 2006).
The same model (3-PG) was used by Behling et
al. (2011) at one edge of the Amazon area in Am
climate (tropical monsoon) examining one clone
of E. urophylla and another of E. pellita, and they
concluded that the current productivity of 20
m?® ha™! year™! could be increased to 30 m® ha™!
year™! if appropriate measures of weeding and
fertilisation practices are used.

Climate seems to be changing. Predictions
(Elli et al. 2020) using the APSIM next generation
Eucalyptus model indicated that rainfall in the
north (Amazonia and Northeast Brazil) would
diminish, but temperature and CO, levels
would increase, thus affecting productivity.
Gustafson etal. (2017) calculated that a moderate
increase of 3 "C might improve productivity
in some species, but a 6 °C increase would
be detrimental because it is offset by higher
respiration and transpiration and also by a higher
stomatal CO, conductance resistance. Up to a
certain degree, higher CO, levels could improve
productivity, provided that precipitation also
increases. It is predicted that the precipitation
would come in shorter, stronger bursts than
currently, with more dry periods in between.
If these predictions also apply to all the other
equatorial hot, humid climates (Af and Am) is
not clear.

Harwood (2011) provided an approximate
range of annual temperature for good growth in
plantations for the nine eucalypt species mostly

Table 1
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planted around the world. This is described in
Table 1.

The table shows clearly that the species which
evolved in warmer climates also demand warmer
climates in plantation, as is the case of E. wrophylla,
E. pellita, E. tereticornis and E. camaldulensis from
northern provenances. Species which evolved
in southern, colder climates, also require cooler
temperatures in plantations, such as E. globulus
and E. nitens. The other species, coming from
intermediate areas demand intermediate
temperatures. Most of the provenances of these
species come from a range of temperatures,
and it is expected that the provenances behave
according to their origin. E. dunni has a small
natural distribution, partly matching that of E.
grandis, and needs a similar temperature range
in plantation as that species.

The climate in the species’ native range gives us
a clue as to which species can be planted in similar
climates elsewhere. However, precipitation and
temperature taken as means can be misleading.
Thus, northern E. camaldulensis, E. tereticornis, E.
urophylla and E. pellita demand approximately
similar temperature conditions, but depending
on their provenance, they come from widely
differing precipitation regimes, which must be
matched with those of the plantation sites as
close as possible. Queiroz et al. (2020) examined
the thermal requirements for optimum growth
of hybrid clones, confirming that the hybrids
of species originating from of the most tropical
areas (K. urophylla x E. grandis; E. grandis x E.
camaldulensis and E. urophylla x E. tereticornis)
also require the warmest temperatures for
growth when compared with others originating
from more temperate species. In addition to
precipitation means and temperature means,

Approximate range of mean annual temperature for good eucalypt production in plantations

Species

Approximate range of mean annual temperature “C for good production in plantations

E. camaldulensis
L. dunnii

L. globulus

E. grandis

E. nitens

E. pellita

E. saligna

L. tereticornis

E. urophylla

18-28 (from northern provenances)

14-22
9-18

14-25
9-18

20-27
14-23
17-27
18-28
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it is important to verify if a species evolved in
an area with a dry season, e.g., if it comes from
Af or Am climate, and also if there is a cooler
period in between or not. Constant rains lead
to many diseases, especially leaf blights. An
interval without or little rainfall is important
for some species to withstand or recover from
fungal attacks and it is also crucial for eliciting
the flowering period of most species.

Climate and soil conditions in humid
equatorial areas

Koppen-Geiger classified equatorial climates into
Equatorial rainforest, fully humid; Equatorial
monsoon; Equatorial savannah with dry summer
and Equatorial savannah with dry winter (Kottek
et al. 2006). This paper discusses the first two
climates, Af and Am, because it is the growth
preference for Acacia mangium and because Af
is the predominant climate in Sarawak. The
criteria given by Koppen (Kottek et al. 2006) are
as follows:

Type Description Criterion

A Equatorial climates Temp. min >+ 18 °C

Af Equatorial rainforest, Prec. min >60 mm
fully humid

Am Equatorial monsoon Prec. ann > 25

(100-Prec. min)

Altitude has a strong effect on eucalypts.
As elevations increase, there may be a period
of lower temperature and drier period as well.
Some eucalypts of tropical areas but from
elevation like most E. urophylla provenances (400—
2000 m) (Dvorak et al. 2018) are well adapted
to sub-tropical climates and climates similar to
their origin, due to the cooler dry period they
experience there. Conversely, they are not so
well adapted to constant rains, high humidity,
and high temperature at the equator and at low
elevation, where they tend to be susceptible to
leaf blights.

Soils in the equatorial regions vary widely.
In some countries, there may be alluvial soils or
even those of volcanic origin. But the majority
of the soils in wet equatorial regions belong to
the much-leached ultisols and oxysols, often with
high clay content or sandy clay and low porosity
and therefore, poor aeration as are most soils
in Sarawak. Such soils often present a low pH,
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low CEC and severe nutrient deficiencies. The
equatorial regions are frequently characterised by
high humidity, high and frequent rains with (Am
climate) or withouta dry season (Af climate), and
predominantly poor, leached soils.

The majority of soils in which eucalypts
are typically planted in Sarawak are red-yellow
podzolics, with a texture from sandy clay loam at
the surface to clay subsoil, and they often display
similar properties as shown in Table 2 and 3.

No ideal situation of the nutrients in the soil
can be given since they depend on many other
physical and chemical components of the soil. The
above pH is rather low but acceptable for many
eucalypt species. The Cation Exchange Capacity
is generally low, but the available phosphorus
is extremely low, and the iron content could be
a problem, depending on pH. While the soil
analysis gives us a general idea about the fertility,
itis finally the leaf analysis which shows how well
the trees perform. Consider the foliar diagnosis
as a soil analysis using the plant as an extracting
agent (Villar 2007). However, a foliar analysis also
has to be compared to what the ideal situation
of a totally healthy tree should be in order to
evaluate the analysis. Below is a leaf analysis of
E. pellita with all macro- and micro-nutrients the
plant needs (except for sulphur) in the soil as
described in Table 3 and what the ideal situation
should be in fully expanded leaves in the field
(Malavolta et al. 1997).

All macronutrients given are low, except
for Mg. The low micronutrients are B, Cu and
Fe. Extremely deficient is phosphorus. It is
really interesting that with some fertilisation at
planting, trees of E. pellita and to some degree
also E. deglupta, do quite well under these
conditions, which attests to their extraordinary
adaptability to this climate and soil. However,
they also do respond very well to phosphorus
fertilisation. Still, fertilisation needs to be better
studied in each of the different kinds of soil
available.

Soil types have a strong bearing on plantation
trees. Acacias generally are less demanding
than are eucalypts on soil fertility, moreover
they fix nitrogen. This implies that a nitrogen
fertilisation scheme may be less important for
acacias than for eucalypts. It also means that
eucalypts have to be planted on better soils than
acacias, may exhaust nutrients quicker through
successive rotations if not fertilised properly,
especially if their bark or even foliage is removed
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Table 2  Soil properties of a red-yellow podzolic soil in Sarawak, where eucalypts are planted
Factor 25 cm depth 50 cm depth
pH 3.6 3.6
N % 0.06 0.04
Total P ppm 66 66
Available P ppm 1 1
Total B ppm 8 5
Iron ppm 10,385 12,137
Exchangeable cations
Exch. Kmeq % 0.09 0.07
Exch. Ca meq % 0.33 0.29
Exch. Mg meq % 0.06 0.05
C.E.C. meq % 5.51 4.24
Particle size
Fine sand % 58.08 55.13
Coarse sand % 2.13 0.78
Clay % 21.37 26.72
Silt % 18.42 17.36
Table 3  Foliar analyses of E. pellita in typical situations in Sarawak and ideal levels of nutrients

Nutrient Levels found Ideal levels
Macronutrients (g kg™)
6.1-12.1 21-23
P 0.20-0.53 1.3-1.4
4.1-5.0 9-10

Ca 2.2-4.0 5-6
Mg 1.7-3.5 2.5-3.0

S 1.5-2.5

Micronuntrients (mg kg™)

B 16-23 25-30
Cu 1-2 7-10
Fe 29-46 100-140
Mn 177-390 300-400
Zn 7-12 12-17

with harvested wood. Phosphorus plays a most
important role for both genera. Ultisols and
oxysols are poor in phosphorus, the clayey
nature immobilises much of the soil phosphorus,
but this is the element to which both genera
respond mostly by fertilisation (Inail et al. 2019)
with vigorous growth. Similarly, under sub-
tropical conditions but soils rich in Al and Fe
which also prevent P uptake, eucalypts respond
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with considerable growth to P fertilization
(Gongalves 1995), as they do to liming. There
are more nutrients in which equatorial soils are
often deficient, such as N, K, Ca, Cu, Fe and
Zn and frequently B. With successive harvests
and depending on which parts of the trees are
exported as well as depending on fertilisation
management, deficiencies can be expected to
worsen after some rotations.
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Eucalypt species adapted and native to
equatorial conditions

Harwood’s recommendations of low-cost
alternatives for small-scale planting programmes
are useful for the introduction of new species:
first, test few of the most likely species to succeed;
second, test 1-3 provenances of it with at least
5 parent trees; and third, establish a Seed
Production Area (SPA) with these (Harwood
2011). The species adapted to the equatorial
conditions are those which evolved under such
conditions or close to them. However, there are
only a few species which have evolved under
such conditions. They include those native to
Papua-Indonesia and PNG, but may include
some provenances from the north of Cape York
Peninsula and northern tips of the Northern
Territory in Australia, and even the lowland
eucalypts growing on the Lesser Sunda Islands
in Indonesia and Timor Leste. The species are
listed in Table 4.

The current classification of the genus
Eucalyptus (Nicolle 2019) places the above
species and others which could be useful for
hybridisation for equatorial climates into sub-
genera, sections, series, subseries and species as
in Table 5.

Generally, the section Latoangulataeincludes
most of the species planted in subtropical and
tropical climates. The section Exsertaria is often
represented by species with deep roots and
adaptation to poor soils, temporary waterlogging
and dry conditions. The section Maidenaria is
mostly from the south of Australia and includes
the cold-resistant species and some may have
excellent pulping qualities. Section Equatoria is
also important here since it includes E. deglupta.

Arno Brune

Species naturally adapted to Af climate

Eucalyptus pellita, E. deglupta, E. brassiana, E.
tereticornis var. tereticornis are the better-known
ones among the species discussed above. They
grow tall and display a good form. Lesser known
is E. leptophleba. Some species have frequently
been tested in Sarawak and elsewhere: E. deglupta,
E. pellita, E. brassiana, E. tereticornis var. tereticornis
and frequently E. urophylla, which however does
not originate from Af climate. The best growth is
usually attained by E. pellita, which is from Papua
Island. E. brassiana, E. deglupta and E. tereticornis
var. tereticornis can grow well but it depends on
their provenance and careful testing. It would
be best if seeds of these species can be secured
from Papua Island provenances, which often are
not easy to obtain.

The two species E. pellita and E. deglupta are
well known as suitable for Af climates, like in
Sarawak. They probably constitute the main
sources of genetic material for this climate, also
in hybrid combinations among them or with
other species listed in Table 5. These species
will probably constitute the initial basis for tree
improvement and hybridisation in the near
future in hot, humid climates.

Eucalyptus pellita

Eucalyptus pellita has been the species of choice
thus far, to replace Acacia mangium where
this has been done, especially in Indonesia
and Malaysia (Zaiton et al. 2018). It is very
important to choose the right provenance and
not surprisingly, the provenances of Papua
Island have been the best for Af climates in
Indonesia, Malaysia and the Amazon area of

Table 4  Species adapted to Tropical rainforest (Af) and Tropical monsoon (Am) climates
Species Preferred provenances for Af and Am climates
E. pellita Papua, Northern Queensland
E. deglupta PNG, New Britain and Mindanao. Others are not well known
E. leptophleba The species has been little tested
E. brassiana Papua
L. tereticornis var. tereticornis Papua
E. alba var. alba Small species, Lowland Sunda islands
E. urophylla Possibly some provenances of lowest altitudes

E. orophila

E. wetarensis

Small species, Lowland Sunda Islands

Small species, Lowland Sunda Islands
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Table 5  Subdivision of some Fucalyptus species in the Subgenus Symphyomyrtus, (adapted from Nicolle 2019)
for species plantations or hybrid combinations

Subgenus Section Series Subseries Species

Symphyomyrtus Latoangulatae Robustae urophylla

" " " orophila

" " " welarensis

" " " biterranea

" " " pellita

" " " robusta

" " Annulares resinifera

" " Transversae botryoides

" " " saligna

" " " grandis

" Equatoria deglupta

" Adnataria Striolatae leptophleba

" Adnataria Siderophloiae paniculata

" Pumilio Pumilae puncitata

" " " longirostrata

" " Connexentes propinqua

" Exsertaria LExsertae Subexsertae alba

" " " exserla

" " " " brassiana

" " " Erythroxylon tereticornis ssp.
tereticornis

" " " Rostratae camaldulensis

" Maidenaria Deaneanae deanei

" " Remanentes nitens

" " Globulares Euglobulares globulus

" " " " bicostata

" " " " pseudoglobulus

" " " " maidenit

" " Bridgesianae dunnii

" " Viminales Lanceolatae viminalis

" " " " benthamii

" " " " macarthurii

Brazil. Wood density is usually around 650 kg m=
at age b years and above, tending to increase
with age. The wood has many uses, for pulp as
well as for solid wood (Harwood 2018). In Papua
it may have gone through some generations
of in-breeding and selection for tolerance of
in-breeding, probably due to small natural
population sizes (House & Bell 1996). This may
be the reason why it had produced trees tolerant
of up to 50% selfing while still yielding viable,
vigorous off-spring - an unusual situation in
most eucalypt species. Eucalypt species generally
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are not tolerant to more than 10% selfing, and
when it occurs, it manifests itself in immediate
inbreeding depression, following which selection
eliminates most of the inbreds from the breeding
population. The inbreeding tolerance of E. pellita
leads to a quick increase in the seedlings from
seed orchards, where outbreeding is the rule
because several provenances and individuals are
included. In subsequent generations, there may
not be as much progress as in the first generation
of outcrossing. Brawner etal. (2010) reported that
E. pellitafrom the Kirrama Range and Kuranda in
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Queensland performed very well on a highland
trial in Sumatra. Therefore, these provenances are
very valuable and can contribute genetic variation
to a breeding population. Moreover, the Kuranda
provenance has a particularly high outcrossing
rate, a factor of high significance for any breeding
programme with this species.

Some of the best productivity attained is
20.14 m® ha™! year™! at age 5.8 years; commonly
above 10 m*ha'year™!, but higher productivity has
been achieved in Indonesia by outbreeding and
clonal forestry when only the best clones are used
instead of seeds from the first generation. Much
more gain can be expected with interspecific
hybridisation and cloning.

Eucalyptus deglupta

The E. deglupta tests have often been disappointing.
However, this species displays excellent growth and
resistance to leaf blights in high humidity and
warm conditions. The reasons for non-approval
probably lies in the fact that wide provenance
testing and subsequent clone selection were not
done. Since it also has low wood density (varying
from 250-400 kg m~®) it may have been of little
interest for certain uses. Its wood hardly splits. The
provenances vary widely from PNG, New Britain,
Seram Island, Sulawesi Island and Mindanao
(Davidson et al. 2018). Seeds are available from
PNG and Mindanao as well as from an active
breeding programme in Solomon Islands. In these
environments, some selections, establishment of
Seed Production Areas or Seed Orchards have
been undertaken in the past. The intermediate
provenances from close to the equator (Seram
and Sulawesi) are sadly missing everywhere. This
is a serious gap in the seed collections and testing
which need to be addressed quickly as the natural
forests of the species may be endangered.

The current research results suggest that the
species usually yield an MAI of over 20 m?® ha™!
year™! up to 47.11 m® ha™! year! in Sarawak in
small 300 m? year trial plots (over 30 trees) at
six years of age. On larger blocks, the values are
close to 25 m? ha! year™! at that age.

Eucalyptus brassiana
Eucalyptus brassiana is superbly adapted to the
equatorial climate, especially the provenances

from PNG and Papua Indonesia, but more testing
with Australian provenances is warranted. This
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species has some very desirable characteristics
like high wood density, which is important for
many uses when solid wood is needed (Boland
et al. 2006). It belongs to the section Exsertaria
within the subgenus Symphyomyrtus. This section
has representatives which are often well adapted
to poor soil conditions, and which renders them
attractive for most equatorial situations, at a
minimum as hybrid partners. Many species of
this section are also susceptible to the Leptocybe
invasa gall wasp as well as to several other insects
in areas in South America and Africa. However,
this susceptibility is extremely variable with
many individuals tolerant or resistant to the
pests, and this is an important aspect to have
in mind when choosing the right provenance
as well as individuals within the provenances.
Since many insects attacking eucalypts have
rapidly spread in most continents, resistance
has to be considered when testing, planting
and hybridising. Productivity is not known to
the author at this time, but hybrids of E. pellita
x E. brassiana seem to perform very well both in
Indonesia (Winarmi et al. 2021) and in Sarawak.

Eucalyptus tereticornis var. tereticornis

This species also belongs to the section Exsertaria
and this means it displays the same susceptibility
to Lebtocybe invasa, but again with individual
variability so that resistant specimens are found. It
is also known for its adaptation to poor soils and
quick growth as many species within this section
possibly due to a deep tap root. It is adaptable
to dry and seasonally waterlogged conditions
like E. brassiana and E. camaldulensis (Trees for
Farm Forestry 2009). One of its main values
resides in its use for hybridisation. It has been
planted in northern Brazil, Maranhao State, Am
climate where the soil is poor and sandy. This is
because it maintains good growth and is of high
Leptocybe-tolerance and has high wood density
(Morais 2021). While it is important to have a
programme for its genetic improvement and
land-race formation, its main potential may lie
in hybrid combinations. Therefore, an aggressive
hybridisation programme with this and other
species is needed for Af climates.

Eucalyptus leptophleba

Eucalyptus leptophlebais native to Western Province
of Papua New Guinea and the northern part of
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York Peninsula. Therefore, it is considered well
adapted to equatorial conditions though itis not
well known and is of medium growth on good
sites (Boland et al. 2006). Its performance in
plantations has not been well assessed and the
use of Fucalyptus leptophleba depends on further
research. Furthermore, botanically it belongs to
the section Adnataria. This same section includes E.
paniculata, planted widely in Brazil where straight
timber of high-density wood is in demand, and it
grows well under subtropical conditions. Hybrids
of E. paniculata have not yet been produced,
although there are trials currently under way in
Brazil. Anecdotal evidence suggests Adnataria
species do not easily hybridise with many species
in other sections of Symphyomyrtus subgenus, but
concrete information is still lacking. Therefore,
E. leptophleba has to be tested in order to assess
its performance under the equatorial Af climate
and if it can be used to produce viable hybrids
with other adapted species.

The need for provenances and land-races

Plant populations native to their environment
are generally well adapted to the vagaries of
weather and climate. However, when introduced
to new areas, even if they grow well, their
adaptation is still not present for all characters.
Artificial selection under the new conditions
results in adapted trees with the characteristics
needed for human use, such as straight growth,
resistance to certain pests and diseases and wood
of desired qualities which are a result of the best
provenances and the best individuals according
to commercial interests. Such provenances and
selections should form the basis for further
tree improvement measures when dealing with
an exotic species and result in what is termed
“land-races”. In the case of equator-adapted
species, provenance testing and individual
selections for most of the above species are still
lacking. Except for spot wise E. pellita provenance
tests and seed orchards, there are few land-
races from the above species established in Af
climates. A concerted effort is therefore needed
for all interested stakeholders (governments,
companies) in obtaining seeds from missing
provenances to fill this basic and important gap.
Testing, selection of provenances and individuals
have to follow. It is imaginable that a country or
state government organise collection trips with
companies participating by testing, selecting and
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hybridising. Considering E. deglupta, for instance,
we know next to nothing about the provenances
from Seram and Sulawesi close to and at the
equator. Even the provenances from Mindanao
in the Philippines after the disappearance of
PICOP are threatened, as are some in Papua New
Guinea and New Britain. Although the Australian
sources of E. tereticornis var. tereticornis and E.
brassiana are available and add an important
contribution, those of PNG provenance deserve
immediate attention and collection effort. The
countries in Af and Am climate zones should be
most interested in organising new collections of
these as they lie at the core of the future of their
forestry future.

Species suitable for hybridisation with
equator-adapted ones

Interspecific and intraspecific hybridisation
can easily be accomplished in the eucalypts,
especially using the method called “Artificially
Induced Protogyny” (AIP) (Assis et al. 2005).
Ease of hybridisation coupled with ease of clonal
propagation are the basis for the success of clonal
forestry in many countries. The AIP is simple,
quick and efficient and has led to the production
of a large number of new hybrids. If a pollen
from a desired species is not available, it can be
imported, such as pollen from E. globulus (winter
rain areas), into subtropical species growing in
Aw areas. In Af climate, most of the subtropical
species listed in Table 5 will not develop; they
are often attacked by diseases and mostly do
not flower to produce pollen. Therefore,
hybridising eucalypts in equatorial regions will
have to rely on the species listed in Table 4 as
flower producers or as seed parents because
these usually flower well under such conditions.
This means that hybridisation in Af regions will
usually involve one parental species, such as E.
pellita, E. deglupta, E. tereticornis var. tereticornis,
E. brassiana and possibly E. leptophleba. Some of
the hybrids among these species have previously
proven to be of high interest. PICOP in the 90s
for example, produced many E. deglupta x E.
pellita and also E. deglupta x E. urophylla hybrids
which were very successful (Glori 1993) but were
mostly lost when PICOP closed down. There have
been several efforts to produce hybrids using
one or both of the above species in the Brazilian
Amazon region, Indonesia, Sabah and Sarawak,
and probably more regions. E. pellita x E. brassiana
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has been very successfully planted in parts of
Indonesia (Winarni et al. 2021), the Amazon
and is doing well in Sarawak. Little is known at
this time about the other possible hybrids among
the equator-adapted species, but they are of high
interest for research and forestry development
and must form the basis for eucalypt breeding
for the equatorial region. It is imperative that
these species are well sampled for provenances,
tested and bred in these areas as soon as possible.
The species listed in Table 4 allow for a wide
array of hybrid combinations and there are even
more species from subtropical regions and colder
areas mentioned in Table 5 which can contribute
to an immense wealth of genetic variability.
However, the Af climate also means that pollens
from the other species have to be imported, and
an important network of exchanges between
governments, research organisations and
companies has to be developed. This should
not pose a major hurdle to produce hybrids, but
the international regulations to import plant
materials are not clear about pollen exchanges.
Pollens, unlike seeds, cannot be treated with
chemicals, and they often have to be kept cold.
However, there are other possibilities. One
company in Indonesia has a farm in Bahia State,
Brazil (Am climate) where all the hybrids they
want to make are produced using their plants and
clones in Brazil, while all the pollen from species
which do not grow in Indonesia are available
in Brazil or elsewhere in South America. The
hybrid seeds are then shipped back and tested
in Indonesia. This may seem cumbersome, but
it is proving to be very efficient.

A description of all the many species which
can be used for hybridisation with the equatorial
species cannot be given here, but many are
included in Table 5. However, it is convenient to
point out some of the most promising species for
these hybrid combinations which have yielded
good hybrid combinations in subtropical areas.
Theyinclude: E. wrophylla, E. robusta, E. saligna, E.
grandis, E. camaldulensis, E. globulus and E. dunnii.
A few possibilities are discussed below.

Eucalyptus urophylla is the main component
of most hybrids in Brazil, going into over 80%
of those produced there (Assis et al. 2015). It is
a subtropical species from Lesser Sunda Islands
and found in an altitude of 400 to over 2000
masl (Dvorak et al. 2018). Since it grows in areas
with a cooler climate and with a pronounced dry
season itis well adapted to subtropical conditions
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with dry winters. Hybrids with E. deglupta were
produced in Mindanao in the 90s and some of
those clones were extraordinary (Glori 1993). It
can be expected that the genetic contribution of
E. urophylla to other hybrids in Af climates will
also be good. Similarly, E. robusta, E. saligna and
E. grandis and many more could certainly enlarge
and contribute well to the gene pool.

Eucalyptus camaldulensis is another species
that may contribute to clonal production.
While susceptible to leaf blights and several
insects, there are many trees not attacked by the
insects. A hybrid clone of E. camaldulensis x E.
deglupta called K7 proved to be very successful in
Thailand, Laos and Vietnam (Ito 2009). It was
later ravaged by Leptocybe invasa most probably
because the E. camaldulensis parent happened to
be a susceptible plant. These crosses should be
tried using vigorous, disease- and insect-resistant
parents. E. camaldulensis has the extraordinary
advantage of being tolerant of dry conditions,
and also of temporarily flooded soils and many
individual trees do well in very poor soils. Its
hybrids with E. grandis have proven to be very
productive and resistant to drought and insects
in Africa and South America. It is expected that
hybrids of this species (as well as other members
of the Exsertaria section) will contribute to
adaptation and overcoming clayey soils with low
nutrient content.

Eucalyptus dunniiis from the section Maidenaria
and is counted as a “cold-tolerant” species, as
many others in this section. However, it grows
well in many subtropical situations and has
very good wood for pulping. It usually flowers
very late, often only after being more than 20
years old. It comes from an area similar to the
natural environment of E. grandis. If hybrids with
equatorial species demand colder climate or not
has to be determined after production of these.
In Brazil many genes of E. globulus, E. dunniiand
E. benthamii were introduced into subtropical
species, such as E. urophylla and E. grandis,
resulting in successful clones in the subtropical
environment.

There are many different two-way hybrids
which can be produced, also 3- and 4-way
and backcrosses. In later generations, due
to segregation and recombination of genes,
the possible genetic makeups are immense.
Since hybrids are more difficult to produce in
Acacias, the ease of vegetative propagation and
the multiple results which can be obtained by
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hybridisation are an important advantage of

Eucalyptus, as proven in subtropical climates.

Hybridisation with Eucalyptusin tropical rainforest

climate calls for:

1. Introduction of as many provenances as
possible from the species adapted to equatorial
conditions.

2. Produce land-races of these by selecting
among provenances and individuals;

3. Start breeding programmes with such species;

4. As soon as possible, start hybridising these
species and also with pollen from other
subtropical species not grown in Af and Am
climate.

Cloning of pure successful species and hybrids
can be made at any of the above stages for testing
and commercial propagation whenever they
appear. Therefore, following the above strategy
does not mean one has to wait many years for
useable clones for plantations. However, it is
paramount that a robust long-term research
program be established and not be neglected
during its course.

Corymbia

This genus is being increasingly planted in
the subtropical climates (Cwa — hot summer,
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dry winter) because it is proving adaptable to
many conditions, such as soils and some climate
variations while exhibiting wood characteristics
with many uses.

According to Nicolle (2019), there are 95
species in the sub-genera Corymbia and Blakella,
with some of the species with potential growth
which might adapt well in Af climate as shown
in Table 6.

No species in this genus is exclusively extra-
Australian, but five species can be found in
Australia and Papua-New Guinea: C. novoguinensis
(possibly C. clarksoniana), C. latifolia, C. tessellaris,
C. papuana and C. disjuncta (Nicole 2019).
Many hybrids belonging to the two sub-genera
have been produced, while some crosses made
with species within the same sub-genus did not
produce any viable seed (Dickinson 2007).

One of the most remarkable facts about
Corymbiais its wide adaptability. Corymbia citriodora,
a typical species of Cwa climate (warm temperate
with dry winter), is grown in the Mediterranean
climate of Perth (Cs: warm temperate with dry
summer). Such an adaptation from monsoonal
to Mediterranean climate is unusual in the genus
Eucalyptus. C. ptychocarpa found in Northern
Territory (Cwa) when crossed with C. ficifolia
from Western Australia (Cs climate) yielded
hybrids of ornamental value which have a very

Table 6  Classification of some of the most important species in the subgenus Corymbia
Genus Subgenus Section Series Subseries Species
Corymbia Corymbia Corymbia Trachyphloiae trachyphloia
" " " Dorsiventrales plychocarpa
" " " Dorsiventrales polycarpa
" " " Dorsiventrales clarksoniana
" " " Dorsiventrales intermedia
" " " Isobilaterales Peltiformes nesophila
" " " Isobilaterales " bleeseri
" " " Isobilaterales Limitaneae erythrophloia
" Blakella Naviculares peltata
" " " leichhardtii
" " Torellianae torelliana
" " Maculatae citriodora
" " " variegala
" " " maculata
" " " henryi
" " Abbreviatae Tessellatae tessellaris
" " " " confertiflora
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wide adaptability in Australia. The hybrids of
C. torelliana with the spotted gums in the section
Maculatae adapted to climates well beyond
the range of either species involved, growing
in drier and even colder climates than their
parental species. The most common hybrid of
these, C. torelliana x C. citriodora var. citriodora,
has been successfully planted in Australia, Brazil,
Honduras, Venezuela, and West Africa among
others. C. torelliana as seed parent, or pollen
parent, crossed with C. henryi has been very
successful in South Africa, and these hybrids
also grow well in West Africa in a tropical
environment. Some C. forelliana x C. citriodora
var. citriodora hybrid individuals perform well in
South Kalimantan, outperforming even good
clones of E. pellita. In Australia, the hybrids
C. torelliana x C. citriodora var. variegata are being
planted widely while in Brazil the hybrids of
C. torelliana x C. maculata, C. torelliana x
C. caitriodora var. variegata, C. torelliana x C. henryi
are proving even more productive in wood
volume than the more common C. torelliana x C.
citriodora var. citriodora prevalent in that country
(Assis 2020). There these hybrids are widely
planted for charcoal production because they
are adaptable and display resistance to diseases
and some environmental conditions common
to Fucalyptus; additionally, they have a good
resistance to periodical drought and have a
wood density around and above 600 kg m™. In
Brazil, currently their main use is for charcoal
production. Corymbia hybrid wood is: more
resistant to decay than most eucalyptus wood,
splits much less and usable for most products of
solid wood, but also for cellulose.

Initial difficulties in vegetative propagation in
Corymbia have been overcome by: using C. torelliana
as mother trees; using shoots from lignotubers;
keeping mother plants in closed mini-tunnels
(Assis 2020) and using tissue culture from
seedlings (Trueman & Richardson 2007). Diseases
do affect some Corymbia, but a wide variation of
tolerances allows for selection, and hybrids are
usually more resistant than pure species in exotic
environments. Insects also attack them. Some
beetles attack C. citriodora leaves in West Africa
and also the hybrid with C. torelliana. Kino pockets
are a problem for many uses in C. citriodora var.
citriodora, but these are overcome by hybridisation
and selection. Some Corymbia hybrids have a high
percentage of bark, but this is variable at individual
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and family levels, allowing for selection to be made
for this character (Assis 2020).

The availability of seeds and pollen, genetic
affinity and timber value means the hybrids of
C. torelliana with the spotted gums (C. citriodora
var. citriodora, C. citriodoravar. variegata, C. maculata
and C. henryi) will continue to be the most studied
ones for some time. However, there are species of
much more tropical origin, which have yet to be
tried as pure species and for hybridisation under
equatorial conditions. These include C. nesophila,
C. polycarpa, C. clarksoniana, C. intermedia,
C. tessellaris, C. confertiflora, C. ptychocarpa,
C. bleeseri, C. erythrophloia, C. trachyphloia, C. peltata
and C. leichhardtii.

CONCLUSION

The mistakes of the past should not be repeated,
namely the extensive and exclusive planting
of only one species. Acacias still hold promise.
Resistance to current diseases in A. mangium
can be found in other species and hybrids.
However, genetic diversity, especially in the
genus Fucalyptus and Corymbia offer additional
possibilities. Clonal propagation and a huge
variety of genetic combinations in these two
genera have only just begun. The success
of Eucalyptus hybrids combined with clonal
propagation in subtropical environments can be
repeated in the equatorial environment which
has high rainfall and warmth. Results have shown
that they can be extremely successful when done
properly, even though soil fertility is mostly far
from ideal, and diseases ravage many species of
subtropical origin in the hot and humid climate.
The equator-adapted species cited can form the
basis for breeding, with additions from genes
from subtropical regions adding a wealth of
genetic combinations. Adaptability to equatorial
conditions combined with the extraordinary
genetic variability found in sub-tropical eucalypts
and the ease of hybridisation and cloning offer
extraordinary opportunities for plantation
forestry in Af and Am climates.

ACKNOWLEDGEMENTS

The author is grateful to David B. James, André
van der Hoef and an anonymous reviewer for
their critical review and valuable suggestions that
contributed to improving this paper.



Journal of Tropical Forest Science 35 (Special Issue): 1-15 (2023)

REFERENCES

Arvares CA, STapE JL & Goneatves JLM. 2011. Mapping of the
Brazil Eucalyptus Potential Productivity. Pp. 156-159
in IUFRO Working Group 2.08.03 — Improvement and
Culture of Eucalyptus. Proceedings Vol 2., 2011, Porto
Seguro.

Assis TF, WarBurTON P & Harwoop C. 2005. Artificially
induced protogyny: an advance in the controlled
pollination of Eucalyptus. Australian Forestry 68: 27-33
https://doi.org/10.1080,/00049158.2005.10676223

Assis TF. 2006. Os propulsores da produtividade dos
eucaliptos. Revista Opinides nov—fev: 14.

Assis TF. 2011. Hybrids and Mini-Cuttings: A Powerful
Combination that has revolutionized the Eucalyptus
Clonal Forestry. BMC Proceedings, 5(Suppl. 7): 118
https://doi.org/10.1186%2F1753-6561-5-S7-118

Assis TF. 2014. Melhoramento genético de Fucalyptus:
desafios e perspectivas. Pp 127-148 in Simposio
Brasileiro De Silvicultura 3 2014, Campinas. Anais
Curitiba: EMBRAPA-CNPF Volume 1, 2014.

Assis TF, Apap JIM & Acuiar AM. 2015. Melhoramento
Genético do Eucalipto. Pp 225-247 in Schumacher
MV & Vieira M. (eds) Silvicultura do FEucalipto no
Brasil, Capitulo 7, UFSM, Santa Maria

Assis TF. 2020. A hora e a vez dos hibridos Corymbia.
Opinioes, Ribeirao Preto, dez-fev 2020. Ano 16, 58:
42-43,

BeHLING M, PIKETTY MG, MORELLO TF, BouiLLET JP, MEsQuITA
NEToO, F & Lacrau JP. 2011. Plantations d’eucalyptus
etsidérurgie en Amazonie: apports du modele 3-PG.
Bois et Foréts des Tropiques, 309: 37-49.

Boranp DJ, BRooker MIH, CHIPPENDALE GM ET AL. 2006. Forest
Trees of Australia, 5th Edition. CSIRO Publishing,
Australia.

Brawngr | T, Bush DJ, MAcDONELL PF, WARBURTON PM & CLEGG
PA. 2010. Genetic parameters of red mahogany
breeding populations grown in the tropics. Australian
Forestry 73: 177-183

BrAWNER T, JapaARUDIN Y, Lapammu M, RAuF R, Bopen D &
WiNGriELD MJ. 2015. Evaluating the inheritance of
Ceratocystis acaciivora symptom expression in a
diverse Acacia mangium breeding population. South
Forests 77: 83-90.

BUONGIORNO J & ZHu S. 2014. Assessing the impact of planted
forests on the global forest economy. New Zealand
Journal of Forestry Science 44 (Suppl 1: S2). https://
doi.org/10.1186,/1179-5395-44-S1-S2

Cur NM, Tnu PQ & Monammep C. 2019. Screening disease
resistance of Acacia auriculiformis clones against
Ceratocystis manginecans by artificial and natural
inoculation methods. Australasian Plant Pathology
48: 617-624.

DavipsoN J, GUNN B & SpeNcER D. 2018. Fucalyptus deglupta. Pp
104-107 in Thomson L, Doran J. & Clarke B. (eds)
Trees for Life in Oceania: conservation and utilization of
genetic diversity. ACIAR Monograph No. 201. Australian
Centre for International Agricultural Research,
Canberra.

© Forest Research Institute Malaysia

Arno Brune

DickinsoN GR, Warrace HM, Kerry, NI & Lee DJ. 2007.
Interspecific Corymbia hybrid research; providing
new opportunities for plantation expansion in
northern Australia. Paper presented at Institute of
Foresters of Australia and New Zealand Institute
of Forestry Conference. Volume: Growing Forest
Values, Coff’s Harbour, New South Wales.

Dvorak B, DoraN J & RimBawanTo, A. 2018. Eucalyptus
urophylla (including E. wetarensis and E. orophila). Pp
112-115 in Thomson L, Doran J. & Clarke B. (eds).
Trees for Life in Oceania: conservation and utilization
of genetic diversity. ACIAR Monograph No. 201.
Australian Centre for International Agricultural
Research, Canberra.

EvLias P & BoucHer D. 2014. Planting for the Future — How
Demand for Wood Products Could Be Friendly to Tropical
Forests. Union of Concerned Scientists. Cambridge,
USA.

ELLr EF, Huta N, SENTELHAS PC, CARNEIRO RL & ALVARES CA.
2020. Global sensitivity-based modelling approach
to identify suitable Fucalyptus traits for adaptation to
climate variability and change. in silico Plants 2: 1-17
https://doi.org/10.1093/insilicoplants/diaa003

Evans J. 2009. Planted Forests - Uses, Impacts and Sustainability.
CABI Publishers, Wallingford.

Fripav]B. 2018. Acacia koa. Pp 39—41 in Thomson L, Doran |
& Clarke B (eds) Trees for Life in Oceania: conservation
and utilization of genetic diversity. ACIAR Monograph
No. 201. Australian Centre for International
Agricultural Research, Canberra.

GLORIA. 1993. The eucalyptus tree improvement programme
of PICOP. Regional Symposium in mass clonal
multiplication of Forest Trees for Plantation
Programmes. Pp 254-261 in John D (ed). Proceedings
of the Symposium held UNDP/FAO Regional Project
on Improved Productivity of man-made forests through
the application of “Technological Advances’ in Tree
Breeding and Propagation (FORTIP) Field Document
N° 4 RAS/91/004. FAO United Nations. Los Banos,
Philippines. 1-3 December 1992 Cisarua, Bogor.

GoncaLves F, Rezenpe GDSP, BerroLucct FLG & RamMaLHO
MAP. 2001. Progresso genético por meio de selecao
de clones de eucalipto em plantios comerciais.
Revista Arvore 25: 295-3001.

GoncaLves JLM. 1995. Recomendacoes de Adubacao
para Eucalyptus, Pinus e Espécies Tipicas da Mata
Atlantica. Documentos Florestais, Piracicaba 15: 1-23.

GoNeALVES JLM, Arvares CA, Hica AR T AL. 2013, Integrating
genetic and silvicultural strategies to minimize
abiotic and biotic constraints in Brazilian eucalypt
plantations. Forest Ecology and Management 301: 6-27.
http://dx.doi.org/10.1016/j.foreco.2012.12.030

GustarsoN EJ, Miranpa BR, pE Brugn AMG, STURTEVANT BR
& Kusiskk ME. 2017. Do rising temperatures always
increase forest productivity? Interacting effects of
temperature, precipitation, cloudiness and soil
texture on tree species growth and competition.
Environmental Modelling & Software 97: 171-183.
https://doi.org/10.1016/j.envsoft.2017.08.001



Journal of Tropical Forest Science 35 (Special Issue): 1-15 (2023)

Harwoob CE. 1998. Potential Exotic Species for Establishing
Planted Forests. Pp 82-99 in Proceedings of Planted
Forests in Sarawak — An International Conference. 16-18
February 1998, Kuching.

Harwoop CE. 2011. New Introductions — Doing it Right. Pp
43-54 in Walker | (ed) Developing a eucalypt resource:
learning from Australia and elsewhere. Wood Technology
Research Centre, Christchurch.

Harwoop CE. 2018. Eucalyptus pellita. Pp 108-111 in
Thomson L, Doran J & Clarke B (eds) Trees for Lifein
Oceania: conservation and ulilization of genetic diversity.
ACIAR Monograph No. 201. Australian Centre for
International Agricultural Research, Canberra.

Hite KD & Jonnson LAS. 2000. Systematic Studies in
the Eucalypts. 10. New tropical and subtropical
eucalypts from Australia and New Guinea (Eucalyptus,
Mpyrtaceae). Telopea 8: 503-540.

House APN & BeLL JC. 1996. Genetic diversity, mating
systems and systematic relationships in the two red
mahoganies, Eucalyptus pellita and E. scias. Australian
Journal of Botany 44: 157-174.

InaiL MA, Harbivanto EB & MEnNDHAM DS. 2019. Growth
Responses of Eucalyptus pellita F. Muell Plantations
in South Sumatra to Macronutrient Fertilisers
Following Several Rotations of Acacia mangium Willd.
Forests 10: 1054. https://doi.org/10.3390/f10121054

Ito K. 2009. Hardwood Plantation Project for Pulpwood in
Laos. Paper presented at Workshop: Understanding
the Contemporary Environmental and Livelihood
Connections in Mainland Southeast Asia. Nagoya.
(Power point: ercsd.env.nagoya-u.ac.jp/envgcoe/
ito.pdf)

KotTeK M, GRIEstR ], BEck C, RupoLr B & RustL F. 2006. World
Map of the Koppen-Geiger climate classification
updated. Meteorologische Zeitschrift. 15: 259-263.

Koutika LS & RicHARDSON DM. 2019. Acacia mangium Willd:
benefits and threats associated with it increasing use
around the world. Forest Ecosystems 6: 2. https://doi.
org/10.1186,/540663-019-0159-1

Labpices PY, Upovicic F, & NeLson G. 2003. Australian
biogeographical connections and the phylogeny of
large genera in the plant family Myrtaceae. Journal of
Biogeography. 30: 989-998. https://doi.org/10.1046/
j-1865-2699.2003.00881.x

LeE SS. 2018. Observations on the successes and failures of
Acacia plantations in Sabah and Sarawak and the way
forward. Journal of Tropical Forest Science 30: 468-475.
http://dx.doi.org/10.26525/jtfs2018.30.5.468475

Maravorta E, Vitti GC & pE OLIVEIRA SA. 1997. Avaliagdo do
estado nutricional das plantas: principios e aplicagoes. 2
ed. Rev. e atual. POTAFOS, Piracicaba.

MasLIN B, TnomsoN L & MaBBERLEY DJ. 2019. Acacia
x mangiiformis hybrid nova (Leguminosae:
Mimosoideae), a wattle of commercial importance
in Asia. Telopea 22: 161-167.

Morais EJ. 2021. Personal communication.

© Forest Research Institute Malaysia

Arno Brune

NasutioN A, GLEN M, BeaprLe C & Mounammep C. 2019.
Ceratocystis wilt and canker — a disease that
compromises the growing of commercial Acacia-
based plantations in the tropics. Australian Forestry
82(supp 1): 80-93.

NicorLk D. 2019. Classification of the Eucalypts (Angophora,
Corymbia and Eucalyptus) Version 4. http://www.
dn.com.au/Classification-Of-The-Eucalypts.pdf

Pace D, GLEN M, Puspitasarl D, GAFUR A & MoHAMMED C.
2020. Acacia Plantations in Indonesia facilitate clonal
spread of the root pathogen Ganoderma philippii. Plant
Pathology 69: 685-697.

Paw T, Carnus, JM, FrReer-SmitH P ET AL. 2015. Changes in
planted forests and future global implications. Forest
Ecology and Management 352: 57-67. https://doi.
org/10.1016/j.foreco.2015.06.021

Porrs BM kT AL. 2003. Genetic Pollution of Native Eucalypt
Gene Pools — Identifying the Risks. Australian Journal
of Botany 51: 1-25. https:/ /doi.org/10.1071/BT02035

QuEroz TB, CampoE OC, MONTES CR, Arvares CA, CUARTAS
MZ & Guerrint TIA. 2020. Temperature thresholds
for Eucalyptus genotypes growth across tropical and
subtropical ranges in South America. Forest Ecology
and Management 472 (2020) 118248 https://doi.
org/10.1016/j.foreco.2020.118248

RezenDE GDSP, REsENDE MDV & Assis TF. 2014. Pp 393-424
Eucalyptus breeding for Clonal Forestry in Fenning
T. (ed) Challenges and Opportunities for the World’s Forests
in the 21st Century, Forestry Science 81. Springer
Science+Business Media, Dordrecht.

TariGaNn M, Roux J, VaNn Wik M, Tjanjono B & WINGFIELD
MJ. 2011. A new wilt and die-back disease of Acacia
mangium associated with Ceratocystis manginecans and
C. acaciivorasp. nov. in Indonesia. South African Journal
of Botany. 77: 292-304. https://doi.org/10.1016/j.
sajb.2010.08.006

TREES FOR FARM FORESTRY: 22 promising species. 2009.
Publication N¢ 09/015, Project N® CSF-56A Rural
Industries Research and Development Corporation.
CSIRO, Australia.

TRUEMAN S] & RicHARDSON DM. 2007. In vitro propagation
of Corymbia torelliana x C. citriodora (Myrtaceae) via
citykinin-free node culture. Australian Journal of Botany
55: 471-481. http://dx.doi.org/10.1071/BT06163

ViLLar MLP. 2007. Manual de interpretagio de andlise de plantas
e solos e recomendacao de adubacao. EMATER-MT
Série Documentos, N® 35. Directoria executive da
EMPAER-MT, Mato Grosso.

Winarmt WW, SusiLo GS, NucroHO AAF, Sarrtri FR, IRwaN, &
RarNaNINGRUM YWN. 2021. Sprouting and rooting ability
of the plus trees of Eucalyptus pellita, E. brassiana and
its hybrid in Wanagama, Indonesia. IOP Conf. Series:
Earth and Environmental Science 914 (2021) 012051.
IOP Publishing Ltd, Bristol. doi: 10.1088/1755-
1315/914/1/012051

7ZA1ToN S, ParipaH MT, Hazanpy AH & Azim RARA. 2018.
Potential of Eucalyptus Plantation in Malaysia. The
Malaysian Forester 1: 64-72.



