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Summary
Agroforestry – nowadays, increasingly considered as a future land-use strategy for their immense potentials for income generation, biodiversity conservation and
ecosystem regulation simultaneously from the same unit of land. However, it is still critical to understand how different agroforestry land-use(s) within or nearby to the
forests could contributes to local carbon cycling, and their complementarily to forest. We performed an exploratory study in a tropical rainforest patch in north-eastern
Bangladesh to measure organic carbon stored in soil, as well as living woody biomass preserved in the corresponding agroforestry land-use(s). Fifty 100 m2 rectangular
plots were randomly established in four contrasting agroforestry land-uses; viz., betel-vine (Piper betel) based agroforestry, lemon (Citrus limon) based agroforestry,
pineapple (Ananas comosus) based agroforestry, swidden fallow land, and in undisturbed forest (as control). Interestingly, both soil organic carbon (30.362 ± 8.9247 tones
ha-1) and total woody biomass (134.44 tones ha-1) was found higher for betel-vine based agroforestry system. A systematic understanding of carbon allocated in different
human dominated land-use(s), and finding out a comprehensive way to reward poor tropical land-owner(s) for carbon benefits provided to nature for their land-use(s)
however could secure both livelihoods and environment sustainability.
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Methods
Vegetative sampling
Field surveys were undertaken in Lawachara National Park (24030/-24032/ N and 91037/-91039/ E) - one of the country’s most
diverse forest patch during the peak vegetation period (Figure 2). Fifty (100 m2 / 0.01 ha) rectangular plots were established
randomly using hand-held GPS in studied agroforestry land-uses (10 X 4 land-use) as well as in forest, representing 5 distinct
land-use systems/cover.
All individuals ≥ 6 cm at d.b.h were considered as tree, all other individuals ≥ 1.3 m tall and d.b.h less than 6 cm were
considered as sapling. Trees and saplings within 10 m X 10 m plot were enumerated for the study. Species were identified
following existing literatures (e.g. Khan et al. 2001). For cut but living trees having ≥ 6 cm dia. at the cut portion, the height
and d.b.h. at the cut portion were noted.

Soil sampling
Twenty five soil samples (5 land-use/cover X 5 replicates) were collected from four agroforestry land-uses (5 X 4), and from
forests . Plots for soil samples were chosen alternately with an intention to cover all slope and elevation gradient. For each
plot 4 soil samples from 0-20 (Of - C horizon) cm depth were collected. A composite sample was prepared in the plot by
mixing soils from four sites. Bulk density was measured for each of the 25 plots using a 178 cm3 cylinder. Soil pit of 1 m3 size
was dug for the bulk density measurement, and the cylinder was horizontally inserted on the wall of the pit at the center.

Biomass estimation
Total biomass of trees were adjusted after adding above and below ground biomass of living trees. Mean biomass were
calculated and total biomass was estimated adding total biomass of each trees converted to tones/ha for each. The following
procedures were followed;

Figures

i) Above ground biomass: After reviewing models developed by several authors for the tropics (e.g. Steffan-Dwenter et al.
2007; FAO 1997; Brown et al. 1989) the model of Brown et al. (1989) was found most suitable to estimate above ground
biomass of the area. The model is,
B = exp. {- 2.4090+ 0.9522 In (D2HS)}

(clockwise)

1. Betel-vine based
agroforestry;
2. Old-growth natural
forest;
3. Google TM satellite
image indicating location
of the survey plots;
4. Swidden fallow in the
area;
5. Pineapple agroforestry;
6. Lemon/horticulture
agroforestry;

Where, B = above ground biomass in Kg; H= Height of the trees in meter; D= Diameter at breast height (1.3 m) in cm; S =
Wood density in units of tonne/m3;
ii) Below ground biomass: Below ground biomass was calculated for each individual considering 15% of the above ground
biomass (MacDicken 1997).

Soil organic carbon measurements
Soil organic carbon (OC) was measured after the calculation below,
Organic carbon presence = C %
Depth of horizon = D cm (here 20 cm);
Bulk Density = B gm/cm3
OC1 (organic carbon gm/cm3) = (C X 100) X B
OC2 (Organic carbon gm/ m2 /horizon) = OC1 X D X 1000
OC3 (Organic carbon tones/ ha /horizon) = (OC2 X 10000) / 1000000

Results
A total of 188 plant species were recorded from the survey plots, amongst
which 66 were tree . Shannon-Weiner biodiversity index (H) was highest (3.3)
in case of betel-vine based agroforestry system, followed by 2.9 in lemon
agroforestry system and in pineapple agroforestry systems (2.2). Table 1
shows the vegetative attributes of the study plots.

Biomass in living trees and soil organic carbon allocated in different land-use
systems/cover is shown in Table 2. Interestingly, both above ground and below
ground biomass was highest in the betel-vine based agroforestry systems,
where the organic soil carbon was measured best in the undisturbed forest
landscape (Figure 7).

Table 1. Vegetation attributes of the studied land-use systems/cover

Table 2. Biomass and soil organic carbon in contrasting land-uses/cover

Land-use systems/cover
Variables

Forest

Betel-vine
agroforestry

Lemon
agroforestry

Pineapple
agroforestry

Swidden
fallow

Tree species

37

46

27

14

14

Shrub species

34

30

21

37

18

Herbs

28

38

26

23

24

Climbers

11

14

5

7

13

Orchids

5

5

2

0

1

2.71
1490

3.29
1670

2.85
740

2.24
330

1.94
680

19375

19000

8125

3812

5875

H
Tree + sapling
/ha
Tree
seedlings/ha

Variables

Above ground
biomass (Kg)
Below ground
biomass (Kg)
Woody biomass
in plots (Kg)
Total woody
biomass
(tones ha-1)
Soil OC
(tones ha-1)

Forest

Land-use systems/cover
Betel-vine
Lemon
Pineapple
agroforestry agroforestry agroforestry
1169.04
(± 645.13)
175.36
(±96.77)
1344.40
(±741.90)

416.491
(±358.27)
62.47
(±53.740)
478.97
(±412.0)

86.503
(±120.23)
7.79
(±15.02)
59.69
(±115.15)

92.48
(±96.84)
12.484
(±14.38)
95.72
(±110.3)

103.37

134.44

47.89

9.43

10.49

33.98
(±10.50)

30.36
(±8.92)

23.08
(±8.67)

19.94
(±3.58)

29.05
(±4.58)
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Figure 7. Allocation of biomass and soil organic carbon (tones ha-1) in studied land-uses/cover

Conclusion
Human dominated /managed landscapes could also offer as much as carbon
benefit as provided by forests, and a comprehensive way to recognize and reward
poor tropical land-owner’s for carbon benefits provided by their indigenous landuse systems could secure both livelihood and environmental sustainability.
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