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Preface 

Acticm mtltrgirtm is a major fast-growing tree spccics in forestry plantation 
programs in Asia and the I'acilic. With dcliwcstation in Ihc rcgion at an 
unsustainablc ratc of around 4.4 niillion ha pcr year. thc future of forestry i n  thc 
rcgion dcpcnds on the cxtcnt to which commercial systcms for supplying tree 
products address the nccd for sustainable production. Plantation forcstry using 
fast-growing spccics has been adopted in many countries as one option for 
sustaining conimcrcial supply ol'trcc products and reducing pressure on natural 
lorcsts. A. mtrilgilun is playing a growing role i n  this dcvclopn~cnt due to its 
versatilily and ability to recapture grasslands donlinatcd by the noxious wccd, 
linj)orclt(l rj~liildriccl. 

This monograph consolidates the knowledge on A. mcl i ig i l t i i t  Irom published 
lilcraturc, unpublished reports and sludics, and observations by those Pamiliar 
with the spccics. I t  clarilics wllcrc serious gaps remain in our knowlcdgc of the 
spccics. For example, silviculrure schcdulcs and managenlent o f  subscqucnt 
rorations arc not yet wcll known. Priorities li)r further rcsearch arc included in 
each topic chaptcr and summarized in the concluding chapter. The appendices 
list sccd supply sources and rcscarchcrs engaged in the study of A. i i~cl i lgi l tm.  

This book is intcndcd li)r IOrcst n w q y r s ,  univcrsily studcnls. and rcscarchcrs 
who may benefit from its baseline ol'knowlcdgc, and who nlay help lo fi l l  the 
gaps in that knowlcdgc. 

This book was made possible by the inrerests and expertise of the chaptcr 
authors. with funding support I'rom two projects of the U.N.  Food and Agricul- 
ture Organizalion-the korcslry Kcscarch Suppon I'rogram for Asia-l'acilic 
(FOKS PA) and thc Forest Trcc Iniprovcmcnt I'ro.jccr WOI<TIP) for Asia-Pa- 
cilic-and Iron1 the Forcstry/Fuclwood I<cscarch and I)cvclopmcnt (F/FREI)) 
I'rojccl. FFKEI) is a cooperalive agreement bclwccn the U.S. Agency l i ~ r  
In!crnational 1)cvclopn~cnl and the Winrock International lnstitutc h r  Agricul- 
lural 1)cvclopment. a US.-based nol-for-pro13 organization. 
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Foreword 

The idea for this volume emerged during a meeting of the Consultative Group for 
Research and Development of Acacias (COGREDA) in 1992. sponsorcd at that 
time by the Fores~y/Fuelwood Research and Development (FIFIIEI)) Project. 
Scientific work with this species over the last 20 years, particularly in Southeast 
Asia, has generated a large body of unpublished information. This, couplcd with 
a strong base of published information from CSIRO, ACIAR. and national 
research programs in Southeast Asia made the project very appealing to 
COGREDA and its current sponsors-FRRED, the Forestry Research Support 
I'rogramme for Asia-Pacific (FORSPA), and the Forest Trec Improvement 
I'rojcct (FORTIP). 

Thc cmcrgcncc of A C ~ J C L ~ I  mtrrrgirun from a relatively nondescript introduc- 
tion from nonh Queensland to a premier plantation tree in Asia is a fascinating 
casc study. Thc partnersh~p of industry. univcrsitics. national rcscarch institu- 
tions, and bilateral donor agencies rcflccted in rhe list of authors has proven 
invaluable in assembling this volume. 

This book is the first in a series planned by COGREDA, which has applied to 
thc International Union of Forestry Kcscarch Organizations (IUFRO) to become 
a working group under that organizalion. It is hoped that this mow will furlher 
slrcnglhcn COGREDA's abi lily to support rcscarch on the increasingly importanl 
p u s  of Actrcitr. 

Rick J .  Van Dcn Beldt 
Winrock Intcrnatjonal 
F/FREI) I'roject 
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"This monograph is dedicated to the memory of Dr. Y.S. Rao who 
long sewed forestry in the region as FAO's Regional Forestry Officer 
and later as Senior Programme Advisor of FORSPA". 



Introduction 

Introduction 

The Status of Acacia mangium Growing and 
Utilization in Asia and the Pacific 

Since its introduction to Sabah, Malaysia as an exotic in 1966, Acacia 
manp'lriil has become one of the three or four most common plantation 
tree species in Asia, prirnarilv in Indonesia, Malaysia, the Philippines, 
and Thailand. I t  is also wide.ly planted in other tropical regions. Cur- 
rently over 150,000 ha of A.  r n a n l p m  have been planted worldwide, and 
the area coverage is rapidl~,  expanding. The Indonesian government 
alone aims to establish 4.4 million ha of forest plantation by the year 2000, 
using A. lnnngillrn as a principal species. In Sumatra, private plantation 
operations target 25,000 ha annually, and are currently planting about 
18,000 ha each year. 

While A. rnangnrnz is the most widely planted Australian acacia, 
others used in planting programs include A.  alrriclrliforrnis, A. Izoloscricm, 
A. rncanrsii, and to a lesser extent A. crnssicarpa, and A. lcptocarpa. 

Several factors explain these rapid increases in the use of fast-growing 
tree species in plantation forestry in the tropics. Natural tropical forests 
are quicklv being depleted, and where natural forest resources remain, 
international political and economic pressure for their preservation has 
been growing steadily. In order to expand or even maintain production 
of tree products, tree-gro~ving enterprizes need species that grow well not 
only on cleared forest sites but on "degraded" sites otherwise unsuitable 
for agriculture, such as weedy Inlpcrnta grasslands and former mining 
sites. A. mai~gizrnl has proL.en its growth on these and other adverse sites. 

While international wood-product markets are adapting to the dwin- 
dling supply of tropical hardwoods from natural forests, ad\.ances in 
utilization technologies ha~re  made feasible conversion of small-diameter 
logs for use as chips and composite materials, as well as for sawn timber 
and veneer. State-of-the art mills in Southeast Asia are nobv handling 
logs of five centimeters in diameter. 

A .  nlnngizrin is grown for pulp and paper production in Sumatra, 
Sabah, and Vietnam. In Taiwan (Republic of China), A. r n n n l y i ~ m  sawdust 
provides a good-qualitv substrate in the lucrative production of shiitake 
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mushrooms. Other non-wood uses for which i t  shows potential include 
honey production and adhesives. 

The species is also useful as an ornamental. In Malaysia, it is a 
widely-planted roadside tree, and in Thailand i t  has been recommended 
for wider use in urban forestry. 

Unlike many plantation species, A. manpum and other acacias show 
potential for use in rural development as well as in industry. Some of the 
features that formerly made these trees unlikely plantation species now 
make them attractive for farm communities. Their variety of forms in 
natural stands permit selection for branchy fuelwood and foliage for 
animal fodder as well as for straight-boled trees for poles and timber. 
Their ability to grow on marginal soils and improve their fertility is also 
attractive to farmers. 

In agroforestry, there are few reports of A. rnanpum being used in 
integrated planting systems like the homegarden. Experiments have 
shown that the species has potential in some intercropping combinations 
(for example, with maize and peanuts), but other acacias that are native 
locally (since many occur throughout Asia) may be as well suited to these 
niches and better known to farmers in the area. 

A. r n n n p m  can play a larger role in many places where an industrial 
market for wood products exists alongside a local market for fuel and 
other tree products. One example of a planting program with both 
industrial and local development objectives is that managed by the Paper 
lndustries Corporation of the Philippines (PICOP). In this program, 
advance funds to farmer cooperatives cover costs of growing A. rnangiun~ 
until the first harvest, at which time part of the yield goes to pay back the 
initial expenses and part is re-invested in the cooperative for further tree 
farm expansion. 

Another example can be found in Sabah, Malaysia, where local farm- 
ers once strongly opposed forest plantations as threats to their practice of 
shifting cultivation. Sabah Forest lndustries (SFI) worked out an arrange- 
ment with thefarmers whereby the tarmers plant legume trees-primarily 
A. mangiunl-when they sow their upland rice. When the food crop is 
harvested the trees are left to claim the site. The trees remain the farmers' 
propertv and are sold to SF1 at eight vears for pulpwood harvest. The site 
can then be replanted with tood crops and A. mnnpum. 

This example also highlights the growing need for forest managers to 
recognize the socioeconomic conditions of communities near where the 
trees are grown, as well as conditions of national and export markets. In 
countries of the Asia-Pacific region, communities like those in Sabah are 
insisting on a greater role in forest management. Addressing local com- 
munities' demands in program planning is therefore an investment in 
forest resource security for many commercial growers as well as govern- 
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ments. Factors to consider in this regard can include: (1) Does the pro- 
gram contribute to local income generation? (2) Does it contribute to 
equitable access to local resources? (3) Does it promote sustainable man- 
agement of the local environment?* Through programs like those of 
PICOP and SF], forest managers can ensure long-term production in a 
more stable local environment. 

The speed and wide range of the introduction of A. manprrnl and the 
growing dependence on this resource make it essential to recognize the 
associated risks of pest and disease epidemic and to manage for them, as 
described in Chapters 9 and 10. Foresters know that when introducing 
species, it  is important to test a range of species and provenances that 
originate from environments similar to that of the site of introduction. To 
recoup the long-term investment in an introduced species, i t  is important 
to continue monitoring the stands, not only for growth and survival, but 
for trends in plant health and evidence of insect or disease damage. 
Varied planting patterns- either through mixed plantings of several tree 
species or provenances, or through intercropping with agricultural 
crops-also reduces the risk of epidemic or other crop failure. 

Centers of Research and Information Exchange 

The Australian Council for International Agricultural Research (ACIAR) 
and the Commonwealth Scientific and Industrial Research Organization 
(CSIRO) have for years led international efforts on acacias in developing 
countries. Since the mid 1980s they have been joined, in the Asia-Pacific 
region, by the Multipurpose Tree Species (MPTS) Research Network 
based in Bangkok, Thailand, and administered by Winrock International, 
with support from the U.S. Agency for International Development. More 
recently, regional programs of the U.N. Food and Agriculture Organiza- 
tion have also begun to support intensive institutional development and 
strategies for tree improvement that include research on acacias. 

National research on acacias span a broad range of agencies and 
topics. In Southeast Asia, national clearinghouses of research results on 
Acacia nmgilrnr include: 

Indonesia Forest Research and Development Centre in Bogor 

Malavsia Faculty of Forestry, Universiti Pertanian Malaysia in 
Serdang, and the Forest Research Institute Malaysia in 
Kepong, Kuala Lumpur 

- - 

* H A .  Francisco (in press). Acaclas in rural developlnen~. in Acariasfor Rural, Idusrrial, and 
Environrt~rnrd Ilcvcloprt~cnt. Bangkok. U'lnrock In~erna~ional and FAO. 
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Papua New PNG Forestry Research Institute in Lae 
Guinea 

Ptulippines College of Forestry, University of the Philippines 
. at Los Baiios 

Taiwan, ROC Taiwan Forestry Research lnstitute in Taipei 

Thailand Faculty of Forestry, Kasetsart University; the Royal 
Forest Department of Thailand; and the Thailand 
Institute for Scientific and Technological Research, all 
in Bangkok 

Appendix B lists individuals involved in research on A. mnngilrnr in 
the Asia-Pacific region. Nntiorml l<csmrcll on Mrrltpirpose Trce Species: 
1975-19.90 is a preliminary compendium of ongoing and completed 
national research on eight fast-growing tree genera in Bangladesh, Indo- 
nesia, Malaysia, the Philippines, and Thailand; i t  is available from the 
MPTS Research Network Secretariat in Bangkok. 

Research by the private sector represents an important body of 
knowledge too often overlooked by scientists in universities and govern- 
ment agencies. The contributions of Sabah Forest Industries to Chapter 1 
and of Sabah Softwoods Senderian Berhad to Chapter 11 indicate the 
areas in which private-sector experience is essential for further advances, 
and represent a foundation for further cooperation. 

The Consultative Group on Research and Development of Acacias 
(COGREDA) was formed in 1992 to provide a means for scientists work- 
ing on a wide range of acacia research to exchange information, assess 
research to date and future directions, and plan ways of filling knowl- 
edge gaps. Mostlv Asian scientists, COGREDA emerged from a recom- 
mendation by ~ ~ ~ M P T s  Research Network. The Consultative Croup's 
first meeting, in Phuket, Thailand, in June 1992, prioritized research needs 
for: species assessment and improvement; silviculture for industrial, 
agroforestry, and site reclamation; utilization; and economic assessment. 
It also finalized plans for the preparation of this monograph. The MPTS 
Research Network is supporting several research proposals identified at 
the first meeting for hybrid testing. 

The second meeting, held in Udon Thani, Thailand in February 1993, 
examined the contribution of acacias to the three broad areas oi rural, 
industrial, and environmental development. Specifically, i t  reviewed the 
extent to which acacias are being used in Asia-Pacific countries for these 
purposes, identified sets of research needs for each purpose, and planned 
for further svnthesis of results on several of the best-known species. 

xiii 
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Chapter 1 

Taxonomy, Distribution, Biology, and 
Use as an Exotic 

Introduction 

Actrcitr mrrrrgrroi~ Willd. is a tropical spccics capable of colonizing diflicult sites. 
Its imponant attri butcs include rapid early growth, good wood quality. (IOr pulp. 
sawn timber. and fuelwood). and tolerance of a range of  soil types and pH 
(National Research Council 1983). The spccics is especially suitable IOr control- 
ling soil erosion and planting in areas heavily inl'csted by weedy l~npcrrrtti grass. 
which is widespread in the tropical Asian region. 

A. mrir~,girim was unknown as an exotic unti l  1966, when i t  was introduced 
into Sahah, Malaysia by 11.1. Nicholson. an Australian forester. This initial 
introduction consisted of' sonic 2oU sceds from a single mother tree at Mission 
Beach, Quccnsland. The initial seedlings wcrc planted to l i m i  a firebreak around 
trial plots ol'pincs at Ulu Kukut and in trial plots at Gum Gum and Sihuga in 
Sabah. The trees prcw so well that they actually out-pcrfornicd E I K ( I / ~ ~ I I L V  
clrglriprrl and Gnic,irt~c/ clrhorc.o, which at the tinlc were the main plantation 
spccics in  Sabah. Sccds from thc Ulu Kukut planting were subsequently har- 
vcstcd and the lirst pilot plantation was cstablishcd by a private company. Sabah 
Sofcwtw~I Sdn. Bhd.. in 1976. Since then. plantations ol'this spccics have been 
cxtensivcly cstablishcd in othcr areas o f  Malaysia and in othcr tropical counuies. 
transforming what was once a spccics of limited use in Quccnsland into a popular 
plantation trcc spccics 10r the humid and subhumid tropics. 

This chapter provides a general description of the taxonomy. natural distribu- 
tion, morpholog)~. and physiological characteristics of A. mtrlrgirtm. I t  also 
discusses pcrl0rniancc as an exotic and current planting programs ol'thc species. 
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Nomenclature and Taxonomy 

Actrcitr mtrr~~irtrn Willd. is a Icguniinous rrcc spccics in the I'amily Lcgunlinosae, 
sub-fanlily Mimosoidcac. The genus Actrcitr includes more lhan 1 . (K)O species of 
lrecs and shrubs which occur in Africa, lhc Americas. Asia, and Auslralia, with 
Ihc nuiorily of spccics found in Auslralia (Anon. 1982). A. mtrrr~irtn~ is native lo 
Auslralia. Papua New Guinea. and Indonesia. I I  has niany local names (Table 
1.1). 

Table 1.1. Common names o f  Ac'c~c'ic~ n~tirzgiun~. 

Australia Indonesia I'apua New (;u~nctl Malaysia Thailand 

brown s : ~ l w o d  
black wattlc 
hickory wattle 

manpiuni krir thin tepa 
kayu SA1I)I)A 

A. nrtrrrgirtm was originally described as Mtrr~girtrn r~rorr l t r r r r t r?~  I<uniph. in 
I<uniphius' Herhtrrirtnr A~~rl)oirrc~r.vr 3: 123. 1.8 1 ( 1  750). The generic nanic was 
Ihcn changed lo Actrcitr by C.I.. Willdcnow ( 1  765- 1 8 12) in Sp. Pltrrrl 4: 1053 
( 1  806); his description was based on the typc description and ligurc. 

A. mtrrrgirtrn is no1 closely rclarcd to other Actrcitr spccics, although i t  hybrid- 
izes readily wilh A. trrtricrtllfonnis lo produce a cross wilh characlcrislics inter- 
~iicdialc between those of llic Iwo pucnrs. Due to rhc supcrlicial rcscliihlance of 
A. mtrrr~irtm lo A. Irolo.crricetr. llic Iwo spccics have long been confused and their 
nanies misapplied (I'cdlcy 1987). I'rior to I'edlcy's classilicalion, niany laxono- 
niists had considered A. Irolosoric~c~tr and A. nrtrrrgirtrn to he conspccilic; diffcr- 
ences between lhc Iwo spccics were no1 considered suflicicnt lo warranl scpara- 
lion. C.T. While. cilcd in I'cdlcy (19871, who knew bolh spccics in lhc licld, 
rcduccd A. Ilolo.vc~ricetr to a varict y of A. rrrtrrrgirtr~~. He sccnis lo have rcfcrrcd all 
laxa with glabrous. subglabrous or glabrcsccnt pliyllodcs 10 A. rntrrrgirtrn var. 
mtrrrgirtm. White also conlinucd tlic niisapplicalion by another taxonomisr. 
Ijomin, o f  I he naliic A. Irolo.sc~r-icctr var. rrortroctrrptr and rcfcrrcd A.  Irolosc~r-icetr 
var. gltrhrtrrtr lo A. rntrrrgirtnr var. rirtrrrgirtnr. 

I'cdlcy (1986) proposed a reclassification of rlic gcnus Amcitr bascd on: [he 
niorphology of seedlings. leaves. llowcrs and inllorescenccs, analoniy o f  (he pod, 
rhc occurrence of cxlralloral ncctarics, lice amino acids 01' Ihc seeds. llavonoid 
compounds in hearlwood. cyanogenic compounds. poratc and exrraporare 
pollens, and susccplibilily lo rusls. These characrcristics indicale thal rhrce 
genera-Actrcitr Miller, Se~r~pr l i t r  I<af. and Rtrcospermtr Matius -should he 
recognized. In this rcclassilicalion, sccrion .lulillorac ol'subgcnus Herc~ropl~!~llrtrn 
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(characterized by inflorescences in spikes) in whch A. mongirtm belongs, has 
been transferred to genus Rncospermn. The new genus names, however, have not 
received general support of other taxonomists and have not been adopted (Pedley 
1990). At present, the species is still commonly referred to as A. mtrrz~irtm. 

Natural Distribution and Ecolo 

A. marlgirtm has a fragmented natural distribution, which stretches from Indone- 
sia (where it occurs on the islands of Sula, Ceram and Aru) to lrian Jaya, the 
Western Province of Papua New Guinea (PNG), and northcast Queensland in 
Australia (Figure 1.1). Thc latitudinal rangc is 1 "- 1 8 " 5 7 ' ~  and longitudinal range 
is 125~22'-146" 17'E. The main altitudinal range is from just abovc sea level to 
about 100 m, with an upper limit of 780 rn. Distribution is strongly influenced by 
rainfall patterns and soil drainage. It  is typically a low-elcvation species associ- 
ated chiefly with rainforest margins and disturbed sites on well-drained acid soils 
(pH 4.5-6.5) of low fertility. It also occurs bchind mangroves. in scasonal 
swamps, along streams, and on well-drained flats, low ridges. and mountain 
foothills. 

A. mtlu~irtrn is a species of the humid, tropical lowland climatic zone charac- 
terized by a shon "wintcr" dry season and high total annual rainfall. Table 1.2 

Figure 1.1. Gerleralizcd rangc ot ~ialural distribution o f  Acuc~u rrurngrurll. 
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summarizes records of a selection of representative meteorological stations in 
Australia, PNG, and Indonesia. Annual rainfall ranges from 1,446 mm at 
Merauke, PNG, where there is a distinct dry season between June and October, to 
2,970 mm at Lake Murray, PNG, which experiences no distinct dry season. 
Temperatures are high and equable throughout the year, with mean monthly 
minimum 13-2 1 *C and mean monthly maximum 25-32-C. Temperatures seldom 
exceed 38°C with virtually no frosts (Turnbull 1986). 

Distribution in Queensland 

The distribution of A. mangium in Queens1and.i~ restricted to two regions cover- 
ing a latitudinal range from 1 1 ' 20's 

Plate 1.1.  Natural stand of A .  rrrungircr~t at mmgirrm.. 
Cassowary Creek. Pascoe Catchment, Cape 
York. Photo: Jock Morse. The sou them distribution stretches 
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Figure 1.2. Natural disuibution of A. rtGg5n1 in N o d  Queensland. Ausmlia. 

horn Ayton (15" 54'S, 145" 21 'E) in the north, more or less continuously to 
Crystal Creek just south of Ingham. Here it is principally associated with lowland 
flats in moist situations and extends up the ranges; the highest elevation occurs at 
Gadgarra on the Athenon Tableland (720 m)(Doran and Skelton 1982). Most of 
the lowland region has been cleared or heavily modified for sugar cane growing, 
which has removed most natural vegetation except in restricted areas, such as 
headlands, ridges, and water courses. 

Population types 
In Queensland, A. mangium grows mainly in closed forest (including rainforest), 
open forest grading into woodland. and on the margins of mangrove communi- 
ties. Trees typically occur in small groups but never become dominant over large 
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areas. 
In the rainforest (for example in the catchment of the Claudie River), tall, 

straight A. mangiurn trees with clear boles form a component of the upper 
canopy. Its more typical habitat is along rainforest-savanna boundaries, which are 
regularly affected by dry-season fire. Associated species include Dillenia alaza, 
Planchonia careya, Barringtonia acuzangula, Parinari nonda, Lophostemon 
sauveolens, Buchanania arborescens, Aleurites rnoluccana, Acacia aulacocarpa, 
Jagera spp., Melaleuca dealbata, Eucalyptus tetradonza, and E. clarksoniana 
(Gunn et al. 1990). 

In a number of small, disjunct populations (including those at Weipa, Dulcie 
Creek, and Lannercost), the trees grow in almost pure stands either along season- 
ally dry river banks or in slight land depressions in open woodland. The stands 
are of uniform size and (with the exception of Lannercost, which experiences 
high annual rainfall) show signs of dry-season moisture stress through excessive 
leaf fall and chlorosis of the leaves. It is possible that these populations have only 
recently become established with seed transported by birds or floodwaters. 

Distribution in Papua New Guinea 

A. marlgium is widespread in the lowland regions of the Western Province of 
PNG (Figures 1.3 and 1.4). I t  extends from the Lake Murray district south to the 
coast, and from the Irian Jaya border to east of the Fly River in the district of 
Balimo. The range of latitude is from 7*  371-8" 59's and longitude 141°09'- 143" 
08'E. The altitudinal range is from just above sea level to about 50 m, reaching 
100 m in the northern pan of its distribution near Boset. The limited rainfall data 

Figure 1.3. Location map of Western Province, Papua New Guinea. 
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available for the area 
indicate an annual 140'30 141'00 141'31 
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range of 1,900 mm at 
Morehead, increasing 
to the north and east 
up to approximately 
3,000 mm at Lake 
Murray and 2,500 
mm at Balimo. Other 
A. m n n p m  sites in 
PNG are thought to 
be chance introduc- 
tions (Skelton 1987). 

Population Types 
In the Western 
I'rovincc of PNG. A. 
martgirirn is found on 
two low-lying land 
forms: the Oriomo 
Plateau to the south 
of the Fly River and 
the Fl y-Digoel Shelf 
to the norlh. The 
topography of the 
Oriomo Plateau, a 

$ - ,  - C 
L k  , 

8 
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slightly undulating 
plain with a number - .A , 

140 )C 

of shallow slopes, 
contrasts with the 
Fly-1)igocl Shelf, 
which consists of Figure 1.4. I,txa~ion map o f  Mcraukc rcgion o f  1ri;ul Jiiya arid 

South-wcs~crn I'rovincc of I'apua New Guinea. 
closcly spaced 
narrow ridges and valleys. Due to the 1Yatcau's llatncss and low elevation. 
impeded drainage is common and much of the area is  floodcd during thc wet 
season. 

A mosaic o f  grassland. savanna woodland, swamp forest, and monsoon vinc 
Sorest covers the area. Local drainage condiuons arc the main l'actors determining 
vegetauon patterns. However, the relationship is complicated by annual burning, 
which has strongly modified the natural vegetation. A. marlgirtm is generally 
confined to soils with adequate drainage. 

The species reaches its best form and exceeds 25 nl in height o n  the margins 
of monsoon vine forest and where the forest canopy has been disturbed. Thesc 
areas include Bimadcbuni. Dinlisisi, Wipini, and Orionio. In places whcre vinc 



Acacia  m a n g i u m  Growing and Utilization 

forcsr merges inlo riparian or swamp silualions. A. mnrrgiltm is less frequent and 
of smaller starurc. In vine forest situalions, associated taxa include species in  the 
genera Flindersitr, Grevillet~. Syzygiltm, Plmcl~onelltr, and Termiturliu. Common 
in wetter areas are A. trrcricltl~fonnis, Melnleltcrr ctrjrcpltti ssp. 'pltrt~plrylltr' ms. 
M. Ie~tctlder~drtr, Bt~rrirlgtorritl tetrtrptert~. and Dillenitl aluttr. 

In savanna woodland, where A. mtrngircm is a common componenr. acacias 
form 520% of the woody specics. Associalcs include Lophostemotl slurveolens. 
and species in  the genera Meltrleltctr. Alsrorritr, Dillerritr. Xnrrthosternorl. 
Grevilletr, Parinari. Plnachorric~. Syzygirtm, Actlcitl, and Eltctrlyptlts. These 
associations arc common across the Orionlo Plateau from Wcam and Bensbach 
in the west lo Oriomo in the east. 

Disturbed siles in ripaPian or  monsoon vinc forest. resulting from local 
shifting cull ivat ion or 01 her faclors. arc rapidly colonized by Actlcitl species, 
including A. mtr~rgrrtrn, A. crtrssictlrptr, A. trltricrtl/for~nis. A. rrltltrcoctlrptl. and A. 
simsii. Thcsc develop in10 woodland or opcn l'orcsls char prcvcnl (he spread of rhc 
grass Impertrttr cylirrdrictr (alang alang). 

On the Fly-I>igocl Shcl f. A. mtlr~grlcm is known lo occur i'ro111 I hc PNG-Irian 
Jaya border in lhc Boscr-Obo rcgion wcsl of lllc Fly River. Lake Murray, and 
Balinw discricr casr of 111c Fly River (Gunn cl al. 1990; House ct al. 1991). In  
lhcsc areas the main acacias arc A. mirrrgilun and A. (~rtltrcoctrrptr, wilh A. 
crtrssictrrprr apparing lo be rare in tllc Balinw district. Curiously. A. 
trltricrtl~fonnis is ahscnl fionl both rhc Balinw rcgion and rhc areas of Bosct and 
Lake Murray lo chc nonh. In irs northern dislribulion. A. mtrrrgirtm bcconlcs less 
common and of smaller slalurc. Hcrc i l  is confined mainly lo nlonsoon vinc 
forest margin< edges of lakes. and dislurbcd siles. 

Distribution in Indonesia 

lrian Jaya 
Mrrtrrtkf Disrrlcr: The nuin dislribution o f  A. rntrrrgirtr~ in Indonesia is conccn- 
rralcd in Ihc dislricl o f  Mcraukc in sou~hcasl lrian Jaya (Figure 1.5) and is an 
cxlcnsion of lilt dislribulion in rhc Wcslcrn I'rovincc ol' I'NG. The dislribution is 
nor well known bul appears lo be rcslriclcd lo I I K  lowlands, coinprising savanna 
and lowland monsoon vinc li)rcst. For 120 km inland from Mcraukc to k3ambu. 
rhc terrain is llal and poorly draincd. Tall opcn nlclalcuca swamp forests arc 
comnwn. with A. rntr~rgirt~ri abundanl along IIw dislurbcd verges of tire newly 
buill highway. Norrh of Eranlbu ro Muling (tile nwsl norlhcrly p i n 1  visiled), 
acacias become less common (Gunn and McDonald 1991). This area is on the 
same lalicudc as Bosct/Obo. where A. mtr~rgrrun reaches its nlosr northerly nalural 
disrriburion in Wes~crn I'rovincc. 

Voxelkop Pc~rrirr.srtltr: The Vogclkop I'cninsula is locared in northwcsl Irian 
Jaya ( 1 "-5" S .  1 3 1 " -  1 34" E). This area and other localilics reported in Maluku 
Province arc diflicull lo visir; a number of A. mtrrrgirtm locarions arc known only 



Taxonomy, Distribution, Biology, and Use as an Exotic 

from herbarium specimen collections, most of which were made during the 
Dutch colonial period. 

There are two known populations on the peninsula, one west of Manokwari 
and another to the south in Fak Fak District in Bintuni Bay. The species grows on 
lowland flats in enclaves in primary rainforest and as pure stands in  Imperafa 
cylindrica grassland. Soils are infertile. pale grey to yellowish compact clays. 
Trees are of generally poor form, 10- 15 m high, and 8-20 cm in  diameter 
(Turnbull et al. 1983). 

Maluku Province 
This province consists of about 1.000 islands. A. mungirim is known to occur in  
three main areas: the Sula Islands ( l o  52'S, 125" 22'E), Ceram (ca. 3- S, 1 2 9 ~ ~ )  
and the Aru lslands (ca. 6" S, 134- 30'E). 

Srrla Islmds: The islands of Taliabu. Mangole, and Sanana (also called 
Sulabesi) make up the Sula Islands. A. mcrngirim is reported to occur on Taliabu, 
the most westerly natural occurrence along with Sanana Island (Turnbull et al. 
1983). It occurs near sea level (below 50 m) on the margins between rainforest 
and shifting cultivation. 

Ceram Island: The occurrence of A. mcrn,girtm in western Ceram is indicated 
by an herbarium spccimen collected by ~uswata and Socpadrno in  1959 
(Suratmo et al. 1980). An exploration madc in 1979 in thc vicinity of Piru in  
southwest Ceram reports that A. marlgirim occurs as scattcrcd trees associated 

Halmahcn Islands 

IRlAN JAYA 

Figure 1.5. Location map of Eastern Indonesia and Irian Jaya. 
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with Meltrlermr spp. adjacent lo shifting cultivation. Trees were obscrvcd from 
near sca levcl to about 300 nl. The annual rainfall was rcportcd as 2,(KX) mm wilh 
a distincl dry season (Suratmo cl al. 1980). 

Anc Iskt~trds: The group comprises thrcc l argc islands-Wokan), Kobroor and 
Trangan-and several snlallcr islands. The occurrence of A. mtrtrgirun on 
Trangan Island is indicated by an hcrbariuni specimen collected by Buwalda in 
1938. At that tinlc, scatlcrcd lrccs were growing on Ilat terrain in a sandy clay 
soil on thc margins of primary forcst. Olhcr sites arc rcportcd on Waniar lsland in 
lhc northwest ofthc Aru Islands and in the cast ofTrangan Island (Turnbull ct al. 
1983). 

Morphology 

Foliage 

Marurc phyllodcs arc large, up to 25 cnl long and I0 cn) broad. Thcy arc dark 
grccn, glabrous. or slighlly scurfy with a glabrous pulvinus 6-10 nin) long. Four 
conspicuous longitudinal nuin ncrvcs run togcthcr ncar the basc of the phyllodc 
along the dorsal margin, wilh many line. analomizing inconspicuous secondary 
ncrvcs. A gland (cxtralloral ncclary) is conspicuous a1 the basc o f  the phyllodc. 

Inflorescence 

Inflorescences occur as rathcr loose spi kcs up lo I 0  cn) long, singly or in pairs in 
the upper axils. Tlic inllorcsccncc is composed ol' many tiny white or cream 
colored llowcrs. I'cdunclcs arc cancsccnt and pubcsccn~. about 1 cni long; the 
rachis is also cancsccnl and pubcsccnc. Flowers arc quinquclloral; the calyx 0.6- 
0 . 8  nini long. with shorl obluse lobcs: the corolla is about twice as long as thc 
calsx. In Australia. Ilowcrinp occurs around May. and sccd niaturcs bctwccn laic 
Octohcr and 1)cccnlbcr. Sccd niaturcs carlicr in nor~licrn localions: July i n  

lndoncsia, and Octohcr to November in I'NG. 

Pods (Legumes) 

Thc sued pc~ls arc broad, linear. and irrcf ularly coiled when ripe. Thcy arc 
slightly woody, 3-5 nini wide, and 7-8 cni long. Sccd maturity is indicated by the 
dcvclopnicnt (11' a dark brown to black seed coat. orange to red I'uniclc and brown 
coloration o f  the pods, about 6-7 months al'tcr Ilowcring. Itipcning pods change 
Irom Ilcxiblc grccn to sli ff  and dry brown. 
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Seeds 

Thc ,seeds arc black and shiny wilh shape ranging fion~ longiludinal. elliptical. 
ovalc, ro oblong, 3-5 mm x 2-3 mnl. The sccds arc arrangcd longiludinally and 
arc attached lo rhc pod by an orange lo red folded funiclc conncclcd lo a broader. 
oily. fleshy aril. 

Seedling Morphology 

Like many Australian phyllodinous acacias. Ihc lypical foliage sequence from 
seedling to adull is 'pinnarc - bipinnalc - phyllodc' (New 1984). Typically. newly 
gcrminarcd seedlings arc characlcrizcd by having Ihc firs1 leaf pinnarc and rhc 
second bipinnarc, arranged allcrnalcly. The rhird and lourlh lcavcs arc bipinnale. 
cach pinna bearing 12- 18 pinnulcs (Icallcls) arising from Ihc n u i n  rachis. The 
bipinnalc leaves (l'ornlcd a1 ahoul Wcck 4 or 5) cach havc a small, llarlcncd 
pcliolc. From six wccks alicr gcrnlinalion, ~ h c  llal pcriolc 01 newly-cnlcrgcd 
bipinnarc lcavcs expands lo limn a phyllodc. allllough bipinnalc lcavcs remain 
inracr at rhc rip. Alicr Ihis slagc, seedlings dcvclop lo full phyllodc slagc (rhar is. 
phyllodcs wilhoul inlacr hipinnatc Icavcs), indicaling adull foliage I'ornl I'ronl 
ahoul nine wccks a1 lcr gcrnlinalion. 

Adult Tree 

A. mtrrrgirirn trees generally grow 10 a height of 25-3.5 ni wilh a srraighr bolc 
which may bc ovcr half of the lolal hcighr. The diamclcr at brcasl hcighl (dbh) 
can be ovcr 60 cm. However, on rclarivcly poor sires the rrccs arc usually much 
snlallcr, wilh avcragc llcigllls bcrwccn 7 and 1 0  ni (Turnbull 1986). Young trees 
of A. mtrrrgirim havc greenish. smooth bark on Ihc upper par1 of rhc slcm and 
brownish bark on Ihc lowcr pan of lhc slcnl in  which lissurcs begin lo dcvclop ar 
2-3 ycars of age. Glaucousncss on young srcnls or branches is a rypical, bur no1 
universal. cliaracrcristic o1'1hc spccics. Srcnls 01' adult rrccs arc characlcrizcd by 
longitudinal furrows and thick, rough. hard bark h a 1  is dark brown lo fawn i n  
color. Fluring of Ihc lowcr bolc is olicn prcscnr in  old Irccs. Nalural pruning is 
usually poor. 

Phyllode Anatomy and Stomata1 Characteristics 

Aripanumpai (1989) rcponcd phyltodc anaromy and sronlalal charactcrisrics of 
30-month old A. ~ntrrrgiriln lrccs froill diffcrcnl provenances. The cpidcrmis o f  [he 
phyllode is heavily culinizcd on both surfaces. and cclls arc square or rectangular 
in  rransecrion. The n~csophyll consisls of' two-layer palisade tissues. densely 
arrangcd and filled wilh abundant chloroplasrs. The spongy parenchyma is 
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slightly round and loosely arranged in the middle of the phyllode blade. 
Phyllodes of A. mnrlgircm are amphistomatic with numerous stomata regu- 

l k l y  distributed on hoth surfaces of rhc phyllodc. The stomata arc of the 
paracytic type, either levelling with the epidermis or protruding a little beyond i t .  
The size and frequency of stomata are very variable on hoth surfaces of the 
phyllode. The length of guard cells varies froni 23 to 32 p i .  The number of 
stomata per mni2 ranges froni 265 to 450, with an average of 385. Sroniatal 
frequency increases progressively from the tip to the base on both surfaces. 

Physiological Characteristics 

Though regarded as an evergreen spccics. A. mtrrrgircm docs not grow continu- 
ously throughout the year. Monthly phcnological observations over two years on 
A. mnrrgircm planted at six sites in Thailand, varying in  clin~atic condirions. 
revealed that shoot growth continued throughout the first 12 months after plant- 
ing hut slowed down for some months in  the sccond year (Wasuwanich 1989). In  
Thailand, growtli appcars to slow down or ccasc in  response to the combination 
of low rilinfall and cool tcnipcraturcs in  January-February. Growth becomes 
active in April before the wet season starts (Atipanunipai 1989). This growth 
rhythm is reflected in the pattern of  wood production; growth rings arc visible on 
t he transverse section. 

A. mrrrgirim has a relatively high light saturation point of 600 pn~olni-2s-1 
(Atipanubipai 1989) and is shadc intolerant. In  its natural habitat, especially in 
PNG. A. mtrrrgirtm is a pioneer spccics in  arcas cleared for gardens by villagers. 
In  plantations. slow-starling individuals arc supprcsscd by tlicir neighbors. 

Mcasurcnicnt of pliotosyntlicsis of glasshouse-grown A. mtrrrgirtm seedlings 
showed that niaxiniuni photosynthetic rare was within thc range 7- 10 nigCOy 
dnizh at a tcnipcraturc about 25°C and at a photon flux near 6oU pniol-2s-1 
(Atipanunipai 1989). This photosynthetic ratc sccnis low in relation to the faqt 
growth of the spcclcs. Thc nlosl productive provcnrrnccs h a w  not cxhibitcd high 

photosynthetic rates. indicating that there may be no relationship between 
photosynthetic ratc and biomass production in A. mtrrrgirim. 

Performance as an Exotic 

A. mtrr~gi~im is one of the niost widely planted Acocitr spccics i n  the humid 
suhhumid tropics. 11s successful introduction in Sahah. Malaysia led to its 
introduction into China (Pan and Yang 1987). Fiji (Zed 1987). Laos (Sylavong 
199 1 ). the l'hilippincs (Audin 1980). Sri Lanka (Midgley and Vivckanandan 
1987). Thailand (Boontawcc and Kuwalairat 1987). Vietnani (LC and Nguyen 
1991). and sonic countries in Aliica (Kessy 1987; Gwazc 1987). Most countries 
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have introduced the species for trial i n  
revegetation and rehabilitation programs. In 
Southeast Asia (for example, in  Thailand 
and the Philippines). A. mnrlgirm is planted 
in areas abandoned after shifting cultivation 
and heavily infested with lrnperafn 
cylirldrica (Plate 1.2). In Sumatra, Indonesia 
the majority of the area planted to date is 
logged-over forest sites (Werrcn 1991). A. 
rnangiitrn has also been included in refores- 
tation projects intended primarily for pro- 
ducing fuelwood for local needs. 

A. rnur~girm prefers wet sites with an 
annual rainfall of 1 ,O(X)-4.500 rnni. Pro- 
longed dry periods will slow tree growth 
(National Research Council 1983). While 

Plate 1.2. Three-year-old A. irungium 
on a n  lrnperatu cvlindrica sire in 

the annual rainfall of over 2,500 mnl in  the ~alirnanian. lndonesia. Photo: 
BengkokdKudht region of Sabah is consid- Temmes. 

ercd adequate for A, mnrtginm, tree growth is still affected by seasonal conditions 
(Miller and Hcpburn 1% 1) .  During lhe dry season, when monthly rainfall is 
below 100 mm and the evaporation rate exceeds 130 mm per month, the trees are 
under moisture stress (Mead 1989). Dieback due to a prolonged dry season (5-6 
months) and high tcmpcraturc has been observed in  Thailand (Pinyopusarerk. 
unpublished data). 

A. rntrrlgirtm is very site-adaptable and shows satisfactory growth even on 
eroded, rocky, thin nuneral and deeply weathered, alluvial soils. Its symbiotic 
relationship with the nitrogen-fixing soil bacteria of the Rhizobiurn genus, 
provides the tree with sufficient nitrogenous compounds to sustain growth (see 
Chapter 6). Its relationship with thc rnycorrhizal fungus Tklephorcr rcuncrriodes. 
which has been identified in Sabah, helps the tree to absorb micronutrients from 
the soil, especially phosphorus (Sim 1987). 

The ability of A. mmgirm to attain modest growth on otherwise unproduc- 
tive sites makes i t  an attractive species for reforestation. On good sites, average 
increase in diameter commonly reaches 3-4 cm per year. On weedy sites and 
shallow, sandy soils in Sabah, however. A. crtusicnrpa has been reported to grow 
faster than A. rnmgirtrn (Sim and Gan 199 1) .  An untended. 9-year-old stand of A. 
mnngiurn in Sabah was reported to produce 4 15 m3 of wood per ha (Tham 1976), 
which represents an annual production of 46 m3 per ha. 

A. mrrlgilun grows well on lmnpert~tn cylirldrictl grasslands, which are usually 
diflicult to reforest due to adverse soil conditions and weed competition (Hadi et 
al. 1990). I t  can also grow on acidic soils with pH as low as 4, compared to other 
species like Lencrrerrtr lericocepl~trl~~, which requires a pH level above 5.5 (NAS 
1977). This represents a major advantage of A. rnnrlgilm because acidic soils are 
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widespread throughour the rropics. On saline soils, however. A. marrgrrcm is nor 
rccommended bccause of its low salt tolerance (Thornson 1987). 

A. mrrr~gircm has a vigorous bur shallow root system, and appcars lo be more 
susccptiblc to wind daniage (han A. mricnl[fomis. This problcni is furrhcr 
cxaccrbatcd by the rrcc's broad phyllodcs and dcnso foliage. In Zhanjiang. China, 
1 17r of srenis wcrc leaning and 37r hrokcn by wind damage (Pan and Yang 
1987). On Hainan Island, niorc than 50% of 2-year-old A. mtrtrgircrn trees werc 
uprooted by typhoon-force winds (Pan and Yang 1987). A. rntrrrgircrit is also 
sensitive to prolonged low lcnipcraturc and frosr. Pan and Yang (1987) noted thc 
niortaliry of 5-year-old rrccs alter prolonged exposure to low rcnipcrarurc of 5- 
6°C. wilh cold rain. 

Current Planting Programs 

Although the potential of A. mrrrrgircm has hccn rccognizcd sincc [lie 1970s. 
large-scale plantations did no1 start unlil the 1980s. Currcnlly over 150.000 ha of 
A. nrtrtrgirtn~ havc hccn planlcd worlclwidc, wirh 1lic largcsl planrcd areas being in 
Indonesia and Malaysia (Sctyarso 1992; Kayniond Tan 1992). A liugc and rapid 
expansion 01' A. ri~trrrgirtnr planlings is anliciparcd, wirh a further 111111 riiillion ha 
ol' plantarions already conirnilrcd. nuinly in Indonesia and Malaysia. li)r the 
paper-nuking indusrry. 

In Malaysia. aboul 50JM)O ha of A. rnrrtrgircrn planlarions havc hccn csrab- 
lishcd in Sahah by coninlcrcial lirnis li)r chip wood for pulp, paper, and wood 
cornpsire products, and by state agencies for afforestation 01' grasslands. In  
I'cninsula Malaysia. 42JXK) Iia have hccn established during lhc l98Os by the 
Forcsrry 1)cpa.n nicnl li)r gcncral uliliry rinihcr. Howcvcr, (lie Forcsrry Ikpart- 
nicnl has rcccnrly suspended A. nrrrrrgirtrn planling unlil (he iriipacl of hear1 rol on 
rlic spccics is cvalualcd. Tlic lieart ror docs no1 swni lo affccl the quality ol'papcr 
or chips signilicantly. Tlic spccics will conlinuc to be a niaior pulpwood Ircc li)r 
indusrrial planlarions, and a popular rc1i)rcsIalion spccics lor wasteland rchahili- 
Irrliori i n  Sahah; a planting ralc ol'4.000 Iia pcr ycar is rargcrcd. Shil'ling cultiva- 
tors also show a growing inlcrcsl i n  inlcrplanling A. mtrtr~irrnr as a Ic~utiic covcr 
crop will1 hill paddy. 

In Indonesia. A. ~~ro~rgiri~ir has hccn sclcclcd for rclbrcslalion sincc Ihc lalc 
1970s. 1,argc-scale cslahlishnicnl has lakcn place at Riau. North SunlaIra by I T  
Itidah Kial Pulp arid I'rrpcr Corp. (IT Arara Ahadi 1992). Having slarrcd planting 
at 500-2.(XH) ha per ycar. this privalc rinihcr csrarc conipany is currcnrly cslah- 
lishing 16.(XM) ha each ycar. Anolhcr gianl plan is also underway i n  South 
Suma~ra lo covcr 30().00() ha ol' lbrcsl land, prcdominanlly with A. r~rrrrr~i~trn 
planrarions, in order lo supply 1.2 nlillion Ions of pulpwood annuall), (Arisnian 
and I'rakarsa 1992). Widrarsono ( 1992) reports that his conipany. IT Musi 
Huran I'crsada Barilo I'acilic (iroup (also in South Sumatra) is producing 89 
niillion seedlings lo he planted i n  1992. A1 I'aulu Laul. Soulh Kalinianran. A. 
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mtrrrgirem has also hecn sclccrcd for rinihcr esrarc devclopmenc. In Wcsr Java. a 
srarc cnrcrprisc, I'eruni I'crhulani, has cslablishcd 36,000 ha of l'orcsl planlalion, 
o f  which A.  rntrrrgirem is one of lhc main spccics (Sclyarso 1992). Oulsidc timhcr 
csrarcs. A. mtrrrgrrcrn has hccn planrcd in Soulh and Easl Kalinianlan, Sulawcsi, 
and olhcr pans of Indonesia. panicularly lor silc rchahilirarion. 

In 1989. Sahah Forcsl Induslrics Sdn. Bhd., a pulp and papcr company in 
Malaysia, was the firs1 lo produce papcr from A. mtrrrgrrcm pulp on a commercial 
scale (Sini 1992). The qualily of chc (prinring and wriring) p a p r  was acccplahlc, 
and there is grcal porcncial for blending A. mtrrrgircm w w d  wilh residual mixed 
lropical wood lo produce high-qualily prinring and wricing papcr. This iniponanl 
dcvclopnwnl removed doubts ahour tlic suilahiliry o f  A.  mrrrrgircm wood as raw 
niarcrial lor nuking qualily papcr. l<csulrs ol 'con~n~crcia l  resling h a w  hoosrcd 
rllc conlidcncc o f  many invcslors and given slrong inipclus lo Ircc-planling 
induslrics in Malaysia and ahroad. 

Comnicrcial planring ol' A. nrtrrrgirir~r in ollicr counlrics like Cliina. llic 
I'l~ilippincs, Tliailand. and Viclnam is increasing. A large expansion in A. 
r~rtrrrgircnr planlarions is anriciparcd in 111c ncxl lcw years. 

Summary 

A. nrtrrrgi~er~l can grow sarisl'acrorily o n  orhcrwisc ~np roduc l i \~c  silcs. and is 
parlicularly suilcd lor conlrolling soil erosion and weeds in arcas heavily inl'cslcd 
will1 Irnpor-trrtr grass. Its wood is used lor pulp, sawn rinihcr. chips. and l'uclwood. 
11s nalural disrrihulion srrclclics from r l~c islands of Sula. Cc ra~n ,  anti Aru in 
Indonesia. Ihrough tlic b'cslcrn I'rovincc o r  I'apua New Gui nca, lo norrhcaslcrn 
Quccnsland. Ausrralia. Ir is rypically a low-clcvalion spccics associaled will1 
rainl'orcsl margins and dislurhcd silcs on well-drained, acid soils. O n  l'avorahlc 
silcs i l  can grow I O  a hcighl 01-25-35 111 and a dhh ol'ovcr 60 cnl. 1 1  prclkrs we1 
sires; prolonged dry pcriods slow ils growlli. 

I<cccnl dcvclopmcnrs in using A. rrrr~rrgirenr as pulpwood h a w  conlirmcd ils 
suilahiliry lor rnaking qualily papcr. Tllc area under planlalion will1 Illis spccics is 
rapidly expanding, will1 150.000 Iia already planted worldwide and anollicr ha1 1' 
niillion ha conlnlirrcd for planling 1i)r rllc papcr indusrry. 

Acknowledgment 
Tlic aulhors rliank Chris Harwood and Jock Morse lor lhcir comlncnls on Ihc 
manuscripr. and Fiona Chandler for preparing 1t1c maps. 
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Chapter 2 

Reproductive Biology 

21 kmricl Ibruhiin 

Introduction 

In tllc plant kingdom, reproduction is citlicr scxual or asexual. Sexual rcproduc- 
lion ( in  which ofl'spring arc produced hy union of male and female gamcrcs) 
nlaintains generic variability. which has bcnclits in rcrnis of  reduced risk of 
widespread disease losses, but has disadvantages in terms o f  the hctcrogcncous 
individuals produced. Asexual rcproduction, or vcgctativc propagation (in which 
individuals arc multiplied without combination ol'ganictcs), includes the lccti- 
niqucs of cutting, budding, grafting, and tissue culture (see Chapter 4). The 
economic advantage o f  asexual reproduction is lllc ability to produce uniform 
planting nlatcrials of identical gcnctic composilion as oncts wilt1 known charac- 
teristics. This advantage has been widely cxploilcd hy horticullurisrs and agrono- 
misls for improving annual and biennial crops. Forestry in general, however, still 
relies on scxual rcproduclion l o r  propagating tinlhcr spccics, except lor a few 
spccics for which vcgctalivc propagation is an economic option. 

Mosl rclimslation and afforcstalion programs use seedlings as planting 
malcrials. w i ~ h  qualily planting materials ohiaincd Iron1 sccdling or clonal seed 
orchards aflcr rigorous genotypic sclcclion. Hybridization is anollicr method that 
holds polcntial for inlproving planting nlarcrials in Sorcslry. In cilhcr case. 
understanding Ihc spccics' rcproductivc biology is inlportant lor developing an 
improvement stralegy. 

This chaplcr describes Ihc rcproduclivc biology of Acrrcitr mtrrlgirirn. includ- 
ing its lloral biology, phcnolog).. brccding system, and hybridizalion potenrial. 

Previous Page Blank 
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I'late 2.1. Inllorcsccncc ol' Acclcra rru~n~rurr~. Yhnro: Zakauia Ihrahim. 

Floral Biology 

Male and female gametes, the structures responsible for sexual reproduction. are 
produced by angiosperm flowers. As floral morphology plays a definitive role in 
pollination, close observation of a spccics' flowers can lead to an understanding 
of its breeding system. 

The floral niorphological characteristics of A. mtrrrgirtrn arc well documented. 
Pedley (1975. 1978), Vercourt (1979), NAS (1983). and Turnbull et al. (1986) 
give brief descriptions of the inflorescences of A. marigirtm and A. trrtricdgonnis. 

Inflorescence Description 

The inflorescence of  A. morlgirtm belongs to the spicatc group (Guinct and Vassal 
1978) and consists o f  numerous flowers borne on a loosc, pendulous spikc. Three 
to eight inflorescences arc arranged spirally along thc spikc of each phyllodc axil 
(Plate 2. I ) .  

A. mtrrrgirtrn has a mean inflorescence length of 97 mm, compared to 70 mm 
for A. (~r~ricrtl!fonnis (Zakaria and Kamis 1991). A. rntrrrgiwz also has a higher 
number of flowers per inflorescence (195) than A. (rrtricullfonnis (105). 

During pcak flowering season, the entire crown is covered with inflores- 
cences. When in  full blossom, the inflorescenccs resemble bottle brushes. Flow- 
ering is conspicuous in that the inflorescenccs, with many brightly colored 
flowers, are located at the distal portion of thc crown. 
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Plate 2.2. Style of A. 
~ n ~ ~ n g i u m  with a plya t l  
adhered ro Ihe stigma 
(magnified 20x). 

Plate 2.3. Bilobcd anlhcr I'late 2.4. A polyad ofit. 
o f  A. ~ ~ u n g i u m  showing ~ncrngium showing the con- 
anther dehiscence lines glomerarion of 16 
(magnified 20x). grains (magnified Pen Ox). 

Flower Description 

The flowcr of A.  rnrrtrprm is regular in symmetry, consisting of five sepals, five 
pctals, numerous stamens. and one gynoccium. Thc opcn flowcr measures about 
4.9 x 4.6 mrn. Its creamy whitc color arises from the whitc of the petals and 
filaments and the yellow of the anthers (I'latc 2.7 on p. 24). 

The flower has a mild, swcct fragrance, which is particularly distinct in the 
early morning when individual flowers are in bloom. 

Microscopic examination of the stigma reveals that it  is non-papillate, 
measuring about 63 microns in diameter (Plate 2.2). and forms a cupshaped 
depression at the tip of the solid style (Zakaria and Kamis 199 1). Since the style 
and the surrounding filanlcnts arc the same length, the stigma lies on the same 
plane as the anthers. Exudate present on the stigma causes i t  to glisten when 
observed under a dissecting microscope. 

The anther of A. mrr~rgirtrn is a bilobed structure set terminally on the fila- 
rnenr and measuring 183 microns (Plate 2.3). Each lobe has four separate loculi, 
with each loculus enclosing a polyad (composite pollen grains). On average, A. 
mtr~rgirtrn has about 1 13 stamens per flower (Zakaria and Kamis 1991). 

As mentioned, A.  mcrrrgirtm pollcn comes in polyad lorn). Each polyad 
consists of 16 pollen (Plate 2.4). Thc p l y a d  is spherical in shape with a diameter 
of about 30-40 nlicrons. 

The ovary is sessile. nornlally with minute hairs. with 12-14 ovules per ovary 
(Zakaria and Kamis 1991).The variation in ovule number is due to variation in 
pistil size and structure, which ranges from normal pistil with long style and 
hairy ovary to small pistil with very short style and without ovary hairs. 

Generally the flowers are hernlaphroditic. However. in some inflorescences 
staminate flowers are also present. Zakaria and Kamis (1991) estimate that the 
incidcnce of staminate llowcrs in A.  rntrrrgirtrn is only 4.0%. and the occurrence 
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of staminate flowers per inflorescence ranges from 1-46. Staminate flowers occur 
randomly in any position of the inflorescence. Microscopic investigation reveals 
that in staminate flowers, Ihe ovary is either completely absent or vestigial. 

The same authors also calculated that, with an estimated 27 inflorescences 
per twig (270 inflorescences per branch, thus 52.000 flowers per branch), each A. 
mangirlm branch holds approximately 47,595,600 plyads.  

Phenology 

Flowering Event 

Flowering in A. mtrnginm consists of six stages o f  floral events. from initiation of 
inflorescence to shedding of flowers (Zakaria 1991). 

Stage 1 Floral development begins with initiation of floral primordium. It is not 
clear a1 which stage the auxiliary bud differentiates as floral primor 
diunl. However, once diflkrenliation occurs i t  can bc recognized 
macroscopically as thc inflorescence elongates. 

Stage 2 As the inflorescence elongates. young flower buds begin to form (Plate 
2.5). The flower buds are seen to be cvenly dislributcd along the spike 
in a spiral nlanncr when the spike reaches ils nlaximum length. 

Slage 3 The flower buds then turn from green to greenish yellow (Plalc 2.6). 
signifying their maturity. 

Stage 4 At anthesis, which lasts 3-4 days. inflorcsccnccs with open flowers 
rescnlhlc Ihc shape ol'a bottle brush (Plate 2.7). I t  takes about 89 days 
l'or thc young inllorcsccnces ro reach anthesis. 

I'late 2.5. D ~ l l c r c n t ~ ; ~ r ~ o ~ ~  ol IIKII\ d u ; d  I'late 2.6. M~I IUIC  llowcr.\ tun1111p lrom 
llower bud.\ and ~nax~rnu~n clongallon 01 green to greenish-yellow (Stage 3) 
spike Icnglh (Slage 2). Phom: Z.ibr,ahun Phoro: a h r i a  ihrahirn. 
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Plate 2.7. Anthesis of A. r ~ n g i u n l  
(Stage 4).  Phoro: ZaJraria Ibrahim. 

Plate 2.8. Mowers shedding and tunling 
brown (Stage 5 ) .  Phoro: Zaltaria Ibrahim. 

Stage 5 The flowers begin to shed with the withering of petals and stamens 
(Plate 2.8) and the change of their color to brown. 

Stage 6 This is followed by shedding of flowers from the spike; eventually the 
spike aborts. 

Flowering Phenology 

Flowering in acacias is precocious. A. mnrlgium starts to flower and produce 
seeds 18-20 months after planting (NAS 1983). In Australia a single major peak 
of flowering occurs between March and May (Sedgley et al. 1992); in Peninsular 
Malaysia flowering occurs throughout the year, with a distincr flowering season 
occurring between June and July (Zakaria and Kamis 1991). Sedgley et al. 
(1992) report that in Sahah, the major peak flowering of A. marlgirrm is in 
January. In Papua New Guinea, the species flowers in April and July (Skelton 
1980; Turnbull et al. 1983). with seeds ripening toward the end of September. In 
Taiwan. flowering is from October to November (Kiang et al. 1989). In Thailand, 
flowering peaks in September (Kijkar 1992). 

Though most acacias generally flower synchronously each year for a period 
of a few weeks (New 1984). some individual trees may flower sporadically at 
different times. In Malaysia, flowering usually lasts aboul one month. This 
extended flowering period is due to the progressive development of inflores- 
cences along the twigs and the resulting disparity in flowering times. Within 
trees, anthesis is synchronous; however. between trees of a population, anthesis is 
staggered because of differences in inflorescence development. 

Mature fruits occur three to four months after the flowering period (Zakaria 
and Karnis 1992). The time from the onset of flower buds to pod maturity is 
about 199 days. 
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Breeding Biology 

Breeding System 

At their extremes, plant breeding systems can either be selling (autogamy) or 
outcrossing (allogamy). Selling can lead to restricted genetic recombination, 
which has its own advantages and disadvanlagcs in plant breeding. Outcrossing, 
on the other hand. gives the greatest possibility for recombination and niainte- 
nance of genetic diversity. Between thcsc two cxtrcmes. somc plants can be both 
selling and outcrossing. 

Acacias arc generally ou tcrossing spccics (I'hilp and Shcrry 1946; Moffett 
1956; Coaldrake 197 1). For A. m~rrni.vii, the estimated natural outcrossing rate is 
high, 6749% (Moffett 1956; Shcrry 197 1). In general. spccics maintain outcross- 
ing by providing abundant food to attract pollinators and other nlcans, such as 
Iloral devices to prevent self-pollination, self-sterilit)*. and self-inconlpatibility 
(l'crcival 1965). In acacias. i t  has been proposed that outcrossing is niaint ained 
through protogynous dichoganiy (stigma bcconics receptive bcforc anthcr 
ripens), andronionoecy (spatial scparation of sex organs). antl sell‘-inconipatibil- 
iry (Scdglcy 1987; Scdglcy antl (kil'l'in 1989). 

A. nrrrrrgirtrn is generally an outcrossing spccics with tlic tendency toward 
selling (Zakaria 199 1 ) .  In A. n~trrrgirinr andronionoecy. spatial separation of the 
sexes is not prominent (see llower description above). In  terms of temporal 
separation of the sexes. protogynous dichoganiy is not prevalent. Antlicsis occurs 
very early in the day, with flowers opening the preceding night at about 2 l o ( )  hr. 
The synchronous emergcncc ol'stylcs and stamens. the immediate anthcr dchis- 
ccncc. and stigma receptivity after anthcsis (Zakaria 1991) signify that the 
llowers of A. mrrrigirim arc hon~oganious. Zakaria ( 199 1 )  also I'ound that the 
spccies' lndcx of Sclf-lnconipatibility (1S1) rating was 0.38, which could lead i t  
to be classilicd as an outcrossing spccics with sonic degree 01' selling despite 
being partially self-inconipatiblc. Its parlial sell-incompatibility is probably due 
to the presence of & (nonfunctional) alleles with post zygotic lethal genes. as in  
A. tenni~rrrlirr and A. rnjqrrifi)lirr (Kcnrick and Knox 1989). 

11 may be that A. n~rtrrrgirin-r is i n  the process of evolving l'roni an outcrossing 
species to a sclfing spccics, given the observation of sonic nicchanisnis of 
autogamy. including overlap i n  style receptivity and pollen shedding and mixed 
cross- and scl1'-pollinations (Frankcl and Galun 1977). Thc latter indicates the 
breakdown ol' an outcrossing system to bc rcplaccd by an as yet indefinite 
autogamy system. 

A. rn(rrigirin~ requires biotic agcnts to transfer pollcn from the antlicrs to the 
stigmas. I'ollinators arc mainly entomophilic, with T r i p m i  and Apis spp. 
(Sedgley el al. 1992; Zakaria 199 1 )  as the consistent pollen vectors. The most 
active time of day for thcsc pollinators is between 07:30 and 1 l:O() hr.. after 
which their activity decreases; very few pollinators arc observed later in the day 
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(15:30 hr.). In spice of ils dense and conspicuous inflorescences. A. rntrrrgmm fails 
10 attract a more varied specrruni of pollinalors, probably because it  lacks lloral 
nectaries like those observed in  A.  retinodes (Bcrnhardl el al. 1984). 

In acacias, polyad morphology (Kenrick and Knox 1982) and the prcscncc of 
post-pollination exudate (Kcnrick and Knox 198 1 ; Marginson ct al. 1985) play 
important roles in ensuring successful seed set following a single pollination 
went. A successfully placed polyad fils well inlo the dcprcssion of  (he cup- 
shaped stigma. Since the polyad is a biconvcx disc lwo grains thick in Ihc center 
(Kenrick and Knox 1979). only half of its pollen grains are in  conlacl with the 
stigma. Thc exudalc, which is produced profusely aflcr pollinalion, helps lo 
engulf the polyad and allows gcrniinalion of grains not i n  conlacl wilh the sligma 
surface (Marginson ct al. 1985). 

Hybridization 

H!hridiztrtiorl broadly refers lo any cross-nialing of two genetically diffcrenl 
individuals rhal leads lo hybrid progeny (Iticgcr cl al. 1968). The use of hybrids 
is very coninion for agricullural crops and in  forcs~ry, hybrid crccs have long 
been known (Tanaka 1882. as cilcd in Zobcl and Talbcrr 1984). 1-arscn (1956) 
rcporlcd lhc successful applicalion o f  hybrids o f  Poprilris and Ltrrix in  Europe. In 
Korea, hybrid pines arc widely used due lo lhc availabilily of cheap labor 10 

produce hybrid pine seeds (Wriglil 1976). Forcs~ fcncra known lo hybridize 
freely i n  nalurc arc Eric.trl!ptrr.s (Kirkpacrick 197 I ) ,  Poprilris (Einspahr and 
Joranson 1960). and Pirrris (Cri~chlicld 1973). Within Actrcirr, lhcrc arc rcports of 
hybrid swarms bclwccn A. hrtrclr~hotrjvr and A. ctrltrmi/olitr (],each and Wahiffin 
1978), hybridization belwccn A. rrilofictr ssp. irldictr x A. 11ilolic.tl ssp. 1rc~mi.s- 

plirricu (Ali and Qaiscr 1980). nalural hybrids bclwecn A. trriricrilifomis x A. 
lepfocclrptr (FIFREII 1987). and narural hybrids bcrwccn A. rntrrrgirim x A. 
trriricri11fonni.s (Than1 1979; Turnbull c~ al. 1983). 

Thc hybrid A. mrrrrgirim x A. rrriricril~fonnis has rhc porcnrial l o  bcconw an 
iniportant source of planring nialcrial in planlatjon foreslry. The general rrcc form 
is satisfaclory where i l  inherits rhc bcller srcnl slraightncss 01' A. rntrrrgirrrn and 
self-pruning abilir y and bcllcr slcnl circularity of A. trriricri1jfonnl.s. Sinning 
(1991) rcportcd that the physical and nlcchanical properties of lhc hybrid are 
inccrmcdiare berwccn the lwo parcnl species (thac is. becccr than A. nitrrrgirim). 
While A. mtrngirim 's susccplibilily to heart rot (FKIM 1992) renders it less 
suilable lor  sawn timber produc~ion. lhe hybrid appears morc resistant. 

Natural Hybrids of 
A. mangium x A. auriculiformis 

Natural hybrids be1 ween A. mrrrrgirrn~ and A. trriricri1ifonni.r haw been rcportcd i n  
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Sabah (Tham 1976) and Papua New Guinea 
(Turnbull et al. 1986). In Sabah these hybrids 
occur where A. mungium and A. auriculiformis 
grow in close proximity, with possibly over- 
lapping flowering times (Plate 2.9). Natural 
hybrids have also been observed in plantations 
at Ulu Sedili, Johor, Peninsular Malaysia 
(Dam and Rasip 1989). Tham ( 1  979) found 
that hybrid trees grow more vigorously than 
trees of A. mangium, but tend to inherit the 
overall poor form of A. auriculiformis. How- 
ever, hybrids' branching characteristics 
(branch size and self-pruning ability) appear to 
be better than those of A. mungium (Bowen 
198 1 ; Rufelds and Jaffirin 1986). 

The ability of A. mangium and A. 
auriculiformis to hybridize is evident from the 
facts that both species (Zakaria 1991): 

are pollen-pistil compatible (mean- 
ing both species are partially self- 

incompatible) 

Plate 2.9. Natural hybrid of A. 
mangium x A. auriculiformis at 19 
years old, at SAFODA's Ulu Kukut 
plantation. Phoro: Karnis Awang 

occur within the same habitats 

have overlapping flowering period (Figure 2.1), and 

share common pollinators 

Hybrid Identification 

Natural hybrids can sometimes lead to taxonomic confusion. For example, the 
fact that certain Eucalyptus species hybridize easily causes the number of species 
in that genus to vary from one taxonomist to another (Zobel et al. 1987). Some 
hybrids can be easily distinguished from their parents. Hybrids of Pinus coulteri 
x Pinus jeflreyi can be easily distinguished from their parents because the hybrids 
had intermediate features between the two species (Zobel 195 1). More often, 
however, hybrids cannot be identified easily by their morphological characteris- 
tics alone; their identification becomes more difficult as the hybrid generation 
advances (F2, F3, and so forth). This is especially the case when introgressive 
hybridization occurs in a population. 
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Months (October 87 - September 89) 

+ A manglurm f A aur~cul~forrn~s 

Figure 2.1. Monthly flowering intensity of A. rnangiurn and A. auriculiformis. 
Source: Zakaria (1991) 

In the field, the A. rruzrgirrm x A. aitriculifonnis hybrid can be distinguished 
from its parent species by the lighter color of its bark. However, this is not 
apparent in the seedling stage. Rufelds (1988) studied seedling morphology of A. 
mangium, A. auriculifonnis, and their hybrids, and concluded that many of the 
parental and hybrid progenies can be distinguished by using both the taxonomic 
and leaf development pattern, with assessments carried out on a weekly basis for 
at least eight weeks. 

Isozyme analysis is commonly used to identify hybrids, and has been used to 
identify hybrids in Acacia (Adams 1983; Yongbi 1987; Wickneswari 1989). 
Using the isozyme analysis technique developed by Wickneswari (1989), Zakaria 
(1991) found that A. rnangiltm has a homozygous 2.2 genotype at Per-2, whereas 
A. auriculifonnis has a homozygous 1 , l  genotype at the same locus. The recipro- 
cal interspecific hybrids between A. marlgium and A. aitriculifonnis were identi- 
fied as a two-banded (1,2) heterozygotes locus (Figure 2.2). 
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Origin 
- - - - - - - - - -  Per-4 

- - - - - - - - - -  Per- 5 
- - - - - - - - - -  Per-6 

Figure 2.2. Diagram of pcroxid;~ws I'roln phyllodcs showing 1 .  1 (a) 
ho~nozygotcs o i  A. auriculr/ror~~i,v, 2, 2 (c) hornozygorcs of A. rruqqiur~~. 
and 1 ,  2 (h) hctcrozypotcs o f  A. rturn,qirr)rl and A. rruriculi/orr~lis at l'cr-2. 

Manipulated Hybrids of A. mangium x A. auriculiformis 

Scdglcy ct al. (1992) dcvclopcd hybridization techniques l i ~ r  acacias (with 
cniasculation). Using the anther rncthod (without cmasculat ion) Zakaria ( I99 1) 
found that both A. mculgirim and A. rrriricriliformis hybridize with each other quite 
readily. The pcrccntagc of infruclcsccnccs formed as a result of hybridization 
was almost double (44%) whcn A. trriric~tl~forrni.~ hybridized with A. nztrrrgirim, 
compared to 23% successful hybridization bctwccn A. mrrrrgirirrr and A. 
crriricrtlifonnis (Zakaria 199 1 ). However, the production o f  pods per 
inhctcscencc was Sound to bc highcr in crosses bctwccn A. nzcrrrgirim x A. 
ririricril~forn~is than A. trrcricril~fonni.r x A. n~rrrrgirinr. In addition. seed yield was 
also highcr in crosses of A. mc~rrgirin~ x A. rrriricril~fonnis than in A. rrriri~~rtl~fonnis 
x A. mcrrrgirlm. 

Zakaria ( 199 1 )  and Kufclds ( 1988) Sound that the hybrid potential is highcr 
whcn A. trriricrilifonnis functions as the l'cmalc parcnt than whcn A. mcr~rgirim 
docs. This is probably due lo  t hc highcr outcrossing rate in A. trriricri1iformi.r - 
about 9 7 F  (Moran ct al. 1989) compared to 15% for A. mtrrrgirim (Wickncswari. 
personal comn~unication). Though a large number of' sccds arc produced in 
crosses whcrc A. mcirlgirtm is the Scmalc parent, the progeny is apparently scllcd. 

Prospects of the Hybrid 

The hybridization techniques dcvclopcd by Zakaria (1991) and Scdglcy ct al. 
( 1992) provide opportunities for trcc brccdcrs to explore thc potential of difl'crent 
hybrid combinations in order to maximize genetic p i n s .  The bi-clonal seed 
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orchard of A. mcrrlgircm and A. nrtricrtlifonnis in Sabah (Griffin et al. 1992) has 
produced some hybrid seeds. Mass production of hybrid plantlels through tissue 
cullufe has also shown promise (Darus 1992). suggesting that hybrid plantlel 
production could be accclcra~ed. 

Research is needed lo determine the optimum hybrid combinations and their 
silc specificily. This requires suuc~urcd cxpcrinlcnts lo cvaluale the breeding 
values and slructurcd observations of hybrid performance in the field. 

Summary 

The flowcrs of A. rntrrlgirirn occur as inflorcsccnccs consisting of many llowers 
borne on loose. pendulous spikes. The flower is regular i n  symmetry and consists 
of five scpals. live petals. numerous slanxns, and a gynocciun~. Generally, the 
flowers arc hcrnmphroditic, wirh some occurrence ol'stan~inalc flowers. Pollen 
occurs i n  polyads o f  16 pollen grains. 

Flowering consists of six stagcs, liom lloral initiation 10 shedding of flowcrs. 
Anthcsis lasts liom three to four days. The tinw ol'pcak flowering varics  lion^ 
country to counrry. The spccics is generally outcrossing, with a tendency lo self 
due to dlc fact that its flowers arc homogarnous and partially self-incompatible. 

Natural hybrids of A. rncrrrgircrn x A. crriricrtli/onnis have been found in Sabah. 
Malaysia and I'apua New Guinea. This hybrid. which can easily be identified 
using isozynlc analysis, has crcmcndous potential as plantation material, as it 
possesses the slcnl straightness of A. mtrngirim and the self-pruning ability and 
slcm circularity o f  A. trrtricrt1iformi.v. In manipulaled hybridization of the lwo 
species. hybrid potcnlial is greater when A. mtrrrgirim is the female parent. 

Zirktrrio Ihrcrl~irn works wif11 the Forcsr Re.sc~trrc11 Irlsfitrite Mtrl(rysitr, P. 0. Box 
201. Kt~pong. Sc>ltrrrgor, 52  109. Kritrltl Llimprir. Mtrlrrysitr. 
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Chapter 3 

Genetics and Tree Improvement 

Introduction 

Agriculture and lioniculrurc conlnlonly nukc use 01' inlprovcd gcnctic niarcrials 
(lor example, with rubber. oil paliil. cocoa. and a number 01' fruit rrccs) lor higher 
yiclds and/or rcsisrancc lo idcnrilicd pcsrs and diseases. Tlic advanragcs ol' thcsc 
higher yiclds and ccononiic rcrurns arc readily undcrsrood by l'arnicrs. 

Thcsc coninlon p i n s  lion) using iniprovcd sccds gcncrally have nor been 
obtained by IOrcsrry in niosr counrrics in Asia and llic Pacific. Initial plantings of' 
Acocilr r~~trrrgirrnr oursidc irs natural range have gcncrally relied on unimproved 
niarcrials, usually lion1 a narrow gcnctic base. Conscqucntly, the growth obtained 
is variable and lends lo dcclinc over several gcncrarions due ro generic erosion. In 
view of the increasing area being planrcd wirh A. mtrrrgirtm, iniprovcd nlatcrials 
nccd to be dcvclopcd lo salbguard this incrcasing invcsrnicnl. Furtlicrmorc, 
wlicrc the species is inrroduccd Sor use by farmers, they musl be assured of better 
planting niarcrials with consisrcnt , desirable cliaracrcrisr ics. 

Trcc inlprovcnicnr rcscarch rhar combines dcvclopnicnral and operational 
phases is linic consunling Iiowcvcr. and has bcgun rclarivcly rcccnrly with A. 
rntrrrgiruir. In many cases. Illc cl'lorls haw bccn skimpy, willioul clearly dclincd, 
long-lcrnl programs. I'rovcnancc srudics were bcgun i n  niany counrrics bur 
follow-up has bccn lacking. This cliaprcr provides an ovcrvicw ol wlial is known 
ahour gcnclic variarion and rrcc iniprovcnicnl of A. mtrrrgirtnr Sroni such pro- 
granls. Sexual and vcgcrarivc biology is nor discussed. as thcsc arc covered in 
Chaprurs 2 and 3.  Wlicrc sralcnlcnrs arc nor rclbrcnccd. rhcy arc based on the 
aurhors' own cxpcricncc and obscrvarions. 

Chromosome Characteristics 

X planr's soniaric clironiosomc conlplcnicnrs can be regarded as a basic tax()- 
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nomic feature and described both in terms of chromosome numbcr and n~orphol- 
ogy of the individual components. These karyorypic fcarurcs can serve as 
additional informalion for taxonomic classificarion. They arc usually constant-in 
each somatic cell of an organism. in  all populations of a spccics. and in most 
cases, in cvcry incllvidual o f  a spccics (Williams 1964: Zobcl and Talbcn 1984) 
Since A. mtrtrgirtm is known to hybridizc, cspccially wirh A. trrtricrtliformis (see 
Chaprer 2). thcsc karyotypic I'calurcs can also be useful i n  hybrid idcntilication. 

Like many other Australian acacias. A. mrltl~irtm possesses a somatic chro- 
nlosome numbcr of 2n=26 (1)arus 1989: Nor Aini Shukor ct al. 1992). I'larc 3.1 
shows the spccics' chromosome charactcrisrics. The majority of the chromo- 
somes arc short. Allhoufh many planrs have been observed ro undergo chromo- 
somal change when tissue culrurcd, 
this is not the case with A. 
mtrtlgirtm. Clonal propagation 01' 
this spccics by ntxlal culturcs 
produces norn~al diploid planllcts 
(Ilarus 1989). Compared to A. 
rrrtricitl~fonnis and the hybrids ol 
the rwo specics, A. mtrtrgirtm has 
much grcarcr chronioson~c Icngrh 
and volume (Table 3.1). Indccd, fi)r 
both trails thc average valuc in A. 
mtrtlgium is morc than twice that in  
A. trrtricu1~fomi.s. Thcir hybrid 
shows intermediate values. but the 

Source: Nor Aini er ill .  ( in press) 
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Provenance Variation 

Gcnctic variahilily wilhin a spccics is lhc basis for any ucc inlprovcmcnt pro- 
grani. Improvcmcnt progranls should start by dctcrniining rhc amount, cause. and 
nalure of Ihc varialion in rhc spccics, and how this varialion can k'sr be uscd. 
Studies o f  varialion in nalural populations arc a good srarling point, but lcsls in 
planlalion arc also nccdcd since phcnolypic cxprcssions arc controlled by cnvi- 
ronnlcnl as well as by gcnclics. 

As described i n  Cllaprcr 1 .  A. mtrrrgircm has a liagnlcntctl natural dislrihulion 
strcrchlng from Ihc Moluccan islands i n  Indonesia lo rhc Wcsrcrn I'rovincc ol' 
I'apua Ncw Guinea and northcastern Quccnsland in  Australia. Many provenances 
liavc hccn idcntilicd. hichly adaplcd lo k i r  local hahirars. Alll~)ugli mosl consisl 
ol sniall populalions, studies Ila\'c shown Ilia1 lhcy vary i n  many rcspccrs (Yang 
and Chcn 1984; Alipanunipai 1989; 1,ikitwunnawul 1990; Harwootl and Will- 
iams I99 I ;  I ~ ~ w s k u l  ICN1; Hatli 1902). rcllccling the overall range in llic spccics' 
gcnclic coniposilion. 

Seed Characteristics 

Sccd characlcris~ics arc gcnclically conlrollcd and can 1hcrcli)rc he uscd as a tool 
l i~r  identifying seed origi~l (Bliu~ilihhariion 1979). A study by I .ikilwunnawul 
(19CA)) involving I3 provcnanccs l'roni Quccnsland, Ausrralia, 2 l'roni I'apua New 
(iuinca. and 1 l'ronl Ccrani. Indonesia shows lhal scctl size willlin each o f  these 
gcogaphic rcgions is l'airly si~uilar. hut varies dislinclly hclwccn ~ h c  rcgions 
(Tahlc 3.2). Seeds lio111 I'apua New ( ~ U I I I C ~  (I'NG) arc gcncrally oblong in shape 
and arc Ihc largcsr. while Ihosc I'rom Intloncsia arc round and arc ~ h c  s~ilallcst 01' 
Ihc ll~rcc. Similar rcsulls were rcporlctl on lhc sanw sccdlots by Sala~ar (1980) in 
Cosla Rita. 

Seedling Growth Characteristics 

Auslralia 7.8-4.3 3.0-3.6 5.3- 13.2 
IJ;lpu;1 Ncw (iuir~c;~ 3.6-4.5 2.3-2.0 8.0-15.8 
Ir~doucsi;~ 3.1-3.4 2.0-3.3 5.4-7.8 
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walcr prclrcatmcnt n~clhod gcncrall y promores fasrcsr sccd gcrminalion. Bccausc 
of this prcrrcalmcnl. inlcrspccilic variation in gcrminalion rare may not be 
dclcclcd i n  a gcrminalion sludy. 

Following germination. lruc lcavcs appear and laccr develop into phyllodes. 
Thcrc arc diflkrcnccs among provcnanccs i n  lhc rinlc nccdcd for this dcvclop- 
men(. 

Yang and Chcn (1984) found signilicanl diflcrcnccs in  lhc 7-n1onrh sccdling 
hcighl growlh under nurscry conditions of 2 1 provcnanccs of A. mtrlrpirim. 
ranging from 26.34-58.95 c n ~ .  Two provcnanccs from I'NG (Orionlo Kivcr and 
Wcsl of Morchcad) showcd lhc best growlh, followed by two provenances lrcm 
Quccnsland (E3lcrbcck Kd. Cardwcll and Broken I'olc Creek), with ~ h c  Indonc- 
sian provcnanccs (I'iru, Ccranl, and Sidci) among lhc poorest performers. Whilc 
lhc relationship bcrwccn sccdling hcighl and larilutlc ol'lhcir origin did no1 show 
continuous varialion. lhrcc scalrcrcd provenance groupings did emerge, 1i)llowing 
rhc same pallern as described above for seed characrcrisrics (Salazar 1989; 
1,ikilwunnawul 1990). 

Leaf Characteristics 

Alicr germinalion. A .  r?~trrr~irtrir protluccs co~llpound Icavcs made up o l  minute 
Ical'lc~s. Kcsearch on provenance varialion i n  lhc [rue-lcal'charac~crislics is 
rclarivcly scarce bccausc rllcsc compound lcavcs dcvclop inlo phyllodcs very 
quickly. Experience suggcsrs dil'l'crcnccs i n  rhc period ol' Ihis dcvclop~llcnl 
anlong seedlings from difl'crcnl sccd origins, bul nursery pracliccs also accounl in  
parl lor lllcsc di llbrcnccs. 

Whilc phyllodc sl~apc and size can be easily asscsscd, provcnancc variarion 
is dil'licull lo dcrccr, probably again due lo lhc conlpounding cl'l'ccr of site 
Ikrtilily. Nonclhclcss. lhcsc cllaraclcrs arc used lo idcnlil'y hybrids ol' A. mtrlrgirim 
and A .  trriricril~for~ni.c. Four main vcins run lo~~gi~udinall y I'rom rllc phyllodc's 
basc lo irs tip. kcpl widcl y scpararcd i n  lhc middle of the phyllodc. Generally. all 
provcnanccs show this sanlc parrcrn 01. vein dislribution, even with secondary 
vcins. 

Alipanumpai's ( 1989) slucly on lllc sromalal characlcristics of A. ~irtr~rgirun 
phyllodcs showcd lhal rhc species is anlphislonlalous. with numerous slomala 
regularly disrriburcd on bolh surl'accs. Average slonlalal dcnsiry was 265-450 
slomaIa/nm17-, lending lo be grcarcr a1 Ihc basc ol'lhc phylltxic on bolh surfaces. 
Sromalal dcnsily varied signil'icanlly anlong provcnanccs (Table 3.3): Triniry 
Inlcl, Quccnsland showcd 111c highcsl dcnsily; Wcsl of Morchcad, I'NG showcd 
lhc lowcsr. 

Physiological Characteristics 

A lrcc's physiological processes consrirulc rhc machinery through which hcrcdily 
and environnlcnt opcrarc lo conrrol growth (Kramcr and Kozlowski 1979). 

3 8 
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Table 3.3. Average abaxial s~o~nalal  frequency of phyllodes from 16 provcnances. 

CSlRO Scedlot 
Number Provenance 

Stomac~l Density 
( ~ o . / m r d )  

Rcx Range NR Mosson, Quccnsland, Australia 
Claudie Rivcr, Quccnsland, Australia 
Cowley Beach Road. Qucensland, Australia 
Walsh's Pyramid, Quecnslmd. Australia 
Trinity lnlcl. Quccnsland, Ausualia 
Mourilyan Bay, Quccnsland. Australia 
Kurriminc. Quccnsland. Ausualia 
El h s h ,  Quccnsland. Ausualia 
l'ully Missio~l Bcach IZd., Qucensland, Australia 
S y~idicate Rd., 'fully. Quccnsland, Ausual ia 
Ellcrhcck Kd., (lardwell, Quccnsl;uld, AusuJia 
Broken I'olc Creek, Quccnsland, Australia 
Ahcrgowric SS..Quccnsland. Australia 
W. of Morcllcatl. I'ilp~~il Ncw Guinea 
Oriotno Kivcr. I'ilpua Ncw (iui11ci1 
I'lru, <hWn. IlidOllc~iil 

Valucs in a colu~nn followctl Ivy lhc same Ict(cr x c  no t  significantly diffcrcnl a1 0.05 lcvcl. using 
I ~ I I C ~ I I ' S  NCW Multiplc Range 'l'cht. Sorrrcl,: Alipallulnpai (1989) 

Understanding physiological diftcrcnccs anlong natural populalions of a spccics 
can rhus be uscful for developing a successful tree improvcnwnl progranl. 
Atipanunlpai (1989) examined transpiralion, photosynthesis, respiration. 
and nutrient uptakc for 6 of the 16 provcnanccs al Lad Kraling Plantation, 
Chachocngsao. Thailand listed in Table 3.3 (Sccdlots 13229. 13236. 13240. 
13459, 13460, and 1362 1 ). The results arc sunlnlarizcd below. 

Transpiration Rate 
Transpiration ratc varied dailv dcpcnding on air ccrnpcraturc or soil ~ ~ w i s t u r c  
content. 1)iffcrcnccs anlong provcnanccs were signilicant. Thc Ccram prov- 
cnancc lronl Indonesia ( N o .  1362 1) consistently showed rhc highcst rates (7.2- 
15.2 nlg/cnl'-/h for a 12-h period), and the Claudic Rivcr provcnancc ( N o .  13229) 
Iron) Quccnsland the lowest (4.7- 10.5 n@cnl'-/h). 

Transpiration ralcs of all provcnanccs decreased remarkably when sccdlings 
were suh,jcctcd to droughl, with the cfkct  ol' warcr deficit on  transpiration ratc 
quite similar lor all provcnanccs. The leal' watcr potential of A. mtu1811cm can be 
as low as -2 Ml'a withoul causing iniury to seedlings. and transpiralion ratc may 
still bc dctcctable in such a situation. The Morehcad provcnancc from 1'NG (No. 
13459) sccmed to be the n m l  drought-resistant; it showed lhc best ability lo 
conscrvc watcr under strcss conditions. - 
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Net Photosynthesis 
Ncr phorosynrhesis reached a niaxiniuni (7.2- 10.1 rng CO2/dniUl) at around 
24°C wilh a pholon l l u x  dcnsily near 60() umol/rn7-1s. Genetic diffcrcnccs among 
provcnanccs appeared i n  Ihc rarcs ol'ncl and rota1 photosynthesis, and pliotorcspi- 
ration (Tablc 3.4). The Morclicad provcnancc (No. 13459) lion1 I'NG showed an 
cxrrcnicly low lola1 pholosynlhclic w e .  wliilc Ihc Indonesian provcnancc iron1 
Ccrani (No. 1362 1 )  had a rcniarkably high rare. 

Nutrient Uptake 
I h c  to the geographic scparalion of Ihc nalural populalions. each provcnancc 
may be expected to have adaplcd lo difl'crcnl cdaphic conditions and thus absorb 
and use various nutrients diffcrcnlly. Aripanunipai's sludy indicarcd diI'lwmxs 
among the 16 provcnanccs i n  tlicir ahility to accumulalc polassiunl. calciunl. and 
nlagncsiuni, hul not nitrogen, pliospliorus. and niicro-nulricnls (Table 3.5). This 
is cxpccrcd lo vary with site i'crtility; nutrient accutiiulalion and ulili/.alion 
characlcrislics should be considcrctl in  provcnancc sclcction. 

Flowering and Seed Production Characteristics 

I<cscarcll o n  flowering and seed procluclion ol'dil'lbrcnt provcnanccs 01-A. 
rm~r~gi~rru is negligible. The only known s ~ u d ) ~ .  by 1,au'skul (199 1) .  used thc sanlc 
trial a1 1.ad Krali~ig sludicd hy A~ipanurnpai ( 1989) lo conqurc Ilowcr cicvclop- 
tiicnl of Iwo four-year-old lrccs lror~l each ol'llircc provenances: Ellcrhcck Kd. 
Carclwcll, Wcsl 01' Morclicad, anel I'iru. Ccram. Flowcr antl sccd dcvclopmcnl 
was faslcr in  the I ndoncsian pro\.cnancc. 

This study also indicated signilicanl dil'Scrcnccs anlong rlic I6 provcnanccs ar 
I.ad Krating in terms of the cluanlily of Ilowcrs and sccd produced (Tahlc 3.6). 
Tlic litre most proliiic sccd-producing provcnanccs wcrc all l'ro~il Quccnsland: 
Syndicarc I<d. Tully, Walsh's I'yranlid. Cowlcy I3cacli I<oad, I<cx I<angc NI< 
Mosson, a11d Abcrgou'ric SI. 

Wood Characteristics 

Ikspilc 1l1c lac1 Ilia1 varialions i l l  is.ood properties signilicanlly ai'lbcl ~~tilizalion. 
srudics o ~ i  provcnancc \.arialion i n  Icrns 01- wood cllaracrcristics arc scarce. 

I'iparwarranakul ( 1989) cxa~ili~icd provcnancc \,arialion i n  t lie wood density 
01' a six-year-old A .  ~ n r l ~ ~ g i r i n i  lrial ar I,ad Kraling. Will1 values 01' 0.3-0.4. dii'icr- 
cnccs anlong lhc I0 provcnanccs srudicd wcrc not signilicanl. 

Similar rcsulls wcrc oblainccl 111 lllc species nclwork trials contluclcd at I0 
silcs in 4 counlrics by scicnr isls in lllc Mullipurposc Trcc Spccics (MIYTS) 
I<cscarcll Ncl work. supponcd by Il~c USA1 l )-l'undcd Forcs~ryIFucl wood I<c- 
scarcll and Ikvclopnicnl (F/FI<El)) I'ro,jccl. In ~hosc trials. rhcrc wcrc no signili- 
can1 dil'lcrcncc i n  wood dcnsily hclwccn lhc 1'NG (Boilc) antl Quccnslantl (Iron 
I<any)  pro\uanccs 01' A. ~ ~ ( I I I ~ I I ~ I I : .  Howc\u .  iralucs oblaincd a1 lllc gcncrall) 
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Tahle 3.6. Provenance variarion in  flowcr and sccd produaion, with means (+SE). 

Flowcr Sccd 
I'rovcnancc lnflorcsccnccs Spikes Florc~s I1ods/clump Sccds/clump Sccds/pod 

679.1 a 
550.1 cf 
681 .X ah 
680.1 at) 
600.1 cdc 
632.2 ahc 
620.0 hcd 
609.7 cdc 
620.3 hctl 
651.6 al)c 
51 1.8 fg 
655.6 a l ~  
601.2 a 
682.4 21) 

4X5.0 &! 
550.7 tlcl 

33.0 ab 
18.9 f 
32.4 ah 
30.2 hcd 
28.0 cd 
32.1 ah 
28.1 c J  
27.3 d 
30.8 hcd 
34.0 a 
18.0 i 
2X.4 cd 
31.1 a h  
I0.X I- 
23.2 c 
16.0 f 

2 13.2 dc 
224.7 c 
217.9 ctl 
223 .O c 
186.9 6 
223.4 c 
210.7 ctl 
721.0 c 
200.4 c 
253.4 a 
105 .? f 
236.0 1) 
222.7 L. 

212.0 I >  
238.0 I) 
I X0.X f p  

19.1 ahc 
1 7.9 hcdc 
19.8 ah 
19.7 ah 
16.1 dcf 
I X . X  ahc 
16.X cdcf 
15.2 f 
18.8 hc 
21.2a 
I X.9 ahc 
14.X 1 
18.4 hctl 
18.0 hctlc 
15.7 c!' 
18.0 hctlc 

106.5 hcdc 
94.7 dc l  

1 1  1.2 hcd 
121.8 ah 
90.0 cf 

107.9 hcd 
1 10.4 hcd 
105.5 hcdc 
I 13.8 a h  
127.8 a 
lO2.l e d ~  
82.2 I' 

103.X ctlc 
0X.O cdc 
O').O cdc 

105.3 hctlc 

5.7 cde 
5.3 c 
5.6 cdc 
6.2 tx 
5.7 cdc 
5.9 cdc 
6.6 1) 
7.2 ;l 
6.0 hctl 
6.0 cd 
5.4 clc 
5.0 cdc 
5.X cdc 
5.7 cdc 
0.6 1) 
5 .(I ctlc 

Valucs 111 ;1 ~x)lurn~l Sollouctl hy thc s;lmc Icllcr al'c 1101 sip~il'icantly tlil'lcrcrlt ;it 0.05 Icvcl. using 
1)unc;ln's hew hiultiplc Range l 'c>l .  Sorrrrc: I . ~ H ' s ~ u ]  (1001 ) 

drier uslic sites (0.6)  were suhslanlially liiflicr tl~an Iliosc 31 wctlcr udic sites 
(0.4). 

In rcrnls 0 1 '  Iicartwood lbrniation. Bliuniihlianion ct al. ( 1992) l0und signili- 
cant varialion among five-year-old (rccs 01.27 t'aniilics of A .  r ~ i t r r r g i ~ m  from 7 
seed sources. Faniilics from Capt. Billy i n  Quccnsland had the greatest Iican- 
wood area: I'aniilics I'rom Oriomo River, I'NG liatl tlic Icasl. Tlic cstiniation of 
narrow-scnsc licrilahilit y indicated tlial Iliis wood propcn y is strong1 y Iicritablc. 

Growth Performance in Provenance Trials 

7 ' 1 ~  siicccss 01- planlalion csrahlishnicnr antl procluclivily is dclcrniincd largely by 

the grower's choice 01' species and sccd source (1,arscn 1954; Callahani 1964: 
1.acazc 1978). I'rovcnancc trials to evaluate growth pcrlOrniancc, stem lOrni, and 
susceptibility 10 pests and discascs is tlic lirst step i n  a gcnctic inipro\.cnwnt 
profram component of plantation cstahlislinicnl. The priniary aim 01' such trials 
is to identify suitable provenances lor large-scale planting locally. 

Strictly speaking. provenance trials sliould consisl of thrcc phases: rangc- 
wide provcnancc screening, r c~ t r i c~cd  provenance scrccning. and provcnancc 
proving. For A.~~rtrr~girtrri, trials cstablislicd in  alniost all countries whcrc i t  has 
hccn introduced arc still in the range-wide screening stage. Kcsults o l  trials 
cstablislicd in the 1980s and ccu)rdinatcd by the Food and Agriculture Organiza- 
tion o l  tlic United Nations i F A 0 )  and tlic Australian Comn~onwcalth Scicntilic 
antl Induslrial I<cscarch Organization (CSIRO) have bccn rcporrcd lion1 China 
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(Chung et al. 1990). Indonesia (Hadi 1992). Malaysia (Johari and Chew 1987; 
Khamis 1991). Thailand (Atipanumpai 1989; 1,awskul 1991). and Vietnam 
(Huynh and Nguycn 1992). Most o f  thcsc have shown substantial diff'crenccs in 
growth pcrforniancc of different natural provcnanccs. 

Harwood and Williams ( 199 1 ) complctcd a niorc comprchcnsivc intersite 
analysis o f  those [rials involving 24 provenances (Tablc 3.7) on 19 sitcs in 7 
Asia-Pacific countries (Tablc 3.8). Significant difl'crcnccs wcrc found in perfor- 
mance (height and dbh) hctwccn cxpcrimcntal sites, bctwocn provcnancc regions, 
and among thc provenances within each provenance region. Tablc 3.9 summa- 
rizes the pcrformancc of the 5 provenance rcgions; Figures 3.1 and 3.2 illustrate 
thc difforcnccs lor the 'non-Bornco' sitcs. Growth was generally f m c r  at sites 
near thc Equator (with mean annual increnicnt in height around 3-4 ni) and 
slower at sites further from thc Equator in Bangladcsli, southern China. Taiwan 
(Republic o f  China), and Fiji. I'NG provenances consistently performed best. 

I'ro\lcllalicc 
I . t m l  ion I ' S O Y C I ~ ; ~ I ~ C C  Li~l. 1.011g. All. 
( ( 3 1 1 2 0  sccdlol no.)* region" ( S)  (ln) No. p:ucnts*** 

Jula~rcn ( 1  2990) 
lk in~rcc  ( 1290 I ) 
Kcx R;~ngc ( 1 2092) 
Claudic Kivcr ( 1  3220) 
Mission Bcacli ( 13230) 
NW of Silkwcwd ( 1  323 1 )  
Cowlcy Bcacll ( 1  3232) 
NE W~ISIIS 1'yr;unid ( 1  3233) 
1: o f  Caul-11s ( 13234) 
Mourily;ni Bay ( 13235) 
Kurruninc ( 13236) 
El Arish ( 1  3237) 
Missiotl Beach ( 1  3238) 
l'ull y ( 13230) 
<:ardwcll-Ellcrbcck ( 13240) 
Broken Pole Creek ( 1324 1 ) 
Abcrgowric S.F. ( 13242) 
Ihintrcc ( 13270) 
Morchcad ( 1 3450) 
Oriomo K i w  ( 13460) 
Cassowary R:uyc ( 13534) 
I'iru, Ccr:un ( 1362 1 ) 
Sidci ( 1 3622) 
Mosslnrul ( 1 3 8 4 )  

*Seedlot ~dcntificd rlurnher used hy  ('SIKO's Australian l'rcc Scctl Ccrllrc. * * Q C K  = Quccnsland 
Cairns region: F N Q  = lu North Quccnsla~ld; PNG = I'apua New Cuincu: IKlAN = Irian Jaya. 
Indonesia: CEKAM = <'cram. Indonesia ***Nurnhcr of parcnt h.ccs rcprcsclltcd in provenance 
sccdlol. Snrtrcc: I larwood a~ i t l  Wil l ims  ( I99 I ) 
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closely followed by the Claudie River provenance from Far North Queensland 
(FNQ). Provenances from [he Queensland Cairns Region (QCR)(16- 18'30's) 
and the CERAM and IRIAN provenance regions in Indonesia were almost 
always slower-growing than those from PNG and FNQ. 

Form assessment at four sites (Tablc 3.10) indicates substantial differences 
between sitcs and anlong the provenances at each site. 

Likewise, rhc multisite spccics trials of the MPTS Research Network re- 
vealed a significant genotype x environmenr interaction effccr on rota1 wood 
production (Tablc 3.1 1). The two provenances (Boitc. PNG and Iron Range, 
Queensland) were not stable across sites. suggcsring the need to take into account 
characteristics such as biomass production, tree l'ornl, and growth perlhrnlance in 
provenance sclcction. I'rovcnanccs may respond consistently across sitcs in terms 
of height (Figure 3.1 ) and dianlctcr (Figure 3.2) but not in  other characteristics 
(Tables 3.10 and 3.11). Howcvcr, lhc ultimalc choicc of selection traits 
depends very much on  1hc planting objective. 

The existence of provcnancc x environment interaction can be cx- 
ploilcd for highcr genetic gain. This rcsul1s in a choicc related LO site 
adaptability: o w  can select cilhcr a single provcnancc that is broadly 
adaptahlo over a range ol' sitcs, o r  the most produclivc provcnancc a1 each 
site. This cl~oicc depends on the ~.cIa~ive costs and bcncl'i~s, and the avail- 

Sirc All. MAT MAP 
('txlc I.oc;~lion I a r  . L m g .  (m) ( ( 3  (mm) 

ShA 
ShB 
ShC 
S h l l  
Sfoda 
Sw1 
Sw.2 
SH'? 
Sw4 
S w5 
Skl+ 
Sum 
'l'hai 
Chi l .  
C'hil l 
'l'aiw 
hlclv 
Fiii 
Bdsh 

- 

Sabah. Malaysia 
Sahah. Malaysia 
Saluh. Malaysia 
Saluh. Malaysia 
Sahah. Malaysia 
S ~ a w k .  MaIavs1;1 
S;uaw&. Malaysia 
S u a ~ ' a k .  M;11aysi;1 
Sxawak.  Malaysia 
Suawak.  hlalaysia 
S. K a l i t n a ~ ~ t a t ~ . l ~ i t l o ~ ~ c s i a  
S .  Sumatra. Intloncsia 
I.ad Krabng. 'I'hailand 
Ixihn. China 
I la~kanp. China 
('hung-l'u. ' ~ ' ~ I w ~ I I  
Mclvillc Is lancl .Aus~al~a 
Nukurua. 1:i j i  
Kcochia. Banpladcsh 



Table 3.9. hlean annual incrernent IhlAl) in height ( ~ n )  and dbh (cm) of provenance region5 and o\.erall site mean at each trial tire 

SbA SbB W SbD Sfoda S ~ k l  SwkZ Suk3 Sivk4 Su.kS Skl Sun Thai ChiL ChiH Taiw Melv FiJi Bdsh 

C E < A ~ ~  3 80 4 I5 3.52 1.92 2 10 1.80 2.71 3 4 3  3 6 2  3.06 0.76 1.54 2.04 1.76 0.84 
IRIAN 3.60 3.99 3.31 2.68 1.88 2.13 3.21 3.52 3.58 0.78 1.83 1.39 
QCR 3.13 3 9 2  3 4 4  2.98 1.42 274  I 3 .32  3.74 4 4 4  2 9 6  2 9 2  0.91 2.10 2 2 9  2 29 0.96 
I;NQ 3.64 4 1 9  7h9 ? I 7  2 93 3 33 1.14 2.22 2.70 2.80 

hlean of all local prownancei tested at ilte 
+ PNG iced source. hut not one of the t u o  l~t ted In Tahle 7 7 Nor mcluded in compuratton of we mean or acroti-Wet ANOVA Source H w w d  and h ~ l l ~ a r n s  (1991) 
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Mangium heights 
Other sites 

MA1 in height (m) 

Thai Sum Chi I Chi H Taiw Fiji Bderh 
Si tee 

Figure 3.1. Mcan annual incrc~ncnr in hcighr of provcnancc rcgions ;rr uial sires nor on 
Bonlco. Source: I lanvmxl a d  Williams (1'99 1 ) 

Mangium Dbh MA1 - 
Other Sites 

MA1 in dbh (cm) 

1 

- - . - . . - 
Thai Sum Chi L Chi H Taiw Melv Fiji 

Si tee 

Figure 3.2. Mcan annual incrcmcnr in clbh of provenance regions for uiad sires no1 on 
Bonwo. Source: Ilanslood and Willi,uns (1991) 
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Table 3.10. Percentage o f  trees with sing lc stclns at four trial sites, by provcnancc. 

CSIKO Melville 
12rov. sccdlot Sabah Sabah Island Ivory 
Keg ion Name no. SbC SbD Australia Coast 

*not available. so row^ 1 1 a 1 . ~ ( 1 o d  a11d Will~arns ( 1901 ) 

ahili ty 01'  resource^ (Nicklcs 199 1 ). 
Undoubtcdly. provenance al'lkcrs rlic growrh of a spccics at new sires whcre 

i t  is introduced. For cxaniplc. Uddin ( 1990) showed lhal provcnanccs o f  A. 
ln(111gi1m co1Icctcd l'roni lower elevations pcrfornicd very wcll at rnucli higher 
elevations in rlic Philippines, a fact he attributed to higher I-ai11f';lll. In 
contrast, provcnanccs from highcs elevations did not d o  wcll when planted 
at lower elevations. 

Among thc provenances of A. I W I ~ ~ I H I T I  planted in Vietnam, Kha and 
Nghia (I  991 ) found that Kuranda and B r o n ~ c d  provenances gscw hcst in 
La  Nga whese water drainage is VCIY good during the rainy season. But  in  
Bau Bang,  w h e w  drainage is poor, ~ h c  Kcnncdy provenance grew best. 

Selection of Plus Trees 

Sclcclion 01' plus lrccs is an iniponant slcp in lrcc iniprovcnicnt profranis, 
parlicularly when inlcrspccilic provenance variation is rdalivcly sniall. For 
industrial plantations (I'latc 3.2), plus lrccs arc commonly sclcctcd using the 
characlcristics of: 
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Table 3.11. Mean total wood weight (kg) of two provenances of A. mangium at 36 
months i n  multisite trials, for the interaction between sites and genotype under two 
moisture regimes. 

Site Site description PNG QLD 

Udic 

Serdang, 
Malaysia 

Dramaga. 
Indonesia 

Ci kampek. 
Indonesia 

Hen Chun, 
Taiwan 

Ustic 

Lad Krating. 
Thai land 

Ratchaburi, 
Thailand 

Uthai Thani, 
Thailand 

Donglam, 
Thailand 

Soil: Coarse-loamy over clayey, siliceous, 
isohyperthermic Aqualfic tropofluvent; 
pH 5.3. Temp.: 22.0-32.8'C 
Rainfall: 2141 mm 

Soil: Clayey, kaolinitic. isohyperthermic 
Typic Haplorthox; pH 5.0. 
Temp.: 21.3-3 1 'C 
Rainfall: 3 15 1 mm 

Soil: Clayey. kaolinitic. isohyperthermic 
Rhodic Hapludult; pH 5.6 
Temp.: 22.7-32.5.C 
Rainfall: 1385 mm 

Soil: n.a.*; Temp.: 2 1.8-28.3'C 
Rainfall: 2194 mm 

Soil: Clayey-skeletal. kaolinitic, 
isohyperthermic Oxic Paleustult; pH 5.8 
Temp.: 20.3-36.8.C Rainfall: 1244 mm 

Soil: Fine-loamy, mixed. 
isohyperthermic Ultic Hoplustalf; pH 5.8, 
Temp.: 23.4-35.0.C Rainfall: 983 mm 

Soil: Coarse-loamy. siliceous. 
isohyperthermic Typic Ustifluvent; 
pH 6.2 Temp.: 26.0-3 I .O0C 
Rainfall 1529 mm 

Soil: Clayey, kaolinitic,isohyperthermic 
Oxic Paleustalf; pH 7.4. 
Temp.: 20.8-32.3-C 
Rainfall: 161 2 mm 

Values in parentheses respresent f SE, using least square means. PNG = Papua New 
Guinea; Qld = Queensland, Australia. Source: Awang et al. 1992 
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superior height 
greater diameter at ground level and breast height 
minimal stem taper 
straight stem 
small branches at a flat angle 
narrow, symmetrical crown 
few biotic enemies 
good pruning ability 
good wood properties, including hlgh basic density 

For urban planting, a wider crown and more persistent branches are prefer- 
able. Where fuclwood is a primary planting objective, multi-stemmed uees for 
maximum biomass are desirable. 

Plus trees of A. mtrtrgirun can be sclcctcd fioni natural stands, mature planta- 
tions, seed production areas, or even fioni provenance trials. Selection should 
starl by identifying a large number of trees from which final plus trees are then 
screened. Ideally, clone or 1-amily banks are established from materials collected 
from the plus trccs, followed by progeny lesting. In practice, very few clone or 
fanlily banks arc established. 

Syslcnls of'rcgistcring plus trccs and testing lhcir progenies vary from 
country to country. Both seeds and vcgctacivc parts arc used to raise plants for 
evaluating progeny pcrformancc. Such acr ivitics arc currently underway in 
Indonesia. Malaysia, the Philippines, Taiwan (Kcpublic of China), and Thailand. 
However. exchange of clonal or family materials among these countries is 
minimal. 

Seed Stands, 
Seed Production Areas, 
and Seed Orchards 

Improved sccds rcsull in highcr yiclds. 
good stem fornl. and/or resistance to 
idcntificd pesrs and discascs. Still. most 
tree secds planccd in  the Asia-I'aci Sic 
region arc collected fioni unclassilietl 
seed sources, and usually give variable 
pcrSormancc and poor yields. 

Sonic improvement i n  scccl quality 
can be gained nicrcly by collecting 
seeds Sronl sclcclcd stands outside the 
species' natural range. For meeting 

I'late 3.2. I'otcntial plus ucc at fivc years of' 
apc. Ihmaga, Indonesia. Phoro: K.  Awang 
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currenl local demand for seeds. seed stands can he cslahlishcd in existing mature 
planlations by removing inferior phenolypcs, conlrolling weeds, and applying 
fertilizer. Thinning slimulares the remaining trees lo havc large. healthy crowns 
for producing large sccd crops. Isolating lhc stand from undesirable pollen 
sources can he difficull. hut is desirable for hellcr qualily seed. Such improved 
slands can he classified as seed production areas. 

Many exisling planlalions in the region havc no registration of sccd origin, 
and commonly havc a narrow genetic base. To corrccl this for fulurc seed 
demand, new seed produclion areas should he cslahlishcd using more seedlots 
from supcrior provenances. A new seed prtxluction arca should he kcpl from 
outcrossing wilh oulsidc pollen by complclcly surrounding i l  with an isolation 
zonc or pollen dilulion zonc, and silvicullural lrcalmenls should begin at an early 
age. A secd produclion arca I hus cstahl ishcd can provide hellcr-qualil y secd than 
slands sclccred from exisring planlalions. 

Thrcc A. rntrrrgirtm seed prcxluction areas havc hccn cslahlishcd in nonh 
Quecnsland, Australia using unsclcclcd individual-Sanli l y scedlols from natural 
srands (Harwood el al. in press). Highly signillcant hcrwccn-family differences 
havc appcarcd. altliough family rankings wcrc slahlc ovcr lllc two FNQ sitcs. 
Srcm form was gcncraily poor. possibly due lo inlcnsivc silc preparation. Nonc- 
~hclcss.  son^ gcncric in~provcmcnl ovcr seed from narural slands may he anlici- 
patcd lor two reasons; reduced inbreeding. and r cnwa l  of inferior phenotypes 
by sclcclivc thinning. The aulhors also notcd that an initial spacing of 5 x 2 m 
would appcar lo he hclrcr for A. mtrrrgr~trn than thc 3 x 1.8 m spacing used a1 
lhcsc sitcs. 

The seed orchard approach is Ihc standard nlcthod of producing genetically 
improved seed i n  operational quanlilies (Andcrsson 1960, cited by Zohcl and 
Tal hcrt 1984). Fcilhcrg and Socgaard ( 1975) define seed ortlltrrd as a plantalion 
of sclcclcd cloncs or progcnics thal is isolalcd or managed lo minimize pollina- 
tion Iron) oursidc sources. and managed to produce frequent, ahundanl. and 
casily harvested crops of sccd. Gcncrall y in Asia, lhc germplasm, hudgcl. and 
qualilicd staff required for conrinuous and progressive sccd orchard work arc not 
availahlc. Whcrc this is the caw. the ultimalc goal 01 an inlcnsivc breeding 
program cannot he rcachcd. 

A few A. mtrrrg,li~cln seed orchards havc hccn cstahlishcd i n  Australia 
(Harwood ct al. in prcss), Indonesia (Wong in prcss; Suhacndi in press). Malay- 
sia (Sin1 1992). h c  Philippines (l'crrcrsson and Havnwllcr 1984), Taiwan (Kc- 
public of China)(l'an, pcrs. comm.). and Thailand (Bhumihhamon and 
Atipanumpai 1992). Most of lhcsc arc firsl-generalion seed orchards from which 
high-quality sccds cannol he obtained easily. Oflcn, pollinarion anlong cloncs or 
families in the seed orchard arc no1 well synchronized. 

The sccdli ng sccd orchard has hccn t he nlosl commonly established type in 
lhc past decade or so. Sahah Softwoods Sdn. Bhd. (SSSB) pioneered in this. 
slarting rheirs in 1980 (Sin) 1983). Orher early secd orchards of this lype were 
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eslablishcd by Swedish Match in lhc Philippines (I'crrcrsson and Havmollcr 
1984) and PT lndah h a 1  I'ulp and I'apcr Corporalion in Indonesia (Wong in 
press). Wilh more intensive brccding underway and increasing use ol' vcgclarivc 
propagation. clonal seed orchards arc also being cslablishcd. For example, SSSB 
has cs~ablishcd bi-clonal seed orchards using sciccrcd and improved A. 17~1ilgi1on 
and A. rlrtricrili/onnis lo produce nalurall~. crossed hybrid seeds (Chia i n  press). 

In Thailand. a seed orchard consislin~ of 20 sclcclcd, open-pollinalcd l'ami- 
lies ( 15 from Ausrralia, 4 lronl I'N(;. and 1 Iron1 a plantar ion in llic l'hilippincs) 
has been cslablishcd in Chachocngsao l'rovincc under a join1 program by Thai 
Plywood Company and the Faculty of H)rcstry. ~ a s a s & i  University 
(Bhumibhamon and Alipanunlpai 1992). The I'amilics have shown significant 
differences in height, dianlclcr. crown growlll, and Ilowcr production. Flowering 
occurred at only 28 monlhs. The l'amilics from I'N(; wcrc the mosl prolilic 
llowcr producers. The narrow-sense hcrirabilily vaiucs oblaincd were quilc high, 
indicaring thar lhc charactcrislics were strongly inherired and signil'icanl gains 
can be cxpccrcd lion1 sclcclion. Hcighl growl11 Iiad rlic Iowcsl hcrilabi lily (0.19). 
while llowcring wras Ihc niosr srrongly inherited characrcrislic (0.98). 

Elements of a Breeding Plan 

For bcsl rcsulls. a lrcc inlprovcnlcnl program niusr dclinc a brccding plan and 
1i)llow il. A co~iiprcllcnsivc plan will rc\icw acliicvcn~cnrs. consider all rc- 
sources. and specify obiccrivcs and options lhar provide lor: 

choice 01' species and provenances 
acquisirion 01' porcnlially uscl'ul generic ~iialcrial 
vigorous implcmcnlalion of interim, simple nicasurcs l o r  early, local 
producr ion of' improved propagulcs 
cstinialion of gcnclic paramclcrs 
spccilicalion ol'sclcction crilcria: sclcclion, brccding. and propaption 
n~clhods; and a schcdulc of' opcrarions 
conrrol 01' inbrccdiny. and mainlcnancc ol' variation and a large cl'fccrivc 
popularion size 
nioniloring o f gcnclic Icchnologics 
cslablislinicnl of syslcnis lor data collcclion. mnagcnlcnl analysis and 
inrcrprcrarion. and conimunication ol' rcsulls 
assignnicnt of rcsponsi bilities 
dcvclopmcnt of a suilablc adminisrrarivc l'ranicwork and cnhanccnicnr ol' 
hunian resources. skills. and technologics (Nicklcs I99 1 )  

A brccding plan musr consider rhc resources available, the appropriarc level 
of effiW tor each of' Ihcsc resources, and thu rclal i w  iniportancc ol' individual 
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species being nianagcd (Nicklcs 1985). Simple srrarcgics arc olicn niosr appro- 
priate. especially in rhc early stages of a hrccding program, and where several 
spccics arc involved (Barnes 1984; Griffin 1989). Flcxihilily is an important 
clcmcnr of' such a plan. which should be revised Ifom lime lo lime on Ilic basis 01' 
increasing knowlcdgc and cxpcricncc. 

Various hrccding slralcgics for A .  ~ n r r ~ r g i r i ~ n  have k e n  adopted in the Asia 
I'acific region. rcllccring difl'crcnccs in available resources, prograni ob.jcctivcs. 
and stage of hrccding. Thcsc plans range from simple strategies for mass produc- 
tion o f A . ~ n r r ~ r g i r i ~ n  in Sahah (Montcuuis and Nasi 1992) lo niorc inlcgratcd ones 
in t he Philippines thal include hyhridizalion with A .  rrriricril1fi)17iris. A .  
c~rrrssictlrjur, and A .  1cytoc.nrprr (Pet tcrsson and Havniol lcr 1984). 

Research and Development 

Sonic progress has hccn made in the ycnclic inipro\,cnicnt o l  A .  ~ i r o ~ r g i r o i t  
through Ilic cl'l'orls olprivalc and slate agencies and S I ~ I C  c ~ i t c r p r i ~ c ~ .  For long- 
term hcnc tits. tlicsc aclivilics slioulcl he clearly dclincd by strategic hrccding 
plans. Much rcliiains to he donc to realize tlic spccics' polenrial. Tlic li)llowing 
arc sonic suggestions. 

I .  Intcnsivcly explore more gcnclic niatcrials l'roni natural srands. Since 
little ecological gcncric research has hccn donc, collections could he 
combined wilh studies on stand struclurc and rcprotluctivc system under 
natural condilions. 

7.  For 0s sifri gcnc conservation programs. obtain more seed ol'tlic supcrior 
provenances lor particular sires idcntiliccl in Ihc range-wick pro\lcnancc 
trials alrcatly co~iductcd. The niatcrials can he uscd lo establish new seed 
producrion areas. I.argc-scale indusrrial plantarions S I I O L I I ~  use rlic 
malcriat I'or rcslriclcd provcnancc trials. 

7 .  Sclccl more plus Irccs lor clonc and tanlily sludics. Tliis can he donc 
Iron1 provcnancc trials. niaturc plantations, or 0.v sifri gene conscrvalion 
areas. Clones or l'aniilics can also he uscd to cslahlish clonc or l'aniily 
hanks l'or evaluating growth pcrforniancc. flowering charactcrisrics 
iincluding synchronization). controlled pollination, and seed onlogen),. 
Tliis would he li,llowcd by niorc progeny testing. 

4. Conducr physiological studies lo determine: how A .  ~nrrlrgrrm can 
produce great quantirics of biomass when planrcd in I~nprlrrrrr grassland; 
[he relationship hctwccn physiological processes and biomass prtKfuctiif 
ity. and Ilic inllucncc ol'gcnclic factors; what physiological changes rake 
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place when ~ l i c  spccics is planlcd in droughl-prone, Iloodcd. saline, or 
acidic areas. Also. niorc inrcnsivc work on Ihc role ol'planlalions as 
"carbon sinks" should be studied. 

5 .  Eslablisli advanced generation sccd orchards using sclcclcd nialcrials 
rhal have llic combined characlcrislics desired lor high-qualiry sccds. 

0 Increase llic cxcliangc o f  gcnclic marcrials and experiences hclwccn 
counlrics lor niorc cosl-cfl'cclivc lrcc iniprovcnicnr will1 frcarcr inlpacl. 

7 .  Conducr funlier sruclics on biolcchnological rcscarcli, prulicularly in 
conibininp superior pcnclic nialcrials ivilll sclccrctl slrains ol'rhizobia 
antUor riiycorrlii/al I ungi. 

Summary 

Soc.tl.\ ol'l'apua New (;uincan provcnanccs arc generally oblong i n  sliapc and 
Iargcr Ihan Ihosc I'roni Quccnsland and Intloncsia; sccds 01' Indonesian 
pro\'cnanccs arc round :rncl relalively rhc sniallcsr; Quccnsland provenances 
;[I c- inrcrrl~cdi;rlc. Scctllinp pronlh I i ) l lo~.s  Ihc same pallern. 

Yi~\..\ioiopic.c~i p~-oc~r~.s.sc~.s 01' lranspiralion, plioro~!~nlhcsis. and nurricnr uprakc 
also var).. P N ( i  provcnanccs appear more drouglil rcsislanl. bul wilh lower 
pliolosynIlicric ralcs Illan Indonesian proi7cnanccs srudicd. Nucricnr uprakc 
dil'Ikr\; i ; ~  K. Ca. a11i1 hlg. hi11 nor in  N. 1'. and micronurricnrs. 

In  IcrliIs ol~,/lori.c,~.~lrg clt~tl sc~c~tl prodrtcriori. dcwlopnicnl linic is shoncr l o r  
Indonesian provcnmccs. alll~ough those Ironi Ouecnslantl produce rhc niosr 
scctl. 
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Heorr~~oorl,for~nrl/iorr varies sifniPicanlly with provcnancc. buI no1 basic 
dcnsicy. 

G~OMVII in provcnancc [rials shows a sif nificanl inlcraclion ol'silc x prov- 
enance. I n  gcncral. growl11 is I'asrcr near the Equator. PN(; provenances 
consistcnlly show hclllcr hcighl. dianicrcr. and form; llicy arc closely fi)l- 
lowed by the Claudic Kivcr provenance from far north Quccnsland. I'rov- 
cnanccs fiom the Uuccnsland Cairns region and Ccranl and Irian Saya, 
Indonesia arc alniosl always slower-growing than rhosc lion1 I'N(; and far 
nonh Quccnsland. 

Plus tree sclcclion has rakcn place in  several countries where A. r ~ r r ~ r ~ g i ~ t r n  is 
planled on a large scale. and progeny resting of the sclcclcd nialcrials is undcr- 
ulay. Tlicrc arc counlry-by-counlry difl'crcnccs in how seed srands. sccd produc- 
lion areas. and scctl orcliards arc dcvclopctl. Grow111 ant1 Ilowcring have been 
IOund lo differ among difl'crcnl I'a~nilics i n  a sccti orchard. 

l<cscarcli and dcvclopmcnr nccds include rhc 1i)llowing: I'urtlicr sccd collcc- 
lions I'ronl nalural srands. boll1 01' unexplored provenances ant1 rhosc itlcnlillcd as 
superior in earlier rangc-wide sludics: sclcclion 01' plus rrccs; pliysiological 
studies; csrablislimcnl of' atlvanccd-generation scctl orchards; grcarcr cxcliangc of 
gcrniplasni and rcsulrs inrcrnatio~all)~; and breeding lor rcsislanw lo tiiscases 
such as Iicart rot. 
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Chapter 4 

Vegetative Propagation 

Introduction 

Where condirions pcrnlir. niacropropagarjori (lioni stcni currings) and 
niicropropagalion (lio~ii ascprically pcrminarcd seedlings) ofl'cr several advan- 
rapes over lraditional nursery propagalion lion1 seed. For suirablc spccics. i t  is a 
\*aluablc short cur lo genetic pain in breeding program. and i n  planrations can 
incrcasc producl honiogcnciry and growlll. Use ol'cloncs is also an advantage 
when seed is difl'iculr lo handle or sliorr-lived. Horriculrurists have practiced 
~iiacropropagation of woody plants by src~n currings for many ccnrurics, rooling 
currinp Ironi hcalrhy planr slock lo niultiply planls of known characrcristics. 
Micropropagation of woody spccics has been c~iiploycd increasingly in rhc lasr 
IIVO tlccadcs, using adventitious sliools, callus cullurcs, sonialic cnibryogcncsis, 
antl ~nultiplication ol'cxisring nicrisrcni. Actrcitr mtrrrgirrnr shows promise for both 
niacropropagalion and micropropagarion for coninlcrcial-scale plan1 production. 

This cliaprcr describes various Iccliniclucs of llicsc rwo nicthods of asexual 
propagalion ol' A ,  n~trrrgirrm and cxaniincs pri~icipal l'actors (ha1 afl'ccl rhcir 
succcss. 

Macropropagation and Factors Affecting Rooting 

hlacropropagarion . :ncr:rl I !. u s c - i  c . r ~ [ l i  ng ~iialcrials excised from licallhy, niodcr- 
arcly vigorous srock plan[> ? I O U  111; i n  good cnvironmcnlal condilions and having 
ample food rcscr\.cs to nourish roo1 and shoor tlcvclopn~cnr until the new plan1 
can susrain itself. Srcm curlings I'rom weak srock (Iliin SICIIIS antl long internodes) 
usually roo1 s lo~ . ly  antl pcu)rlj.. antl slioultl be rcicclcd. 

Of rlic many l'actors rliar affccr rlic success o f  rooting of srcnl currings. clloicc 
ol'spccics appears lo be the main onc (Girouard 1973; Koniissarov 19641. Orlicr 
Iacrors include rypc ol' culling niarcrials, tin~c of year when curtings arc excised. 
and such cnvironnlcnlal 1-aclors as air rcnipcrarurc antl Iluniidiry (Hannlanri and 
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Kcsrcr 1983). Suirahlc age of culling niarcrials. rooling medium, and applicalion 
of growrh suhsranccs arc also essential fi)r good rooring (Whallcy 1979). 

Stock Plants 

Slock planrs arc coniliionly raised i n  black polyllicnc hags. However. lor a 
conlinuous supply ol'culling nialcrials. slock planls should he pcrniancnrly 
planrcd i n  a hush garden a1 a planring dislancc ol' 1 x 1 ni .  They sliould he 
l'crlilizcd cvcry lwo lo Ihrcc nlonrlls using conlnlcrcial conlpound l'cnilizcrs sucli 
as NI'K Blue. and need regular pruning 10 intlucc mulliplc Icadcrs. Occasional 
litling ol' llic planring sire avoids soil conipaclion around thc planrs. 

Cutting Materials 

Srcnl cullings ol' sclcclcd A. nrrrtrpirinr scctllings arc cul inlo single-node cullinps 
approxiniarcly 4-5 cni long and 0.5- 1.5 cni in  diamclcr, dcpcnding on the age ol' 
lhc scctlling. Every ponion o f  Ihc slcni willlin lliis tlianictcr range is nornially 
used l'or rooling. I-hell srcni culling s l ~ ~ u l t l  llavc one phyllodc. cillicr wliolc or cut 
rransvcrscly inlo hall'sizc. Tcrniinal noclcs arc succulcnl and liahlc lo rol i n  rhc 
rooling hccl. and should hc r\voidccl. T l ~ c  basal ponion o f  cutrings should hc cut at 

an ohliquc angle lo increase wound surl'acc area li)r grcalcr absorption ol' walcr 
antl applied growlh suhslances. 

Environmental Conditions of Rooting Chambers 

Curlings should he placed in a huniitlilictl rooling clianihcr i n  which air rcmpcra- 
lurc is niainrainctl ar an avcragc o l ' 2 ~ " ~ '  during holh day and niglll. In~crmillcnl 
niisr sprayers, conrrollcd hy an clccrronic "leal'," can he inslallcd in rlic rooting 
cliamhcrs lo niainlain liipll Iluniitlily. Srclii cullings 01' A. nrrrtrgirim rcquirc ahoui 
70-90fJ air Ilun~idil)~. 

Effect of Seedling Age 

The age ol'slock planls fronl \s.hicll currinps arc lakcn is [he most iniponanr 
single 1-acror al'l'ccring roo1 IOrnlarion. Currings ol'dil'licull-lo-root spccics arc 
nornlally rooted more easily lion1 younpcr slock plants rlian lion) oldcr srock. 
For A. nirrtrpirim, rooling pcrccnragc decreases signilicanlly wilh oldcr slock 
planls. For cxanlplc, cultings rakcn lion1 6- and 12-nionlh-old sccdlings give a 
Iiighcr rooring percentage rhan those lakcn lion) 18- and 24-nlonlli old seedlings 
(Tahlc 3.1). Similar rcsulls arc rcporrcd lor A. ctrlocllri and A. docrirrotrs (Nanda 
el al. 1970) and some lropical hardwood spccics. including Slrorcw hrtrtloclrrlrr. 
5. Ioprosriltr, antl l)il,rrrol:trrl,ri. c~lrtrrrtrcc~ris (Srivaslava and I'cnguang Manggil 
198 I). 
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l'ahle 4.1. Rooting pcrccnlagc of Aroriti rrurngiwrl stern cuttings (n=80) in relation 
ro Ihc agc of stock plant WE of mean). 

Agc of srock planrs 
a[ tlrnc oi curtinp 

Total roolcd 
curringa 

Rooting 
pcrccntagc 

6 monlhs 
12 months 
18 months 
24 months 

The  dcclinc in pcrccntagc of' rooling 01' stcni cullings t ion)  oldcr s tock plancs 
may he due  lo analonlical I'calurcs such as  sclcrcnchymalous cclls, which  oh-  
srrucl advcnrirous root iniliation and arc always prcscnr in oldcr trccs. Hislologi- 
cal srudics ol'onc-year-old A. mtrtrgirrrn seedlings clcarly showed the prcscncc of 
a continuous laycr ol 'sclcrcnchyn~arous cclls (I)arus 1989). Ar Ilia1 age  il d id nor 
aI'l'Cct rooting 01' cutrings. but a s  s c c d l i n ~ s  gcr oldcr (his laycr may hccomc 
thicker and a harricr lo (he  initialion and cmcrgcncc o f  advcntilous roors. Otllcr 
possihilc causcs arc physiological cliangcs ( lor  cxanlplc, lack o f  balance hclwccn 
growrli rcgulalor lcvcl and ccna in  growrh co-factors) and lhc prcscncc ol' growth 
inhihi tors. 

Effect of Phyllode Number and Trimming 

T h e  prcscncc of  phyllodcs on  s tem cutling s o f  A. n~trtrgircnr is very inlporlant to 
successful rooting. Table 4.2 shows  (bar stet11 cuttings wilh citlicr o n e  phyllodc o r  
wirh a hall'phyllodc tend lo roo1 bcrrcr Illan cullings will1 two o r  no phy l l t~ Ic s .  
Similar lintlings arc reported lor Ercc~11~p~rt.v c~tr1~rtr1rirc1crr.si.s (Gcary  and Harding 
IC)X4) and Liqreititrr~ibtrr s/r!n~c.iiolitr ( Bilan 1974). 

Tlic I'ailurc ol' lcallcss cuttings l o  root well may he d u e  10 a lack ol carholiy- 
tlratc production rcquircd by rlic srcni lissucs involvcd i n  root lo rnut ion .  a s  li)und 

'i'aldr 4.2. Rooring pcrccriclgc o f  onc-yc;u'-old A,  rrirrr~girrrrl srcm cuttings (n=SO) in 
rcl;ltion to phyllodc prcscncc (h5E). 

Number of 
ph y lltdes 
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by Leakcy ct al. (1982) in rhc case of Triploclrltorl s~l~rox-ylorr lcallcss curtings. 
On the other hand. although lcavcs arc imponanl for rooting, thc high monalily 
of A. mnrrgilm cuttinps wilh ~ w o  entire phyllodcs may be due lo a highcr loss of 
water from phyllodcs Ihrough transpiration, resulting in dcalh before root forma- 
tion could rake place. Avidan and 1,avcc (1978) reported thac lcavcs on stem 
cultings also produce a highcr concentration of prowlh inhibitor which can 
depress roo1 limlarion. 

Influence of Growth Substances 

Synthetic growlh subslances (Sor example. intlolc-bulyric acid, or IDA) can 
cnchancc rooling ol 'cull inp of many woody spccics. For many tree spccics. sccnl 
cutlings trcalcd wich Ilornloncs respond bcrlcr Ihan cultinps willloul Ilormoncs. 
Tabfc 4.3 shows lhal growlh subslances gcncrally improve rhc rooring pcrli~r-  
nlancc of A. r~rtrrrgirtn~ slcnl cullings. Currinfs rrcarcd will1 5 0 0  and I ,(MM) ppnl ol' 
IDA and Scradix 3. a Ilornlonc rooting powder. showcd bcrrcr rooring. 

(lonuol 
Ktx)ting powder 
500  ppm IDA 
1,000 pprn IDA 
1.500 pprn IDA 
2.000 pprn IDA 
500 ppm IDA 
1 .MX) ppln NAA 
1.500 pprn NAA 
2,(K)O ppm NAA 

The cffcclivcncss of lhcsc growrh subscanccs, especially a1 lower conccntra- 
lions. nlighl bc caused by an initiation 01' nlorphological cllangcs o n  thc tissucs 
rcspns ib lc  lor roo1 formalion at lhc base of Ihc curlings. I1 may also bc due 10 

incrcascd transporlarion of  pholosynlhalcs and olhcr producrs (Sor example, 
endogenous growlh rcgulalors) Srom fcavcs lo tissucs involvcd in roo1 timnarion. 
Thc cffccl-ivcncss 01'Scradix 3 may be rclarcd lo lhc lbllowing facls: 

ils conslilucnls 0.8% IDA and a snlall anlounl 01' l'ungicidc prorccl 
culrings from fungal atlack and 
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when h e  cutlings are dipped inlo Ihe powder. h e  horronl ends remains 
covered, possibly giving a longer-lasling effect for root li)rmation. 

Effect of Rooting Medium 

A good rooting medium should have: 

high walcr-holding capacily 
a suilahlc pH value for rooling 
suflicicnl porosity lo allow cllicicnl aeration 
good drainage 
no harniful par liogcns 

The niosr coninionly uscd rooring nicdia for srcni cullings of woody spctcies arc 
sand. vcrniiculirc. and peal. They arc hcsl when uscd in conlhination. 

For A. n~trrrgirim . llic niosl suilahlc nlcdiu~n lor rooling is a niixlurc ol'rivcr 
sand and Irish sphapuni p a r  in equal proponion (Tahlc 4.4). Although river 
sand was lhc lcasl succcssl'ul rlicdiuni lor Ihis spccics,sonic rcpons note Ihal Ihis 
nlcdiuni is quirc suirahlc lor slcni cullings 01' Arrrlictrrirr I~r~r~.srcrrrii (Ilarus 1982). 
Sl~or-ctr hrrrcri~olrrrrr (Srivasrava and Manggil 198 I ). and Gnrc~lirrrr rrr-horcrr 
(Zakaria and Ong 1982). 

The dil'lcrcnccs in pcrl'orrnancc of dil'l'crcnl rooting media arc prohahly due 
to dil'l.crcnccs in pH and walcr-holding capacily (nioislurc conlcnl)(Tahlc 4.5). 
Ho~vland ( 197.5) dcn~onsrralcd rhc irnponancc ol' higher pH values (5.H- 7.3) for 

K i \ w  auld: I5 
Vcnniculirc (1: 1 ) 

I<i\.cr sand: Irish X 
~pliapuln pear: 
Vcnniculitc' ( 1  : 1 : 1 )  
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Tahle 4.5. Moisrurc confcnt and pf I valuc o f  Sour rtx,ring ~ncdi;~ &SE) 

Testing 
medium 

- 

Sand 

Sand : Pcat (] : I )  22.2 (0.5) 5.7 (0.1) 

Sand : Vcnniculirc ( 1: 1 ) 25.0 (0.8) 4.7 (0.1) 

Sand : Pcat : 
Vcnniculirc (1: l : l )  

Sourcc~: 1)auus ( 1088) 
rooling in Triploc~l~riorr slclii cuttings by showing rhal media with low pH values 
oS4.0-4.8 (such as IOU% peal or a I : I niixlurc ol' sand and p a r )  gave rooting 
pcrccntagcs ol' only 15-50%. while adjuslnicnl 01. rncdia pH lo 5.8 or near lo 
nculral improved rooring lo 80% . 

A nicdiuni's water-holding capacity is clearly corrclalcd lo holh rooting 
success and niortaliry rarc (Tahlcs 4.4 and 4.5). I<ow nioislurc conrcnr in  lo()% 
sand can inducc walcr slrcss in cultinp, slows root lbrnialion. and  incrcascs 
~l~ortaliry ralc. O n  rlic ollicr hand. wlicn nioislurc conlcnl is too high. curlings 
lend to rol and roo1 1i)rnialion is slowed. 

Potting and Maintenance of Rooted Cuttings 

I<tw)tcd cullings arc usually lransplanlcd inlo polylhcnc hags iri~riictlialcly al'lcr 
sonic lignilicarion has lakcn placc in  Ihc rools. I S  transplanring is done hcforc 
[his. the non-lignilicd rools can he easily broken and the plants will dic. The 
rinic required lo rcacti Ihis slagc ol' roo1 lignilication varics will1 species. For 
many diprcrocarps. i t  is ahour 10-12 wccks. For A. mtrrr~irinr, 3-5 wccks arc 
suflicicnt (Ilarus and Aniinah 1993). 

For potting. llic nicdiuni collinionly used a1 E'orcsl Kcscarcti lnslitulc ol' 
Malaysia is a 1 :3  niixlurc ol' ~ic\~ccl  river sand and IOrcst top soil. (;rounel 
magnesium linicstonc (a1 a r a t  ol' 1.6 kg/ni7) and rriplc supcrpliosplialc (46%' 
P20s)(ar a rarc ol' 1.2 kg/ni?) arc aclclcd to lhc mixlurc. 

The polled culrings arc wcancd in  shadc lor one ~iionlli hcl0rc being Irans- 
I'crrcd lo lransplanring hccls with 50-6Or/( lighr i ntcnsil),. Whcn they rcach 3-4 
months of age. llicy arc I'ully cxposcd lo sunlight. Compound I'crtilizcrs. such as 
NI'K Blue ( 15: 15: 15) arc applied a1 a rarc 01' 1 g/planl per month, slaning onc 
n~onlh al'tcr polliny. 
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Micropropagation and Factors 
Affecting Shoot Development 

Allhough micropropagalion lcchniques arc considered new in  forcsrry and arc 
still i n  the dcvclopmcnr slagc. a number of Sores1 species including l0ur aca- 
cias-A. koti (Skolnicn and M a p s  1976). A. rndtirrhylorr (Maycr and Sladcn 
1987). A. rri1oric:tr (Malhur and Chandran 1983). and A. tilbiriti (1)olioux and 
Ilavics 1985)-have been successfully propagalcd Ihrough irr lirro culrurcs. 

The four niain micropropagarion rcchniqucs arc: nwlliplication ol'cxisting 
n~cristem. niultiplication by advcntilious shoo1 production, mulliplicalion Ihrough 
callus cultures and shoo1 rcgcncration, and somaric cmhryogcncsis. Of Ihcsc. 
production of planllers from cxisling mcrislcni is thc niosl commonly used. 
especially on a commercial scale. I1 is easy lo carry oul and rcquircs lcss rime lo 
mass produce gcnctically slablc planllcts idcnrical lo (he motlicr plank 

Aseptically Germinated Seedlings 

A. nltirrgiitm seeds arc nornially prclrcalcd wilh hol walcr ( 8 0 - 9 0 ' ~ )  and Icl't a1 
room tcnipcralurc for 23 Iiours. For culrurc of nodal cxplanrs. (hey arc subsc- 
qucnrly surl'acc-slcrilizcd wilh 10% (v lv )  1)onicslos lor 30 niinulcs antl washed 
wilh srcrilc-disljllcd walcr bcli)rc culluring inlo slcrilizcd bolrlcs conraining a 
hall-slrcnglh Murashigc and Skoog's basal nicdiuni (MS)(Murasliigc and Skoog 
1962). n icsc  borrlcs arc nornlally placcd in a controlled cnvironnicnl culrurc 
rooni wilh air Icmpcralurc around 20°C and a pholopcriod ol' I X Iiours a1 a lighl 
inlcnsily ol' 30.0()0 lux  Sroni while Iluorcsccnl lubes. 

Culture Medium 

In  micropropagarion 01' A. nrtrrrgiion using nodal in initial cullurcs, a premixed 
MS basal medium is supplcnicnlcd will1 3% (wlv) sucrose and 0.6% (wlv) 
baclcricdogical agar. A growth subslancc is added 10 rtlc nlcdiunl lo r  ciltlcr shoot 

mulliplicalion or rcxlr iniliation. depending on the lrcalmcnl. The pH o f  Ihc 
medium should bc adiuslcd lo 5.8 using 1 N NaOH prior lo auloclaving. The 
nicdium is hen  slcrilizcd by auroclaving a1 12 I " c  antl 15 p.s.i lor 20 minu~es. 

Establishment of Aseptic Cultures 

Nodal cxplanrs ol'onc-~nonlh-old A. mtirrgiitm aseptically gcrminalcd seedlings 
arc C U I  into small scgnicnrs 2-3 nun in Icnglh and then placcd in full-srrcngrh MS 
nicdium supplcnicnlcd with 3% sucrose (wlv), 0.6% bacrcriological agar (wlv), 
and frowth subslanccs. They should be incubated in a conlrollcd environmcnl 
culture room a1 20'C willi a pholopcriod of 18 hours. One monlh aflcr inocula- 
lion cxplanls should he rransfcrrcd onro fresh mcdiunl of rhc sanlc composi[ion. 
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Effect of Cytokinins 

Cytokinins can help induce better shoot multiplication and elongation. The 
growth hormone 6-benzylamino purine (BAP) has frequently been reported to be 
particularly effective for this in tree species. Its effectiveness has been shown 
with both juvenile and mature tissues of Culopi~yllrim inophylwn, E~igenioa 
grundis, Frcrgrcretr frcrgrans (Rao and Lee 1982), Bougninvillet~ glabra (Sharma 
et al. 198 1). Prlirr~is serotinn (Tricoli et al. 1985). and Euctrlyptus spp. (Gupta et 
al. 1981). 

In nodal cultures of aseptically 
germinated A. morrgium seedlings, 
adventitious shoots appear within two 
weeks of inoculation. They arc green 
with small. juvenile compound leaves. 
For shoot multiplication of A. mtrrrgirim 
nodal cultures, BAP is more cffectivc 
than other cytokinins such as kinetin 
and zeatin. An MS basal medium 
supplemented with 0.5 or 1 .O mgll of 
BAI' yields thc highest numbcr of 
shoots per explant (Tablc 4.6 and Plate 
4.1). with an average length of dcvel- 
oped shoots greater than 0.5 cm (except 
for shoots in MS basal medium with a 
high concentration of BAP). 

Effect of Culture Cycle 

Hate 4.1. Shwr mulriplicarion ol' ntxlal 
explant of one-monlh-old, =epucally- 
germinated seedling on MS basal medium, 
supplemented with 0.5 mg/l BAP after 2 
monlhs in culture. Yhoro: Darus Ahmad 

C d t ~ i r e  cjcle is a tern1 used to describe repeated subculturing of nodal explants 
excised from dcvclopcd shoots of prcvious cultures. Table 4.7 shows the average 

Table 4.6. Effccr of BAP concentration on shoot multiplication and shoot length of 
cultured nodal explants afrcr rwo months in  culture &SE). 

BAP concentration Average shoot length Average number of 
(rngll) (cm) shoots per explant 

Source: Dams ( 1989) 

66 
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numbcr of shoors for cach cyclc of nodal explants. Initially the numbcr of shoots 
increases with each subscqucnt culrurc cycle, bur afler the fourth cycle thcrc is a 
sharp decline in  shoot multiplicarion.This has been obscrvcd in  recycle cultures 
of several tree species. According lo some reports (Srandardi 1982; Kyynanen 
and Kyynancn 1986). this dccrcax in shoo1 multiplication and shoo1 length i n  
larcr culrurc cyclcs is probably duc lo an adaptalion of the spccics lo irr vitro 
culturing condirions. However, other reports claim thar shoors can he continu- 
ously regcncrarcd over a longcr period wilhoul losing thcir porcnlial lix shool 
gcncralion of. for exaniplc, cultured shool tips of l3ortgr1irrvillerr ~ltrhrrr (Sharnia 
cr al. 1% 1). I~ioscorc~tr.floririrtrrdtr (Charurvcdi 1983). and E~tcrrl~ptrt.~ spp. 
(Chpra cr al. 1% 1 and Mchra l'alla 1982). 

Talde 4.7. Effccr of cullurc cyclc on shtwl mulliplication and donpation (+SE). 

('ulrun: 
cyclcs 

No.  o f  sl~oors 
per cxplarlrs 

11.a = not availnhlc Sourccl: l);uuh (1988) 

The lindings in Table 4.7 suggcsl rliar cxplanls froni ascplically gcrniinalcd 
A. rnrr~lgirtm can be conlinuously rccullurcd lo produce several gcncralions of 
sliools, wilh good shoo1 induclion even al'lcr six recycled cullurcs of 2 months 
cach. 11 is cstiniarcd thar more Illan 2 I9 million shools > O . S  cni i n  Icnglh could be 
ohlined I'roni a single one-nionlli-old ascplically gcrniinalcd seedling in one 
year. 

Effect of Gibberellic Acid 

Shoot prolil'crarion and clonplion ol' nodal cultures arc inllucnccd by gibberellic 
acid. which inhibirs niulliplc shoal lornialion and induces grcarcr elongarion 01' 
dcvclopcd shools (Table 4.8). The inhibition ol' shoo1 fim-nalion niiglil bc caused 
by incrcascd auxin synllicsis and ils aclivilics, which in [urn depresses exogenous 
cyrokinin acrivilics. I m e  ( 1979) reported tlic negative cfl'ccl 01' gibberellic acid 
on shool proli12ralion in cullurcs o f  Litrrm ~ t ~ ~ f ~ r t i ~ ~ i t n r t t n .  

The incrcasc in  shoo1 Icnglh is clearly due lo elongalion of inlcrnoclcs (I'lalc 
3.2) rather lhan an incrcasc in thcir number. According lo Warcing and l'hillips 
( 1973). incrcasc in inrcrnodc length is a consequence of cell extension and cell 
division by lhc dirccr cfl'ccl of gibberellic acid. Dc la Guardia and Bcnlloch 
(1980) mentioned that the incrcascd shoot Icngth is due lo an increased lransprt 
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TaMe 4.8. Effect of gibberellic acid on shoot multiplication and elongation (+SE) 

Gibberellic acid Average no. of Average shoot 
G A 3 )  (mg/l) shoots pcr explant length (cm) 

Source : Darus ( 1988) 

of porassium (K) ions lo the pans of the 
planr where cell division and elongation 
rake place. Higher porassiunl and sugar 
levels in the elongalion area, rogcthcr 
wirh a high endogenous auxin acrivily, 
increases growth rate. Franclct and 
Boulay (1982) note rhat gibberellic acid 
also causes grcarer elongation of shtxlls 
o f  Ertctrl~ptrts nodal cultures. 

Effect of Position of Nodal 
Segments 

The portion of rhc excised nodal 
segments for initial cultures affects 
shoo1 multiplication and varies by 
spccics. In the case of k l d t r  ~wrrdrdtr ]'late 4.2. Eflkcl of gibkrcliic acid 011 
culrures, shoo1 lip explants arc prc- shtwt development of cultured explant. 

Photo: Dams Ahmad 
I'crrcd in order ro avoid the inhibiting 
cfl'ccr 01' apical dorminancc on rhc 
growth ol'cxplanls I'ronl axillary buds (Kyynancn and Ryynancn 1986). Nodal 
cxplants rakcn from apical mcrislcms usually respond better than those raken 
from rhc planr base (Tisscrar 1985). 

For A. mtrtrgirim, Yang ct al. (1989) reported rhat shoor tips produce more 
shoors than axillary buds; however, Table 4.9 indicates that mid-portions of 
stems of one-nmnr h-old. ascpt icall y germinared seedlings are the most productive 
cxplants in shoot formation. Reduced shoor multiplicalion of the apical portion 
and basal nodes of one-month-old seedlings may be due lo: 

shoot rip responds less lo cytokinins and is influenced by the endogenous 
auxin normally produced by the young leaf 

apical dominance 
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Tal~le 4.9. Effect of position of  nodal stem scgmcnts on shoot multipl~ca~ion and 
clongalion (+SE). 

Avcragc no. of 
Nodal position shoots pcr cxplanr 

Average shoo1 
lcngth (cm) 

1 (shoot tip) 18.0 (1.5) 
1 - 19.0 (1.6) 
\ 24.8 (2.3) 

3 21.8 (1.5) 
5 18.4 ( 1 . 1 )  

Influence of Auxins and Hormone Rooting 
Powder on Root Formation 

While excised shoors of A. nttrrr~irrrii nodal cullurc roo1 casily i r r  viiw. rooling 
pcrccntagc is inllucnccd by growth subslance and concentration (Table 4.10). A 
low concentration ol' NAA is very cflkcrivc; incrcasing conccnrrarions gradually 
reduce h c  rooling pcrccnlagc. IBA has the rcvcrsc cffcct: rooting pcrccntagc 
increases wilh higher conccnlralions. Of lllc Ilircc hornioncs tcsrcd (IDA. NAA 
antl Scradix 3). Scradix 7 pro~~lolwl rooling bcsl. probably lor 111c same reasons 
given above. 

Allhough il is difficull lo roo1 nlosl woody spccics itr vitr-o (Hu antl Wang 
1983). llircc Actrcritr spccics havc bccn roolcd casily lo dale: A. kotr (Skolnlcn 
and Mapcs. 1976). A. mc~lorro,r\~lorr (Mcycr and Sladcn. 1987) and A. trlhidtr 
(1)uhoux and I)avics. 1985). In  comparison lo these. A. mtrrr~irrm shools roolcd 
11luch nlorc casily i r r  vii-o and produced higher rooling pcrccntagc using conlnlcr- 
cia1 rooring powder. The advanray  ol' the i r r  ivivo technique over the i r r  vitro 
rcchniquc arc: 

rllorc shoots can hc roorctl in a niisrcd rtw)ling chanlhcr 
ascplic lccliniqucs arc no1 rcquirctl 
i l  is casy lo lransplanl roorcd slioors inlo pols 

For rooling, ir  is csscnlial lo use only hcallhy, clongalcd shoots wilh rcla- 
ri\,cly nornlal Ical'nlorphology and pignlcnlalion. As nlcnlioncd earlier in  the 
sccrion on nlacropropa_raIion, Ihc prcscncc of lcavcs is importanr lo produce and 
supply cartmhydralcs and cntlogcnous auxins lo the stem lissucs involved i n  roo1 
lornlalion. Smaller shoals ( ~ 0 . 5  cni long) wilh fcw. m a l l  lcavcs l'rccpcntly die i n  
rhc rooling bcds. 11 is possible Ihat s~ilallcr shools arc unable lo pcrlbrm suflicicnr 
ncr phorosynlhcsis. and as a rcsull shools do no1 initiate r o w .  This suggcsrs thal 
sn~allcr shools do no1 haire sul'l'icicnl inlcrnal food rcscrvcs lo support rhcnl 
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Tal~le 4.10. Rooting pcrccnlagc h S E )  o f  excised shoots (n=40) wilh and withoul 
growlh suhs~?nccs in a misted rooting chamher. 

('onwol 
Scradix 3 
lot) ppln N A A  
250 pprn N A A  
500 pprn N A A  
1 .(XK) ppm N A A 
1 (lo pprn I B A 
250 ppm IBA 
500 pprn IBA 
1 .OW ppm 1BA 

through rlic rooring process anti aurorropliic rowr l i .  Ryynancn ant1 Ryyancn 
( 1980) rcporr si~iiilar rcsulrs with sl~oots 01' Dc~rrtlrr ~ ~ r ~ r r r i ~ t l t r .  

Contlirions in a rooring chanlhcr can he Iiarsli. will1 al~nosr hourly variations 
i n  rclalivc humidily, tcnqxralurc. and lisht inrcnsily thar, combined. can kill 01'1' 
snlall rissuc-culrurcd shoots (John 1980). The high nlortalir y of small slioors 
liiiglir also he due 10 handling da~liagc.  

Effect of Culture Cycles on Rooting 

Slloors rrcarcd with Scradix 3 can he planrctl in nonsrcrilc. nlisrcd rooring clianl- 
hers containing a niixrurc 01- Irish sphagnum pear and sand in equal proponion. 
t-;nvironnlcntaI condirions in  rooring clianlhcrs should hc similar ro rliosc 01' 

rooting hctis uscd IOr sten1 currings (see above). The rooring pcrccnragc ol' sl1oors 
t r tm recycled culrurcs o f  cxplants l io~i l  one-~ilonrll-old, ascprically gcrnlinatctl 
scctllings dccrcascs with increasing nunihcr ol'culrurc cycles (Table 4. I I ) .  

('ullurc cyclc I'crccntagc rooting 
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This may be due lo the aging cffccl of lhcsc shools itr vitro, despite lhcir 
juvenile shoo1 morphology; prolonged cullurc cycles may become unfavorable 
lor rooting. Howcvcr, rcsulrs of this cxpcrinlcnl contrasted with reports on 
rooring of shoots of Erlctrl~ptrls citriorforrr (Gupta ct al. 198 1). Yrrltrrls (Tricoli ct 
al. 1985). and Artitrrrdilr cllrtretrsis (Slandardi 1982). in which rcpcalcd subculrur- 
ing increased lhc rooling pcrccnragc or did nol decrease i t  signilicanlly. 

Potting and Maintenance of Rooted Plantlets 

Two-nlonlh-old roorcd planllcls can be lil'lcd lionl rooling chanlhcrs lor polling. 
Usually planllcls bearing incipient rools arc kcpl in water-fillcd containers bclim 
lhcy arc lransplanlcd inlo black polybags containing 100% Sores1 lopsoil. The 
newly polled planllcls need l o  be placed in nursery beds under 50% Sllarlon 
shade li)r aboul one nlonlll, alicr which lllc shade should be rcnlovcd lo enable 
Ihe planls lo harden. Survi\,al ralc can be 80-90%. 

I'olled planllcls should be walcretl regularly in Ihc nlorning and I'crlilizctl 
using conlpound I'crlilizcr such as NI'K blue ( 15: 15: 15) a1 lllc rare 01' aboul 
0.5 g/planl/nlonlll. slarting two nlonllls alicr polling. Nornull y. planrlcls arc 
ready I'or planling in rllc licld 6-8 nlonllls alicr polling. 

Future Research 

Furlher research is needed on Ihe IOllowin lopics: 

lhc cffccl ol'cnvironnlcnlal faclors (such as air and nlcdiunl lcnlpcra- 
lures. plloropcriod. liglll inlensily, and air Ilunlidily) on rooling pcrl'or- 
nlancc of slcrll cullings 

lllc cfl'ecl ol' carhohydralc conrenl and differen1 posilion of slcnl nodes on 
rooting pcrl'ormancc.ol' stem cutlinf s 

rllc cause ol' ~ ~ ~ o r t a l i r  y 01' S I ~ I I I  cutlings in rooling beds 

llw analonly of slcm cullings a1 difl'ercnl ages of srock planrs lo observe 
dcvelopnlcnl of lhc sclcrcnchynlalous ring on older sltxk planls and its 
el'lixls on roo1 d~\~clopnlcnl  

Ihc coppicing habirs of A. 1 7 ~ m ~ i r t 1 7 1  seedlings and rooring pcrlimnancc of- 
srcnl cullings lakcn fronl coppiccd slloors, and cvalualion of 111c number 
ol' roolcd culligs lhal can be produced Sronl~onc seedling in one year 
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grown pcrlimuancc of vcgelalivcly propafaled srock planrs produced 
lion1 slenl cullings and liom rissuc cullurc 

rissuc cullurc lcchniqucs for rnalurc A. mtrrrgirun rrccs. cspccially impor- 
Ian1 lor mass-producing genetical ly iniprovcd plus rrccs 

proloplasl cullurc of Actrcitr spccics 

Summary 

A. mtrrrgirtn~ stem cullings can he casily roolcd. lidlowing lhcsc considcrarions: 

culling ~llalcrials I'ron~ 0- lo 12-monlh-old sccdling srock arc hcsl; rooling 
pcrccnlagc clcclirics will) oldcr slock planls 

usc o l  cullings will1 one 11a11~0r o11c pliyllotlc iniprovcs rooring 

applicalion ol'auxins such as 5 0 0 -  1 .(lo0 ppni IBA or a Iiornlonc rooling 
powdcr such as Scradix 7 iniprovcs rooling 

use ol'a rooring nicdiuni wilh rclalivcly high pH (5 .8  or ncurral) and Iligll 
walcr-lioldiny capacity is hcst; lllc conlhinalion ol' river sand and lrisli 
spliagnu~il pear has given hcsl rcsulls i n  cxpcrinlcnrs 

A nlicropropagalion lcchniquc lor A. rirtrrrgiru~ has also hccn successfully 
dcvclopcd. For opliniunl induclion 01. nlulliplc sllools. Murashigc and Skoog 
basal nicdiuni supplc~iicnrccl wirli 0 . 5  nlg/l ol'hcnzylanlino purine (BAI') is hcsr. 
This nlcdiu~il gives an avcragc 01' 2 5 . 4 s I ~ ~ o l s  per cxplanr. Excised slioors longer 
Illan 0.5 cni car1 easily he rooled i n  a llunlidilicd rooling cllanlhcr. Nu~iihcr 01' 
sliools pcr cxplanr and shoo1 Icnglh increase willi increasing cullurc cyclcs. An 
eslinlalcd 2 I0 rnillion shools ol'grcalcr Illan 0.5 c~ i l  i n  lcngrll can casily bc 
produced lioni a single gcrr~iinalcd seedling. hul lllc rooring pcrccnrayc dccrcascs 
wilh increasing nunihcrs ol 'cul~urc cycles. 
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Chapter 5 

Nursery Practices 

Goran Adjers and P. B. L. Srivastava 

.- ' 5% 

Plate 5.1. Overview of alarCc nur.\cry prcxluclng A. trwngluttl. Yholo: Enw Forest - - - - 
Development, Ltd. 

Introduction 

While use o f  vegetative propagation for Acncicr marlgium is increasing, nursery 
propagation of seedlings is still the most common method. Reproduction from 
seeds maintains a broad genetic base and is often still the cheapest technique. 
Nursery practices for A. mangium are not very demanding. and seeds are now 
easily available (see Appendix 1 ) .  
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Seed Collection and Handling 

Seed Collection 

From Natural Stands 
Collecting secds from natural stands of A. mon,girim is a costly cntcrprisc. Thc 
1)cpartments of Forcsr of I'apua Ncw Guinea (PKG) and Indonesia and the 
Australian Commonwealth Scientific and Industrial Kcscarch Organization 
(CSIKO) havc niountcd a numbcr of sccd collcclion cxpcditions fo wild and 
virgin populations of a numbcr of distinct provenances of A. mmrgilim in Nonh 
Quccnsland (Ausfralia), Indonesia, and Wcstcrn I'rovincc of I'apua Ncw Guinea 
(Doran and Skclton 1982: Turnhull cf al. 1983). Kcccnfly. additional collections 
havc bccn made in the region nonh of the Claudic River (Quccnsland). Lake 
Murray (PNG) and hluting (Irian Jaya) (Gunn ct al. 1989. 1990; Morse ct al. 
1991; Gunn and Midglcy 1991). The ecology of this arca in Western I'rovincc 
(I'NG) is described by Skclton (1986). In Indonesia, sccds were collccfcd by 
locally hired clinihcrs who cut off branches and stripped the fruifs into bags. 
Alicr air drying, the pods were hand fhrcshcd and lhc sccds were cleaned by 
village women using hanlhoo trays. 

The Western I?-o\.incc of 1'NG is rcniotc. witli niany rivers and swamps but 
few roads. Mosf of Ihc Orionio plateau is accessible only by walking Sron~ small 
air strips. The high cosl of aircraft hire, payload and space and the lack of road 
franspon combine to niakc sccd collccfion tcdious and expensive. The 1982 
cxpcdition used a vchiclc and lighf aluniinuni barge lo reach collcction sites on 
fhc Oriomo River's shores and in the Morchcad arca. Tlic cxpcdition took 42 
days: 16 days in I'on Morcshy and Ih ru  lo organizc the trip, 7 days (ravel by 
barge, 5 days fravcl by vcliiclc, and 14 days collecting and extracting sccds in the 
licld. 

Sonic prohlcnis tlavc hccn cased in suhscqucnt trips. due in part to the 
aftraction of rcvcnuc lor landowners thcrc (the forests arc owned by fhc people in 
I'NG); nonctliclcss. collection o f  Actlcicl spp. sccds I'rom Wcstcrn I'rovincc is 
finic consuming and cxpcnsivc. Tllcrcforc thcrc is a frcnd to csfahlish seed 
production stands and seed orchards of fhis spccics in each country with largc 
rcforcsl at ion and aflorcsf alion progranis using A. rrrrrn,g~rim. 

A 0.708-cahhcr rille with 1 10-grain, soft-nosed aniniunirion was used f o  
collect the secds. This was supplcnicntcd by a chainsaw lor fclling trccs where 
thcre were sufficient trccs in fhc popularion. 

From Plantations 
I t  is common practicc now in niost counfrics whcrc A. mtrngiwn is a prioriry 
spccics for rcforcsfafion and afforestation lo collect seeds I'roni seed production 
stands or sccd orchards that havc hccn created from gcncral plantations by 
careful thinning. or especially established iron1 sccds ohfaincd Srom wild popula- 
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lions (see Chaprcr 3). Sccd collection starrs when the pods turn very dark green 
lo light-brown in color (Emmcric Dcvigc, personal communication). 

In both Sabah (Malaysia) and PNG, A. rruingi~tm is observed lo flower and 
produce viable secds carly in irs lili. .  In PNG. although planrs as young as Iwo 
years havc been found lo llowcr, secds arc nor collccrcd bclim rhc rrecs reach 
3.5-4 years. 

Trees ar diffcrcnr sircs (for cxanlplc. Sabah and PNG) havc shown wide 
variation in flowering and h i r i n g  parrerns (see Chaprcr 2). IJcspirc a common 
tropical climarc wirh lirrlc seasonal variation, significanr diurnal llucruations in 
rcmpcrarurc difl'cr among rhcsc sircs; such rcmpcrarurc flucruarions arc furlhcr 
influenced by rhe surrounding seas. 

Ar Ulu Kukul in Sabah, sccds arc collccrcd in rhc middle of February. Kipc 
sccds arc available for abour rhrcc weeks, alrhougli a 1i.w rrccs l'ruir unril a1 lcasr 
rhc beginning of Augusr. Ar Sook and olhcr locarions on rhc wcsrcrn side of rhc 
island. beyond Ihc Crockcr Kangc of rnounlains. rrccs follow rhc same parrern of 
llowcring and fruiting. Howcvcr, ar Sapilok rlie firsr pods arc collccrcd in carly 
May and l'ruiring conrinucs unril mid-July. Ar Gum-Gum. 6 km norlh 01' Sapilok. 
rrccs bear ripc pods in larc May, bur ar 1,ungmanis. 75 knl lunlicr norrh 01' 
Sapilok. collccrion docs no1 begin unril mid-June. 

A1 a n u n k r  01' silcs in Sabah (Sook. Brunlas). Irccs produce Iwo crops 01' 
fruirs annually. (kncrally rlw pcriod ol'sccd availabiliry is one nlonlh; only small 
quantities of sccds arc available six weeks alicr harvcsr bcgins. Howcvcr, in 
sonic locations (including Sapilok). sccd is available ovcr a rhrcc-monlli pcriod 
(Bowcn and Euscbio 198 1). 

In Gogol. I'NG. llowcring begins in carly February and conrinucs unril April. 
or even inlo rhc sccd collcclion period. Fruiting bcgins in March and conrinucs 
until Scprcmbcr; sccd is collcclcd fronl lalc Junc or carly July lo Oclobcr. and 
occasionally unril niid-November. 

This informalion indicalcs Ilic need for derailed phcnological obscrvalions 
even wirhin lhc lropics. 11 may also be useful lo dclcrminc rhc licrors responsible 
lor Ihc variation in llowcrin2 and liuiring parrcrns lion1 year lo year under rhc 
dilli.rcnt scrs of condirions. Such inlivmalion would help lo makc rhc sccd 
collcclion process more economical and producrivc in lcrriis ol.obraining Ihc 
best-qualily sccds lionl known popularions. 

Seed Extraction and Cleaning 

The A. rntrngiwn pods nlusl bc processed as soon as possible alicr collcclion. 
During rransporr. some licsli pods and sccds will lose viability due lo heal and 
humidiry build-up. II'pods and sccds arc nor rhoroughly dried. Ihc bcsl sroragc 
during rransport is clolh bags; righr conraincrs build up hear and humidiry and 
encourage lhc dcvclopnwnl of lungi. 

Many rcchniqucs havc been uscd lo scparalc A. mtrr~gilcm sccds from lhcir 
pods. In the licld whcrc Iranspon space is a limiring Saclor. sccds arc cxtraclcd 
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manually afrer sun drying for several days, until rhe pods [urn brownlblack and 
split. Pods and seeds should not bc lcft ro dry in the sun for loo long. Drying 
remperatures should nor excccd 4 3 " ~  lo avoid loss of seed viabiliry (FA0  1987). 
Sccd moisture contcnr should be rcduccd bclow 13% to prevent molding. In 
Sabah, Malaysia, A. mmgirtm pods arc dricd in a simple drying chamber 
equipped with an clcclric hcalcr and a donlcsric fan (Bowcn and Euscbio 1981). 

Sceds can be scpararcd from rhc pods afrcr drying by roraling rhcnl for 10- 15 
minutes in a ccmcnt niixcr logcrhcr wilh blocks of hard rinibcr (10 x 10 x 15 cni 
dimcnsion)(Bowcn and Euscbio 198 1). Anolhcr rather crude nicrhod is lo put the 
dricd pods inro sacks and rhcn lighrly bear rhcni and loss rhcni around. In Austra- 
lia. Lhc pods arc dricd and broken down in a nicchanical rhresher. 

In clcaning Ihc sceds. onc should aini for a conipromisc bcrwccn rhc dcsircd 
sccd quality and quantiry; rigorous cleaning will cause niorc sccds to be dis- 
carded. especially sniall sccds. In Australia. scctls arc cleaned in a Kurl I'elz 
Saatmcistcr separator as described by Iloran ct al. (1982). 

Threshing of pods and scctls of '  many rropical acacias produces a highly 
irrilaling dust lion) which workers need prorccllon. A hclrllcr f'illcd wilh a device 
lo blow filrcrcd air over Ihc f'acc of tlic opcraror is sarisf'aclory for lliis purpose 
(Turnbull el al. 1983). 

Seed Storage 

Hard, inlpcrnicablc seed coals of' many Icgunlcs. irlcluding A. ~rrculgiruir, confer 
long seed viabiliry under alnlosr any condilions, provided llicy arc kcpr dry and 
lice from insect or rodcnr darnage (kvans 1982). I'ropcr sroragc prorccrs rhe 
sccds from high rcnlpcrarurcs. ligllr. and cxccssivc oxygen. In spire of Ihc easy 
sroragc ol' A. nrtrtigircni sccds. one should lakc special care during sroragc. F A 0  
(1987) rcconilncnds sroring A. nrtrrrgrrtnr sccds in scaled. air-light conraincrs in a 
rcliigcrator bcrivccn 0 - 5 " ~ .  Supriadi and Valli (1988) reconmend using clean 
jcrry cans or sniall jars rhar can be closed tighlly for sroring A. nrtrugirtnr secd. 
Thcsc jars can be srorcd in a d ry ,  cold storage especially designed for fi~rcsr tree 
sccds. This rcchniquc has been used lo slorc sccds ol' A. mtrrrgirtnl f'or several 
years, wilh no serious problems. 

Seed Yield and Size 

Seed Yield per Tree 

Skclron's (1980) collection from natural srands in the Western Province of PNG 
yielded an avcragc c~l' 150 g per rrcc (highest 1,148 g). Thcsc rrecs wcre of mixed 
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age, estimated between 8 and 30 years. Some collections from thls area have 
been very poor due to atrack by insects and birds; trips should be tinled carefully 
lo avoid these losses. 

In Sabah. Malaysia, studies indicarcd that 14-year-old trees at Gum Gum 
yielded 5 1 - 1.3 12 g of sccds pcr tree. At Sook. where the trccs werc 3 years old 
and 10-12 m in height. yields of 300 g per tree werc common (maxinlum 675 g). 
Yields from both 7- and 3-year-old trccs at Lungmanis averaged about 230 g per 
tree wirh no appreciable difference belwccn age groups (Bowcn and Euscbio 
1981). 

Seed Yield per Unit Weight of Pods 

The amount of seed yielded per kg of pods dcpcnds on the ripeness of Ihc pods a1 
lllc lime of harvcsr. and can vary fronl 56 Ejkg a1 C;un~  Gun1 lo 86 @kg at Scpilok 
in  Sabah. Thc pods harvested at Sapilok were alnlost all black ([hat is. fully 
nlarurc), whereas the Gun1 (iunl harvcsr conlaincd a rclalivcl y high percentage of 
green and brown pods. In one ol'thc I'NG collcclions. I kg of pods yicldcti only 
1 6 g of sccd (Bowcn and Euschio I98 1). 

Seed Weight 

The number 01' sccds in 1 kg of purc (lo()% clean) sccd varies nlarkctlly aniong 
Irccs. This should bc kcpl in  mind when calculating lhc anlounl lo sow. To a 
certain cxlcnl, lhis dcpcnds upon the nioislurc conlcnr a1 lhc time of' nlcasurc- 
nicnr. The ligurcs i n  Tablc 5.1 havc bccn acijuslcd to 5% nloisturc (wcl-weight 
basis) for comparison. 

For Ihc Sabah collcclions derived froin rhc original inlporlalion l'ronl I x c y ' s  
Crcck. Quccnsland i n  1966. ~llc number ol'sccds pcr kg fronl individual lrccs 

'I'alde 5.1. Mcan nunihcr of sccds per kg. 

Sccds pcr kg 

Sabah. Indonesia 
17111 K u k ~  
Scpilok 
Cium Gum 
L~~ngrnanis  
Sook 

I'apua New Guinea 

Sourcc: Bowcn and IJuscbio ( 1981 
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varied from approximately 95.000 to 158.500. with a mean of around 125.0W. 
Seed from the Australian collections was distinctly largcr, ranging from 77.850 
to 115.9(K) for cach ucc collection, with a nwan of 88.2M) per kg (around 27% 
fewer seeds per kg than Sabah). Seeds collected at Sook were even largcr than 
the Australian secds. ranging from 72.0W-91 .OW pcr kg, with an average of 
78.600. PNG secds were also large, with collections lion1 individual lrees 
varying between 57.200 and 105.2OU per kg, with an avcrage of76.922. 

Seed from different-colored pods did not appear to differ significantly in 
weight. regardless of whclhcr they were obtained lion1 black. brown, or green 
pods. 

Seed Dimensions 

For the results shown in Table 5.2, a batch of sccds from typical Sabah, Austra- 
lia. and I'apua New Guinea collcclions were cleaned of funiclcs and debris. Each 
batch was passed through a series 01' test sieves ol'dccrcasing mesh size and the 
percentage, by weight, 0 1 .  the sanlplc rctaincd i n  cach sicvu was determined. 

'I'al)le 5.2. I'crccnragc o i  seed ( h y  wctph~) rcr;iincd i n  s~c\.cs o f  decreasing mcsh sizc, by 
provcnaricc rcgion. 

Mcsh sizc 
( mm ) Sabah Ausrralin Sook I'NG 

As mighl be cxpcctcd from the rcsulls concerning sccds pcr kg, the Austra- 
lian sccds have a somewhat grualcr diameter than Ihc gcncral Sabdi collcclions: 
36% were rctaincd by rlic 2.00-nm sicvc. as opposcd to 27% of the Sahah sccds. 
The Australian sccds also appcar to be so~ncwhat longer. on average. The Sook 
sccds wcrc even largcr than the Australian imports; almost 67% wcrc rctaincd in 
Ihc 2 n m  sicvc. The 1'NG sccds wcrc largcr still. with 14% rctaincd by a 2.36- 
mm nlcsh and nearly 75% by a 2.(K)-lnnl n m h .  

Seed Treatment 

Gcrnlination of A. ~ntrrrgiron, like that of most acacias, is inhibited by the hard 
and water-impcrn~cablc seed coat (Iloran and Gunn 1987). While this assures 
seed Iongcvity. i t  also makes germination slow. unpredictable. and difficult. To 
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Tahle 5.3. The effects on germination and seed imbibition of heating dry seeds al 
100°C for increa5ing inrcrvals of time. 

Treatment Time 
I'rccc~mgc I'rccentagc 
germination not unbibcd 

(lon~ol (100T socaking 30 sets) 03 
5 minulcs 67 
10 minurcs 8 
15 minu~es 7 0 
30 minu~es 7 0 
60 minurcs 48 
IJnhealcd (cold wwr imbibition) 3 

Source: Bowcn and Iusebio ( 108 1 ) 

obrain even and quick germination in  llic nursery, ir is necessary lo use scarilica- 
lion or sonlc other prctrcatnlcnt that will nuke Ihc testa pcrnicablc to nloisturc. 

A nunibcr of nlcrhods have been used lo break the dornlancy 01' A. mtrrlgiritir 
sccds caused by the hard seed coat. One way 01' scarifying sccds is to crack the 
rcsta at one edge (away from ~ h c  plunlulc) using a scalpel. Howcvcr. this nicthod 
is lime-consunling. cspccially will1 A. mtrrrxirim's small sccds. Scarificalion using 
sulphuric acid has been lricd with variable success. Howcvcr, thcrc sccnls to be 
lilllc advantage i n  using acid or otlicr dangerous chemicals (such as H202), when 
a niorc convcnicnl and better niclhod is available through hol-walcr trcalnlcnc. 

Still anollicr method for scarifying A. mtrtrgirim sccds is described by Bowcn 
and Euscbio (198 1) .  The sccds were exposed to dry heat in an ovcn at I(M)"C for 
5. 10, 15. 30, and 60 nlinulcs. Thcsc sccds were thcn inibikd in  cold watcr al 
30°C for 18 hours before sowing. The rcsulls arc shown i n  Table 5.3. 

Exposure to dry heat wvas nearly as cffcclivc i n  overconling sccd dornlancy 
as the hol watcr lrcalnlcnl. Sccds licalcd lor 10 niinutcs followed by soaking in 
warcr gave 83% germination, conlparcd wilt1 92% in  hot waccr lrcalnlcnt. This 
explains Ihc prolusc natural rcgcncration ol' A. mtrrrgirun after lire i n  clear-fcllctl 
areas. Howcvcr, lhcrc arc obvious dillicultics involved wilh heating large 
amounls of dry sccds unilinlly i n  a n  ovcn, and the nlclliod is nor rcconlnicndcd. 

The nlosl coninlon and practical prctrcalmcnt niclhod now in  use in  alnlosl 
all nurseries lor A. mtrrr~irim sccds is the hot watcr Ircalnlcnt. Bowcn and Euscbio 
( I98 1 )  described ~ h c  cxpcrinlcnt which standardized this nicthod. 

Scvcn hall-sib sccdlots were chosen and three rcplicarcs of IOU sccds were 
selected at random for testing at eight dil'l'crcnl prctrcalnicnc Icmpcracurcs. The 
sccds were dropped inlo 10 tinlcs thcir volunlc of hcatcd watcr for 30 seconds. 
Al'tcr this. the walcr was poured off and the sccds ininicrscd in 20 tinics thcir 
volunw of cold watcr. where they inlbibcd for 18 hours. They wcrc thcn sown on 
damp tissue paper at 70°C. and germinalion recorded. The rcsulls arc shown in  
Tablc 5.4. 
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Table 5.4. Percentage germination of scven half-sib seedlots preueared with 10 times 
their volume of hot water for 30 seconds. 

Prcucaunenr S e e c l l o t c r  Mean 
rcmpcraturc SEI' SEI' SEI' S IP  I SEI' SEI' gemination 
("0 1 2  144 153 140 155 129 145 (%) 

The rcsulls arc clear. Gcrniinalion is particularly poor if the seed is no1 
healed lo more than 80°C. I'rclrcalnicnl with hol walcr at 90°C' for 30 scconds is 
cfl'ccuvc. bur gcrnlinarion was sifni licanll y bcrrcr l'ollowinf the I O()"C rrcarnlcnl. 

The following prclrcarnlcnl is thcrcl'orc rccoinnlcndcd: 

Measure ~ h c  volunic of seed lo be sown. 
Heal five limes lhis volunlc ol'walcr in a glass or lighr metal containcr 
until i l  is boiling vigorously. 
I<cniovc the water lion1 ~ h c  heal source. 
Inlnicdiatcly pour rhc seed inlo lhc walcr at 100°C. 
Stir the seed and warcr for cxaclly 30 seconds. 
Pour 01.1. ~ h c  hol walcr. 
Add 2 0  times the seed volunlc of. cold walcr (roonl rcmpcrarurc). 
1,cr srand ovcrnighr lo inlbibc. 
Sow the seed in rhc laboratory or nursery beds. 

Failure lo follow all nicasurcnicnts and riming cxacrly will rcsull in poor gcrnii- 
nalion. Thcsc rcsulls have been conlirnlcd by olhcr workers (Ncwman 198%). 
I'rcrrcalcd sccds can cirhcr be ininlcdiatcly sown or dried, repacked, and slored 
(or rransportcd) fi)r later use with no further prclrcalnlcnl required before sowing 
(Udarbc and Hcpburn 1986). Bowcn and Euscbio (1982) reported that gcrmina- 
lion alicr lhrcc days was as good (about 80%) as whcn sccds were sown imnicdi- 
atcly alicr treatment. This is very helpful whcn using temporary or satellite 
nurseries. 
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Sowing and Pricking Out 

Sowing is one of the most important nurscry operations. 1,ow gcrnlinalion rates 
can jcopardizc no1 only a nursery's production targels bur also a whole rclimsla- 
t ion program. 

Germination Tests 

Bclbrc sowing seed i n  the nur.wry lo produce ~ h c  rcquircd planting slock, i r  is 
hclpful to know the pcrccnragc of gcrinination expected lion1 a particular sect1 
lot. I f  germinalion is low. either (a) much cxlra linlc and labor (hence addilional 
cosl) will he waslcd on non-viable sccd, or (h)  larger quanrirics of sccds nlusr he 
procured and sown in order to ohlain Ihc same rcquircd number ol'sccdlings. 

A good seed supplier generally inlimns lllc huycr (user) ahour lhc gcrnlina- 
lion ralc. bul i t '  ll~crc is any douhr i l  is hcsl lo perlimn gcr~ninalion lcsrs. Tllcsc 
lcsls also yield olllcr uscl'ul inlimnalion, such as linic required lo r  gcrminalion, 
which will hc useful in  planning nurscry opcralions. 

Gcrnlinalion lcsrs can he conduclctl cilllcr undcr nornlal sowing condilions in  
Ihc nursery or i n  a seed-resting lahoralory. A gcrminalion house equipped will1 
nlisl irrifalion is ideal for such rcsls (Supriadi antl Valli 1988). For hard-coaled 
sccds (like A. nrrrrrgirrm). sour sccds al'lcr llic slandardizcd prclrcalnicnl (scc 
above). Sow a randoni saniplc of 100 sccds in a1 leas1 rhrcc replicalions i n  sccd 
hoxcs (one box pcr replicalion) using rivcr sand as a suhsrralc. In a sccd lahora- 
lory. lhc lest is carried oul on nloisl Iillcr papers in pclri dishes undcr conrrolled 
condilions of normal tcmpcralurc and nioisrurc. 1)clailcd proccdurcs lor pertimi- 
ing germinalion rcsrs arc given i n  FA0 (I9X5) and proceedings o1'1hc Inlcrna- 
rional Sccd Tcsring Associalion. 

Sowing into Seed Trays or Seed Beds 

Failurcs i n  sowing add cxlra cosl. antl in  rhc worsr case delays Ihc nurscry 
operations. I'rclrcalcd A. n ~ r l g ~ ~ r n ~  seed should he sown i n  a seed box filled with 
srcrilizod. sicvctl (5-nim mesh W e )  rivcr sand. 

Sand suhsrralc is mosl easily slcrilizcd by hoaling i l  i n  an oil drum cul in half 
lo I (H) 'C  lor 15-30 nlinulcs. Al'lcr healing. lhc subslrarc should be covered and 
slorcd lo avoid conlaniinalion (Jackson 19x7). Chcniicals such as niclhyl hro- 
nlidc and fornialin have also hccn used for soil slcrilizalion, hul lhcsc chemicals 
arc dangerous and arc no1 rccomnicndcd. 

Convcnlionally. A.  rnt~trgrrrm seedlings were raised in seed hcds and pricked 
inro plybags a1 lhc 2-Ical'slagc. The recovery rare using Ihis procedure was poor 
(around 37%) because: 

seed gcrniination was affcclcu by soil characlcrislics (including Icxlurc. 
Icriility, acidiry), sowing dcplh, and watering frequency and inrcnsity. 

8 3 
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a number of sccds were damaged or carried away by ants attracted by 
oily funiclcs, and 

sccdlings wcrc daniagcd during pricking our. 

In a nicthod developed in Malaysia. sccds arc sown i n  germination trays 
(wcr-rowel nlcrhod) and, when the radicle appears aflcr 6- I0 days, pricked using 
lixccps dirccrly inlo polybags. According lo Sim (1986). lllc advanrages of this 
nicthod arc: 

a high recovery ralc (over XS%) 
a sllorrcr and more precise pricking ~ncrliod. antl 
a high producliviry in rcrnis 01- sccdlinps rransplanrcd pcr person pcr 
hour. 

A box (or 3 lray) call conlain 250-300 seedlings oSA. ~ntrrrgirulr. Tlic ideal 
box size is 30 x 30 c~ii ,  wliich can be carried Iro~ii lllc gcr~liinalion Ilousc ro rhc 
pricking-our area. 1,argcr boxes arc hca\:y antl un~iianagcablc. 

I1 is an atl\.anlagc 10 housc rhc sowing operalion in a pcrnlancnt gcrnlinarion 
Ilousc will1 a root' ol' glass or plasric and a concrclc: or gravel lloor. In some 
nurseries, the gcrniinalion boxes (or trays) arc placed on raised tables to control 
insccl and rodcnr allacks, and lo riiakc weeding and walcring m o r ~  convcnienr. 
Watering is riiorc easily organized in a gcrniinalion Ilousc. especially i1' an 
irrigarion sysrcni is inslallcd. Thc h s t  walcrinp syslcni in a gcrnlination Iiousc 
uses nlisl irrifalion nozzles. 

11' seed beds arc uscd lor sowing, rllc substrarc sliould be sandier than the 
nicdia uscd i n  the conraincrs. lackson ( 19x7) rcco~iinicnds a 1: 1 rario o f  l0rcsl 
ropsoi1:sand. Conlposr should nor bc uscd in sccdbcds or secd [rays. Sccber 
( 1976) and lackson (1987) provide derailed puidclincs on llic prcpararion ol' 
sccdbcds. 

1)aniping ol'i, cnuscd by a wide range ol' 1'~lngi (including P!~l~irui~ spp. 
P l r ~ ~ ~ o ~ ~ l r f o ~ ) l r o ~ ~ t r  spp., Frcsrrrirtlll spp.. aiitl Rlri,-oc.lorritr spp.). is lllc niosr serious 
disease al'iccting A.  ~rrrrrrgircnr sccdlings i n  nurseries (see Cliap~cr 7). 11 can be 
overconic by ~pproprialc use 0 1 '  lunyicidc. 1'\iro lypcs 01' tla~liping o 1.1' arc rccog- 
nizcd: prc- and posr-cnicrgcncc. Thc lirsr lypc ~lllacks rhc seedling's radical. 
which slarrs lo ror. I'osr-cnicrgcncc daniping ofl'allacks rlic srcm tissue, causing 
sccdlings to collapse. shrivel, and dry. I1 occurs lirsl i l l  patches, and spreads 
quickly. and can casily cause large losses i l '  nor conlrollcd. The clicniical 
Thiurani is very cficcrivc in conrrolling the disease. To prcvcnr rhis disease in the 
nursery. avoid ovcr-warering, ovcr-shading, poor vcnrilarion. and dense spacing. 

I<odcnrs like young sccdlings of A. rnrrrr~irtl~r and can also become a problcnl. 
Ncrring rhc secd during sowing prcvcnls damagc by rodcnrs. 
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Sowing Seeds Directly into Containers 

Large seeds can be easily sown directly into containers. Although no1 particularly 
big (SO.OM)- I(N) . (KX)  sccdslkg) A. mrrngirtm seeds can be sown direclly. Direct 
sowing has Iwo main advantages: reduced cosl of seedling production, and 
minimal risk of roo1 deformation. Dirccl sowing, however, requires goc~i-qualily 
seeds with a high germination percentage. Sccds with a germinalion pcrccnragc 
of less than 70% arc berlcr sown i n  seed boxes (Supriadi and Valli 1988). 

I f  a grower still prefers direct sowing despite poor germination. sowing 
several sccds in  cach containcr can compensate. A rule of lhumb bascd on known 
germinalion pcrccntagc is (FA0 1987): 

. . .  
l.llusu 

35-50% three sccds per container 
5 1-80% two seeds pcr container 
over 8 1 % one seed pcr container 

Sowing several sccds i n  cach pol may rcsulr in a number of containers wilh 
more than onc secdling. The surplus seedlings can be removed a1 a propcr time 
and uscd lo f i l l  empry pots. This opcrarion requires additional labor and funds, 
and thus may null ify !he advantage of direct sowing. 

Dircc~ sowing nwrhods rend lo waslc sccds. For cxpcnsivc seed 101s. Illere- 
fore. broadcast sccding and pricking-oul is Cavorcd. 

Direct sowing of A. morlgirtrn should be carried out under a shading ncr. I n  
Indonesia, ncrs Iransmilring 50% lighl have bccn cxtcnsivcly uscd (Supriadi and 
Valli 1988). Schrocdcr (1987) norcs that only light shade is suitable for A. 
mtrr~girtm. In  general, i l  is more diflicull lo supervise lending ol'dirccl-sown 
swdlings in lhc early stages, partly because ouldoor condirions arc nlorc extreme. 
1)roplcts from lhc irrigalion syslcm nlusr be smaller i f  using dirccr sowing. AI 
P.T. lndah Kiar Pulp and l'apcr Corporalion in  Sumalra, about 10-1 2 million A. 
mcirlgirtm seedlings arc produced annually by dircc! sowing i n  greenhouses 
(W crrcn 199 1 ). Wirh propcr warcring and germination pcrccnragc greater than 
80%. dirccl sowing has yicldcd good nursery rcsulrs i n  Soulh Kalinlanlan (Valli 
and Kusnlana 1990). allhough i t  has nor yet bccn inlplcmcnlcd on a commercial 
scale thcrc. 

Covering Seed 

After sowing. seeds should bc covered. This applies both lo dircct and broadcasl 
sowing. Seed should no1 be pressed into lhc media. but Icli on rhc top and 
covered with a suilablc marerial. Covering wilh a 3-5 mnl layer of coarse. 
washed sand, crushed rock, or gravel: 
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provides excellent air exchange and water drainage 
allows rapid emergence of the cotyledon, and 
prevents damping off (FA0 1987). 

Supriadi and Valli (1988) recommend covering A. mangium seed with a 2 mm 
layer of fine sand. In PNG, fine, old sawdust (about 1 cm thick) has been used. In 
a direct-sowing trial, peat and sand were compared as covering material. Both 
substrates yielded good germination (>80%) and no significant difference was 
observed between the treatments (Valli and Rusmana 1990). 

Pricking Out 

Transplanting or 
pricking-out means that 
seedlings from seed 
boxes or seed beds arc 
planted into another 
container or growing 
place. A. mcrngium 
seedlings require no 
special measures during 
pricking-out; normal 
procedures, as de- 
scribed by Supriadi and 
Valli (1 988) and Seeber Forest Development, ~ t d . -  
(1 976), are appropriate. 

The best time for transplanting is immediately before the first lateral roots 
appear and after thc stem tissue has hardened (Seeber 1976). A. mangium seed- 
lings are ready for pricking-out about 6-10 days after sowing (Supriadi and Valli 
1988). At this agc, seedlings are 2-4 cm tall with a root 3-6 cm long (Plate 5.2). If 
the tap root is too long i t  can be clipped using fingernails. In case of uneven 
germination, seedlings have to be selected and transplanted in stages. 

A vertical hole should bc made in the substratum of thc container to which 
the seedlings will be planted. A simple tool, such as a bamboo stick with a sharp 
point. can be uscd for this. Ad.just depth and width of the hole to the length of the 
root of the seedling. The root must be carefully placed into the hole so that it is 
not twisted. Close the hole by making another hole beside it and by pushing the 
substrate towards the roots. At the same time. lift the seedling gently to straighten 
the root. After this, the substrate should be lightly compacted. I t  is important not 
to place the seedling too deep into the hole-so that the root collar is about 0.5 
cm above the soil surface. It is also important to keep the seedlings moist before, 
during, and after transplanting. 

Care should be taken in pricking-out to avoid bruises on the stem and not to 
plant the seedlings too deep in  order to discourage fungal attacks (darnping-off) 

8 6 
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after transplanting. Ricking should not be done in direcl sunlighl. For this. 
shading ncls cransrnitring 50% light have been used exlensively in Indonesia 
(Supriadi and Valli 1988). 

In Sourh Kalimancan. rhc work oulpul for a pricking-oul operalion has been 
1.500-2.oW seedlings pcr 7-hour working day (Supriadi and Valli 1988). 

Potting 

Container Type and Size 

Planting stock of A. mrrrrgirim is raised in conlaincrs with a suitable medium for 
bellcr growlh and survival. Various lypcs of conlaincrs can be uscd for growing 
polted seedlings. The bcsl lypc l o  use dcpcnds on  (he spccics growlh habil. 
subsualc. and cosl. 

A. mtrngirim is no1 parlicularly demanding regarding Ihc lypc of container. 
Several lypcs and sizcs of plastic polylhcnc bags. (in and plaslic cans. and 
diffcrenl sizcs of' pol [rays havc hccn uscd. I'olylhcnc bags arc the nlosl common 
conlainers in lhc cropics (Jackson 1987). Thcir advanlagcs arc low cosl and ready 
availabilily. 

T h e  larger nurseries havc conduclcd many [rials l o  oplinlizc the size of  rhese 
conlaincrs and reduce the requircmenls for nicdium and labor, which would 
result in less cxpcnsivc seedling production. Solutions nus1 balance bclween 
biological and econonlical ideals. For example, Ihc Sabah Forcsl Devclopnienl 
Aurhoriry (SAFODA) reduced rhe size of  the polyrhcnc hags from 700  cc  soil 
volume to 330 cc  wilh no significanl difference in growth ancr 3 nlonrhs, but 
with grear savings in soil collcclion. transporr. and planling cosls (I'oolc 1987). A 
conlainer trial wilh lhrcc conlaincr sizcs (90. 183. and 462 cc) was conducred in a 
nursery in Soulh Kalinianlan. Although A. mtrngirrm seedlings grew bctrcr in the 
larger conlaincrs, no statistically significant differences wcrc noliccd in terms of 
height, diamctcr, dry weight, or  survival percentage (Table 5.5) al thc end of the 
12-week nursery phase (Acijcrs and Luukkancn 1985). 

Table 5.5. Efl'ccr ot'conraincr volume on wedling growth af'lcr 12 wecks i n  rhc nursery. 

Conrainer 
volumc I lciphr I)~amclcr J)rv w w  Survival 
(crn3) (cm) (rnrn) shoot root (C/r5) 

- 

Note: ? ~ I S  ~rial was conducrcd in Lhe rainy season: secdl~ngs grew slowly duc ro frequent 
r a m  and leaching of nrrlncnls Iron1 lhc subsualc. Source: Adlers and Luukkaneil ( 1  985) 
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The P.T. Indah Kiat Pulp and Paper Corporation's central nursery in 
Sumatra, however, with a target of 10-12 million A. mangirtm seedlings annually, 
is phasing out the polythene nursery system, replacing i t  with 50 cm3 plastic root 
trainer tubes. These tubes hang in trays on raised seedling production lines. 
Pretreated A. mnngirtm seeds are sown directly in the tubes, and roots are air- 
pruned. As many as 30,000 seedlings can be transported on a 6-ton truck with 
considerable savings in  transportation cost (Werren 1991). 

In Kalimantan, Sumatra, and Sulawesi, the Central Nursery Establishment 
Project, with its 8 large nurseries aiming to produce 6-10 million seedlings each 
year. is designed to use square-shaped pots arranged i n  trays. The pot-trays have 
outer dimensions of 30 x 49 cm and their volume varies from 90-300 cc. Each 
pot-tray contains 28.45, or 77 individual cavities (Malmiraara 1992, personal 
communication)(Platc 5.3). The pots haw a single 1.5 cm hole i n  the bottom and 
the four 90" angles prevent lhc seedling roots from winding. The main advantage 
of several containers arranged inlo a tray is that these can replace single contain- 
ers as the handling units, with considcrablc savings i n  labor and transportation 
cos1 . 

I'late 5.3. Seedlings grown io square Enso pol-trays. Space between rows discourages 
fungal infectiorls and crlcourngcs srcrn di'uneter growth. Phoro: Enso Forcsr Develop- 
men4 Ltd. 

Potting Substrate 

The supply of potting substrate in adequate quantity and quality is a major 
problem in many large nurseries, which can require huge amounts. Several 
substrates have been used for raising A. rnongiltrn planting stock, including 
topsoil, vermiculite, perlite, different types of compost, and tropical peat. These 
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substrates can be used as a mixture or in pure form. Vermiculite or perlite should 
be mixed with a less expensive substrate (for example, bagasse). 

A medium for container-grown seedlings should drain well and at the same 
time have good warer-holding capacity, aeration, and firmness. The optimum pH 
of the nursery substrate is 5.5-7.0 (FA0 1987). A. rnarlgium seedlings do not 
seem to be particularly sensitive to low pH-values of the nursery substrate; in 
[rials these have been successfully grown in peat substrates with a pH as low as 
3.1 (Adjers et al. 1988). In  (he field, A. mmgium tolerates moderarely acidic soils 
with pH as low as 4.0 (FA0 1987). 

In Indonesia. tropical peat in different mixtures has been used extensively. 
Tropical peat is usually highly humified and its aeration is poor. By mixing the 
peat with a suitable material, aerarion can be increased (Adjers 1987). Rice husk 
is widely used wirh pear in large-scale production of A. mt~rlgilirn (Plare 5.4). 
employing a proportion of 70-80% pcat with 20-30% rice husk (Supriadi and 
Valli 1988; Suomela el al. 1988; Hendromono 1988). Sumatran expcrience 
indicates that the proponion of rice husk can be lower (10-30%). depending on 
the p a r  (Valli 1997. pcrs. communicalion). 

The pH o f  tropical p a t  subsrrare can be quilc low. Low pH is usually 
corrected by linu ng. Also, Ihc pH of p a r  increases in storage. In South 
Kalimanlan. the pcat is lificd during the dry 
season and stored for at least 3 months 
(Supriadi and Valli 1988). Ihring storage, the 
pH increases by 1 to 1.5 units. Drying in the 
dry season is carried out in open fields. During 
the rainy season. the p a r  should be covered 
with canvas or plastic lo prevent soaking and 
kill weeds. 

With A. mtrrrgirtm. Adjers ct al. (1988) 
found high liming doses (15 kg/m3) lo have a 
negative efl'ecr with three p a t  sources in South 
Kalimanlan. Thc pH vxicd from 3.1 lo 6.3 in  
thc trial after application of 8 and 15 kg of 
dolomite limc. Liming incrcascd the pH 
relatively little. 

The mosr common nursery substrare is 
topsoil. Sandy loanls arc thc besr, but heavier 
soils can be modified by adding sand, peat, 
vcrmiculirc. pcrlirc, shredded bark, sawdusr. 
wood shavings. coconut coir, or rice husk, in 
propcr proponion (FA0 1987). Even when 
using top soil. for uniform growth of A. 
mtrrrgirtm, soil collecrion should be standard- 
ized lo get more uniform and fenilc soils, rather 

Plate 5.4. A. ttzangiurtl grown in 
a medium of tropical p a t  and rice 
husk. Note new root develop- 
ment. Phofo: Enso 
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than haphazard collection fronl different locations (Poole 1987). 
Different types of compost havc also hccn uscd as seedling media. Trials in 

South Kalimantan tesrcd 13 diffcrcnt compost suhstratcs with A. mtrtlgiurn. 
Compost of rice straw, maize stcnls. and Icavcs, mixed with 50% or 30% topsoil. 
produced the best growth and survival. I3agassc yicldcd good height hut poor 
diamctcr growth. Pure compost mcdia (maize and rice straw). excluding bagasse, 
yicldcd poor survival. In the same trial. p a t  and rice husk (70:30) yiclded 
moderate growth hut highest survival (Kusmana 1993, pers. conmunication). 
Ncwman (19893) reported the rcsults of using sawdust as germination rncdium 
lor A. rnmrgirtrn at SAFOIlA's nursery. Two scedlots of this spccics were gcrmi- 
natcd outside in trays in the shade in three mcdia: soillsand (2: 1). old (mixed 
spccics) sawdust, and licsh (mixed spccics) sawdust. Control seeds were gcrmi- 
natcd in petri dishes in a pcrnlinating cabinet. (icrrnination reached XOV in the 
control and in the soillsand and old s;rwdust media hut did not occur at all in 
I'rcsh sawdust. 

Tropical peat and compost havc rhc additional advantage o f  light weight lbr 
transport and planting 

Filling Pots 

For direct sowing. suhstratc should he lillcd to 2-5 nlnl bclow the edge of the 
container in order to allow additional spreading of the cover material (lor ex- 
ample, sand) over the seeds. The compaction ol'diffcrcnt suhstratcs varies and 
sllould he considered in each case. 

When pricking-out is practiced, thc containcr should bc completely I'illed 
with suhstratc and leveled to the cdgc. 

Kegardlcss of suhstratc or containcr, the growth rncdia should he neither too 
conlpact nor too loose. Con~pacling the suhstratc too nlucll is likely to create 
anaerobic conditions and inhibit absorprion ol'watcr by the mcdia. This generally 
rcsults in had-qualit y seedlings with poor root and shoo1 growth. On rhc other 
hand, lilling the suhstratc too loosely decreases thc containcr volunlc when the 
pots arc watered, and causes the suhstratc to dry quickly. If seedlings arc trans- 
ported to the field without the containcr, loosely filled roothalls do not retain 
adequate strcngt h. 

A.  mtrtrgiru~i seems to he somewhat scnsilivc to compact substrare and poor 
aeration. which rcsults in stuntcd growth and yellowish seedlings. Care must also 
he taken when mixing the suhstratcs. An unevenly mixed substrare rcsults in 
irregular seedling growth. 
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Bare-Rooted Seedlings 

Advanlays  o f  hare-roolcd sccdlings arc lhal Ihcy: 

arc chcapcr lo produce in lhc nurscry. 
make for compacl and light sccdling lranspon. 
arc easy and quick lo planl. and 
form hcllcr rtwr sysrcni alicr planring (Schrocdcr 1987). 

However. carclcss handling of'lhc sccdlings niay lead lo heavy losses. Higher 
risks during r r a n s p n  and planling discourage lhc use o f  lhis syslcni. especially 
in Ihc uopics. 

I,irrlc inl'ornialion is available o n  growing A. 171rrrrgirinr as hare-roo1 seedlings. 
Schrocdcr ( 1987) records succcssl'ul lrial and pilol planlalions wilh hare-roolcd 
A. nrrrr~girir~r in 111~' Philippines. wlicrc llic growlli linic was 15 wccks. coniparcd 
lo 17 weeks for polled pla~ilirig slock. The harc-roolcd planls also required a 
longer condilioninp rinic. 

Watering 

Adcqualc nioislurc during llic Iiurscry slagc is csscnrial fix proper sccdling 
prowlli. Insuflicicn~ watering leads lo willing and srunrcd sccdlings ('FA0 1987; 
Supriadi and Valli I O X X ) .  0 1 1  llic olhcr Iland, cxccssivc walcring rcsulls i n  render. 
overgrown succulcnr planrs wirh poor roo1 dcvclopnicnl. 

Thcrc arc no fixed rules ahour how olicn lo walcr or how niucli walcr is 
required. The warcring sdicdulc dcpcnds on rcnipcrarurc. air hunlidily. wind 
vclocily, rainfall. cvaporarion, rrcc species and size. and lllc suhslrarc. The only 
way lo find rhc opriniuni walering rcginic is ~hrougli ohscrvalion 2nd cxpcricncc. 
Supriadi and Valli ( 1988) dcscrihc a pracrical niclllod for dcrcrniining Ilic nccd 
lor warcring when using pol t r a y  and pear suhslralc with A. ~nrrrr~irinr: nlcasurc 
~ h c  periodic loss ol'warcr i n  cvaporranspiralion on a weigh1 hasis. (In a nursery 
[rial in Sou111 Kalimanran, rhc averape cvapolranspiralion loss was 9.0 1 in the 
open and 5.5 1 in shade.) 

The suhslrarc should he checked daily. In addilion to having tlic right anioun~ 
01' n~oislurc. thc roo1 hall should he evenly wet. Manual walcring requires more 
in rcn~i \~c  supervision. Scchcr ( 1986) dcscrihcs various rypcs o f  irrigalion. 
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Fertilizer Application 

A suitable source of fertilizers is essential for good seedling growth in the 
nurscry. A. mtrngium appears to be an easy species lo manage in the nurscry from 
lhc point of view ol'nulrition and fertilization. Both chemical and organic fcrtiliz- 
crs (for cxamplc. cow dung. chicken manure, or compost) have been uscd. I f  
organic fertilizers arc applicd, they should consrilutc about 20% of the total 
media (FA0  1987). 

The need for different fertilizers varies with lhc typc of the subsrrarc and 
probably also with climate. Generalizations arc dangerous; local trials arc ncces- 
sary lo lind the mosr suilablc typc and nlclhod of nurscry application. 

I age-scale produclion of A. rntrngirun seedlings in South Kalinlanran has 
uscd locally available chcnlical f'crt i lizcrs. The following procedure and doses 
have bccn uscd with local peal and ricc husk (70:70) as the main subsrrarc. 

Basic Fertilization 

Betim pricking out, a basic dose 01' lcrtilizcrs is applicd using TSI' (Triple Super 
I'hospharc, I'?O5 45-48% 1'). A dosc 01' 1Og/m2 is applicd nlanually in 1 %  solu- 
tion using warcring cans. Basic 1i.rlilizarion lakes placc 2-7  days bcfirc pricking 
our. 

Fertilization During the Growing Period 

In addirion. NI'K li'rtilizcr (15:15: 15) is applied lwicc wcckly (19 rimes in all), 
lor a [oral dosc of225 g/nC during lhc nurscry pcriod. The firs1 I'crtilization is 
done I0 days aficr pricking our. The conccnrralion of thc  solulion is gradually 
increased l'rom 0.5% 10 1 .5%. I)oscs vary according lo the growth. fionl 5 g 
during lhc lirsl Iwo wccks lo 10-15 g in rlw subscqucnl pcriod. Generally. the 
lutilizcr is dissolved in warcr and applicd through Ihc irrigalion ncrwork. or 
manually using warcring cans. The dosage menlioncd here is applicable lo pear 
and ricc husk subsrrarc, which is generally low in nurrienrs. 

Al'lcr applying fi'rtilizcrs. a lighr watering is necessary lo wash away the 
fkrtilizcr's residue lion1 the leaves. 

1)isconlinuc Scrtilizarion 15-25 days bcl'orc dclivcring the seedlings in order 
ro improve their lignificalion (Supriacli and Valli 1988). Table 5.6 shows Ihc 
Scrtilizalion rcgimc for Ihc whole nurscry pcriod. 

Heavy rainl'all can leach nulricnrs Iron1 lhc subsrrarc, and may neccssiralc 
addilional Ii'rlilizalion. An insrrumcnl for nlcasuring Ihc clcclrical conducliviry 
(EC) of 11lc walcr pressed our I'ronl rhc subslrarc can help i n  detcrnlining I he need 
lor addirional Ii'rlilizcr rrcarmcnl by providing a quantitalivc measure ol'salt 
contcnl. Monitoring the EC of the irrigation walcr and of the lcchatc t'ronl the 
conraincrs permits rccognirion of-sudden changes. A rule o f  thumb is rhar the EC 
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Tahle 5.6. Ferrilizarion regime using local tropical pea[ and rice husk as mcd~um. 

Days after Interval Grams/ Conccnuarion 
Phase* pricking Frequency (days) nl - (%) 3 

*Dl*'= Basic f'crrilizarion with Triple Supcr I'hospharc (TSI', 48 1'): 1.. = I~~crrilizarion dur- 
ing the nllrscry growing period wirh NI'K ( 15: l5:15). Sourccl: Supriadi and Valli ( 1988) 

of' the lcchatc should be 1.5-2 nlni hos. Tinus and Macllonald ( 1979) provide 
detailed delinilions and an explanation of the use of'an EC meter. Daily visual 
inspection of the seedlings is important. 

Fertilization trials conducted with A. mtrrr,gi~trn indicate that i t  is not spccifi- 
call y sensitive to high doscs of f'crtilizcrs. Adicrs ( 1987) l'ound that doscs 01' up to 
20 g NPWnl'Iwcck still increased sccdling hcight and dianlctcr growth with no 
significant decrease in survival. Thc dilfcrcnccs anlong the fiwr trcatnlcnts, 
ranging lion1 0-20 glni', yielded a significant difl'crcncc both li)r hcight and 
dianictcr growth, but only when comparing the control and the fcrtilinxl treat- 
nicnts. 

Role of Rhizobia 

I .ikc other Icgun~cs. A. r?~trtl,girtnr lives in symbiosis with nitrogen-fixing organ- 
isms in the soil. In  its natural habitat i t  is inlbctcd with R l l i x ) l ~ i r ~ m .  S o n ~ c  strains 
of Rllix)hirm arc Iilorc cf1'Cctivc t11a11 otliers with A. tntr t~girm (NFTA 1989). Il;lrt 
el al. (1991) report 11131 i n  nurscry trials with A. rntrrrgirtnz in tlic I'hilippincs, 
diflbrcnr R1~i:ohirtril strains accounted lor largc increases in  biomass (32- 1,12054 ) 
and plant I1cigllt (63-27O%)(scc Chaprcr 6). 

A. tntrrl,girrnt nodulatcs easily in the nursery in a tropical p a t  and rice husk 
nlixturc. In  South Kalinlantan. nlillions of A. mtrtlgirttn sccdlings have been 
produced with no additional inoculation (Supriadi and Valli 1988). 

Root Pruning a n d  Weeding 

Advantages 01' root pruning in the nurscry arc that it: 

activates tllc dc~eIop~iicnl of lateral roots 
rcduccs damage to the root ball and sccdlings during lifting 
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reduces daniagc lo reusable conlaincrs 
speeds up packing 01' sccdlings (Supriadi and Valli 1988) 

The need for roo1 pruning depends on llic substralc and type ol'conraincrs 
and their volume. I n  larger containers. roor pruning can he donc less lrcqucnll),. 

I<tx)ls sliould he pruned hclorc lhcy hcconic loo big and pcncrratc deep inlo 
llic soil. Roo1 pruning can he donc nlanually wirh fingers. Scissors arc also an 
oplion hut lhcy gel hlunl quickly. 

Using pot rrays (45 pols per [ray. will1 180 ~ 1 1 1 3  volunic) wilh a peal and rice 
husk subslrarc (70:30), as in Soulh Kalinlanlan. two roo1 prunings arc usually 
required during lllc 3- lo 4-nlonlh nurscry period. The lirst roo1 pruning is carried 
oul 6-8 wccks al'rcr pricking: Lhc last lakes place 7- 10 days hcli)rc sccdling 
dispalch (Supriatli ancl Valli 1988 ). Even il '  scctlling dclivcry is delayed. roor 
pruning is carried our as scllcdulcd. 

Thc need li)r roor pruning can he avoided or grcarly reduced by raising the 
conraincrs froiii tlic soil surlacc. \{'hen the rools grow out ol' 1l1c conraincrs and 
hcconic cxpsctl. rhcy die ('air-pruning'). Air pruning is usctl a1 lhc nurscry of 
I'.T. lndah Kia1 I'ulp ant1 I'apcr Corporaliori (Wcrrcn 1990). 

I'ropcr wccding is inlponanr l o r  good growrli and health ol' A. rlrrrrrgirtt~r 

scctllings i n  rhc nurscry. In sccdhcds and conlaincrs. wccds can he pulled hy 

Iun t l ,  and should he donc regularly lo prevent wccds l'roni growing loo large. 
For kccpiny lllc nurscry surroundings clean fronl wcctls alicr sccdling 

tlispalch. herbicides arc salb lo usc and less coslly llian ~iianual wccding. 

Optimum Seedling Size and Hardening Off 

Allci~pts have hccn ~iiatlc lo rcducc tlic nurscry priotl lo llic niini~~iuni 1i)r 
acllic\.ing proper-sized il. t~rrrtrgirtrlr scctllings l o r  planting our. A targcr size 01' 
25-40 c~ i i  llcigllr (I'lalc 5.5) has h w n  acliic\ul in 12 wccks (I'oolc 1987; Udarhc 
and Hcphurn 198h). Altllou~h csrahlisllnlcnl and suhscqucnr growl11 i n  lllcsc 
cases \!.as good. llic sccdlings n.cri. "soli" and easily da~nagcd by Ilantlling ancl 
tlcsiccarion. This is avoided hy exrending llic nurscry period by 7-4 ufccks lo 
liardcn Ihc scctllinps. (;cncrall).. \!.hen lkrtilizcrs arc used in  lllc nurscry i l  is 
csscnlial to Ilartlcn ol'l'sccdlings hclbrc they arc dispatcllctl lo lllc planting sire. 

Hardening ofl' is achieved by progrcssivcly reducing nitrogen l'crtilization 
ant1 \!.alering. Sccdlinp should also he exposed lo ful l  sunlighl. This procedure is 
dcsigncd lo slow growlll, rcducc lush foliage, and encourage woodiness ( F A 0  
1987). In  South Kalinunran. l'crtilizarion is conlplclcly disconrinucd 15-25 days 
hefore Ihc anticipalcd dclivcry day (Supriadi and Valli 1988). 
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I'late 5.5. Three-month-old seedlings ready for p1;ulting in Lhc field. Photo: M .  'I'emmes 

Lopping Seedlings 

Generally. the ideal heighl of an A. mcrrlgirim seedling rcady for planting is 
25-40 cni. However, if seedlings have grown larger lhan this in the nursery due lo 
unavoidable rcasons. they can be lopped (I'crkins 1992). This has been done with 
no adverse cffccl on seedling devclopmcnl in a planling lrial in South 
Kalimanlan. A new lcadcr forms within a rclarivcly shorl pcriod and docs nor 
afl'ccl the planl's Sorni in subscqucnl growlh (Adjcrs and Luukkanen 1988). 

Grading 

No poor-qualil y sccdlings should bc used as planting nialcrial. Extra costs of 
rcplanling and weeding can bc a ~ ~ o i d c d  by planling only high-qualily seedlings. 
Bcfrm disparch. rhc sccdlings should be graded a1 lhc nursery. lniponanr I'acrors 
in grading the sccdlings in lhc nursery arc: 

1 .  Hetllll~ Seedlings should be lice liom diseases and insect inScslalion. 

2 .  F r e s l ~ r ~ s s .  Willed or half dry seedlings should be rejccled outrighl. 
Bcforc lifiing and during remporary storage at the nurscry or field silc, 
always keep [he seedlings moisl. A l lhouph~ .  mtrrlgirlm appcars not lo be 
sensitive lo drying. die-back of dry seedlings may occur after planring. 
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3 .  Root system. Seedlings should have a well-developed lateral root system, 
rather than a long tap root. A compact root system makes planting easier 
and prevents breakage of the root ball. 

When using pot trays, the protective container is not sent to the field. 
Then it is essential to have a well-developed root system which will 
prevent the root ball from breaking. 

4. Stem. The most important aspect here is the stem diameter; it should be 
relatively thick and woody (cf. age and size). A regular, well-shaped 
crown is preferred. 

5. Sl~ooI/root rtitio. The best indicator of plant quality is the ratio between 
shoot and root weight, which should be well balanced. In general, the 
quality of the seedling is better if the root system is larger relative to the 
crown. A plant with a favorable shoothoot ratio will resume growth 
faster and have little chance of mortalit y. 

6. Size arrd q e .  A.  mtrr~giltm scedlings can he outplanted three months after 
sowing. by which time they should bc 25-40 cni high and have a mini- 
mum diameter o f3  nini at the root collar (Supriadi and Valli 1988). 

When using pot trays. seedlings can bc lifted in two turns. The best seedlings 
are taken during the first lifting and the suppressed ones are left for about 3-4 
more weeks in the nursery. One trial showed that A. mtlrlgirtm seedlings of the 
second lift grew nearly at the same rate as the first one. The seedlings from the 
first lift were nonetheless taller and thicker in diameter after 14 months in the 
field (Ad-jers 1988). 

Cost of Seedling Production 

While A. rntlrlgiltrn is not denlanding in the nursery, it is important to keep the 
cost of seedling production to a minimum, especially in planning large plantation 
projects. Reliable information on seedling production costs is difficult to obtain. 
Generally in  the region, cstimatcs vary from US$0.02 to $0.031 per seedling, 
depending on thc nursery type and size. 

There is a growing tendency to switch from the conventional system using 
polythene bags toward mechanized root-retainer nursery systems. Although root- 
retainer systems are more expensive to establish and maintain, especially in the 
initial years, high initial investments in infrastructure and facilities have little 
impact on the long-term cost of seedling production, and reports show that the 
root-trainer system can give better seedling growth and survival. 
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The Central Nursery Establishment Project in Indonesia illustrates the 
magnitude of investment. The nurseries in  this project use the ENS0 root-trainer 
system to produce millions of seedlings of A. mtlrlgium and other fast-growing 
species. The price per seedling calculated was US$0.053. In two smaller nurser- 
ies with annual production of 6 million seedlings. seedling production was 
slightly more expensive: US$0.06 1 and $0.066 (Mantyla in press). Although 
slightly higher than conventional ply-bag nurseries, the better growth and 
survival of seedlings in the field are judged to fully compensate this difference. 

Summary 

Nursery practices for A. mtrrlgirtm are not very demanding. The species' ease of 
managemenl in the nurscry probably accounts for the scarcity of informalion on 
specific nursery practices. 

With the cstablishnmr of seed production srands and secd orchards in many 
countries where A. mtrngirun is grown on a large scale, seeds arc now easily 
availablc. However. lhcrc rcnmins a need to collect good-qualily seeds of spe- 
cific. potentially bcrrcr provenances from virgin populations. 

Seeds should be collcclcd when the pods turn very dark green lo light brown. 
Seeds must be prclreated; following the procedure for hor warcr pretreatment 

precisely gives the bcst germination results in secd trays or containers. 
Damping off. the most serious disease during the nurscry stage, can be 

conrrolled by use of fungicide and cullural practices. 
For best resulls. use the n m l  suitable sccdling conlaincrs of up lo 300 cc. 
Use a slandard. uniform substralum i n  the containers; eilher lopsoil mixed 

with compost or a mixlure o f  lropical pcat and rice husk (berween 70:30 and 
90: 1 0 .  depending on lhc characlcristics of the pcat). 

The optimum height of' seedlings for oulplanting is 25-40 cm; this can be 
achieved in  12 wccks wilh proper fertilizer application, allowing another 3-4 
weeks fhr hardening. Only the bcst seedlings should be planted out afrcr proper 
grading. 

In the Asia-Pacific region. the cost of sccdling production varies between 
US.SO.02 to $0.066. 

Giirur~ Adjers works with the Refc)restutio~~ a ~ t d  Tropical Forest Mullage- 
merit Prqject, BNINI' Teknologi Reboisasi Bu~~j(irbnru, South Kalimantan, 
Indonesiu, P.B.L. S r i w i s t ~ ~ ~ i  ~ w r k . r  with the Pnputl New Guineu Forest 
Reseurch I~~st i tu tr ,  L i e ,  Puputi Nebr. G u h e a .  - 
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Chapter 6 

Symbiotic Associations 

Revnaldo E. d e  10 Crirz a11tl Kovith Y m t a s a t h  

Introduction 

Actrcitr mtrngirtm's p~pularity is panly due to its ability to establish well on 
adverse sites. A. mtrrr~irtnz can grow successfully in degraded grasslands where i t  
compctcs well with noxious grasses such as Irnpertrrtr cyiirldrictr. Once cstab- 
lishcd, the excellent canopy of.4. rntrrrgirtrn can shade out these grasses. Introduc- 
tion of A. rntrngirtm is nor always successful, however. This p i n t s  to the fact that. 
like all othcr species. A. rntrrr,qi~on has growth limitations related to problcn~s with 
sire adaptation. 

The last 12 years have seen great scientific interest in mycorrhiza as a key to 
enhancing tree growth on degraded grasslands for reforestation of these areas in 
the Asia Pacific region. Two Asia-wide Conferences on Mycorrhiza in India and 
Thailand have assembled n~ycorrhiza researchers in the region. Research on 
biological nitrogen fixation, particularly by Rhizohirtm, has also experienced 
advances, having begun cvcn k f i m  the growth of mycorrhiza studies. The new 
licld of biotcchnology has turthcr added to the momentum of both mycorrhiza 
and Rllizohirtrn rcscarch. 

A. mtrtrgi~rm forms na~ural associations with both Rllizohi~rm bacteria and 
vesicular-arbuscular mycorrluzal (VAM) fungi. This chapter reviews existing 
knowledge about site adaptation o f  A. mtrrrgirtm related to its symbiosis with 
rhizobia and mycorrhiza. 

Tree Growth and Symbiotic Associations 

Like othcr leguminous trees. A. ~ntrrrgirtm can grow well on infertile soils. includ- 
ing those under grasslantis. in part because of its association with symbiotic soil 
organisms. including mycorrhiza and Rhizoi~iron (dch  Cruz and Garcia 1991) 
(Plate 6. I). The tree roots provide these organisms with excess carbohydrates and 
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with Rhizobium ndules on the 
roots. ~horo: Kovith Yantasath 

Many nitrogen-fixing tree sp 

other metabolites; in turn, the mycorrhiza and 
rhizobium make soil nutrients available to the 
tree, particularly nitrogen and phosphorus 
(supriadi and Valli 1988). Many trees require 
rhizobia andlor mycorrhiza in order to survive 
and grow in natural forest ecosystems. 

Rhizobia are soil micro-organisms found in 
root nodules of leguminous trees and plants that 
can "fix" atmospheric nitrogen. Most Acacia 
species nodulate with Rhitobium to fix nitrogen 
(Nakos 1977). For most of their existence, 
rhizobia live as free-living bacteria in soil, 
surviving and growing in the absence of a host 
legume. The legume plant root recognizes only 
selected kinds of Rhizobium among other 
bacteria (including other rhizobia in the vicin- 
ity). Likewise. the nodulating Rhizobium 
recognizes only the selected legume roots 
among all the other roots which may occur in 
that environment (Schmidt 1978). 
ecies particularly depend on mycorrhiza for 

absorbing nutrients required for plant growth and efficient nitrogen fixation. 
As with rhizobia, studies have shown that under some conditions, mycor- 

rhizal fungal inoculation can increase growth of trees in plantations (Marx 1980; 
Garbaye and LeTacon 1986). In the tropics, however. the potential for improving 
growth of hardwoods through mycorrhizal inoculation has often been neglected 
(Mikola 1980). Most of the increase in tree growth related to mycorrhizal inocu- 
lation can be attributed directly to increased nutrient uptake, but mycorrhiza may 
also benefit trees by reducing the effects of stress related to drought and trans- 
plantation (Parke et al. 1983), extreme soil conditions of high soil temperatures, 
high Aluminum, and low soil pH (Bowen 1980), and some soil-borne pathogens 
(Marx 1973). 

Rhizobium and Nitrogen Fixation 

Annual nitrogen fixation rates for cultivated legumes range from 10-40 k g h d  
year (Nutman 1976); pasture legumes fix 100-200 kghdyear (Date 1973); and 
woody legumes range from 1.8- 18.8 kglhdyear (Langkamp et al. 1979). Nitrogen 
fixation rates for acacias are reported to be 10-32 kglhdyear (Adarns et al. 1981). 
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Nodulation with Interaction with Other Treatments 

In a nursery experiment on the effect of liming and inoculation of A. mtrtrgirtm in 
the presence or absence of NPK fenilizer, Cali (199 1 )  rcponcd ma1 inoculation 
independently improved height, shoot biomass. nodulc wcight. and nilrogen 
content and uplakc of A. mtrtrgirtm. The relationship between shoo1 biomass and 
nodule number. nodulc weighl. and N-uptake was highly signilicanl.Thc study 
uscd Aman1 clay wilh pH 5.9 and 0.74% OM and Adruyon clay loani with pH 
6.2 and 5.3 1 C/c  OM. In Adtuyon clay loani, the local Rl~izohirtm isolate Ani? 
could replace about 9 l r/c of rhc N rcquircnicnl for A. mtrtrgirun growlli. 

In that study. Cali (1991) also lbund lhar liming did not improve seedling 
growth and nodulc dcvclopnicnr. The seedlings grew wcll in bolh soils when 
fertilized with 2OU kg Nha  + l o ( )  kg IWha;  the sccond best rrcatnicnt was 
inoculation wilh Rhi=.ohiron in the prcscncc of on1 y 1' and K. Hcighl, diameter, 
and nodulc weight were significant 1 y afli'ctcd by t he inlcracrion of linic, inocula- 
tion. and fertilizer trcalnicnts. 

Cabahug (1991). sludying early growlli of A. mrrtrgirtm in a grassland soil 
(0.05% N. 23.12 me Ca/l(W) g. 6.34 nic Mg/lO() g, 0.85 nic WIO() g, 10.53 ppni 
1'. 1.04% OM. pH 6.4, and a cation exchange capacity (CEC) of 30 n id  l(K) g). 
found that increasing levels of N gave a general trend of improved growth 
pcrlormancc and nodulation. In the prcscncc of N at Ihc rate of lo() kgha.  
inoculalion improved nodulation by 193.6% over the unfertilized inoculalion 
trcatmenl. Applicalion of 30() kg Nlha decreased nodularion bul did no1 affecl 
nodulc wcight. The soil uscd in this sludy had high populalions of nativc rhizo- 
bia. so thal N-an~cndnicnts of 30- lo ( )  kg Nlha iniprovcd infection of rools by 
these native rhizobia. However, inoculal ion wilh a niorc effective strain could 
enhance growth of A. tntrtrgiro71 even niorc. 

Identifying Effective Strains 

Acaciti species can be classilicd into three groups according lo cfli'clivc nodula- 
l ion  response patterns with fast and slow growing uopical strains o f  Rhi,-.ohirtm. 
The firs1 group nodularcs cffcclivcly with slow-growing, cowpca-lypc slrains; the 
sccond group nodulatcs with tropical. Past-growing slrains; and the third group 
nodulates with both Past- and slow-growing strains (Drcyfus and Doninicrgues 
198 1). 

Souvannavong and Galiana (1991) collected, isolarcd, and characterized 
Rhi:ohirrm strains froni A. mtrtrgiron nalural range in Auslralia, as wcll as in C6te 
d'lvoire, Senegal, Congo. China, and French Guyana. where i t  had been inlro- 
duced. Of the 42 strains isolalcd. lhosc nodulating A. mtrngiron were all found to 
belong to the Z3rtitiyrl~izohiru~1 group. Itr v i m  and greenhouse lcsts. as wcll as 
nursery and field [rials established in Benin, C6tc d'lvoirc, and the Cook Islands. 
indicated variable efficiency among the strains, wilh Ihe Australian srrains being 
Ihc most efficienl. 
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Darl et al. (1991) isolalcd 12 Rlii,-ohirim srrains from A. mtrrrgirim. None of 
lhc 12 strains nodulaled A. trriricril~fomis effcclively. leading the authors lo 
conclude (hat A. m ~ l g i r i m  was more specific in ils Rllizohirim affinirics lhan A. 
trriric~iliformis. Their sr udics suggcsc I ha1 many of the strains nar urall y present in 
soils arc only partially cffccrivc with many Acacitl species, and {ha1 responses lo 
inoculation can be oblaincd with young seedlings. After oulplanling, the compeli- 
lion between inoculanl slrains and nalivc rhizobia population changes as (he 
inoculanl slrains need lo colonize new roots formed. This repon slresscs Ihf: need 
lo inoculale seedlings with Rllizohrrim lhal arc cffectivc in fixing alnlospheric 
nitrogen and aggressive enough lo compere with less-cfficienl nalivc strains. 

Technologies for lhc mass produclion of rhizobial inoculanls arc available. 
Inoculanls conlaining cffcclivc slrains of Rllizohirim for A. mtrrrgirim arc available 
Iionl thc Nilrogen Fixation in Tropical Agricullural Lcgunlcs (NiFTAI,) Projecl 
in Hawaii. USA; lhc Biological Nirrogcn Fixation Resource Ccnrcr l'or Soulh and 
Southcasl Asia in Thailand; and I'ronl B10TF:CH. a1 the Univcrsiry of Ihc I'hilip- 
pines a1 lms Baiios (UPLB). 

Combined Effects of Mycorrhiza and Rhizobium 

11 is difficull lo isolalc the cflccr of nlycorrhiza on the growrh of A. rirrrrrgirirn 
wilhoul also considering rhc cfkcr of R11i;ohirim. Thus. many rcporls in lhc 
lilcralurc include dual cSScc1s of 111 ycorrhiza and R1ii:ohi~im. 

I<cddcll and Warren (1987) rcponcd rhal A. mtrrlgirirn fornls associalions wilh 
VAM fungi. and subscqucnr research suggcsls rhac this is the Ircc's donlinanl 
nlycorrhizal associalion. Yanrasar h ( 1989) and I'oonsawad and Yanlasalh ( I99 1) 
reported that Actrrilosporrr spp. and G1ornri.r spp. were some of Ihc donlinanl 
slrains of VAM Sound in large numbers in acid sandy soils (pH 4.3-5.0) associ- 
alcd with A. rnrr~rgiririr. Among ccronlycorrhizal l'ungi. fruiting bobcs of 
Tl~eleplrorrr rrrmtrriotlc.~ have been observed under planlalions of A. mrrrrgirirn in 
Malaysia (Gibson 1981; I,cc 1990) and lhc Philippines. Howc\u.  rhis fungus 
probably docs nor Sornl a Iruc cclomycorrhizal association because i l  docs nor 
show lypical synlplonls. including fungal shcarh and Harlig ncl. Nor arc rhcrc 
dcmonslrarcd growrh increases Sronl inoculalion wilh Tl~c~lepliorrr. More srudies 
of' possible cclonlycorrhizal associalions in A. rnrrrrgirim arc warranled. 

Only plants dcpcndcnr on nlycorrhiza for rhcir growrh show posirivc rc- 
sponscs lo inoculalion wilh VAM fungi in growrh and nulricnt uplakc (Yanlasarh 
and I'oonsawad 199 1). Chemical lcrlilizcrs can inlprovc lrce growth, bul once Ihc 
I'cnilizcr is exhausred, growrh will cease. For~unalcly. native VAM popularions 
where rrees arc planlcd (cspcciall y in logged-over areas and degraded grasslands) 
arc oflcn adequate for at leas1 nlininlal growth. Tanlbalo-Zaralc and dcla Cruz 
( I99 I ) ,  in screening 18 crops (6  agrononlic. 6 h i t  species. and 6 rclimsration 
spccics) for lhcir responses lo VAM inoculalion, Sound A. rnrrrrgirirrr lo be nlycor- 
rhizal-dependcnr: rhal is, ir would no1 survive in soils 01- nlarginal l'cniliry wilh- 

l oil 
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out forming VAM associations. Introduction of A. rruzrlgirtm in some parts of the 
tropics has thus been successful partly due lo lhc presence of narive VAM fungi. 
VAM fungi are not specific in their associations with crops. 

The major factor limiting the large-scale use of mycorrhiza in the cslablish- 
men1 of A. mmpirtm has bccn lhc scarcily of cheap but cffeclivc mycorrhizal 
inoculanls. Unlike cctomycorrhizal fungi. VAM fungi havc not been isolated itr 
vitro in the laborarory, making mass production of inoculanls for nursery use 
difficult. Thc standard practice is lo isolate lhc spores of VAM fungus by wel- 
sieving and decanring Icchniqucs. and inocularing thcsc to the roots of  trap planls 
(grown in soil) such as corn, sorghunl. or olhcr grasses. The spores gcrminalc 
around the roors of the [rap planl, sending our numerous mycclia which l a m  
invade the roors whcrc they prolileralc and sporulalc. Aftcr 4-5 months. the 
polling soil-rogclhcr wilh spores and inkcred roocs-arc harvested and used as 
inoculanls. 

Commercial VAM inoculanls havc been available on tllc markel. Earlier, an 
important inoculanc was NUTIU-1.INK. which was produced in Sall Lake City, 
Utah. USA. and contained a single VAM lungus spccics. However. (his product 
was phaxd oul due lo l'ailcd allcmpls lo enhance growrh of targel crops, and 
conraminalion problems. Olhcr inoculanl lcchnologics incorporared VAM inro 
expanded clays. bul use of this, loo. has been limilcd duc lo conraminatjon 

. problems. Limilcd quanritics of  inoculanls arc produccd by rhc nurricnl film 
rcchniquc in UK. acropllonics in Florida. USA, and by roo1 lissuc cullurc in Ihe 
USA. 

In the Philippines. two VAM inoculanls arc produccd by BIOTECH at UPLB 
under the commercial names MY KOVAM 1 and MY KOVAM 2. For 
MYKOVAM 1 .  rhrcc spccics of VAM fungi arc grown scpararcly in [rap planrs 
(I'ensacola Bahia grass) using slcrilizcd 3: 1 soi1:sand mixtures. Afrcr 4-5 monlhs, 
lhc rools are har\vslcd and the soil mixtures of the 3 VAM species arc mixed 
Ihoroughly. The rhrcc spccics of VAM fungi in MY KOVAM I were earlier 
screened for cl'iccr ivcncss in promoling growl11 and y icld of largc~ crops. Spore 
counls dcrcrminc rhc numbcr of VAM propagulcs. MY KOVAILI 1 is (hen added 
l o  l lrgct plants to pivc an inoculurn potential of50 sporcs/planr f o r  container- 
grown sccdlings and 2 0 0  sporcs/planl l i~r  licld-grown sccdlings. Mosr srudy 
rcsulls presented below arc responses lo inoculations with MYKOVAM 1 .  

MY K0VAh.I 2 is a granulalcd form of MYKOVAM I whch rcscmbles 
granular chcmical l~rlilizcrs. I1 is casicr lo handle than MY KOVAM I and has a 
longer shelf liti: (6-8 months, as opposed lo 3-4 monlhs for MYKOVAM I ) .  
MY KOVAM 2 can also be slorcd at room tcmpcrarurc. 

Sonw VAM fungi arc more cficclivc lhan olhcrs in promoting A. mtrlrgircm 
growth. Dela Cruz et al. (1988) found that Glomrts,f(~scic~tlr~trt.s + Rllizohirt~n and 
Giprsporti mtrrgtiriltr + R1ri:ohirtm were mosl cffccrivc. Thcsc promoted higher 
N concenrralion and N uptakc of sccdlings, highcr P contcnr and uptakc. and 
highcr nodule weight and nitrogen fixation r a m .  Trcatmencs yielding consis- 
rcntly poor growlh includcd inoculalion with rhc VAM fungus Sc1rroc~~~sli.s 
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Table 6.1. Periodic height growth (cm) of Acacia rrlangiunr inoculatcd with rhrce VAM 
species in the nursery and ourplanted in  a degraded grassland. 

Nursery Field (months) 

VhM species 2 mo '30 ~ncr. 2.5 5 7 1 0 15 24 

I Jn~noculared 5.0 --- 10.73 11.10 1 1.89 15.40 c 26.73 b All dead 
Glontus elunicalurrl 14.0 180 23.17 30.5 1 33.69 45.40 a 82.90 a 136.30 
GI. ntacrocurpurrr 13.5 170 23.57 3 1 .96 37.73 49.20 a 78.59 a 126.78 
Gigasporu rrlargarira 1 1 .1  1 22 22.93 3 1.46 37.50 42.20 ;I 75.22 a 1 1 1.70 

Numbers i n  the samc column followed by the samc letter are not significanrly difl'crcnr ar 
p = 0.05. Sourrt~: Dcla Crux ct al. (1991 ) 

c.lrr\isporr~ + I<. i nocu la [ion by Rhi~ohirim alone, and u ninocu latcd control. 
Table 6.1 summarizes the rcsulrs of another study rcsring inocularion of A. 

r?lrrtqirttn with three VAM spccics in rhc nurscry, followed by outplanring in a 
dcgradcd grassland. Inoculation wirh any of the thrcc VAM spccics rcsulrcd in 
\.cry signilicanr increases in both llcighr and diamcrcr. Uninoculatcd sccdlings 
were shorlest and showed symptoms of nutrient deficiency. Scudlings inoculated 
wilh any of  thc 3 VAM spccics grew significanrly raller than thc uninoculared 
sccdlings. Alicr 24 months in the licld. all uninocularcd sccdlings wcrc dead. 

Lorilla cl al. (1992) tcsrcd inocularion oSA. mtrtr~irirn in the nurscry using 
Glomrcs crritlicrrrrim. G .  mrrrprrirrr, or Scrirc~lli.rporrr cdosporrr. Alicr 5 nionlhs. 
seedlings were our planted in a degraded grassland. Five levcls of cllcnlical 
lli-dizcr (14- 14-14) were applied (0, 5. 10. 25. and 50 g pcr plant) at planting. In 
rhc nursery, sccdlings inoculated with S. crrlosporrr pcrlimncd bcsr 01' all the 
rrcarrnents (Table 6.2). In rhc licld. 1,orilla cr al. (1992) reponcd thar nlycorrhizal 
rrcatrncnts signilicantly increased seedling growth in rcrrns of height and diam- 
crcr. The most cfficicnl VAM fungus rcmaincd S. crllosporrr (Table 6.3). Inrcrac- 
rion between VAM and l'cnilizcr levels proved signilicanr. with bcsr growth 
obraincd by seedlings inoculatcd with S. crrlosporrr in the nurscry and lbnilizcd 
wirh 50 g complc~c li'nilizcr per planr in rhc licld. G.  mtrrgtrrirrr rcplaccd 54%. 

'I'alde 6.2. Ilcighr o i A .  nurn~iurrl iooculatcd with VAM al'tcr 5 mo~lths 111 rhc nurscry. 
- 
llcighr 
(cm) 

lininoculared 
GI. elunirulurn 
G. rru~rgurifu 
S. culosporu 
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Table 6.3. Height growth (cm) of A. nurngiunl i n  the field follow~ng inoculation w~th 
V A M  fungi i n  the nursery and different chemical fertilizer treatments at ourplanting. 

Fertilizer levels (g per plant) 
VA mycorrhiza 'frear menr 
treatments 0 5 10 2 5 50 means 

llninoculated 38.4 h 64.2 gh 91.6 efg I5 1.8 cd 147.0 cd 98.6 b 
GI. etunicuturrr 102.2 ef 146.6 cd 149.4 cd 170.4 c 216.5 b 157.0 ab 
G. rnargarirrr 72.6 fg 120.2 dc 121.3 dc 21 2.4 b 2 18.8 b 149.1 ab 
S. calosporu 1 12.2 c 167.2 c 178.4 c 216.4 b 249.7 a 184.8 a 

I:errilizer means 81.4 c 124.6 b 135.2 b 187.8 a 208.0 a 

Numbers in  the sanie coluni~l li~llowcd by [he sanie Ictlcr are nor significanrly different at 
p = 0.05. Sourr.e: Lorilla ct ill. (1992) 

GI. c~frtrricrrfwn 88%. and S. c.trlo.q~orrr I (lo% of the chcnucal l'crt ilizcrs required 
10r growth in the licld. 

Research in 111c Philippines is now incorporating VAL1 inlo lraditional 
silvicullural technologies li)r gro~ving A. i r r t r i r~ i r t i r~ .  In dirccl-seeding cxpcri- 
mcnts. I k l a  Cruz cc al. (1992b) placcd A. iirtrirgirorr sccds inco fabricalcd dirccl- 
scchng blocks (IISB) and inocularcd Ihcni will1 cilhcr GI. mrrcrocrrrprtm, G .  
inrrrprrifrr or combinalions of the two fungi. Sccds rcccivcd one of three prc- 
soaking ~ r c a ~ n ~ c n ~ s  (soak6d for I nlinulc in hot walcr. 9 0 " ~ ;  soakcd ovcrnighl in 
lap walcr; soakcd Sor I minulc in hor warcr, rhcn soaked ovcrnighl in tap waccr) 
10 overcome seed dormancy. Thc DSB lcslcd various combinations of agricul- 
tural w a s k  materials (sugarcane bagasse, coconur coir dust. and sawdusl) corn- 
pressed in10 blocks aboul 2.5 c n ~  high x 2.5 cm diamclcr. A1 one cnd. a 1.2 cm 
hole is punched in which the sccds and inoculanls arc placed. The 1)SB was 
direct l y sccdcd inlo pots conlaining soils collcclcd from a degraded grassland. 
Sccds inoculated wi I h G.  mrrr~rrrrfrr alonc allaincd bcsl hcighl and diamclcr 
growth (Table 6.4). 

Sccds inoculated with G. mrrryrrrifrr alonc attained best height and diameter 
growth. A. intrirgiron sccds nccd lo be prc-soaked for 1 rninule in hol walcr ( 9 0 ' ' ~ )  
and lhcn soakcd ovcrnighc in lap Lvatcr for bcsl germination. Inoculation of the 
I X B  wilh GI. n~trcrocrrrprtii~ or conlbinalions of GI. mtrcrocrrrprtii~ + G.  
iritrrgtrri~tr also gavc bctrcr hcighr and diamclcr growth responses lhan lhc 
uninocula~cd control or  I X B  wirhoul n~ycorrhizal Ircatrnents. 

MYKOVAM 2 .  the granula~cd limn of VAM inoculant containing G.  
rirrrrgrrrifrr. has also incrcascd hcighl growlh of A. mrrrrgirtm . with inoculated 
seedlings averaging 10.6 c n ~  caller than uninoculatcd seedlings after 4 monlhs 
( 1  7.5 c n ~  compared lo 6.9 cnl, rcspcclivcly)(Dcla Cruz ct al. 1992a). Nursery 
workers accusromcd to handling chemical Scrtilixrs npprccialc the granular 
narurc of MY KOVAM 2. 
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Table 6.4. Height and diameter growth of Acucru nzun~iutn in response lo seed 
pre-soalung and DSB-VAM ueaOnenL\. 

DSB-VAM ucaunents* I'rc-soaking 
I'rc-soaking ueaunenl 
ucaunenls I J IXB-M I>SB+M I DSB+M2 IXB+M12 means 

No ucaunenr 0.0 g 0.0 g 0.0 g 0.0 g 0.0 p 
1101 water 13.5 cf 19.2 dc 18.0 dcf 42.3 h 15.3 el' 
Soaked overnight 0.0 g 0.0 g 0.0 p 0.0 g 0.0 g 
I lo! water + 2 .  f 14.2 el' 22.1 d 49.8 a 38.0 c 
socaked ovcnlighr 

DSB-VAM 'I'rcauncnt 13.2 d 16.7 cd 20.1 k 46.0 a 24.6 ;I 

Inems 

No ucaunent 0 c 0 c 0 c 0 c 0 c 
I lot water I70 cl 270  tl 220 cl 455 nb 200 cl 
Soakcd overnight 0 c 0 c 0 c 0 c 0 c 
I lor water + 175 d 180d 305 c 525 a 425 h 
~ ~ a k c d  ovcnlighl 

IXB-VAM ucatmcnt 172 d 205 cd 262 bc 490 a 312 h 
Incans 

* ( I  = Uninoculatcd with V A M ~  IXB-M = Ilircct-secding hlock wihout rnyconhiza; I>SB+ 
MI = Direct-seeding hlock with ( ; I .  rrrocrocu~prcr~r: I>SB+M2 = Direct-seeding hlock with 
(;. ~rrurprilu. DSB+M 12= Dirccl-secding hlock with Gl. ~ ~ ~ u c r o c a r p r o ~ ~  and G. rrrar;qur~~o 
Numhcrs in the same colurnn followcd hy thc sanic letter are not significantly diffcrcnt at 
p = 0.05. Snrcrcc~: Ikla C'ruz ct al. ( 1092h) 

Future Research 

To obtain greater benefits from these symbiotic rclationships, rcscarch 
should: 

1.  identify superior- strains of Rhizoli111?7 that are effective in fixing 
nitrogen and aggressive enough to compete with less efficient 
native strains 

2. determine thc efficiency of sclcctcd Rhizobium strains under 
varying site conditions of soil fertility, soil texture, moisture 
regime, pH, and temperature 
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3. study the occurrence of ectomycorrhizal associations and their 
beneficial effects on  A. mangium 

4. combine superior strains of rhizobia, mychomza l  fungi, and highly 
improved A. nlangium materials 

Summary 

A. mangium's success in the tropics is partly due to its ability to adapt to 
adverse sites, particularly Inlperutcl grasslands, acidic soils of less than pH 
4, areas sub.jcctcd to periodic drought, and soils low in nitrogen and 
phosphorus. Thc  spccics '  ability l o  grow in degraded grasslands, where 
nutrients-particularly nitrogen and phosphoi-us-arc delicient, may be 
attributed to its dual symbiosis with the nitrogen-fixing bacterium Rhizo- 
biuni and VAM fungi. 

A. nlr~ngium appears  to be morc specific in its associations with Rhizo- 
biuni than othcr Acucici spccics, meaning that many Rhizobium strains 
isolated from A. niungilrm d o  not cross-inoculate othcr acacias. Some 
rhizobial strains arc  morc cffcctivc than others in promoting A. nicuigium 
growth. 

VAM fungi found to be more efficient in promoting A. nimgiuni 
growth arc  Gigu.vporci mclrgclrittr, G1om11.s r t~ruic~tuni ,  and  Scutrllisporu 
ctllo.rporu. 

Used togcthcr, effective Rhizohium strains and cffcctivc VAM fungi 
can increase carly seedling growth in areas of marginal fertility and can 
cconomically substitute for  large portions of carly chemical fcrtilizcr 
rcquircmcnts in such areas. Technologics for commercial  production of 
rhizobial and VAM inoculants arc now available in the Asia region. 
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Chapter 7 

Silvicultural Practices 

P. B. L. Srivastava 

Introduction 

Acacia mngium is versatile in its growth and tolerance of varied site conditions 
and its adaptability to different planting objectives. While it shows most vigorous 
growth on well-drained. fertile soils in high rainfall areas (>ZOO0 mm annually) 
in the humid tropics, it grows reasonably well on difficult sites with pH as low as 
4.5, even on degraded forest sites and denuded catchments, and grasslands 
dominated by lmperuta cylindricti, provided that rainfall and temperature are 
favorable. The species is successfully grown for pulpwood on 6- to 8-year 
rotations in Sabah, Malaysia and Sumatra, Indonesia, and can be grown for saw 
logs following proper silvicullural prescriptions on a longer rotation of 15-20 
years (Chai 1984; Udarbe and Hepburn 1987; Werren 199 1 ; Raymond Tan 
1992). Mangium has also been tested as a potential agroforesuy species for 
supplying fuelwood and timber (Kanua and Sidpai 1992; Gessesse 1992) as well 
as soil enrichment and afforestation of grasslands with marginal soils. The 
silvicultural practices therefore vary considerably, depending on the grower's 
objective and the trees' end use. This chapter deals mainly with current know- 
ledge of silvicultural practices for industrial plantations. 

Site Preparation 

The following seven factors affect the initial growth, survival, and cost of 
establishment, and must be considered in preparing a site for A. mangium planta- 
tions: 

past and present vegetation 
climate 
topography 
soil type 
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soil fertility 
equipment 
availability of labor 

In plantation forestry and land rehabilitation, the objectives of site prepara- 
tion are to achieve high percentage of survival and initial uniform fast growth in 
order to capture the site. 

When logged-over forest is to be converted to plantations, Mead and Miller 
(1991) recommend clear-felling followed by burning, instead of windrowing and 
then burning. The latter practice results in variable, uneven growth with com- 
paratively lower yield. Results in Kemasul, Peninsular Malaysia show that 
windrowing and burning resulted in only 35% of the area being covered by ash 
beds, compared to over 90% in an adjacent broadcast-burnt area (Plate 7.1). 
Despite the application of fertilizers at planting, plants over the windrowed area 
as a whole averaged only 80 cm in height at age 4-5 months, compared to 120 cm 
on the broadcast burnt site. As is well known, a good broadcast burn has the 
advantages of: 

-making available nutrients such as P, K, Ca, and Mg in the "A" horizon 
killing seeds and coppice shoots of weeds, resulting in reduced 
competition 
easy access during planting 

A broadcast burn is a standard practice in rubber and oil palm plantations 
establishment. 

Plate 7.1. Burn site after windrowing and mechanical clearing. Photo: Kamis Awang 
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From the management viewpoint, successful site preparation involves: 

avoiding loss of volatile nutrients, increased erosion, and nutrient run- 
off in high-rainfall areas. 

coinciding the burning operation with the dry season, which may be 
quite short in some places. 

minimizing the gap between burning and planting. If for some reason 
(unavailability of labor or planting stock) this period stretches out, the 
area could quickly be covered by weeds and require costly re-weeding 
before actual planting (Mead and Miller 1991). 

In the event of a poor burn, further site preparation is needed; this can be 
carried out either manually or semi-mechanically. In manual preparation, woody 
materials taller than 15 cm, as well as all vegetation along the lines, are cut, 
heaped. and reburnt. In semi-mechanical preparation following broadcast burn, 
all remaining material is stocked by tractors or light bulldozers (less than 13 tons) 
with blades positioned 10 cm above ground level. The stacked material is 
reburnt, producing a clean planting site (Thang and Zulkifli 1992). 

For planting A. mnngium on poor secondary forests or scrubs, Mead and 
Speechly (1989) recommend two methods. On flatter areas (slopes ~ 3 0 % )  at 
Bengkoka (in Sabah), managers at Sabah Forestry Development Agency 
(S AFOD A) have successfully used a twin-drum Marden Chopper-roller. This 
requires a D-6 or preferably a D-7 tractor, results in well chopped and compacted 
material, and takes 2-3 machine hours per ha with a D-6 tractor. Burning after 
roller crushing produces a cleaner site for planting with less weed growth than an 
unbumt site; however, the value of retaining the vegitation as a mulch to im- 
prove soil fertility on such sites instead of burning it has not been investigated. 

The second method, most practical for slopes >30%, is to slash the vegeta- 
tion manually and burn; this requires 20-26 working days per ha. Even then, the 
site is not usually as uniformly clean as after the roller crushing operation. It may 
also require more weedings during or immediately after planting. However, the 
preference depends on the relative cost and availability of laborers and machines. 
Both these methods for site preparation are also used in Sumatra on the two types 
of sites (Werren 1991). 

In grasslands dominated by Impemtu andor broad-leaf weeds (for example, 
Eupatorium spp.), burning to clear the site followed by chemical treatment is one 
option. At Bengkoka. trials have shown that spraying with Roundup 
(glyphosphate) at 4 Ilsprayed ha gives 6 months effective control of lmperata 
grass. This chemical is less effective on broad leaves, but may give 3 months 
control if a pre-emergent spray, such as simazine, is included in the mix. Another 
chemical, imazapyr, has been found to be very effective on these weeds but has 
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caused residual side affects on A. rnangium itself. Arif et al. (1990) describe a 
schedule for controlling Imperata in newly established A. mangium plantations 
based on field trials conducted in South Kalimantan from 1982 to 1989. Imperata 
was totally eradicated by site preparation during March-June, followed by 
spraying with glyphosphate in October, planting in February-March of the 
following year, and spot spraying with glyphosphate at the time of planting and 
for the following two years to prevent regrowth. According to the authors, 
benefits of this technique are: 

soil moisture conservation and erosion control provided by the mulch of 
dead I. cylirldrica 
easy applicability in hilly terrain 
lack of herbicide residue in the soil 
non-toxicity to the environment and workers. 

It is also cheaper than the mechanical method (US$150-2451ha up to one year 
after planting). 

Another successful method 
is total ploughing with a farm 
tractor or bulldozer. In South 
Kalimantan, disc ploughing 
twice and harrowing once is 
carried out on sites free of 
stones and stumps (Plate 7.2). 
This achieves best results if the 
area is left to dry for two weeks 
between each treatment. How- 
ever, mechanized site prepara- 
tion is expensive. 

For agroforestry in Papua 
Plate 7.2. Planting at a twice-disc-plowed and once- 
harrowed Im~erata cvlindrica site. Photo: Marku 

New Guinea, the most common Temmes. 
' 

technique is manual slash and 
bum, whether in logged-over forests or grasslands, followed by planting. 

Planting and Initial Spacing 

The usual practice in Southeast Asia and Papua New Guinea is to plant nursery- 
grown seedlings manually on a freshly prepared site after it has been marked out 
at recommended spacing, with planting spots indicated by bush sticks. Seedlings 
are planted in contour lines on slopes, and in straight lines on flat land. The lines 
are laid out approximately at right angles to the road that serves as the main 
access for the supply of seedlings. The seedlings (together with the pot soil) are 
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carefully introduced in the planting holes after removing the polythene bags. 
Generally, the polythene bag is hung on the stick near the hole to indicate the 
completion of planting. The planting hole should be about 13 cm in diameter and 
20 cm in depth, and dug using a post-hole digger or penggali-a tool consisting 
of a 22-cm half-round blade with a 1-m wooden handle (Thang and Zulkifli 
1 992). 

The seedlings are transported to the field in the early morning, tightly packed 
in wooden, plastic, or wire baskets (Plate 7.3). The vehicle carrying the seedlings 
should be covered to prevent desiccation and wind damage. Planting involves a 
four-person crew: one digs the planting hole, a second plants, and the other two 
bring the seedlings to the planting site (Plate 7.4). 

One month after planting a survival count is made. If less than four seedlings 
survive for every five consecutive planting spots, refilling is carried out on these 
five consecutive spots. Generally, A. mngiwn's survival after planting is very 
high, over 90% on favorable sites. 

In some nurseries, root pruning and hardening off of the seedlings is a 
standard practice before planting out (Rahim 1987; Werren 1991). See Chapter 5. 

Direct seeding in the field has not been tried commercially anywhere due to 
insufficient data on the survival and initial growth rate of direct-seeded plants. A 
trial in Sabah (Rahim 1987) gave 66% survival for direct seeding after 3 months, 

Plate 7.3. Seedlings ready for dispatch to 
the field. Grown in Enso pot-trays, they are 
shipped in ordinary plastic hags with a hare 
rootball. Photo: Marku Temmes 

Plate 7.4. Field transport of A. rnangiurn 
seedlings. Photo: Enso Forest Develop- 
ment 
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compared with 97% for containerized seedlings. After 6 months these rates fell to 
30% and 9076, respectively. In spite of this high mortality during the first 3-6 
months following the direct-sowing treatment, Rahim (1986) suggested that this 
could be a viable method provided that proper silvicultural treatments (weeding, 
fertilizer application, etc.) are applied during this critical period. More trials are 
needed, particularly to compare the costs of the two operations. 

The choice of initial spacing is determined mainly by the end use of the 
plantation material, and to some extent by the tree form. It is commonly observed 
that A. m n g i u m  grown at wider spacing produces multishoots, and more and 
heavier branches that prune poorly and persist for long periods. For chipwood 
and fuelwood, form may not be important; in fact, production of multishoots and 
heavier branches may even result in higher volume. although i t  may increase 
harvesting costs. Plantings intended for saw logs need sufficient numbers of trees 
to enable selection for excellent form at the end of the rotation. According to 
Mead and Miller (199 1 ). density may vary with site (and even among microsites) 
and with seed source. 

In agroforestry trials, spacing within rows and between rows must consider 
the effect of shade and root competition on the yields of nearby cereal crops. 

Various initial spacings have been used at different locations even within the 
same country; this indicates lack of information on optimum spacing fir  different 
objectives. It appcars that very few trials on spacing have been conducted to yield 
reliable information on the form and growth rate of A. mclngirlm. 

In Sabah, 3 x 3 m is the most common spacing used for A. mrrrlgiurn (Udarbe 
and Hepburn 1987; Raymond Tan 1992). although Udarbe (1987) states that this 
can be reduced to 2.5 x 2.5 m to take advantage of fast initial growth. SAFODA 
adopted a spacing of 4 x 2 m (1,250 stemsha), moving away from square to 
rectangular spacings after their trials at Bengkoka found little difference in 
growth between the two options, with considerable cost savings due to fewer 
lines per ha. Table 7.1 shows the results of a spacing trial by SAFODA. 

Although there was no significant difference in diameter growth among the 
different treatments, comparison of mean heights using least significant differ- 
ence (LSD) indicated that spacing of 2 x 2 m and 2.5 x 2.5 m are significantly 
different from the control at 1 and 5% levels, respectively. 

Table 7.1. Mean diameter and heighr growth of A. nu~ngiurn spacing trial ar Nahaba, 
Sabah, Malaysia ar 2 years. 

Treatment 

Mean 
diameter 
(cm) 

Mean 
height 
(m) 

Source: Khamis ( 1  W l )  
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Again in Sabah, the Sabah Softwoods Sendirian Berhad (SSSB) plants trees 
at 1,075 stemdha on better sites and 1,680 sternsfha on poorer sites (Tan and 
Dougles 1989). On the other hand, in Peninsular. Malaysia. in the Compensatory 
Forest Plantation Project (CFPP), trees planted at 3 x 3.7 m (900 stemsha) result 
in good site occupancy within the first year (Mead and Miller 1991). Weinland 
and Zuhaidi (1992). however. recommend higher intial planting density to 
maintain strong lateral competition for producing thin, self-pruning branches. 
According to them, a sequence of slow initial diameter growth under strong 
lateral competition, followed by relatively late fast diameter growth under 
minimal competition, is probably the key to reduced fungal infection and en- 
hanced log quality. 

In Papua New Guinea, the two timber companies that have taken up A. 
mnrlgi~tm as the main species for reforestation-Japan-New Guinea Timber Pty., 
Ltd. (JANT) and Stettin Bay Lumber Co. (SBLC)-most commonly employ a 4 
x 4 m spacing (625 treeslha), although 4 x 3 nl (830 trcesha) has been tried on 
some sites. In both cases, the management objective is to produce pulpwood. 

Weeding 

The importance of weeding. espccially for a fast-growing species like A. 
mtrrrgilun, has probably not been fully realized. This is due in parl to the high cost 
involved in weeding. There is a lack of reliable, quantitative information on the 
effect of various types of weeding (such as blanket treatment, circle weeding, 
selective weeding, or any other non-blanket weeding). their cost, and resulting 
rates of survival, initial growth, and form of A. mtrrlgium. However, each country 
appears to follow a tentative schedule. The method and frequency oP weeding 
varies with site. composition of weeds. and plantation objective. Weinland and 
Zuhaidi (1992) recommend some kind of selective weeding in which only 
obnoxious weeds are removed (climbers, creepers and vines). According to them, 
this helps to maintain some lateral competition, which induces development of 
small branches in young trees that shed easily and leave only small wounds on 
pruning. This needs to be confirmed through proper trials. 

In Sabah. Udarbe and Hepburn (1987) recommend a first weeding at about 2 
months after planting; otherwise growth surfers. Experience in Peninsular 
Malaysia indicates that a clean burn oP logged-over forests may need only one 
ring weeding, but a poor burn requires more weedings, especially the removal of 
climbers. Mead and Speechly (1989) recommend removing wild bananas by 
hand cutting or herbicide injection. 

On dry grasslands, two hand weedings should take place in the first year, 
according to Udarbe and Hepburn (1987). Imperaru grass is a strong competitor, 
however, on wetter sites with heavier soils in parts of South Kalimantan and 
Sumatra. Under thesc conditions, this weed should be eradicated before planting 
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and again later by frequent weeding operations. 
In plantations raised in poor secondary forests or scrubs (as in Bengkoka, 

Sabah), strip weedings to a width of 2 m are conducted at 2-month intervals 
(Mead and Miller 1991). 

Mechanical weeding is practiced in pure Imperata grasslands in South 
Kalimantan. using farm tractors equipped with a harrow or rotator. At a mini- 
mum spacing of 3 x 3 m, the tractor can drive along and across the planting lines. 
The work output is approximately 0.5 hour per ha. This method has also been 
found useful from the perspective of fire protection. but is not recommended in 
stands older than 1.5 years. A "roller" made of oil drums welded together and 
pulled by a tractor has also been used to control weeds. The heavy roller, with oil 
drums filled with concrete. effectively tramples the Impercrtcr, which dies gradu- 
ally. Older plants seem to be parlicularly sensitive to trampling. Such a roller can 
be used both for weeding (width adiusted to spacing) and site preparation before 
the area is ploughed. 

In Papua New Guinea, a weeding schedule of 4-3-2 in the first three years 
after planting is general practice, consisting of: 

Year 1 4 x (3 line + 1 clear) 
Year 2 3 x (2 line + I clear) 
Year 3 2 x ( I  line + 1 cut and release) 

Line weeding removes grasses manually using bush knives within 1 m of the 
planted lines. In clear weeding. the whole planted area is cleaned of weeds by the 
same method. The first weeding is carried out two months after planting. The last 
weeding in Year 3 removes climbers in order to release the trees from competi- 
tion. On favorable sites, A. marrgirtm plants emerge and dominate the weeds 
within two years. thus not requiring any further weed control in subsequent years. 
Herbicides are not used to control weeds in I'apua New Guinea (PNG). 

Soils and Fertilizer Requirements 

Relationship Between Soil Properties and Growth of A. mangium 

A. marigium is sensi live to soil conditions. It is therefore essential to study the 
soil requirements of this species. The success of modern silvicultural practices, 
especially in plantation forestry aimed at maximum productivity, is inextricably 
linked to an understanding of soil and nutrient relationships. The species prefers 
fertile soils that have good drainage but are not excessively drained. Soils derived 
from ultrabasic rocks in Bengkoka, Sabah have proven to be unsuitable for A. 
mcirrgium due to their very high Mg and pH levels. The species tolerates low pH 
(<4.0) and indeed natural stands in Papua New Guinea grow on such acid sites 
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(Skelton 1987). Observations in Malaysia and Papua New Guinea indicate that 
leaves become chlorotic both under prolonged drought and water-logged condi- 
tions after heavy rains in poorly drained soils. Yellowing of foliage is associated 
with sub-optimal foliage nitrogen levels (~2.0% dry weight) due to interference 
with symbiotic nitrogen fixation. In fact, foresters in  PNG have observed high 
mortality of newly planted seedlings in water-logged. swampy conditions. 

In Peninsular Malaysia. analysis of soil chemicals showed that the basal area 
of trees in fully stocked stands at 27 months was closely related to the level of 
Bray-2 extractable P (phosphorus). The regression analysis suggested that 2 years 
after planting. available P of about 10 ppm produces optimum growth. If Bray-2 
P is only 4 ppm. basal area is reduced by 30-40% (Mead and Speechly 1989; 
Mead and Miller 1991). 

Simpson (1992) investigated the relationship between productivity of A. 
mtrtlginm and soil nutrient lcvcls in Kalimantan. He found that productivity is 
related to the 'total' soil K (potassium) levels (Table 7.2. Figure 7.1). This 
parameter was responsible fijr 50% of thc variation i n  data. the more productive 
stands showing higher K Icvels. Thc relationship wa.. less evident for cxchange- 
able K. 

In an excellent papcr. Thomas and Kent (1986) describe the effect of' soil 
characters on the growth of A. mtrtlgirtm in  Sabah on sites with different soil 

Table 7.2. Soil chemical propcrlics for a range of soils in the R i m  Kiwa plantations, 
South Kdunanlan. 

E-le 
Sample Stand Ntot Ptot Pav Ktot K Ca Mg Na CEC Mn OC 
No. Health pl l  ('76) (pp~n)(pp~n)(ppm) mcqll OOg (PPm) (%I 

Good 
Good 
Poor 
V .  poor 
Good 
V .  good 
Poor 
Poor 
Variable 
Mediocre 

Mean 5.2 0.126 167 4.1 1566 0.28 1.51 1.53 0.05 22.5 84 1.81 

Sample S m p l e  
Particle size analysis 2 4 

Sand (%) 
Silt (%) 
Clay (%) 

Source: Simpson (1992) 
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(a) Productivity vs. Soil Nitrogen (b) Productivity vs. Soil Phosphorus (total) 

y = 17.846 - 9 4 . 7 4 3 ~  R2 = 0.101 y = 8.9886 - 1.4808e-2x R' = 0.398 
*I - 

1I  - 
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w 
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Soil N (8) Soil P (total) ppm 

(c) Productivity VS.  Soil Phosphorus (availahlc) (d) Productivity vs. Soil Potassiu~n (total) 

Soil P (available) ppnl 

(c )  Productivity vs. Soil Potxsium (cxch) 

K tot (nleq'Vo) 

( f )  Soil Potassium (total) vs. Soil Potassium (exch) 

Figure 7.1. Plantation productivity related to soil chemical parameters: (a) productivity 
vs. soil nitrogen; (b) productivity vs. soil phosphorus (total); (c) productivity vs. soil 
phosphorus (available); (d) productivity vs. soil potassium (total); (e) productivity vs. soil 
potassium (exchangeable); (0 soil potaqsium (total) vs. soil potassium (exchangeable). 
Source: Sirnpson ( 1 W2) 
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types and previous vegetation. As Figure 7.2 indicates. growth is invariably 
better on the moderately drained and relatively fertile soils under logged-over 
forests than on the imperfectly drained sites dominated by Imperntn grass. In 
fact, Hepburn and Udarbe (1986) indicate that height growth is reduced by 
almost 50% on Impercltcl-dominated sites. Topography, however. does not appear 
to have a pronounced effect on growth and yield of A. nlclrigirim (Tan 1989). 

Harnsawi and Jugah (1989) compared the growth of A. mnrigirim on different 
soil types in  several countries (Table 7.3). The average height 18 months after 
planting ranged from 3.8 to 5.0 m. and average dbh of 5.25-7.45 cnl in Peninsular 
Malaysia; this was comparable to growth on better sites in other countries. 

Relationship Between Foliage Nutrient Content and Tree Growth 

Foliar analysis has proven to be a pcjwerful tool in tree nutrition and fenilizer 
research. In this. foliage nutrient levels arc used as an index of the nutritional 
condition of the tree or stand. Given the relationship between tree growth and 
foliar nutrient levels. one can diagnose nutricnt deficiencies, better interpret 
responses to fertilizer trials, and even predict fertilizer responses (Bcvcgc 1978). 
In  interpreting foliage nutricnt contents, the concept of critical concentration has 
been used to define predictable functional relationships between nutricnt concen- 

TalAe 7.3. Mcan height and dian~crcr of A. r~wngiur~l on different soils. 

Age l Ioight Diameter 
Location (years) ( m) (cm> Remark 

Cosra Rica 

Mindanao, 
Philippines 

Bangladesh 

Iiawaii, U.S.A. 

Sook. Sabah, 
Malaysia 

Sibu. Sarawak, 
Malaysia 

Niah, Sarawak 

Kemasul, 
1'. Malaysia 

good site 

good sirc 
good site 

good sirc 
poor site 

good sire 

compacted soil 

n yalau 
upland semado soil 

heavy, red-podzolic soil 

severely disturbed soil 
old durian soil 

Source: 1Iarnsawi and J u p h  ( 1989) 
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Figure 7.2. Stand and site details of sample plots in (a) 3-10 5-year-old plantations; (b) 6- 
to 7-year-old plantations; (c) 7- to 9-year-old plantations. Values for dbh and total height 
are averages. Vertical axes represent 95% confidence intervals of total height. Source: 
Thomas and Kent (1986) 
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tration and yield. This approach has proven successful for many tree species 
(Pituts spp. in Australia and New Zealand, rubber and Pinus caribaetl in Malay- 
sia). Many excellent reviews are available on the topic (see Qureshi and 
Srivastava 1966; Richards and Bevege 1969; Lambert 1984). 

Mead and Speechly (1989) studied the relationship between the nutrient 
concentration of foliage and A. mtlgirun growth. The freshly matured leaves 
taken from the upper part of the crown were analyzed for N, P, K, Ca, and Mg. 
There was no relationship between Bray-2 P and foliar P. However, foliar N level 
was related to foliar P, indicating that low P limits N fixation. The equations 
indicated that for A. mtlgium, foliar P levels of 0.12-0.15% is required to ensure 
3.08 N in the foliage. The criteria for satisfactory foliage P levels was found to 
be 0.13-0.15% dry weight; this and other tentative criteria for interpreting foliage 
levels are given in Table 7.4. 

Mead and Speechly (1989) also suggested that if foliage P is less than 0.12- 
0.1396, a broadcast application of 40 kg/ha P should immediately follow thin- 
ning, particularly if high-quality logs arc desired. 

Simpson (1992) studied these relationships in Kalimantan. Following stan- 
dard sampling procedure. Sour representative trees were selected at each site and 
branches collccted from thc top third of the crown. Ten of thc most recently 
formed, fully expanded leaves fionl the distal portions of the branches were 
collected fronl each tree and conlposited to give one sample of 40 leaves per 
sanlpling site. These were analyzed for chemical content (Table 7.5). 

The results indicated that plantation productivity is related to foliar K levels 
(r = 0.48) but not to foliar N or 1' levels. Thus both soil and plant chcnlical data 
indicated that K deficienccs could be limiting A. mmlgirtm growth in this locality. 
No relationship existed betwecn soil and foliar N concentrations but a strong 
correlation between soil and Soliar I' was visible. Foliar P was also strongly 
related to available soil P (Figure 7.3). 

Table 7.4. Proposed diagnos~ic lcvcls of Acuciu t~wngiutu foliage.' 

Nuuienl Critical Satisl'aclory 

N (%) nor known >3.0 
1' (%) <O. 13 0.13-0.15 
K (95) ~ 0 . 6  > 1 .O 
Mg 6) <O. 1 1 0.15-0.20 
Ca (%) 4 . 2  
S (95) <0.10 
B (ppm) <10 
Zn (ppm) (10) 
cu (ppm) (3) 

*The fifth and sixth leaf from the bud of laleral, upper-crown branches should be sampled. 
Figures in brackels are lenlalive. Sourre: Unpublished information based on Mead's 
srudies for CFPP and SAFODA 
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Table 7.5. Nutrient levels in foliar samples from R i m  Kiwa, South Kalimantan. 

Sample Stand N P K N a  Ca Mg Mn B Cu Zn 
Number Health mds -ugk 

Good 
Good 
Mediocre 
Very p o r  
Good 
Very good 
Poor 
Poor 
Poor 
Variable 

F = fcrlilizcd with 20 kp/ha Pat planling; In'= unl'cnilizccl plot. Source: Sunpson (1992) 

The study of foliar nutricnc ratios indicalcs thac relatively low K and high Ca 
and Mg proponions arc probably rcsponsihlc for poor hcalth (Table 7.6). More 
studies arc nccdcd lo confirm these results. 

Sirnpson (1992) also compared Ihc nutricnl concentralions of A. mtrrlgium 
foliage from Kalimanlan (Indonesia). Sahah (Malaysia), and Dongrnen (China) 
(Tahlc 7.7). The rcsulls indicated thal: 

Ihc foliar N levels were comparahlc, lcvcls helow 20  rndg  of N being 
unacceplahly low 

regarding foliar 1'. ~ h c  dala was no1 enough to a suggest a critical concen 
[ration hul lcvcls below 1 .O mg/g may bc laken wilh caution 

in Dongmcn, 4 mg/g of foliar K was regarded as the critical level; 
however in Kalimantan. 6 nig /g should he regarded as the  minimum 
acceplahlc level. 
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(a)  Productivity vs. Foliar Nitrogen (b) Productivity vs. Foliar Phosphorus 

Foliar N (%) 1 4  iar P (%) 

(c) Productivity vs. Foliar Potassium (d) Foliar Nitrogen vs. Soil Nitrogen 

( c )  Foliar Phosphorus vs. Soil I'hosphorus (f) Foliar Potassium vs. Soil I'otassium 

00 I 
0 (00 0 0 0  400 a00 000 I 4  8 1 0  9 2  

Soil P (total) ppni K tot (nieqB) 

Figure 7.3. Plantation productivity related to foliar nutrient parameters (a-c) and rclation- 
ships between soils and foliar nuuicnts (d-0: -(a) productivity vs. foliar nitrogen; (b) 
productivity vs. foliar phosphorus: (c)  productivity vs. foliar potassium; (d) foliar 
niuogen vs. soil nitrogen; (e) foliar phosphorus vs. soil phosphorus; (0 foliar potassium 
vs. soil p~assium. Source: Simpson (1992) 
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Table 7.6. Nutrient proportions, adjusted to Nitrogen 100, for fo1ia.r samples from Riam 
Kiwa plantations, South Kalimantan. 

Sample Stand 
Number Health P K Na Ca Mg Mn B C u  Zn 

Good 
Good 
Mediocre 
Very poor 
Good 
Very good 
Poor 
Poor 
Poor 
Variable 

Mean A . ~ ~ t a n g i u ~ r r  4.7 31.3 3.8 52.8 1 1 . 1  2.2 0.07 0.07 0.10 

10 Pinusoocarpo 4.8 30.9 9.1 21.7 0 9  4.5 0.03 0.03 0.08 

Source: Simpson ( 1992) 

Table 7.7. Co~npuative mean foliar nurricnr d a ~ r ~  for four Acacia nwngiunl plmrations. 

Location1 
Condition N I' K Ca Mg N a  Mn Cu 211 B 
(no. samples) mglg W L  

Ilongmcn. China ( 16) 
unfertilized 19.5 0.74 3.67 
fertilized 21.2 0.88 4.14 

Vinh I'hu. Vietnam (9) 
mean 23.1 1.27 7.81 
range - 

low 13.8 0.61 3.48 2.45 1.00 0.33 0.21 
high 27.0 3.23 20.51 9.89 1.71 3.04 0.86 

Sabah, Malaysia (4) 
unhealthy 30.6 1.45 15.1 4.98 1.55 0.23 
healthy 28.9 1.12 14.0 5.51 1.65 0.34 

Source: Simpson (l(B2) 
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Fertilizer Trials 

Application of fertilizers is a standard practice in the countries where A. 
mangium is a major plantation species. In most cases, however, the nature of 
fertilizers and their quantity are not based on systematic research. Fertilization 
levels and time of application have been decided tentatively, probably based on a 
few studies or on experience with other species in the area. 

The main aim of fertilizer application is to produce uniform, fast-growing 
plantations. Uniformity makes it easier to prescribe operations (thinning, prun- 
ing) on time; fast growth ensures that the site is quickly captured. 

A few examples of fertilizer trials are given below. 

1. SAFODA adopted the following fertilizer regime for A. motigiwn 
plantations: 

Apply 11  3 g of a Christmas Island Rock Phesphate (CIRP) in each 
planting hole at the time of planting. 

Apply 57 g of NPK-BC 12:12: 17:2 + TE to each plant 3 months after 
planting, placed equally in two holes opposite each other at about 15- 
23 cm from the stem. 

At 8 months, broadcast 1 13 g o f  NPK-Blue around each plant at least 
15 cm from the stem. 

Finally, at 18 months increase the dose pcr tree to 170 g of NPK - 
Bluc on sites showing poor growth (Raymond Tan 1992). 

2. Wan Rasidah et al. (1989) concluded in Malaysia that the soils are low in 
nutrients, cspccially in phosphorus. A number of fertilizer trials have 
been carried out to determine the best schedule for fertilizers. Table 7.8 
summarizes diameter and height growth responses for three fertilizer 
trials. Best response was recorded where compound fertilizers (such as 
NPK-Blue 12- 12- 17-2+TE) were applied. although responses tend to be 
short lived and exhibit the gain in about 6 months. This helps in terms of 
faster canopy closure. reduced fire risk, and shorter rotation (Miller and 
Hepburn 1989; Mead and Speechly 1989). 

In Bengkoka (Sabah). 90- 1(K) g of CIRP is applied at the time of plant- 
ing. followed by 45 g of NPK mixture 2 months later at the time of first 
weeding. Funher application of fertilizer may be needed, according to 
Udarbe and Hepburn (1987). 
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3. For the CFPP in Peninsular Malaysia's ex-jungle sites, Mead and 
Speechly (1989) recommend the following fertilizer schedule for A. 
mnrlgilim on the basis of preliminary studies: 

Broadcast-burnt sites require no fertilizer. 

For semi-mechanically prcpared sites, apply a total of 100 g triple 
supcrphosphate (TSP)/uee bctween ash beds at planting in two slits 
15-20 cm from the seedling. Apply a sccond dressing of 150 g TSP 
in a ring about 0.3-1 .Om from thc tree at 5-6 months. On erodible 
sites, this dressing should be applied at 3-5 months and covered with 
soil. 

For log-landings, incrcasc thc second dressing to 250 &/tree. and also 
rip the site to a depth of 60 cm. 

On lcss fcrlile Impertrttr sitcs. such as at Bcngkoka, thcy found it useful 
to add N and a gcncral trace clcmcnt mix to thc 1' applicd at planting. For 
example, the results of a trial on a Tanjung Lipat soil at Bcngkoka 
showed that the bcst trcatmcnt rcsultcd in a 4-month gain in diameter 
growth (Figure 7.4). Thcy suggested replacing t he initial ferlilizer 
dressing with 120 g of a I :  1 mixture of TSI' and NPK blue 
( 1  2:s: 14+TE). Thcre was no reconmendat ion whcther the second 
drcssing should contain nutricnts other than P. 

In  Kalimantan. the following ferlilizcr trials have becn conducted: 

A. mtrryirtm planted Dcccmbcr 1987, f'crlilizcd January 1988 with triple 
superphosphatc to supply 0. 5. 10,  15. or 30 kgha P, 12 kgha N + 10 kg/ 
ha I' and 10 kgha each of N. P. and K (Aciiers and Luukkanen 1988). 
Aftcr thrcs months. fertilizer trcatnlcnts had no effect on survival in this 
short-tcrnm trial. Although triple supcrphosphate significantly improved 
height growth over no fertilizer. the major responsc was to the mixed 
fertilizers. The NPK mix improved height development by 260% and 
mcan dianleter by 184%. 

A. mtrrlgirtm planted December 1987, fcrlilizcd Fcbruary 1988, testing 
mechanical soil preparation vs. hcrbicidc treatments with and without 
fertilizer (20 kglha P as triple supcrphosphatc). Fertilizer clearly im- 
proved growth of the trees. 

- 

A. mtrrrgirim plantcd June 199 1 in a short-term trial (1 x 1 m spacing) 
ad-jacent lo the I3an.iarba.r~ nursery to test 5, 10,20, and 40 g P per plant 
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Figure 7.4. Response in diameter growlh lo fertilizer (1 13 g 
Chrisms rock phosphateapplied in planring hole, followed by 57, 
113, and 170 g NPK plus trace elements applied at 2.8, and 20 
monlhs. respectively) at Bengkoka, Sabah. Source: Mead and 
Miller (191) 

as triple superphosphate, and as rock phosphate Lime at 2 10,420, 840, 
and 1,680 kgha were applied. respcctively. in addition to P5, 10. 20. and 
40 treatments (triple superphosphate). A control (no fertilizer) was also 
included. By December 1991. satisfactory establishment had been 
achieved. 

In Dongmen. China. a regime of 100 kgha  N. 50 kgha P. and 50 kgha K 
was applied to an A. mangium plantation resulting in 179% increased volume 
production at age 2.6 years (Simpson 1992). 

It is apparent that application of suitable fertilizers in adequate amounts at 
the proper intervals has great potential to increase early growth of A. mangiwn. 
Certainly, more intensive research is needed. as both the type and amount of 
fertilizer will vary with soil and other site conditions. For example, in Malaysia, 
P appears to be the most important nutrient. while in Kalimantan. K appears to be 
the limiting factor to growth. The first step in any comprehensive research on 
species fertilizer requirements is to identify the nutrient(s) likely to limit growth 
on a particular site. Such a research program needs to use foliar analysis com- 
bined with soil properties. 

Fertilizer application inevitably adds to the cost of raising plantations. It is 
therefore essential to prove that the cost incurred by fertilizers is commensurate 
with gains in terms of survival. growth, and yield. 
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Pruning and Thinning Schedules 

A. mangium stands need regular pruning and 
thinning only if the plantation objective is to 
produce quality saw logs on a 15- to 20-year 
rotation (Plate 7.5). These operations, in general, 
are not required for pulpwood production on a 6- to 
8-year rotation. It is possible to combine the two 
objectives, however, when adequate data are 
available on species growth requirements, initial 
planting spacing, thinning schedules, and market 
demands. In agroforestry. A. mnngium trees should 
be lopped frequently to reduce the amount of shade 
and competition on nearby agricultural crops. 

Singling 

Although A. mrrrrgiwn shows strong apical domi- at Sabah Softwdods ready lor 
thinning. Photo: K. Awang 

nance, on many sites trees show a strong tendency 
(probably controlled by genotype and, to some extent. by site conditions) to 
develop multiple leaders from the base (?late 7.6). In South Kalimantan, trees of 

Plate 7.6. Multi-stemmed seedling. singling and wekding. Photos: k. 
Awang 
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the same provenance planred on the same dare show very low frequency of 
multiple leaders. especially when planred on a site with no mechanical soil 
preparation. In Peninsular Malaysia the standard practice is to remove all shoots 
besides the leader ar about 4-6 monrhs after planting, before they form heartwood 
but late enough ro ensure thar there will be no further sprours (I'lare 7.7). Patho- 
logical studies suggesr that i f  lhis exercise is delayed, there is a danger of rot 
fungus entering through large-diameler scars (Mead and Speechly 1989; Thang 
and Zulkifli 1992). 

Pruning 

In pruning, branches are removed in one or more sreps along rhe borrom rrunk up 
ro a certain height. Generally, A. mrrrlgirun produces many persisten1 branches, 
typically about 50 in rhe lower 6 m. This is a srrongly inherired characrcrisric and 
varies with genorypc. alrhough sire condilions and proper silviculrural practices 
may reduce this tendency ro sonx exrenr. Observalions in I'eninsular Malaysia 
also indicale rhar rapid hcighr growrh during rhc carly years is accompanied by 
increased heighl growrh o f  rhc green crown o f  up lo 7 n~ in untllinncd srands in a 
srtxking of 900 srcmslha. This ncccssi1a1es early pruning and lhinning for rhe 
stands lo maintain their growth potential (Mead and Specchly 1989). I'runing is 
also importanl lo l i n ~ i ~  rhc size of rhc defecr corc. The diameter ar rhc borrom of 
the pruned crown is equivalent to rhc minimum diamelcr of the corc for thal 
pruning lift. Knowledge about stem tapcr is important to predict this, which 
permils estimates of h e  length of the green crown. Mead and Speechly (1989) 
came up with harmonized curvcs of dbh (OD) against tree heighl on rhe basis of 
sectional measuremenrs of 12-26 months old trees to see the effecr of pruning 
(Figure 7.5). 

The tapcr curves were used to examine the effects of pruning to different 
heights and to differenr lop diameter limits. Diameter limit pruning has the 
advantage that il can beller handle variabiliry in the stand, as it ensures rhat the 
same crown heighr is lefr on all the trees. On this basis, Mead and Spcechly 
( 1989) recommend pruning up to a diameter limit of 6 cm. Assuming this is done 
when one can see the bottom log of potential crop trees (that is. 6 m), then the 
uppcr height for pruning would average about 2 n ~ ,  leaving about 4 m crown 
length which could grow out from the ground. The diameter at the bortom of the 
pruned section would average about 10 cm. which represents the maximum 
diameter over branch stubs (DOS). If a rwo-lift pruning schedule is desired. 
either the pruning height would have lo be reduced to 5.5 m to maintain a DOS 
of 20 cm and a pruning limit of 6 cm. or the diameter limit should be reduced to 
5 cm to achieve a 6-m pruned log. Reducing the diameter limit to 5 cm would 
reduce the residual crown to 3 m; mainraining a 6:cm limit and pruning to 6 m 
would increase rhe DOS lo about 1 1.5 cm. 

Trees selecred for pruning musr have a single leader and be free of very large 
branches in the lower 6 m. They should be straight (stem deviation <10 cm) and 
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preferably dominant. 
On the basis of the 

observations above, 
Mead and Speechly 
(1 989) recommend a 
two-pruning option to 
5.5 m until more 
information and 
experience is gained. A 
two-pruning option 
reduces the number of 
entries into the stands, 
and also ties in well 
with the thinning, so 
that the first thinning 
can coincide with the 
second pruning lift 

However, 
Weinland and Zuhaidi 
(1992) studied the size 
of pruning wounds and 
related fungal infec- 
tions in 16 trees 
(Kemasul, Peninsular 
Malaysia) pruned two 
years earlier. They 
found that wounds of 
more than 2 cm in 

L - 
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Stern diameter (c rn l  

Figure 7.5. Stem taper lines showing how pruning to a 
diameter of 6 cm can be used to predict diameter over stubs. 
Source: Mead and Speechly (1989) 

diameter, both in dry and green pruning, were infected. According to them, with 
trees at the wide initial spacings currently followed in Peninsular Malaysia (3 x 
3.7 m), most branches in the pruning zone of 6 m are likely to have diameters 
greater than 2 cm at the base. Counting in a pruning trial revealed that almost all 
trees ready for pruning had at least one branch (and often more) with a base 
diameter greater than 2 cm. Although the maximum branch size for safe pruning 
has yet to be determined, even one big branch in the pruning zone may prove 
dangerous. Therefore, the authors recommend strong lateral competition in 
young plantations, for: 

formation of small branches of less than 2-cm diameter along the bottom 
trunk 
reduced number or complete absence of multiple shoots 
prevention of of large piths in trunk and branches, thus reducing the risk 
of fungal infections 
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According to them, lateral competition can be achieved by: 

using a high planting density 
interplanting with other species 
encouraging natural regeneration 
non-blanket weeding, thus retaining harmless secondary vegetation 

Nik and Paudyal (1992) repon the results of a pruning trial in  Peninsular 
Malaysia in some stands of 3 x 3 m spacing (1.1 1 0  ueeslha). Treatments were 
pruning at and up to: 

0, 3.4, and 6 n~ in  a 3-year-old-stand 
0. 2.5, 3.5, and 5 n~ in  a 1.5 year-old-stand 
0 ,4 ,  5, and 6 m in a 4-year-old-stand 

All pruning treatments resulted in  reduced diameter growth. especially significant 
when crown removal was more than 40%. The pruning treatments also afl'ccted 
taper, with a decrease of 1 cnl in diameter for each 1 m in  height. 

For more definitive conclusions, systcnlatic trials arc needed on these 
aspects. 

Thinning 

Thinning is a manipulation of stocking density that can be carried out at any time 
between onset of between-tree competition and the final cut, either as thinning to 
waste or as production thinning. The thinning schcdulc and its intensity are 
dictated by many factors. including growth rate (both i n  terms of height and 
diameter), basal area, relationship between diameter and crown growth. onset of 
competition. stern form, end-use, and operational cost. Three excellent articles 
(Miller and Hepburn 1989; Mead and Speechly 1989; Mead and Miller 1991). all 
from Malaysia, summarize the available information on these aspects for A. 
mmgirlm and recommend a tentative thinning (and pruning) schcdulc fix saw-log 
production. 

Pulpwood Schedule 
Most A. mrrrlgirun plantations grown for chipwood are not thinned. Rotation 
length is normally set at about culnlination of the MAI. Both at SSSB (in Sabah) 
and JANT (in Papua New Guinea), stands are clear-felled at 6 or 7 years. 

However. according to Mead and Miller (1991) selection thinning of such 
stands offers some advantages. The economics of-a pulpwood crop are sensitive 
to tree size. straightness. and degree of branching. as well as yield. Since A. 
mrrrrgirlm stands show considerable variability in  malformation and straightness, 
incorporating an car1 y thinning to waste can yield considcrable advantages. 
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On low fertility sites-like at Bengkoka in Sabah, where basal area capacity 
is only 20-25 mzha-management trials have shown that final crop stocking 
should be around 600-700 stemsha. At Bengkoka, trees are normally planted at 
1.250 stemdha, with a stand improvement thinning carried out at 18 months (4- 
5m). This removes 50% of the stems, but only 2530% of the basal area. Thin- 
ning (using bush knives) is cheap, taking about 4 working daystha. Growth 
modeling indicates that yields from thinned stands at age 8 years should be 
within 5% of unthinned stands. Average piece size. however. increases from 0.1 8 
to around 0.25 mWee with thinning; this should reduce logging costs by 23- 
37% depending on the logging method. Final yields and piece sizes still have to 
be proven in practice. 

In JANT plantations, however, the increase in piece size as a result of 
thinning does not apply unless the company reduces initial spacing. which is at 
present set at 4 x 4 m or 4 x 3 m. 

The disadvantage of thinning to waste is the increased risk of fire in areas 
with a pronounced dry pcriod. 

Sawlog Schedule 
Developing thinning regimes for producing high-quality saw logs of A. mrrtlgirzm 
is more complicated due to growth variation in terms of height. diameter, vol- 
ume. taper, stem form, branching, and crown development, which arc controlled 
by genotype as well as by site conditions. In addition, as emphasized by Mead 
and Spcechly (1989). growers have also to study: 

physical propcnics of the wood and conversion limitations 
other biological and abiotic limitations 
economics 
practicality of prescriptions 

Furthermore, growers need to integrate various inputs from tree breeding, 
nursery practices. cstablishn~cnt. tending. fertilization. etc. to clear-felling. This 
can be achieved using computer nlodcls, given sufficent data. 

Mead and Specchly (1989) therefore suggest a radical pruning and thinning 
policy for growing sawlogs in I'cninsular Malaysia. Pruning to 5.5 n1 was to take 
place i n  two lifts at a very early age. and at the time of thc second pruning the 
uees were to be given their first pre-commercial. selection thinning (Table 7.9). 
This part of the silviculture was to be completed by the time the uees reach about 
9 m tall, which in Peninsular Malaysia is before 2 years. They do not recommend 
thinning earlier than this, due to the necessity of selecting the most vigorous trees 
with good boles; also. competition has barely set in by this age. Later thinnings, 
which might be commercial, eventually reduce the stands to a final crop stocking 
of about lo() stenis/ha. The objective is to keep the trees in a free-growing 
condition with large. deep crowns, thus maximizing diameter growth. They 
suggest a rotation of about 15 years. 
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Table 7.9. Thinning and pruning schedules for high-quality A. ntangiuril logs. 

Fertile sites Infertile sites 

HI Age Stemsha Ht Agc Stemstha 
Operation (m) (mo) (residual) (m) (mo) (residual) 

First pruning 6.0 -12 (900 5 18 500 
Waste thin 9 .O 24 (450) 5 18 (500) 
Second pruning 8 30 250 
High prune 9.0 24 450 11 3 8 250 
Thin 13 36 (250) 11 38 (250) 
Thin 22 72 (150) 
Thin 27 120 (100) 
Clearfell 28 180 23 240 

Source: Mead and Spcechly (1989) 

SAFODA attempted a similar schedule on its less fertile sites at Bcngkoka 
(Table 7.9). The major difference here was that no commercial thinning was 
envisaged and the proposed rotation is longer. 

At thc tinlc thcsc schcdulcs wcrc proposed, very little evidcncc existed to 
show that i t  was possible to grow large saw or veneer logs. A thinning trial at 
Bcngkoka, however, offers some encouraging evidence, showing that diameter 
growth of A. rrurtrgium is very responsive to extra growing space (Table 7.10). 

It has yet to be shown whether 50-cm-diameter trees at age 15, which Mead 
and Speechly (1989) suggest arc desirable. can be obtained routinely. However, 
even if such diameters are not always obtained, it was thought that, with ad- 
vances in utilization tcchnology, smaller-sized pruned logs will be sought after 
and put to high-quality uses. This has happcned in Australia, where new tcchnol- 
ogy is allowing rclativcly small cucalypt logs to be utilized for products such as 

Tal~le 7.10. Growth oSAcucia riwngiurit after thianing 1 to different sttxkinp densities 
at age 6 years; trial dn~? from Bcngkoka. Sabah. 

23-~nonlhs increment 

Stocking Diameter2 11eight7 
(stemstha) (mm) (m) 

Control 
50% thinning 
75% thinning 
90% thinning 

IThinning as a percentage of trees planted (1,150 stemslhafiourcc: Udarbe and llepburn (1989) 
2 ~ v c r a g e  increment of the diameter at breast height 
3Average height increment of the 100 largest-diameter trees 



Acacia mangium Crowing and Utilization 

furniture (Mead and Miller 1991), and in Malaysia and Thailand, where the same 
technological breakthroughs are permitting the use of logs of Heven brasiliensis. 

Table 7.1 1 shows these recommendations in a simpler form. 
On the other hand, Weinland and Zuhaidi (199 1, 1992) recommend an early, 

heavy thinning before between-tree competition fully sets in, and two further 
thinnings to maintain a low level of competition. 

The main changes from the regime proposed by Mead and Miller (1991) that 
are currently being practiced by the Forestry Department of Peninsular Malaysia 
relate to the initial stand density and timing of pruning and thinning. Instead of 
age. timing of operations is based on stand height. High pruning is recommended 
at a stand height of 10 m when the live crown ratio is temporarily reduced to 
40%. Weinland and Zuhaidi (1992) expect that crowns will recover in less than a 
year, accompanied by increased rate of diameter growth. At the same time, the 

Table 7.11. Silvicultural and management schedule for A. tnangiutu. 

Treatment 
Number Age Ac~ivit y Remarks 

1 4 months 
after 

planting 

6 months 
after 
planting 

2 12 months 
after 
planting 

3 2 years 
after 
planting 

4 4-5 years 
after 
planting 

5 8-9 years 
after 
planting 

General slashing IJproot all climbers within 45 cm 
and form of each plant. 

General 
slashing 

General 
slashing and 
First pruning 

General 
slashing 

First 
thinning 
and high 
pruning 

Second 
thinning 

Final 
thinning 

Remove branches less than 30 cm 
from the ground 

As in Treatment 1 

Remove all branches up to 2-1.5 m 
in height (up to 50% of total height) 

Remove 300 stemsha. retaining 
600 treesha, pruning up to 6 m 
of the 200 selected final crop trees 

Remove another 200 ueesha, 
retaining 400 treesha 

Remove another 200 weedha 

Source: Thang and Zulkifli (1992) 
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stand is thinned lo SOU stenis/ha. Since rhc linal cut would still be 12 to 13 years 
latcr. excess 2OU stems should be enough to compensate for possible mortality, 
damage and disease and uncxpccred deterioration in growth and quality. The 
number of trees in rhc final crop is not yet certain; 300 final crop trecsha implies 
a berwcen-ucc spacing of about 5.5  ni; 200 final crop trees, aboul 7 ni between 
trees. However. the authors recommend a third thinning at a stand height of 20 
nl. The operations arc summarized in Table 7.12. 

Talde 7.12. Tending rcgirncs for A. ~rwn~iurrl. 

Acrivity Timing 

Planting 
( 1,400 srcrns/ha) 

Refilling 

Weeding 

113 n~onths after planting. only ii nlorraliry exceeds 10% 

Circle weeding 3 nmlths al'rcr planring: i m h c r  wccdi~lg opcrarions 4 
and 6 months al'~cr plnnring 

4 months al'rcr planling. removal ol' mulriplc srcms a~id h ~ g  side 
branches; ar 5 ni stand height pruning (green pruning) 10 3.5 nl ((300 
srcrnha): ar srand tlcighr o f  1 0  or 12 nl pruning ( 5 0 0  srcnlsha). 

At stand heighr of 5 m lo 900 srcmsha (10 wasrc): ar srand hcighr of 
10 m l o  12 m lo 500  s~cndha  (lo wasre); a1 s m J  hcighr of abour 
20 m thinning lo 300 srcnls/h;i (producrive). 

Source: Wci~lla~ld and Zuhnidi ( 1991 ) 

Second Rotation 

A. mtr~rgirtrn slumps coppice proluscly il'a high slump of >SO cni is Icli. Bul 
unlike Grnelirrtr trrhorc~tr, Ptrr-tr.~c~~-ir~rrtl~~~,s~fi~I~~t~~t~ritr, some spccics of E~tcdjprrls. 
Tmolrtr grtrrrdis, and Slrorc.tr rolmrtr. its coppicc shoots do  not dcvclop lo tree 
size. I t  is therclhrc not possible lo oblain a second rolarion by coppicing. How- 
cvcr, profuse narural rcgcncralion in clcar-l'cllcd A. mtrrlgirun areas has been 
observed in Sabah, Kalimanlan. and I'apua New Guinea (Sim 1987; Srivasrava 
and Yclu 1992; Wcinland and Zuliaidi 1992). This regeneration is funlicr cncour- 
aged by light lircs after clear-felling, which probably desrroys or soflcns rhc hard 
seed coat and slimulates germinalion if nioislurc is available (Plare 7.8). Various 
aspccls of nalural rcgcncrarion thus merit sludy, and research should dcvclop 
rcchniqucs and schedules for rending, pruning, and thinning lo make productive 
use of nalurally produced crops. Srudics will also be needed lo dcrcrnlinc rhc 
ldrnl. ralc of growlh. and qualily ol'a crop raised lioni natural regcncrarion. 



Acacia mangium Crowing and Utilization 

I'late 7.8. Natural regeneration on a bum site at Kora Belud, Sabah. Photo: K. Awang 

Fire Protection 

Plantations of any species are open to great risk of fire (Plate 7.9). Although 
damage varies depending on species. all monocultures have suffered heavy losses 
due to fires. This is true even in tropical areas where a drought or dry period may 
be as short as 2-3 weeks. Thousands of hectares of plantations of various age 
classes and species have been lost in the tropics due to fires. Therefore every 
large plantation pro-ject has prepared guidelines and proper equipment. and watch 
towers have been installed to control fires. Although the exercise is expensive. it 
is worth the cost. 

In the tropics-specially where communities still follow cultivation and 
subsistence farming in and around forest plantations, and in areas dominated by 
grasses (such as Imperafa cy1iridricti)-most fires are man-made for slash-and- 
burn agriculture or to foster young grass for new pasture grounds. In fact, the 
initial objective of introducing A. mnrigittm in Sabah was to use it  as firebreaks in 
such areas. because of its ability to suppress grasses with its rapid growth and 
crown closure. and its ability to grow on acid soils. Now. however, it is among 
the most important plantation species there. 

Seibret (1988) reported the effect of groundfire damage to an 18-month old 
A. mnngium plantation in East Kalimantan. The plantation was attacked by an 
Imperata ground fire in 1986. Trees with diameter <4 cm died. while those 
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having a diameter >7 cm survived. Survival of trees in the critical diameter range 
of 4-7 cm depended on the value of damage index, ki th higher index values 
resulting in higher mortality. 

Further research is needed on the susceptibility of A. rnangiwn to fire. 
Fire protection has two main components: fire prevention and fire control 

(also called fire-fighting or suppression) (Romijn 1986). 

Fire Prevention 

The following measures help to minimize the incidence of fire in monocultures. 

Design plantations with a well-planned layout, especially in terms of 
accessibility to each part of the plantation. 

Provide a network of greenbreaks and fire access roads, and maintain 
these regularly. 

Apply silvicultural practices on schedule. 

Reduce fuel levels in the plantation by (1) clean-tending around trees, 
(2) controlled burning, and (3) introducing grazing cattle. 
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Create awareness of the dangers and losses due to fires among communi- 
ties near the plantation. 

Formulate and enforce fire rcgulalions. 

Fire Control 

To minimize damage in the event of firc. Ihe following measures are suggested: 

1. Set up and maintain an effeclive detection system, such as firc rowers. 
mobile patrols. and/or radio communicalion syslem. 

2. Mainrain a well organized and equipped fire-fighting team with 

a firc plan, 
equipment for lircbrcak conslrucljon and maintenance, 
lire tanks and pumps. knapsack spray pumps, firc rakes. and fire 
beaters. 
access to wcll mainrained ponds and orher reservoirs. 
adcquarc trained manpower. and 
i f  necessary. inccnlivcs for molivalion (for example. fircfighting 
bonuses, overtime. or  lice housing near the plantation). 

Research Priorities 

In Asia. large-scale plancation progranls using A. rntrr~xi~irn havc been planned in 
Malaysia. Indonesia, I'apua New Guinea. and Thailand o n  the basis of available 
infommalion on  ils adaptabilily. s i k  rcquircn~cnls, growth. and utilizalion. This 
review. however. indicates thal serious gaps on many aspccls of this spccies 
remain and require the atlention of rcscarchcrs in order for A. mtrrlgirim planta- 
lions lo mcer thcir ol jcct  ives. In parlicular, oplimum silviculture schedulcs have 
yet to be worked oul. In fact. the currcnr information o n  pruning and thinning is  
skcrchy and controversial. Table 7.13 shows the latest information o n  research 
priorities in the region. Many of  these aspccls were earlier mentioned in AClAK 
proceedings 1 6 and 35. 



Silvicultural Practices 

Table 7.13. Priorities for silviculture research on A. mnungium. 

Pl'mting Objective Low Medium High 

Site rehabilitation Site Spacing Growth and yield 
suitability Tending Direct .seeding 

Pruning Pests and diseases 
Pol larding 
Thinning 
Rhizobium inoculation 

Industrial Plantation 
Pulp and fuelwood Spacing Fertilizer use Growth and yield 

Tending Pests and diseases Direct .seeding 
Rhizobium 
inoculation 

Saw logs Pests Khizobium Growth and yield 
and diseases inoculation Direct seeding 

Spacing 
Tending 
Pruning 
Thinning 
Fertilizer use 

Agro- and Community Growth and Pruning Spacing 
Forcsuy yield Pests and diseases Pollarding 

Rhizobium 
inoculation 

Source : Awang and Taylor ( 1992) 

Summary 

Sitc prcparation for A. mtrtigiicm plantations should consider: 

past and present vcgctation 
climate 
topography 
soiltype 
soil fertility 
equipment 
availability of labor 

Depending on these factors. either mechanical (including semi-mechanical) 
or manual methods may be used. Controlled burning plays an imponant part in 
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the survival and early growth of A. mangium. 
Depending on the objective of raising A. mnngium plantations. initial spacing 

can vary from 2 x 2 m to 4 x 4 m. More research is needed on optimum spacing. 
Where weeds abound, as in PNG, a weeding schedule of 4-3-2 should be 

strictly followed in the first 3 years, with the first weeding taking place 2 months 
after planting. Both chemical and manual (and mechanical) control methods have 
been successfully used. 

A. mmlgirtm attains its growth potential in logged-over forest areas with 
fertile soils. Application of suitable fertilizers in adequate amounts at the right 
times has yielded better growth; fertilizer mix, amounts, and timing vary with 
site. More site-specific research is needed on this aspect. 

Singling is an important silvicultural operation on many sites and with many 
genotypes. I t  should be carried out at 4-6 months after planting. 

Pruning and thinning schedules have yet to be conclusively determined. For 
the present, thc schedules reconlnlendcd in Peninsular Malaysia (Mead and 
Miller 199 1) can be followed. 

Standard fire prevention and control measures arc needed in every large 
plantation project using this species. 

A. mtmgirtm regenerates profusely in clear-felled areas where it is grown. 
Research is needed on tending. pruning. and thinning techniques to develop 
naturally produced crops into productive plantations. 

P.B.L. Srivtrsttrvtr works with the Ptrprctr New Grti~retr Forest Rese~rcll  Institrtte, 
Ltre, Ptrprctr New G rtine(r. 
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Chapter 8 

Growth and Yield 

Introduction 

The terms ,qro\r.!I~ and yield refer to the change in certain tree or stand parameters 
of interest to the nlanager of a stand of trecs for wood and/or othcr products. 
Conventional li)rcslcrs record growth parameters likc Ircc diameter (usually 
diameter at breast 11eight. or dbh) and height (usually hcight to a specified 
minimum diameter or clear bole hcight) in order lo derive othcr parameters such 
as basal area and volume. Other useful parameters include the density or stocking 
and in regenerating forests, measures of regeneration likc ingrowth and mortality. 
Yield usually refers to the quantities of the desired product(s). Here again, 
foresters have in  the past used measures likc cornmcrcial volume (volume of the 
stem down to a spccificd minimum diametcr-oftcn I O  cm) andlor the number of 
bolts or lengths of stems of certain dimensions. 

Growth and yield information is important for planning and managing a 
forest resource. I t  is also important to the agroforcstcr in deciding what species 
to plant and what components can be harvested. The information required for 
agroforestry will bc different from that required for conventional forestry as the 
products and uses of thc trecs in agroforcstry arc diffcrcnt. 

Knowing the growth and yield of a species (together with a clear planting 
objective, end use, and understanding of site suitability) is therefore critical for 
informed decisions concerning species selection. The end usc (or uses) is also 
important in dctcrnlining which parameters lo measure. For instance, stocking 
may be irrelevant where trees arc planted individually; in  that case, parameters 
such as crown diameter and number of branches may be more useful. In 
agroforestry situations such as alley cropping, whcre there is regular pruning for 
harvest. dbh and hcight cannot be used and biomass estimates must be based on 
other parameters, such as the number and size of stems. 

In  many growth and yield studies on Actrcici aurrlgirrrn, the parameters of dbh 
and height are measured. as the species has primarily been planted for timber 
products. In view of its othcr uses, othcr parameters of growth and yield need to 
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be included. For instance, where A. mngiwn is used for fuelwood production 
through regular harvesting and regeneration through coppicing, information on 
coppice regrowth rates should be studied; if phyllodes were regularly harvested 
for green manure, the rate of regrowth of phyllodes would also need to be 
investigated. 

Since much of the information available is from research based on this 
conventional forestry approach, this review of growth and yield of A. mangiwn 
concentrates on these parameters. Wherever available. other information has 
been incorporated. 

Growth Phenology and Pattern 

To understand growth and yield, it is important to understand the species' basic 
biology and behavior. This is often approached through phenological observa- 
tions. A. marlgirtm is a fast-growing pioneer species with self-pruning branches 
(NRC 1983), but there is no published information on the pattern of leaf and 
shoot growth. 

The growth of A. mnrigirtm can be described as continuous. Studies at 
Universiti Penanian Malaysia (UPM) show that when conditions are favorable, 
new shoots and new phyllodes are found throughout the year. and leaf shedding 
occurs continuously. 

Shoot Elongation 
I 

Acncicl mmgirtm forms 
branches andforkseasily,and I 
the forks and branches grow 
very rapidly. Some lower 
lateral branches may bccomc 
dormant and even stop grow- 
ing. dying quite rapidly. 
Approximately 2535% of 
these lateral branches may stop 

growing within six-month l'lste 8.1. Shoot elongation from dieback branches. 
period. The growing shoots Photo: Lim Meng Tsai 
will produce phyllodes contlnu- 
ously. Some shoots grow continuously while others grow for a while and then 
become dormant and stop producing new phyllodes. Dormant shoots normally do 
not resume growing along the same axis except through development of a new 
lateral shoot. This can produce a branch with several die-back branches/shoots 
(Plate 8.1). Shoots have been observed to elongate between 3-5 cm per month. 
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Phyllode Expansion 

Phyllode (or leaf) growth is related to shoot growth. In an actively growing 
shoot, phyllodes are produced continuously. Between 2 and 4 phyllodes are 
produced each month. Phyllodes take about 6 weeks to expand from about 1 cm 
to full size, which can be up to 25 cm long and 10 cm wide. UPM studies show 
that phyllodes expand rapidly and achieve 50% of their mature size in about 1.5- 
3 weeks and 90% of their full size within another 1-2 weeks. Phyllode weight 
follows the same pattern and reaches its maximum at about 4-5 weeks. The 
phyllode also begins to lose weight after about 10 weeks and can drop off after 
about 6- 1 1 months. 

Growth Form 

NKC (1983) describes A. mnrr~irtm as able to grow to 30 n~ with a suaight bole, 
which may be unbranched for ovcr 15 m. Acncicl mnrr~ilim seedlings grown in 
fairly open conditions often develop a bushy appearance with multiple leaders. In 
plantations, this necessitates pruning and removal of lateral stems in the first year 
or SO. 

Trees planted in the opcn have deep and globular and/or columnar canopies 
that begin almost at ground level, while trees in plantations after canopy closure 
have crowns that are restricted to the top 3-4 m from the top. The lower branches 
of closely planted trees usually die rapidly and are sometimes shed. Studies on 
distribution of biomass in plantation- and open-grown A. mtrqirtm show that 
ovcr 57% of the total biomass of open-grown uees can bc in the canopy- 
branches and phyllodes-while the corresponding figure for plantation-grown 
trees is below 28%. Thc percentage of leaf biomass to total biomass of open- 
grown uees (16.9%) is also considerably higher than that of plantation-grown 
uees (5.5%)(Linl 1985. 1986). 

Siregar and Qaingsastro (1988) invcstigatcd thc growth of A. mmgium at 
different spacings and developed the following simple relationship between 
height and dbh: 

Crown development is an aspect of tree growth that necds to be studied further 
(Lim 1991; Mead 1991). Crown development is important because it  is related to 
spatial requirements and thus involves competition between plants. In planta- 
tions, i t  can be related lo density or stocking. In agroforesuy, overshading of 
other food crops may reduce the yield of food crops intercropped between the 
trees (Adjers and Hadi. in press). A. m m g i u m  is a pioneer species and requires 
much light to grow well. Given sufficient light (for example, when grown 
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individually). it will develop a wide and deep crown. Dawkins (1963) and Wong 
(1966) used the crown diameter (CD) - stem diarneler (dhh) relalionship lo 
determine the crown space requirements of a number of foresl tree species. Lim 
(1991) and Mead and Speechly (199 1)  found the CD-dhh relalionship of open- 
grown A. mrlgirim trees lo be highly significanl. 

CD(m) = 1.373 +0.252*dhh(cm) Lim (1991) 
CD(m) = 1.704 +0.25 1 *dhh(cm) Mead and Speechly (1991) 
CD(m) = 1.89425 + 0.17822*dhh (cm) Paudyal and Nik Muhamad (1  990) 

I'audyal and Nik Muhaniad (1990) applied lhis lechnique to plantalion-grown 
I r e s  up to ahout 8 years old and also found a significant relalionship between 
dhh and crown diameter. They rcconinicndcd thinning rcginlcs using information 
liom these relalionships. 

Growth Rates 

Table 8.1 suninlarizcs infomation on growth rates froni various sources and 
undcr diffcrenr conditions. I>hh increases fairly rapidly, up to 15-20 cni i n  lrees 
less than four ycars old. The growth rate slows down noliccahly aftcr Ihe fifth 
year, and dhh begins to level off around 30 cni by the eighth year. Hcight growth 
shows the same trend as dhh: there is a sharp increase in  the firs1 3-4 ycars, after 
which the height levels off around 25-30 m. 

These dbh and height dala vary considerably with age and site. Comparisons 
can he made on the basis of the nican annual increnienl (MAI) values (Tahle 8.1). 
The MA1 for dhh ranges from 1 .N to 7.4 (cnvyr). High MA1 values (over 4) are 
recorded for trees 2-4 ycars old, aftcr which the MA1 values generally decline 
lowards 2-2.5. The MA1 for hcight rangcs ahoul 1.2-7.2. and high values (over 4) 
arc recorded for trccs less than 5 ycars old. Like MAI-dhh. MA1 Ihr height drops 
rapidly lowards 2.5-3. 

The information in Table 8.1 can be summarized by analyzing Ihc change i n  
dbh and hcight with age. Lim( 1991) alteniptcd to determine A. mtrngirrm's 
maximum pcrlimiancc capacity using data from various sources. including those 
cited in Tahle 8.1, to gcncralc growth functions. The following Chapman- 
Richards Functions provide good enveloping (niaximunl) curves fix dhh and 
heighl . 

~ h h  = 30*( 1 -c(-0.30*Age)) 
Height = 35*( 1 -c(-0.2 1 *Age)) 

- 

From lhis analysis, Ihe maximum values (asymptotes) were estimated at 30 
cni for dhh. and 35 ni for height. I n  Indonesia. Harhagung (1991) studied 3-1 1 
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year-old stands in South Sumatra, West Java, and East Kalimantan and devel- 
oped an Upper height (top height) - age equation of the following form: 

Ln Ho= 4.1 101 1 +(bsi-4.14291)/(1/A)(0.57645) 
where bsi = regression coefficient of each site-index value 

A = age of stand 
Ho = upper height of stand 

Table 8.1. Dbh, heighk and mean annual increments (MAI) of dhh and height values for 
Acacia mangiurn of different ages. 

MA1 MA1 
Age DBH DBII Ilcight llcight 
(years) (cm) (cmlyr) (m) (~nlyr)  Reference 

Daryono ( 1988) 
Pettersson and I lavmollcr ( 1984) 
Yanlhasath et al. ( 1986) 
Kamis and Mohd. Amran ( 1984) 
Paudyal and Nik Muh'mad (1 990) 
Glover and I leuvcldop ( 1985) 
S m .  and Gan ( 1988) 
Yanthasath et al. ( 1986) 
Sim (1984) 
Racz and Zakaria ( 1986) 
Pan Zhigang and Ya~lg (1086) 
Boontawee and Kuwalaim ( 1986) 
Glover and I Ieuveldop (1985) 
Mead and Spccchly (1991) 
Bhumihhamon and Atipalumpai (1992) 
Kamis and Mohd. Amran ( 1984) 
Lim (1985) 
Lirn (1985) 
Lim and Mohd Basri (1985) 
I'audyal and Nik M~hiunad (1990) 
Lim (1988) 
Yanrhasath et al. ( 1986) 
Lim (1986) 
Thomas and Kent ( 1986) 
Wan Kazali et al. (1989) 
Paudyal and Nik Muhamad (l(99O) 
Thomas and Kent (1986) 
1 Ialenda ( 1988) 
Thomas and Kent ( 1986) 
Paudyal and Nik Muhamad (1 990) 
Thomas-and Kent (1986) 
Tham ( 1976) 
Chai ( 1980) 
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Ten-year-old stands would have upper heights of about 20-26 m, depending on 
the site index. 

Yield refers to Ihc quantity of product Ihat can bc obtained from a stand of trees 
and is usually measurcd as wood volume or biomass per unit area. On a stand 
basis, this information on v o l u n ~  and biomass intcgratcs the cffccls of dcnsity 
(and mortality), thinning, comn~crcial/n~arkctahle yield, growlh rates. and even 
genetic differences. 

Volume 

Volume is perhaps thc most commonly mcasurcd or cstimatcd paramctor in  both 
natural and plantation forestry, as i l  is a routine rcquircmcnt for estimating stand 
oulpul. Volume can he cslinulcd from dbh alonc or i n  combination with total 
hcighl (Watts 1989). or lion1 the lcnglh of bole measured to a spccilicd niinimum 
lop diamctcr, such as 4 cni (Socniarna and I3usronli 1986). 7 cni (Buslomi 1988) 
or cvcn 1 0  cm (Wan Razali cr al. 1989). Volume yields arc ol'rcn presented as 
volunw tablcs, which may bc cilhcr one-way tablcs in which volunics arc given 
for a parlicular dbh. or Iwo-way lablcs Ihal provide estimates for a dbh against a 
range of hcight measurements. 

In Malaysia, Wan Kazali cr al. (1989) cstimatcd mcrchantablc volume (down 
to a minimum diamclcr of 10 cni) for a 5-year-old srand using a varicry of 
rcgrcssion cquarions dcvclopcd froni fcllcd and standing rrecs. Thcy used the 
Furnival index to dcrcrminc the cquation with the best f i l .  The bcsr cquation was 
one hat required the log transl'ornialion of volun~c and dbh. Thcy also rcconi- 
mended lhc use of anolhcr factor lo correct for transformation bias. From thcsc 
equations they cstablishcd two-way stand volume tables for A. mtrrrgirm stands 
bascd on diamctcr and total log Icnglh. 

Walls (1989) sampled ovcr 20() lrccs from a plantation in Sabah and dcvcl- 
oped volume cquations bascd on dbh alonc and dhh and total height. Hc also 
prcscnlcd both one- and Iwo-way tablcs. Thc method of using diameter alonc is 
considered niorc practical, as nicasurcnicnts of height require additional lime and 
costs, and thc improvcnwnl in accuracy is not significant enough to warrant the 
extra costs. 

Sctyarso (1992) reviewed growth and yield studies of A. mtrrrgirim i n  Indone- 
sia and found no comprehensive studies, even though the species is planted on 
very large scales i n  Suniatra and Kalimantan. So-cmarna and Buslomi (1986) 
sampled over 100 trees in  ?I-. 5-, and 7-year-old plantations and dcvolopcd the 
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following equations to estimarc rhe clear bole volume as well as volume to 4 cm 
di meter: 

Vol (clear bole) = .12 17*dbh(2.4697) 
Vol (4 cm) = 0.1537*dbh(2.4247) 

In another study involving over 130 trees, Busromi (1988) dcvclopcd other 
equations for volun~e down lo 7 cm diameter. 

These studies on growth and yield havc proposed and uscd numerous forms 
of regressions. The ulrimatc factors in Ihc decision of which form lo use are 
pracricality. ease of use. and accuracy. In forestry. complex equations can be 
dcvelopcd using a number of variables 10 accounl for the variabiliry of site, but 
for agroforestry purposes ir may be necessary to devclop simple cqualions. as end 
users may nor havc sophisticated equipment wilh which to measure many param- 
e lm .  Table 8.2 lists volunws cstinlatcd for a uec with dbh of 2 0  cm. derived 
using different methods ofcstimarion by different authors. Given rhc sinlilarity of 
these cstimares and the multipurpose use of the species. i t  may be appropriate to 
suggcst that the mosr simple and direct method is suflicient. 

Tahle 8.2. Volume cstunatcs ol'ir siunplc ucc 20 cm dhh, from different volume tables. 

Dbh I Ieighl Volume 
(cm) (m) (m3) Kefcrence 

- 

20 - - 0.22 1 Watts ( 1 
20 - - 0.220 Bustomi ( 1088) 
20 16 0.1 90 Watts ( 1989) 
20 16 0.178 Bustomi ( 1988) 
20 10 (4cm) 0.206 Soernarna and Bustorni (1986) 
20 I0 (log) 0.209 Wan Razali et al. (1989) 
20 I0 (holc) 0.185 Soemanla and Bustomi (1986) 

Biomass 

Biomass as a unit of yield has only become fairly widely used since the 1970s. It 
is in  many ways a more useful measure than volume, as i t  allows comparisons to 
be made between differenr crops, as well as among different tree components (for 
example, leaves. fruits. and sten~s). Furlhermore, i t  can be uscd lo estimate 
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energy and nutrient contents rapidly. In agroforestry, the amount of leaf or litter 
that can be used for fodder is more appropriately measured in terms of biomass 
rather than volume. However. estimation of tree biomass involves much time and 
effort and few results are available. Those that are available are often limited to 
smaller trees. 

Lim and Mohd. Basri Hamzah (1985). using a modified Smalian formula and 
an assumed wood density of 0.5, estimated the total biomass of a stand of 3.5- 
year-old A. rntulgium to be 54.4 t/ha (Table 8.3). Lirn (1986) followed on the 
same study by developing regression equations from destructive sampling of 
trees and relating biomass (kg) of different aboveground components. such as 
stem. branch. and leaf. to dbh (cm). A 4.5-year-old stand of mean dbh of 14.3 cm 
and density of 1.084 stemsha was found to contain 84 tlha total biomass. consist- 
ing of 54 t of stenis. 16 t branches. and 6 t phyllodes. Lim (1985) also studied 
open-grown trees and estimated that if planted under plantation conditions. a 3.5- 
year-old stand could yield a total above-ground biomass of 102.6 t/ha. 

log(tota1) = - 1.629 +3.024*log(dbh) Lini (1985) 
log(tota1) = - 1 . O N  +2.5201 *log(dbh) Lirn (1986) 
log(tota1) = - 1.420 +2.832O*log(dbh) Lini ( 1  988) 

Halcnda (1989). working in Sarawak. Malaysia developed regression cqua- 
tions for cstiniaring total height and bioniass of different components of 6.8-year- 

Table 8.3. Biomass estimates (ovcn dry ha~sis) of skznds at different ages. 

Age Density Leaf Branch Stem '1'0 t a l  
(yrs) (nolhr) (Vha) (Vha) (Vha) (Vha) Reference 

Sample 
tree3 

20 a n  dbh 
20 cm dbh 
20 cm dhh 
20 cm dbh 

Lirn and Mohd. B a ~ r i  
Ilarnzah ( 1985) 
Lirn (1985) 
Yantasath ( l(992) 
Yantasalh ( 1992) 
Lirn ( 1988) 
Lirn ( 1986) 
Halenda (1989) 

Lirn (1985) (open grown) 
Lim ( 1986) 
Lirn ( 1088) 
Halenda (1089) 

projected for plantation condition 
*converted from fresh wcight data by ~nultipling by 0.4 
3est~nated from regression equations 
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old A. rnangium stands using dbh (cm) and height (m) as parameters. The equa- 
tions were: 

Height = - 3.82 1+ 1.796*dbh - 0.025*(dbh)2 
Ln(Stem Weight) = -3.2 12 +O.9OS *Ln((dbh):*H) 
Ln(Branch Weight) = -2.073 +1.030*Ln(Stem Weight) 
Ln(Branch Weight) = -5.464 +0.942*Ln((dbh)?*H) 
Ln(Leaf Weight) = -2.026 +0.792*Ln(Stem Weight) 

These regressions are somewhat difficult to use as some components require 
other parameters to be calculated before they can be estimated. The relative 
errors based on the difference between estimated with the actual tree sample are, 
however, low (generally below 5%). Using these equations. Halenda (1989) 
obtained a total biomass of 123.2 t/ha (Table 8.3). 

Yantasath et al. (1986. 1992) conducted trials on spccies and spacing in 
Thailand to determine the effects of spacing on growth and biomass yield. They 
obtained an allometric regression of the fornl. 

At very high densities (20.000 stcnls/ha), high biomass accumulations of up to 80 
hdyear (fresh weight) were recorded. This high ligure may be partly due to the 
use of small plots. 

Another aspcct of biomass yield that has k e n  relatively neglected is the 
below-ground biomass. Llaryono (1988) investigated 6-month-old A. mtlrrgirlm 
and found that root lengths vary l'ronl 30-5 1.8 cnl. Linl (1992) reported prclimi- 
nary results of fine root biomass o f  about 4 11ha in stands 2-6 years 01' age. 

Other Forms 

Apart from being an imponant aspect 01.yield. biomass is also an imponant 
component of an ecosystem's bioproductivity. Another important component of 
productivity is litter production. Litter serves ecologically important l'unctions 
and has been included in many ecological studies on forests and plantations. 
Litter production is also important in the process of nutrient cycling. In 
agroforestry systems, litter can be viewed as another lrce product that is useful 
for the agricultural component of the system; tree litter can be harvested for 
brown manure, mulch. and sometimes as fuel. Studies have shown that fine litter 
(leaf and twigs c 2 cm diameter) production of A. mrrtlgirlm stands can amount to 
8-1 1 tlhalyr; 75% of this is leaf litter (Lim 1988). 

Another measure of yield that can be derived from biomass is the energy 
content of the wood and branches. The calorific value of A. matigi~lm wood has 
been estimated at about 5,000 kcallkg (Yantasath et al. 1986). Together with 
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biomass information on wood yield, the potential energy yield can be estimated. 
This information is also important in agroforestry uses of A. rnangium. as woody 
parts of the tree may be harvested as fuelwood. This is important in modem 
forestry as well. since plantations are viewed as potential sources of biomass 
energy. 

Another derivative of biomass information is the trees' carbon yield. With 
the current concern over the global environment and the increase in the carbon 
dioxide content of the atmosphere. plantations of fast-growing species can be 
important carbon sinks. As a rough estimate, the carbon content is approximately 
half of the biomass (Brown and Lugo 1984). 

Nutrient Cycling 

The importance of nutrient cycling in the nuh-wnance of natural ecosystems is 
well known. The patterns of cycling in temperate plantations arc also fairly well 
researched and understood (Miller 1984). The processes of nutrient cycling in A. 
mrrtrgirun stands arc not likely to be very different, but the rates and quantities 
involved arc, less well undcrstcwd. cspcciall y in rclation to the stages 01' growth. 
This requires quantitative assesmerit of the nutrient content of the standing tree, 
the nutrient requirements for growth, and the quantities being recycled. 

Table 8.4 shows data on nutrients in A. mmgirtm stands. The high N content 
is attributable to the tree's nitrogen-fixing ability. The contents of the other 
nutrients, such as P. K. Ca, and Mg. can be considered average and are compa- 
rable to those in natural forest stands. 

Future Research 

Tal~le 8.4. Nurricnr contcnrs of A. ttwngium srands and leaf litter 

Reference Y antasath ct al. ( 1986) Lim ( 1989) Halenda ( 1989) Lim ( 1989) 
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For more efficient harvest of A. mrigirun for various uses, growth and yield 
studies need to be pursued more intensively. The species will likely be planted 
under a wide range of conditions. from agroforestry systems to industrial planta- 
tions. The planting objectives also vary: in addition to the conventional tree 
products of wood, pulp, and cellulose, the spccics will be planted for fuel and 
chemicals. In view of this diversity, measures of yield must be broadened. An 
important aspcct of growth and yield studies for such diverse uses is the ability to 
synthesize infornmat ion rapidly and effectivel y, through dcvclopnmenl of computer 
models for forecasting growth and yield. MPTGro, a growth simulation model 
for fast-growing trees, represents a step in this direction. Efforts are now under- 
way to model the growth of A. mrrrrgirlm using MPTGro. 

Summary 

The considerable anmount of information published on the growth of A. mrrrlgirlm 
confirms that the spccics can achieve an MA1 i n  dbh of up to 5 cnm and MA1 
hcight of up to 5 nm in  thc first four or five ycars. However. growth declines 
rapidly aftcr scvcn or eight ycars and except under very ideal conditions or over 
long (>20 ycars) periods, the tree probably will not grow beyond 35 cnm i n  dbh 
and 35 nm in  hcight. 

Application of volumc yield tables on a sanmplc tree with dbh 20 cm showed 
that various cstinlatcs using hcight and dbh arc quite similar. wilh values ranging 
from 0.1 85 nl3 to 0.220 nl3. Bionmass estimates for this sanmplc tree, using biom- 
ass cquations for plantation conditions. range between 160 and 183 kg, suggest- 
ing that thcsc equations may be generally applicable. 

Dbh, hcighr. and even sitc indcx have bccn used as variables in modelling 
yield. Using the minimum number of variables can reduce time, expense, and 
errors in recording parameters that arc difficult to nlcasurc. In predictions of 
volumc and biomass yield. dbh alonc appears to providc sufficiently accuratc and 
reliable estimates. 
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Chapter 9 

Insect Pests 

Chaweewan Hutacharern 

Introduction 

The rapid increase in forest plantation establishment in South and Southeast Asia 
with fast-growing, exotic tree spccics, often in monocultures or with a few high- 
yielding varieties, tends to narrow the genetic base. Particularly for an exotic 
species. this reduction in  diversity of species. tree age, and generic variation 
produces conditions favorable lo the spread of pests. This chapter describes 
insects that attack living Actrcitr mtrrrgirun trees. Insects that attack timber and 
wood products arc not included here. 

Very few insects causc significant problems to A. mtrt~girtm. The countries 
covered in the survey for this chapter wcrc Indonesia (Selandcr 1990). Malaysia 
(Hamid l987), the Philippines (Brua 1990b, 199 1 a, 1991 b), and Thailand 
(Hutacharern and Choldumrongkul 1989; Hutacharern et al. 1988). Many articles 
in the literature mention insects only by name, with no funhcr details. In some 
cases, insects' host plants arc identified only to genus level as they wcrc rcponed 
in the surveyed arlicles. For example, Nobushi and Hariyono (1987) list insects 
damaging Actrcitr without specifying thc tree spccics, thus it is no! ccnain 
whether they arc pests of A. mtrngirtm. They are: Coccrts elongtrrrts Signoret, 
Desmeocrcrertr vnritr Jansc, Ericeitr irrtrng~tlcrrr~ Guknec, Mert~r~c~srricr ilyrrcrctr 
Crarncr, Opi~iristl jtrritrtrr Linnc, and Ri~rrdinosom~ts ltrcordnirei Pascoe. 

The reader can use Table 9.1 to idcntify insect species from type of damage 
and symptoms before looking up the spccics descriptions in the text. Insects for 
which sufficient details were available are presented below, arranged alphabetj- 
cally by genus, with their family, known host trees, distribution, description, 
biology and habits, economic importance, and control measures. 

Some insects were rcponcd generally as pests of A. mnrlgirtm because they 
were unintentionally intercepted in their feeding in the course of a pest survey; 
these do not cause any significant damage. Others were reported as potential 
pests, but were not identified to the species level. In these cases, thr, insects are 
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Table 9.1. Summary of insect damage and associared pesr(s), by symptoms 

Leaf damage 
Curling leaf, stunred shoo1 Aciuia sp. 

Leaves rolled, young shoors consumd A rchips rrlicacaena 

Dcfoliarion 

Defoliation. prescncc of larval cases 

Chnraxes solon sulpltureus, 
Colasposorr~u igneicolle, 
Hyporrleces squctrr~osus, Orgyiu 
rurbara. Thosea asigntr. 
T. bipanirtr. Vulanga nigricomis 

Defoliarion of' young leaves Eurmltr ltecrrbe 

Discolorarion and nccroric spors ou leaves. Helopeltis spp. 
malformed shoors 

Nccrotic spors on  lcavcs Piezodcrus ruhroJ~~srit~rus 

Secdling damage 
Par1 or whole seedling consunx'd Nisirrw vi rrtrrus 

Ilranch and stcm dan~agc 
Branch and srcm near lhc shoo1 arc girdled and Ctrllimeropus .gloriosus 
broken 

Bark consumed, larval prolccrivc web covcr prcscnr Indurbelu qundrinornlcr 
011 stem 

Loose bark, dead branches X.vsrrocertr globostr 

Galls on branch, branch broken a1 girdling poinr Sugru ferl~omlci 

Branches or small slcnls hrokcn a1 girdling poiill Sinoqlon trrurle 

Branches or small srcms hrokcn a1 girdling point, 2uzertr cofle(re 
tiass pcllcts prcsenr ar base of tree 

Hoot dan~agc 
Wilting, mud covcr on bark 

Willing 

l'rcmarurc fruir drop D!:~dercus cingularus 
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listed in the appendix along with the source references where they were men- 
tioned. 

The text specifies "host trees," not "host plants"; many insects are plypha- 
gous. meaning they feed on an almost endless list of agricultural crops. For 
brevity and relevance. only forest trees are listed here. 

The information under "type of damage" describes the insect's general habit; 
although some details may not occur on A. mmgium; they are still more or less 
applicable. 

Control measures suggested result from a review of available literature. 
Where control of certain insects could not be found in the literature. the author 
has used her judgment and experience to suggest what can be done. However, no 
experiments or trials were performed to supprt  this opinion; readers with 
entomological experience are therefore encouraged to amend the information 
with their own experience. The reader should remember. also. that trees can 
tolerate a surprisingly high level of insect damage with little or no effect on 
growth and survival. The damage described in this text does not always imply the 
need for insect suppression or control. Where insect damage becomes intolerable, 
remedial action is then indeed required. 

Regular surveys of inscct population and inscct damage should take place 
even when the pest population is at sn endemic level. Perceptions gained from 
such regular visits provide the grower with the basis for an educated guess as to 
when an insect becomes a pest requiring pest management. An insect becomes a 
pest only when its interference adversely and significantly affects the production 
system. In general, a pest management program is introduced only when the 
population reaches an economic threshold. An economic threshold is the popula- 
tion level that produces damage equal to the cost of preventing that damage. 
Thus. cost-benefit must be considered before undertaking pest control manage- 
ment. Forest insect control cannot be based on a nonrational assessment of 
damage, for insect damage is not restricted to economic valuc of the crop, but 
also the costs to the area's recreational valuc. Economic importance is included 
for each species to help the forester diagnose this level of damage. 

Pest Descriptions 

Acizzia sp. (Jumping plant louse) 

Family: I'syllidae 
Host trees: Actrcitr mrrrlgim. A. trrtricrrlifonnis, and Pt~rtr.~eritrr~fl~es,ftrlctrfcrricr 
Distribution: Philippines 

- 

Description 
A&&: Yellowish-brown head and thorax, bluish-green abdomen; in some 
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individuals, abdomen is yellowish-brown. It measures 1.8-2.1 mm long from 
head to wing tip. The front wings are brownish and densely covered with promi- 
nent, dark brown spots on the apical half. Very active insect. m: Light- 
orange, blue-green. shiny, oval to nearly circular. 

Biology and Habits 
The nymphs infest acacia shoots. usually colonizing and feeding at the base of 
the internodes, or near the axil between the leaves and the stem of the apical part 
of the shoots. Their concealed feeding site makes the nymphs less noticeable. 
Some nymphs feed at the buds. Adults suck up on either sides of the leaves and 
on leaf margins. 

Economic Importance 
Psyllid infestation results in curling leaves. stunted growth of the terminals, and 
an unusual number of branches on the shoots. A chocolate-brown honey secre- 
tion covers the infested shoots. Severely and repeatedly infested shoots become 
completely defoliated, stunted, and bushy. 

Control 
Although attacks by A c i ~ i t r  on  A. mtrrrgirtm arc not as serious as those of the 
leucaena psyllid (Heteropsylltr crihtrncr) on L.errccrerrcr lertcocephcrlcr, some control 
strategies developed for the leucaena psyllid can also be useful for A. rncrtrgiurn 
growers. Many introduced coccinellids have greatly helped to reduce leucaena 
psyllid populations. Crtrirrrts coenrleris has been inuoduccd into several South- 
east Asian countries with good results. Growers should also select for psyllid- 
tolerant varieties and hybrids of A. mtrrrgirtrn. 

Archips (Cacoecia) micacaena (Leaf roller) 

Family: Toruicidae 
Host trees: Acncicr nrclhiccr, A. mcrngirrm, A. triloticcr. Albizicr procern, 
Azndirnchtcr irrdicn. Bornhcrx mcrlnhnricrtm, Brtcklnridicr popriltretr, Ccrssicr Jistrrla. 
Cedreln toonn, Dalhergitr sissoo, Dillerritr indictr, Eitcnljptrrs ccrmtrldrilensis. 
Gmelincr crrlmreu. Lnrrtcrnn crcrilecrttr, Mcrngifrru indictr, Michelin chcrrnpaca. 
Morris itrdiccr, Sntrtcrlrim nlhrim. Syzygirim crimirlii, Tectorrn gmrrdis, Terminnlicr 
tomeritoscr, Tootrcr ciliatcr 
Distribution: Throughout Asia and Africa 

Description 
Adult: Brownish front wings, expanding to 2-2.5 cm. mottled with light brown 
and silver, usually forming two large patches on the front margin in the female; 
the male does not have the patches. Hind wingsare orange-yellow in both sexes, 
without marking. a: Yellowish. laid in mass as yellow patches on young leaf 
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(Plate 9.1). J .arra: Body is pale green with black head and brown sclerotized 
pronotal shield. 

Biology and Habits 
Polyphagous on dicotyledons and has occurred on citrus. soya, strawberries, and 
many other agricultural crops. From shortly after the buds open. thc larva webs 
leaves together and feeds on their epidermis and mesophyll within the shelter 
thus formed. When about 2 cm in length. the larva pupates within the folded or 
rolled leaves. From this pupa the moth emerges. Within a few days they mate and 
lay eggs in mass. The egg masses which contain 50-200 eggs are flattened. Egg 
stage lasts 3-5 days. The larva has 4 instars; larval stage is 14- 18 days. Pupation 
occurs in a thin cocoon in the rolled leaf. After 5-7 days. the active moth 
emerges. During the day. the moth hides itself in cool places or shaded areas. The 
adult lives 7- 10 days. 

Economic lmportance 
Seedlings are most affected. Young shoots arc consumed. causing latcral shoots 
to develop. This insect is an important pest on agricultural crops. 

Control 
When control is needed. spray monocrotophos, nicthaniidophos, or nicthomyl on 
young shoots. 

Callimetopus gloriosus 

Family: Cerambycidae 
Host trees: Actrcicr rrurrrgirrm. Pt~rt~seritrntl~es,f(rlctltcrricr 
Distribution: Philippines 

Description 
Adult: Medium-sized beetle. 1.5-2.0 cm long and 5-8 mm wide; metallic pur- 
plish-black with white markings. m: Legless. elongatc. and cylindrical with a 
slightly broader and flat anterior. The body is yellowish white, the hcad black. 
Full grown larva measures on average 4 cm long and 8 mm wide (Braza 1991b). 

Biology and Habits 
Adults girdle-prune succulent shoots. while larvae bore inside the stem and 
branches. 

Economic lmportance 
Both adult and larva are destructive to young mangium trees. The adults girdle 
and usually cut branches near the shoots, causing-some to die starting from the 
tip downward. Surviving branches sprout and become bushy. In sevcrc infesta- 
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Plate 9.1. Egg mass of Archips tnicacaena. Plate 92 .  Charaxes solon sulphureus adult. 

tions, beetles may cut most or all of the branches of a single tree. Braza (1991b) 
reported up to 5% of all trees in plantations in the Philippines may become 
infested. The damage does not result in death, but suppresses tree growth and 
makes the trees bushy. 

Control 
Spray chlorpyrifos or fenvalerate on branches when needed. 

Charaxes solon sulphureus Rothschild and Jordan 

Family: Nymphalidae 
Host trees: Acaciu mungium, Xylin xylocarpa 
Distribution: Northeast India, Myanmar (Burma), and Thailand 

Description 
m: Dark brown with pointed tails at the end of the vein 2.4 of the hind wing. 
Both wings are crossed by yellow bands, which in the forewing is made up of 
separate discal spots. Wings span 7.5-8.0 cm. (Plate 9.2). &g: Spherical and 
whitemwith brown streaks. L-: The caterpillar is characterized by long, paired 
filaments, a branchinb spine or a homed head. There are two pairs of filaments 
on its head: the center pair is longer than the adjacent ones. Between the center 
pair there is another short pair showing as horns. The tips of these filaments are 
reddish brown. The posterior end has one pair of appendages which are brown at 
the tip (Plate 9.3). These appendages disappear in the last larval stage. The body 
is dark green with a yellow line that runs laterally across the body. A fully grown 
larva is 5.5-6 cm, and has 3 pairs of legs and 5 pairs of prolegs. m: Green 
color, 2-2.5 cm, oval shape pointed at one end. 
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Biology and Habits 
The female lays eggs singly 
on a leaf. The hatched larva 
feeds on the upper side of the 
fully developed leaf. The full- 
grown larva moves to the 
underside of the leaf or leaf 
petiole and pupates. Pupal 
stage lasts 5-7 days. Develop- 
ment from egg to adult takes 
at most 3 weeks. 

Economic Importance 
Plate 9.3. Larva of Charaxes solon sulphureus. 

Larvae defoliate some forest trees. but they are not major pests. 

Control 
Use Bacillus tlzuringiensis as a biocide to control larval stages. 

Colasposoma igneicolle Baly 

Family: Chrysomelidae 
Host trees: Acacia aunculiformis, A. mangium, Cassia garettiana, Combrerum 
quadrangulans, Croton longissima, Dipterocarpus tubercrtlatus, Erlcalyptus 
camaldulensis, E. torelliana. Lngerstroemia speciosa, Pterocarpus macrocarpus, 
Xylia xylocarpa 
Distribution: Thailand 

Description 
Adult: Bright green sometimes with blue metallic reflection; body is oblong and 
clothed with very short pubescences, 5-6 mm long. 

Biology and Habits 
Adult feeds on leaves and young shoots. 

Economic lmportance 
It has not occurred as a major forest pest. but is to some extent injurious in the 
adult stage. In 1987, heavy defoliation was noticed in young Eucalyptus 
camaldulet~sis plantations in Thailand. 

Control 
Spray monocrotophos or azinphos-ethyl on young - plants when the beetles' 
population is high. 
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Coptotermes curvignufhus Holmgr. (Termite) 

Family: Rhinotermitidae 
Host trees: Young plantations of Acacia mangium and many other tropical tree 
species appear to very susceptible to attack. In Malaysia, Hamid (1987) also 
reported Coptotems sepangensis destroying A. mangium. Nobushi and 
Hariyono (1987) identified the host tree genera as Albizia, Araucaria, Eucalyp- 
tus, Fagratae, Ficus, Gmelina, Hevea, Hymenaea, Mangifera, Pinus, Salix, 
Shorea, Tectona. 
Distribution: Sumatra (Indonesia), Malaysia, and Thailand 

Description 
-: Head and antennae yellowish; mandibles dark reddish brown, yellowish 
brown at bases; pronotum pale yellow. A distinct opening of the frontal gland on 
the head capsule from which, when alarmed, it produces a white fluid. These 
soldiers may compose up to 12% of the colony. -: Small. black- 
brown with silvery wings and fast moving. More taxonomic details are described 
by Ahmad ( 1965). They are remarkably efficient at penetrating living trees as 
well as dead material. This termite can easily be 
noticed, as it builds runways of soil and faeces 
on a tree's bark. In defense, the tree exudes a 
thick clear fluid. 

ology and Habits 
This is a damp-wood termite, living partly 
above and partly below ground. Nests can be 
found in dead stems above or below the ground 
and are connected by 6-mm high tunnels up to I 
90 m long at a depth of 30-60 cm (~alshoven 
198 1). The termites make mud covers on the 
bark of tree trunks. sometimes to a height of 4 m 
(Plate 9.4). intended to protect the colony from 
other insects, birds, and heat (Harris 1964). 

Economic Importance 
This termite is of major economic importance, 

Plate 9.4. Mud covering made by as it feeds on young seedlings* roots or stems Coplo,,, curvignorhus on 
near the ground and penetrates to the heartwood. mnk. 
Attack on trees is primary, regardless of wounds 
or decay; the termites may enter through the root or above ground. During 
drought periods young trees can be attacked, causing wilting. In mature trees, 
termites may eat through the inner bark and occ&ionally cause death (Plate 9.5). 



Acacia mangium Growing and Utilization 

Damage is greatest in dry plantation sites after 
the clearing of old forests, and on low-lying, 
moist sites. 

Control 
Damage prevention is the best form of control. 
After clearing the ground, destroy all wood 
before replanting the land. Sajap and Jan (1990) 
tested two entomopathogenic fungi-Beauvena 
bassiana and Metarhizium anisopliae-to 
control Coptorennes curvignathus. and found 
that both fungi could cause mycoses to the 
termites. M. anisopliae is evidently more 
pathogenic than B. bassiana. If control is 
needed in a high-risk area, apply a water 
solution of chlordane 1.0% or dieldrin 0.58 
around the affected area and nearby; best results 
are obtained when the solution soaks at least 15 

Plate 9.5. Large section of bark 
damaged by C. curvignathus. 

cm into the soil. 

Cryptothelea (=Clania) variegata (Snellen) (Bag worm) 

Family: Psychidae 
Host trees: Acacia mangium, Albizin sp., Ceibn penrandra, Deguelia sp., Hevea 
brasiliensis, Casuarina sp, Cinnarnomum carnphora, Pinus merkusii. Sllorea 
robusra 
Distribution: India, Indonesia, Malaysia, Philippines, and Thailand 

Description 
Adult: A large bagworm moth, the female is wingless. m: The larval case is 
4-7 cm and covered with all sorts of dry material. Hatching larvae are less than 1 
mm in size. 

Biology and Habits 
Newly hatched larvae spread rapidly, hanging on their silken threads. Within 24 
hours they make a small case of brown-grey, shiny webbing. The larvae grow 
rapidly and after 2 months the cases are about 4 cm long. The total development 
takes 3.5-5 months. Females produce 450 eggs each, never leaving the case in 
which both pupation and oviposition occur. 

Economic Importance 
Due to their large size and the fact that they feed actively for two months, 
outbreaks can occur suddenly given conducive environmental conditions. En- 
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demic outbreaks have occurred in Java, Indonesia. It is more often a pest of 
agricultural crops, including cassava, coffee, and cocoa. Outbreaks on agricul- 
tural crops are believed to have begun with the defoliation of forest trees. 
Kalshoven (1981) reports that defoliation in Sumatra occurred in part on Casua- 
ritla and Pitrrrs merkusii plantations. 

Control 
The best control is to handpick the cases and destroy them. Pesticidal spray can 
also be applied to foliage during the larval stage: use monocrotophos or endosul- 
fan at a rate of 20-30 cc in 20 1 of water and mix with wetting agent. 

Dasychira mendosa Huebner (sy n. D. fusiform Walker) 

Family: Lymantriidae 
Host trees: Acrlcirr mntlgirrm, A. cr~rechrr, Alerrrites fordii. A. mot1 tntrn, Brrtea 
motlosperm, Cnssiu fistula, Ceihrr petrtatldru, Citltlmomwn zeylatuhn, 
Dalbergia sissoo, Ficrts spp.. L.agersrroemirr speciosrr, Matlgifera indica, 
Palaquium gutr~,  Satltalum albrrm. Scl~leicl~errr trijrrga. Sl~orea robusta, Tectotlu 
grandis, Termirztrlin hellericrr, T. ctr rrrpprr, T. rometmstl, Zizyphus mrrritiana 
(Brownc 1968). 
Distribution: Throughout Southeast Asia. also in Australia, India, Sri Lanka, 
and Pakistan 

Description 
A&& wings span 1.3 cm; markings on fore wing vary, with shades of brown, 
hind wing is pale. creamy yellow. &g: Masses of yellow. m: Red head, body 
greyish or yellowish. spotted with stripes and having long tufts of whitish hair; 
full grown larva is 2-3.5 cm. m: Pupates in cocoon spun from larval hair and 
attached to a partially rolled leaf. 

Biology and Habits 
Larval stage lasts 3 weeks, pupal stage ahour 1 week (Chey 1987). 

Economic Importance 
Larva feeds on foliage of many plants, sometimes causing severe defoliation. 
This species is mainly a pest of agricultural crops (castor, coffee, maize, and tea). 

Control 
Use Bacillrrs tllrrritlgietlsis as a biocide to control larval stage. A botanical 
insecticide made from neem (Azrdiruclltri indictl) seed kernels crushed and 
soaked in water is also recommended for direct spray on the caterpillars. 
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Dysdercus cingulcltus Fabricius 
(Red seed bug) 

Family: Pyrrhocoridae 
Host trees: Acacia auriculifonnis, A. 
mangium, Albizia procera, Bombax 
malabaricum. Dalbergia donnaiensis 
Distribution: Australia, India, 
Malaysia, Pakistan, Solomon Islands, 
Sri Lanka. and Thailand 

Description 
Adult: Bright red bug with the apical 
membranous part of the wings black. 
the red portion of the front wing 
having one black spot (Plate 9.6). The 
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cingulatus). 

body is 1.2- 1.6 cm long and is easily recognized by the white band hchind the 
head and on each segment of the abdomen. Epg: Eggs are laid in loose mass, 
oval, 1.5 mm long and 0.9 mm wide. Newly laid eggs are white and turn orange 
when ready to hatch. m: Resembles the adult, except that wings are not 
maturely developed. 

Biology and Habits 
One of the most common insects in cultivated land. Both nymph and adult feed 
on the sap of the more tender parts of host trees. Adults do not fly readily. A 
female lays 100 or more eggs in the soil and after oviposition the bug camou- 
flages the site with soil particles or other debris. Egg stage lasts 4-8 days. The 
nymph period varies from 26-39 days according to the season and local climate. 
The adult lives 28-43 days. The nymph and adult feed gregariously and are often 
numerous on Bombax malabaricum in India during March and April, when trees 
are flowering and the pods are ripening. They feed also on the sap of seeds fallen 
on the ground. The bugs multiply considerably on ripening pods of Ceiba 
pentandra and cotton bolls (Kalshoven 198 1). 

Economic Importance 
This insect's feeding results in premature fruit drop and reduced seed germina- 
tion. Damage to forest trees is negligible. 

Control 
Spray with Monocrotophos, methamidophos, or triazophos. 

Eurema (Terias) blanda Boisduval (Yellow butterfly) 
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Family: Pieridae 
Host trees: Acacia mangiwn, Artocarpus fraxinifolius, Albizia chinensis, A. 
lebbek, A. odoratissima, Cassia fistula, C. donosa, Paraseriantlies falcataria, 
Xylia xylocarpa (Beeson 196 1 )  
Distribution: India, Malaysia, Myanmar (Burma), Sri Lanka 

Description 
Adult: Bright yellow buttemy, black-bordered wings that span 3.5-5 cm. Larva: 
Full grown, 2.5 cm, green with pale lateral stripes and a black head. w: Black, 
somewhat flattened and attached to the plant by its caudal extremity. often 
forming a conspicuous cluster (Browne 1968). 

Biology and Habits 
Life cycle ranges from 40-50 days, depending on the weather; there are several 
generations per year. It is found at altitudes up to 1,500 m. Adults habitually fly 
low, oft en migrating in large swarms. Eggs, which are laid in clusters on the 
under sides of leaves, are rarely placed higher than 5 m. Larvae feed gregariously 
on the leaves, devouring all tissues except the midribs. 

Economic Importance 
Frequently a destructive pest of nurseries and young plantations of forest and 
shade trees. 

Control 
Same as for E~tremo llecobe, below. 

Eurema flerias) hecabe Linnaeus (Common grass yellow butterfly) 

Familv: Pieridae 
Host trees: Acocicr spp., Alhizin 
procera, Cnssinjistrtlo, C. sic~rnea, 
Paraserin~ithes fnlcotoricr, 
Pitliecellohium drtlce, Sesbolic~ spp., 
Tectona grandis 
Distribution: Widely distributed in the 
tropics from Africa eastward through 
southern Asia and Australia to the 
Pacific islands 

Description 
m: Wings are lemon yellow with a 
black border and two large excavations 
on the upper side of the forewings (Plate 
9.7); the underside is yellow without (Eurerna hecabe). 
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black border. The forewing is 
lemon yellow. Usually the 
female is paler and more 
broadly black-bordered than 
the male, but the species 
exhibits such wide variation in 
size, color, and markings that 
no two specimens are alike. 
m: Yellowish-green with a 
pale lateral line, black head 
(Plate 9.8), attaining a length 
of about 2.5 cm; feeds princi- 
pally on foliage of 
Leguminosae, sometimes injuring various agricultural crops. m: Leafy-green 
color, hangs head downwards from twigs and the veins of leaves. 

Biology and Habits 
The egg stage is 3-4 days, larval stage 10-12 days. Chey (1987) reports a pupal 
stage of 6 days and butterfly life span of 2-3 days. Adults swarm on damp 
patches of road. The insect occurs year-round, with population highest during the 
rainy season when new flushes of leaves are abundant. 

Economic Importance 
In Fiji, larvae have heavily defoliated isolated Cassia siamea trees, showing a 
preference for young leaves. In Peninsular Malaysia, severe but brief outbreaks 
of the subspecies E. hecabe contubemalis Moore have occurred during dry 
weather in plantations of Paraserianthes falcatana (Menon 1958, cited by 
Browne 1968; Morimoto and Raros 1979) and in nurseries and young plantations 
of Tectorla grandis (Menon 1963). 

Control 
Bacillus thitrir~gier~sis Berliner is an effective biocide to spray (10 g in 20 1 of 
water) while larvae are in an early stage or actively feeding. 

Helopeltis spp. (Mosquito bug) 

Family: Miridae 
Host trees: Acacia mangium, Anacardium occidentale, Bixa orellana, Cacao, 
Cinchona, Ciruwmomum camphors, Erythrina spp., Melia azedaracll, Swietenia 
SPP. 
Distribution: Helopeltis species are found in many countries: H. cirlchonae and 
H. bradyi in Malaysia; H. antonii Signoret in India, Malaysia, and Thailand; H. 
anacardii Miller and H. schoutedrli Reuter in Africa; and H. theivora in India. 
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Species have also been collected in Brazil, Inaonesia, Papua New Guinea, 
Philippines, Sri Lanka, the United States, and Europe. 

Description 
Adult: The elongate body measures 6-8 mm long, depending on the species, with 
antennae about 1 1 mm; white abdomen and greenish-brown wings. The male 
adult's head is black with white markings. The female is white to light yellow 
ventrally and yellow to orange dorsally. These insects can be distinguished by a 
fine pin that projects upwards from the scutellum of nymphs and adults. Mirid 
are commonly called 'mosquito bugs,' as they resemble mosquitoes in flight. 
(Harnid 1987). Epp: Tabular in shape with a cap bearing two fine, white fila- 
ments which are externally visible under a stereomicroscope. -: Resembles 
adult, wings are in the developing stage, orange in color. 

Biology and Habits 
Lays eggs 2-3 days after mating, singly or in groups of 2-6 and inserts them into 
soft plant tissues. Helopeltis is capable of producing 1-20 eggs per day until 
death. Egg stage lasts 1-4 weeks. depending on the temperature. Nymphs go 
through 5 instars within 3-4 weeks. The adult stage is 2-3 weeks. Both nymphs 
and adults feed at night, sucking plant sap primarily at the underside of the leaf 
edge. 

Economic Importance 
Can cause dark discoloration and necrotic spots due to toxic saliva injected into 
feeding punctures (Lamb 1974 cited by Hamid 1987). The growing points 
become malformed or dead. The infestation in Sibu, in Sarawak, Malaysia, cited 
by Hamid (1987) was mild and no congregation of nymphs was found on any 
single tree. 

The insect is polyphagous, with a host range that includes crop plants, fruit 
trees and various wild and cultivated legumes. It is a pest on cocoa, tea, gambier, 
and many other plants. It can reduce tea yields by up to 80%. while on cocoa a 
heavy attack has been recorded to cause abnormal tree growth (Kalshoven 1981). 
Effects are distorted growing tips and buds and necrotic spots and burning effects 
from phytotoxic reactions attributed to the insect's salivary juices. Helopeltis also 
causes oviposition injury to the plant stem. 

Control 
To prevent damage, eliminate weeds that serve as secondary or alternate hosts of 
Helopelris spp. Mixed species plantations also help to prevent epidemics. Use 
particular vigilance from July to December, or infestation can easily be over- 
looked until it is too late for effective action. Chemical control is quite controver- 
sial, but is effective when promptly and properly applied. Suggested insecticides 
are malathion, fenitrothion, carbaryl, and trichlorfon. 
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Hypomeces squamosus 
Fabricius (Green weevil) 

Family: Curculionidae 
Host trees: Acacia 
auriculiformis, A. mangiurn, 
Achras zapota, Aleurites 
r n o n t m  Artocarpus integra, 
Bornbar malabaricum, Cassia 
fistula, Casuarina equisetifolia, 
Ceiba pentandra, Eucalyptus 
torel liana, Flindersia 
brayleyana, Hevea brasiliensis, 
Lagerstroemia speciosa, 
Mangifera indica, Palaquium 
gutra, Paraserian thes 
falcataria, Pterocarpus indicus, 
Tectona grandis squamosus. 
Distribution: The Orient 

Description 
A&&: A short snout weevil. 1.3-1.5 cm long, covered with two layers of shining, 
powdery colored dust (Plate 9.9): outer layer is golden-yellow, inner layer is 
greenish yellow. Underneath these layers is black. L w :  Grub-like, greenish 
white, fully grown larva is 1.5-2.0 cm; stout and tapered abdomen. It is less 
curved than the melolonthine larva with which it is frequently confused 
(Kalshoven 198 1). 

Biology and Habits 
The female lays eggs in the soil and they hatch after 10-15 days. The larva lives 
and pupates in dry soil, pupation taking 10-15 days. The larva feeds on roots or 
root collars of gasses and shrubs, sometimes injuring hill rice, maize, sugarcane, 
tobacco, and other crops. Beetles occur throughout the year but are most abun- 
dant from May to July. The male lives only 8 months, the female for 12 months 
(Choonhawongse et al. 1982). The adults, which often occur in large numbers, 
are polyphagous on foliage of dicotyledons, devouring young, tender leaves from 
the edge inward, but on older leaves eating only the softer tissue between veins. 
When disturbed on host trees, weevils drop to the ground without taking flight. 

Economic Importance 
The species is very common in Southeast Asia, where it often causes damage in 
forest nurseries. The foliage of heavily infested trees becomes soiled with 
characteristic pellets of excrement. Hypomeces is also a frequent minor pest of 
cover crops in Hevea plantations, although Hevea itself is rarely heavily infested. 
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Control 
Drop weevils onto the ground by shaking the host trees, then sweep them up and 
drown them in soapy water. Chemical sprays using carbaryl (50% WP 40 g), 
methamidophos (60% SL 30 cc), or monocrotophos (60% WSC 25 cc) in 20 1 of 
water are also effective. 

lndarbela quadrhofafa Walker and I. phaga (Bark caterpillar) 

Family: Indarbelidae 
Host trees: Acacia n~triculifonnis, A. carechu. A. rnangirtm, Albizia chinensis, A. 
procera, Artmarprts it~tegra, Casrtaritln equisetifolia, E~tcalyptrts cnmnldrtlensis, 
E. deglrtpta, Gmelitltr arboretr, Lqersrroemia speciostl, Mar~gifertl irrdica, 
Paraserinrtt/les,ftrlcataritr, Pelrophontm prerocn~prun, Strmmretr samntr, 
Syzygium cimitrii, Tecrotrtr grtrtrdis, Termirlnlin myrioctrrptr, T. srtperl)tr, Xyliu 
xylocarpa 
Distribution: The Orient 

Description 
m: Wings sprcad lo 4.0-5.0 cm (I. phcrgtr wingspan is 3.0-4.0 cm); while with 
dark grey spots throughout the wings, more dense at the base (I. phugtl has grey 
spots lined across the middle of the front wing). Forewings are longer than 
hindwings. When wings are spread, half of the abdomen extends longer than the 
base line of the hindwings (Plate 9.10). m: Active, dark grey, 4-5 cm long (I. 
p/~tlgt~ 3.0-3.5 cm). strong mandible. body smooth with dark corneous patches on 
the body segment. m: 2.5 cm. brown and slender (pupa of I. pllagtr is smaller). 

Biology and Habits 
Larval feeding of I. c~~ttrdrirrottrttr begins early in the rainy season when bark is 
soft; i t  feeds only at night. The larval period lasts 10-1 1 months, from June until 
the following April. The larva bores a short burrow down into the wood and, 
using this as a day shelter, forages on the surface of the bark at night under the 
protection of a tunnel made of silk mixed with excrement and bark fragments 
(Plate 9.1 1). These tunnels may extend for some distance from the shelter 
burrow, and a considerable area of bark may be damaged by a single larva. A 
heavy infestation may destroy most of the outer bark of the stem. Pupation occurs 
in the shelter burrow. which measures 10-15 cm long. This is easily observed. as 
it is the beginning of the feeding tunnel. Pupation lasts for 2 weeks, occurring 
from March until April, with a pupal period of 20-31 days. Adults emerge from 
late April until June, leaving pupal cases visible at the dwelling tunnels, as occurs 
also in the family Cossidae. The adult lays eggs ingroups on the bark of the stem 
or branches. Each female may lay nearly 2,000 eggs. The generation is annual, 
but in Myanmar (Burma) there are apparently 2 generations each year (Nobushi 
and Hariyono 1987). 
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Plates 9.10-11. lndarhela phaga (left) with pupal case at thewound; (righ1)tunnel on 
Cassia fistula. 

Economic Importance 
The caterpillar feeds on the outer bark of trees more than 2 years old. leaving 
visible wound patches around the stem. The larva makes a dwelling tunnel at the 
joint between branch and trunk, causing the trunk to break at that point, as with 
Eucalyptus deglupta in Thailand. Feeding on small branches and thin bark causes 
death to the upper part of the wound. The insect attacks trees of fairly small to 
large size; trees are not killed directly but injury results in reduced vigor, expo- 
sure to infection by wound parasites, and degradation of the wood. Probably 
some damage attributed to this species is actually the work of Irldarbelu 
tetraonis. but hdnrbeln is known to be an important pest of casuarina planta- 
tions in parts of India (Browne 1968). 

Control 
The following methods have been employed: 

1. Using stiff wire 1 0  c m  long, push into shelter burrows to kill larvae. 

2. Spray the stem surface with nematode Neoaplectanri carpocapsue during 
the rainy season. 

3. Inject the trunk with mathamidophos (60% SL) while larval feeding is 
still active. The rate is 5 cc in 15 cc of water; 20 cc of the solution can be 
injected at each point. The number of injection points depends on the 
size of the tree; they are usually spaced 20 cm apart and should be 
located spirally. Trunk injection is recommended only for very fast- 
growing species like A. marzgium, and only for high-value trees, such as 
those in seed orchards. Slower-growing trees can be sprayed on the stem 
surface with the same insecticide at 25 cd20 1 of water. 
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leucopholis inorafa (Chevrolat) (White grub) 

Family: Scarabaeidae 
Host trees: Acacia mngium, Arltocephalus cadamba, Eucalyptus deglupta, 
E. urophylla, Paraserianthes falcataria, Pinus caribaea, P. merkusii 
Distribution: Philippines 

Description 
Adult: Large beetle, 3.5-4.0 cm, reddish brown; tip of abdomen extends beyond 
elyua. J mva: Curved, milky white, robust bodies with three pairs of prominent 
legs and a brown head. The hind part of the body is smooth and shiny, the body 
contents showing through the skin. Two rows of minute hairs on the underside of 
the last segment distinguish the true white grubs from similar-looking larvae. 
Mature larvae measure 5-6 cm long and 1 - 1.5 cm wide. 

Biology and Habits 
Larvae live in the soil and are known as white grubs. The larvae hatch from eggs 
laid in wood tissues at or near the cut ends of branches. The larva cuts I-mm 
diameter holes at irregular intervals along the sides of branches through which 
frass extrudes. Adults fly about during the night, and feed on tree foliage. They 
leave the soil at dusk and remain on the trees during the night, mating and 
feeding. At the first sign of dawn, they return to the soil, where the females lay 
their pearly white eggs. The eggs are generally laid in grasslands or patches of 
grassy weeds in cultivated fields. The eggs hatch in 2-3 weeks. and the young 
grubs feed on the roots and underground parts of plants until they change to the 
pupal stage in cells or cocoons. 

Economic Importance 
A common major pest of agricultural crops and fruit trees in the Philippines 
(Baltazar and Salazar 1979), the larvae damage mangium seedlings by feeding on 
roots up to the root collar (Braza 1987). The leaves of an infested seedling turn 
yellow. The whole plant becomes severely stunted and ultimately dies. The white 
grubs attack seedlings ranging from a few days to about six months in age. In a 
severely infested plantation, white grub damage may affect 5% of all seedlings 
(Braza 199 1 b). 

Control 
Treat seedbeds immediately after planting with carbofuran (3% G at a rate of 10 
kg per acre. or 25kgha) to prevent grub damage. One or two applications is 
sufficient to destroy a grub infestation during the growing season. In high-risk 
areas, add carbofuran (3% at 3 g in each planting hole) at time of planting in the 
field. Braza (1990b) found that application as conidia of entomogenous fungus 
Metarhizium anisopliae. a strain from L irrorata larvae, on infected palay, 
mixed with sawdust at 5 g of mixtureAarva, effected 73% mortality in L irrorata. 
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Microcerofermes distans Hav. 

Family: Termitidae 
Host trees: Acacia mangium, lntsicl polembanicu, and other dicotyledon trees 
Distribution: Malaysia 

Description 
m: The head is yellow, rectangular, mandibles are slightly curved with 
irregularly serrate inner margins. 

Biology and Habits 
This is a wood-eating species (not the species in the same genus that cultivates a 
fungus), living chiefly in timber logs and stumps in the forest. Nests are made of 
brown cartons built on tree trunks at about waist level. It  is a subterranean 
termite, reported to injure living trees in Sarawak (Hamid 1987). 

Economic Importance 
See Copfotermes c~rrvigntltl~rts. 

Control 
Infestation can be controlled by destroying thc nests and spraying with chlori- 
nated hydrocarbon insecticides or chlorpyrifos. Existing nests in nearby planta- 
tion must be destroyed in the same way. 

Nisitrus viftatus (de Haan) (Cricket) 

Family: Gryllidae 
Host trees: Acncicl mnrlgirtm 
Distribution: Indonesia, Malaysia 

Description 
Adult: 2 cm long; dark-brown with yellow stripes along the sides and antennae as 
long as the body. Wings are brownish. hind legs are adapted for jumping. 
m: Resembles the adult except that wings are not maturely developed. 

Biology and Habits 
Crickets are nocturnal, living in debris and on rubbish heaps. They move very 
rapidly, are also active during the daytime, and are difficult to catch. They are 
often found in moist layers of plant debris. Cover plantings (such as Mimosa) and 
harvested paddy fields are favored sites. Females lay eggs in masses, about 100 
eggs per mass. Nymphs molt 5 times on a 6- to 8-week cycle. The egg stage lasts - 
8-12 days. 
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Economic lmportance 
Crickets consume a wide range of food, but particularly young plants in  nursery 
beds. biting through stems and consuming the plants completely. One cricket can 
consume hundreds of seedlings in one night. 

Control 
Poison baits provide satisfactory conuol. Spread a dry bait (composed of 1 part 
carbaryl. 8 pans flour. and I part molasses) as a dry mixture in a shallow trench 
along the edges of rhe nursery or sown parches. Wan ( 1972. cited by Hamid 
1987) recommends a 0.2% trichlorfon spray on young plants in nurseries. 

Orgyia postica Walker (Tussock moth) 

Family: 1-ynianlriidae 
Host trees: Acrrcirr mrrrrgirim. A1hi:irr 1~hhc.k. Arrogeissris Inrifolitr. Crrsrirrrirltr 
spp.. Ertctrl~prris Ic~ricoxyiorr, E. mrilri'orrr. Hevcw hrtr.rilietisis. Ltrg~rsrrocvnirr 
mtrrsripiri~n. Str~rrrrlrrm (11111i177. S11orew r o h ~ i ~ r r ~ .  Tc~ to t~ t r  grntrdi~. T~rrnirrtdirr 
hc~llericrr. Trisrrrrrirr cot!firrrr. X ~ ~ l i r r  ~loctrrprr,  Zi:yhris mtrrrriritrrrrr (Brownc 
1968) 
Distribution: The Orienl 

Description 
m: The male is a brown nlolh nlottlcd wilh black; the female is srour and has 
no wings. m: Reddish head. body covered with tufis of ycltow hairs. 

Biology and Habits 
I)cvclopnlcnl from egg lo adull lakes about 3-5 weeks. Thcrc arc 5-6 gcncralions 
per year. The wingless female moth usually never ways far from lhc sire of her 
pupation. The winged male is an active llicr and is altracted by the fcmale's 
pheromone (Kalshovcn 198 I ) .  After mating, the female lays many eggs on the 
cocoon and dies. The larvae lkcd gregariously a1 firsl, principally on young 
leaves, bur larcr tend lo disperse. I'upat ion occurs in cocoon be1 ween leaves or 
rwigs. In Malaysia, the caterpillars are parasilizcd by a braconid. Aptrrrreles 
clor~mrrrri Vier, ncnlalodcs, fungi and olhcr diseases. and by the lachinid Exorisrtr 
sorhillrr~rs (Wicd.). 

Economic lmportance 
Heavy defoliation has occurred occasionally on young rubber uecs in Indonesia 
and on Arrogeissrts l~riJolitr in  India. I1 is known as a minor pest of various 
perennial crops. including cinchona. cilrus. coffee. and tea. 

Control 
Scc O r ~ . ~ ~ i t r  rrirl~rrrrr below. 
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Orgyia turbata Butler (Tussock moth) 

Family: Lymantriidae 
Host trees: Acacia auriculifonnis, A. mangium, Delonix reg& Erythrina fusca, 
Hevea brasiliensis, Peltophorum pterocarpum, Tectona grandis, Tenninalia 
catappa 
Distribution: Malaysia, Myanmar (Burma), and Thailand 

Description 
A&&: The male is a rusty-brown moth with a wingspan of about 2 cm. The front 
wing has dark brown marking and orange spots; the hindwing is chocolate brown 
without marking. The female has only vestigial wings (Plate 9.12). When at rest, 
wings are folded as flatted roof-like, with the first pair of legs extending anteri- 
orly beyond the head. Female is wingless and worm-like. u: Round, white 
color laid in masses on host trees. L-: Black with long brushes of hair along 
the sides of the body. The longest pair of hair is black and located behind the 
head. There are four bunches of yellow hair on the dorsal part of abdomen, one 
on each segment (Plate 9.13). The first two bunches are black at the tip. Prolegs 
are reddish. A fully grown larva is 2.5-3 cm long. m: Pupates in a thin-walled, 
cylindrical cocoon 1 cm long, covered with white web. The pupa is easily seen 
through the cocoon (Plate 9.14). 

Biology and Habits 
Larvae feed on leaves of many forest trees as well as Leguminosae. In bright 
sunshine they hide in shaded undersides of leaves, but continue feeding. The 
larval stage is 14-16 days. The life cycle can be completed in about 1 month. The 
female never strays far from the site of her pupation and lays masses of white, 
round eggs. The pupa is formed in a cocoon, usually on the lower surface of a 
leaf (Browne 1968). 

Plates 9.12-14. Orgyia turbatu. Left: winged male and wingless female. Center. larva. 
Right: cocoon covered with white web. 
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Economic Importance 
Although they are frequently observed to defoliate a single tree completely, 
serious damage to plantations has not been reported. Sporadic defoliation of 
ornamental trees has also been observed. 

Control 
Spray leaves with the bacteria Bacillus tl~rtringier~sis (10 g in 20 1 of water) while 
larvae are in early stages. 

Piezoderus rubrofasciatus F. (Stink bug) 

Family: Pentatomidae 
Host trees: Accrcicr crrt ricrtlifonnis, A. mmrgirtm 
Distribution: Thailand 

Description 
A&&: 1 cm long with reddish orange cross stripe on neck. The rest of the body' is 
yellowish brown. )&g: Characterized by a whorl of small dents on the upper side. 
m: Resembles an adult; wings are not maturely developed. 

Biology and Habits 
Thc female lays eggs in groups on leaves. Thc development of egg to adult takes 
1 8-34 days. Nymph and adult feed on plant sap. 

Economic Importance 
Damage to forest trees is negligible; it is a common pest of beans. 

Control 
Same as for Dysdercrcs cingrtlcrrrts. 

Pteroma plagiophleps Hampson (Bag worm) 

Family: Psychidae 
Host trees: Acacicr mrlgium, Arlncardirtm occiderltale, Cassia bijlora, 
Cinnamomum malabraturn, Delorlix regia, Emhl ica officinalis, Eucalyptus 
tereticonlis, Paraseriantlles falccltaricr, Populus deltoides, Syzygium aquem, 
Tcrrnarindus irrdicn, Tectorra grarldis (Nair and Mathew 1988 contains a complete 
list of hosts) 
Distribution: India, Indonesia, Malaysia, Sri Lanka, and Thailand 

Description - 

A&&: Males are small, with well-developed wings, wingspan of 1.3-1.4 cm, and 
light brown color. Females are wingless, legless, and larviform. )&g: Creamy 
white, ellipsoidal, 0.8 x 0.75 mm. L u :  Creamy white with brown marking on 
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humped. Female pupa l'late 9.15. Pupal cases of Prerotna plagiophleps hanging from 
reSemble larva in shape, a Delonix regia branch. 

2 x 10 mm. The abdomen retains its musculature and is capable of effecting 
pulsating movements. Ovipositor is dark brown and scoop-shaped (Nair and 
Mathew 1988). 

Biology and Habits 
The insects in this family are so named for all their larval stages, and because the 
female lives inside the bag or case formed by plant materials. It is a small conical 
case, no more than 16 mm high and covered by a mosaic of leaf particles. Larvae 
feed from the underside of the leaf, consuming the epidermal layer and meso- 
phyll tissues, leaving the single layer of epidermis on the upper side. Larvae 
usually then migrate to branch stems and often to the main trunk to feed on the 
live surface layer of bark, leaving feeding scars on the stem. When pupation 
approaches, the case is modified into an ellipsoidal form and hangs on threads 
from the under sides of branches (Plate 9.15). In heavy infestations, thousands of 
these cases can be seen hanging from branches. 

The egg stage lasts not more than 10 days, the larval stage 49-62 days, pupal 
stage 14 days. The adult lives about 4 days. Total development for the male is 2 
months, 2.5 months for the female (Nair and Mathew 1988). 

Economic Importance 
Total defoliation in large patches leads to die-back of trees. Damage to A. 
marigium is minor, but in India i t  is known as serious pest of Paraserianthes 
falcataria (Mathew and Nair 1985). 

Control 
Normally infestation is not severe enough to warrant control. When control is 
needed, apply trichlorfon (95% WP 15 g) or carbaryl(85% WP 60 g in 20 1 of 
water) as a foliage spray. Nair and Mathew (1988) recommend 0.5-1 .O% methyl 
parathion applied as a foliar spray. 
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Sagra femorata purpurea Lichtenstein 

Family: Chrysomelidae 
Host trees: Acacia mangium, Centrocema pubescens, Dolichos lablab, Fabia 
vulgaris, Lugerstroemia speciosa, Mucuna spp., Tectona grandis 
Distribution: Southern Asia 

Description 
Adult: Metallic blue or green color, very shiny; size varies from 1.3-2.0 cm; hind 
femur is enlarged (Plate 9.16). m: Legless, curved like a 'C' shape, milky 
white. 

Biology and Habits 
This insect is a serious pest of the common bean (Dolichos lablab) in India. Both 
larvae and adults feed on the stems. Larval feeding causes the formation of galls 
in which larval and pupal development occur (Plate 9.17). The pest has one 
generation per year. In young plants. the adults girdle the stems, causing swelling 
of the tissue above and below the girdle and drying up of young plants above the 
girdle, sometimes breaking at the site of gall formation. Larval density varies 
from 1-42 individuals per gall. with up to 7 galls on a single plant. Tayade (1979) 
found that the egg, larval, and pupal stages last a mean of 15.5, 143.4, and 31.5 
days, respectively. Adult life span averages 39.9 for males and 35.2 days for 
females. The adult is not active and pretends to be dead when disturbed. Sagra 
does not make galls on forest trees. In Thailand, the larva was found to be 
attacked by the fungus Beauveria bassianu (Bals.) Vulernin (Pholwicha 1991). 
Attacks on forest trees occur only when the primary host, a climber, is attached to 
the trees. Larvae are then moved from the climber and bore into the trees' bark, 
leaving a visible gum exudation on the bark surface. 

swelling of branch: 
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Economic Importance 
Small branches are broken at the point of larval feeding. Poor maintenance of 
young plantations exacerbates damage. 

Control 
Remove climbers from trees. 

Sinoxylon anale Lesne (Bronc h and twig borer) 

Family: Bostrychidae 
Host plants: Acacia arubica, A. altricdiformis, A. catechlt, A. gagema, A. 
mungium, A. modesta, Acrocarpus fraxini, Adina cordifdia, Albizia amara, A. 
lebbek, A. odorntissim, A. procern, A. stiprtlatn, Anigeissllu acuminntn, A. 
latifolia, Bombrrr mnlabnricrtm, Cmrtnritln j~cngh~thrzio~ Pithecellobiltm dulce, 
Sarnanea samtrrr, Termirlaliu alattl, Tllyrsostuchys spp. 
Distribution: India, Myanmar (Burma). and Thailand 

Description 
Adult: The beetle is elongate, somewhat cylindrical, and the head is bent down 
and scarcely visible from above; body length is 4-5 mm; the posterior end is cut 
sharply with a pair of spines at the center of the cut surface (Plate 9.18). The 
newly emerged adult is light brown and turns dark brown when aged. Posterior 
and anterior ends are darker than the middle part of the body. Posterior end of 
elytra cut sharply and bear one tooth on each elytra at the center of the cut 
surface, forming a pair of teeth easily visible at the posterior end. Larva: Legless 
and grub-like, milky white. and C-shaped. m: Looks much like a pale, mum- 
mified adult, and is not covered by a cocoon. 

Biology and Habits 
The beetle usually bores into cut logs, but sometimes bores into green shoots and 
twigs for the purposes of feeding or hibernation. The axial tunnels made as a 
result may girdle or kill leaders of seedlings or saplings. Beetles bore into the 
stems of sickly or dying poles with varying success. Horizontal tunnels are made 
just within the circumference of the cambium layer and (in resistant species) 
these become filled with a black gum that exudes from the entrance hole and runs 
down the bark. Due to the exudation of gum, the borers do not remain to lay 
eggs. Eggs are laid only in clean tunnels. Larval galleries run upwards and 
downwards in the stems broken as a result of adults' girdling. They are tightly 
packed with find wood dust. Pupation takes place in a cell at the extreme end of 
the larval tunnel; the beetle bores out by a direct route to the surface. 

The development period is quite variable, Erqm 3 months to several years. S. 
anale emerges as an adult beetle throughout the year; there is no regular se- 
quence of generations and no regular correlation between the length of the life 
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Plates 9.18-19. Sinoxylon an 
borer. At right, adult girdles 

ale, the branch and twig 
and breaks the stem. 

Mate 9.20. Red-leg flat- 
headed borer adult (top) and 
green leg (bottom). 

cycle and the season of the year. The species is active at all times in all its stages 
(Browne 1968). 

Economic Importance 
It is primarily a bdrer of the sapwood of logs, particularly of Leguminosae, but 
its range of food plants is wide and varied. The species breeds in dead and dying 
sapwood, which is eventually reduced to a very fine dust, giving them the name 
"powder post beetles." Adults tunnel to feed in shoots and young stems of trees, 
killing them or rendering them liable to breakage (Plate 9.19). 

Control 
Remove and burn broken branches in which breeding has taken place. 

Sternocera aequisignata (Green-leg flat-headed borer) 

Family: Buprestidae 
Host trees: Acucicl crlrricltlifonnis, A. mtlngiirrn, Albizin odoratissirnu 
Pitl~ecellobi~trn ddce  

Description 
Adult: Elytra is a beautiful. shiny, metallic blue or green, lustrous (Plate 9.20) 
and conspicuously dented with minute white spots; head blunt. All the body 
regions are very closely fitted together. Prothorax is swollen, the head short, 
sunken in the thorax; the wing covers taper and are slightly elongated behind. 
Antennae and legs are small. Legs are blue or green. Body length is 3-3.8 cm. 
u: The newly hatched larva is yellowish and hairy. Fully grown larva is 
yellowish white with numerous minute, brownish hairs. The head is enlarged and 
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plates 9.21 -23. Srernoceru uequisignaru (Icft) feeds on Lhc co 
(center) feeding at the root collar causes death of young m. 
a young tree's root caused by feeding of the flat-headed borer, 

Right: irregular burrows in 

flattened; legless grub, fully grown larva is 5-7 cm long (Plate 9.21). a: Hard- 
shelled, yellow, and spherical. 

Biology and Habits 
Adults are rather sluggish and fly only short distances, but they are very active 
under sunshine. In Thailand, beetles have been seen congregating and feeding on 
leaves of A. a~triculijhrmis and other Mimosaceae, and on leaves of 
Pithecellobiurn duke (Roxb.) Benth. They lay their eggs in the soil just below the 
surface. Sharma (1966) found eggs hatching from late February to early March. 
Larvae feed on root collars and pupate in cocoons made of soil, in the ground 
near the infested trees. In Thailand adults emerge from May until November, 
peaking in November. The life cycle is one year. 

Economic Importance 
Adults feed on leaves of many trees, while larvae bore at root collars. The borer 
can kill many trees and shrubs in the nursery and many more after outplanting 
(Plate 9.22). They are especially destructive during the first 1-2 years after the 
trees are planted. Their presence is indicated by irregular burrows in the root 
collar (Plate 9.23). 

Control 
Sharma (1966) recommended preventive control treatment in the nursery consist- 
ing of isobenzan (Telodrin) at 1.3 gallon toxicant per acre (3.25 gallon per ha) 
applied to the soil or the beds; or, where polythene sleeves are used, mix the 
filling soil with one part isobenzan in 500 parts water before or after filling. 
Further application of the chemical around the collar of each plant for two 
consecutive years after planting i n  early March is required in areas with dense 
Sternocera populations. 

Where isobenzan is not available, diazinon. carbofuran, and chlorpyrifos can 
be used. 
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Sternocera ruficornis (Red-leg flat-headed borer) 

All details are the same as for S. uequisigtiata with the exception of the descrip- 
tion of the adult: the elytra of S. ruficornis lacks the minute white spots, and the 
legs are red (see Plate 9.20). 

Striglina scitaria Walker 

Family: Thyrididae 
Host trees: A. mmgir~m, Albizia proceru, Atiogeissus latifolia, Dulbergia 
lati/olia. Mntlgifern itldicn, Termitmlia be1 lerica, Xylia xylocurpa; also on 
Prurius persicn in Japan (Issiki et id. 1969, cited by Chey 1987) 
Distribution: from India east to the Pacific islands 

Description 
A&,&: Wing span 1.2 cnl. A dark line present on the margin of both wings; black 
line found descending from the subapical and crossing toward the dorsal part of 
hmdwing. Larva: yellowish green. 1 .S cm. 

Biology and Habits 
The eggs are laid on leaves. Egg stage is 2-3 days, larval stage 12-14 days, pupal 
stage 6-8 days. Larva are polyphagous, feeding on foliage of dicotyledons by 
rolling the leaf with silk and feeding within. 

Economic Importance 
Heavy defoliations have not been reported. 

Control 
When control is needed, spray monocrotophos. mctharnidophos, or methomyl on 
foliage. 

Thoseo osigna van Eecke (Nettle or slug caterpillar) 

Family: Limacodicae 
Host trees: Actrcitl mnrrgium 
Distribution: Sumatra (Indonesia), Malaysia, and Thailand 

Description 
Adult: The moth is medium size and brown, having a relatively stout body with a 
dense pile of scales. The brown color of this species distinguishes it from the T. 
sitletlsis group, which has identical markings but is grey. Wingspan is about 5 
cm. m: Scale-like, somewhat flattened, often l&d in  an irregular mass. m: 
Characterized by absence of prolegs and presence of an adhesive, sucker-like 
zone on the abdomen which sometimes deposits a viscous, slug-like trail on host 
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plant foliage. The body is rectangular and bright green, and has characteristic 
dorsal markings. lateral stinging spines, and four pairs of groups of large spines 
(3.5 cm long) dorsally. m: Pupation is in a hard, spherical, almost nut-like 
cocoon. which measures 1.8 x 1.4 cm. 

Biology and Habits 
The eggs are laid in straight rows, with a total of 350-400 eggs per female. The 
cocoons are found at the base of A. mangium trees. During the day, the moths rest 
on the underside of leaves. The reduviid bugs. including Sycmms spp., Astynus 
spp., and Velitlrts spp., are reported as predators. Some larvae are parasitized by 
phorid flies (Hamid 1987). 

Economic Importance 
Defoliation by T. crsigtw is reportedly very light. Such a low level of infestation 
would not impair tree growth. Infestations on cocoa are more severe. 

Control 
The main limiting factor of its population is a microbial disease which brings 
outbreaks to a sudden end. Emulsions of diseased caterpillars have sometimes 
been sprayed on the palms by growers as a means of biological control. Defoli- 
ated trees fail to yield for a year (Kalshovcn 198 1). 

Thosea (Phorma) bipartita (sinensis) Walker 
(Nettle or slug caterpillar) 

Family: Limacodidae 
Host trees: Acacia rnatlginm, Atadirc~chtcl itldicn, Pwliccl grannturn 
Distribution: India, Indonesia, Hongkong, Malaysia, Philippines, Republic of 
China (Taiwan), and Thailand 

Description 
Adult: Wings spread 3-3.5 cm; body stout and greyish color. Larv_a: The newly 
hatched larva is yellow, changing to greenish when fully grown. Body is broad 
and oval with a white or yellow dorsal stripe and two dorsolateral rows of 
colored spots. There are 11 pairs of spinal tubercle along Ihe side of the body. A 
full-grown larva measures up to 1.3 x 2.5 cm. m: Pupates in a hard shell. 
brown cocoon. Egg: Oval shape, 2 x 3.5 mm; yellowish shiny; i t  attaches flat on 
a leaf surface. 

Biology and Habits 
Young larvae feed on leaf epidermis on the ventral side. After the third instar, 
they feed on the whole leaf except for the midrib. Development from egg to adult 
takes 2.5-3 months on Musn textilis in the Philippines; each female produces 
150-500 eggs. Eggs are laid singly or in a straight line, each line consisting of 2- 

191 



Insect Pests 

50 eggs. The larva molts 8 times and pupates in a cocoon on the underside of a 
leaf. Larvae have been seen congregated on a panel of mature trees, but without 
causing any apparent injury to the bark. Baltazar (1965) reported two parasites of 
this species were Braclyneria ohscurata (Walker) and Paraphylax sorionoi. 

Economic Importance 
Larvae are polyphagous on leaves. and are most commonly found on coconut, oil 
palm, and other low plants. but also on trees. Outbreaks have been reported in 
Java. Indonesia and the Philippines. 

Control 
In  the Philippines, T. sirlensis on coconut was parasitized by the chalcidid 
Brachymeria ohsc~trata (Walker) and the ichneumonid Paraphylax soriansi Balt. 
Both parasites could give 70-90% parasitism. Madamba (1975) recommended 
bacterial spray of Bacillus tlr~tringiensis on leaves at a rate of 10 g in 20 1 of 
water. applied every 7-10 days. This method is currently used in Thailand. 

Valanga nigricornis (Burmeister) 
Spur-throated grasshopper) 

Family: Acrididae 
Host trees: Acacici rnangiurn. Hevea brasiliemis. Swietenia macropkylla, 
Tectorra grandis 
Distribution: India. Indonesia. Malaysia. Thailand. and other parts of the Orient 

Description 
a: Large and robust body. Pronotum 
compressed laterally and more or less con- 
stricted in the metazona. surface very coarsely 
punclured anteriorly. posterior margin dis- 
tinctly pointed. Tegmina and hind wings well 
developed. reaching beyond apex of hind 
femora. General coloration of the body is 
yellowish brown or greenish. with bluish-black 
markings. Head with small round bluish-black 
spots on the frons and along the keels of the 
frontal ridge. beyond the eyes. with a blackish 
band and blackish stripes on the cheeks. The 
pronotum has a blackish longitudinal band on 
both sides of the paler dorsal median carina; 
also lateral lobes with several dark spots. Hind 
wings slightly darkened. tinged with rose at 
base. Hind femur with two distinct blackish Hate 9.24. The spur-throated 
transverse bands (Plate 9.24). From above, grasshopper, Valanga nigricornis. 
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knee is yellowish and hind tibiae appear black; from below hind tibiae are 
yellowish-brown, spines yellow with black tips (Roffey 1979). m: Early 
stages are greenish-yellow with black spots. u: The egg pod is 4-5 cm long and 

' about 1 cm in diameter, slightly curved, brown color. The egg pod is laid in a 
hole 5-8 cm deep filled with a hardening foam mass. 

Biology and Habits 
This species breeds in dense forest but often swarms to neighboring cultivated 
lands to feed. It  is a common pest of banana and tobacco. Eggs are laid in brown 
pods at a depth of several centimeters in the soil. Shorlly after oviposition, the 
hoppers emerge in the morning, first feeding on the ground and later ascending 
trees. They are greatly activated by the heat of the sun. Thcy skeletonize the 
foliage of the undergrowth and reach the tops of Tectotrrr grmdis trees within 2 
days. Later the nymphs arc quile variable in color and design. mostly grey and 
yellow, often darkening to brownish-black. Thcy then remain high in the trees. 
where they arc relatively inconspicuous save for Ihc dropping of baculiform 
excrement. Adults feed on Ilowcrs. Icavcs, buds. and green bark of ihrcst trees. 
Copulation can occur in the tree canopy. When disturbed, thcy i ly lo nearby 
cullivatcd areas and return lo the forests at night. These insects can become so 
abundant that all vegetation is destroyed and many proceed from the original 
breeding site to new areas. In some cases dispersal may be directional. apparently 
through the assistance of wind. with which thcy may fly over grcal distances. For 
egg-laying. Ihc female seeks any open barren ground. Overgrown sites are not 
suitable. A few males follow them lo these places. 

The dcvclopn~enr  lion^ newly hatched nymph to winged adult takcs about 80 
days in the field. and bctwccn 5 0  days and 5  nlonths in  the laboralory. After the 
last moult. ir takcs 2-4 weeks before Ihc adulrs can nlatc. Mating and oviposition 
occur repeatedly. The firs1 pod (about 90 cggs) is laid 10- 12 days after the first 
copulation. Further pods arc produced inlcrn~ittcntly over 2-3 weeks and gradu- 
ally contain less cggs. tle last containing only 10. The females live for 3-4 
months. the nlalc 4- 5 n~onths. As a rcsult. at thc end of an outbreak the popula- 
tion may contain up to 95% males. 

In central Java, nynlphs hatch in the first months of the wet season. The 
adults appear in rcak Ihrests fion~ I)cccmhcr to February; oviposilion starts in 
February and continues until April. Then follows Ihe long resting pcriod of the 
egg stage during rhc dry season. Thus only one gcncration of the Javanese 
subspecies meltrtroconris occurs annually. 

Mortalily factors arc numerous: egg pods may be damaged by ants, larvae of 
Meloiddac (blisrcr bcctlcs. Mylnbris and Epict~rcttr). or wasps (Scelio spp). 
Hardening ofthc ground caused by alternating rain and drought kills the eggs or 
prevents nymphs from hatching. A period of rain and cloudy weather retards 
nymphal development. and heavy showers kill many nymphs. Adults are attacked 
by parasiuc llius (Sarcophagidac). Sonlcrimcs adults and nymphs are attacked by 
~ h c  fungus Mc~torr11i:irtm. 
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Breeding places are where suitable forest feeding sites for nymphs and adults 
occur together with suitable egg-laying sites with sparse ground cover. This 
combination exists where teak forests are adjacent to agricultural crops. Also, to 
obtain large numbers a particularly noticeable drought period is needed. In this 
case, only unfavorable climatic conditions will end the outbreak. There are 
further indications. however. that the species can develop to epidemic propor- 
tions regardless of the climate. particularly where extensive tracts of land are 
claimed for cultivation within a rather short time and much wild forest is re- 
moved. The cleared ground provides an excellent oviposition site for the adults, 
and ground cover of green manure subsequently promotes nymph development. 

Economic Importance 
This grasshopper can completely defoliate young plantations. Teak forests 
situated next to rubber plantations. oil palms, and maize are most vulnerable to 
defoliation. 

Control 
Poison baits provide satisfactory control. Mix carbaryl (125 g) with 20 1 water, 2 
1 of molasses. 60 1 rice hulls or coarsely ground corn cobs. Place bait during the 
day in a I-m wide band, with bands 40 nl apart. from February to April or at time 
of adult emergence. Carbaryl spray is recommended for nymphal control. Other 
controls have been used by Uvarov (1928). Metcalf and Flint (1962). and 
Mongkolkitti ( I98 1). 

Xystrocera globosa (Olivier) (Capricorn beetle) 

Family: Cerambycidae 
Host trees: Acacia ctrreclw A. mtrrtgirrm, A. modestti, Acroctrrprts frtrxirrifolius. 
Albizitr lehhek. A. lrrcidtr. A. molrtcct~riti. A. odoratissimti. A. procerci. A.  
sriprrlata. Arttrcnrdirtm occitlertrtrle. Btrrrl~iriiti ncrtrniriatc~. Bomhc~ trrrcops. B. 
mcrltrbnricrrm, Grewiti rilitrc~folitr. X~,liti dolt~hrifonnis 
Distribution: Widespread from Asia (including India. Malaysia. and Sri Lanka) 
castward to Hawaii. also in Puerto Rico and Mauritius 

Description 
A&&: 1.5-3.2 cm long; reddish-brown, parts of prothorax metallic blue or green, 
elytra are testaceous-yellow. each with a metallic blue or green longitudinal band 
(Plate 9.25). Prothorax densely and fine granulated on the disk in males, less 
densely so in females. J . m a :  Bright yellowish-white with a small brown head 
and black mandibles. m: White and of ordinary longicorn shape. 

- 

Biology and Habits 
Tunnels run mainly in the inner bark. but also groove the sapwood superficially. 
In trees with thick bark, a heavy infestation reduces more than half the thickness 
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in two of the four Malpighian tubules. Plate 9.25. Beetle of Xysrroceru globosa. 

The pupal period lasts about 3 weeks. 
The digestive juice of X. globostr does not cont a h  cellulase and consequently 

it does not digest cellulose. There are no mycetocytes in any parts of the body. 
The principal food supply is from other carbohydrates and soluble sugars in the 
sapwood. The heartwood of Alhizicr lebbek contains only small traces of starch 
and sugar; this explains why the larval tunnels do not penetrate the heartwood of 
that species. 

In India, emergence occurs throughout the year but mainly in May, June, and 
September. In Thailand. adults are seen from January to May. The larval life is 
variable; in some individuals it may be prolonged for two years, while other 
individuals of the same brood may develop in less than a year. The larval gallery 
is described and figured by Stebbing (1914). 

In Sabah, Malaysia, it is known as Albizin bark longicorn beetle. and the 
adult is attracted to light (Abe 1986). 

Economic Importance 
The species is notable in India and Sri Lanka as a pest of roadside trees and 
shade trees in tea plantations, particularly of Albizia spp., attacking those that are 
injured or sickly and hastening their death. Less resistant trees can be killed in 
one season by a heavy infestation; more resistant trees may produce callus that 
restricts attacked patches of bark. X. globosa is also a pest in Malaysia, and in 
Egypt was responsible for the disappearance of Albizia lebbek from several cities 
(Beeson 1961). In Thailand, it  is one of the major pests of Albizia saman, causing 
the death of branches. 

Control 
Remove infested branches and trees, and dspose of them by burning. Due to the 
fact that the early larval stage feeds under the bark in the cambium layer, trunk 
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injection of insecticide is applicable for fast-growing trees (see trunk injection 
instructions for Indnrbela qudrinotata). 

Zeuzera coffeae (Nietn.) (The red coffee borer) 

Family: Cossidae 
Host trees: Acacia auriculiformis, A. mangium, Anona squamosa, Amherstia 
nobilis, Bauhinia malabarica, Cassia auriculata, C. fitula, C. grandis, C. 
simea, Casuarina equisetifolia, Cedrela frebifuga, C. sinensis, C. toona, 
Cestrum noctunutm, Chikrassia tabularis, Cinnamomum zeylanicum, Citrus spp., 
Clerodetldrotl irrfortunntum, Coflea robusta, Eriobotrya japonica, Grevillea 
robusta, Hibiscus rosa-sinenis, Hydnocarpus wightiana Lagerstroemia speciosa, 
Meliaazedamch, Nephelirtm litchi, Persia gratissima, Phyllantus emhlica, 
Psidium guava, Santalum crlbu, Schleicllertr trijuga, Swieteniu macrophylla, S. 
mhogani, Taraktoget~ris kunii,  Tectona grtmdis, Terminalin belencu, Thea 
sinensis, Theobrom cnctro, Vitex puhescetis, Xylia dolabruormis (Beeson 196 1 )  
Distribution: The Orient 

Description 
Adult: The moth is white with pairs of small black dots on the thorax and numer- 
ous small black spots and streaks on the forewing and a few black spots on the 
hind edge of the hindwing; expanse. 3.5-4.5 cm. (Plate 9.26). Larva: Full-grown 
larva is about 4.0 cm long, with a brown head and brown sclerotized pronotal 
shield, which is broader than it is long. The first seven abdominal segments are 
pinkish- to purplish-brown above and yellowish below (Plate 9.27); the eighth, 
ninth, and tenth segments are brownish, the two last with smooth glossy plates. 
m: The pupa is about 2.5 cm. long, chestnut brown (Plate 9.28), with a short 
blunt process above the eyes. and with transverse rows of backwardly projecting 
asperities on the dorsal surface of the abdominal segments. 

Biology and Habits 
The reddish-yellow eggs are laid in strings on the bark of small stems or 
branches. Larvae hatch after about 10 days and spin a shelter network of silk. A 
few days later they launch themselves some distances. Eventually, some settle on 
suitable food plants and bore in, usually entering at the junction between a 
leafstalk or twig and the main stem (Plate 9.29). There is considerable mortality 
in the young larval stages. The tunnels of young larvae in small branches or 
stems are cylindrical and run more or less straight up and down the center, but 
those of older larvae are widened out into irregular cavities at intervals. The 
tunnel may eat away right into the cambium. Sometimes the cavities are ring- 
shaped and completely girdle the shoot, which diesback at once; the side 
branches of older trees break of at the girdle. A well-developed tunnel reaches an 
overall length of between 30-60 cm and may extend down to the root of a small 
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Plates 9.26-28. The red coffee borer (Zeuzera coffeue). Left: moth. Center: adult. 
Right: Pupa is slender; pupation takes place inside larva tunnel. 

plant; exceptionally, a tunnel in a teak sapling may extend for 120 cm. At inter- 
vals in its course circular holes are cut to the outer surface through which the 
borer ejects its frass and excrement, which is in the form of yellowish or reddish 
rounded pellets (Plate 9.30). usually gummy and gathering in small lumps to the 
bark or collecting in a heap on the ground below (Plate 9.30). 

Feeding by the larva lasts 60- 120 days in the tropics and for the greater part 
of a year in colder northern climates. Pupation takes place at the end of tunnels, 
with the head towards the exit hole, usually head downwards. 

The pupal periods last from 3 weeks to 1 month. The moth emerges, leaving 
the empty pupal skin protruding from the hole in the bark; it takes about 20 
minutes for the wings to expand and dry. m e  female lays 500- 1,000 eggs in 1-2 
weeks. 

Plates 929-30. Left: entry pint  of the coffee borer. Right: Pellets of excrement ejected 
through a hole made by larva, piled as a heap on the gound near the stem. 
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The cycle of development of Zeuzera coffeue lasts 4-5 months in  southern 
India and at low elevations, and probably extends to a year at higher elevations 
and in northern India. In Myanmar (Burma), there are two generations a year. It 
is capable of breeding continuously year-round and may be found in almost every 
stage of development in each month; there is therefore no marked seasonal 
sequence of generations (Beeson 196 1). 

The caterpillar bores a longitudinal tunnel in the drying wood. Also typical 
are the cylindrical reddish-brown or yellow faecal pellets ejected from the 
tunnels that accumulate at the base of infested trees. The borers may leave their 
tunnels and penetrate in another spot, usually lower on the plant. The moths are 
nocturnal. Oviposition occurs at random. Total development takes 4-5.5 months 
in the lowlands. Natural enemies of the larvae include woodpeckers, a braconid 
(Brtlcorz zriezertre), and several tachinids-Isostrirmitr cllatterjeena (Bar.) and 
Ctrrcelitl knckitrrzci Towns-but the greatest mortality occurs when the young 
larvae hatch. 

Economic Importance 
This species is often an important pest of forest crops, injurious principally to 
one-year-old seedlings and small saplings in nurseries and plantations. I t  is 
reported to have ruined plantations of Eitctrlyptrts deglripttr i n  Malaysia (Sueets 
1962). with larval attack causing thc dcath of the distal part of the branch. 

Control 
In young eucalyptus plantations, it is common to see broken stems or dcath of the 
top due to girdling by the larvae. Thc only effective method is to inject insccti- 
cidc into the holes where larvae push out their frass. To save the uecs, this direct 
in-jcction must be done at the earliest detection o f  fresh and small amounts of 
frass. 

Future Research 

Only four of the insects described in this chapter (Sferrlocera aequisigrrata, 
Coptotennes crtrvigrzntlrrrs, Sirzoxylorz sp., and Zeuzera cofleae) can be considered 
serious pests. More effective means of controlling these four should be priority 
research topics. Although early starts have been made in  biological control, 
further efforts are needed in this area. 

For the other pests, a better understanding of when and how they multiply to 
epidemic levels would be helpful in formulating management measures. It is 
particularly critical to learn this information for conditions in which A. marlgium 
is the main host, not just one of many hosts. 

- 
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Summary 

The descriptions of 30 insect species in this chapter, together with the 48 species 
in the appendix, include all types of insect pest characteristics (i.e., defoliators, 
branch and stem borers, root destroyers, and sap feeders). Although the number 
of species would appear to suggest that A. mnrigir~m is very susceptible to insect 
pests. most of these are not serious pests on A. mnngiwn; many of them are major 
pests of other crops and are found to attack A. mtlrigium as defoliators. without 
serious damage. 

Only a few species could be described as serious pests with profound and 
serious attacks: root feeders (Srenlocertr treqr~isigrlara and termites). branch and 
stem borers (Sinoxylon spp.). and the red coffee borer (Zenzertl coffetetle). These 
can cause death. deformity, or reduced biomass production of A. mtrrrgirlm, and 
thus are the insects that must be carefully monitored and for which preventive 
measures should be employed. 

Still, less serious insect pests should not bc overlooked, since thcir popula- 
tions can build to epidemic levels when environmental conditions are conducive. 
Foresters and forest plantation managers working with A. mtetlrrgietltrn should 
therefore be prepared to prevent insect attack. By identifying insects in their 
plantation based on the phcnology and descriptions provided in this chapter, they 
can decide on the most effective prevention measures for guarding against insect 
pcsts and achieving the highest yield at harvest. 

Clurweewtrn Hrlrachclrerrr works wit11 tile Roytrl Foresr Depretlrtmerrt, 
Plrtrliolyorlrirr Rotrd. Btrrrgkok 10900, Tlwiltrrrd. A l l  phoros iq) C. Hrtttrchcrrern. 
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Appendix. Reported insect pests of A. nlangium not described in detail in the text, with references. 

Name Source 

Adoretus compressus Chey 1987 
Apogonia sp. 
Aphids 
Astvcus lateralis 
Arrucrorrlorpha psi~acine de llaan 
AIra sp. 
Botyodcs asialis G uenee 
Callitcaru hnrsficldii Saunders 
Currlpononu sp. 
Chalcoselis albig uttatrcr 
Chulioidcs su~rrarrcnsis I lcylaerts 
Clerus trigonus 
Dasyrhiru inrlusa 
Dusychira sp. businigru (Ileylaer~s) 
Dcrerina sp. 
Diuprnrrrorpl~a sp. 
Ericcia sp. 
Eurrrctu sp. 
Eunoroccplwl~is sp. 
Ertprocris birnlor 
Ertsreleranlu irrrrrrorliru Mcyrick 
Hotrroeorcrru wulkcri Kirhy 
Hyposidru rulacu 
Leaf folders 
Lrpidiota sp. 
Lrptorcnrncr sp. 
Loruslo rrrigruroriu rrrunilcnsis 
Looper 
Lyrluntria sp. 
Ohnrodrts nigrirnmis Stal 
Pagodiciiu hekrrwycri 
Purusa sp. 
Pcrrrpelia sp. 
Pent hirodcs furinosu 
Phytos~aph~ts ~riung~tluris Olivicr 
I'iezodcrus r~rhrofusriu~r~ F. 
Polvrhachis sp. 
Polvrtra srltrciber tisurrrenrt.r (1:nrhstorfer) 
Prerorr~u pcruiulu 
Ropicu griscospursu Pic. 
Scale inscct 
Seed horers 
Sino~ylon sp. 
Stcnoronrurops splcndenr 
Tarugmrru (Streblor~) dorsulis Walker 
Tetrigoniu sp. 
Trichoch ysea scwrini (Jacoby ) 
Xylotrupes gideon L. 

Chcy 1987 
Braza 1988 
llutacharern ct al. 1988 
Chcy 1987 
Glover and Heuveldop 1985 
Chey 1987 
Chey 1987 
NRC 1983 
Chcy 1987 
Chcy 1987 
Ilutacharern et al. 1988 
Chcy 1987 
Chcy 1987 
B r u a  1991 b 
llutacharcrn ct al. 1988 
Chcy 1987 
Chcy 1987 
Ilutacharcrn ct al. 1988 
Chcy 1987 
Chcy 1987 
l lutacharcrn ct al. 1988 
Chcy  1987 
Brim 1988 
I lutacharcrn ct al. 1988 
Ilutacharcrn ct al. 1988 
Chcy 1987 
Braza 1988 
Chcy 1987 
llutacharcrn ct al. 1988 
Chcy 1987 
l lutacharcrn ct id. 1988 
Chcy 1987 
Chcy 1987 
Ilutacharcrn ct al. 1988 
I lutacharcrn ct al. 1988 
Chcy 1987 
Chcy 1987 
Anon. 1986 
Nohushi and llariyono 1987 
B r u a  1988 
'I'umhull 1986 
llutacharcrn ct al. 1988 
Chcy 1987 
I lutacharcrn et al. I988 
Chcy 1987 
Ilutacharcrn et al. 1988 
Ltnijtec 1993 
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Chapter 10 

Diseases 

Lee Su See 

Introduction 

In  South and Southeast Asia. the land area coming undcr forest plantations has 
increased tremendously over the last decade. In  Malaysia alone, the land area 
undcr forest plantations has increased from about SO.(WK) ha in  1984 to about 
97.000 ha in  1992. Most of these plantations have been planted with fast-grow- 
ing, exotic trcc species, often in monocultures or with a few high-yielding 
varieties. For higher yiclds, growers tend to further narrow the genetic base of a 
species, and often the species may be planted out of its natural range. The 
reduction in specics diversity. age diversity, and genetic diversity in plantations 
produces conditions favorable for development and spread of disease pathogens. 
There arc many examples: pink disease of selected Hevetr clones and local 
outbreaks of Cylirrdrocl~rdirim leaf blight of E~tctrlypt~ts ctrm~ldrtlet~sis in Malay- 
sia. Dotl~istromtl needle blight of radiata pine in New Zealand (Chou 1991). and 
niycoplasmas of Yrrrtlowr~itr (Jin cited in Hubbes 1992) in  China. Clearly. rccog- 
nition and control of diseases will play a key role in these intensively managed 
forest plantations i f  they arc to realize the expected high yields and large invest- 
ment costs. 

To date there arc no reports of any serious disease outbreaks in Actrcio 
mtrrlgium plantations. However. t he species is not tot all y free from disease. 
Observations and reports havc shown that the species is affected by several 
diseases, sonic of which may become serious undcr predisposing conditions. 

This chapter brings together all available reports of diseases of A. mtrngium, 
including both research data and personal observations. Bacteria. ncniatodes, and 
fungi havc been reported as disease agents of A. mnttgirim but most diseases are 
associated with or caused by fungi. To date. there are no known reports of 
diseases caused by viruses, mycoplasmas. or abiotic agents (such as air pollut- 
ants). The available literature (for example. Bowen and Eusebio 1982) and 
checks with the Seed Technology section of the Forest Research Institute of 
Malaysia (FRIM) confirm that A. mongirtm is not susceptible to diseases caused 
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Diseases 

by seed-borne palhogens. Evcn seeds coaled wirh fungal hyphae and sporcs have 
been observed to gcrminare and dcvclop normally. 

Seedling Diseases 

Alrhough the palhogcns may no1 be the same. adulr lrccs and sccdlings share 
many diseases i n  common; for cxamplc. foliage discascs and roo1 rob. However. 
some diseases arc unique to or more prcvalenl on seedlings, mainly due lo the 
condi lions of nurseries. The inlcnsivc. repealed cull ivalion of tree seedlings i n  
nurseries creaks ideal condilions for lhc build-up and spread of diseases that 
gcncrally do nor pose a serious rhrcal to nalural sccdling rcgcncralion. The main 
diseases of A. mtrrrgirtm sccdlings arc: damping off, powdery mildew. slcn~ galls, 
dicback, leaf spots. charcoal roo1 discasc. and root knot. 

Damping-Off 

Damping-off is a common discasc in nurseries. and is n~osl scvcrc when condi- 
lions favor growth o f  thc fungus and no1 the hosl. I t  can attack sccdlings during 
gcrrninalion (prc-cmcrgcncc danlping-off) or aflcr germination, while lhc rissues 
are still succulcnl (post-cnlcrgcncc damping-off'). 

Thcrc arc few rcpons of damage to A. mtrrrgirim by damping-off: up lo 30% of 
sccdling slock i n  I'cninsular Malaysia, 50% of sccdling slock i n  Sabah (Liew 
1985; Maziah 1990). and a high incidence (no ligurcs available) in a nursery in 
Gogol. Papua New Guinea (Sahashi and Mukiu 1992; Ilatc 10. I). 

Symptoms 
In pre-emergence damping-off, Ihc gcrnlinating sccdlings arc killed before they 
can emcrgc from the soil. resulting in very sparse or no germination a1 all. This is 
somctimcs mistaken as a symplom of poor sccd viability. In post-cmcrgence 
damping-off. sccdlings arc rotrcd at soil lcvcl and subscqucnrly collapse and die. 

Causal Organisms 
Thc associaled fungi have bccn identified as: Cl~rretornirrrn sp.. Crirvriltrritr sp., 
Cylirrdrocltrdirtrn sp., Frtstrririrn soltrrri, Fustrrirtm sp., Pj.rhir4m sp.. Ylrj~rophrl~ortr 
sp., and Rl~izocrorritr soltrrri (Khamis 1982; Lee 1985; Liew 1985; Lee and Goh 
1989; Maziah 1990; Norani 1987). 

Etiology 
The seed or the emerging sccdling is infected cithcr by sporcs or vcgcrarive 
hyphae present in lhc soil. Infcclion of the hosl lissue results i n  enzymalic 
degradation o f  the hosl cell wall and dcarh of host lissuc. This is seen as watcr 
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Plate 10.1. In Papua New Guinea, poor germination of A. nlangiunt seedlings due to 
damping-off is ameliorated by pretreatment wilh ?hiram. 

soaking, browning, or shrivelling of the ptem tissue at soil level and collapse of 
the seedling. Most of the damping-off fungi cause disease only at the seedling 
stage; as the seedlings grow and the tissue becomes lignified, they become more 
resistant to infection. 

Factors influencing the severity of damping-off include: soil moisture, 
temperature, soil pH, host vigor, host density, and inoculum density. Conditions 
that favor damping-off by one fungus species, however, may not be favorable for 
another fungus. For example, damping-off by Pytllium or Phytophtl~ora is most 
severe at high moisture levels, which favor development of zoospores that readily 
infect young seedlings. Fwtrrirtm, however, grows best in dry soil. 

Control 
The best means of controlling damping-off is by preventing pathogenic fungi 
from entering the sowing medium or seedbed. This disease can be avoided by 
adopting good nursery techniques and sanitation. Excessive watering, organic 
matter high in nitrogen content, and the use of heavy shading should all be 
avoided. Seeds should not be sown too densely, to prevent the build-up of 
conditions conducive to the spread of the pathogen. 

Soil fumigation with methyl bromide, chloropicrin, or Vorlex before sowing 
are effective but dangerous unless conducted by experienced operators. A more 
common practice is soil drenching with sulfuric acid or 0.5- 1 .O% formalin 
solution about a week before sowing. Seed dressing with fungicides can also be 
used but results are inconsistent (Aniwat 1990). Some of the more recent sys- 
temic fungicide mixtures are effective but can be costly. 
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Powdery Mildew 

Powdery mildew has been observed on A. mangiwn seedlings in nurseries in 
Malaysia (Maziah 1990; Lee, unpublished data), Thailand (Aniwat 1987; Kiyoshi 
and Aniwat 1990). and Hawaii (National Research Council 1983). While the 
incidence and impact of powdery mildew has been low in Malaysia, it has caused 
heavy losses in Thailand. A 
serious outbreak in 1984 
resulted in 90- 100% infection 
and caused 75% mortality of 
affected seedlings in the 
Sakaerat experimental site in 
Thailand (Kiyoshi and Aniwat 
1 990). 

Symptoms 
Infection usually begins as 
solitary cobweb-like to pow- 
dery white patches on the 
primary (juvenile) leaves. As 
the infection develops, spread- 

seedlings. The upper leaf surfaces are coated with a 
white powdery growth of hyphae and spores of 
Oidium sp. 

ing rapidly to the secondary leaves or phyllodes, the upper leaf surfaces become 
heavily coated with a white powdery growth of hyphae and spores (Plate 10.2). 
The leaves look as though dusted with powder, hence the name. The symptoms 
are also sometimes mistaken for road dust, especially on plants planted near dirt 
roads. When the fungus dies, it leaves yellow blotches on the leaf surface. Heavy 
infection results in premature defoliation of both the juvenile leaves and phyl- 
lodes, retarding subsequent growth. 

Causal Organism 
The pathogen, Oidium sp., is a member of the Fungi Imperfecti (Deutero- 
mycotina) (Aniwat 1987; Kiyoshi and Aniwat 1990; Maziah 1990). In Thailand, 
it has been suggested that the perfect state of the fungus is Erysiphe acaciae and 
that the fungus might be indigenous to acacias and other trees (Kiyoshi and 
Aniwat 1990). 

Etiology 
The fungus penetrates the leaf epidermal cells, forming absorbing structures 
known as haustoria through which it obtains nourishment from the host cells. 
Hyaline, barrel-shaped conidia (Form genus Oidiwn) produced in large numbers 
on the leaf surface are wind blown to other suscepb le  hosts, initiating new 
infections. The perfect stage of the fungus has not been observed on A. mangiwn. 
Plants growing under shady conditions are usually more susceptible. 
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Control 
Since damage is usually slight, control is seldom warranted. Surface application 
of fungicides, such as Benomyl (Aniwat 1990). and sulphur dusting can control 
the disease. Destroying fallen leaves may help to limit potential inoculum. 

Stem Galls 

An isolated case of stem galls was observed in early 1992 on 2.5- to 3-month old 
A. mangium seedlings in a nursery on the east coast of Peninsular Malaysia. Over 
70,000 seedlings were affected. This disease has not been reported elsewhere. 

Symptoms 
Stems of seedlings between the root 
collar and the apical shoot are covered 
with small, rounded galls measuring 1 - 
2 mm in diameter (Plate 10.3). These 
galls usually occur in clusters, and are 
brown and smooth. 

Causal Organism 
Smears on slides and isolates from the 
galls consistently yielded bacterial 
colonies. The bacteria were rod shaped 
and gram negative. On glucose peptone 
agar, the bacteria were evident after 24 I 
hours as shiny. cream-colored colonies p 
becoming yellowish to pale orange with caused by back&. 
age. The identity of the bacteria could 
not be determined. 

Etiology 
Bacteria are typically not obligate parasites and are unable to penetrate plant 
tissues directly. They can thus only enter the host through natural openings such 
as stomata and lenticels or through wounds. They can be transmitted by wind and 
rain. insects, nematodes. other animals, and humans and their cultural practices. 
They may also be transmitted in seed or vegetative planting material. 

Control 
Detailed knowledge of the disease, the crop, and the bacterium is needed to 
choose the most effective method of breaking the disease cycle at its weakest 
point. Effective control of bacterial diseases is primarily by sanitation or by use 
of resistant varieties. Care should also be taken to prevent wounds during plant- 
ing and cultivation. Infected plants should be removed and destroyed. 
Bacteriacides are available but can be expensive. 

207 



Diseases 

Dieback 

Occurrence and Importance 
Although Maziah (unpublished data) has observed shoot dieback on seedlings in 
the nursery, the outbreak was not serious and only a few seedlings were affected. 

Symptoms 
Tips of affected seedlings wilt and become necrotic, with the necrotic lesions 
progressing down the shoot. 

Causal Organisms 
Fusariism oxyspnrum, P h o m ~  sp. and Lasiodiplodia theobrome were isolated 
from affected tissue but pathogenicity was not established. 

Control 
Since damage is usually slight, control is seldom warranted. However, fungicide 
sprays should prove effective. 

Leaf Spots 

Occurrence and lmportance 
Leaf spots normally do not cause extensive damage and are not serious unless 
associated with heavy defoliation. Leaf spots have been reported on A. marigium 
seedlings of various ages, but to date there are no reports of heavy damage or 
major outbreaks. 

Symptoms 
On A. mt~rrgirsm seedlings leaf spots normally occur not on the juvenile leaves, 
but on the phyllodes. The leaf spots are usually slightly elongated and brown, 
with a dark margin (Plate 10.4). 

Causal Organisms 
Fungi commonly associated with leaf spots of A. mangiwn seedlings include: 
Cnlletotrichlun gloeosporinides, Glnmerelln cingulara, Lasiodiplodia 
theobrome, Fustwiwn sp., Glneosporium sp., Corynespora sp., and 
Heridersorrdn sp. (Lee and Goh 1989; Maziah, unpublished data). 

Etiology 
The etiology of leaf spot pathogens of A. mangium has not been studied but the 
associated fungi are known to cause similar disease symptoms on other hosts. 
The fungus usually enters the host through stomata, infecting epidermal and 
mesophyll cells. Proliferation of the fungus results in rupture of the infected cells 
or formation of sporodochia (depending on the fungus species) and release of 
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Plate 10.4. Typical leaf spot symptoms, progressing in severity from left to right. 

spores. The fungi thrive under damp conditions and are dispersed by rain splash 
or in currents' of damp air. 

Control 
At present, the disease is not considered serious enough to warrant control 
efforts. However, regular spraying with fungicides such as Daconil or Benlate are 
known to be effective. 

Charcoal Root Disease 

This disease has only been reported on A. mangium seedlings in Sabah (Kharnis 
1982). That report included no indication of severity or impact of the disease. 

Symptoms and Causal Organism' 
Affected seedlings were stunted and chlorotic. There was no description of the 
symptoms on the roots, but from its name, presumably the roots turn black. The 
disease was associated with a fungus, Macrophomina sp., a fungus known to 
cause root diseases in many plant species (Manion 1981). 

Etiology and Control 
The fungus invades root tips, lateral roots, and the root collar region. This 
gradual destruction of the root system causes seedlings to become stunted and 
chlorotic, and ultimately to die. In the absence of hosts, the pathogen forms 
sclerotia for survival in the soil. These sclerotia make thorough fumigation of the 
soil the only practical treatment for controlling the disease. 
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Root Knot 

Nematodes are found in the soil and normally do not pose a serious threat to 
seedling growth and production unless present in abnormally high numbers 
(more than 1.000 per half liter of soil). 

To date; root knot of A. mrig ium seedlings caused by nematodes has been 
reported only in Sarawak, Malaysia (Chin 1986). In 1984, 15-2096 of 60,000 
potted seedlings at Niah Forest Research Station, Sarawak, were damaged by 
nematode attack. The following year, approximately 40% of the seedlings at 
Sabal Forest Nursery, Sarawak. were similarly damaged. 

Symptoms 
Seedlings were stunted, possessed few pale-green to yellowish leaves, and were 
prone to wilting, especially during hot times of the day. Affected seedlings had 
swollen basal stems and root knot galls. The galls were woody and irregular to 
roughly spherical, measuring 1.5-2.5 cm by 1.0-2.0 cm (Chin 1986). 

Causal Organisms 
Several species of plant parasitic nematodes have been found in seedlings and 
soil sampled from forest nurseries in  Sarawak. However. in the two cases men- 
tioned above. root knot nematodes of Meliodogyt~e spp. were found to be the 
causal organism (Chin 1986). 

Etiology 
Root knot nematodes are widely distributed in forest soils up to a depth of 60 cm. 
The femalc nematode penetrates the plant tissue by means of a stylet; feeding by 
the femalc causcs formation of giant cells in the root. Cell walls between adjacent 
root cells dissolve, nuclear division increases, and cells enlarge. The female 
Meliodogyne nematode is an endoparasite and spends her entire life in one 
location in the root gall, feeding on the few giant cells formed. The eggs are 
formed parthenogenically in the adult fcmale and the extruded eggs remain 
together in a saclike membrane on the surface of the root gall. When the young 
hatch, they often penetrate the root in the same general area as the parent, thus 
accentuating gall formation. 

Control 
Nematodes are generally controlled by soil application of nematocides and 
sterilants. Furadan 3G applied at a rate of 0.5 g per seedling before five weeks of 
age provided effective control in Sarawak. Soil drenching with a solution of 4- 
5% formalin (applied at a rate of 8 ml per 470 ml water per 900 cm2 soil 5-7 
days before sowing) also gave effective control (Chin 1986). Crop rotations, 
interplanting non-host cover crops, fallow periods between crops, sanitation, and 
use of resistant varieties are other options for control. 
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Total elimination of nematode problems is unlikely and nematode-induced 
losses may have to be accepted as part of the cost of raising seedlings. 

Tree Diseases 

The importance of tree diseases is often evaluated on the basis of their lethal 
effects. However, many diseases do not directly result in the death of the tree, but 
cause reduced vigor and growth rates that can lead to growth losses and increased 
susceptibility to damage by other pest organisms and abiotic disease agents. 

With the increase in forest plantations, while more wood will be produced, 
more losses due to tree diseases are also expected (Manion 1981). 

The list of diseases affecting A. mangium trees described below is by no 
means exhaustive and only represents those observed to date. No doubt other 
diseases exist that have not been reported or perhaps not yet observed, since A. 
mngium is still a relatively new plantation species. 

Root Rots 

Root diseases found in A. marlgium plantations include a brown root disease 
caused by Phellinus, reported in Sabah, Malaysia (Khamis 1982) and the Philip- 
pines (Almonicar 1992). In both instances, no mention was made of the age or 
number of trees affected. This fungus has also been observed on diseased roots of 
trees of 1-9 years old at various locations in Peninsular Malaysia (Maziah, Philip, 
unpublished data). Lee (1985) observed a red root disease associated with 
Ganoderm sp. in a three-year-old plantation in Kemasul, Peninsular Malaysia. 
Studies are underway to determine the severity and spread of this disease in A. 
marlgillm plantations of different ages located in different parts of Peninsular 
Malaysia. An unknown fungus with characteristics similar to those of 
G a n o d e m  has also been reported causing root rot of A. mangium trees one year 
and older in the Philippines (Almonicar 1992). 

In the Gogol valley of Papua New Guinea, Arentz (1986) recorded 29% 
mortality of A. mtirlgium trees after five years due to root disease caused by 
G a r l o d e m  sp. 

These are currently the only reports of root disease in A. mangium planta- 
tions. This may be due either to the absence of the disease or the lack of observa- 
tions and studies on the disease. 

Symptoms 
Initial symptoms of root rot resemble those of nutrient deficiencies. The foliage 
becomes yellow and smaller due to reduced water and mineral uptake. Young 
shoots may also wilt. In more advanced stages when a major portion of the roots 
have decayed, fallen trees or standing dead trees are good indicators of root 
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Plates 10.5-7. Root rot symptoms. Left: a m e  with wilted and dead foliage and 
branches. Center: A pocket of root rot in a plantation is indicated by a group of dead and 
dying uees; uees a1 the periphery have smaller and sparser foliage. Right: A portion of 
A. tnungiut~t root attacked by root rot is covered by a dark reddish crust, and b e  wood is 
fibrous and bleachcd a pale straw color. 

disease (Plate 10.5). Very often small foci of dead trees in a plantation are 
surrounded by trees with small or yellowing foliage (Plate 10.6). 

Signs of the disease are only evident on the roots after the tree has fallen over 
or upon excavation of the roots. Depending on which fungus causes the disease, 
there may be a dark reddish crust (Plate 10.7). a granular rusty brown incrusta- 
tion, or white thread-like rhizomorphs on the surface of the roots. All three types 
of fungal structures have been found on A. mtzngirun roots suffering from root 
rot. 

Causal Organisms 
The most common form of root rot in most A. rnatrgium plantations appears to be 
associated with Gcrtrodennri sp.. which forms a dark reddish, crust-like 
rhizomorphic skin on the main lateral roots. In an ongoing survey of root disease 
in some A. mcrtlgirtm plantations in Peninsular Malaysia, this characteristic 
incrustation has been found on roots of 3- to 10-year-old dead or dying trees. 
Some basidiomes of a Gotrodenm sp. have been collected from dead trees and 
studies are underway to identify the fungus (or fungi) responsible, and to deter- 
mine the spread of the disease. One basidiome of G.  webericitrum has been 
collected fron~ a decayed A. mtrgirtm stump in the Gogol valley of Papua New 
Guinea (Arentz 1990). 

Plrellitrlrs spp. have also been found on diseased roots of A. mcrngiirm in 
Peninsular Malaysia (Maziah. Philip, unpublished data), Sabah (Kharnis 1982), 
and the Philippines (Almonicar 1992). The species in the Philippines has been 
identified as Plrellitrlis troxirrs; the identity of those in Malaysia have not yet been 
confirmed. Plrellitliu spp. produce a rusty brown rhizomorphic skin on the root 
that darkens with age. In Peninsular Malaysia, this fungus has been found on 
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roots of uees between one to eight years old. but its incidence is much lower than 
that of Gnrlodermn sp. 

Rigidoporrts ligrlosrts, the fungus producing white rhizomorphs on the root 
surface, has only been observed twice at two locations in Peninsular Malaysia 
(Lee, Maziah, unpublished data). There are no studies of this fungus in A. 
mnrlgirtm plantations to date. 

Etiology 
The pathogens associated with or causing root diseases of A. mtrngium are 
soilborne fungi able to persist for long periods as saprophytes on dead plant 
materials. 

Gmrndermtl sp. can persist as a saprophyte on dead roots and spread to 
healthy roots by nleans of the red rhizomorphic skin. On Heven hrrrsilierlsis the 
fungus is known to be able to infect cut surfaces by means of spores. In the early 
stages of infection, the wood is pale brown and hard. As the rot progresses, the 
wood becomes pale, light. spongy when wct and friable when dry. 

Like Gtrnodermrr, Yl~ellir~ris sp. can pursist on dead roots and stumps and 
spread to healthy roots by thc brown rhizomorphic skin. On rubber trees i t  is 
known lo infect cut stumps from spores. The infectcd wood is initially pale 
brown, with brown zigzag lines appearing later. In the advanced stage. the wood 
beconles friable. light and dry, permeated with sheets of yellowish brown fungal 
hyphac that form a honeycomb structure. 

Rigidoporris ligtrosrts causes the most serious root disease in rubber but its 
impact on A. mtlrrgirtm has been fairly ncgligiblc. On rubber trees, this fungus 
spreads from root to root by nleans of the white rhizomorphs. I t  can also infect 
cut stumps from spores under favorable circumstances. 

Control 
Like many other root diseases spread by root contact, therc are no spccific 
control reconinlendations for these three fungi in A. mclrrgirrm plantations. The 
disease may pcrhaps he prevented hy ensuring that the trees are vigorous and that 
there is no accumulation of stumps, dying trees, and other woody debris in the 
vicinity of the future crop trees. 

The usual niethod of conuolling root rot caused by fungi that spread by root 
contact is to remove and dcsuoy all diseased roots and woody debris. This is very 
costly and inlpractical in logged-over lowland rainforest areas intended for 
reforestation with A. mmgirtm. 

Arentz (1986) suggested that unless varieties can be found with a high degree 
of rcsistancc to root pathogens, it may be necessary to abandon Actlcitl spp. for 
reforestation in I'apua Ncw Guinea, due to their susceptibility to root rot and the 
fact that little can be donc to control the disease. 

The impact o f  root rot in A. mtrr~girirn plantations is still not fully known. 
While the situation appears quite bad in reforested IowIand rainforest areas of 
I'apua New Guinea, it may be different in other areas. Preliminary results from 
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Peninsular Malaysia show that incidence and spread of the disease varies from 
site to site. 

Pink Disease 

Pink disease is widely distributed in the tropics and has been reported on various 
crop plants and timber trees. In Malaysia, it is a well known disease of rubber 
and pepper. especially in high-rainfall regions. It has also been found on 
Pclrclserinntltes jdccrtaricl in Sabah. 

In Malaysia, pink disease was first reported on A. mnrrgirrm trees from Niah 
Forest Reserve. Sarawak. in 1979. In 1986. it was found in four other forest 
reserves in different parts of Sarawak (Chin 1990). An estimated 17% of the A. 
mcrrrgilrm trees planted in Sarawak are infected with pink disease, with infection 
being most serious in Sabal Forest Reserve. The only two other rcported occur- 
rences of pink disease in A. mcrrlgirtm plantations have been in Sabah (Kharnis 
1982) and Peninsular Malaysia (Lee 1985). In neither case was there a serious 
out break or spread of the disease. 

Symptoms 
Early symproms of [his discasc are wilrcd and shrivcllcd foliage on dead 
branches (Plate 10.8). In latcr stagcs, twigs and branchcs arc girdled. Cracking of 
the bark and cankers on the stem are also symptoms (Plate 10.9). If infection is 
not severe, the tree will recover and develop cpicormic shoots below the dead 
branches, with one shoot becoming the leader. In severe cases, however, the tree 
dies. 

Early signs of'the disease are pink pustules or pink to white patches on dead 
bark in the region of the main forks in the tree. I Aer a conspicuous. pink myce- 
lial layer. which may break up into patches, spreads over thc bark. This layer 
usually fhdes to a diny white incrustation at a later stage. 

Causal Organism 
The causal organism is a basidiomycete fungus Corticirtm scrlmorricolor Berk. & 
Dr., which produces a resupinate basidiocarp closely adpressed to the substratum. 

Etiology 
The fungus spreads by wind-dispersed spores. Diseasc dispersal mainly occurs 
during wet weather when the fungus sporulates freely and the surface of the bark 
is sufficiently moist to fhvor spore germination and hyphal growth. The fungus 
invades healthy branches and stems through natural openings such as stomata 
and lenticels. or through wounds. The disease may possibly also be transmitted 
by an insect vector. Yerrtlricodes.fcrrirrosn (Chin 1990). 

Control 
Trees normally recover if the disease is not serious. Removal and disposal of 
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I'lates 10.8-9. Symptoms of pink discasc. Lcl't: An early symplorn is willing of a tree's 
top shoots. Right: The huk beneath h e  wilted shoot is covered by a light pinkish layer 
and may often hc cracked. 

infected fallen branches and twigs prevents build-up of inoculum in the planta- 
tion. However. although expensive and uneconomical, chemical protection may 
be necessary in a serious outbreak, as the disease can easily reach epidemic 
proportions. In Sarawak, pink disease was successfully controlled with Perenox, 
a copper-based fungicide (Chin 1990). In rubber plantations, Bordeaux mixture 
and a brush-on formulation of Calixin Ready-Mixed (tridemorph) have also been 
used with success. 

The best way to prevent pink disease is to plant resistant varieties. In rubber 
plantations, this has been achieved through tree selection and breeding. 

Heart Rot 

Progressive decay of the heartwood is termed heart rot. Normally, fungi that 
decay heartwood do not attack sapwood; such trees continue to grow to maturity 
and may outwardly appear healthy and vigorous. However, since heart rot is 
progressive. there is considerable decay cull at the end of a rotation. 

Heafl rot in A. mmgirun was first repofled in 198 1 in Sabah by Gibson 
(1981). who noticed a white fibrous decay with a peripheral stain in 12% of 44- 
month-old thinnings. Similar observations were made in four year-old thinnings 
from Kemasul plantation (Lee 1985) and in  five and six year-old thinnings from 
Rantau Panjang plantation (Hashim et al. 1990). both in Peninsular Malaysia. 
Results of a study of four, five and six year-old A. m g i u m  trees in Kemasul by 
Lee et al. (1988) revealed that discoloration and heart rot were associated with 
fungal invasion of poorly healed wounds, especially those left by branch stubs. In 
Sabah, Ito (1991) also found that the heart rot fungus invaded mainly through 
dead branches. 

The rot is ohen confined to small pockets in the heartwood, hut is occasion- 
ally found throughout the length of the bole, especia!ly in older trees. However, 
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the overall volume of wood affected is normally small-about 10% (FRIM 
internal report). 

The high incidence of heart rot in A. rnangium trees in Peninsular Malaysia 
recently led the Ministry of Primary 1ndustries.of Malaysia to place a temporary 
moratorium on planting the species. 

Symptoms 
The disease is only evident upon felling of the tree. However, the presence of 
dead or broken branches, wounds, and cankers are good indicators of the pres- 
ence of heart rot (Lee et al. 1988). The type of rot found in A. mangium heart- 
wood is a white rot caused by white rot fungi able to digest and use both cellu- 
lose and lignin (Lee et al. 1988; Ito 1990). Based on differences in color, texture, 
and general appearance of the heartwood, seven types of rot have been recog- 
nized (Lee and Maziah 1993). All are still categorized as white rots as the 
resulting rotted wood is a whitish, spongy, or stringy mass. 

Causal Organisms 
A variety of basidiomycete fungi have been collected or isolated from heart 
rotted A. marigiwn wood (Gibson 1981; Thomas & Kent 1986; Lee et al. 1988; 
Hashim et al. 1990; Ito 1991). However, no positive identifications of the fungi 
have been made. Recently, Lee and Maziah (1992) isolated 25 basidiomycete 
fungi from heart rotted A. mnrzgium trees of various ages and from different 
locations in Peninsular Malaysia. In the absence of basidiomes, identification was 
based on cultural and microscopic characteristics. Only one fungus, Plzellinus 
noxius, could be positively.identified (Plate 10.10). Basidiomes of a Trametes sp. 
and a Fomes sp. have also been collected from trees with heart rot. 

Plate 10.10. Hemwood of a seven-year-old A. mangium affected by heart rot. The 
honeycomb pattern is characteristic of rot caused by Phellinus noxius. 
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Etiology 
The starting point for discoloration and decay in living trees is a wound. Wounds 
commonly found on A. mangiwn trees are branch stubs left after self-pruning, 
singling, and artificial pruning, broken branches, and mechanical injuries. A. 
mangium's high susceptibility to heart rot may be partially attributed to its mode 
of self-pruning. During self-pruning, the branch dies slowly, allowing infection 
by decay fungi and entry of the fungi into the tree trunk before the branch stub 
has occluded. 

As soon as a tree is wounded, micro-organisms on the bark and in the air 
contaminate the wound surface. A succession of micro-organisms followed by 
decay fungi occurs on the wound. Pioneer micro-organisms such as Ceratocystis 
funbriata, Chalara sp., and Phialophora sp. found in discolored heartwood (Lee 
1986; Lee et al. 1988) break down the host defenses and invade the xylem, which 
then allows decay fungi with the ability to degrade cellulose and lignin of the cell 
walls to become active. 

Control 
At present, there are no practical control measures against A. mangium heart rot. 
Wound dressings that have long been used as a preventive measure are now 
known to be ineffective and may in fact create conditions favorable for invasion 
of the wound by decay fungi. 

The incidence of heart rot in A. mangiwn plantations in Sabah appears to be 
much lower than in Peninsular Malaysia. This may be related to site andor 
genetic factors. 

Foliage Diseases 

Leaf spots, lesions, and the occasional dieback have been observed on A. 
marlgi~un, but there have been no reports of any serious outbreaks or epidemics. 
Probably these diseases have received little attention since they rarely kill trees in 
a single season. Only the more frequently observed or more important foliage 
diseases are discussed below. 

Sooty Mold 

The most common foliage disease on A. mangium is sooty mold. Sooty molds are 
saprophytic epiphytes and are not parasitic on their hosts. They normally obtain 
nourishment from the honeydew secreted by aphids, mealy bugs, scale insects 
and other sucking insects. In cases where insect infestation is absent, as in A. 
mangium, the fungi obtain their nourishment from plant leachates leached into 
water deposited on the leaf surface as rain, dew, and mist. Surface water together 
with insects are important in dispersing sooty molds. 

Extensive growth of sooty mold markedly reduces a tree's effective photo- 
synthetic area, resulting in reduced vigor and growth. Many sooty molds also 
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absorb water readily and keep 
the leaf surface moist for long 
periods. This creates a very 
humid environment within the 
tree canopy, allowing the 
spread of other diseases. 

Symptoms 
Sooty molds can occur on 
trunks, branches, twigs, leaves, 
and fruits. On A. mnrlgilrm they 
are normally found on the 
upper leaf surface, occurring as 
a sparse, black network of 
hyphae or a thin, effuse, black, 
papery layer (Plate 10.1 1 ). 

I'late 10.1  1 .  Sooty m o l d  l o n n i n g  t l i i l i ,  h l i l ~ k  ~ ; ~ I C ~ C S  
of hyphae on the leaf surface. 

Incidence of sooty mold on A. mnrlgilrm is relatively low and usually confined to 
plants in nurseries and the lower foliage of two- to four-year-old uees. The molds 
tend to disappear as trecs grow oldcr and are not known to cause any serious 
reduction in tree vigor or growth. 

Causal Organisms 
The fungi causing sooty mold on A. mnrrgirun have not been identified. Several 
Melioln species, Irerlopsis hergrerlrrii, and other fungi are known from 
Australasia and thc Far East, causing sooty mold on other Acncin species (Fraser 
1935; Hansford 1955). Melioltr, howevcr, is now classified as an obligate parasite 
causing black mildew rather than sooty mold (Lim and Khoo 1985). 

Leaf Spots and Leaf Lesions 

Isolated cases of leaf spots and leaf lesions have been observed in several areas in 
Kemasul plantation, I'eninsular Malaysia, usually in the dry months just after a 
long wet spell. These diseases have not been observed to cause heavy defoliation 
or growth retardation. 

Symptoms 
Symptoms on the foliage of adult uws are similar to those on phyllodes of 
seedlings (see Plate 10.4 and Symptoms paragraph for leaf spots on seedlings). 

Causal Organisms 
Fungi most frequently isolated were Glomerella cirlgulatti, Kl~uskici oryzcle, and 
Pestnlotiopsis rieglectcr (Maziah 1 WO) .  

- 
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Etiology and Control 
Fungi causing leaf spors and leaf lesions on A. mangium belong to the group of 
Fungi Imperfecti. The mode of dispersal and spread of such fungi are discussed 
in the section on leaf spots and leaf lesions of seedlings. 

Usually control is not warranted as the diseases are no1 serious. If necessary, 
fungicide sprays may be applied, but this can be uneconomical and of limited 
use, especially if the trees are tall and the areas exlensive. 

Other Tree Diseases 

Dieback 
A dieback disease due lo unknown causes has been reponed in Sabah (Khamis 
1982). All trees growing on poor podzolic soil at Bunang, Sook, exhibited shoot 
lip dieback wilh yellow and prcmalure defoliarion. A hardpan was found 40 cm 
beneath the soil surface. Thcrc were no funher rcporls of lhe condition of the 
trees Ihereaflcr. The symproms and conditions under which Ihc trees were 
growing would appcar lo indicalc impcded root growlh. rcsulling in  rhc manifes- 
tarion of the visual symptonls. 

I'ccling and rcn~oval of Ihc bark by squirrels has also caused dicback of A. 
mtrrrgirtm lrecs planlcd in a golf course. The lerrninal branches will and die above 
the girdled ponion where ~ h c  bark has been removed. The lrces oticn produce 
cpicormic shools below the girdled porlion; repealed dan~agc rcsulrs i n  low 
bushy trees wilh staghorn-like dead branches. 

Stem Canker 
In Thailand, a slcn~ canker on rhe lowcr bole of A. mtrrrp'rrm has caused bark 
rupture (Choldun~rongkul el al. 1990). However, rhar reporl does not menlion the 
exrenr or sevcriry of !he discasc, or ils cause. 

Thelephora ramarioides Reid 
Basidiomcs of Tl~t~loplrorrr r(11nrrrioid~s Reid arc ofren found growing in associa- 
tion with A. intrrrgirtin seedlings raised in polybags i n  Ihc nursery. I niliall y, 
researchers Ihoughl lhal Ihe Sungus was mycorrhizal wilh A. mtrngirtm. However, 
analomical sludics revealed lhal Ihe fungus was a facullalive parasilc on the roots 
of the hosl (Lee 1990). 11 is probably a nuisance fungi like Tlwlq~l~ortr ferresfris 
in remperare pine nurseries. 

There is a brief repon of CItrvtrritr sp. being ecromycorrhizal wilh A. 
mtrrlgirrm in  rhc Philippines (Anino 1992), but rhe informalion given is insuffi- 
cient lo pcrnlil any conclusions regarding ils idenlificalion as an ectomycorrhizal 
fungus. 

Diseases Caused by Noninfectious   gents 
Noninfectious diseases arc caused by abiotic (non-living) agents. There has been 
considerable dcbalc aboul whal should be considered a disease, in-jury, or disor- 
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der; the confusion is best summarized by Blanchard and Tattar (198 1): the 
disorder expressed by a diseased tree may be the result of chemical injury. In any 
case noninfectious agents cause tree health problems which then become the 
concern of the tree pathologist. 

Noninfectious diseases of trees are environmentally induced. Temperature 
and moisture extremes, nutrient abnormalities, and people-pressure diseases 
(PPD)(Blanchard and Tattar 198 1 )  such as air pollution, chemical injury, and 
construction injury are well-known abiotic disease agents. Noninfectious diseases 
are recognized by their uniform symptom expression and the lack of progressive 
symptom development on the plant. 

Although few noninfectious diseases have been observed on A. mmgiitm, 
one should still be able to recognize them and be aware of their damage potential. 
The main ones observed on A. mmgium are caused by drought and firc. Herbi- 
cide injury h a  also been observed, but noninfectious diseases due to PPD have 
yet to be reported. 

Ilrought-stressed A. mcrngirtm secdlings wilt but recover when watered, 
unlike seedlings suffering from rtwt rot or vascular wilt. The foliage niay become 
chlorotic and the trees may lose their leaves. In prolonged drought, secdlings may 
die. 

A. mtlrigirtm trees damaged by fire may recover i f  the firc is not too intcnse, 
but sublethal temperatures may reduce tree vigor and predispose thcni to attack 
by infectious agents. Symptoms of fire damage are scorched foliage and bark, 
fissured bark, and dieback. Fissures in the bark become infection courts for 
infectious agents and insects. Extensive borer infestation has been observed in 
outwardly healthy A. mtr~rgirtm trees about six months after a firc. Signs of a fire 
may also include charred debris and charred tree bark. 

Sudden exposure of previously shaded seedlings and trees to sunlight can 
also cause scorching of leaves. scalding of bark. and dieback. 

Future Research 

Much remains to be studied on the effects of local site and environmental condi- 
tions on t he incidence and spread of infectious diseases in A. mnngirtm. In 
particular, the incidence and spread of root (and butt) rot and heart rot need to be 
studied in  detail, ideally using comparable techniques in  all countries where A. 
mmgirrm is grown in plantations. This would provide a better understanding of 
the palhogens involved. their mode(s) of infection, and rate of spread in relation 
to host provenance, local weather and climatic conditions. soil factors such as 
fertility and moisture availability. and microsite conditions. 

- 
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Summary 

The diseases of A. mnr~girlm seedlings are common seedling diseases of many 
tree species, with the possible exception of bacterial stem galls. Such diseases 
and an occasional disease outbreak in any seedling nursery is not uncommon and 
can usually be controlled using conventional nursery management techniques and 
prophylactic fungicidal sprays. However, economic costs should be carefully 
weighed against t he potential benefi ts of chemical control. 

As the plants grow older. it is increasingly apparent that A. marrgirun is 
susceptible to sevcral diseases, most notably heart rot and root rot. Heart rot has 
been reported in plantations in Sabah and Peninsular Malaysia; root rot has been 
rcportcd from plantations in Sabah, Peninsular Malaysia, and Papua New Guinea. 
Although the incidence of heart rot is high in Peninsular Malaysian plantations, 
the figures are much lower in Sabah. Could this be due to differences in site 
conditions and/or genctic factors? Root rot, however, appears to be more wide- 
spread, rcported not only in Malaysia but also in Papua New Guinea. Its inci- 
dencc appears to be sitc rclated. Control of both these discases is difficult, 
however, and other management strategies may have to be employed. 

Thc occurrence of pink discasc, on the other hand, appears to be closely 
rclated to local environmental conditions; it is prevalent only in Sarawak and has 
very minor impact clsewhcre. 

Lee Src See works wit11 the Forest Resenrcll Iristitrite of Mnlnysin, P. 0. Box 20I, 
K c ~ p o q ,  Se lmgor ,  52/09 Krurltr Lrrmprcr, M ( l / n y k l .  ,411 pllotos by  Lee Su See. 
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Chapter 1 1 

Properties and Utilization 

Ruzcili Abdul-Kader a n d  Mohd. Han~rimi Suhri 

Introduction 

Acacia marlgirtm wood can be used i n  solid form, in wood-based panels, or in 
pulp and paper-making. Increasingl y. with advanced utilization technologies like 
those used in processing small-diameter rubberwood logs, the options for utiliza- 
tion of A. marlgirrm are broadening to include wood composite materials. The 
growing scarcity of large-diameter hardwood logs will continue to drivc ad- 
vances in these technologies that use suitable fast-growing species like A. 
mtrrrgirrm. In many cases. Ihc technologies arc already available to process the 
wood into highly desirable commercial products. 

This chapter discusses the basic propcrtics of A. mcrngirtm wood and the 
panel products into which i t  can be convcrtcd, as well as chemical and other 
nonconvcnt ional products. 

Wood Properties 

Anatomical Properties 

A. mtrtrpirrm is a diffuse, porous wood. Its basic anatomical description is out- 
lined below (I'ch and K h w  198;. Wu ct al. 1988; Wu and Wang 1988: Mohd. 
Hamami ct al. 1992). 

Growth rings: Kalhcr indistmc~ 

I'arenchyma Parenchyma tissuc is distinct undcr a hand lens and lighter in color than thc 
fiher cells. It is of' p~atmcheal  type. some conspicuously surrounding the 
vcssels or vessel groups. whereas the others consist of' narrow shealhs around 
lhc vesscls. Some axial parenchyma cells contain crystal deposits of calciurn 
compound>. 
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Rays: Ray tissue is rather fine and distinct under a hand lens and lighter in color than 
fiber cells. It is widely spaced and uniformly distributed. Barely visible to the 
naked eye on cross section and not prominent on radial surface. 

Fibers: A fiber of A. mungiwn is imperforated, axially elongated and tapered to 
pointed tips. Fiber length and the length-width ratio are shorter and lower than 
for other hardwoods. The average cell-wall thickness ranges from 3.3 to 4.2 
micrometer (pm). 

Vessels: Simple perforation, medium sized to moderately large; few to moderately few 
in number; mostly solitary: the rest in radial pairs and radial multiples of three 
(rarely more); 6-8 vessels/mm2. Diffused with a tendency to align in oblique 
lines; tyloses generally absent; gumlike deposits present (Plates 1 1.1 and 11.2). 

Plates 11.1-2. Scanning electron micrographs showing: (left) the distribution pattern 
of axial parenchyma tissue-vasicenuic paratracheal type; (right) solitary and multiple 
vessels and thick-walled fiber cells. 

Physical Properties 

Ong (1984) has reported that green wood moisture content varies from 75% ar 
the top of the trunk lo 105% at the bottom. In thar study the moisture content was 
not affected by sites. but there were considerable differences between the trees 
growing on similar sites. 

A. nuzrlgiurn has distinct sapwood and heartwood (Plate 11.3); the former is 
light cream in color and the latter is dark brown. The wood is hard, dense, and 
straight grained. The density ranges from 420-483 kg/m3 based on green soaked 
volume; at dry condition it varies between 500-600 kg/m3 (Razali and Kuo 1991; 
Wang et al. 1989; Peh and Khoo 1984; Logan and Balodis 1982; Peh et al. 1982). 
Sining (1988) noted that plantation-grown timber shows a lower range of air-dry 
specific gravity (i.e., 0.43-0.47) for six-year-old plantation wood from Sabah. It 
is a fairly stable timber with green to air-dry shrinkage of 6.4% tangentially and 
2.7% radially (Salleh and Wong 1991). Ong (1985) recorded lower shrinkage 
values of 2.61 % for tangential and 1.35% for radial-directions. 
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I'late 113. Cross section of A. mnangium showing distinct difference in colors of sapwood 
and hemwood. 

Fiber Morphology and Paper-making Properties 

The basic fiber morphology of A. rnangium has been well studied and is summa- 
rized in Table 1 1.1. 

Table 11.2 summarizes the proximate chemical composition of A. mangium. 
Generally. the chemical composition indicated in the table does not reflect any 
unfavorable features for use in pulping, although the holocellulose, alpha- 

Table 11.1. Fiber morphology of Acacia Table 11.2. Proximate chemical compos- 
r~tangiurn. ition of Acacia mangium. 

Value Chemical Constituents 46 

Fiber length 0.94- 1 - 1  2 mm Holocellulose 69.4-73.8 
Fiber width 2 1.8-25.0 um Alpha-cellulose 44.0-49.5 
Fiber lumen 16.3-18.8 um 1 % NaOH Solubles 1 1.4- 14.8 
Fiber wall thickness 3.3-4.2 um Hot water solubles 0.9-9.8 
Runkel ratio 0.32-0.34 Pen tosans 16.0-18.2 
Coefficient of suppleness 74.5-75.3 Ash 0.33-0.68 
Felting power 37.7-5 1.3 Lignin 19.7-25.0 

Sources: Mohd. Hamami et al. (1992); Sourrces: Alloysius (1989); Jegatheswaran 
Pensook ( 1  990); Alloysius ( 1  989); Logan (1988); Peh et al. (1982); and Khoo et al. (1991) 
and Balodis (1982); Peh et al. (1982) 
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cellulose and pentosans contents are slightly lower than average temperate 
hardwood (Khoo et al. 199 1). 

Mechanical Properties 

A. mangium falls under the Light Hardwood classification, i.e., with low to 
moderate strength properties. Table 1 1.3 shows the basic mechanical properties 
of 12-year-old A. mangium compared with other popular furniture species. With 
younger stock, Wang et al. (1989) indicated marginally lower strength properties: 

MOR (modulus of rupture) = 74.5 NImm2 

MOE (modulus of elasticity) = 9,908 NImm2 

Mohd. Zin et. al. (1991). however, indicated that the strength properties of A. 
mungium are not affected by tree age. Their study also revealed that the values of 
specific gravity. MOR, MOE. and shear parallel to the grain were significantly 
different within trees of the same age (Table 11.4). 

Nonetheless. with good machining properties, A. mungium makes good 
furniture timber. Peh and Khoo (1984) found no problems in sawing the wood, 
and the timber planes well and results in a smooth and lustrous surface. Sanding 
is easy, with no problem of torn fibers. A. mungium is also easy to drill and turn, 
as long as the turning pressure is not excessive (NRC 1983). 

Solid Wood Utilization 

A. mnngium wood makes attractive furniture and cabinets, moldings, and door 
and window components (NRC 1983). The timber kiln dries well and fairly 
rapidly, without serious defects when suitable kiln schedules are used. The wood 
is also suitable for light structural works, agricultural implements, boxes, and 
crates. 

Chan (1 983) reported low sawing recovery rate, ranging from 37-40% for 
sawn timber production. Recovery can be increased by modifying the sawing 
technique; a 49.7% yield was achieved using "modified live sawing," compared 
with 34.6% using conventional live sawing (Anon. 1984). The low recovery 
could be attributed to four factors: small diameter of sample logs, fluting, knots, 
and heart rot. Some 93% of the knots were considered unsound and the frequency 
of knots was between 1 - 1.5 per m length. 

A. mnrzgittm has a high incidence of knots, which causes good-quality sawn 
timber to be unobtainable in significant quantities. Knots can be eliminated 
through proper pruning regimes. The presence of flutes and incidence of rots and 
termite attack all detract from both the quality and quantity of sawn timber 
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Table 113. Suenplh propnlcs of Acocro manpum and some popular furniture species 

Side-Hardaess 
Compression (load lo embed 

Smic Bending pcrpcndicular 0.0 1 13 dlameler Shearing 
Canpression lo grain steel spbae sveng~h 

Modulus of Modulus of parallel to (Stress a1 10 half its parallel u, 
h s i ~ y  nrpcure elasticity grain limit of pro- diamaa) slain 
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obtainable from A. mngiltm logs (Chan 1983). Tree improvement work should 
therefore aim to produce trees of better form with resistance to termites and 
fungal attack. 

A. rnarlgium timber is generally regarded as non-durable. Nilsson (1982) 
noted the uneven microdistribution of copper chrom arsenate (CCA) preservative 
in its fibers. The treated wood may not give good performance in ground contact. 
I t  has a relatively narrow sapwood band and is not a suitable species to be used 
for exterior and outdoor purposes. 

Composite Wood Products 

Due to somc of the constraints mentioned above and changes in wood utilization 
technology, A. mtrrrgirtm has greater potential as a component of c c q m i t e  wood 
products. Furthcrnlorc. in view of the changing picture of available wood re- 
sources, composite products in general will become increasingly important in 
meeting the demand for wood products. 

Composite wood products (or simply. wood composites) make up a family of 
materials distinct from solid wood; they arc composed of wooden clcnlcnts of 
varying sizes (including fibers), held together by an adhesive bond. The bonding 
agent is either natural or synthetic in origin. The following are somc examples of 
the products that have been made using A. mirqium. 

Veneer and Plywood 

The conversion of A. mc~r~giian into veneer and plywood is fcasiblc with no 
spccific processing rcquircnlents needed. In conventional rotary peeling studies 
by Wong el al. (1988). Chai (1989), and Salim (1992), the peeling process was 
rated as easy and the green veneers produced were tight, smooth, and of accept- 
able quality. They dried easily following the normal commercial species schcclule 
ro the desired nloisrure conrcnt. The green veneer recovery however, was found 
to range from 35-45%. This fairly low return could be due to the fx t s  that the 
logs were young (7- 15 years old) and small in  diameter with fluted boles. Wong 
ct al. ( 1988) and Chai ( 1989) also found numerous knot marks, and some sap- 
wood veneers marred with borer holes. 

At present, not many plywotd plants have the facilities to peel small-diam- 
eter logs. I n  Malaysia, for example, only six or seven companies have such 
cquipment. But as the appropriate processing technologies become more avail- 
able. the authors believe that better recovery will be obtained. Improved tree 
form and knot reduction through silvicultural practices will funhcr improve the 
rccovery from pccling. 

On the production of decorative veneers from A. mt~r~girun . the slicing of 
green flitches was also rated as easy and the veneers were smooth even around 
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Table 11.5. Knife tests of urea and phenolic-bonded plywood from Acacia ntangium 
(UF Board: pressed for 3 min at 100°C; PF Board: pressed for 6 min at 1W0C). 
- - 

Adhesive DRY INT BR MR WBP 

Urea 7 4 1 
Phenol 8 7 6 

DRY= dry condition: INT = interior condition; BR = boil-resistant condition; MR = 
moisture resistant condition; WBP = weather-boil-proof. Source: Wong et al. (1988) 

the solid knots (Wong et al. 1988). The thin veneers (0.26-0.28 mm) dried well to  
the desired moisture content. 

Table 11.5 shows the results of the knife tests of plywood bonded with 
standard amount of urea formaldehyde (UF) and phenol formaldehyde (PF) resin 
adhesives (Wong et al. 1988). The evaluation, carried out in accordance with the 
British Standards. indicated that the UF plywood was poor when tested under the 
moisture-resistant (MK) condition. Under the less severe interior (INT) condi- 
tion, the performance was just below the acceplable grade. The knife tests for 
those panels bonded with PF  resulted in accept able quality under the weather- 
boil-proof (WBP) grade and very good results wcrc obtained when tested under 
the boil-resistant (BR) procedures. On the whole. these trials showed that the P F  
panels were of acceptable qualily but the UF-bonded plywood were unsatisfac- 
tory. In order to improve the MR on INT grade panels, the UF  resin adhesives 
need to be reformulated to suit the substrates, or the woods need to be physically 
reevaluated to identify a compatible environment. In a study on the wettability of 
A. mmgirim veneers, Chai (1989) indicated that P F  resins would be more favor- 
able with A. mtrngirim. Similar results were obtained by Mohd. Hamami et al. 
( 1  99 I), who worked on wood lamination, and SaIim (1992). who worked on  
laminated veneer lumber (LVL)(Table 1 1.6). 

Wong et al. (1988) rated as attractive trial decorative or fancy plywood 
panels made using A. mtrtlgirim sliced veneers as  the faces. N o  difficulty was 
encountered in assembling the panels. Although the panels had more knots than 
sliced Tectorrn grtrtldis and Ptrltrqriirim xtit~tl~oclymrim decorative plywood, the 
plywood is nonetheless suitable for panelling. cabinets, and furniture manufac- 
ture. Sliced A. mtrtrgirim veneers should also be suitable for veneer-wrapping 
works if compatible adhesives are employed. 
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Table 11.6. The average glue line shear strength and wood failure of different species 
combinations glued with phenol-resorcinol formaldehyde (PRF) and urea formaldehyde 
(UF) under dry conditionl. 

Reduction 
in shear 

Shear strenMPa) (%) based Wood w e  (%I 
upong PRF 

Species combination PRF UF suength PRF UF 

A. mangium - 9.88 a 2.97 a 69.9 28 b 2 
A. mangium 

Paraserian thes 5.28 d 5.22 d 1.1 84 a 85 
falcataria - P. 
falcataria 

Grnelina arborea - 7.37 c 2.32 c 50.5 15 c 1 
G. arborea 

A. mangiurn - 5.58 d 4.91 c 6.5 91 a 73 
P. falcataria 

A. ntangiurn - 8.36 b 2.91 a 65.2 26 b 1 
C. arborea 

P. falcataria - 5.32 d 3.61 c 32.1 87 a 52 
C. arborea 

1 Each reading is an average of 15 replicates. Means in the same column followed by the 
same letter are not significantly different at 0.05 level of confidence using Duncan's New 
Multiple Range Test.Source. Mohd. Hamami et al. (1991) 

Laminated Veneer Lumber (LVL) 

LVL is a material made by parallel lamination of veneers instead of placing 
adjacent veneer layers with their grains at right angles, as in plywood. LVL is 
generally fabricated to thicknesses common in solid sawn timber; the veneers 
currently used vary from 2 to 3.2 mm in thickness. Laminating lower strength 
timber (such as A. mrigi~rm) reduces the strenglh variability within the timber 
and consequently raises the strength value. This ultimately permits an increase in 
allowable working stresses (Plate 1 1.4). 
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Research in conversion of A. mangium into 
LVL, which has potential for structural applica- 
tions, has been conducted by Sasaki et al. 
(1990). Wang et al. (1990). and Salim (1992). 
In all these trials, the results indicated that the 
LVL's bending and shear strengths were much 
greater than the minimum values required by 
Japan Agricultural Standards for first-grade 
structural LVL. The resin adhesives used were 
phenol formaldehyde and phenol melamine 
formaldehyde, which are exterior grade adhe- 
sives. The increase in the average bending 
strength and stiffness, as indicated in Tables 
11.7 and 1 1.8, was partly due to increased 
density. 

veneer lumber (LVL) used as the 
compression and tension layers in 
experimental I-beam. The web is 
particleboard from Anthocephalus 
chinensis. 

Table 11.7. Shearing suength and delamination of LVL. 

Shearing strength 
Moisture (kg ucm2 ) 

Density content Delamination 
Species (g/cm) (90) Dry Wet (90) 

Gmelina arborea AV 0.58 
SD 0.01 
CV 1.61 

Paraserianthes AV 0.33 10.8 
falcafaria SD 0.01 0.52 

CV 4.31 4.76 

Source: Wang et al. (1990) 

234 
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Table 11.8. Shear strength, bending strength and stiffness of solid wood and LVL. 

Solid Wood (N/mm2) LVL (Wmm2) 

Shear MOE MOR Shear MOE MOR 
Species strength strength 

Acacia mangium 10.40 10,100 75.9 9.17 28,95 1 205 

Hevea brasiliensis 11.0 9,200 66.0 8.34 27,716 141 

Dipterocarpus spp. 9.2 - 22.300 133.0 10.69 40,984 218 

Source : Salim (1992) 

Particleboard I 
Woods of different-aged A. 
mangium have been success- 
fully converted into 
particleboards bonded with 
urea formaldehyde and 
isocyanate resin adhesives. 
Chew et al. (1991) demon- 
strated that single-layer A. 
marzg ium boards, or three- I 
layer boards in mixture with late 11.5. Particleboard (flakeboard) from A. 
other species. could be fahi- tnangiutn. Note the distinct colors of the sapwood 
cated to exceed the minimum and heartwood e c l e s .  
strength requirements of Type 
1 board of the British Standards. Similarly, Razali and Kuo (1991) found that 
particleboards made from thinnings of A. mangium singly or in mixture with 
Gmelitzn nrbnren had strength properties exceeding the Type 200 board of the 
Japanese Industrial Standards specifications for particleboard. Increasing the 
density and resin content of the panels resul ted in a corresponding increase in 
mechanical properties. A. mnrzgium is suitable for conversion into low- and 
medium-density particleboards, and if the panel color is considered not attractive 
enough (due to the darkness of the heartwood)(Plate 1 IS),  the boards can easily 
be overlaid with veneer or other resin-impregnated papers. 

Cement-Bonded Particleboard (CBP) 

Besides resin adhesives, wood particleboard can also be bonded using mineral 
binder, such as ordinary portland cement. A few researchers have investigated 
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Table 11.9. Bending strength (kgflcd) of cement-bonded particle boards. 
-- - p~~ ~ 

Ordinary portland cement Rapid hardening portland cement 

Species CaCl . MgCl FeC1 AlCl CaC1 MgC1 FeC1 AlCl 
-- - - - - 

Paraserianthes 148.2 159.5 145.6 146.4 152.8 194.2 175.6 169.9 
falcataria 

Acacia mangium 13.6 126.4 110.4 115.0 98.3 154.6 148.2 133.4 
Eucalyptus 97.1 89.2 78.1 87.9 104.7 108.3 87.6 93.4 

degl upta 
Gtnelina arborea 12 1.2 122.0 123.3 127.9 143.0 134.5 127.6 129.6 
Chamaecyparis 138.0 132.6 158.9 137.0 160.8 159.5 150.4 159.2 

obtusa 

the variables involved in manufacturing cement-bonded particleboard. Tachi et 
al. (1988). Rahim and Wan Asma (1989). and Rahim et al. (1991) studied the 
effects of various wood-to-cement ratios and chemical additives (cement-harden- 
ing accelerators) on board properties. Table 11.9 shows the bending strength of 
CBP made from A. m n g i u m  and other plantation species having a wood:cement 
ratio of 1 :2.5 (wlw) and acce1erator:cement ratio of 0.02: 1 (wlw). CBP of A. 
mngium is best when added with magnesium chloride or aluminum chloride 
hardening accelerators. The bending strength is lowest when ordinary portland 
cement and calcium chloride were used as accelerator. 

Tachi et al. (1989) later found that mangium has a cement-hardening inhibi- 
tory component called teracacidin, with 7, 8 - dihydroxyl group in a leucoanth- 
ocyanidin structure, which retards hardening even in the presence of calcium 
chloride. Rahim and Wan Asma (1989) reported A. rnangiurn to have a low sugar 
content (only 0.54%) below the cement-setting inhibition level of 0.5-0.6%. On 
the other hand, Jegatheswaran (1989) investigated the effects of particle pretreat- 
ment with I % sodium hydroxide solution on the final board properties. Pretreat- 
ment of wood particles promoted better adhesion between wood and cement 
binder. The research indicated that the mechanical properties increase with 
increasing cement content, and that pretreated particles have better strength 
properties than the controls. 

Medium Density Fiberboard (MDF) 

Research in converting A. mtirigirtm into MDF has been conducted by Tomimura 
et al. (1987). Khoo and Matsuda (1 990), and Pensook (1990). Wood chips were 
cooked under different conditions to produce acceptable quality fibers. Boards 
bonded with urea, urea melamine, and isocyanate resin adhesives were found to 
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meet various grade requirements of the Japanese Industrial Standards (JIS 
A5906) for MDF. The boards' mechanical properties were greatly influenced by 
the density, and isocyanate proved superior to other adhesives tested for MDF. 
Furthermore, MDF made from A. mrlgium were better than those of Japanese 
softwoods studied: Pirrrts detlsiflortl (Akamatsu). Crypromeria japorrictr (Sugi), 
Chamaecyparis obtrtsa (Hinoki), and h r i x  leptolepis (Karamatsu)(Tomimura et 
al. 1987). 

Chemical Uses 

Pulp and Paper 

The pulping and papcr-making propcnies of A. mmgirtm have been studied in 
depth by Logan and Balodis (1982). Peh et al. (1982). Khoo et al. (1991). and 
Alloysius (1989). With 25% sulphidity and active alkali of 11-1296. sulphate 
pulping yields were 46.9-49.6% for four-year-old materials and 49.8-52.3% for 
nine-year-old materials. with Kappa Number below 25. The neutral sulphite 
semi-chemical (NSSC) pulping of A. mtmgirtm gave yields of 6 1-75%. Logan 
and Balodis (1982) concluded that the papcr-making propcrties of A. mtrrrgiltm 
and A. trrtricrtliformis are generally similar, but the former was postulated to fetch 
a lower free on board (FOB) price for wood chip export. A. mtrrrgirtm is currently 
being grown with primary usc for pulp and papcr in Sumatra, Sabah, and 
Vietnam. 

Tannin and Fuel 

I'rcliminary investigations on the hark propcrties of A. mirrgirtm have shown that 
i t  has good reactivity towards formaldehyde. and therefore should have good 
adhesive properties. Chew el al. (1992) noted that 5- to 9-year-old A. mtrrlgirrm 
barks have high tannin content (18-39%). justifying possible commercial exploi- 
tation of the tannins. They also found that hot water could be used as the most 
economical and suitable solvent for tannin extraction (Table 11.10). 

Although the tree has gencrally not been grown in plantations for fuelwood, 
i t  appcars well suited for this purpose. A. mtrrrgirrm wood produces relatively high 
calorific value (4,800-4.900 KCal per kg) and the wood makes good fuel (Mohd. 
Hamami et al. 1989). It produces reasonably good-quality charcoal and is suit- 
able for the manufacture of charcoal briquettes and activated carbon. 
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Table 11.10. Extractive and Tannin contenh of Acacia mangiurn barks of different age 
groups and locations in Malaysia. 

Tree Ethyl 
age Hexane Alcohol Acetone Methanol Total Tannin 

Sample (yrs.) Source (%) (%) (%) (W) (95) 

Foresuy 0.9 
Headquarters 
Kernasul 0.6 
K inarut 1.3 
Karama toi 0.8 
B a r u h g  0.4 
Buht Hari 0.4 
IJlu Sedili 0.6 
Mclima 1.3 
Sandakan 0.7 
Kinarut 1.3 

- - 

Source: Chew et al. (1992) 

Use of Foliage 

Although it is not recognized as a fodder spccies, there is evidence that young 
shoots are browsed by buffaloes and calllc. A preliminary sludy indicates that thc 
species has a high crude prolein conrcnl bul low in  in vitro dry malrcr digcslibil- 
ily (Table 1 I .  1 1). Compared lo spccics likc Lmctrentr lertcocephnltr, Ctrssicr 
sitrmcw, and Gliriciditr sepirim, [his suggcsls lhar A. mtrrrgirtm ranks vcry low as a 
fodder spccies. 

Talde 11.11. Chemical characteristics and in v i m  dry matter digestability of 
A. rrurngiurrt leaf tissues. 

*In v i m  dry matter dipestability Source: Y antasah el al. ( 1992 1 
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Future Research 

Future demand for wood products and their supply will be affected by increasing 
environmental consciousness, concern over endangered and rare species. and the 
openness of foreign marke ts. With these dcvclopments. tropical plantation forests 
will certainly play a growing lead role. Future research will continue to empha- 
size production of raw materials (logs) with fewer natural defects (fewer knots. 
straighter grain. and more rounded boles) to result in more competitive products 
in the open market. Research in dcvcloping new types of wood products will go 
hand-in-hand with new manufacturing and construction technologies. thus 
increasing the awareness in dealing with "new" raw materials. The needs to 
produce wood-based products in con~bination with synthetic materials. resulting 
in lightweight. strong. biodegradable (where necessary). and cnvironment- 
fricndly building materials. will cnhancc the utilization of plantation spccics like 
A. mtrrrgirtm. 

Summary 

Bcing sn~all in diamctcr. thc use of A. mtrrrgirtm wood in solid form may be 
limited. Howcvcr. it is easily proccsscd and glucd for convcrsion into glued 
laniinatcd timber products or laminated vcnccr lumbcr, whcrc dimensions and 
strcngth can bc controlled and tailored to dctailcd consumer demand spccifica- 
lions. It can also bc convcrtcd to dcsirablc panel products. for which the market is 
n~orc universal. and pulp and papcr. Thcsc products can be treated with wood 
preservatives if durability is qucstionablc. Thc cconornics of processing and 
convcrsion, transportation. and markcling need furthcr study. 

Rtrzrrli Ahilril-Krrder arrd M o h d  Htrrntrrni Snlzri a re  otr the Ftrcrtlty of Forestry, 
Utriversifi Perftrrritrrr Mtrltrysitr, 43000 UPM Serdtrtrg, Se lmgor ,  Mtrltr~~sicr. All 
plloros 6y Rrrztrli Ahdrtl-Ktrder trrrif Mollif. Htrmcrmi Sahri. 
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Chapter 12 

Economics and Market Prospects 

Mohd. Shahwahid Haji Othrnan and Ravrnund Tan Get Seng 

Introduction 

Economic and marketing aspects are crucially important in stimulating develop- 
ment of a country's forest plantation sector. Research on these aspects can 
catalyze the private sector to pmicipate in tree growing. This chapter examines 
the economic aspccts of growing A. matigiltm . Two case studies from Malaysia 
illustrate public and private sector perspectives. The chapter also looks at market- 
ing prospects for A. rntirlgi~un products in  thc changing international market. 

Economic Reasons for Forest Plantations 

Economic reasons for growing A.matigiltm in  plantations can include: 

averling anticipated domestic timber shorlages 

increasing profitability of degraded land resources through conversion 
into plantations of fast-growing timber trees 

creating cmployment opportunities to compcnsatc for those lost due to 
dwindling timber production from natural forests 

alleviating the hardship of low-income groups by involving them in the 
production of general-utility timbcr, and selling i t  at affordable prices 

reducing excessive drain on foreign exchange through import substitu 
tions of Limbcr and tree products 

By 1995. Malaysia, for example, is predicted to have a total domestic supply 
deficit of 3.5 million m3 of logs based on the current requirements of its process- 
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ing industry. In the best-case scenario, this deficit would continue until the year 
2010; in the worst case, Malaysia would face a deficit of 3 million m3 in the year 
2020. The magazine Asia Pacific Forest Indmtries conjectured that this surplus/ 
deficit situation would lead to closure of mills. mills running below capacity, or 
importation of logs to supplement mill demand (Anon. 1992). 

Although these broader economic rationales for timber growing have been 
recognized, the tree plantation sector i n  Malaysia. and in other tropical countries, 
remains in the doldrums. Worldwide. however. over 150.000 ha of A. mangium 
have been planted, and further expansion is anticipated, particularly in Indonesia, 
Malaysia, Thailand. and Vietnam, involving private and government sectors. 
Economic and financial analysis can clarify the distinction between a project's 
benefits for a national economy and those for private ventures. A look at changes 
in the international market and in the status of forest resources will also help to 
understand this apparent contradiction. 

Determining Financial Feasibility of Plantations 

Financial and economic analyses i n  the litcraturc (Kanapathy ct al. 1986; Golokin 
and Cassels 1987; and Johari 1987) can be used to assess the financial viability of 
plantations of A. mr~~rgirim. For such assessments. financial and economic analy- 
ses may consist of calculating the three most common cost-benefit analysis 
instruments: net present value. benefit-cost ratio, and internal rate of return. 

Net presetit vdrie (NPV) measures the discounted net rcturns (discounted 
revenues minus discounted costs). 

Betiefir-cost (BIC) ratio divides discounted revenues by discounted costs, 
resulting i n  a numhcr independent of currency units. 

Ititertitrl rrue r e a m  ( IRR)  is the rate of discount that would ensure the 
project breaks even (in other words. it  realizes an NPV of zero). 

Basically, thcsc: analyses attempt to incorporate the elements of opportunity 
cost on capital over the duration of the project. The value thal one dollar receives 
at different timcs during that period is not the same. As a result, the time flows 01' 
monetary values-both costs and revenues-should be discounted to a common 
basic point in time, at the beginning of the project. 

The opportunity cost of the capital must bc considered in order to compare 
the prospects of the plantation enterprise (in this case) with the potential of the 
many alternative projects in which the capital could be invested, both in and 
outside of forestry. 
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A project is deemed viable when it results in a positive NPV value and a BIC 
ratio greater than 1. Similarly, when the IRR exceeds either the interest rate on 
borrowed capital or the rate of returns that an equity capital could fetch from an 
alternative investment with equal risk, then the project is deemed viable. 

A project's objective determines whether financial andlor economic analyses 
are conducted to evaluate its viability. Both types of analysis use the tools of 
NPV. B/C ratio, and IRR, but with different elements of the cost and revenue. In 
afinancial analysis. market prices directly provide the cost and revenue values. 
But in an ecotlomic analysis. the prices of these cost and revenue elements are 
adjusted to account for the opportunity cost to society as a whole. These adjusted 
prices are known as the shadow prices. The approach often adopted in adjusting 
market prices to shadow prices is to use conversion factors developed by the 
Economic Planning Unit, following the methods of Little and Mirrlees and 
Squire van der Tak. 

Economic analysis is normally conducted to obtain a holistic picture of a 
project's economic impact to the nation. especially when a project involves a 
large budget and is to be financed by a government. The government would 
conduct an econonlic analysis, for example. to determine if its expenditure would 
benefit as many of its citizens as possible. 

Financial analysis. on thc other hand. is often used when a project is to be 
financed by a private company. The company is interested in the project's 
financial viability based on actual incurred costs and prices. and may not be 
concerned with the impact to the economy of the nation at large. 

In the literaturc. there is not a single rcpon on the evaluation of financial 
viability of planting A. mmgirtm as a monoculture in any forest plantation 
project. Analyses have been done on a project basis. i n  which A. matlgium is 
one of several spccies grown. I n  Malaysia. a plantation project would usually 
include Gmelitrtr clrhortw and Ptrrtrsericrt~tl~es~rlctrtaric~ on different sites. 
Because many such projects use A. mtrngircm as thcir primary species. though. 
these analyses arc still a good gauge of the costs of production and revenues 
related to this spccies. 

Because cost and price structures vary from place to place. feasibility studies 
should be examined on a case-by-case basis. 

Case Studies of Financial and Economic Analyses 

The two case studies presented here are that of Sabah Softwoods Senderian 
Berhad (SSSB), a private company that grows A. mmgirtm for pulpwood, and the 
Compensatory Forest Plantation Project (CFPP). CFPP was set up by the For- 
estry Department of Peninsular Malaysia to grow (primarily A. morlgirtm) trees 
for general utility to meet the anticipated log deficit as natural forests are de- 
pleted. 
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Sabah Softwoods Forest Plantation Project for Pulpwood Production 

In 1986, SSSB computed the financial returns for a 10-year rotation for A. 
mangium, and a 8-year rotation for G. arborea. For export as chips at the market 
price, this scheme was very attractive. The IRR ranged from 12.8% at MA1 20 
m3/ha/year to 15.9% with MA1 of 25 m3/ha/year for new planting. With replant- 
ing, the IRR improved to 19.1 % (Table 12.1 ). 

These returns from a 20,000-ha plantation, averaging 10 years old, could be 
realized assuming a total investment of US$14.4 million for chip mill machinery, 
a loading terminal, and working capital. The chip mill could process up to 
600,000 m3 of plantation timber annually, producing over 200,000 board metric 
tons (BDMT) of chips. 

However, these findings contradict those of Golokin et. al. ( 1  987), who 
estimated the financial return of A. mangium planted for pulpwood on a rotation 
of 8 years, with an MA1 of 25 mVhaIyear or a timber yield of 200 m3Iha. That 
analysis used an FOB Cfree-on-board, meaning the price includes loading) sales 
price of export pulpwood of about US$30 per mn, and considered that no royalty 
or other taxes were charged on exports of plantation wood. SSSB was reported to 
have incurred a total cost of US$59.2 million as of 1987; 70% of this was in- 
vested in timber-growing activities. The estimated financial IRR was 4.5496, far 
below that of the capital's opportunity cost. This suggests that growing A. 
mangium for pulpwood was not viable under those conditions. That report did 
not include any economic analysis of the project's impact on the national 
economy. 

Compensatory Forest Plantation Project for General Utility Logs 

Kanapathy et al. (1986) estimated financial and economic analyses of CFPP's 
production of general-utility timber on a 15-year rotation in Kemasul Forest 
Reserve, Pahang and in Ulu Sedili Forest Reserve, Johore, Peninsular Malaysia. 
The analyses assumed an MA1 for A. mangium of 20 mVha, with expected yields 
of 80 mVha of thinnings in Year 8 and final harvest of 220 mYha in Year 15. 

For these analyses, the price of A. rnangium logs had to be proxied (that is, 
represented by the price for another product), because A. mangium did not yet 
have a commercial value in the Malaysian timber market since none had yet been 
harvested. Kanapathy et al. used the average log price of mixed light hardwood 
timber in Peninsular Malaysia as a proxy; in  the early 198Os, this ranged from 
US$28.8-40.8 per ml. The analyses assumed an average proxy price of US$36. 

Government charges (premium, royalty, and silviculture taxes) levied on the 
extraction of logs varied from 13- 15% of the logs' value, depending on the state. 
Log haulage costs absorbed another 3040%. Thus for calculating the net selling 
price of logs (stumpage value per m3), the analysts estimated government charges 
at 14%, and transport charges at 35%. The net selling price worked out to be 
US$] 8.4 per m3. 
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Table  12.1. Financial return on 8-year rotation of Gtnelim arborea and 10-year rotation of Acacia 
mangiutn. Amounts are expressed in R M h a  (RM2.5 = US$l). 

Ncw Plantings Replantings 

Net Net 
Direct Over- Inflow1 Over- Inflow1 

Year Costs head1 Total Revcnuc20utflow Costs h e d 3  Total Revenue outflow 

2484 - -2484 
585 - -585 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - - 103 
103 10200 10097 

IRK = 12.8% 

2484 - -2484 
5x5 - -585 
103 - - 103 
103 - -103 
103 - - 103 
103 - - 103 
103 - -103 
103 - -103 
103 - - 103 
103 12750 12647 

IRR = 15.9% 

2004 - -2004 
367 - -367 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 10200 10097 

IRK = 15.9% 

2004 - -2004 
367 - -367 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 - -103 
103 11220 11117 

IRK = 17.2% 

Overhead taken as 140% of direct costs. Source: Tan Gct Seng (1992) 
2 ~ e v e n u e  bascd on ax ragc  l'CtU171 10 plantation from fully finariccd chipniill per the feasibility 
study. 

wi th  coppice rotations. ovcrhead is tnkcn at %175/ha/yr which, for a fully developed plantation 
of 51,000 ha. would be SX.925.000 anliually. This figurecould be applied to all establishment 
regimes once thc total area is devclopcd. 
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At the time of the analysis, thinnings from plantations had never been 
marketed in the peninsula. The closest proxy for thinnings was mixed forest cut- 
offs bought by chipboard mills from agricultural conversion areas at an average 
price of US$21.2 per m?. After allowing for collection and transportation 
charges amounting to U S 1 2  per m3, the net selling price amounted to about 
US$9.2 per m3. This figure was used as the net selling price of thinnings from 
CFPP. 

The production costs for CFPP were assessed from records at both the 
Kemasul and Ulu Sedili Forest Reserves (Table 12.2). Most of these costs are 
based on the contract work system. 

Table 12.2. Production cost of establishing the Compensatory Forest Plantation Project. 
- -  - - 

Contracted Jobs 
Cost 

(US$ per halyear: 
- 

Semi-detailed soil survey 
Site preparation 
Road construction (additional to roads constructed by loggers) 
Seedling production 
Planting 
Weeding 
Pruning 
Administrative and other expenses 
Forest Department salary and wages and other fixed costs 

4.40 
282.20 
22.56 
70.20 

1 18.60 
48.00 
40.00 

2.00 
not released 

Source: Kanapathy et al. (1986) 

Table 12.3 gives the projected cashflows of the plantations. These streams of 
cashflows were used to compute NPV, IRR, and B/C ratio to determine the 
CFPP's financial profitability. The projected cashflow for establishing 40,000 ha 
of plantation was spread over three years; trees planted the second year would be 
harvested in Year 16; trees planted in Year 3 would be harvested in Year 17. 

The analysis indicated that the forest plantation project would derive a total 
revenue of US$] 84.8 million, with about 16.0% coming from the sale of 
thinnings. CFPP would achieve a positive net cumulative cashflow only in Year 
16, after the second harvest. 

Forest plantations have long gestation periods and by nature are difficult to 
finance commercially. Thus the analyses by Kanapathy et al. assumed that the 
Project would be financed at a subsidized interest rate, and used a discount rate 
of 10%. 
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Table 12.3. Projected cashflow of the CFPP (USS thousand). 

Total Project Total Pr- flow 
Year Revenue Cost Net annual Net cumulative 

Note: Figures i n  parentheses de~iote negative values. Totals do not add up duc to round- 
lng of figures. Adapted  lion^ Kanaparhy et. al. (1086) 

The resulting IRR is 10. I 1% (Table 12.4). and NPV is US$1.64 nlillion, or 
USWO.8 per ha. The BIC ratio oblaincd is slightly abovc I. Thus. given the 
abovc conditions, A. mtrrrgirrnt plantations in CE'PI' arc barely linancially viable. 

Given Malaysia's favorable ccononlic conditions, howcvcr. a discount rate of 
15.0% 1s a more appropriate mcasurc of thc: cost of capital in Ihc economy. I f  the 
discounl rate is raised to 15.0V. thc project's NPV turns negative, and lllc B/C 
ralio decreases to 0.63. Thc pro.icct appears nonviable if the capital is not subsi- 
dizcd. AI an IKR 01' 1 0 . 1  1 V .  lllc rclurns cannot possibly nlatch the assunled 15%- 
opporlunil y cost of capital invcstcd in the pro.jcct. 
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Sensitivity Analysis 

Risks and uncertainties affect investment decisions. Profitability-and hence 
decision making--depends on the accuracy of figures for prices, yields, and costs 
of production. In view of this, three highly variable constraints-prices, yields, 
and cost of production-are subjected to sensitivity tests to determine the extent 
to which project profitability is affected by these variations. Table 12.5 shows 
b e  sensitivity test for CFPP and the effects of changed assumptions on the 
project casMow. 

The long time scales in forestry make it difficult to forecast prices and costs. 
As rubberwood has become commercialized in recent years, i t  has provided a 
better proxy of A. mmgium's log pricc than mixed light hardwood. Rubberwood 
is considered a plantation timber crop with log sizes very close to those expected 
for A. maagium. The rubberwood log price is currently about 60% that of mixed 
light hardwood. Thus, the US$9.2/m? price used in thc analysis ahovc should be 
subjected to a 40% price reduction scnsitivity. 

Yield scn.itivity attempts to account for less favorable soil, terrain, and 
drainage conditions as well as the occurrence of hean rot. which may reduce 
usable volume of timber for sawn timber. 

Cost of production sensitivity attempts to account for costs otherwise left out 
of financial calculations, such as rental charges for the lease of the land. 

Table 12.5. Sensitivity of thc CFPP with rcspcct to price, yield, and cost of production. 

Simulations NPV at 15% IRR 
([IS$ thousand) (%) 

Price or yield dccrease by 
1 0 8  ( 15.9(90) 
20% 1 1  8.370) 
30% (20,750) 
40% (23.130) 

Cost of production iricrease by 
10% ( 17,552) 
20% (21,311) 
308 (25,070) 
40% (28,820) 

Figures in parentheses denote negative values. The market prices for both cost and rev- 
enue items were adjusted to make them more representative of the opponunity cost to 
society. The conversion factors used were developed by the Economic Planning Unit. 
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The sensitivity test in Table 12.5 suggests that the project returns are sensi- 
tive to a fall in prices and yield, or to a rise in production costs. When these 
adverse simulated assumptions are applied to the analysis abovc, planting A. 
mangium becomes commercially nonviable . 

Economic Analysis of CFPP 

Under the simulated assumptions on price, production cost, and yield, the finan- 
cial analysis revealed that CFPP is not profitable for a commercial venture. To 
assess the effect on the country's economy, however. i t  would be useful to 
examine the effect on the rcsults when the prices of all the cost and revenue 
elements are adjusted to their shadow prices. The project may not be financially 
viable to the investor establishing the project, but i t  may still be viable to the 
national economy at large. 

Table 12.6 shows the economic IKR,  NPV, and BIC ratio for CFPI'. Dis- 
counting the net economic cashflow of the direct costs and benefits at 10%. the 
NPV becomes US$216.7 million and the BIC ratio is 5.13. The I R K  is 24.16%. 
At a higher discount ratc of 1 S.U%, the NPV is still positive but decreases by half 
to US$85.1 million, whilc the B/C ratio decreases to 2.82. 

Table 12.6. Economic fcasibiliry of CFPP. 

NPV 
Discoun[cd rate NJS$ million) B/C Ratio 

IRR 
(%I 

Discountcd at 10% 216.7 

Discountcd at 15% 85.1 

The investment criteria suggest that under these conditions, plantations of A. 
mrrrigiitm arc feasible and bcnclicial to thc national economy, although no1 
financially profitable for a private investor without subsidy. 

From the abovc: analyses, we can see that i f  private investment funds in A. 
mtrrigirlm plantations arc subsidized by the government in view of the project's 
projected benefits for the national economy, an investor may find the project 
profitable, albeit marginally. This conclusion supports the call frequently made 
by private investors for a package of investment incentives for forest plantation 
projects. 
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Incentives for Plantation Establishment 

For the private sector to become more involved in forest plantation, investment 
incentives should be instituted to outweigh the investment disadvantages of: 

high initial capital invcstnlcnt for plantation cstablishrnent 

the long period between planting and harvesting. and the rclatcd concern 
for high capital or intcrcst costs carricd until harvest 

high risks involved in forest plantations due to biological and economic 
factors 

difficulty in acquiring access to suitable land with conditions favorable to 
the investors 

unattractive and inappropriate invcstmcnt inccntivcs 

largc labor rcquircnlcnts i n  the initial stages 

Ikspitc thesc disadvantages, thc private scctor in Indonesia has cntcrcd into 
tree plantation on a large scale. Anlong the leaders is the lndah Kiat Group, 
which has plantcd 35.NK) ha of A.  mtrrlgirim, with an annual planting targct of 
20.W) ha until they reach thcir targct of 2O().o(K) ha. The indah Kiat Group has 
its own pulp and papcr mill, consuming So() metric tons of pulp per day. Barito 
I'acific. another indoncsian conglomerate, has planted 65.(KK) ha. In all. about 29 
timber con~panies in indoncsia arc conmitred to rcforcstation and af'fimstation. 
More can be done in othcr countries. 

In Malaysia. Mohd. Shaliwahid and Saroni (1992) intcrvicwctl several 
companies and govcrnmcnt agencies inrcrcstcd in forest plantation invcstnmts. 
The ovcrwhclming conclusion was that bcttcr inccntivcs arc needed to attract 
private scctor involvcmcnt in lbrcst plantation cstablishmcnt. There, the govern- 
ment should examine ways for stinlulating private scctor invcstmcnt, and identify 
arrangcnlcnts by which land can bc made available for plantation cstablishment. 
Ncw fiscal incentives also nccd to be formulated and adcquatc financial facilities 
provided. 

The investnicnt tax inccntivcs fi)r forcst plantations offercd by Ulc Malaysian 
government wcrc first prcparcd for the manufacturing sector. and do not substan- 
tially compensate for the high risk and long gestation period involvcd in forestry. 
The existing inccntivcs arc only bcncficial for a company as long as i t  continu- 
ously generates i ncomc. Alternative inccntivcs should help to offset a forest 
company's largc initial costs against aggregate carnings from all sources for cost 
savings and to reduce risks over the pcricxl of one rotation. 
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In the case of Malaysia, proposed incentives for planting A. mangium on a 
plantation scale include the extension of the 70% tax relief period (qualified 
under the Pioneer Status) to the first full harvesting income, instead of the 
existing five-year period. Another proposal is to include flexibility due to unfore- 
seen changes in the market price of timber, improvements in technology, and 
changes in tree growth due to site and soil factors and management costs. 

A further incentive that merits consideration is "group relief'. Group relief 
encourages established wood-based industries and companies with other business 
ventures to undertake forest plantation by allowing them to offset losses incurred 
in the initial years of plantations against income of other profitable ventures. 
Incentives can also be provided at the state government level. The Sabah State 
Government provides SSSB with exemption from royalty payments and quit rent 
for at least the first rotation. 

Another important issue is the often controversial one of land tenure. Com- 
peting demands for land frequently complicate a company's search for an area 
that is large, preferably contiguous, and well-situated for a tree plantation, with 
suitable infrastructure. In the interests of both private plantation companies and 
the communities near the proposed plantations, government clarification and 
streamlining of land tenure policy for tree-growing is important. 

One option for dealing with problems of land tenure is the type of project 
initiated by the Paper Industries Corporation of the Philippines (PICOP) and by 
Sabah Forest Industries, mentioned in the Introduction. In these schemes, compa- 
nies contract with many small-scale growers to produce logs for milling and 
further processing. 

Market Prospects 

Constraints 

Like woods of other fast-growing tree species, wood from acacia plantations has 
the inherent potential disadvantages of: 

small diameter 
knottiness 
low density 
low strength 
large portion of reaction wood 
greater incidence of spiral growth 
greater growth stress 
greater proportion of juvenile wood (Chung 1992) 
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The effect of these on the utilization of acacia wood for different products is 
summarized as follows: 

Sawn lumber: all of these are severe constraints 

Block board: the above features are not constraints 

Pulp mid paper: low wood density may increase costs of production; 
otherwise, acacia woods are excellent for pulping 

Rccorlstitrtted pnriel board: the above features do not pose problems. 
Acacia woods are excellent materials for this use. 

Pdpwoodlveneer: the above features represent severe constraints 

Commercial Prospects 

Despite thc constraints. recent research and market demand offer clear evidencc 
that A. mt~rigirim is very acceptable for: 

wood chips for panicle board and medium dcnsity fiberboard (see 
Chapter 11) 

wood chips for pulp and papcr industries 

lumber and veneer, provided good genetic material and silvicultural man 
agemcnt for straight-bolcd trees (scc Chapters 3 and 7) 

fuelwood. due to thc wood's good calorific value 

Hardwood Chips 
In the Asia-l'acific region. wood chips from plantations would find rcady markets 
in the Northeast Asian countries, particularly Japan, South Korea, and Taiwan 
(Republic of China). Because of their bulk and relatively low value, chip ship- 
ments arc almost invariably confined to singlc port of loading and discharge, and 
height costs favor making shipments as large as possible. 

Hardwod pulp is used primarily to produce coated and uncoated printing 
paper, fine printing paper, and "fluff pulp" used in household tissues, diapers, 
and sanitary products. 

Among the Northeast Asian countries, Japan imports the largest volume of 
wood chips annually. In 1991, Japan imported about 22 million m3 of wood 
chips, of which hardwood chips comprised 13 million m3 (59%). and softwood 
chips (conifer chips) comprised 9 million m3 (41%). Japan was envisaged to 
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import only about 5% less in 1992, but the proportion of hardwood chips to 
softwood chips will probably remain the same (59% to 41 %). Most of Japan's 
1992 supply of hardwood chips was expected to come from the United States, 
Australia, and Chile (Table 12.7). 

The demand for hardwood chips in both Taiwan and South Korea is about 1 
million m,. 

Table 12.7. Expected 1992 supply of hardwood chips to Japan, by country 

Volume 94 
Country (m3) of total Wood source 

USA 4,200,000 34.0 Mixed hardwood species 
Australia 4,200,000 34.0 Eucalyptus 
Chile 2,600,000 21.1 Eucalyptus 
Chma 450,000 3.6 Eucalyptus 
Indonesia 320,000 2.6 Mangrove 
Others 580.000 4.7 

Total 12,350,000 

Source: Tan Get Seng ( 19%) 

Reconstituted Wood Products 
With the recent advances in processing technology (see Chapter 1 I ), facilities for 
processing wood materials will change, most likely toward reconstituted wood 
products rather than solid wood panels. 

Traditionally, tropical hardwoods are associated with large-diameter logs, 
and so European and Japanese buyers are accustomed to specifying first grade 
wood with average widths of 8 inches (about 20 cm) and wider, and lengths of 
366-426, excluding defects like pinholes, shot-holes, and unsound knots. They 
are also used to buying BBCC grade plywood (the letters indicating second and 
third levels of acceptability out of four, 'A' being defect-free) with perfect face 
veneer in 4 x 8 feet sizes (about 122 x 244 cm), free from defects. 

With the depletion of large-sized trees, however, the shift to small-diameter 
logs and toward reconstituted wood is unavoidable. 

In view of A. mangium's fast growth rate and its acceptable density for 
hardwood pulp, other reconstituted wood products for which it could have 
potential are: 

Block board: Plantation logs can be cross-cut into billets of suitable 
lengths for conversion into 5 cm thick boards. After kiln drying, the 
boards can be ripped to a thickness of 1-8 mm for block board core. The 
strips can be composed to become 4 x 8 ft. edge-glued reconstituted 
block board, which is widely used for case-goods furniture. 
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Finger-jointed, edge-glued materials with removal of defects (for 
example. unsound knots) and the irregular lengths. Strips can be finger- 
jointed to obtain lengths up to 50 cm long and then edge-glued to obtain 
the desired widths. Finger-jointed. edge-glued workbenches and shelves 
can substitute for wider boards from natural forest trees. 

Particlehonrd: A. mar~girrm has proven suitable as raw material for 
particleboard. supplementing the available wood residue from timber- 
processing mills (see Chapter 1  1 ) .  

Medilillrn-density.fiherhoard (MDF) : Although i t  involves a very high 
capital cost for machinery, MDF is an increasingly prominent solid-wood 
substitute for furniture. such as tabletops and cabinets. A. rnmgium is 
known to produce good chips suitable for processing into MDF. MDF 
panels have rclativcly uniform density and smooth, tighl edges, and can 
be nlachincd like solid wood into moldings. MDF can also be turned. 
The line surlhcc quality is anicnablc to high-qualily finishing and i t  can 
bc casily overlaid with fine and dccorativc veneers and other laminates to 
further enhance the appearance (see Chapter 1  I ) .  

Scrirnbcr: This is a product developed for structural applications using 
round niaterial. such as small-diameter logs and forest thinnings. These 
are flattened longitudinally without rupture across the grain. The result 
ing long strands arc spread laterally to form unifimn mats. with the 
scands remaining intcrconncctcd. With rhc adhesive and wax mixture, 
rcconstitutcd long and large sections of scrimbcr can be produced. Large 
scrimbcr blocks can bc sawn into sizcs suitable for building materials. 

Future Research 

For economics and marketing sludics, the following topics are of primary impor- 
t ance: 

Economic viability of allernative silvicultural practices and processing 
tcchnologics, especially for small-sized trees 

Econoniic analyses on the impact of various government investment 
incentives on plantation development 

Cost-benefit analysis of new producls intended for production 

Assessment of market acceptance of the new products 
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Assessment of potential arrangements for local processing of tree 
products 

Supply and demand of A. mtrrrgirtm in the wood industry 

Production cost structure analysis of existing processing facilities, for 
deriving competitive market log price 

Summary 

Growing plantations of A. mtrrrgirtm can scrvc purposes of born forest resource 
use and econonucs. for the production of a range of products. Economists use the 
analytical instrunlcnts of net present value. inlcrnal rate of return, and benefit- 
cost ratio in financial and economic analyses to assess the viability of plantation 
pro.jects. Sensitivity tests attempt to account for variations in key dctcrnlinants of  
invcstnicnt decisions. 

Under current conditions in  countries likc Malaysia, financial analysis 
suggcsts that these plantations may not directly provide investors with adequate 
financial rewards. However, cconomic analysis shows that such planrations 
benefit thc national cconomy. With appropriate government inccntivcs andlor 
arrangenicnts between processing companics and tree growers, A. mtrrrgirtm 
wowing can be a profitable enterprise. 
L 

As the international wood products niarkct aqjusts to the dwindling supply 
from natural forests, i t  is clear [hat A. mtrrrgirrm is a most suitable spccics for 
largc-scalc tree plantations to provide raw material for pulp, papcr. and reconsti- 
luted wood prtxlucts such as particleboard and medium-density fiberboard. 
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Summary 

Acacia mangium is relatively easy to propagate (either from seed or by vegetative 
means), shows fast early growth, and can grow satisfactorily on otherwise 
unproductive sites. It is particularly suited for controlling soil erosion and weeds 
in areas heavily infested with Imperata grass. Its wood is used for pulp, sawn 
timber, chips, and firewood. 

Its natural distribution stretches from the islands of Sula, Ceram, and A m  in 
Indonesia, through the Western Province of Papua New Guinea, to northeastern 
Queensland, Australia. It is typically a low-elevation species associated with 
rainforest margins and disturbed sites on well-drained, acid soils. On favorable 
sites in its natural range it grows to a height of 25-35 m and a diameter at breast 
height (dbh) of over 60 cm. It prefers wet sites; prolonged dry periods slow its 
growth. 

The area under plantation with this species is rapidly expanding, with 
150,000 ha already planted worldwide and another half million ha committed for 
planting for the paper industry. So far the area dedicated to A. mangium planta- 
tion is greatest in Southeast Asia, particularly Indonesia and Malaysia. 

Reproductive Biology and Hybridization 

A. mangium starts to flower and produce seeds 18-20 months after planting. 
Flowering consists of six stages of floral events, from initiation of inflorescence 
to shedding of flowers. lasting about 89 days from inflorescence to anthesis. 
Mature fruits occur three to four months after the flowering period. The time 
from the onset of flower buds to pod maturity is about 199 days. 

A. mangium is generally an outcrossing species with the tendency toward 
selfing. It requires biotic agents to transfer pollen from the anthers to the stigmas. 
  he hybrid A. manglum x A. auriculiformis has potential to become an important 
source of planting material in plantation forestry, as its general tree form is 
satisfactory where it inherits the better stem straightness of A. mangium and self- 
pruning ability and better stem circularity of A. auriculiformis. The physical and 
mechanical properties of the hybrid are intermediate between the two parent 
species (that is, better than A. mangium), and appears to be resistant to the heart 
rot to which A. mangium has shown susceptibility. 



summary 

Hybridization techniques have been developed with and without emascula- 
tion, in the latter case through the use of the anther method. Hybrid plantlet 
production could be accelerated through tissue culture, which has shown prom- 
ise. 

Genetics and Tree Improvement 

Like other acacias, A. mangium possesses a somatic chromosome number of 
2n=26, with a greater proportion of the chromosomes of the short type. 

Provenance differences exist in many characteristics, reflecting the variation 
in the total genetic composition of the species. 

Seeds of Papua New Guinean provenances are generally oblong in shape 
and larger than those from Queensland and Indonesia; seeds of Indone- 
sian provenances are round and relatively smallest; Queensland prov- 
enances are intermediate. Seedling growth follows the same pattern. 

I n  leaf clraracteristics, little provenance variation is found in  terms of 
phyllode shape, size, and veination. However, stomata1 density varies 
significantly. 

Physiological processes of transpiration, photosynthesis, and nutrient 
uptake also vary. Papua New Guinea provenances appear more drought 
resistant, but with lower photosynthetic rates, than Indonesian prov- 
enances studied. Nutrient uptake differs in K, Ca, and Mg, but not in N, 
P, and micronutrients. 

In terms offlowering and seed production, development time is shorter 
for Indonesian provenances, although those from Queensland produce 
the most seed. 

Heartwood fornration varies significantly with provenance, but not basic 
density. 

Growth in provenance trials shows a significant interaction of site x 
provenance. In general, growth is faster near the Equator. Papua New 
Guinean provenances consistently show better height, diameter and form, 
closely followed by the Claudie River provenance from far north 
Queensland. Provenances from the Queensland Cairns region, and from 
Ceram and Irian Jaya, Indonesia are almost always slower-growing than 
those from Papua New Guinea and far north Queensland. 
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Plus trees have been selected in several countries where A. mangium is 
planted on a large scale, and progeny testing of the selected materials is under- 
way. There are country-by-country differences in how seed stands, seed produc- 
tion areas, and seed orchards are developed. Growth and flowering have been 
found to differ among different families in a seed orchard. 

Vegetative Propagation 

Where conditions permit, vegetative propagation can be more cost-effective and 
can result in more uniform growth. A. mangium stem cuttings can be easily 
rooted, but rooting percentage declines with older stock plants. For better rooting, 
auxins. such as the growth hormone Seradix 3 or indole butryic acid (IBA) 
should be applied at appropriate concentrations and cuttings with one or one-half 
phyllodes should be used. Rooting medium should have a relatively high pH and 
good moisture-holding capacity; a mixture of sand and Irish Sphagnum peat has 
been found quite good. 

A technique for micropropagation from aseptically germinated seedlings has 
also been successfully developed. For optimum induc~ion of multiple shoots, 
Murashige and Skoog basal medium supplemented with 0.5 mgll of benzylamino 
purine (BAP) is best. This medium gives an average of 25.4 shoots per explant. 
Excised shoots longer than 0.5 cm can easily be rooted in a humidified rooting 
chamber. Number of shoots per explant and shoot length increase with increasing 
culture cycles. An estimated 2 19 million shoots of greater than 0.5 cm in length 
can easily be produced from a single germinated seedling, but the rooting per- 
centage decreases with increasing numbers of culture cycles. 

Nursery Propagation 

Nursery propagation is still the most common method, maintains a broad genetic 
base, and is often still the cheapest technique, with costs in Asia and the Pacific 
around US$0.02-0.03 I .  Nursery practices for A .  mangium are not very demand- 
ing, and with the establishment of seed production stands and seed orchards in 
countries where A. n~angium is grown on a large scale, seeds are now easily 
available (see Appendix A). With that start, there remains a need for good-quality 
seeds of specific, potentially better provenances from virgin populations. 

Seeds require pretreatment; hot water treatment has yielded best germination 
results. Damping off is the most serious disease during the nursery stage, but it 
can be controlled by use of fungicide and cultural practices. Best results have 
been obtained using seedling containers of up to 300 cc and a standard uniform 
substratum--either topsoil mixed with compost or a mixture of tropical peat and 
rice husk (7030). 
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The optimum height of seedlings for outplanting is 25-40 cm, which could be 
achieved in 12 weeks with proper fertilizer application, allowing another 3-4 
weeks for hardening. Only the best seedlings should be planted out after proper 
grading. 

Symbiotic Associations 

A. mangium's success in reclaiming adverse sites (lmperata grasslands, acidic 
soils and soils low in nitrogen and phosphorus) is often best exploited through 
the species' natural associations with both Rhizobium bacteria and vesicular- 
arbuscular mycorrhizal (VAM) fungi. A. mangium appears to be more specific in 
its Rhizobium associations than other Acacia species, meaning that many Rltizo- 
bium strains isolated from A. mangium do not cross-inoculate other acacias. 
Some rhizobial strains are more effective than others in promoting tree growth. 
VAM fungus species found to be more efficient in promoting A. mangium 
growth are Gi~aspora  mar~arira,  Glomus erunicarunl, and Scurellispora 
calospora. 

Used together, effective Rhizobium strains and effective VAM fungi can 
increase early seedling growth on marginal sites, and can substitute for large 
portions of early chemical fertilizer requirements in such areas. 

The major constraint in the large-scale use of mycorrhiza in the establish- 
ment of A. mangium is the availability of cheap but effective mycorrhizal inocu- 
lants. Commercial VAM inoculants are available in the Asia-Pacfic region, in 
potting medium and granulated form. 

Silvicultural Practices 

The method of site preparation, using controlled burning and either mechanical 
(including semi-mechanical) or manual methods, depends on: past and present 
vegetation, climate, topography, soil type. equipment, and availability of labor. 
Depending on the objective of raising A. mangium plantations, initial spacing can 
vary from 2 x 2 m to 4 x 4 m. More research is needed on optimum spacing. 

Where weeds abound (particularly on lmperara grassland sites), a weeding 
schedule should be prepared, using chemical andlor manual control methods. 
Weeding costs on lmperara sites can make up a large portion of plantation costs. 

Research on fertilizer application has yielded some general guidelines, but 
site-specific research is still needed. 

Singling is an important operation on many sites and with many genotypes, 
and should be carried out 4-6 months after planting. Pruning and thinning sched- 
ules have yet to be conclusively determined, although schedules recommended in 
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Peninsular Malaysia can form a basis for practice. Standard fire prevention and 
control measures are needed in every large plantation project using this species. 

Growth and Yield 

Quite a bit has been published on the growth and yield of A. mangium. Studies 
have confirmed it can achieve a mean annual increment (MAI) of 5 cm in dbh 
and up to 5 m in  height in the first four or five years. However, growth declines 
rapidly after seven or eight years, and except under ideal conditions or over a 
long period of more than 20 years, the tree will probably not grow beyond 35 cm 
dbh and 35 m tall. 

Volume yield estimates from dbh and height growth using several yield 
tables appear quite similar for a sample tree with dbh 20 cm (values ranging from 
0.185-0.220 m2). Biomass estimates of the same sample tree using biomass 
equations for plantation conditions range from 160-1 83 kg, suggesting that these 
equations may be more generally applicable. 

Height, dbh, and even site index have been used to model A. mangium yield. 
There is a case for using the minimum number of variables for more cost- 
effective models that are sufficiently accurate and reliable. The high N content of 
the leaf litter contributes another advantage for planting. 

Insect Pests 

The rapid increase in forest plantation establishment in South and Southeast Asia 
with fast-growing, exotic tree species like A. mangium, often in monocultures or 
with a few high-yielding varieties, tends to narrow the genetic base. Particularly 
for an exotic species, this reduction in  diversity of species, tree age, and genetic 
variation produces conditions favorable to the spread of pest and disease patho- 
gens. 

Although very few insects cause significant problems to A. mangium, forest- 
ers and forest plantation managers should be prepared to prevent insect attack. 
Some major pests of agricultural crops are found to attack A. mangium as defolia- 
tors, without serious damage. Only a few species could be described as serious 
pests with profound and serious attacks. These include root feeders (Sternocera 
aequisignata and termites), branch and stem borers (Sinoxylon spp.), and the red 
coffee borer (Zeuzera cofleae). These can cause death, deformity, or reduced 
biomass production of A. mangium, and should be carefully monitored. 

In  general, a pest management program should be introduced only when the 
population reaches an economic threshold, that is, the point at which the cost of 
damage is equal to the cost of preventing that damage. The costs of insect 
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damage and control are measurable not just in terms of the economic value of the 
crop; costs to the local environment as a whole should also be estimated and 
included. 

Diseases 

As with control of pests, recognition and control of diseases will play a key role 
if forest plantations are to realize high yields and large investment costs. To date 
there are no reports of any serious disease outbreaks in A. mangium plantations. 
The diseases of A. mangium seedlings are common seedling diseases of many 
tree species, with the possible exception of bacterial stem galls. Such diseases 
and an occasional disease outbreak in any seedling nursery is not uncommon and 
can usually be controlled using conventional nursery management techniques and 
prophylactic fungicidal sprays. Like pest control, economic and environmental 
costs of chemical disease control should be carefully weighed against the poten- 
tial and expected benefits. 

Mature A. mangium plants are susceptible to several diseases, most notably 
heart rot and root rot. Heart rot has been reported in plantations in Sabah and 
Peninsular Malaysia, while root rot has been reported from plantations in Sabah, 
Peninsular Malaysia, and Papua New Guinea. Root rot appears to be the more 
widespread of the two, reported both in Malaysia and in Papua New Guinea. Its 
incidence also appears to be site related. Control of both these diseases is diffi- 
cult, however, and other management strategies may have to be employed. Pink 
disease is a problem in Sarawak but has very minor impact elsewhere. 

Utilization 

The species has potential for use as wood-based panels, and with technological 
advances in the utilization of small-diameter logs and processing of composite 
products, such as laminated veneer lumber and particleboard, A. mangium's 
potential uses are increasing. For such composite products it is easily processed 
and glued, and dimensions and strength can be tailored to detailed market specifi- 
cations. Mangium can also be converted to many desirable panel products for 
which the market is more universal. Recent developments in using A. mangium 
as pulpwood have confirmed its suitability for making quality paper, and it is 
already supplying the large wood chips market. In rural systems, it can be used 
for fuelwood and charcoal. 

For non-wood products, it appears suitable for tannin production, and al- 
though it is generally not considered a fodder species, young shoots can be 
browsed by buffaloes and cattle. It is also profitably used as a substrate for 
cultivation of edible mushrooms in Taiwan. 

264 
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Economics and Market Prospects 

Economic and marketing aspects are crucially important in stimulating develop- 
ment of a country's forest plantation sector. A.mangium plantations have eco- 
nomic benefits in that they can help avert anticipated domestic timber shortages. 
generate income, increase profitability of degraded land resources, and reduce the 
drain on a country's foreign exchange reserves. 

Economists use the analytical instruments of net present value, internal rate 
of return, and benefit-cost ratio in financial and economic analyses to assess the 
viability of plantation projects. Because production costs and market prices vary 
from place to place, analyses must be done on a case-by-case basis. Sensitivity 
tests attempt to account for variations in key determinants of investment deci- 
sions. 

In some countries, financial analysis suggests that these plantations may not 
directly provide investors with adequate financial rewards to offset the long 
maturation period, capital requirements, and other risks involved with plantation 
forestry. However, economic analysis shows that such plantations benefit the 
national economy. With appropriate government incentives and/or arrangements 
between processing companies and tree growers, A. mangium growing can be 
profitable. 

As the international market for wood products adjusts to the dwindling 
supply from natural forests, market acceptance of fast-growing tree products is 
unavoidable. Despite constraints common to fast-growing plantation species that 
limit its marketability as sawn lumber and certain veneers, A. mangium is very 
suitable for pulp, paper, and the growing industry of reconstituted wood products 
(particleboard, medium-density fiberboard, etc.). 

Priorities for Future Research 

Table 13.1 summarizes the priority research gaps identified for the areas 
described above. More details are available in the respective chapters. 

Research on any species does not proceed in isolation of findings on 
other species. In terms of crop compatibility, relative productivity, and 
local suitability, scientists at a given planting site will naturally need to 
weigh the benefits of A. mangium with those of other crops. This type of 
assessment is needed not only at the outset of a program but again at key 
points in the life of the planting program. In agroforestry, this need for 
comparison of planting options is even greater, and the options more 
diverse. 



summary 

Ensuring a stable long-term supply of tree products involves balancing 
the needs of industrial production with those of environmental stability 
and rural development. Increasingly, forest managers are being called on 
to consider all of these aspects, and to optimize arrangements within the 
constraints of their situation. 

Table 13.1. Priorities for future research. 

Reproductive Biology Determine breeding values and structured observations of 
hybrid performance in the field in order to obtain the optimum 

Determine the cause of mortality of stem cuttings in rooting 
beds 

Study the anatomy of stem cuttings at different ages of stock 
plants to observe development of the scleren-chymatous ring 
on older stock plants and its effects on root development 

Study coppicing habits of A.  mangiwn seedlings and rooting 
performance of stem cuttings taken from coppiced shoots 

Compare growth performance of vegetatively propagated 
stock plants produced from stem cuttings and from tissue 
culture 

Develop tissue culture techniques for matureA. mungiwn 
trees, especially important for mass-producing genetically 
improved plus trees 
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Table 13.1. continued. 

Silviculture 
- - - - - -- - - - - - 

Determine optimum silviculture schedules, particularly 
pruning and thinning. 

Determine the susceptibility ofA. mangium to fire. 

Develop direct seeding techniques. 

For aeroforestrv. determine soacine and oollardine. 

Growth and Yield Determine coppice regrowth. 

Diseases Study effects of local site and environmental conditions on the 
incidence and spread of infectious diseases. particularly 
detailed studies of incidence and spread of root (and butt) rot 
and heart rot, preferably using comparable techniques in all 
countries. 

Analyze economic impact of government investment 
mcentives on plantation development. 

Conduct cost-benefit analysis of new products and assess 
market acceptance. 

Assess potential arrangements for local processing. 
- 

Study supply and demand ofA. mangium in the wood 
industry. 
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Appendix A: Seed Suppliers 

This list provides an indication of seed availability only. 

Australia Tree Seed Centre 
CSIRO Division of 
Forestry and Forest 

Products 
P.O. Box 4008 
Queen Victoria Terrace 
Canberra ACT 2600, 
Australia 
Phone: (062) 8 18203 

Australian Tropical Plant 
Supplies 

P.O. Box 5. Mount Molloy 
Queensland 4880, 
Australia 
Attention: Vincent K. 
Moriany 

Dendros Seed Supplies 
P.O. Box 144, 
Weston Creek 
ACT 26 1 I ,  Australia 
Phone: (0621-88 1490 

H.G. Kershaw Pty.. Ltd. 
P.O. Box 84 
Terry Hills, N.S.W. 2084 
Australia 
Phon:  02-450-2444 

M.L. Farrar Pty., Ltd. 
P.O. Box 1046 
Bomaderry, N.S.W. 254 1 
Australia 
Phone: 044-2 17692 

Queensland Department of 
Forestry 

P.O. Box 944 
Brisbane, Qld 400 I ,  
Australia 
Phone: (07) 224-8335 

Forest Research 
Development Center 

Jalan Gunung Batu 
P.O. Box 66 
Bogor. Indonesia 

Forest Research Institute 
Chungyangni-Dong 
Dongdaemun-Ku 
Seoul. Korea 
Phone: 966-896 1-5 

Seed Officer 
Forest Research Center 
P.O. Box 1407 
Sandakan. Sabah, Malaysia 
Phone: 2 14 179 

Senior Research Officer 
Pusat Penyelidi-kan Hutan 
P.O. Box 1407 
Sandakan. Sabah Malaysia 

Sabah Softwoods Sdn. Bhd. 
P.O. Box 137 Tawau, 
Sabah, Malaysia 

Sabah Forestry Develop- 
ment Authority 
(SAFODA) 

Locked Bag 122 
Kota Kinabalu 
Sabah, Malaysia 

Tree Seed Unit 
Hattisar. Naxal, 
Kathmandu 
Nepal 
Phone: 412004 

National Tree Seed Center 
Papua New Guinea Forest 

Research Institute 
P.O. Box 3 14, Lae, 
Papua New Guinea 
Tel: 675-42-4 188 
Fax: 675-42-4357 

Development Alternatives, 
Inc. 

c/o DENR Visayas Avenue 
Quezon City 
Philippines 

Ecosystems Research and 
Development Bureau 

Seed Bank 
College of Forestry, UPLB 
College, Laguna 403 I .  
Philippines 

Expon-Impon Trading 
Corp. (Int) or 
Greenworld Agri-Farm Int. 
Center (Loc) 
809 Sandres St. 
Melati, Manila. Philippines 
Phone: 59- 10-98 

Manila Seedling Bank 
Foundation, Inc. 

Quezon Ave. Ext. 
Cor. E. de 10s Santos 
Quezon City 
Philippines 
Phone: 99-50-5 1199-50-52 
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Paper Industries Corpora- 
tion of the Philippines 

Forest Research Depart- 
ment 

Tabon Bislig 
Surigao del Sur 83 1 1 
Philippines 

P.A.T. Marketing 
#8 Forestry St., Proj. 6 
Quezon City, Philippines 

Rayos Marketing 
78 Molave St., Proj. 3 
Quezon City. Philippines 

Visayan Seedling Center 
P.O. Box 879 Rm. 2 19 LK 
Bldg. 
Subangdaku 
Mandaue City, Cebu 
Philippines 
Phone: 8- 15-2618- 17-09 

Outside Asia 

Latin American Forest Tree 
Seed Bank 
C A T E  
Turrialba, Costa Rica 
Phone: 56-6021 

Centre Technique Forestier 
Tropical 

45bis, Avenue de la Belle 
Gabrielle 
94 130 Nogent sur Marne 
France 

Setropa, Ltd. 
P.O. Box 203 
1400 AE Bussum 
Netherlands 
Phone: 2152 58754 

Southern Forest Experi- 
ment Station 

Institute of Tropical 
Forestry 
P.O. Box AQ Rio Piedras 
PR 00928 
Puerto Rico 
Phone: 809-753-4335 
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Appendix B: Scientists 
Studying Acacia mangium 

This list, although incomplete, provides a 'snapshot' of researchers working with 
A. mnngilrm, in addition to the chapter authors. The list focuses on the Asia- 
Pacific region. Areas of interest for each entry are indicated after each name, 
using the codes below. 

AF = Agroforestry Systems; B = Biotechnology; C = Climatology; Co = Conservation: Cu/M = 
CultivationlManagement; DM = Data Management; DIA = DesignIAnalysis; ED = Econ. Develop- 
ment; FE = Forest Economics; FPII = Forest Product.% and Utilization; G/B = GeneticsJBreeding; 
G N M  = GrowtWYield Models; 1 = Irrigation; Lll = Land Use; M = Marketing; Me = Mensuration; 
N/SO = NursericsISeed Orchards; PI' = Plant Protection; PlPl = Policy and Planning; RE = 
Resource Economics; SCIP = Seed Collection/Production; S = Silviculture; So = Sociology; 
Sp/P = Species and Provenance Trials; SR = Soil Relatoins; TI' = Tree Physiology. 

Dr. Sheikh Ali Ahod S 
Faculty of Forestry 
Universiti Pertanian Malaysia 
43400 UPM Serdang, 
Selangor. Malaysia 

Mr. Goran Adjers AF, S, N/ 
SO, Sp/P 
Reforestation h Natural Forest 

Management Project 
c/o Balai Teknologi Rehoisasi 
Banjarbaru. P.O. Box 65 
JI. Sei Ulin No. 28B 
7071 1 Banjarbaru 
Kalimantan Selatan. Indonesia 

Dr. R o b e r ~ o  R .  Arano AF, 
LU, PIPI 
Isakla  State University 
Land Use Planning h 

Developmcnt Center 
Isabcla State llniversity - 
Garita Slopes 
Cabagan, lsahela 1303 
Philippines 

Mr. Md Wahed Baksha PIPI 
Bangladesh Forest Research 

Institute 
Forest Protection Division 
Chittagong. 421 1 
Bangladesh 

Dr. V. Balodis FPU 
CSIRO Division of Forest 

Products 
Privatc Bag 10 
Clayton, VIC 3 168 
Australia 

Mr. Audimar P. Bangi FPU, 
hlc, RE 
Visayas State College of 

Agriculture (VISCA) 
Dept. of Forestry. VISCA 
Bayhay. Leyte 6521-A 
Philippines 

Dr. Orapin Bhumil~hamon BT 
Kasetsart University 
Department of Biotechnology 
SO Pahonyoti~~ Road 
Bangkok. 10900 
Thailand 

Mr.Douglas J. Boland SCIP, 
s p m  
International Center for 

Research on Agroforestry 
Gigiri. P.O. Box 30677 
Nairobi. Kenya 

Mr. Smit Boonsemsuk BT, 
GIB, S 
Royal Forest Dcparment 
Biochemistry Section 
(Silvicultural Subunit) 
Bangkok. 10900 
Thailand 

Dr. Trevor 11. Booth CI, LU 
CSIRO - Division of Forest 

Research 
P.0. Box 4008 
Quccn Victoria Terrace 
Canherra, ACT 2600 
Australia 

Dr. C .  Buford Briscoe AF, 
S, Spff 
La Suiza 
7151 Tumalba 
Costa Rica 

Mr. Alan G. Brown G/R, 
S P ~  
Division of Forestry and 

Forest Products, CSIRO 
P.O. Box 4008 
Queen Victoria Terrace 
Canberra. A.C.T. 2600 
Australia 
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Ms. Rebecca P. Butterfield 
N/SO, Sp/P 
Organization for Tropical 

Studies 
Apdo 676 
2050 San Pedro 
Costa Rica 

Mr. Mantang Cai AF, DM, 
ED 
Research Institutc of Tropical 

Forestry 
Chinese Academy of Forestry 
Long yandong 
Guangzhou, Guangdong 
5 10520 
P. R. China 

Mr. Reynaldo S. Casinillo 
BT , ED, G N M  
Paper Industries Corporation 

of thc Philippincs 
Tabon. Bislig 
Surigao Dcl Sur 
Philippines 

Dr. Yongyuth Chalarnwong 
FE, LU, So 
Thailand Dcvclopmcnt 

Rcsearch Institute 
Bangkok. 10900 
Thailand 

Mr. Suttijcd Chantrasiri 
Cu/M, ED, G/B 
Thailand Institutc of Scientific 

and Technological Rcscarch 
196 Phahonyothin Road. 
Bang Khcn. Bangkok, 10900 
Thailand 

Mr. Chow Chatpong AF, 
NISO, S 
Royal Forcst Dcpar~nent  
Nakornsithamarat Kcgional 

Forest Office 
Nakornsithamarat. 80000 
Thailand 

Mr. Edward Chia S,  CdM,  
Sp/P, GIB, NISO 
Sabah Softwoods Sdn. Bhd. 
P.O. Box 137. Brumas 
91007 Tawau, Sabah, 
Malaysia 

Mr. Pravit Chittachumnonk S 
Division of Silvituclturc 
Royal Forest Department 
Bangkok 10900 

Dr. Khoo Kean Choon FPU 
Forest Research Institute 

Malaysia 
P.O. Box 201. K c p n g .  
Sclangor 
52  109 Kuala Lumpur. 
Malaysia 

Mr. Ja~ni l  A. Chowdhury 
DM, GNhl ,  M e  
Forcst Rcsearch Institute 
Chittagong. 42 1 1 
Bangladesh 

Mr. Enriquc N. Crizaldo AF, 
c l n ,  s p m  
Ecosystc~ns Rcscarch and 

Dcvclopmcnt Burcau 
Collcgc. Laguna. 4031 
I'hilippincs 

Mr. U g a r d o  G .  Cucto AF, 
Cu/M, FE 
CARE - I'hilippincs 
2nd Floor Espiritu Building 
3 3  Gcn. Mazilom Avcnuc 
Cchu City, 6000 
I'hilippincs 

Mr. Sri Danarto Gm, Sp/lD 
Gadjah Mada Univcrsity. 
Faculty of Forestry 
Yogyakarta. DIY 
Indonesia 

Mr. Narong Danchaiviroj 
CUM, LU, N/SO 
Siam Agrotex Co., Ltd. 
47  MU3 Tamhol Klong 
Suanplu, Ayudthaya 
Thailand 

Dr. Peter Dart SR 
Department of Agriculture 
Queensland University 
St.  Lucia, Q L D  4067 
Australia 

Dr. John Davidson G/B, NI 
SO, Sp/P 
Eucalyptus and Forestry 

Services 
P.O. Box 419 
ARMIDALE 
2350. NSW 
Australia 

Ms. Ma. Visitation 1'. Dejan 
BT, S, Sp/P 
I s a h l a  State University 
Garita Slopes 
Cahagan. Isabcla 3328 
I'hillippincs 

Mr. Somchai Ditsorn AF, 
NISO, S 
Royal Forcst Dcpartment 
67/60 Soi Sacnanikom I 
Pholyotin Road 
Bangkok, 10230 
Thailand 

Mr. Manas Donsakul AF, 
NISO, S 
Royal Forcst Dcpartment 
Divisional llhon Forcst Office 
llhon. 34000 
Thailand 

Mr. Patrick B.  Durst FE, 
s p m  
Coordinator For Asia 
USDA Forcst Service 
1:orcstry Support Program 
P.O. Box 96090 
Washington. DC 20090-6090 
USA 

Mr. Latif Md. Abdul Fakir 
DM, G N M ,  Me 
Ministry of Environment 8 

Forest 
Forcst Research Institute 
P.O. Box 273 
Chittagong. 421 1 
Bangladesh 



Mrs. Rene S.  Fontanilla AF, 
NISO, TP 
Department of Natural 

Resources-Region IV. 
ERDB 

15 15 L&S Bldg. Roxas Blvd, 
Ennita. Manila. Philippines 

Dr. Herminia A. Francisco RE 
College of Economics and 

Management 
University of the Philippines 

at Los Baiios 
College, Laguna 4031 
Philippines 

Mr. Barnabas A. Gait BT, 
GIB, TP 
Sabah Foundation 
Sabah Foundation Regional 

Office 
P.O. Box 1437 
Sandakan. Sahah 90008 
Malaysia 

Mr. Bernahc 11. Gunacc AF, 
S, SR 
Dept. of Environmclit and 

Natural Resources 
Ecosystems Research and 

Development Sector. 
DENR-Region 6. 
Masonic Temple 
lloilo City, Iliolo 
Philippines 

Mr. Julian K. Gayfcr AF, 
CdM,  SpIP 
Scan Management 
P.O. BOX 1226 
Nana Post Office 
Bangkok, 101 12 
Thailand 

Mr. Dominador G. Gonzal 
AF, Culhl, LU 
Visayas State College of 

Agriculture (ViSCA) 
Bayhay. Leyte 
Philippines 
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Dr. Anthony R.  Griffin GIB, 
S P ~  
CSIRO - Division of Forest 

Research 
P.O. Box 4008 
Queen Victoria Terrace 
Canherra, ACT 2600 
Australia 

Dr.Tirath R. Guph PIPI 
Indian Institute of Manage 

menf Ahmedabad 
Ahmedabad. Gujarat State 
380056. India 

Mr. Tjuk Sasmito Iladi S, 
PIPI 
Kcforestation & Natural Forest 

Managemcnt Project 
c/o Balai Teknologi Kchoisasi 
Banjarharu, P .0 .  Box 65 
JI. Sci lJlin No. 28B 
707 1 1 Banjarharu 
Kalimantan Sclaun. Indonesia 

Dr. A. L. Ilammett CUM, 
ED, M 
Institute of Forestry Projcct 
I'.O.Box 206 
Pokhara, 
Nepal 

Mr. Mohammed A. IIaquc 
AF, Cufil, NISO 
Bangladesh Forcst Kesciuch 

Institute 
P.O. Box 273 
Chittagong. 40000 
Bangladesh 

Ms. Faizah Ahood Haris PP 
Faculty of Forestry 
Universiti Pertanian Malaysia 
43400 lJPM Serdang, 
Selangor. Malaysia 

Mr. Victor J. Harloey BT, TI' 
CSlRO - Division of Forest 

Research 
P.O. Box 4008 
Queen Victoria Terrace - 

Canberra. ACT 2600 
Australia 

Dr. C.E. Harwood G 5 ,  SpIP 
Division of Forestry, CSIRO 
P.O. Box 4008. Queen 
Victoria Terrace 
Canberra, ACT 2600, 
Australia 

Mr. Ang Lai 110 S 
Forest Research Institute of 

Malaysia 
P.O. Box 201. 
Kepong. Selangor 
52109 Kuala Lumpur. 
Malaysia 

Mr. Ta-Wei Ilu GIB, NISO, 
S 
Chinese Cultural University 
1)cparhcnt of Forestry 
Yang-Ming-Shan 
'l'aipci. Taiwan 
Kcpublic of China 

Dr. Takao lnouc S, TP 
1;orcstry and Forest Products 

Kcsearch Institute 
P.O. Box I6 
Tsukuha Norin Kenkyu 
Danchinai 
Iharaki 305. Japan 

Dr. Kazuhiro Ishizuka Co, 
Cu/M, SR 
Forcstry and Forcst Products 

Kesearch Institute 
Tsukuha Kenkyuu Norin- 
DANCHI 
P.O. Box 16 
Tuku ha. I hard1 305 
Japan 

Mr. I-an Jerl FE, M 
Taiwan Forestry Research 

Institute 
53 N a n - h i  Road 
Taipei. Taiwan 
Kcpuhlic of China 

Mr. Keith Jennings P/PI 
Queensland Forest Service 
G.P.O. Box 944 
Brisbanc, Queensland 400 1 
Australia 
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Mr. Norman Jones CIB, Nl 
SO, s p f f  
Wimco Seedling Ltd. 
D62 Defence Colony 
New Delhi. 110024, India 

Mr. Chamnarn Juntapirkus 
AF, Co, LU 
Royal Forest Department 
Bangkhen, Bangkok, 
Thailand 

Mr. Amnuay Kaewsingha 
C u m ,  PffI, S 
Forest Industry Organization 
(Technical Division) 
76 Rajadamnernnok Avenuc 
Pomprah, Bangkok, 10100 
Thailand 

Mr. Saw Kelvin Kch PI' 
Forest Department 
Ministry of Forestry 
25-26 Randedia Building 
Phayre Street 
Yongon. Myanmar 

Dr. Le Dinh Kha CID 
Research Center for Tree 

Improvement 
Forcst Science Institute 
Chem-Tu Liem 
lIanoi 
Victnam 

Mr. Somyos Kijkar NISO 
ASEAN-Canada Forcst l'rec 

Seed Centre 
Muak Lek 
S ~ a h u r i  18180 
Thailand 

Mr. Thera Kowprasit CUM, 
ED, C N M  
Forest Technical Official 
Royal Forest Department 
Nakhon Ratchasima 

Divisional Forest Office 
Nakhon Ratchasima 3000 
Thailand 

Mr. James 0. Lacandula ED, 
LU 
College of Forestry. 
Central Mindanao University 
University Town. Musuan. 
Dukidnon 
Philippines 

Mr. Jaffirin Lapngan CIB, 
NISO, SpIP 
Sabah Forest Department 
P.O. Box 1407 
Sandakan. Sahah 90008 
Malaysia 

Mr. Suthat Lawskul AF, 
CIR, S 
Kase~sart llniversity 
Dcparbncnt of Silviculture 
1;aculty of Forestry 
Bangkok. 10903 
Thailand 

Dr. Luisito C. Lirios AF, TP 
Isahcla State Univcrsity 
Echaguc Isahela 
Philippines 

Mr. Mohalnad Lokmal Npah 
Co,  GAS, NISO 
1;orcst Rcscxch Institute of 

Malaysia 
Kcpng.  Sclangor 
52 109 Kuala Lumpur 
Malaysia 

Mr. Vitoon Luangviriyasaeng 
WA, c m ,  GNM 
Royal Forest Department 
Silviculture Research Suh- 

Division. Silviculture 
D' ' .' I V I S I O ~  

Bangkok. 10900, Thailand 

Dr. Nik Muhamad Majid SR 
Faculty of Forestry 
Universiti Pertanian Malaysia 
43400 UPM Serdang. 
Malaysia 

Mr. Syafii Manan NISO, S 
Faculty of Forestry. IPB 
P.O. BOX 69 
Kampus Darmaga 
Bogor, West Java 1 6001 
Indonesia 

Mr. Nissanto Masric CulM, 
Me, SpIP 
Sahah Forestry Development 

Authority (SAFODA) 
Lacked Bag 122 
Kola Kinahalu. Sahah 88999 
Malaysia 

Dr. A Colin Matheson DIA, 
CIB, Sp/P 
CSIRO - Division of Forest 

Kcscarch 
P.O. Box 4008 
Quccn Victoria l'crrace 
Canherra. ACT 2600 
Australia 

Dr. Donald J .  Mcad S 
Univcrsity of Cantcrhury 
Christchurch 
Ncw Zealand 

Mr. Danilo C. Mcro AF, ED, 
LU 
Collegc of Forestry 
Mindanao State Univcrsity 
Marawi City. Lanao Del Sur 
9700, Philippines 

Mr. Stevcn Midgley NISO, 
S, spm 
Australian Tree Seed Centre- 
CSIRO-Division of Forcstry 
P.0. Box 4008 
Qucen Victoria Terrace 
Canberra, ACT 2600 
Australia 

Mr. Anuar Mohamad C N M ,  
S, s p m  
Forest Research Cen~re 
P.O. Box 1407 
Sandakan, Sabah 90008 
Malaysia 
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Mr. Zashimuddin Mohammad 
AF, NISO, SpIP 
Bangladesh Forest Research 

Institute 
Forest Research Station 
P.O. Baitul lzzat 
Up-Zila-Satkania, 
Chittagong 4387. Bangladesh 

Mr. Muhammad A. Momen 
FE, G N M ,  Me 
Sabah Forestry Development 

Aulhority (SAFODA) 
Locked Bag 122 
Kota Kinahalu. Sahah 88999 
Malaysia 

Ms. Ncrmalic S. Montcro RT, 
ED, Me 
Protected Areas and Wildlife 

Bureau 
North Avc. Diliman 
Quczon City. 
Philippines 

Mr. Bounphom Mounda S 
Dcpartmcnt of Forcstry and 

Environment 
P.O. Box 2932 
Vientianc. Lao 

Mrs. Loida Z. Nasayao AF, 
G/B, S R  
Dcpartmcnt of Environmcnl 

and Natural Resources 
DENR-ERDS Region VIIl 
Sto. Nino Ext. 
Tacloban City, Lcyte 6500 
Philippines 

Mr. Djatnika Natawiria AF, 
PC, NISO, PP 
Kayu Mas Group. Tunhcr 
Operation 
J 1 .  Wahid Hasyim 154 
Jakarta. 10250 
Indonesia 

Dr. Nguyen Hoang Nghia 

S P ~  
Research Centre for Forest 

Tree Improvement 

Forest Science Institute of 
Vietnam 

Chem-Tu Liem 
Hanoi. Vietnam 

Dr. Garth Nickles G/B 
Division of Technical Servicc 
Department of Forestry. 
Brishanc. Australia 

Mrs. Naiyana Niyomwan 
CdM,  DfA, ED 
Fihcr and 'I'cxtilc Chemical 

Laboratory 
Thailand Institutc of Scicntific 

and 'I'cchnological Research 
196 Phaholyothin Road 
Bangkhcn. Bangkok. 10900 
Thailand 

Mr. tlashim Md. Noor S 
Forcst Rcsearch Institute of 

Malaysia 
P.O. Box 20 1.  
Kcpmg. Sclangor. 
5 2  109 Kuala Lumpur 
Malaysia 

Mr. Siriphong Pattanavibul 
s p m  
Thailand Institutc of Scientific 

and Technological Rcsearch 
I96 Phahonyothin Road 
Bangkhcn. Bangkok. 10900 
Thailand 

Mr. Khongsak Pinyopusarerk 
spn' 
Division of 1;oresry. CSlRO 
P.0.  Box 4008. Queen 
Vicloria Tcrrace 
Canhcrra. AC'I' 2600. 
Australia 

Mr. Damrong Pipatwatanakul 
S, TI', spn' 
Kasetsart University 
Department of Silviculture 
Faculty of Forestry 
Bangkok. 10903 
Thailand 

Ms. Grace R.  Plaza ED, So 
Secretary to the Regional 

Techical Director 
DENR-ERDB 
3rd Floor. Jausa Bldg.. 
Bangoy-Monteverde Sts. 
Davao City. 8000 
Philippines 

Ms. Supiya Proinniun AF, 
NISO 
Royal Forest Department 
Northcast Kcgional Agricul 

tural Officc. Thapha 
Khon Kaen. 40000 
Thailand 

Mr. Justiiio M.  Quimio Cu/M, 
Mc 
Visayas Statc College of 
Agriculture (VISCA) 
Bayhay. Leyte 652 1-A 
Philippines 

Mr. Lian S. Ral G N M ,  Me, 
S 
Ministry of Agriculture and 

Forests 
Forcst Research Institute 
Yczili. Pyininana 
Myanmar 

Dr. Wickricswari Ratriarn C/D 
Forcst Rcscarch Institute 

Malaysia 
r'.o. BOX 201 
Kcponp. Sclangor, 
52109 Kuala Lulnpur, 
Malaysia 

Mr. Bunnalcrt Kushatakul 
AF, NfSO, S 
Division Forcst Office 
Nakorn Rachasima 
Thailand 

Dr. Ahmad Said Sajap PP 
Faculty of Forestry 
Universiti Penanian Malaysia 
43400 UPM Serdang 
Sclangor. Malaysia 
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Dr. Hamsawi Sani S 
UPM Kampus Bintulu 
P.O. Box 396 
97008 Bintulu 
Sarawak. Malaysia 

Mr. Charles E. Schnell AF, 
SR, SpIP 
Organization for Tropical 

Studies 
Universidad de Costa Rica 
San Jose, Costa Rica 

Mr. Khamis Selamat S 
SAFODA 
Locked Bag 122, 
Kota Kinahalu, Sahah, 
Malaysia 

Mr. Lee Hua Seng S 
Department of Forestry 
93660 Kuching 
Sarawak. Malaysia 

Dr. Agus Setyarso G N M  
1:aculty of Forestry 
Gadjn Madah University 
Bulaksumur, Yogyakarta, 
Indonesia 

Dr. h i r  llusni Mohd. Shariff 
S H 
Forest Research Institute of 

Malaysia 
P.0.  Box 201, 
Kepong, Sclangor 
52109 Kuala Lulnpur. 
Malaysia 

Mr. Carry A. Shca AF, S, So 
1:orestry Technical Services 

Ply. Ltd. 
clo Co~nmunity Forestry 

I'rojcct, Forest Department 
2nd Mile Post, Passara Koad 
Badulla, Sri Lanka 

Dr. Nor Aini Shukor GIB 
Faculty of Forestry 
Universiti Pertanian Malaysia 
43400 UPM Serdang, 
Selangor 
Malaysia 

Mr. Shaikh Siraj WA, FE, 
G N M  
Bangladesh Forest Research 

Institute 
P.O. Box 273 
Chittagong, Bangladesh 

Mr. Lockman M. Sirin AF, 
ED 
Forestry Department. 
Peninsular Malaysia 
Forestry Department Head 

quarters 
Jalan Sultan Salahudain 
Kuala Lumpur, 50660 
Malaysia 

Dr. Michael U. Slcc G/B, S ,  
s p m  
Australian National tlniversity 
1)cparlmerlt of Forestry 
AN11 GPO Box 4 
Canberra, 2601 
Auslralia 

Mr. Kolnar Soelnarna C N h I ,  
Me 
1:orest Research and Dcvelop 

lnent Centre 
P.O. Box 66 
Bogor, West Java 
Indonesia 

Mr. Piruch Sookachita AF, 
Me, S 
Royal Forest Jkpartment 
99/48 Petkasam Koad 
I'ctchahusi. 76000 
Thailand 

Mr. I Jugh T. Spccchly FE, 
NISO, S 
Silvicollsult Ltd. 
23 llillsidc 
Blue Ridge. Quezon City 
Philippines 

Dr. Ruangdej Okc Srivardhana 
AF, FE, I 
Kasetsart University 
Faculty of Economics and- 

Business Administration 
50 Phaholyotin Road, 
Bangkok. 10900. Thailand 
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