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This study was conducted to evaluate the carbon sequestration potentiality of different land use systems in the
Northern part of Bangladesh. Common land use systems like cropland, roadside, homestead and orchard were used. Data
were recorded from both tree growth parameters (height and diameter at breast height) and under storied vegetation
(herbs, shrubs and crops) in order to estimate the total land use biomass accumulation. Complete measure of 40 m line
transects in cropland, 40x5 m quadrant in roadside, 40%x40 m quadrant in both orchard and homestead were used. At
every sampling point, under stories biomass sample were taken from 1x1 m quadrant. The results showed that there was
significant difference of carbon sequestration potentiality of different land use systems. For the main effect of different
land use systems on carbon sequestration, there was significantly difference in respect of tree height (m), dbh (cm),
carbon sequestration per tree (t ha) and total carbon sequestration by the land use systems (t ha™). The highest total
carbon sequestration (325.33 t ha'') was recorded from double roadside land use system and the lowest (36.51 t ha™')
was obtained from cropland land use system. However, in case of economic of carbon sequestration, among the six land
use systems double roadside gave maximum (4879.958 t ha™') monitory returned. So, double roadside tree plantation is a
better land use option for reducing atmospheric carbon. Therefore, more emphasis should be given in roadside plantation

Sfor mitigating the green house effects.
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Introduction

Tropical forests play an important role in the
global carbon cycle [16]. They contain about 40% of
global terrestrial carbon, account for more than half
of global gross primary productivity, and sequester
large amounts of carbon dioxide (CO,) from the at-
mosphere [3, 7, 18]. Carbon is stored in forests pre-
dominantly in live biomass and in soils, with small-
er amounts in coarse woody debris [15]. In tropical
forests worldwide, about 50% of the total carbon is
stored in aboveground biomass and 50% is stored in
the top 1 m of the soil [6].

The problem of global climate change is con-
sidered to be one of the most important to the envi-
ronment; it has been at the center of scientific debate
in recent years. Carbon dioxide (CO,) emissions from
land use and land use changes, predominantly from
forested areas, account for 33% of global CO, emis-
sions between 1850 and 1998 [4]. Increasing demand
for food, fodder, fuel and round wood is rising the
pressure on land-use systems, and conservation and
sustainable development of land-use systems are crit-
ical for meeting those demands sustainably and sta-
bilizing CO, concentration in the atmosphere to miti-
gate global climate change [23].

The carbon storage capacity in agroforestry
varies across species and geography [17]. Trees and
shrubs in different land use systems act as carbon
sinks. They absorb carbon (as CO,) through photo-
synthesis and store it in their aboveground and be-
lowground biomass. This process is called ‘carbon
sequestration’. IPCC [9] described carbon seques-
tration as the process of removal of carbon from the
atmosphere and stored it in the biosphere. Moreover,
the amount of carbon in any land use system depends
on the structure and function of different components
within the systems put into practice [1, 24]. The de-
veloping countries are bearing the maximum brunt of
global warming and climate change, although their
contribution to greenhouse gas emissions is much less
than that of the developed countries.

It is, therefore, important that countries like
Bangladesh to take serious steps which contribute
in fighting climate change through the role of land
use practices to mitigate climate change. The estab-
lishment of agroforestry based land use system will
help in substantial and productive agriculture and
climate change mitigation. However, in Bangladesh,
the amounts of carbon sequestration by different land
use system are unknown. The study was performed
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to assess the potentiality of different Agroforestry re-
lated land use systems for carbon sequestration in the
Northern region of Bangladesh.
Materials and Methods
Study Area and observations

The study was conducted in the northern part
of Bangladesh located in the districts of Dinajpur. A
stratified random sampling method was used in a ran-
domized complete block design (RCBD) with four (4)
replications as representative areas where different
agroforestry related land use systems like homestead
agroforestry, cropland agroforestry, orchard based
agroforestry and road side plantation were practiced.
Indeed, Dinajpur district includes three Agro-ecologi-
cal Regions: Old Himalyan Piedmont Plain (AEZ-1),
Tista Meander Flood Plain (AEZ-3) and Level Barind
Tract (AEZ-25) and the ecosystems vary among the
AEZs. Therefore, one site from each of the AEZs was
selected. So, the study consist of six (6) land use sys-
tems (viz; Boundary crop land, single roadside plan-
tations, double roadside plantations, homestead agro-
forestry, litchi orchard and mango orchard) and three
(3) agro-ecological zones (viz. AEZ 1, AEZ 3 and
AEZ 25). So, twenty four observations were record-
ed from each AEZ having total of seventy two (72)
observations. Seven (7) years aged Eucalyptus tree
was selected as an experimental tree in cropland and
Roadside plantations. Similarly, same age was also
considered in case of Orchard. In homestead, age was
not used due to high variability and species diversity.
Hence, only matured trees with diameter greater than
Scm (dbh) were considered for this experiment. Leaf
litter, herb, grass or rice biomass was sampled using
1x1m quadrant method.

Tree Biomass Estimation

The biomass of tree is the sum of aboveground
and belowground biomass content. For accurate mea-
sure of biomass in tree, it has to be felled. To avoid
this, the standing woody biomass has been estimated
using important growth parameter such as DBH and
height. Tree height and DBH are the most common
independent variables needed for the estimation of
tree volume [2].

Aboveground biomass estimation (AGB). The
aboveground biomass (AGB) has been calculated by
multiplying volume of biomass and wood density; the
volume was calculated based on diameter and height
[19]. In this system, the following allometric equation
for estimating biomass (kg per tree) of tree diame-
ter 5-60 cm of different zones developed by [5] was

used:
(AGB)est = 0.0509 x pD2H,

where (AGB)est — Estimated aboveground tree bio-
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mass (kg per tree), D — diameter at breast height
(DBH) (cm), H — tree height (m), p — Wood specific
gravity (Mg m?) [5].

Belowground Tree biomass (BGB). Below-
ground tree biomass (BGTB) of trees was calculated
by multiplying the above ground biomass (AGTB)
with a default value of 0.26, provided by [8] as a fac-
tor of root: shoot ratio. Average root biomass content

of all trees was 26% of aboveground biomass:
Below ground biomass =

= Aboveground biomass x 0.26.

Total Biomass. Total tree biomass (TTB) is the

sum of the above and below ground biomass [25]:
Total biomass = AGE + BGBE.

Estimation of carbon stock in trees (t C/ha).
Generally, for any plant species 50% of its biomass is

considered as carbon storage [20]:
Carbon Storage = Biomass x 0.5

Estimation of carbon stock in Leaf litter, herb,
and grass (LHG) or under stories biomass (t C ha™).
The carbon content in under stories biomass (LHG)
was calculated by multiplying with IPCC [2006] de-
fault carbon fraction of 0.47:

LHG (kgm™2) = Biomass x 0.47.

Estimation of Carbon Sequestered (t ha). To
estimate carbon sequestration of crops and trees the
biomass carbon was multiplied with a factor of 3.67
for all species a formula used by Rajput [22]:

Estimated Carbon sequestration (t ha™1) =

= Biomass carbon ¥ 3.67.

Total Land use carbon sequestration (t ha™'). In
order to achieve the total carbon sequestration by a
particular land use system, total of trees and below-
ground litter fall, shrubs, herbs or rice were summed
[21]:
Total land use carbon sequestration =
= Tree C0; sequestration +

+LHG 05 sequestration.

Estimation of Economic Value of Carbon Cred-
its (US$ t ha''). One ton of net sequestered or mitigat-
ed carbon dioxide from plant biomass in a land use
is equal to one carbon credit. Therefore, total carbon
credit in a land use systems was calculated from CO -
eq values of retained biomass in respective land use
systems. The carbon credits were calculated from the
total land use carbon sequestration from tree and crop
biomass using the guidelines of IPCC in 1996. How-
ever, according to Vivan [26] the monetary value of
one ton CO, is equivalent to USS$15. In this study, the
value of Vivian [26] was used. All data were statisti-



Tree biomass and carbon stock of different land use systems

Table 1

Land Use System TH DBH AGB BGB TTB AGCS BGCS TTCS
(m) (cm) (kg per (kgper | (kgpert | (kgpert | (kgper (kg pert
tree) tree) ree) ree) tree) ree)
Boundary Cropland (T,) | 11.32b | 13.52¢ | 63.48cd | 16.51bc | 79.99cd | 31.74cd | 8.25cd 39.99cd
Single Roadside (T,) 14.23a | 16.31c 116.75a 30.35a 147.10a 58.37a 15.18a 73.55a
Double Roadside (T,) 14.53a | 15.12d | 101.95ab | 26.51a | 128.46ab | 50.98ab | 13.25ab 64.23ab
Homestead Plat (T,) 10.21b | 13.02¢ 53.23d 13.84c¢ 67.07d 26.61d 6.92cd 33.53d
Litchi Orchard (T,) 5.86¢c | 21.12b | 79.81bc 0.75b 100.56bc | 39.91bc 10.38d 50.28bc
Mango Orchard (T) 6.94c | 22.24a 105.49a 27.42a 132.92a 52.75a 13.71a 66.46a
CV% 8.3 73 17.4 17.4 17.4 174 17.4 4.5

In a column, figures having similar letter(s) do not differ significantly where as figure’s bearing different letter(s) differ significantly

(as per DMRT)

cally analyzed using computer package R-studio and
MS Excel 2007.
Results and Discussion

Tree biomass of different Land use systems.
The study found that the total tree biomass (TTB) sig-
nificantly varied with the land use systems (Table 1).
The highest TTB (147.1 kg) per tree was found from
Single Roadside (T,) which was followed by Man-
go orchard (T,) and Double Roadside (T,). On the
other hand, the lowest TTB (67.07 kg) per tree was
recorded from Homestead (T,) which was followed
by Cropland (T,) and Litchi Orchard (T,). Wide vari-
ation of total biomass occurs due to heterogeneity of
different land use systems. Khaki and Wani [11] esti-
mated maximum total ground biomass (181.34 t ha™!)
in Shorea robusta pure forest, which was followed by
Agrisilviculture system (46.02 t ha') and lowest in
natural grass land (4.47 t ha!).

Tree carbon stock of different Land use sys-
tems. The trend of carbon stock (TTCS) per tree was

also followed as per tree biomass content, as shown
in Table 1.

Total carbon sequestration of different land
use systems (t C ha'). The study found that the total
carbon sequestrations per hectares (TLUCseq) by the
land use systems were highly influenced (Table 2).
The highest TLUCseq (325.33 t ha!) was recorded
from Double Roadside (T,) which was followed by
Single Roadside (T,) and Homestead (T,). However,
the lowest TLUCseq (36.51 t ha') was recorded from
Cropland (T,) which was followed by Litchi orchard
(T,) and Mango orchard (T,). Several studies have
been conducted to explore the effects of land use sys-
tems on Carbon sequestration and other biophysical
factors that affect the systems [13, 14]. Kursten [12]
stated that by adding trees in a system, it can increase
the C storage capacity of the land use systems.

Economic value of carbon sequestration (US$
t ha'). The economic value of carbon sequestration
provides market for GHG reduction in monetary val-

Table 2
Total Carbon sequestrations of different land use system
Land Use System NT/ha TTCS LHG/RCS TTCseq LGCseq TLUCseq
(tCha') (tCha') (tha') (tha') (tha')
Boundary Cropland (T,) 158.9¢ 6.39d 3.56d 23.47d 13.05d 36.51c
Single Roadside (T,) 420.0c 30.68b 11.52b 112.58b 42.29b 154.87b
Double Roadside (T,) 1166.7a 75.43a 13.22a 276.83a 48.51a 325.33a
Homestead Plant (T,) 988.9b 33.51b 7.69¢ 122.99b 28.22¢ 151.27b
Litchi Orchard (T,) 216.6d 10.74cd 2.19¢ 39.62cd 8.03e 47.65¢
Mango Orchard (T) 220.0d 14.64c 2.6le 53.72¢ 9.58e 63.30c
CV% 21.7 19.9 4.5 19.9 4.5 16.1

In a column, figures having similar letter(s) do not differ significantly where as figure’s bearing different letter(s) differ significantly

(as per DMRT)
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Figure. Economic value of carbon
sequestration (US$ t ha)

ue (Figure). According to Vivian [26] one (1) ton of

carbon was sold at US$15. So, the highest carbon

price (4879.95 $ t ha') was recorded from Double
roadside (T,) which was followed by single roadside

(T,) and Homestead (T,). On the other hand, the low-

est carbon price (547.65 $ t ha') was obtained from

Cropland (T,) which was followed by Litchi orchard

(T,) and Mango orchard (T)).

Conclusions

The finding of this study showed that different
land use system had significant effects on biomass
and carbon accumulation. Planting of multipurpose
tree species in non-forest land like cropland, roadside,
homestead etc. can serve a dual purpose by promoting
carbon sequestration and production of non timber
forest product for local people. The present investi-
gation finds out that seven (7) year old Eucalyptus
plantation in double roadside strip gave the highest
sequestration ability of CO, due to its high biomass
stand density. Finally, it may be concluded that since
forest plantations cannot be extended to many large
areas of Bangladesh due to high population pressure
and demand of agricultural land, roadside agroforest-
ry land use system will be a better option for larger
tree plantation coverage and reduction in GHGs ef-
fects.
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