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ABSTRACT

Acacia hybrid is one of the favorably fast-growing species which is bring to
potential benefits of agro-ecological and socio-economic sectors in Vietnam.
The main objective of this study was to develop well-fitted models for
estimating biomass expansion factor (BEF) for Acacia hybrid plantations.
Fifty-four samples of Acacia hybrid trees from 2 to 10 years of age were

Article info: collected from Acacia hybrid plantations in the Southern part of Vietnam.
Received: 22/5/2023 Total dry biomass including stems, branches and leaves were used to estimate
Revised: 04/07/2023 an average value of BEF. The BEF value was calculated by taking the dry
Accepted: 02/08/2023 aboveground biomass (W) divided by the volume of merchantable tree woods

over their barks (V). Twelve allometric equations were fitted by constructing
regression models between BEF and inventory variables including diameter at
breast height (DBH), height (H) and age (4). Consequently, the average value
of BEF was 1.11 ton/m’. The BEF value had a strongly negative relationship
with DBH, height and age in which the BEF value decreased as these three
parameters increased. Two best fitted models for estimating a BEF value of
Acacia hybrid (A. auriculiformis * A. mangium) plantations included: BEF =
1.99865 - 0.15400*DBH - 0.02123*H + 0.18210*4; and BEF = 3.01307 -
Keywords: 2.44459*In(DBH) - 0.10171*DBH -2.06212*In(H) + 1.54556*In(DBH*H*A).
Acacia  hybrid  plantations, Estimated values of above-ground biomass by utilizing the fitted BEF values
biomass expansion factor, CO; from two these models were similar. Results of the study indicated that use of
equivalent, Dong Nai province. a fitted BEF model is fundamental to obtain reliable estimates of biomass and
CO:; equivalent for Acacia hybrid plantations.
TOM TAT
Keo lai la mét trong nhitng lodi cdy sinh truong nhanh, mang lai nhiéu loi ich
cho nganh néng lam nghiép va kinh té xa hoi & Viét Nam. Nghién ciru ndy
nham phdt trién mé hinh phix hop dé wée tinh hé sé diéu chinh sinh khoi (BEF)
doi véi rimg trong Keo lai. 54 cdy tir 2 dén 10 tuéi dwoc thu thip trong cdc
rieng trong Keo lai & khu vuee mién Nam cua Viét Nam. Sinh khoi khé than,
canh va la ciia cdy Keo lai duwoc sir dung dé tinh todn gid tri trung binh BEF.
T’,}'ld’”,""' L. Gia tri BEF dwoc xac dinh bdng sinh khéi khé trén mat dét chia cho thé tich
hap thu CO:, hé s6 diéu chinh than cdy dimg. 12 phwong trinh dwoc hea chon dé xdy dung mé hinh tuong
sinh khoi, ring trong Keo lai, quan gita BEF va cdc bién diéu tra gom dwong kinh ngang nguc, chiéu cao
tinh Dong Nai. va tuéi cdy. Két qua nghién ciru chi ra rang, gia tri trung binh BEF la 1,11
tan/m’. Gid tri BEF ¢6 moi quan hé chdt ché va xu hudng giam khi dwong kinh,
chiéu cao va tudi cdy tang lén. Hai mé hinh phit hop dé wéce tinh BEF ciia riemg
trong Keo lai gom: BEF = 199865 - 0,15400*DBH - 0,02123*H +
0,18210*%4; va BEF = 3,01307 - 2,44459*n(DBH) - 0,10171*DBH -
2,06212%In(H) + 1,54556*In(DBH*H*A). St dung hai mé hinh phu hop ciia
BEF trong udc tinh sinh khoi doi voi rung trong Keo lai cho két qua tirong tw
nhau. Két qua nghién ciru chi ra rang viéc sur dung mo hinh phii hop cua BEF
de woe tinh ciia sinh khoi trén mat dat va hap thu CO; 6 két qua dang tin cdy
vé sinh khdi va hdp thu CO, doi véi rimg trong Keo lai.
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1. INTRODUCTION

Nowadays, forests play important role in the
global carbon cycle and the balance of CO»
concentration in the Earth [1]. Studies on forest
biomass and carbon sequestration are significant
for planning a management of forest resources
and a ultilization of biomass energy resources [2,
3]. Changes in forest biomass are ussualy
associated with a growth of forest ecosystems and
a rate of carbon absorptions and emissions
through their photosynthesis and respiration
procesess [4]. Chave et al. (2005) [5] indicated
that an accurate estimation of forest biomass is
important in assessing the global carbon cycle.
Bouman et al. [6] expressed that several studies
are interested in determining mechanisms of
worldwide carbon sequestration in different
environments. It is necessary to develop
appropriate methods for surveying and evaluating
biomass and carbon stocks of forests [2, 7].

Biomass and carbon storage could be
estimated from different approaches that are
based on forest inventory data and allometric
equations [3], or be calculated indirectly by
biomass factors that convert a volume of
timbers to dry weight and total aboveground
biomass [8, 9]. Using the method of the biomass
expansion factor (BEF) to estimate biomass and
carbon stocks of forests is widely recommended
at the national and regional levels [2, 10]
because a BEF has to be directly based on
measurements in fields which is defined as a
ratio between total stand biomass and growing
stock volume [11]. A wvalue of biomass
expansion factor can be a constant or varies with
an age and stand conditions of trees [9].

Acacia spp. was fast-growing species that
have been growed widely in the world's tropical
forest. Many studies estimates for biomass of
Acacia plantations have been undertaken in
Brazil [12], China [13], Indonesia [14],
Maylaysia [15],... However, most of the
researchers reported about equation and mass
biomass of Acacia mangium plantations. A study
by Miyakuni et al. (2004)[16] in Indonesia
showed that the value of BEF didn’t differ
among the 3-to 8 year-old stands (average 1.3)
and decreased to 1.2 in the 10-year-old stand.
Similar, the BEF values of A. mangium in Cdote
d’Ivoire decreased with stand age and was 1.66
in 3-year stand, 1.37 in 7-year stand and 1.21 in

11-year stand [17]. The BEF values of Acacia
plantations were smaller than the default values
reported by IPCC (2003) [18] (mean, 3.4; range,
2.0-9.0) for the tropical broad-leaf forest [16,
17]. In Vietnam, most of recent studies often
used the BEFs for the nature forests [19, 20]
or/and for the plantations located in the Nothern
part of Vietnam [21]. These studies mainly
focused on analyzing the biomass expansion
factor of Acacia hybrid plantations and Pinus
plantations in the Northern region; however,
within our understanding so far, there isn’t any
studies applied the biomass expansion factor for
estimating biomass and C sctock of Acacia
hybrid planations in the Southern region of
Vietnam. Additionally, a change of the BEF is
known as depending on the types, growth phases,
and site indice of afforestations [22].

Therefore, an estimatation of a BEF with
specific condition and area should be preferred
and considered [23]. Main objectives of this
research aimed to (i) define an average value of
BEF, (ii) analyze a correlation between BEF
with parameters of tree stand characteristics as
diameter at breast height (DBH), height (H) and
age (A), and (iii) develop models that are the
best fitted to estimate a BEF for Acacia hybrid
plantations in the Southern region of Vietnam.
The result of this study provides a neccesarily
scientific basis for management of Acacia
hybrid plantations and a calculation of payment
for forest environmental services in tropical
regions generally and in the Southern part of
Vietnam particularly.

2. RESEARCH METHODOLOGY

Study site

This research was conducted on Acacia
hybrid plantations from two to ten years old in
different locations of Xuan Loc district, Dong
Nai province in Vietnam. Geographic
coordinates of the study site were between 107°
26' 52"- 107° 33' 30" in the eastern longitudes
and 10° 52' 04"- 11° 01' 18" in the northern
latitudes. A slope of the study site is from 3 to 8
degree. The rainy season usually occurs from
May to October, while the dry season lasts from
November to April in next year. The annual
average temperature, rainfall, and humidity are
24.5 °C, 1500 mm, and 76%, respectively. The
dominant planted forests in this study include
plantations of Acacia hybrid (Acacia

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY VOL. 8, NO. 2 (2023) 139



Resource management & Environment

auriculiformis A. Cunn. ex Benth. X A.
mangium Willd.), Hopea odorata Roxb,
Tectona grandis L.F. and Pterocarpus
macrocarpus Kurz. These planted forests
mainly accounted for 99.8% total the forests
area, in which the Acacia hybrid plantations
counted 49% of all plantations in the area.

Sample collection

Based on a preliminary survey of the age
distribution of Acacia hybrid plantations,
standard sampling plots were established to
measure criteria for growth of each age group.
Twenty - seven standard plots were established
for sampling with a plot size of 1000 m? (40 m
x 25 m) to determine density and above-ground
biomass of Acacia hybrid plantations from 2 to
10 years old. Fifty-four standard trees were
chosen for sample collection by basing on the
avarage DBH and logged from each sampling
plot for biomass determinantion by using the
segmenting method [24-26]. Components of the
standard trees which included stems, branches
and leaves were collected for measurements of
fresh above-ground biomass in situ. In order to
determine a dry above-ground biomass, samples
of branches, leaves and stems in each sample
tree were dried in the laboratory at temperatures
70°C and 105°C until their weights were
constant. Dried weights of these samples were
calculated by the conversion ratio from fresh
biomass to dry biomass.

Estimations of biomass and carbon stocks

This study used three different approaches to
compare results of biomass and carbon stock
estimations. The first method used an equation
to estimate BEF by Zhang et al. (2012) [13] for
Acacia plantations. The second method took the
biomass that was calculated from the sample
trees. The last method selected the best fitted
BEF model to estimate biomass and carbon
stocks. The biomass of Acacia hybrid plantation
was calculated by multiplying the density by the
average biomass of the age. Above-ground

carbon stocks (tons/ha) was calculated as
following equation:

C = W*P.; and aboveground CO; equivalent
(tons/ha) was equal to C*3,67.

where,

C is plant carbon stocks (Ton. C ha-1);

W is the plant dry biomass (Ton. ha-1);

and P is the plant biomass C concentration
(%) with P = 0.5 [13, 27].

BEF estimation and statistical analysis

IPCC (2003)[18] presented a method to
estimate carbon stocks of biomass by using a
default BEF value in which that a biomass
expansion factor converts from biomass of
merchantable sterns to aboveground biomass of
trees. Calculation of BEF in this study was
shown by the following formula [9, 23].

BEF = W
T Vm

where,

BEF is biomass expansion factor;

W (Ton) is the dry aboveground biomass
(including: foliage, branches, stem over bark);
and Vi, (m?) is the volume of merchantable tree
woods over their barks.

The relationships between BEF and
inventory variables including DBH, H and age
were fitted by utilizing twelve allometric
equations shown in Table 1. These models for a
BEF estimation were applied from results of
Sanquetta et al. (2011) [28]. Consequently, the
best fitted equation of BEF model was selected
by based on various goodness-of-fit statistics
with the following parameters: the highest
coefficient of adjusted determination (R? adj),
the smallest Akaike information criterion
(AIC), the smallest value of root mean squared
error (RMSE), and the smallest standard error
of estimation (SEE). Statistical analysis of data
and regression analysis for developing
allometric equations were conducted using
Stagraphics centurion XV software package and
Microsoft Excel 2016.

Table 1. Equations to estimate models of biomass expansion factor (BEF)

Equations for

No. BEF models No. Equations for BEF models
1 m*DBH™ 7 m;*exp(-mx*DBH)
2 m*H™ 8 m1*exp(-my*H)
3 m*AN™? 9 m;*exp(-my*A)
4 m; + my*In(DBH) 10 m; + my*DBH + m3;*H + my*A
5 m; + my*In(H) 11 m; + my*In(DBH*H*A)
6 m; + my*In(A) 12 m; + my*Ln(DBH) + ms*DBH + ms*Ln(H) + ms*Ln(DBH*H*A)

140 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY VOL. 8§, NO. 2 (2023)



Resource management & Environment

3. RESULTS
3.1. Mean values of DBH, Height, Age, and
BEF of Acacia hybrid plantations

As described in Table 2, the estimated
average value of BEF for Acacia hybrid
plantations was 1.11 ton/m?, ranging from 0.76

to 1.76 with its coefficient of variation of
27.51%. The diameter at breast height (DBH)
fluctuated from 3.8 to 16.1 cm with an average
DBH of 11.0 cm. The average value of tree
height was 13.75 m, increase from 4 m (2 years
of age) to 20 m (10 years of age).

Table 2. Mean values of DBH, Height, Age, and BEF of Acacia hybrid plantations (n = 54)

Parameter DBH (cm) Height (m) Age (years) BEF
Mean 11.00 *+ 4.15 13.75 £ 4.85 6.00 +2.61 1.11 £0.30
Minimum 3.80 4.00 2.00 0.76
Maximum 16.10 20.00 10.00 1.76
CV (%) 37.78 35.28 43.44 27.51

Note: Data is presented by Mean + Standard deviation (SD); DBH: diameter at breast height; BEF:

biomass expansion factor;, CV: Coefficient of Variation.
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Figure 1. Relationships among total BEF with: a) tree age (A); b) tree height (H); ¢) DBH (D)

3.2. Relationship among total BEF with
DBH, Height, and Age of Acacia hybrid
plantations

Figure 1 showed changes of BEF with stand
characteristic parameters of Acacia hybrid
plantations. Specifically, BEF decreased as
increasing of DBH, H, and age. The BEFs
dramatically decreased from age of two to age
of six, corresponding to tree’s height from 4 m

to 15 m and the tree’s DBH from 3 cm to 13 cm.
The BEF tended to increase a little after age of
six, height of 15 m and DBH of 13 cm. These
results could reveal that smaller and younger
trees had many branches and leaf biomass as
compared to bigger and older ones. On the other
hand, the results also suggested that smaller and
younger trees were the greater dispersion and
less scatter at mature and older trees. Moreover,
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the data dispersion of BEF strongly
demonstrated that the DBH, H, and age were
significantly correlated with the BEF.
3.3. Correlation matrix among BEF with
DBH, height, and age

Table 3 showed a result of the correlation
analysis between BEF and stand characteristic
factors (DBH, height, and age). BEF and

Table 3. Correlation matrix amon

Correlation Coefficient (R) was significantly
correlated with DBH, H, and age. The BEF had
a strongly significant negative relationship with
DBH (R =-0.91), H (R =-0.90), and age (R =
- 0.82). Additionally, correlation relationship
among DBH, H, and age were very significantly
positive with their correlation coefficients
greater than 96%.

g BEF, DBH, Height, and Age

Variables Age DBH Height BEF
Age 1 - - -
DBH 0.98 1 - -
Height 0.96 0.98 1 -
BEF -0.82 -0.91 -0.90 1

3.4. Construction of BEF models with tree
growth criteria of DBH, Height, and Age
Table 4 presents statistical parameters of
twelve fitted BEF models. The twelve models
(as shown in Table 1) were used to fit models of
BEF by basing on values of the measured DBH,
Height, and Age. The adjusted coefficients of
determination (R?%qj) of the twelve fitted BEF
models were mostly over 0.80, except for two
models of # 6 and # 9. This result proved that
the fitted BEFs had a high correlation with

DBH, H, and Age. The fitted models of #10 and
#12 had the highest R?%qj values of 0.94 and
0.95, the highest negative AIC values of -
133.59 and -137.67, the smallest RMSE values
0f 0.065 and 0.070, and the smallest SEE values
of 0.069 and 0.073, respectively. Thus, models
of #10 and #12 were two best fitted models that
could be applied to estimate a value of BEF for
any age of the Acacia hybrid plantations.
Equations for two models are described as
follows:

BEF =1.99865 - 0.15400*DBH - 0.02123*H + 0.18210*A (Model #10)
BEF =3.01307 - 2.44459*In(DBH) - 0.10171*DBH -2.06212*In(H) + 1.54556*In(DBH*H*A)
(Model #12)

Table 4. Statistical parameters of twelve fitted BEF models

Statistical parameters

Model
m; m; m3 my ms R’adj SEE RMSE AIC
1 3.41282 0.50041 - - - 0.87 0.112  0.110 -109.39
2 3.55451 0.47026 - - - 0.81 0.132  0.129 -100.46
3 2.32314 0.45925 - - - 0.81 0.132  0.129 -100.38
4 2.52418  -0.61490 - - - 0.87 0.109  0.107 -110.84
5 2.63124  -0.60187 - - - 0.83 0.126  0.123 -102.96
6 1.99556  -0.53005 - - - 0.79 0.141 0.138 -96.94
7 2.07563 0.06020 - - - 0.86 0.113  0.111 -108.83
8 2.09200 0.04847 - - - 0.83 0.125  0.123 -103.36
9 1.90053 0.09571 - - - 0.73 0.157 0.154 -91.03
10 1.99865  -0.15400 -0.02123 0.18210 - 0.94 0.073  0.070 -133.59
11 2.38384  -0.19602 - - - 0.84 0.122  0.120 -104.61
12 3.01307  -2.44459 -0.10171  -2.06212 1.54556  0.95 0.069  0.065 -137.67
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3.5. Validation of two best fitted BEF models

Figure 2 is a scattered plot that shows a linear
one-to-one relationship of the observed BEF
values from the measured data of Acacia hybrid
plantations in the field and the fitted BEF values
from the model of #10 (Fig. 2a) and the model
of #12 (Fig. 2b). Values of two best fitted BEF
models were strongly correlated with the
observed BEF values. Correlation coefficients

of this relationship for two models were very
high and similar to each other, 99.63% for
model of #10 and 99.68% for model of #12.
This result confirmed that two BEF models of
#10 and #12 are the best fitted with the practical
data and could be selected for an estimation of
the BEF value at any age of an Acacia hybrid
(4. auriculiformis * A. mangium) plantation.

2.0 -
a
1.8 4 .
<
.80 0
1.6 M
o 14 s X
= . R y =0.9965x
* L) _
S 12 o ._._,i”. R2=0.9431
g
e e
©) o4 e
L 2K J 00,:."0 ‘
TR I
0.8 Koy o
0.6 : : . . ; . .
06 08 10 12 14 16 1R 2.0
b | 20
1.8 4 '
®.de
1.6 .
;.-c'
& ] v0®®
= 14 e be y =0.9972x
= o o %V R2=0.9516
S 12 1 o
>
2 10
a) U A .
9.9
©) ® o.-.:_’g ]
0.8 - L
0.6 T T T T T T 1
0.6 0.8 1.0 12 1.4 1.6 1.8 2.0
Fitted BEF

3.6. Biomass ana carpon StoCKS 0I Acacla
hybrid plantation
Table 5 showed the estimated results for the

above-grouna biomass, apove-ground carbon
stock and above-ground CO; equivalent of
Acacia hybrid plantations.

Table S. Biomass and C stocks of Acacia hybrid plantation

Age Density Above-ground Above-ground carbon Above-ground CO;
(trees/ha) biomass (tons/ha) stocks (tons/ha) equivalent (tons/ha)
2 2100 9.7 4.9 17.8
4 1977 67.0 33.5 122.9
6 1783 133.0 66.5 244.1
8 1600 205.4 102.7 376.9
10 1460 244.6 122.3 448.8

Research results showed that the density was
decreased with an increasing in the age of the
Acacia hybrid plantations, in which the highest
density was 2100 trees/ha at the age of 2. The
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density gradually decreased to 1783 trees/ha at
the age of 6 and reached the lowest value of
density at the age of 10 with 1460 trees/ha.
Above-ground biomass, above-ground C stock
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and C sequestration rapidly increased as an
increasing of the age. At the age of 2, the
amounts of above-ground biomass, above-
ground C stock and CO; equivalent in the
Acacia hybrid plantation were 9.7, 4.9 and 17.8
tons/ha respectively, while these amounts
reached the highest values at the age of 10
respectively corresponded to 244.6, 122.3 and
448.8 tons/ha for above-ground biomass,
above-ground C stock and CO: equivalent.

4. DISCUSSION

In our study, the BEF value of Acacia
hybrid plantations in Southeastern region of
Vietnam ranged between 0.76 and 1.76 with an
average BEF of 1.11 ton/m’. The measured
average BEF values in this study were in
estimated range of many studies that were
implemented in Vietnam as well as throughout
the Southeast Asia [13, 23, 28-30]. Results of
the study in Northeastern region [21] reported
that the average value of BEF was 0.873,
ranging from 0.725 to 0.915 for same species
at the age of from 1 to 7 years. In general, the
average value of BEF for Acacia hybrid
plantations at the age of from 2 to 10 years in
this study was significantly higher than this
value by Xuan et al. (2012) [21]. This
difference of average BEF value could be due
to a number of collected samples, the growth
phase and site conditions of Acacia hybrid
plantations in different regions.

Traoré et al. (2018) [17] found that the BEF
value of Acacia mangium plantations ranged
between 1.21 and 1.66, while Mavouroulou
(2012) obtained the BEF values between 1.04
and 3.88. The BEF values of Acacia hybrid
plantations in this study were smaller than the
default values for the tropical broad-leaf forest
type with DBH >10cm ranged from 2.0 to 9.0

with the average value of 3.4, which was
reported by IPCC (2003) [18]. Values of BEF
in this study tend to decrease as a function of
stand tree age, and to increase as growing stock
density (volume of growing stock per ha),
similar to many estimates obtained
worldwidely from different studies [13, 21, 23,
28, 29]. This is due to an increasing ratio of
merchantable volume to total volume. The
decreasing of BEF value is rapid at low
growth-stock densities or levels out for older
stands and higher stand densities [9].

The results of this study also revealed that
the BEF is significantly correlated with the
age, diameter at breast height (DBH) and
height of the Acacia hybrid plantations, in
which the DBH is the most closely correlated
with BEF. Our research result is similar to
results that were found by Sanquetta et al.
(2011) [28] that the BEF depended on age,
DBH and height. Additionally, results of other
researches showed that the BEFs of forests
were age-dependent [23, 31], volume-
dependent [5, 15], decreased with an
increasing of age [21, 31]. Levy et al
(2004)[32] found that tree height was a better
predictor than age. In general, BEFs vary with
tree size (age, etc.) and change of tree
populations over time [21-23, 31].

Above-ground  biomass for  Acacia
plantations from observational data in this
study were 9.7 — 244.6 ton/ha from 2 to 10
years. By using model of BEF from Zhang et
al. (2012) [13], biomass vary 18.1 — 425.4
ton/ha. By utilizing the equations of model #10
and #12, an estimated biomass value at the age
of 10 were 267.3 ton/ha for model #10 and
260.8 ton/ha for model #12 (Table 6).

Table 6. Comparison biomass of Acacia hybrid plantation by three different approaches

Practical Biomass Biomass Biomass Difference of biomass between

Age biomass in estimated estimated from Zhang models 10, 12, and Zhang et al.
this study from model from model (2012) with the practical biomass

(ear) on/ha)  #12 (ton/ha)  #10 (ton/ha) a"(g“u) (%)

(€))] (2) 3) Q&) A& @D&D)

2 9.7 9.68 9.65 18.1 -0.23 -0.54 86.19

4 67.0 67.61 69.0 88.2 0.92 2.98 31.60

6 133.0 137.83 140.1 261.2 3.63 5.37 96.40

8 205.4 200.48 196.3 350.4 -2.40 -4.42 70.59

10 244.6 260.76 267.3 425.4 6.61 9.29 73.93

Average 131.94 135.27 136.49 228.7 1.70 2.54 71.74
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Basing on the estimated results in Table 6,
there was obviously a difference of estimates
between the method of Zhang et al. (2012) [13]
and the others. The percentage of increases
between BEF value from method of Zhang et al.
(2012) [13] to compare with fitted BEF of
model #10 and fitted BEF of model #12 in this
study were 71.74%, 2.54% and 1.70%
respectively. The model of BEF offered by
Zhang et al. (2012) was calculated by basing on
the collected data from several different
plantations of Acacia species, but not included
any Acacia hybrid (4. auriculiformis * A.
mangium) plantations. Recent studies indicated
that a value of BEF was depended on species to
be planted, growth phase, and site index [22].
Therefore, estimates of BEF under specific
conditions shall be considered. With the
negligible difference of biomass between model
#10 and #12 compared with the practical
measured biomass, therefore it is concluded that
models of #10 and #12 could be used to quickly
calculate above-ground biomass and carbon
stock of the Acacia hybrid plantations.

5. CONCLUSIONS

The results of this study revealed that the
BEF value of Acacia hybrid plantations in the
Southeastern region of Vietnam was strongly
correlated with DBH, height, and age (adj R? >
0.9), in which an age of stand trees is highly
associated with BEF. The mean BEF value of
Acacia hybrid plantations was 1.11 ton/m?,
ranging from 0.76 to 1.76. Value of the BEF
decreased as DBH, height, and tree age
increased. The above-ground biomass, carbon
stocks, and CO> equivalent for Acacia hybrid
plantations at 10 years were 244.6 t/ha, 122.3
tC/ha, and 448.8 tCOy/ha, respectively. Two
best fitted models that could apply to estimate a
value of BEF for any age of Acacia hybrid

plantations include: BEF = 1.99865 -
0.15400*DBH - 0.02123*H + 0.18210*A; and
BEF = 3.01307 - 2.44459*In(DBH) -

0.10171*DBH - 2.06212*In(H) +
1.54556*In(DBH*H*A). Utilization of three
methods as described in this study to estimate
above-ground biomass for any Acacia hybrid
plantations may have an overestimation or an
underestimation. The results also indicated that
use of the regression model is fundamental in
obtaining reliable estimates of forest tree

biomass, carbon sink and CO» equivalent, and
that two best fitted models selected in this study
could be applied to calculate the amounts of
above-ground biomass, carbon stocks, and CO>
equivalent values for Acacia hybrid plantations
with any their ages.
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