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Absiract

The aim of the sty was ke estimate carbon stock of 18-vear obd three plantations species
namely Acacia auricififormes Cunn., Anthocephatus chinensis Lamk, and Tecfone grauds L.
Systematic sampling melhod was vsed to idenlify each sampling peint hrough the Global
Posiboning System (GPS). Tree bivmass estimated by Loss on [gnition method and soil carbon
stock was dertermined by Walklev-Black oxidation method. Results showed that the potal
carbon stock was highest 21109 tonha'! in Acacia anricififernns plantation. The maximum litler
catbon was 246 tonhal in Tectona grandis plantation followed by 1.89 ton-ha-1 in Antocephalus
chincusis, Selection of plantation tree species according o highest carbon stock capacity may
help the developing countries o eam more carbon credibs, and in the [ong ren, o tackle the
climate change.
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[ntroduction

The rmesponse of forests Mo rise tmportant response option for plobal

atmospheric CO5 concentrabions is crucial for
the global carbon cvcle since forest
ccosvstems conlain from 62% to 78% of Lhe
total terrestrial carbon (Hagedorn ef al. 2002).
Moreover, creation and maintenance of
carbon stocks in the tropical forests isan

warming in tropical developing countrics
such as Bangladesh (Moura-Costa 19,
Myers 1996} Under the greenhouse gas
reduction regime through the CDM concept,
carbon credits can be gained from natural
and plantation forests in developing
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counlries (UNFCCC 2004}, so forests
play an important rale in the sequestration of
catben  globally (Rawat ef aof  2003),
Plantations  have high annual carbon
sequestration rates {Bass o of 2000) and
establishing plantations on degraded land
has been proposed as an effective carbon
management approach (Montagnini and
Porras 1998},  Through the Ciean
Development Mechanism (CDM), carbon
management approach can be achieved by
plantation  programme  in  Jdeveloping
countries such as Bangladesh (UNFCCU
2043, Develeping countrics are mostly
affected by the consequences of the global
warming (Anon, 1958}, The large portions of
natural forests in Bangladesh have already
been significantly degraded and fragmented
(Mollah and Kundup 2004), leaving the
country with only a small percentage of
forest cover (Alamgir and Al-Amin 20073,
The total plantation area of Bangladesh
unider reforesiabion  activities are (1257
million ha, among which hill orest, bamboo
forest, [ong rotation, short rotalion and
mangrove plantabions are 0.023, 0004, 0131,
0,054 and 0.045 million ha, respectively (FAD
20071,

A realistic estimate of the carbon stock is
crucial for two reasons: the first one ndicates
the potentiality of vepetabion ko rebease or
absork carbon and the second ene indicates
that a time series of the carbon stock in
vegetation may be used b strain methods,
Le., inverse modeling, in estimating the net
carbon flux W or from the global soils
(Goodale ¢f af. 2002), Poverty and lack of
appropriaie lechnology are two  majer
barriers in Bangladesh for estimating the
carbon sinks i the forests through plantation
programmes under the COM. Bangladesh
can effeckively participate in the carbon
trading. but the country is lacking research
on the quantification of carbon credits by
reforestation and alforestation,
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Quantification of net  farbon
sequesitalion by plantation species is a
primary research in deducting the carbon
credit of reforested plantations. Bangladesh
has a very [ong history of plantation forestry
starting from 1871 with Tecfoun grandis in
Chittagong hill forest, along with indigenous
species. Many plantations were established
successtully and the area is now viewed as an
impeortant example for carbon sequestration
in Bangladesh. Hence, determinabion of
carbon stocks at different geo-positions of 18-
vear old plantations ol Acecrs awrrcidiforses,
Authoceplnlios clitmersts and Techons grandes is
the prime objective,

Materials and Methods

The study was conducted in lhe
mono plantstion area of Tankawali forest
(21°56"-21°59'N  and 92°06°-9213'C) of
Chittagong  South  Ferest  Division,
Bangladesh. The study area was situated on
the westem aspect of mid hiil. The plantation
area was 284 ha for Teak (Tectona grandis),
6.3 ha for Akashmont (Acace auenliformis)
and &3 ha for Kadam {(Authoceplalns
chimensis). ‘The elevation of the stady area
ranged between 4 m and 87 m above mean
sea leve] (Islam ef @ 1999). The study area
has 2 moist topical maritime climate, with
high rainfall concentrated during monseon
peried  from June to September, high
temperature {only small seasonal differences)
and high humidity 0% to 85%) {Motaleb
and Hossain 2007). The mean monthly
temperature in the study area ranges from
21.20°C in November to 28.44°C in April with
a mean annual temperature of 26 44°C. The
mean monthly maximum Eemperalure ranges
from 26.37"C in Movember to 32.72%C in April
and the mean monthly minimum
lemperature from 1R03°C in November lo
5% in April. The mean minimam and
maximuem temperatures are 21.97°C and
3th51"C respectively, The mean annual
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fluctuation in femperature s about 6.4°C
during the rainy season of May to September
ard MIOB'C during the dryv season. The
highest concentration of precipitation is
found from May to September, pre- and past-
monsoon periods of rain during April. May
and October, November to March constitute
the drv season. The mean manthly relative
humidity of the study area is  high
throughout the vear, which is very high
{#7%) in July and low (69%) in February
{Motaleb and Flossam 2007). Soils are brown
sandy loams, somewhat excessively drained,
Barkal sofl series and classified acconding to
the USDA Taxenomy by Alam ot al. {1993 as
Udic Ustochrept.

Sampling procedure

The study was conducted from January
to December in 2009, ate on diameter amd
tree height were collected From standing
trees; soil samples were collected from The
tield and were analvzed in laboratory. The
three mone plantations of Aceca

miricndtfnunis,  Amthoceplains  clinensis
aned Tecloun grmidis were raised in 1591 in the
deforested areas af Tankawate forest, Each
intersection point was determined using
systematic sampling method, The geo-
position  of  the plantation  area was
determined by using GI'S at first, after that
one-minuke interval was inserted in the map
From  21%°58'-21°59'N  latitwde  and
OINE'-02"12’E longitude of the study area
{Map 1). A total of 27 sample plots were
selected Ror three species of 18 years old
plantation and sample plots size were 10 m %
16 m,

Primarily, the land use of each
intersection point was identified in the field.
[n the fixed grid Imes, number of stems was
counted, a Spiegel Relascope was used to
measure height and a diameter tape was
used to measure diameter. Samples were
collected from all lrees of the plet for
laboratory analysis to estimate carbon stock
and increment cores wete codlected by wood
borer at breast height (1.3 m). We established

T E J

Map 1. Map siowing the Tankawati Forest area in Chittagong
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¥ sample plots, each of T m x 2 m in size
ard nine ploks from each plantation, in e
crown-covered area bo estimate the biomass
of fallen litter in the plantations. Fallen litter
was collected after six months amd  the
average litter tall for six months was
converted to annual litker fall per ha

To estimate soil carbon stock in the
selected peo-position, nine soil plots from
each plantation were sampled at three
depths, te, top (1 ko 14 cm), middle (14 to 30
cm) and bettem (30 t© 100 cm). The size of
the sample plot was 2 m x 2 m. Each sample
was a composile of lree sub-samples. Thus
for the three plantations, a total of 27 soil
samples were studied. Soil samples were
collected using an earth augur. The samples
were carefully taken to the laboratory tor
chemical analvsis through e Walkey-Black
oxidation method,

Biomass estimation

Scientists developed different models
for determining above ground hiomass (Negi
£ al. 1988, Brown of ol 1989 and Luckman «f
ol 1997). We used models of Brown of al.
(19897 to determine the abpve ground
bicmass as it is reported one of the most
suitable melthods for {repicat forest (Alves e
al. 1997, Brown 199, Schroeder &f al. 1997).
The modet is as follows:

Y = Exp.|-240% + 09522 [n (DZHS)|
where, ¥ the above growud omass (kg)
H the height of the trees {m),
¥ the diameter at breast heighl (cm

5 the wood density {ben-me, for
specitic species Salter ef af [1995).
Below ground, binmass was calculated
as I5% of the above ground biomass
{MacDicken 1997, The abovo- and below-
ground binmasses were added 1o get the total
biomass of the plantation,
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Carbon stock estimativn

Loss on ignition method was used to
cstimate carlvon stock of the tree species. The
fresh weight of tree samples were taken
using an eleckronic balance, then dried af
65°C in an oven for 48 h lo measure dry
weight, Oven dried grind samples were
taken (1 p} in pre-weighted crucibles, after
that they were put in the fumace and
fellowed by ignition for 1 b After cooling,
the crucibles with ash were weighted to
calculate ihe percentage of bicmass carbon as
A ey ed ol (T986Y

Ash (%) = (W5 W AWV I TOD
C (%) = {10 Ash %) x 0.58
where,

{ the binmass carbon stock (%)
k¥, the weight of crucibles (g)

W, the weight of aven dried grind
samples and crucible (g}

k¥, the weight of ash and crucibles (g).
S58% carbon was considered in ash tree
litter makerial,

During field work, soil from each depth
was collected to determine arganic carbon,
and soi]l core was used to calculate bulk
density tor differont depths. Field's maist soil
cores were dried in an oven at WS lor § b,
and re-weighted to determine meisture
content and dry bulk density, To estimate the
percentage of organic carbon in the sail,
samples were analyzed by the wet oxidation
method {Hlug and Alam 20051,

Results and Discussion

Ameng The three meno planlations
established at the mid-hill positions, the
highest tree biomass carbon  and soil
organic carbon  were found  in Acacia
anaculiformes plantation, followed by Tecfoun
grandis  and  Aulhocephalns  clitnensis
plantations (Fig. 1). The tofal fabove- and
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Figure 1. Carbon stocks (boncha™!) of 18-year old plantations

below-ground) carbon  stocks  were
found highest in A. aunenliforts (110.25 and
100.84 tonhat respectively), followed by T.
gramdis (9128 and BL33 moncha-1) and Al
chiveusis  (B370 and  B526  tonnha'h)
plantations, Highest litler carbon stock (246
ton-haly was found in the plantation of
deciduous trees of T. gramdis rather than
other two planlations. Soil organic carbon
was found highest m A, aurtcndiforsns (9932
ton-ha-1} and the lowest in T, grandis (77 87
ton-ha1y,

A. auricnlifornds is a fast growing species
compare to T. grawdis and A, chinensis,
Moura-Costa {1990) fourud that fast growmg
species accumulate higher amounts of
bitmass than slow growers during the same
time period. Dhuring the growth of trees,
carbon was accumulated in their biomass,
and thereby the amount of carbon stored in
the tree plantation areas increase. Hossain
{2003) found that A. surculiformis plantation
showed befter survival and growth in
ditferent areas of Bangladesh with the vield
of 15-20 m*ha-lyr! after rotation of 10-12
vears, but it 1s less than 7-8 m*hatyrl ma

/0

A. chinensis, Sa ef ol {1998) found 1hat
plantation of leguminous  hee, A.
anrieniiformes, had 2-3 leld higher above-
ground carbon stock capacity  than a
plantation pf ather species of the same age.
Therefore, from Sa ef o (1998) and our
studies, it was fownd that in similar Lill
position{s) and alsa from same-age
plantativns  of ditterenl species, A,
aurcutiforis planlation might stwk higher
carbon than other stated species.

Inn this study, il was found that T, grendis
plantation had the highest [itter carbon
because of large broad-leated and deciduous
tree (A, aweiculifirnis and A, clinensis both
are evergreen) that shades ik beaves during
lhe dry season as litter [lall including
branches, twigs and bark rosulting in larger
amount of litter which geterates higher
carben  steck  than  other  species,
Consequently, it is evident Bhal variation of
litter carbon stock per ha was mainly affected
by litker delivery and their total amount,
which may different with species.

The distribution of soil carbon stock also
varied among the fheee species, Osman ef al.,

Bangladesh Jaumal of Forast Selance Vol 32 [2), 2012



{2001) concluded that soil organic matter
increases with the age of the plantation until
canopy closure, but is dependent on the
ability of the specices b produce litter, Among
the three species A. amrcidifernds produce
more litter than the other two species and in
turn, the decomposition of litter envich the
carbon stock in soil. Singh of ol (20Ma)
mentioned that the deposition and release of
catbon through liter fall and ks
decomposition  was  highest in  lepume
species, i.e, A aurcdforens, Alhizia procern
and A, febfeck planiations. T. graudis (non-
legume) conlributes poor carben stock in the
soil due to its deposition of less organic
matter {Singh ef al. 204b).

Hossian (2003) mentioned that fast
growing exphic species are mostly dominated
in the natural hill forest ecosvstems, crop
tields, fallow and marginal [ands. Moreover,
their Tuxuriant growth suppressed the
growth of other mabive species. owever,
carborn densitics of tree plantation vary with
age, species and site (Lasco and Pulhin 2009).
The difference of carbon stecking was lound
aming the three species of same-age group
and same location (Fig. 1). 1t is may be due to
differences in womi density. As a resolt the
carbon stack of exotic species is higher than
that of native species. T. graudis and A
mirtcrlifirmis are exobic species in Bangladesh
but atb present these two species become
common species duc be their higher growth
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