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ABSTRACT 

Acacia mangium Willd. is one of the fast-growing species that can tolerant very well of varied 
site conditions. It has been chosen for forest plantation in Malaysia including Sabah and Sarawak. 
The objective of the research is to detennine the growth rate of A. mangium in Planted Forest 
Zone in Bintulu in tenns of diameter and height different ages as well as the mean annual 
increment (MAl). Data collected include diameter and height for various ages. Data analysis will 
also be done where the best fonnula will be used to calculate the diameter and height of the trees. 
The results expected in this research are the data on diameter and height as well as fonnula to be 
used to describe the growth rate ofA. mangium. 

Keywords: Acacia mangium, growth, diameter, height 

ABSTRAK 

Acacia mangium Willd. mernpakan salah satu spesies yang tumbuh secara semulajadi di mana
mana kawasan yang sesuai untuk pertumbuhannya. Spesies ini mempunyai ciri-ciri pertumbuhan 
yang cepat dan kualiti kayu yang baik. Spesies ini juga telah dipilih untuk ladang hutan di 
Malaysia termasuk Sabah dan Sarawak. Objekt{{ kajian ini adalah untuk menentukan kadar 
pertumbuhan A. mangium di ladang hutan di Bintulu dari segi diameter, dan tinggi yang 
berbeza. Pertumbuhan A. mangium mengambil masa yang singkat untuk menjadi matang. Kajian 
ini dilakukan dengall mendapatkan maklumat dengan pellgumpulan data dari segi peningkatan 
tahunan secara purata (MAl). Di samping itu juga, analisis data juga dibuat di mana formula 
terbaik akan digunakan untuk mengira tinggi dan diameter pokok. Keputusall kajian ini akan 
menentukan formula untuk menentukall kadar pertumbuilan A. mangium dari segi diameter dan 
tinggi. Seterusllya dapat dirnmuskall samada ia sesuai digunakan untuk memastikan kadar 
pertumbuhan yang baik. 

Kata Kunci: Acacia mangium, pertumbuhan, diameter, tillggi 



CHAPTERl 


INTRODUCTION 


Acacia mangium Willd. has been cultivated in various places as a forest tree and is a good 

candidate for eradication and control of Imperata grass. It grows rapidly, produces numerous 

seeds, and spreads in areas where it is planted. It tolerates degraded areas and seems to prefer 

moist to wet sites. A. mangium is a fast-growing tree, relatively short-lived (30-50 years) and 

adapted to a wide range of acidic soils in most tropical lowlands. It is a pioneer species that 

colonize disturbed sites. Major plantations of A. mangium have been established in Southeast 

Asia for paper pulp. Wood from this species is used in furniture, handles of sporting goods, door 

frames and light construction. Plantations of A. mangium are also used for erosion control, shade 

and shelter. This species plays an important role in efforts to sustain commercial supply of tree 

products while reducing pressure on natural forest ecosystems (Anon, 2000). 

Forest plantations have been established to supplement the supply of timber. Species that 

is known to have a well growth character will be chosen in order to be planted in the forest 

plantation (Lim, 1993). 

Sarawak plans set up 1 million ha2 of plantation in the next 10 years to produce wood in 

addition to the production of natural forests. Such planning needs information on the growth rate 

of the trees. One species being planted is A. mangium. It is known as multipurpose tree species. 

One area being planted in Sarawak is the Forest Plantation Zone in Bintulu. It is managed by the 

Grand Perfect Sdn. Bhd. 

The objective of this research is to study the growth rate of A. mangium in Planted Forest 

Zone in Bintulu in terms of diameter. 
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The report consists of several chapters. After the introduction is the chapter on Literature 

Review. Chapter 3 discusses the materials and methods. Chapter 4 presents the result and 

discussion, and the final chapter presents the conclusion and recommendation. 
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CHAPTER 2 

LITERATURE 'REVIEW 

This chapter reviews the Acacia mangium, Distribution, Ecology, Botany, Importance of A. 

mangium, Plantation Establishment, Future Trends of Plantation of Fast-growing Tree Species, 

Growth and Yield as well as Growth Curves of Growth Rate. 

Acacia mangium 

Tadashi (2003) states that A. mangium is one of the fast-growing tree species in forestry 

plantation programs in Southeast Asia. It is the exotic species that was introduced from northern 

Australia. To get fundamental data for wood utilization anatomical features and some 

characteristics related to wood properties were investigated using 13-year-old plantation grown 

trees. 

A. mangium is a tree species that is indigenous to northeast Queensland, Australia, Papua 

New Guinea and west part of Indonesia. It was introduced to Southeast Asia and other tropical 

regions. In Southeast Asia their plantation was promoted in 1980s to cope with rapid 

deforestation. It is categorized to be fast growing tree species that have advantage for 

afforestation in the devastated land finally providing resources for wood utilization . . 


Distribution 

A. mangium has a fragmented natural distribution, which stretches from Indonesia (where 

it occurs on the islands in Sula, Ceram and Aru) to Irian Jaya, the Western Province of Papua 
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New Guinea, and northeast Queensland in Australia (Awang K & Taylor, 1993). It has been also 

planted in Malaysia. 

The distribution of A. mangium in Queensland is restricted to two regions covering upper 

reaches of the Jardine River to Crystal Creek. In Cape York Peninsula, A. mangium is mainly 

associated with east-flowing drainage systems. The species occurs in the moist lower reaches, 

fonning part of the rainforest-savanna ecotonal vegetation, and is often a common component of 

the tree layer (Gunn et al. 1990 cited in Lim, 1993). In Papua New Guinea, Lim (1993) states 

that, A. mangium is widespread in the lowland regions of the Western Province of Papua New 

Guinea. It extends from the Lake Murray district south to the coast and from Irian Jaya border to 

east of the Fly River in the district of Balimo. In Indonesia the distribution of A. mangium is 

divided into two areas which are Merauke District (the main distribution of A. mangium in 

Indonesia) and Vogelkop Peninsula. The later area is reported difficult to visit. 

A. mangium was first introduced into Sabah in the early sixties as a fire-break species for 

tile Pinus carribaea stands that were being established. Its rapid growth then was quickly noticed 

which led to it being evaluated as a potential wood producer (Tan & Jones, 1982 cited in Ahmad 

Zuhaidi, 2002). It was subsequently introduced into Sarawak and Peninsular Malaysia for the . 

Compensatory Forest Plantation Programme (Johari 1987 cited in Ahmad Zuhaidi, 2002). 

Since its introduction in Malaysia, numerous studies have been conducted to investigate 

the cultivation, silvioultural regimes, growth and yield of A. mangium plantation. The potential 

end and processing techniques for raw materials available from the thinning operations and 

5 



final harvesting have also been studied. Most studies included favorable potential of A. mangium 

for pulp and paper, and reconstituted composites such as particleboard, medium-density 

fiberboard (MDF), oriented standard board (OSB), and cement bonded board (Wong et aI., 2003). 

Ecology 

It is a low-elevation species and adapt very well in well-drained acid soils (pH4.5-6.5). It 

is found in the humid, tropical low land climatic zone which has short dry season and a mean 

annual rainfall between 1446 and 2970 mm. Means monthly temperatures range from 13-21°e 

and 25-32°C. According to Lim (1993), the distribution of A. mangium is strongly influenced by 

rainfall patterns and soil drainage and is associated with rainforest margins and disturbed sites on 

well-drained acid soils of slow fertility. 

The species grows well and can reach up to 35 m in height. Mature trees are usually more 

than 15 m high, but on adverse sites they may not even reach 10 m. Stem diameters up to 90 cm 

have been observed in the natural forests of Queensland, North Australia and Papua New Guinea 

(National Research 1983 cited in Zuhaidi 2002). 

Botany 

A. mangium, family Leguminosae, subfamily Mimosidae, is a medium~sized to fairly 

large tree up to 35 m tall. Its bark, grayish brown to dark brown is fissured near the base. The 

imler bark is pale brown and the branches acutely triangular. Phyllodes (true leaves are absent) 

are straight or straight along one side and curved along the other, up to 25 x 3.5-9 cm, 2 to 5 
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times long as wide, with 4 to 5 longitudinal veins with fine secondary veins. Flowers are in 

spikes with 5-merous corollas 1.2 to 1.5 mm long; pods are linear, coiled up to 10 cm in length 

and 0.3 to 0.5 cm broad. 

Importance of A. mangium 

A. mangium is known as multipurpose tree species (Sumisasri et. aI, 1990), therefore this 

plant very popular is used as reforestation and re- greening plant (Naiem & Suseno, 1995). 

Besides that it has also been selected for industrial forest estates program. As multipurpose plant, 

A. mangium has numerous uses, economically and ecologically. The economic uses are as 

building construction such as window frame, door an pole. As a raw material for industry such as 

pulp(Arentz et.al., 1995), paper, panels, fuel wood, charcoal, plywood, flooring, laminated wood, 

particleboard, matches, and fiberboard (Sindusuwarno & Utomo, 1981). The ecological uses ofA. 

mangium are planted for firebreaks, for shading tree, soil protection, as windbreak, rain break as 

well as absorber (Arentz et.al., 1995). It is also planted as ornamental tree and to make 

agriculture equipment. Such utilizations ofA. mangium are (Myrtha, 2003): 

i) Pulp and Paper 

Limangium is a good resource for the production of unbleached kraft pulp (bags and wrapping 

paper) and high quality neutral sulfite chemica~ pulp (high-grade packaging type products) 

(Logan, 1987). Ten years of A. mangium with 2 percent alkali concentration is a good material 

for i1s manufacture of chemi-thermo-mechanical pulp for newsprint. 

ii) Wood Products, Charcoal, and Activated Carbon 

Ood is the major biomass energy sources for millions of people in developing countries, and the 

· increasing as population grows. A. mangium has good biomass production potential 
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and the wood is generally considered to be good fuel with a high calorific value. Mature wood is 

dcose and is a good but younger tree makes poor firewood (Gough et. aI., 1989). It has shown a 

promising resource as a fuelwood species in Fiji. A. mangium is suitable for manufacturing of 

charcoal briquettes and activated carbon. In Sabah, A. mangium produces charcoal of reasonable 

quality and is suitable for manufacture of wood pellets and activated carbon. It is also suitable in 

the production ofactivated charcoal for palm oil purification (Pari, 2000). 

ill) Tannin 

TIDJlin is possibly the class of compounds that have been researched for the longest time as 

regards its use in adhesives. Condensed tannin is known for its wide distribution in nature and 

particularly for its substantial concentration in wood and bark of trees. The bark ofA. mangium is 

a major resource of great potential for producing tannin, usually used in manufacture of leather 

good and waterproof adhesives in reconstituted wood products. The bark often contains 20-40% 

tannin extracts (Prasetya, 1998), however much higher of tannin content has been investigated as 

well (Yazaki, 1998). Direct utilization of A. mangium bark as wood adhesive has been studied 

(Ogawa, 2002). The outer bark of A. mangium was found to have a significant amount of 

extractive in which affected by bark powder particle size . 

. ) Wood-based Panels, Furniture, Composites, Light Structural Works 

Due to its excellent physical property, A. mangium is a potential and suitable SOl,lrce as a raw . 

material for the production of particleboard with low thickness swelling (Korai, 2000). Medium 

dID_ fiberboard (MDF) made of A. mangium showed a good performance and physical 

...._fi·jl"ct (Sofyan, 2000). Based on the mechanical properties, solid wood ofA. mangium can be 

lItilli2l:d as structural group for light wool cement board for an alternative housing material in 
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Phillipines (Eusebio, 2003). It provides good physical and mechanical properties of wood wool 

cement board (Milligan 1995). 

Plaatation Establishment 

According to Ahmad Zuhaidi (2002), the plantation design will vary according to the 

pmpose for which the A. mangium is planted. Plantations established for sawlog production will 

require different planting densities and silvicultural treatments from plantations established for 

pulp or reconstituted wood products. For saw log plantations, planting densities selected should 

encourage fonnation of good stem form, and discourage the formation of low branching. 

The Acacia (mainly A. mangium) is major fast growing species in forestry plantation in 

Asia and Pacific. Plantation forestry using fast growing species has been adopted in many 

CDUDtries as one option for sustainable supply of tree products and reducing pressure on natural 

&UI"... 1n the early 1980's the Government of Malaysia embarked on a new reforestation scheme 

the Compensatory Forestry Plantation (CFPP). Its main aim is to grow A. mangium for 

a\1_production to meet the timber demand in Peninsular Malaysia (Sabri and Bokhari, n.d). 

Thang and Zulkifli (1992) reported that the A. mangium plantation in Peninsular Malaysia . 

__:d to yield 21 m3/ha from thinning at 8-9 years and 180 m3/ha at final harvest at 15 
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Future trends of Plantation of Fast-growing Tree Species 

According to Tadashi (2003), A. mangium is considered to have high potential as a 

candidate for plantation tree species because it has good qualities of timbers among fast growing 

tree species. 

In the future plantation management it is important to combine A. mangium with another 

species especially of indigenous species. 

Growth and Yield 

Awang K and Taylor (1993) compiled growth and yield of A. mangium, in terms of 

diameter at breast height (dbh) and height. In view of its uses other than timber, other parameters 

of growth and yield need to be included such as information on coppice regrowth rates and the 

of regrowth of phyllodes. He also mentioned that volume is perhaps the most commonly 

meuunxl or estimated parameter in both natural and plantation forestry, as it is a routine 

Nall1irement for estimating stand output. Volume can be estimated from dbh alone or in 

COmbination with total height (Watts, 1989). 

Urn (1993) states that, the dbh and height data vary considerably with age and site. The . 

Cordbh ranges from 1.8 to 7.4 (cm/yr). High MAl values (over 4) are towards 2-2.5. The 

height ranges about 1.2-7.2, and high values (over 4) are recorded for trees less than 5 

old. Lim (1993) also compiled growth data for A. mangium from various researchers (Table 

ages of the trees ranged from 0.5 to 13 years, and the information about DBH and Height 

ualmll'ed. Growth in terms of MAl for DBH and Height was calculated and listed in the 
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table. Height increased rapidly up to 20 m at five years of age. Among the trees older than five 

the growth slowed down reaching a height of 27.5 m at 8.8 years old. The MAL fluctuated 

first 5 years, and declined after the fifth year. 

DBH showed a similar trend. The trees reached 18.7 cm at age 5. After that age, the trees 

cd fluctuating dbh reaching 28.6 cm at age 13 years. MAL for DBH fluctuates between 1.8 

6.0 m/year and slowing down to between 2.5 and 3.8 m/yr after the fifth year. 
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able 1. Dbh, mean, and mean annual increment (MAl) of dbh and height values for A. mangium 

ofditTerent ages. 

MAl References all cited in Lim (1993) 
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In Malaysia, where this species has been widely planted, its growth is quite promising

i l annual volume increment of 30 m3 ha- I has been reported in Sabah and Kemasul, 

MIDi (Johari & Chin 1988, Zuhaidi 1993 cited in Zuhaidi 2002). In Peninsular Malaysia, the 

1l1I:8D annual increment (MAl) of diameter at breast height (db h) and MAl of height for 5-year 

oIdA. mangium stand in the Kemasul Forest Reserve, Pahang were 3.4 cm and 3.4 m respectively 

it Mohamad & Paudyal, 1992, and Ahmad Zuhaidi, 1993 cited in Ahmad Zuhaidi 2002). 

Table below shows the growth results of A. mangium stands in the Kemasul Forest 

e, Pahang with unthinned plot. 

Z. Stand and Stock table (unthinned plot) 

13 




According to Husch et al. (1972), when the size of an organism (e.g., volume, weight, 

:dllIIIleW, or height of a tree) is plotted over its age, the curve so defined is commonly called the 

~curve- Figure l(a). Such curves, characteristically S- or sigmoid-shaped, show the 

cumulative size at any age. Thus, they are more descriptively termed cumulative growth curves. 

true growth curve, which shows increment at any age, results from plotting increment over 

Although the exact form of the cumulative growth curve will change when the dimension 

'(.bEiPlt.diameter, etc) plotted over age is changed, the cumulative growth curve has the 

CIbIncteri·stics that hold for all dimensions of a tree. With this in mind an insight into tree growth 

be obtained by studying Figure l(a), and the derived curves, Figure l(b) and Figure l(c). 

prm&youth the growth rate increases rapidly to a maximum at the point of inflection in the 

.mdlti"cgrowth curve, and acceleration first increases and then drops to zero at the point of 

.lectioDin the cwnulative growth curve. During maturity and senescence the growth rate 

"'IDes with related changes in acceleration. 
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(a) 

• The curve of cumulative growth shown in (a); growth rate I (b); and acceleration in (c). 

t= age). (Husch et. al) 
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CHAPTER 3 


MATERIALS AND METHODS 


research will be conducted in the Planted Forest Zone in Bintulu managed by Grand Perfect 

SdD. Bhd. Planted forest zone is an area where plantation is being established for pulp and utility 

data collected were the diameter of the trees in selected sample plots in the Planted Forest 

The plots were selected based on their age and accessibility. There were 14 sample plots 

_~'wta 10 x 7.5 m, containing trees of various ages and spacing. Data for dbh and height were ._dt which are plot no 1, 7, 11 and 14. While data for 10 plots were supplied by the Grand 

Sdn. Bhd, which are plot no 2-6, 8-10 and 12-13. 

~AalIIO measured using DBH tapes and height was measured using clinometers. In the four 

~'''·we measured, the height readings were determined directly from the clinometers. For 

_~l.~'UJ. Slope, % to 1.3m, % to Top and % to first branch. The tables used to record data 

UbI,.in the Appendix. 
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H is calculated by trig principles. Horizontal distance (HD) was calculated using the 

Top is cal as a % of HD. 


=Hto Top+1.3 


1,IV·!lInlItvdeals with diameter. Height is analyzed by Noraini Salleh. 

daIa were conducted to see the relationship between the mean of diameter at breast height 

and age. The mean of dbh for each pot was coUected and compiled into a table with 

,.lKIaIl'derror and min and max value. 

"lIIdllellofData. The data from the 14 growth plots were tabulated to show the mean dbh for 

".Jft\lprcscnte<1ofthe trees in each of the plots. The mean annual increment (MAl) of the 

CiIculated and included in the table, together with information on spacing and the 

...._ with Past Results. The dbh and MAL dbh obtained from this research were 

_1D.1I1Rm results ofprevious research to see if the dbh and growth of the A. mangium trees 

IHliDlulu are similar or different from the dbh and growth ofA. mangium in other forest_iiicompiled by Lim (1993) and Nik Muhamad & Paudyal (1992). 
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~mlll.IoD of dbh and Age was carried out to determine if there is close association between 

and age of trees, which is if trees grow consistently with age. 

"~1Ioa Analysis. A straight-line regression was carried out to determine the formula that 

IIMIt·dil'!illCrthe.CI the relationship between dbh and age of the trees. Two cases were tried. The first 

_.used the fonnula: 

H= b(Age). 

the straight line goes through the origin (0,0) of the graph, where His 0 when Age is 

constant b is the slope of the line, which indicates how fast the H of the trees grow 

hiCiCIId attempt used the formula: 

-a+ b(Age) . 

• ~_ the constant a is the dbh of the trees at age 0 years. In real life the value of the. 

the dbh of the seedling when transplanted into the field, if we consider age to start 

. :_es were transplanted. In this case, the time lapse after germination is not taken into 

value of r squared and P-value, the better the goodness of fit. 
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