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Abstract: Problem statement: There was no information about the relationshipwben growth
parameters, such as diameter and height and traparent biomass dfhaya ivorensis plantations
with different soil types. The objectives of thisidy were, first, to determine and compare the gnow
of K. ivorensis in three different (Padang Besar, Durian and Remgsoil series of Ultisols and,
second, to develop an allometric equation thategés the biomass accumulation of khévorensis
plantation in three different soil series five y&after plantingApproach: This study was conducted
at aK. ivorensis plantation in the Forest Research Institute MatayFRIM) Research Station in
Segamat, Johor, Malaysia. The tree height (H) aiathBter at Breast Height (DBH) were measured to
evaluate the growth performance of tKeivorensis plantation. Five sampled or trees standKof
ivorensis in each soil series were destructively analy®stults: The highest growth rates in terms of
MAI diameter and height, and basal area were foiondthe Padang Besar soil series, which was
followed by the Durian and Rengam soil series. Dhst fit regression of site-specific equations
developed from the independent variable D are recended for estimating tree component biomass
and stem volume in each site. A single allometgigagion using D was applicable for the estimatibn o
biomass and stem volume however, in Padang Besam, liomass and stem volume were estimated
with an equation using#l. The highest stem volume and biomass accumulattre were recorded
at Padang Besar (77.99 " and 63.16 t ha, respectively), which was followed by the Duri&3 (10

m®> h™* and 46.33t hd, respectively) and Rengam soil series (43.13hm and 40.96 t hd,
respectively).Conclusion: Differences in the growth and biomass accumulatdata indicate that
forest productivity ofK. ivorensis was affected by different site conditions. The hisig growth
performance and productivity &. ivorensisin terms of the stem volume and biomass accumalatio
Padang Besar compared those in the Durian and Resgi series shows that the species was able to
adapt to the soil characteristics of the PadanguBssl series.

Key words: Allometric equation, biomass accumulatioforest plantation, growth performance,
Khaya ivorensis

INTRODUCTION the earth surface in terms of structural and sgecie
biodiversity that are very important for human life
Sustainably managed natural or plantation forestgMontagnini and Jordan, 2005). However, the tropica
have multiple environmental functions that areforests have decreased at a rate of 16.9 milliatahes
important both at the national and internationaleg  annually (FAO, 2003). In Malaysia, the average ahnu
and play a vital role in sustainable developme®@F rate of deforestation was 78.500 hectares of fquest
2005). The tropical rainforests are one of the matu year between 1990 and 2000, which is an average
resources and most complex terrestrial ecosystems kannual deforestation rate of 0.35% (FAO, 2005).
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Between 2000 and 2005, the rate of forest changfrest plantation program in Malaysia (Appanah and
increased by 0.65% per year. In total, between 980 Weinland, 1993). The species belongs to the family
2005, Malaysia lost 6.64% of its forest cover, whis  \eliaceae, which is one type of African mahoganies.
approxma_tely 1,486,000 _hectares_ (FAO, 2.005)was initially in the States of Kedah and Selangor i
Deforestation is a worldwide environmental 'ssueMaIaysia in the late 1950's and early 1960's and ha

which occurred elsewhere particularly in tropical o "
regions (Akbaret al., 2010) of forests to non- adapted well to the local climatic conditions (Attna

forested land (Montagnirst al., 1997). Zuhaiﬁietal., 1999; Jeyan;:gtal.,. 2009). avs
Deforestation is the conversion of forests intioeot The Forest Research Institute Malaysia (FRIM)

lands leads to declining soil fertility, which isdicated established a forest plantation in Segamat, Johor i

by a d . i . d i 2004 as a sample area for future forest plantation
y a decrease in soil organic matter due to an lanka development. The forest plantation was started on a

between the input and output of carbon and othegmg| scale with several exotic and indigenous issec
nutrients that originate from vegetations (Broetrel., One of exotic species wak. ivorensis which was
1989; Arifinet al., 2008a). Declining soil fertility levels planted on different soils such as the Rengam, @uri
at the local results in low growth performance andand Padang Besar soil series. Various studies hese
affects the wider environment. The Kyoto Protocolconducted on the growth performancekofivorensis
within the framework of the Clean Development (Appanah and Weinland, 1993; Ahmad Zuhadal.,
Mechanism (CDM) Project of Forestry emphasizes thel999; Jeyannyet al., 2009). Although most studies

function of forests as carbon sinks to obtain ecuino INVestigated the —effect of different silviculture
compensation through carbon trading and forestr)}re""tments on growth performance, to our knowledge,

activities which ultimately reduce global warming study has ‘not been conducted on the growth

th h b i trati @erformance and biomass accumulation under differen
rough —carbon —conservation, —sequestration — any; ongitions particularly soil series.
substitution (Brown, 1999).

. . Information about the growth performance and
In order to solve the problems associated Withyiomass accumulation of. ivorensis is important for

wood supply deficiencies and to reduce pressure Ofyture forest plantation establishment and is altifor
natural forests, forest plantation has been prapasea the management of forest stands. Furthermore,
tool for restoration of degraded lands by affectthg  information on biomass is essential for assessimy t
vegetation structure and soil (Pedraza and Wiliamstotal and annual forest vigor capacity. Biomass is
Linera, 2003; Arifinet al., 2008b; Hamzalet al., 2009;  defined as the total amount of aboveground living
Sagaet al., 2010; Zaideyet al., 2010). In the future, organic matter in trees and is expressed as oved-dr
forest plantation is expected to replace the role otons per unit area (Brown, 1997). The estimation of
natural forests in providing raw materials for fsre aboveground biomass is necessary for studying
industries. In addition, Montagnini and Jordan (00 Productivity, carbon cycles, nutrient allocatiordamel
and Akbaret al., (2010) stated that forest plantation has@ccumulation in terrestrial ecosystems (Zhagal.,

potential and, that tree planting control soil @osand ~ 2007). In addition, root biomass data are scarce bu
improve soil fertility. necessary to complete estimate the total carbon

sequestered by a forest. According to Brownal.
(1989) and Brown (2009), the variability in biomass
data may caused by soil factors, stand age, stand

In Malaysia, forest plantation was first introddce
in the beginning of the last century when rubbee tr

(Hevea brasiliensis) was planted at Kuala Kangsar, | . . T
; ; history, structural differences and climatic fasteuch
Perak for rubber production (Appanah and Weinland R "
as temperature and precipitation. In addition, De

1993). Later, the Compensatory Forest I:’Iamtatiorbastilhoet al. (2006) stated that around 30% of the

Project through a loan from Asian Development BankAGLB variation was explained by soil factors.

in early 1980 was initiated to plant fast growing therefore, the objectives of this study were to
hardwoods such a&cacia mangium, Gmelina arborea  jyyestigate the influence of soil series on thewgio
andParaserianthes falcataria. The species were widely 5nd biomass accumulation ofka ivorensis plantation
planted throughout Peninsular Malaysia (Appanah angy comparing the growth of. ivorensis in different
Weinland, 1993). Another fast growing species, sa&h soil series and developing an allometric equattuat t
Khaya ivorensis, was selected by the Malaysian Timber estimates biomass accumulation of tKe ivorensis
Industry Board as one of eight species targeted foplantation under different soil conditions. The
large-scale planting in Malaysia in 1992 (MTIB, )1 information will be a reference point for the fugur
Khaya ivorensisis a promising exotic tree species in thedevelopment of forest plantationskfivorensis.
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MATERIALSAND METHODS (0.12 hal/plot) in each soil series. The tree he{ght
and diameter at breast height (DBH) were measwred t
Description of the study site: The study was evaluate tree growth and to estimate the biomasiseof
performed at the FRIM Research Station at JohormlantedK. ivorensis. Tree height was measured using
Malaysia. The station located about 250 km fromIlKua an ultrasonic hypsometer and DBH was measured
Lumpur. Generally, the mean annual temperature andsing diameter tape. The number of trees at edeh si
humidity are 27°C and 94%, respectively. The mearwas recorded.
annual rainfall from 2004-2008 was 2508 mm ykar To choose the representative trees for destructive
and the dry season varied every year. The topogrisph sampling, the DBH and tree height data in each
flat to undulating. Based on the United Statesdifferent site were sorted from the lowest to tighkst
Department of Agriculture soil taxonomy, the sail i and then they were used to calculate the basal &hea
the study site is classified as Ultisols whichhie tmost  basal area data were summed and divided into five
widespread soil in Peninsular Malaysia groups and each group had the same sum. In each
(Paramananthan, 2000). The soils are extremelgroup, one tree sample in the middle of each group
leached, highly weathered and well drained; theegfo was chosen.
the soil is dominated by clay minerals, which acilia Destructive sampling was performed following the
in nature and display pH values ranging from 4-be T methods of Heriansyaht al. (2007), where the five
soils are reportedly high in aluminum saturatiord an sample trees for each soil series were chosert, Hies
base deficient and the charge on the exchange eamplroots were dug out and causing the tree to falterAf
varies with the pH. falling, the total height of the tree was measuaed
then the stems were separated into component flogs,
Soil series and silvicultural treatments. K. ivorensis  example, 0-30, 30-130 and 130-330 cm and every 2 m
was planted in three different soil series of Wliss The  to the top. The destructed trees were divided fotm
description of three soil series in terms of latéy components as follows: stems, leaves, branches and
longitude and elevation are described. The Rengalim s twigs and roots. About 5 cm disc stem samples were
series (02° 34’ 683 N; 102° 58’ 643 E; 82 m a.sthg  taken from each part and the other component sample
Durian soil series (02° 34’ 927 N; 102° 58’ 678/M;m  such as branches, leaves and roots, were collected
a.s.l.) and the Padang Besar soil series (02°3&'N;,  prought to the laboratory to be oven dried. Thaltot
102° 58’ 725 E; 78 m a.s.l.). The Rengam soil seise  fresh weight of each component was weighed using a
developed over acid igneous rocks, including geanit pajance in the field. The sample components of the
The soil is deep, strong brown, coarse sandy Clayyees were oven dried at 85°C until a constant hteig

friable and well drained. In contrast, the Duriagil s
’ was reached (about 7 days for the stem and 4 days f
series is developed on shale interbedded with samels o qiher comé)onents). y y

and/or quartzite. The soil is moderately deep, Inistw

yellow to dark brown, friable, fine sandy clay titys Biomass measurements: The dry weight/fresh weight

gléir)i/esa ?g avﬁgsgza'{';g{e?gﬁuya chmpzcéagr? ;;is(;l:t SO ratios were used to estimate the dry weights of the
y P biomass components for the individual trees. Total

materials. The soil is characterized by a brownish . T
yellow (10YR 6/6) color, slightly firm consistencfine r}/)vlgirgr?tsts)f?;llengg/rlggg;:,\rr?tisa\;v?jlIgsxl/?lated by thele

sandy clay texture and good drainage.
The species was planted in 2004 using the land
clearing and monoculture system. The initial plagti TDW:SDW
spacing was 4 m x 3 m (about 833 treeg)hall of the SFW
plants were applied the same dosage of fertilizemf )
. . Where:
early planting for three years. The treatment dyrin TDW
cultivation was fertilizer 200 g of CIRP (Christmas SDW
Rock Island Phosphate) fertilizer/tree; after aaition, SEW
500 g of organic fertilizer/tree was applied eveiy  Tpw
months until the plant were three years old. Wegdin
was done once every three months. The stem volume of an individual tree is the total
volume of each stem log. Smalian’s formula was
Data collection: The method of field sampling was adopted to estimate the volume of each stem log of
applied for collecting field data from three 40x80 sample tree, which is given by Kusmaaal. (1992):
35
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V. = (G1+ G2) calculated from the summed biomasses of all trees i
s 2 the plots. The biomass and stem data volume were
converted into hectares.
Where: To determine the significant differences in growth
Vs = The volume of the log performance of the planteld. ivorensis between soil
Gland G2 = The cross-sectional areas at eachfend $eries, One-Way ANOVA followed by Least
the log Significant Difference (LSD) was used. The regrassi
L = The log length analysis was conducted between tree growth parasnete

with tree component biomass and stem volume values.

The allometric equation to estimate the biomas#\l of the data were analyzed using the (SAS) saftw
of the tree components and stem volumethef Vver.9.1.
K. ivorensis plantation at each site was established
using the independent variable D (DBH) or the RESULTSAND DISCUSSION
combination of D sequared and H. The relationship
between the independent variable and the biomass &@rowth performance of K. ivorensis: The summary of
components and stem volume was described by a powdre growth data for th&. ivorensis stands at five
function Yi = a(D¥ or Yi = a(D’H)", where a and b are years old in the three different soil series arevehin
the regression constants, D is the tree diametereasst Table 1. The survivals of the plantéd ivorensis in
height (cm), H is the total height (m) and Vi ietdry = Padang Besar, Durian and Rengam soils were 94%,
biomass (kg) of a tree component i (stem, branche97% and 97%, respectively. The high survival of the
leaves and roots) or stem volume®(nTo choose the plantedK. ivorensis in the Padang Besar, Durian and
most appropriate biomass prediction for each soiRengam soil series shows that the land-clearingesys
series, both methods for stand biomass predictiois the most appropriate management strategy far thi
were compared. species. This indicates that the species demaritls fu

The power functions were fitted by linear light (intolerant) for growth. According to Evans
regression on log-transformed data using the mod€[1992), two major factors that influence the seeylli
log(Y) = log(a) + b[log(X)]. To transform the survival are the light intensity and the amount of
logarithmic regression back into a power functidre  available moisture especially during the initisdge of
antilog of the intercept ‘a’ was multiplied by a stand establishment.
correction factor (CF). The computation of a coticet Forouhbakhchet al., (2006) showed that the
factor was necessary to correct the bias in thendgs diameter and height are good indicators of the site
estimation. The correction factor was calculated asonditions (soil and climate); however, they arsoal
given by Onyekwelu (2007): CF = exp[(SBR] or dependent on other factors, such as interspecific
exp[(variance)/2], where SEE is the standard eofor competition, standard density (spacing) and clienati
estimate, variance is the square of the root mgaare  conditions. The analysis of variance of growth kaf
error (in the logarithmic form). The functions were ivorensis showed that there was a significant difference
compared using the coefficient of determinatiof), (r at p<0.05 between sites. The result showed that the
the Standard Error of the Estimate (SEE) andaverage diameter of the plantkdivorensis in Padang
significance of the F-ratio. Apart from the allomet Besar was significantly higher (14.40 cm) than timat
equations established from each site, we develaped Durian (12.37 cm) and Rengam (11.60 cm). The
equation based on a single allometric parametee. Thaverage height df. ivorensis in Padang Besar was the
equation was used to estimate the stem volumehand thighest (10.56 m) and was not significantly differe
amount of biomass of all plantations in the diffare from that in Durian (9.76 m); however, it was
sites. To determine whether the site-specific dandls  significantly different from that in Rengam (7.85.m
allometric equation was applicable for estimatinget In general, the growth rate is expressed as the
component biomasses and stem volume in the Padaddean Annual Increment (MAI). According to
Besar, Rengam and Durian soil series, we used a Nishizono (2010), the age of the maximum MAI is a
statistical test to compare the biomass valuesotii b forest management indicator used to determine the
allometric equations. The aboveground biomass waseptimal rotation length. Although the Mean Annual
determined by calculating the sum of the biomasges Increment of Height (MAIH) of the plante.
the stem, branch and leaf. The total biomass wakorensis in Padang Besar was higher compared
calculated as the sum of the aboveground biomads anvith Durian and Rengam, it was not signifidgnt
root biomass. The total biomass in each plot waglifferent between sites.
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Table 1: Growth performances of tKeivorensis plantation five years after planting at threeetiit soil series

Sites Survival  Stand density Diameter MAI D Height MAI H Basal

(Soil series) (%) (trees H (cm) (cm yeat) (m) (m year) Area (ntha?)
Padang Besar 94 783 14.40+0.29a 2.88+0.18a 10.5%6a 2.11+0.11a 13.41+0.48a
Durian 97 808 12.37+0.91b 2.47+0.06b 9.76£0.54a 1.95+0.10a 10.98+0.34b
Rengam 97 808 11.60+0.31b 2.3240.06b 7.85+0.50b 7+0.30a 9.65+0.31b

Note: Means followed by the same letter are not sigaifity different at R0.05 as determined by Least Significant Differ&r8[0). Values are
expressed as mean * standard error. MAID; Meananncrement diameter. MAIH; Mean annual incremtegight

a . B B According to Appanah and Weinland (1993)
190 15% 25% 20% L K. ivorensis prefers to be planted on moderately cool
10% land with wet alluvial soils and moderate clays,ilesh
o all of the soil series in this study were derivednt
e sandy clay with good drainage but different parent
o e S 1?% S, materials. The Padang Besar and Durian series are

A) ®8) ©) der?ved from shalg materia_l, Whereas_R_engam sevies
derived from granite materiak. ivorensis is naturally

t found along rivers and streams (Appanah and

Weinland, 1993). In this study, the location of the

Padang Besar soil series was close to the rivés; th

closeness to the river is why the growthkofivorensis

in Padang Besar was higher than that in Durian,

N . . although the soil in both locations was derivedrfrine
There was a significant difference in the Meangyme parent material.

Annual Increment of Diameter (MAID) . ivorensis Compared with the growth performance Hf

between sites (0.05). The MAID ofK. ivorensis in jyorensis at several sites in Malaysia, the growth
Padang Besar was 2.88 cm yeawhich was performance in this study was significantly higtier
significantly different from that in Durian (2.47nmc  the Padang Besar soil series. For example, in thét B
year’) and in Rengam (2.32 cm y&3r Based on the Lagong Forest Reserve, the species achieved aagever
criteria defined Mindawatet al. (2002) the growth of diameter of 12.3 cm 4 years after planting (Ahmad
K. ivorensis in all sites was very fast because theZuhaidi, 1999), whereas in Mata Ayer, Perlis, the
MAID of K. ivorensisin all soil series was higher than species had an average diameter of 9.1 cm at &simi
1.4 cm year. age. According to Evans, 1992, soil is one of t#drs
The basal area in the Padang Besar soil series wiat influence the growth rate of species in additio
13.41 rd ha’, which was significantly higher than that the stand density, the age of the trees and climate
in the Rengam and Durian soil series (9.65 and8L0.9 ) _
m? ha®, respectively). It has been shown that standiomass storage and allometric equation: The
density reflects the size of basal area. The stemgity ~ Proportions of the component biomasse&divorensis
of the K. ivorensis stand in Padang Besar was 783 treed the three sites were different. Figure 1 shofs t
ha' less than that in Rengam was 806 treckamal the calculated biomass distributions of each tree
Durian had a stand density of 808 treed.ha fact, component. The result_s shqw that the stem biomass w
there was a relationship between the basal areds af'® greatest proportion in Padang Besar (54%),
stand densities. In this case, the basal areaighertin ~ followed by that in Durian (47%) and in Rengam
a stand with a lower density. According to Ahmad (44%). The amount of stem biomass was cIoseI}{eféIat
Zuhaidiet al. (1999) one of management characteristics© the production of trees through photosynthesigv
in a developing forest stand is the silviculturévaiies 1S generally stored in the trunk. The first stergreent
of periodical thinning and pruning before harvest.measured from the base of the stem, which is coetbos
Thinning is the selective removal of trees, whigh i Of wood substances, is generally wider than aetiweof
primarily undertaken to improve the growth or hieait the stem, which is more dominated by juvenile yvood.
the remaining trees. Thinning provides the optimum  The proportion of the tree component biomasses
growth space so that stem diameter can increasé& whcompared to the total biomass was different from th
pruning is used to increase the stem quality. bitamh, ~ distribution of component biomasses of the trees,
thinning might be applied to increase the resistamic such as mahogany stenBajetenia macrophylla)
the stand to environmental stress such as droingieigt ~ which constitute 73% of the total aboveground
infestation or extreme temperature. biomass (Adinugroho and Sidiyasa, 2002).
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Fig. 1: Biomass storage of different tree comporwn
K. ivorensis at three different sites. (A) Rengam;
(B) Durian; (C) Padang Besar (S= Stem; B=
Branches; L= Leaves; R= Roots)
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Table 2: Single allometric equations to estimatedtem volume and biomasskafivorensis five years after planting

Trees Independent
component variables A B 2y CF SEE Sig.
Stem D 0.08462 2.28884 0.94 1.016 0.180 *x
D’H 0.05459 0.85711 0.98 1.006 0.112 **
Branch D 0.00400 3.05460 0.81 1.121 0.478 *x
D’H 0.00311 1.09985 0.78 1.159 0.543 **
Leaf D 0.02248 2.23872 0.78 1.076 0.383 ki
D*H 0.02243 0.78222 0.70 1.115 0.466 **
Root D 0.03547 2.23582 0.89 1.033 0.254 ki
D’H 0.03387 0.78698 0.82 1.061 0.344 **
Stem volume D 0.00021 2.26234 0.95 1.013 0.162 ki
D*H 0.00014 0.84469 0.98 1.005 0.101 **

Note: **: Highly significant at p<0.01

The differences in the proportions were also Based on the biomass sample data from each site,
observed in the different age classes and siteshe allometric equation for biomass and stem volofne
Heriansyalet al. (2007) reported thaAcacia mangium K. jvorensis was developed. The allometric equation to
at 3 - 10 years old in West Java has stem biomass@se estimate volume and biomass of each tree
between 63 and 71% of the total biomass, wheréas 2. component (stem, branch, leaf and root) was fortadla
10.5 years old plants in South Sumatra had stefsing the independent variable D and combinatioB of
biomasses between 58 and 77% of the total biomass. squared and the total height?l). A summary of the

The cr?ntnbultl%rjs of st?;fns_, branches, I”ea\_/es angjiometric equation is presented in Table 2 and the
roots to the total biomass @. Ivorensis in all sites oahhica| relationships between the growth paramete

were 44-54, 20-25, 10-15 and 16-19%, respectively, oo component biomass or stem volume are shown

Differences in the proportions were affected by the _. : .
model/form and size of the branches and structiire o " '.:'g' 2. Table 2 S.hOWS that in the Padang Besdr s
large and small branch sizes in the canopy (Heyans seres, both regression models of th_e stem volstee)

et al., 2007). Based on the field observations; c)fb|0mass, leaf biomass and root biomass had r-square
morphology, K. ivorensis stands in the present study value close to 1, except for the bra_mch biomassctwh _
had more branches, twigs and leaves, whereby ks tr Nad an r-square < 90%. In the Durian and Rengam soi
did not have a big tree trunk with straight stemSeries, both regression models of the stem volsteen

architecture and fewer branches than those repbsted Piomass and root biomass had r-square values wose
Ahmad Zuhaidit al. (1999). 1, but the branch and leaf biomass r-square valees
Several authors have used regression models f6t90%. Both model equations can be applied to ettima
estimating biomass using only D, which was acclyate the biomass and stem volume in each site. However,
measured in the field (Hashimogbal., 2004; Aboakt considering that measuring the diameter alone makes
al., 2005; Segura, 2005; Pilit al., 2006; Onyekwelu, field-work easier, the regression model that ordgsuD
2007; Zianis, 2008). In addition, they concludedtth as an independent variable is highly recommended.
tree biomass is primarily a function of DBH andttha Van et al. (2000) reported that most biomass
biomass is relatively insensitive to the tree hgigh equations that are developed for specific sitescabe
consequently, DBH is widely used in biomassassumed to apply to other location, but there imeso
functions. The advantage of biomass functions thaﬁJstification for producing a generalized equatibat is

|ncorpprat|e DBH qlor1|e in éhew est|m_at|(|)n g tHaﬁey | applicable to many sites. For example, Levia (2008)
are simple, practical and economical (Onyekwe u’developed a generalized allometric equation for

2007). However, according to Brovenal. (1989) and estimating and predicting the foliar dry weight of

Brown (1997), models that incorporate tree height ( . . :
usually give good fits. Andret al. (2005) stated that eastern white pine, whereas Heriansyhlal. (2007)

the advantages of regression models that uskound a single allometric equatlo_n for the_ estimatof
combination of D squared and H always resulted in 400t and stem volumes ohcacia mangium under
lower SSE and heteroskedasticity was reduced whefifferent management practices in Indonesia. We
D?H was used in the regression for the stem, barkdeveloped a generalized allometric equation to
stump and fine roots. Even according toestimate all plantations df. ivorensis in the three
Terakupinsutet al. (2007), the accuracy to estimate different soil series (Table 3). The regression gied
biomass by using allometric containing both D and Hwere formulated using the independent variable D
was better than the diameter alone. and a combination of fand height (BH).
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Table 3: Site specific allometric equations usedestimate the biomass and stem volumeKofvorenss five years after planting at three
different soil series

Padang Besar Durian
Trees Independent
component variables A B 2y CF SEE  Sig A B T CF SEE
Stem D 0.06970 241922  0.99 1.012 0.152  ** 0.184381.97233 0.99 1.010 0.143
D’H 0.01960 0.98891 0.99 1.001 0.043  ** 0.06220 03832 0.98 1.020 0.198
Branch D 0.00288 3.18721  0.82 1.707 1.034 * 0.002123.30397 0.83 1.645  0.998
D’H 0.00052 1.30794 0.83 2.013 1.183 * 0.00035 1.3921 0.82 2.131 1.230
Leaf D 0.00537 2.73022  0.92 1.157 0.540  * 0.082661.74706 0.78 1215 0.624
D’H 0.00135 1.10994 0.92 1.238 0.653  ** 0.03117 04239 0.78 1.329 0.754
Root D 0.02484 2.36058  0.94 1.090 0416  ** 0.047572.07044 0.93 1.075 0.381
D’H 0.00724 0.96433 0.94 1.111 0.458  ** 0.01560 03370 0.92 1.130 0.494
Stem volume D 0.00025 2.25213  0.99 1.013 0.158 ** .00041 1.98331 0.98 1.018 0.189
D°H 0.00008 0.91750 0.99 1.010 0.143  ** 0.00014 03835 0.97 1.038 0.273
Rengam
Sig A B 7 CF SEE Sig
Stem D i 0.07315 2.30400 0.98 1.029 0.239 o
D°H fdl 0.08596 0.79971 0.99 1.017 0.182 il
Branch D * 0.01079 2.65330 0.78 1.531 0.923 *
D’H * 0.01316 0.91917 0.79 1.481 0.886 *
Leaf D * 0.01266 2.49264 0.76 1.524 0.918 *
D°H * 0.01776 0.84276 0.73 1.567 0.948 ns
Root D o 0.03004 2.36025 0.92 1.105 0.447 o
D’H o 0.03599 0.81710 0.93 1.093 0.422 o
Stem volume D i 0.00014 2.36435 0.99 1.012 0.157 i
D’H o 0.00017 0.81925 0.99 1.005 0.098 o

*. Significantly different at p<0.05; **: Highlyignificantly different at p<0.01;%r Coefficient of determination; CF: Correction Fag SEE:
Standard Error of the Estimates; D: Diameter aastrbeight; BH: Square of D and Height
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Fig. 2: Graphical relationship between stem voluand biomass of tree components (stem, branch, dedfroot)
of the plante. ivorensis with D and the combination of D squared and hefBiiH) in three different sites.
(¢: Rengamm: Durian andA: Padang Besar). Black dotted lines represent iteeeguation (site-specific
equation). Black solid lines represent all sitesbimed (single allometric equation)

The regression models of the stem biomass and stemdependent variable that incorporated the totéjhte
volume using the independent variabléHDhad r- (D?H). These models are based on the consideration
square values of 98%, while the r-square of thahat regression model of stem biomass and stermelu
independent variable D only were 94 and 95%.using the independent variable’tD has a slightly
respectively. The regression models of the bralegf, higher r-square value, Correction Factor (CF) and
and root biomasses using D as the independentlaria Standard Error of the Estimation (SEE) than thogh w
had slightly higher r-square values than those With the independent variable D.
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Table 4: Estimated biomass of tree componentstem volume oK. ivorenss stands five years after planting under three diffesoil series

Biomass (ton h3

Sites Stem volume Above ground Total

(soil series) (mh™) Stems (a) Branches (b) Leaves (c) (a+b+c) Rabts ( (a+b+c+d)
Padang Besar 77.b99+5.39a 34.43+2.65a 12.02+1.58a .27+®B58a 52.72+3.80a 10.44+0.77a 63.16+5.37a
Durian 53.10+3.15b 23.19+1.37b 9.63+1.38b 5.7448.31 38.57+2.52b 7.76+£0.47b 46.33+£3.10b
Rengam 43.13+3.72b 19.25+1.61b 7.10+0.71b 5.4680.50 31.80+2.81b 9.16+0.79a 40.96+3.20b

Note: Means followed by the same letter are not sigaiftty different at R0.05 as determined by Least Significant Differ&i8). Values are
expressed as mean + standard error

However, according to the t-statistical test, thePadang Besar were also higher compared with Durian
branch, leaf and root biomass estimation usingsitee  and Rengam. In Padang Besar, the accumulated
specific and single allometric equations that ipooate  aboveground and the total biomass were 52.72 and
the independent variable D were not significantlyg3 16 t hal, respectively, while in Durian, the
different (p = 0.184-0.975) in the Padang Besargccumulated aboveground and total biomass were 38.5
Rengam and Durian soil series. The stem volume ang,y 4633 t K& respectively. In Rengam, the
stem _blomass estimations using the s_mgle allometrlaccumulated aboveground and the total bioma’\ss were
equation were not significantly different in therigam 31.80 and 40.96 t Fa tivel
and Durian soil series (0.075-0.994), whereas dafg e an : respectively.

The accumulated biomass and stem volume were

Besar were significantly different (p = 0.021-0.D34 ! )
Similarly, the estimated stem volume, stem biomass'€lated to tree diameter and height. The average tr

branch biomass, leaf biomass and root biomass usirfgf@meter and height . ivorensis in the Padang Besar

the site-specific and single allometric equatiohatt SOil series were the highest, followed by thosehie

incorporate using B as the independent variable were Durian and Rengam soil series. This indicates tit

not significantly different at all sites (p = 0.:02088). accumulation of biomass and stem volume increase
Based on this analysis, a single allometric equati vv_|th increasing _dlameters and h_e|ghts. Differenires

using the independent variable D was moderatelpiomass potential at each location can be caused by

applicable for branch, leaf and root biomass egtima Vvarous environmental factors, such as chmaten_fam

of K. ivorenss in the Padang Besar, Durian and and temperature (Kusmargh al., 1992). The a!t.|tude

Rengam soil series and stems volume and stem bioma0M above sea level and type and soil fertilitgoal

estimates in the Rengam and Durian soil seriesfect the standing stock biomass. Febsal. (2002)
Furtheremore, a single allometric equation using th studied the relationship between forest biomass and

altitude. They found that total above ground biosnas
from forest stands decreased with increasing site
altitude, whereas De Wait and Chave, (2004) studie
the relationship between forest biomass and tygk an

Forest productivity of K. ivorensis: Based on the site- soil fertility. Their results showed that foresbbiass
' ) increases with an increasing level of soil festilitn this

specific equation with only D as the mdependentstud K. ivorensis was planted on different soil types
variable, the productivity oK. ivorensis stands in the y, | Ivor 'S P © yp

; . but in similar environmental conditions, such as
present study was calculated. We estimated thedsem . T .

. iy rainfall, temperature, humidity and altitude.
and stem volume at the sample plots in each sodsse

: ) The differences in biomass accumulation and stem
The aboveground biomass of the trees was estinhgted volume of K. ivorensis at five years old in three

calculating the sum of the biomass of the stempdita itfarent soil series in Segamat, Johor were caused
and leaf. The total biomass was calculated asulle®® ifrerences of soil characteristics. Higher prodlitt
the aboveground biomass and root biomass. The totgk piomass accumulation in Padang Besar shows that

biomass in each plot was calculated from the summeghe species is highly adapted to the soil charaties
biomass of all trees in the plots. Table 4 showes thof the Padang Besar soil series.

summary of the mean tree component biomass values

independent variable B was moderately applicable
for stem volume and stem biomasskafivorensis in
the Padang Besar soil series only.

and stem volumes of the plant&d ivorensis at five CONCL USION
years old in three different sites. The resultswsiioat
the Padang Besar soil series produced the higterst s We found a significant response in terms of growth

volume (77.99 rhh™), which was followed by Durian performance and biomass accumulatioriKofvorensis
(53.10 mi h™}) and Rengam (43.13%h ™), while the of five years old in different sites. In generahet
accumulated aboveground biomass and total biomass growth rate of the plante&. ivorensis in this study
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performed well in terms of mean annual increment ofAhmad, Z.Y., M.N. Mohd and A.G. Abdul Rasip, 1999.
height, mean annual increment of diameter and basal Growth of plantation grown Khaya ivorensis in
area. However, the growth performance in terms of peninsular Malaysia. J. Tropical Forest Ski:,

height, diameter and basal area in Padang Besar was gg_gs51. http:/Aww.frim.gov.my/journal.cfm

significantly higher compared with the Durian andAkbar M.H., A.S. Jamaluddin, N.M. Nik Ab. Majid,.H
Rengam soil series. The diameter at beast height wa At,)du.l-l-.|,am.id. S. Jusop 'A .H.assan 'KH YIJSOf

recommended as the independent variable for biomass d bdu. 2010. Diff . il physical

and stem volume prediction of plantid ivorensis in and A. Abdu. 2010. Differences in soil physica

Segamat, Johor. However, a single allometric eqnati and chemical properties of rehabilitated and
secondary forests. Am. J. Applied. Sci, 7: 12009120

using the independent variable D was moderately . : :
applicable to the estimate branch, leaf and rominbss http://www.scipub.org/fulltext/ajas/ajas791200120

estimations ofK. ivorensis in all sites, while it was 9.pdf

moderately applicable for stem volume and stems#ndre, L.S., A.T.M. Bou, A. Mabiala, W. Mouvondy
biomass estimations in the Rengam and Durian soil  and C. Jourdaet al., 2005. Age-related equations
series. However, the single allometric equatiomgisi for above-and below-ground biomass of a

. . 2
the independent variable “B was moderately eucalyptus hybrid in Congo. Forest Ecol. Manage.,
applicable to the estimation of stem volume andnste 205:199-214

biomass in Padang Besar. Differences in the grawth DOI:10.1016/J. FORECO.2004.10.006

biomass accumulation results indicate that fores ) . .
productivity is affected by different site conditm The kppanah, S. and G. Weinland, 1993. Planting Quality

highest growth performance and stem volume asasell

biomass accumulation d&f. ivorensis in Padang Besar

compared with that in the Durian and Rengam soll

series shows that the species is highly adaptettieto
soil characteristics of the Padang Besar soil sefibis
finding indicates that the soil in Padang Besamize
fertile and suitable for the growth Kf ivorensis.

Timber Trees in Peninsular Malaysia. Malayan
Forest Record No. 38. For. Res. Inst. Malaysia.
Kepong, Kuala Lumpur, ISBN: 983-9592-18-1,
pp: 148-149.

Arifin, A., S. Tanaka, S. Jusop., N.M. Majid., zbrahim.,

M.E. Wasli and K. Sakurai, 2008a. Assessment on
soil fertility status and growth performance of

planted dipterocarp species in Perak, Peninsular
Malaysia. J. Applied Sci.,, 8: 3795-3805.
http://scialert.net/pdfs/jas/2008/3795-3805.pdf
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