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ABSTRACT

Tropical natural forest especially mangrove in Sundarbans plays an important role in the
terrestrial carbon stocks and Bangladesh is one of the beneficiaries of it. The research
was aimed to estimate standing biomass and below ground biomass in a pioneer stand
and also to determine species diversity, nutrient contents and carbon stocks. A total of 18
sample plots were measured applying systematic random sampling method. Diameter at
breast height (DBH) was measured, woody species were counted (>4 cm DBH) and soil
samples were collected from 4 depths (0-5, 5-10, 10-40 cm, 40-50 cm). Plant biodiversity
was calculated in three different plant strata separately as tree (0.77, 1.97, 0.53), saplings
(1.63, 4.19, 1.50), seedlings (1.86, 5.18, 1.94) by Shannon index H', Simpson Index, Ds
and Margalief index respectively. The total biomass (Above ground biomass plus root
biomass) was calculated using allometric equation and converted into carbon, soil carbon
was measured using loss by ignition method. Results revealed that the total carbon stock
of the in the pioneer stand was 134.09 t/ha in soil at 50 cm depth whereas above ground
carbon and root carbon were 49.26 t/ha, 16 t/h and respectively. Above and below ground
biomass were double of carbon contents of standing trees, roots and in soil. Nitrogen,
Phosphorus, Potassium and carbon of different plant parts like leaf, branch root and stem
were measured. Two species Sonneratia apetala and Avicennia officinalis were selected
for nutrient measurement as for its dominancy in the stand. Stem of both species contain
more carbon (about 49 %) than other parts. Nitrogen was very negligible amount and
potassium was almost same in two plant parts and only phosphorus was more in
Avicennia than Sonneratia.The pioneer stand must be considered as a significant
reservoir of carbon, as it shows a good stock of carbon from the atmosphere. To realize
ty of conservation of the pioneer stand in Sundarbans for carbon

the potentiali

sequestration in Bangladesh, it should be intensify to more study in future.
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Chapter 1

Introduction

1.1 Back ground of the study

Natural undisturbed forest always ensures large-scale biodiversity conservation set aside for a
healthy ecosystem. Mangrove forests show comparatively lower biodiversity compared to other
tropical forests. Among all mangroves, Sundarbans alone hold almost 50% species of the world
mangroves (Tomlinson, 1986). Sundarbans has a unique biota comprising 334 species flora and
species composition and community structure varies in a pioneer stand and along the
hydrological and salinity gradients. It is also acting for a huge sink of unlimited capacity for
absorbing carbon and other pollutants from air and water, which makes the surrounding
environment free from pollution (Saidur, 2010). Protecting the world from adverse effects of
climate change, the Sundarbans play a crucial ecological role performing as a carbon reservoir
and absorbing more than four crore tonnes of CO; from the atmosphere (Paul, 2013).

Mangroves reserve more carbon in soil than other tropical forests have and soil combined which
is particularly relevant to climate change mitigation strategies focusing on reducing carbon
emissions through reducing forest destruction (Kristensen et al., 2008; Donato et al., 2011). The
above ground biomass increases with the height and DBH incensement of plants and below
ground biomass depends on the roots dispersion. Statistics show that 1.26% of yearly destruction
of forests and remains higher than the world average destruction rate (Mahmood, 2013). In this
situation world has focused on a different issue known as carbon trading. The program Reduced
emissions from deforestation and forest degradation (REDD+) offers the economic incentives for

conserving forests and associated carbon stocks and intended to offset the short-term economic

factors that promote deforestation (Mahmood, 2013).

As sundarbans is the greatest reservoirs of carbon therefore for economic and social perspectives,
it is essential to study on this topic on sundarbans. The species distribution in mangroves as well

as in the Sundarbans found varies with the successional stages (Logue and Snedeker, 1974) and

site quality (Mahmood, 2013).




Carbon and nutrients concentration in mangrove ecosystem differs with species, soil types and
soil at several meters depth (Bouillon et al., 2003). And litter fall here is about 70% when

disturbed islands contain only 16% (Santanu, 2008). In a pioneer stand as the maximum tree

species are in sapling stage, ground coverage is affected by regular tidal inundation, biomass
production and carbon stock may be quite different from mature Sundarbans land area.

However, several Studies have already done on biodiversity, biomass and carbon stock in a
mature land in sundarbans but currently assessment on pioneer stand in sundarbans is a
considerable issue.

By this study, we can quantify the carbon sequestration capacity in the pioneer stand that is
important to measure the total carbon stock in this stage in Sundarbans. Therefore, the aim of this
study is to estimate the biodiversity, biomass, carbon and nutrient contents (above and below
ground) in a pioneer stage of Sundarbans. In future, this study will result in multiple benefits in
addition to protecting or enhancing carbon stocks. These include ‘ecosystem-based benefits’
such as conservation of forest biodiversity, water regulation, soil conservation, timber, forest

foods and other non-timber forest products.




1.2 Objectives of the Study

» To assess the biodiversity and biomass production in a pioneer stand in the semi fresh

water zone of the Sundarbans

» To estimate the carbon stock and nutrient contents in a pioneer stand in the semi fresh

water zone of the Sundarbans




Chapter 2

Literature Review

2.1. Biodiversity in Mangroves

A group of taxonomically heterogeneous woody shrubs and trees growing in the intertidal zone
of tropical and subtropical coasts is expressed as “Mangrove”. Consequently three dimensions of
biodiversity- species, gene and ecosystem. Worldwide there are 114 species of true mangroves
belonging to 66 genera with species richness being greatest in the Indo-Pacific region
(Tomlinson, 1986). Sunderbans in Bangladesh covered about 3% of the world Mangroves.
Mangrove ecosystem plays a crucial role on the maintenance of biodiversity, waste assimilation,

cleaning, recycling and renewal as well as in protecting coastal areas from disturbance events.

2.2. Mangrove structure

It is influenced by the environmental constituents like light intensity and competition, soil

fertility, PH (Koch and Snider, 1997; Utpong, 1997; Sherman et al., 1998; Tam and Wang,
1998).

2.3. Carbon Sequestration
Carbon sequestration can be defined as the capture and secure storage of carbon in soil, plants,

oceans etc reducing GHG from atmosphere. Carbon sequestration also provides with associated
co-benefits such as increases soil water holding capacity, better soil structure,
ing (Patil et al. 2012). Ultimately it affects the above and

ecosystem the

improved soil quality nutrient cycl
below ground biomass in the forest. According to USDA Forest Service (2009), “Carbon

sequestration is the process by which atmospheric CO, is taken up by trees, grasses, and other

plants through photosynthesis and stored as carbon in biomass (trunks, branches, foliage, and

roots) and soils.

23.1. Carbon Sequestration in Mangrove forest
Mangroves can trap not only fine sediment and organic matter but also coarse sediment driven

by storm waves to form special mangrove sediment. Thus, the rate of sedimentation in mangrove
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is high. Besides, the litter productivity is high in Mangroves, which provides more carbon

sequestrated in sediments of mangrove, indicating high below ground carbon sequestration. This

indicates positive action in mangrove conservation and rehabilitation would contribute
immensely to sequestrate CO; (Tateda 2005).

Components like NPK, organic carbon export etc. per ha, were estimated in different studies.
The global storage of carbon (C) in mangrove biomass is estimated at 4.03 Pg C. The average
rate of wood production is 12.08 Mg ha"yr“‘, which is equivalent to a global estimation of 0.16
Pg C/yr stored in mangrove biomass. The net ecosystem production in mangroves is about 0.18
Pg C/yr (Ong, 1993). Mangroves are important carbon sinks and sequester approximately 25.5
million tonnes of carbon every year. They also provide more than 10% of essential dissolved
organic carbon that is supplied to the global ocean from land (IUCN, 2009 and Laffoley et al,
2009). Disturbed mangrove soils release greater than an additional 11 million metric tons of

carbon annually.
2.3.2. Mangroves as a Climate change mitigation option

About 1.5 tones of carbon per hectare per year that mangroves are able to sequester, this is

approximately equivalent to the amount of carbon released from a motor vehicle to the
atmosphere each year (assuming each car uses approximately 2,500 liters of petrol per year)

(Spalding et al, 1997).
2.3.3. Source of carbon in mangrove

The relevant carbon sinks is considered: the burial of sediments — locally or by adjacent systems.
Therefore, carbon accumulation is not necessarily all derived from the local production (tree
roots, stems, leaves, branches twigs etc); organic matter can be brought during high tide and can
be originated from rivers or from adjacent coastal environments. The quantity and origin of
carbon in mangrove sediments appear to be determined to a large extent by the degree of

openness of mangroves in relation to adjacent aquatic systems (Kristensen, et al, 2008).

According to I[PCC 2005, CO, sequestration is occurred by the three following ways:




2.3.3.1 Terrestrial sequestration: In this way CO2 is absorbed by soil and vegetation

near the earth’s surface. Absorption of CO; can be increased through plantation,
mitigating deforestation or adjusting forest management practices. It is the most popular

and fast option for carbon sequestration at the present time.

2.3.3.2 Oceanic sequestration: Here CO2 is buried into the deep ocean basins (350-3000

meters) at the form of liquid, supercritical or solid hydrates.

2.3.3.3 Geologic sequestration: It is the injection and underground storage of
greenhouse gases, out of contact with the atmosphere. E.g. oil and natural gas fields or

deep natural reservoirs filled.

2.3.4. Biomass and carbon pools of Vegetation
Studies revealed that the density of trees with dbh > 10 cm and the basal area were the most

influential factors for biomass production (Joshi and Ghose, 2014).

CO2 is essential to build organic chemicals that absorbed by leaves, roots, and stems (Gorte,
2009). By photosynthesis CO2 is converted into biomass, reducing carbon in the atmosphere and

sequestering (storing) it in plant tissue (vegetation) above and below ground (roots). Above
ground biomass increases by two ways — (a) herbivores dies annually and decompose; (b) plants

store carbon and increase biomass until death. Thus, the amount of carbon sequestered in a forest
is constantly changing with growth, death, and decomposition of vegetation. Moreover the

amount of carbon in soil varies widely, depending on the environment and the history of the site.

2.4. Above Ground Biomass (AGB)

To determine the carbon pool of above ground components, it is necessary first to determine the
biomass of each component of the forest (e.g. trees, saplings, seedlings, palms, etc). Carbon
pools of aboveground biomass are then determined by multiplying the biomass of individual
components by their specific carbon concentration (percentage). Kauffman et al., (2011) reported
the carbon concentration of the wood of Bruguiera gymnorrhiza as 46.3%, Rhizophora
apiculata as 45.9%, and Sonneratia alba as 47.1%.




2.5. Below Ground Biomass (BGB)

Belowground carbon is often the largest pool in a mangrove ecosystem and measuring it is
important in determining long-term dynamics associated with climate change and land

management. Belowground carbon pools usually constitute over 50% and sometimes over 90%,

of the total ecosystem carbon stock in mangroves (Donato et al., 201 1).

Carbon pools in mangrove forests are least studied due to the difficulty in obtaining accurate
estimation though the recent recognition of the importance of mangroves as global carbon stocks
(Lafolley and Grimsditch, 2009, Nellemann et al., 2009, Donato et al., 201 1). To measure the
soil carbon pool accurately, three parameters must be quantified: 1) soil depth; 2) soil bulk

density; and 3) organic carbon concentration.

2.6. Basal area

The cross section area of the stem or stems of a plant or of all plants in a stand called basal area,
generally expressed as square unit per unit area. Tree basal area is used to determine percent
stocking. It can be used to estimate tree volumes or occupancy and stand competition. It is
mainly measured for the future development of a stand. To determine tree Basal Area simply
measure the diameter at breast height (DBH) and calculate the basal area (m?) using an equation

based on the formula for the area of a circle (area = pr’, where r = radius and p = 3.1416) and the

formula for radius (r = diameter/2 = DBH/2).

2.7. Forest floor vegetation and litter
Seedlings and herbs are generally negligible for measurement of carbon pools in mangrove

ecosystem. Litter is a small component of the total ecosystem carbon stock and therefore not
usually sampled. If it is measured, the total oven-dry mass must be scaled to per-hectare
estimation. Mean carbon concentrations of tropical forest leaf litter have been reported as 38~
49% (Kauffman et al., 1993, 1995). The availability of nutrients in mangrove plant production is
further controlled by a variety of biotic and abiotic factors such as tidal inundation, elevation in

tidal frame, soil type, redox status, microbial activities of soil and plant species (Reef et al.,

2010).




2.8. Mangrove Soil characteristics

In general, soil is heavy, slightly alkaline (P" 7 to 7.98) with high salinity, rich in organic matter
and cations (Joshi & Ghose, 2014). The surface soil (0-15 cm depth) and composed of nearly silt
dominant, inner land mainly pure clayey and coastal community is high in sand. Sundarbans is
sandier (6-7 %) than eastern islands (1-2 %). Ellison et al. (2000) observed comparatively lower
soil salinity (5-15 ppt) in the Sundarbans of Bangladesh (Eastern Sunderbans). All these
influence the vegetation structure and biomass. As the islands area remain in a formation stage,
regular tidal inundation results siltation which forms platy structure of soil.

Observations were made by Saha & Choudhury (1995) and Paul er al. (1996) where they
observed that A. ilicifolius, A. alba, and A. marina occur dominantly in soils with high salinity,
and frequent and long duration tidal inundation in various islands of the Sundarbans. Tree height

and diameter were also related to

2.9 Carbon in mangrove soil

The total carbon stock or pool (also sometimes referred to as the carbon density) is estimated by
adding all of the component pools. First, each component pool is averaged across all plots (e.g.
trees, soil, etc.). These average values are then summed to obtain the total.

The equation for total carbon stock or pool is as follows:

Total carbon stock (Mg ha-1) of the sampled stand = CtreeAG + CtreeBG + Cdeadtree +
Csap/seed + Csap/seedBG + Cdeadsap/seed + Cnontreeveg + Cwoodydebris + Csoil

2.10 Community structure

Studies say where communities with short trees with small diameters and low basal areas had

very high density; while the density of large sized trees in some other communities was low.

This variability may be due to different growth rates of the tree or age difference of the

communities (Joshi & Ghose, 2014). Fromard et al. ( 1998) observed that higher density (17,333
N ha-1) for Avicennia spp. in the pioneer stage than mature stage (558 N ha-1) in French Guiana.
According to Singh et al., 1990; Singh & Odaki, 2004, Complexity Index, Ic values of 6.9 to
14.1 for disturbed and 87.1 to 260 for undisturbed mangroves of Andaman islands of India have
been reported. Nazrul-Islam (1995) reported slightly higher heterogeneity and evenness (2.74

and 0.82) were for the mangroves of Bangladesh Sundarbans. Relatively low species




communities where in a single environmental factor predominates so that only one species is best
fit to survive and becomes numerically dominant (Whittaker, 1975).
That’s why in my study site, dominated species is Sonneratia alba (highest diameter of 32.4 cm)

and then Avicennia officinalies. So the Complexity Index depends on the mixed communities
with high density.




Chapter 3

Materials and Methods

3.1. Description of the Site

[t was a small island which extends from 21°56'07.18"N to 21° 55’ 50.29"N and 89°34'17.37"E
to 89°34'16.37"E in Sundarbans. Total area coverage was about 12.6 ha and average length 500
m and max 660 m and max width was 230 m. Mean annual temperature was about 27 °C at
summer season; relative humidity was average 82% and mean annual rainfall was approximately
1,215-1,576 mm and monthly rainfall 142-155 mm (Department of Meteorology, 2013). Soil
texture was sandy-clayey and structure is platy. Dominant species are Somnmeratia apetala,
Avicennia officinalies associated with Acanthus ilicifolius, Amoora cucullata, Ceriops decandra,

Derris trifoliate etc.

3.2. Sampling and data collection

Systematic random sampling was applied for data collection from 18 sites (15 meter interval)
covering a total area of 1800 m” (10mx10m) distributed in the island. Diameter at breast height
(DBH) of trees was measured insight the plots, while plants < 4 cm diameter were not considered
as trees, they are under saplings.

For regeneration (1mx1m) plots were taken into the 100 m’ plots. Seedling were multiplied from

1m’ to 1 ha area.

Fig. 1: Study area (Island) showing 18 plots
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3.3. Species Diversity

Diversity depends on the relative abundance or richness of species in an area. A number of

different measures of species diversity were calculated in this study. This exercise explored two

methods for species diversity indices (Shanon-Weiner index, Simpson’s Index).
Shanon-Weiner index (H')

Species diversity is described according to the value of Shanon-Weiner index (H') based on the

relative abundance (proportion) of the i th species in the community natural log (In). H' is

calculated by

H'=-), pi In pi
It ranges from 0.0 to approximately 4.6. A value of 0.0 means that every organism in the sample
is of the same species and 4.6 means the number of individuals are evenly distributed among

numerous species.

Simpson’s Index (Ds)
A measure that accounts for both richness and proportion (%) of each species is the Simpson’s
Diversity Index (Ds). It has been a useful tool for understanding the profile of biodiversity across

the zones.

D= N N=1)

L ni(ni-1)
Where N, the total number of individuals of all species, ni, the number of individuals of species
i.
Plant species richness was estimated according to the Margalef Index

3.4. Vegetation Structure

Basal area, stem density, frequency, IV etc were calculated in Microsoft office excel.

3.5. Basal Area

The cross sectional area of a trec stem in square meter commonly measured at breast height (1.3
m or 4.5' above ground) and inclusive of bark, usually computed by using DBH. Tree diameter
was measured in centimeter. Then using the formula basal area was calculated in per hactre.



Formula for basal area:

(3.1416 x DBH2)
4

Basal area =

This formula then converts the diameter in centimeters to the basal area in square meters. After

then it was also multiplied into basal area per hectare.

3.6. Above Ground Biomass

A non-destructive method was used to measuring above ground biomass. For above ground
biomass measurement DBH of trees (>4 cm diameter) was used in the plot (10x10 m). Because
height measurement in a dense muddy mangrove forest is quite difficult that’s why leaves, stems,
branches are collected because all these things with above ground biomass are clearly related to
the variable DBH (Komiyama et al., 2005).

AGB-= 0.251*p*(D) **

AGB=Above Ground Biomass, D= DBH, p= Density of Tree Spp. (Kg/m’)

3.7. Below Ground Biomass

Belowground biomass is an important component in mangroves because it comprises a high
portion of the ecosystem compared to upland forests (Komiyama et al., 2008). It is difficult to
collect data for measurement especially in mangroves. Sub samples of different tree roots and

grass roots were collected from the study area. Two sub-plots areas (50cmx50cm) were dug in
50 cm depth for root collection. Roots were collected with soils and then it was washed by nets
(2mm mesh). After that, roots were sorted out coarse and fine groups depending on their
diameter. The fresh weight of each subsample was measured in the field and after air dried,
samples were kept for oven dry at 80°C. The total oven dry weight of roots was calculated from

the ratio of fresh to oven-dry weight. This 1m’ biomass was converted into per hectare biomass.

BGB = (dry weight of sample x10000) / (0.5x 0.5)

Here, 1 ha=10000 m’, area= (0.5% 0.5) m?

12



3.8. Soil Sample processing and other vegetative parts (leafs, branches, stems)
Determination of elements in plant parts;

Nitrogen, phosphorus, potassium and carbon concentration in soil, leaf, branch, bark and stem of

Avicennia officinalies and Sonneratia apetala were measured by following different standard
methods (Allen, 1974),

3.8.1. Digestion of samples and determination of nutrients
3.8.1.1. Sample Preparation and Digestion for the Determination of Total N According to
the Baethgen and Alley (1989).
Steps |
1. At first take 0.1 g of plant sample in the digestion tube.
2. Add 1.1gm catalyst mixture (Potassium sulphate (K2SO.), Cupper sulphate (CuSO,) and
Selenium powder (Se) in the proportion of 100:10: 1
3. Add 3 ml of Sulphuric acid (H2SO4) and heat continuously to oxidize the organic matter
at 200 °C for 15 minutes.
4. Raise temperature at 400 °C and heat continuously for 30 minutes.
Filter the digested samples through filter paper Whiteman No | or 2 and diluted to 100

ml.
Details of Step 2
Preparation of Catalyst Mixture:

Selenium (Se) = 100:10: 1
Take the following chemical with the given amount (for 20 samples)

Potassium sulphate (K2SO4): Cupper sulphate (CuSO.):

K>SO4 21.62 gm
CuSOq4 2.16 gm
Se 0.22 gm

Details of Step 3
For the digestion of 20 samples take 65 ml of Sulphuric acid (H2S04) into a beaker and then give

3 ml acid to each digestion tube through 10 ml micro-pipette.

Determination of “N”
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The concentration of Nitrogen in the sample was measured by clorometric method according to
Baethgen and Alley (1989).

Solution Preparation

Solution 1: Working Buffer Solution (for 180 samples, 5.5 ml for each sample)

N32HP04. 12H20 35.8 g

Dilute to 1 litter with
N-K tartrate 50g DW Store in a cold place
NaOH S4g

Solution 2: Na salicylate-Na Nitroprusside solution (for 250 samples, 4 ml for each sample)

Na Salicylate 150 g Dilute to 1 litter with | Store in a light
Na Nitroprusside 030g DW resistant bottle

Solution 3: Na Hypochlorite Solution (for 250 samples, 2 ml for each sample)

5.25% Na hypochlorite Dilute to 500 ml with ]
30 ml Prepare fresh daily

(clorax) DW

Nitrogen Standard solution preparation

Diluents preparation

K>S0 19.82 ¢ Dilute to 1 litter with

CuSO4 1.982¢g 1.IM H;SO¢ (60 ml | Store it to prepare
98% H,SO, in IL | standard solution

Se 0.198 g DW)

Stock solution preparation (1000 ppm)

Dilute to 500 ml with | Nitrogen (N) stock

Dry NHLCI
1.9095 g diluents 1000 ppm or mg N/L

(Dry NH,C] at 105°C)

Dilute the stock 10 times to prepare 100 ppm standard Nitrogen solution

14




1000 ppm stock Dilute to 100 ml with | Nitrogen (N) stock

10 ml

diluents 100 ppm or mg N/L

Graduated standard solution preparation for standard curve

Standard N (ppm) :moum of 100 ppm N | o ol Volume (ml)
tock required (ml)

0 (Blank) Diluents -

5 2.5 50

10 5 50

15 7.5 50

20 10 50

*Working range 0-50 ppm

Colorimetric determination of “N”

|4
| 1.

A O

9,
10. Note the concentration {from the

The total Nitrogen content was calc

Dilute the digest as required (Generally plant sample is diluted 50 times and 5 times for
soil if 0.1g plant sample and 0.5g soil sample is taken for Kjeldahl digestion)

Take 1 ml aliquot/diluted aliquot of digest in a test-tube

Add 5.5 ml of solution-1 and stir with a vortex mixer

Add 4 ml of solution-2 and mix again

Add 2 ml of solution-3 and mix thoroughly

Let stand for 45 minutes at 25 °C (or 15 minutes at 37 °C)
Do same thing as describe from 2-6 with the graduated standard solution including blank

After immediate stirring with vortex, read absorbance in a spectrophotometer using a

wavelength of 650 nm

Prepare standard curve from the absor
spectrophotometer reading

bance with the standard in the spectrophotometer

ulated from the following equation:
TKN (mg/g) = (Cxdfxfv) * (Wx1000)
Where,

C = Conce
df = Dilution factor (times)
fv = Final volume of the digest (ml)

ntration obtained from spectrophotometer in ppm or mg N/L
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W = Weight of soil/plant taken in digest (g)

-~

3.8.1.2. Sample Preparation and Digestion for the Determination of Total P and K
According to the Allen (1974).
Steps 1
1. Take 0.1 g of plant sample in the digestion tube
2. Add 3 ml concentrated Nitric acid and heat continuously to oxidize the organic matter at
100 °C for 50 to 60 minutes
3. Add 6.4 ml of mixed acid (Nitric acid, Perchloric acid 60% and Sulphuric acid mixed at
the proportion of 10:2:1) to the predigested samples and digest at 200 °C for 20 minutes
4. Filter the digested samples through Whiteman filter paper No 42 and diluted to 100 ml
Details of step 2
For the digestion of 20 samples take 65 ml of Nitric acid into a beaker and then give 3 ml acid to
each digestion tube through 10 ml micro-pipette.
Details of step 3
Preparation of mixed acid
Take the following acids with the given amount (for 20 samples)

Nitric acid 100 ml
Perchloric acid 20 ml
Sulphuric acid 10ml

Then mix the acids carefully and give 6.4 ml of mix acid to each digestion tube through 10 ml

micro-pipette.
Determination of “P”
The concentration of Phosphate in the sample was measured by clorometric method according to

Timothy et al. (1984). Adding 20 ml Ammonium molybdate (3 g in 100 ml deionized water), 50

ml H,SO4 ( 35ml to 250 ml deionized water), 20 ml Ascorbic acid (5.4 g in 100 ml deionized

water) and 10 ml Antimony potassium tartrate
mixture. After that the mixture was diluted 1.433 g KH2PO4 in 1000 ml deionized water. Stock

solution was diluted to prepare standard solution of different concentration for standard curve

and | ml of mixed solution was added with 10 ml of standard solution and sample. Absorbance

(0.34 g in 250 ml deionized water) in the solution
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was measured at 885 nm by UV-visible Recording Spectrophotometer (HITACHI, U-2910,
Japan).

The total Phosphorus content was calculated from the following equation:

Phosphorus content (mg/g) = Phosphate content in sample x Atomic weight of Phosphorus
Atomic weight of Phosphate

Determination of “K”

Potassium concentrations of the samples were measured by Flame Photometer (PFP7, Jenway
LTD, England).

3.8.1.3. Determination of Organic Carbon (C)

Organic carbon in plant sample was determined by ignition method (Allen, 1974). Oven-dried
plant samples (1 g) were placed in the muffle furnace (Digital Muffle Furnace, FH-05, DAIHAN
Scientific Co Ltd., Korea) for four hours at 450 °C. After ignition, the samples were then placed
in a deccicator to allow it to room temperature and the weight of the ignited sample was taken.

Percentage of loss on ignition was calculated from the following calculation.

(%) = Loss of weight (g) <100

Loss on ignition
Oven dry weight (g)

The organic carbon in the plant samples were estimated from the 50% of ash free dry weight
(Allen, 1989).

3.9 Soil carbon estimation

3.9.1 Bulk density measurement

At first the steel cylinder of soil core was covered with foil paper and then it was placed in

trays to be oven dried at 105°C for 48 hours. After oven drying, the weight of the soil was

taken by an electric balance. A structured data sheet was prepared for the calculation of bulk

density. Then the following equation was used to calculate the bulk density.

Bulk density = Oven dry weight of the soil sample / Volume of the cylinder (g/m’)

— Oven dry weight of the soil sample / a?l (g/m’)

Here. r = radius of the cylinder (m), | = height of the cylinder (m) and & = constant

3.9.2 Percentage of organic matter (%OM) measurement

17




Loss on Ignition (LOI) method was used to determine the organic matter content (%OM) of a
soil sample. It does not involve the use of any chemicals, only the use of a muffle furnace. LOI
calculates %OM by comparing the weight of a sample before and after the soil has been
ignited. The difference in weight before and after ignition represents the amount of the OM that
was present in the sample. The subsample was taken for carbon analysis was put on the
porcelain crucibles samples can then be placed in trays to be oven dried at 105°C for 5 days.
Then the oven dried weight of the samples was measured. For LOI we used 24 porcelain
crucibles in a muffle furnace for 12 samples at a time. Then the sample was ignited with 500°C
within the muffle furnace. A structured data sheet (Appendix:) was made for the calculation of
% OM. Then the following equation developed by Bengtsson and Enell 1986, was used to
compute the % OM.

%OM = ((DW05°C — DWss °C)/DW 5°C) x100

Then, Soil carbon stock was calculated by using the equation given by Daniel et al. 2009 for
each plot.

Soil C (Mg/ha) = bulk density (g/ms) x soil depth interval (m) x % OC x 0.01 (Daniel et al.
2009)
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Chapter 4
Result and Discussion
4.1 Results:
4.1.1 Biodiversity

A total of 13 species (5 trees, 1 thomny herbs, 4 shrubs, 2 climbers, 1 palm) (source: Chaffey, D.
R. and Sandom, J. H. (1985)) and in the study site we found 4 species as tree (>4 cm), 9 as
saplings and 12 as seedlings. Trees, saplings, seedlings in 18 sampling plots were assessed into

multivariate approach. Other data including Diversity Indices, basal area, density, species
richness etc are given in Table 1

Table. 1: Diversity Index for tree

Species Name Shanmon index H'  Simpsom Index, D3 Margalef Index, Spp. Number of spp  plot coverage
Awicenrua officinalies 077 197 053 102 14
Kandelia candel - 3
Excoecana agallocha 2 1
Sormeratia apetala 177 16
Tot! 286

Table 2: Diversity Index Saplings

Species name Shannos index H'  Simpsos Index, Ds  Margalief Index, Spp. Number  of plot coverage
PP
Avicennia officinalies 163 419 150 73 14
Kadella candel ; ;
Dealbergis
Derris WMW 2 4
Excoecaria agaliocha 6l 3
ag
7 3
Heritiers fomes " :
Nypa fruticans . .
Sonnerasio apeials
Xylocarpus mecongensis | 1
touml= 209
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Table 3: Diversity Index Seedlings

species name Shamnon Index Simpson Index, Margalief Index, Number of spp.  Plol coverage
W Ds Spp.
Acanthus ilicifolhus 90 15
Amoora cucullata I 8
Awicennia officinalts 15 6
Kawide i comeeal 186 s18 1.94 2 2
Cenops decandra 48 2
Dalbergia spmosa | |
Dernis trifolata 9 3
Excoecana agallocha 30 A
Hennera fomes 15 3
Sarcolobus globasus | 1
Sornerauo apetaia 58 J
Aylocarpus mekongensise ! !
— %

4.1.2 Vegetation Structure:
The stand was mainly dominated by 2 tree species Sonneralia apetala and Avicennia officinalies.

Assessing the number 286 (100 m’ plot area) of trees, 209 (100 m’) of saplings, 291 (Im”) of

seelings, we have evaluated the percentage of plants distribution per hectare area in the study site
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Table. 4: Species counted and their percentage in per hectare area in the study site.

~ Total observed Spp. Family Percentage of Distribution (ha”)
Tree (%) Saplings (%) Seedlings (%)

1 Acanthus hicifolius Euphorbiaceac 3492 83 309278 35
2 Amoora cucullata Mecliaceae 37800 68
3 Avicennia officinalis Asclepiadaccae 3566 433566 51546 39
4 Ceriops decandra Acanthaceae 164948 45
5 Dalbergia spinasa Papilionaceae 28708 3436 42
6 Derris trifoliata Meliaceae 1531 10 30927 83
7  Excoecana agallocha Avicenniaceae 69 93006993 2918 66 103092 78
8 Hertiera fomes Papilionaceae 33493 51546 39
9 Kandeha candel Sterculiaceae 174 8251748 4785 6872 85
10  MNypa fruticans Sonncratiaceae 478 47 0
1l Sarcolobus globosus Rhizophoracese 0 3436 42
12 Sormeratio apetala Rhizophoraceac 6188 811189 86124 23367697
13 Xylocarpus mekongensise Palmae 4784 3436 43

Consolidated details of vegetation structure of a pioneer state of Sunderbans.

Table. 5: Tree

Relative Relative Importan

Mean Basal Area  Density Relative Frequency domimamce ce Value
Species name DBH (cm) (ml/ha) (stem/ha)  Demsity (%)  Frequemcy (%) (%) (%)
Avicenrua officinalies 8 82+ 001 3 46+ 004 566 67 3542 T8 41 18 17 50 3145
Kandelia candel 4 22+ 001 0039+ 001 2778 174 1667 ] ] 020 3159
Excoecarta agallocha 4 20+ 001 00152001 1111 694 556 204 008 124
Sonnerana apetala 14512001 1626+ 005 98313 6146 8389 4706 8223 6317
Total= 19774 1588 90 188 89
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Table. 6: Saplings

e

A— Yamiki . Relative  Density Relative
ensity (stem/ha) % Frequency %  Frequency %

Avicenma officinalies Avicenmiaceac 405 56 34 93 77778 3784
Rexitlioseaniel Rhzophoraceae 556 0478 555556 2703
Dolkérsia 410w Leguminosac 3333 2871 TR 5 405
Derns ryfoliata Leguminosae 17778 1531 2222 1081
Excoecana agallocha Euphorbiaceae 33889 2919 16 6667 8108
Herinera fomes Sterculiaceae 38 89 3349 16 6667 8108
Nypa fruticars palmae 5556 4785 277778 13.51
Somnerana apetala SONNCTANACERE 100 8612 222222 10 81
Xylocarpus mecongensis Meliaceae 556 0478 555556 2703
Table: 7: Seedlings

Species name Family Density (stem/ha) Relative Density Frequency % Relative Frequescy %
Acanthus thafolius Acanthaceae 500 3093 8313 30

Amoora cuculias Melaceae 6111 378 U 16

Awvicenma officinalis Avicenmaccae 8313 515 3313 12

Kandelia candel Rhizophoraceae 11 11 069 i 4

Ceriops decandra Rhizophoracese 266 67 16 49 1nn 4

Dafbergia spinosa Leguminosac 556 034 556 2

Derris trifoliata Legummnosae 50 jo9 1667 6

Excoecarta agallocha Euphorbuacese 166 67 1031 1667 o

Henttera fomes Sterculiaceae $31 516 16 67 6

Sarcolobus globosus Asclepiadacese 5 56 034 536 2

Sommeratio apetala sonneratiaceae 37778 23137 2778 10

Xvlocarpus mekongensise  Meliacese 556 B34 5 .

toml= 161667 mmn
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4.1.2.1 Importance Value Index

Mean values of relative density (RD), relative frequency (RF), relative dominance (R Do)
combinely represent the importance value index (IVI) of tree species in a stand. Here higher IVI

of Sonneratia apetala and Avicennia officinalies showed that its basal area, richness greater
than other spp. in the study site.

4.1.2.2 Species area curve:

Species-area curves for different plant strata were leveled at various m® scale (Fig.1, 2, 3). The
rate of climb of species area curve was nearly the same for trees, saplings and seedlings (0.4, 0.9

and 0.7 respectively) for the study site. It was almost saturated at the range 1100-1300 m” plot
area.

Fig. 2: Species area curve for tree

": b Area curve for tree
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Fig. 3: Species area curve for saplings
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Fig. 4: Species area curve for seedling

” Area curve for seedling

Species No.

n —&— Pioneer

Area (m2)

4.1.2.3 Saplings and Regeneration distribution:
In the survey we observed that the area is inundated by the regular tide, that’s why regeneration
and sapling coverage in the island was poorer than the mature stand of Sundarbans. Total 18
plots were selected for data collection in the study site. Maximum plots were dominated by tree
species. Marginal lands were covered by grass roots, seedlings saplings, climbers etc. Acanthus
ilicifollius was most aggressive species in the island. Sonneratio apetala, Ceriops decandra,
Excoecaria agallocha etc were mainly observed in regeneration plots. In the middle portion
regeneration was rare, was clayey ground, less light availability etc. Fig 4 and 5 show the

situation.
[

Saplings/ ha
~E¥EEEBRLE

Species Name

Fig. 5: Saplings coverage
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Fig. 6: Regenerations
4.1.3 AGB, BGB and Carbon Stock:

Here for estimation of AGB we had applied DBH of the dominant Spp. in the study area. Results
show that the AGB was 3 times higher than BGB at 50 cm depth in | hectare area. BGB was

estimated by the total volume of different roots below the ground in 50 cm’ plot size. AG carbon
and BG carbon both are the 50% of AGB and BGB respectively.

Table. 8: Above Ground Biomass

Biomass (Uha) Density
067
Avicennia officinalies 1653
0334

Excoecaria agallocha 004
0557

Kandelia candel 0l
057

Sonneratia apetala 81.86
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Table. 9: Carbon pool

Carbon POOI

Above Ground (standing tree)

49 26
Root Biomass 6
)
ol 13202
Total

Results showed that Philippines and mature Sundarbans forest stands contain more above ground

biomass than below ground biomass except which was opposite to this study area

. Fig 5 is
showing the result

Biomass Comparison With Different Mangrove sites

Fig. 7: Biomass comparison with other sites
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Carbon in soil at Different Depth
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Fig 8: Carbon Storage at different depth

4.1.4 Nutrient contents:

4.1.4.1 Nutrients in plants
Leaf sample of both Avicennia officinalis and Sonneratio apetala contain more NPK than other
parts of the plants except phosphorus Avicennia officinalis stem contain more than leaf and
branch. Carbon content is always higher in stem than branch and lesser in leaf portion of plants.
Different roots contain more carbon but less NPK than grass roots.
Table. 10: Nitrogen, Phosphorus, Potassium and Carbon contents in different plant parts in a

pioneer stand in Sundarbans
Chemical Costents Nitrogen (mg/g) Phosphorus (mg/g) Ee—(ay/s) | Carhou (%)
In Plant Parts
Sonneratia apetala | Leaf 272420 957942 19 681412 4379423
Branch 045212 43 1641 05 409416 47.65+.10
Stem 5 TR41E-19 24 5642 30 2024406 4930429
Avicennia officinalis | 1451 322402 1115741 60 596437 4415410
Branch 090402 103 5144 46 445212 4760+ 16
Stem 00554 01 114 7441 60 208+ 06 49 534 0001
Different Roots DR 0.008+01 624649 1154426 1724495
Eﬂ GR 0,044 03 87 3648 04 1263432 4343209
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4.1.4.2 Soil Nutrients:

trient contents in soil -
N;l e o :ere very negligible because of regular tidal flow across the land. In the
e we can see that car _
ta e igh On contents and nutrient contents extend from lower depth higher (5cm
cm) an 1 am 2
N - ount in 40 cm. But 50 cm depth shows lower amount than 40 cm but

i an others. : .
higoer . . ’ TS Surface soil carbon is in very low amount. That means nutrients and carbon
contents richness in 40 cm depth.

Table 10: Soil Carbon at 5, 10, 40 and 50 cm depth in two soil pits

SOIL SAMPLE Phosphorss (mg/g)  Nitrogen (mg/g) Potamium (mg/p) Carbon (%)
Soil Core S cm 1038+ 192 005 007 066+ 04 28 534243
S0il Core 10 cm 1029+ 186 005+ 01 056 01 2793 + 88
Soil Core 40 cm 12+ 42 004+ 02 070+ 03 15219982
Soil Core 50 cm 1154+ 69 001 £ 006 041 01 51.11+£326

4.2 Discussion

In this study, the ABC carbon stock in a pioneer stand was 49.26 t/ha and BGC (root & soil)
was 150.09 t/ha where total AGB and BGB is double in amount. Only dominated tree species

GB measurement, this amount indicates the huge potentiality for future

were used for Al
development stand. Though for pioneer stand less research has done, but comparing with the
darbans islands species diversity is poor

mature stand like Philippines or other part of the Sun .
here and species diversity in our study site was for tree 0.77, saplings 1.63, and seedlings 1.86
when in Philippines 0.99 and total AGB is 56120t ha”. Total carbon stock 266.47 t/ha in soil

only in our island when :n Philippines 173.75 tha carbon stock.
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Chapter 5
Conclusion

This study had found that variety of species types and structures, with different dominant .species
exist in the island. The species composition and prevailing conditions of biodiversity and
biomass indicates an evolving or expanding forest that seem conducive to sustain a mature forest
ultimately. The mangrove forests are under immense pressure from clear cutt'mg, Iand-u:de
change, hydrological alterations, chemical spill and climate change. The information generat

. . ® r
from this study will serve as a baseline and offers an interesting array of attributes for furthe

research.

29



References
Allen, S.E. 1974. Chemical analysis of ecologi .
Oxford, ogical materials. Blackwell Scientific publication,

illon S. M., F i :
Bouillon rankignoulle F., Dehairs B., Velimirov A., Eiler H., Etcheber G., Borges A.V.

2003. Inorgani . )
e Pinduc and organic carbon biogeochemistry in the Gautami Godavari estuary
(An esh, India) during premonsoon: the local impact of extensive mangrove
forests.

Basu R. 2013. Constraints of Biodiversity Conservation in the Fragile Ecosystems: The Case of
Sundarban Region in Ganga Delta of India. The SLJ Transactions on Advances in Space

Research & Earth Exploration (ASREE), Vol. 1, No. 1.

Daniel B. 2010. The Copenhagen Climate Change Conference: A Postmortem. The American
Journal of International Law 104 (2): 230-240.

Dash S. S. and Misra M. K. 2001. Studies of hill agro-ecosystems of three tribal villages on the
Eastern Ghats of Orissa, India. Agriculture, Ecosystem and Environment 86: 287-302.

Donato, D., Kauffman, D., Murdiyarso, S., Kurnianto, M., Stidham, Kanninen M. 2011.

Mangroves among the most carbon-rich forests in the tropics. Nature Geosciences 4:

293-297.

Fernandes E. C. M. and Nair P. K. R. 1986. An Evaluation of the Structure and Function of

Tropical Homegardens. Agricultural Systems 21:279-310.

Fromard, F., Puig H. Mougin E., Masty G., Betoulle J. L., Cadamuro L., 1998. Structure,

aboveground biomass and dynamics of mangrove ecosystems: new data from French

Guiana. Oecologia 115: 39-53.

[UCN, 2009. Union for Consery. of Nat. Natur. Resource 2(1), 1-28.

1993. Traditional homegardens of Kerala: A sustainable human

Jose D. and Shanmugaratnam N-
24: 203-213.

ecosystem. Agroforestry Systems

ure, species diversity, and aboveground

Joshi H. G. & Ghose M. 2014. Community struct

30



piomass of the Sundarbans mangrove swamps. Tropical Ecology 55(3): 283-303

ganninen M., g/lu;d;lyars: D., Seymour F., Angelsen A., Wunder S., German L. 2000. Do Trees
Grow On Money? T ey
y? The Implications Of Deforestration Research For Policies To Promote
REDD. CIFOR, Bogor.

Kauffman, J. B. 2011. Ecosystem C pools of micronesian mangrove forests: implications of
land use and climate change. Wetlands 31: 343- 352.

Kauffman, J.B., Sanford, R.L., Cummings, D.L., Sampaio, E. V. S. B., Salcedo, I. H. 1993.
Biomass and nutrient dynamics associated with slash fires in neotropical dry forests.
Ecology 74: 140-151.

Kauffman, J.B., Cummings, D.L., Ward, D. E., Babbitt, R. 1995. Fire in the Brazilian Amazon:
Biomass, nutrient pools, and losses in slashed primary forests. Oecologia 104: 397-408.

Komiyama, A., Poungparn, S., Kato, S., 2005. Common allometric equations for estimating the
tree weight of mangroves. Journal of Tropical Ecology, 21: 471.

Kristensen, E., Bouillon, S., Dittmar, T., Marchand, C. 2008. Organic carbon dynamics in
mangrove ecosystems: A review. Aquatic Botany 89: 201-219.

Laffoley D. and Grimsditch G. 2009. The management of natural coastal carbon sinks.

International Union for Conservation of Nature and Natural Resources (ITUCN).

Landaver K. and Brazil M. 1990. Tropical Homegardens, United Nations University Press.
Tokyo, Japan.

Lugo, A. E., Snedaker, S. C. 1974. The ecology of mangroves. Annual Review of Ecological

System 5: 39-64. ‘
Mahmood, H. 2013. Carbon pools and fluxes in Bruguiera parviflora dominated naturall

growing mangrove forest of Peninsular Malaysia. Wetland Ecology and Management.

DOI 10.1007/s11273-013-931 8-2

NaLZl"‘HS]Hm, A. K. M. 1995. Ecological conditions and s
logy of Salt Tolerant Plants. Book Grafters,

pecies diversity in Sundarbans

mangrove forest community, Bangladesh. Bio

Michigan, USA.294-305.

Ong J.E. 1993, Mangrove: A Carbon source and sink, Chemosphere, 27(6), 1097-1107.

31




, WK, _

ng, J.E-» GOnE Wong, C.H. 1984. Seven Years of Productivity Studies in a Malaysian
Managed Mangrove Forest, then What? In: Bardsley, K.N., Davie, J.D. S., Woodroffe,
C.D., (Eds.), Coastal and Tidal Wetlands of the Australian Monsoon Region. Australian
National University, Australia, pp. 213-223,

pail V- Singh A., Naik N., Seema U., Sawant B. 2012. Carbon sequestration in mangroves

0

ecosystems. Journal of Environmental Research and Development Vol. 7 No. lA.

paul P. 2013. Mangrove forests protect world from affects of climate change.

Reef, R., Feller, 1. C. & Lovelock, C. E. 2010. Nutrition of mangroves. Tree Physiology 30:
1148-1160.

Santanu, R. 2008. Comparative study of virgin and reclaimed islands of Sundarban mangrove
ecosystem through network analysis. Ecological Modelling Laboratory, Department of
Zoology, Visva-Bharati University, Santiniketan 731235, India.

Snedaker, S. C. 1978. Mangroves - their value and perpetuation. Nature and Resources 14:6-

Spalding M.D., Blasco F., Field C.D. 1997. World mangrove atlas Okinawa, Japan,

13.

International Society for Mangrove Ecosystems (ISME).
Tateda Y. 2005. Estimation of CO2 Sequestration Rate by Mangrove Ecosystem,
bli cat ions/ annual/2005/05juten]0. pdf.

htip:// cri epi .

denken.or jp/ en/pu

Tomlinson P.B. 1986. The Botany of Mangroves, Cambridge, UK. Cambridge University Press,

3-10.

Torquebiau E. 1992. Are tropical agroforestry homegarden sustainable? Agriculture, Ecosystem

and Environment 41: 189-207.

artment of Agriculture), 2008. Field instructions for the annual

USDA (United States Dep
Oregon and washington. USDA Forest Service, Forest Inventory

inventory of California,
ram, PNW Research Station.

and Analysis Prog
2013. Biodiversity and biomass of a natural and

Zhila, H., Mahmood, H., Rozainah, M.Z.

degraded mangrove forest of Peninsul

10.1007/s1 2665—013-2853-6.

ar Malaysia. Environ Earth Sci, DOI

32




