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Abstract

Chlorophyll is the green molecule in plant cells that carries out the bulk of energy fixation in the
process of photosynthesis. It is actually not a single molecule but a family of related molecule. It
is basically two types, named chlorophyll a and chlorophyll b. Each form of chlorophyll absorbs
slightly different wavelengths of light. Extraction of chlorophyll is not so easy. There are
different methods using for the extraction of chlorophyll such as using acetone, ethanol, DMF,

DMSO and so on. Among them Using DMSO has been successfully used for its different
advantages.

vil



TABLE OF CONTENTS
CHAPTER.1

o-..oc..---.--.-!.i.o...o-.u.-l!.!o

. ssessese 1
A LI LT T Y Y YT Y Y Y Y *e - sesnssndee

1. INTRODUCTION

hadd L LILT T T YT e

. savesssse s 1
A L LI LTI T LI T YT T Y Y Y P Y P ey Lidddd

1.1 BACKGROUND OF THE STUDY
1.2 OBJECTIVES OF THE STUDY

CHAPTER.Z bbbl d e d LI LTI TR T T T T YTy P

2. LITERATURE REVIEW

.-0.-3
AL LI IR I T T YT T . .

2.1. GENERAL DESCRIPTION OF CHLOROPHYLL
2.2 HISTORY OF CHLOROPHYLL

.........................................
................................................

...................................
...........................................................

CI—IAPTER 3 0000000000000 0000000080000008000000080000000 .

3. DESCRIPTION OF THE METHODS USED FOR CHLOROPHYLL
7
DETERMINATION........... . s

3 | DIFFERENT METHODS USING FOR CHLOROPHYLL DETERMINATION .....cccoivveriinieeeieaneeeeenees 7

ssese .n--.u----------...a.........'...-...‘.‘1 1
CHAPTER.4 50000000000800000888 (1Y)

= ssee ssses iiiee ..'.-....'11
4. MATERIALS AND METHOD ..ccceeeenerene

................................................................. 11
4 1 SAMPLE COLLECTION ...ooiiiimmmminmninimnissssssienenee

PYYITI e eI IL XL L LI LA AL L AL L] (TY1] sesens ...13
CHAPTER.5ccceeeeeee . vesones

5. RESULT DISCUSSION ceouuuccctsnnes

13

vili



CHAPTERG.......... , O [

6. CONCLUSION . " 16
CHAPTER7............ S s oesessssssssssssssasassassasene 17
7. RECOMMENDATION reeessesssemestsesasesemeeeasseasssasosassassamses 17
CHAPTERS........ . _ 18
REFERNCES: ....... 18




Chapter.1

1. Introduction

1.1 Background of the study

C-hlorophylls are broadly distributed in green fruits and vegetables as the primary photosynthetic
plgment.s, and are responsible for the color of green plants. In nature, chlorophyll a and b
predominate in higher plants, and the ratio of chlorophyll a to chlorophyll b in the chloroplast is
3:1. Structurally, chlorophylls are composed of a por-phyrin ring substituted with a centrally
bound magnesium(Mg2+)atom and a highly hydrophobic esterified phytol tail (C2OHag).. The
structural deference between chlorophylls a and b is that chlorophyll a has a -CH3 group on C7,
whereas chlorophyll b has a -CHO group (Von Elbe & Schwartz, 1996; Ferruzzi& Blakeslee,
2007). Chlorophyll is the most important organic molecules for photosynthesis, which allows
plants to absorb solar radiation and transfer the light energy to the reaction centre of the photo
systems. Meanwhile chlorophyll concentration is a kind of indicator of photosynthetic capacity,
nutritional stress, developmental stage and productivity (Yang et al., 2010; Moran et al., 2000).
According to previous studies, spectroscopy analysis technology has been used to estimate the
chlorophyll concentration of leaves not only in the laboratory but also in the field (Casa et al,
2015; Vincini et al., 2014; Jin et al., 2014).

Mangrove plants are well known for their productivity and faster carbon sequestration than any
other tropical forests. They are inherently plastic and can change their structure at the root, leaf
and stand levels in response to salinity in order to exclude salt from the xylem stream, maintain
leaf hydraulic conductance, avoid cavitation and regulate water loss (e.g. suberization of roots
and alterations of leaf size, succulence and angle, hydraulic anatomy and biomass partitioning).
Although mangrove tree species generally prefer exposed habitats, there are considerable
differences in light requirement among species during the course of forest succession (Putz and
Chan 1986, Tanouchi et al 2000). Chlorophyll is a principal pigment in plants. In converting light
energy to chemical energy , it allows photosynthesis, i.¢., light-induced carbon fixation (primary
production) to take place. Chlorophyll content varies within a species and among the species
coupled with other environmental factors. The mangrove plants of the Sundarbans are least
explored. Laboratory extraction of chlorophyll from mangrove plants is not available which

could otherwise been helpful to identify productive efficiency of a particular species and

subsequently the ecosystem quantitatively.



1.2 Objectives of the study

» Toreview different literature about chlorophyll extraction methods.

; i i ; rugniera
» To extract chlorophyll from Heriiera Jomes, Excoecaria agallocha, Brug
sexangula.



Chapter.2

2. Literature Review

2.1. General description of chlorophyll

Chlorophyll is a green compound found in leave
assumed that chlorophyll was a sin

that chlorophyll was a mixture. If

s and green stems of plants. Initially, it was
gle compound but in 1864 Stokes showed by spectroscopy

; dried leaves are powdered and digested with ethanol, after
.concent.ratlon of the solvent, ‘crystalline' chlorophyll is obtained, but if ether or aqueous acetone
is used instead of ethanol, the product is "amorphous' chlorophyll.(Smith,E.L,1941)

The word chlqrophyll first used in 1819.The noun chlorophyll derives from the Greek words
khloros meaning "pale green" and phyllon meaning "a leaf." Plants use chlorophyll to trap
energy from the sun. Without this energy, plants would be unable to initiate the process of

photosynthesis, which converts water and carbon dioxide into starches that plants can use for
food.

Chlorophyll is a light-absorbing pigment. It absorbs blue and red wavelengths of light and for

this reason it gets its green color. The green wavelengths are reflected, giving that unmistakable
color to plants.

Chlorophyll molecules are contained inside chloroplast which is the food producers of the cell
found in all green parts of a plant. Inside the chloroplasts there are thylakoid membranes, which
contain photo systems. Photo systems are made of a group of light-harvesting complexes, which
is just a fancy term for pigment molecules and proteins. The chlorophyll molecules are arranged
in and around the photo systems, and this allows them to transfer the light energy into the center
of the photo system.

There is an interesting fact about chlorophyll is that its molecular structure is similar to
hemoglobin, which is a critical part of human blood. The only exception is their central atom
which is iron for hemoglobin and magnesium for chlorophyll. Due to this unique quality, liquid
chlorophyll performs the same function in the body as the hemoglobin.(Hardison, R.C.,1996)

2.2 History of chlorophyll

» Chlorophyll was first isolated and named by Joseph BienaimeCaventou and Pierre Joseph
Pelletier in 1817.

» The presence of magnesium in chlorophyll was discovered in 1906, and was the first time
that magnesium had been detected in living tissue.

A

After initial work done by German chemist Richard Willstatter spanning from 1905 to
19135, the general structure of chlorophyll a was elucidated by Hans Fischer in 1940



» 1960, when most of the stereochemistry of “chlorophyll a” was known, Robert Burns
Woodward published a total synthesis of the molecule.

» In 1967, the last remainin

g stereachemical elucidation was completed by Ian Flemingand
1

n 1990 Woodward and co-authors published an updated synthesis

2.3 Functions of chlorophyll
*  Chlorophyll in the Biosynthesis of Sugars

Plants use both forms of chlorophyll to collect the energy from light. Chlorophyll is concentrated
in the thylakoid membranes of chloroplasts. Chloroplasts are the organelles in
which photosynthesis takes place. The thylakoids are small sacs of membrane, stacked on top of
each other. Embedded in these membranes are a variety of proteins that surround chlorophyll.
These proteins work together to transfer the energy from light, through chlorophyll, and into the
bonds of ATP - the energy transferring molecule of cells. ATP can then be used in the Calvin
cycle or dark cycle, to create sugars.

The series of proteins that transfer energy from light and channel it into the synthesis of sugars
are known as photosystems. The entire process, both light and dark cycles together, is known as
photosynthesis, and occurs in plants, algae, and some bacteria. These organisms take in carbon
dioxide, water and sunlight to produce glucose. They can use this glucose .In the process of

cellular respiration to create ATP or they can combine the glucose into more complex molecules
to be stored.(Wolff, et.al, 1960).

=  Chlorophyll in the production of oxygen

A by-product of photosynthesis 1s oxygen. Plants can use this oxygen in cellular respiration, but
they also release excess oxygen into the air. This oxygen allows many non-plants to undergo
respiration as well, thereby supporting life on Earth. The oxygen is produced in the first part of
the light cycle of photosynthesis. Plants split water molecules to produce electrons, hydrogen
ions, and diatomic oxygen. The electrons supply the electron transport chain that drives ATP
production. The oxygen is released into the air. In this way, all the oxygen we breathe is
produced.

2.4 Types of chlorophyll

There are actually 2 main types of chlorophyll, named

I.  Chlorophyll A
II.  Chlorophyll B



Chlorophyll A

e greell pigment which is responsible for the absorption of light, providing energy for
OXxygenic PbOIOSynthesis is called chlorophyll A. It is found in all plants, green algae, and
C}fﬁ"‘)bac‘e“a; In chlorophyll A, the most effectively absorbing wavelengths of the spectrum are
429 nm and 659 nm, which are responsible for violet-blue and orange-red colors, respectively.
Chlorophyll A reflects blue-green color, which is responsible for the green color of most of the
]a:?d plants. Chlorophyll A is the most important pigment in photosynthesis, which serves as the
primary electron donor in the electron transport chain of photosynthesis. On the other hand, it
transfers the light energy trapped in the antenna complex into the photo systems P680 and P700,
where the specific chlorophylls are present in the thylakoid membrane of the chloroplast.
Chlorophyll A consists of a chlorine ring, where four nitrogen atoms surround a magnesium ion.
Several side chains and hydrocarbon tails are also attached to the chlorine ring. The C-7 position
of the chlorine ring is attached to a methyl group in chlorophyll A.

Chlorophyll B

The green pigment which is responsible for collecting light energy and passing into chlorophyll
A during photosynthesis is Chlorophyll B. It is found in plants and green algae. In chlorophyll B
most effectively absorbing wavelengths of spectrum are 455nm and 642nm which are
responsible for violate and red colors respectively. Chlorophyll B reflects a yellow green color.
In land plants most of chlorophyll B is found light trapping antenna in photo system p-680.The
structure of chlorophyll B is mostly similar to Chlorophyll A.

2.5 Benefits of chlorophyll

Because of chlorophyll, all life on Earth is possible. The first benefit of chlorophyll is sugar,
produced through the process of ATP which is driven by chlorophyll. Plants, as primary
producers, produce the basis of the food chain. All other organisms in the food chain rely on the
sugars plants create to sustain life. While the top predators in a food chain may never eat a single
plant, they most certainly eat herbivores. These herbivores only eat plants, and grow and create
muscle by digesting and utilizing plant nutrients. The accumulation of these nutrients in nature
would not be possible without chlorophyll. The second benefit realized by all organisms is
oxygen. While chlorophyll does not produce oxygen directly, chlorophyll and the complex of
proteins it is associated with transfer electrons to molecules like ATP and NADPH, which can
hold energy in bonds. The need for electrons to drive this process causes water molecules to be
split, creating oxygen. This oxygen is released into the atmosphere. Plants, algae, and
cyanobacteria, produce all of the oxygen in the atmosphere. All other animals, and most plants,

need this oxygen to survive.



2.6 Uses of Chlorophyil
* Chlorophy

o Ilis vital to the survival of both the plants and animal kingdoms due to its
critica

“h ght. harvesting” role in photosynthesis.
Chlorophyll is used as a coloring agent due to its selective absorbance of light of certain
wavelengths and consequent green color.(Hosikian, et al 2010)

®* The derivatives of chlorophyll are also used widely in pharmaceutical products.

Since chlorophyll stimulates tissue growth, it prevents the advancement of bacteria and speeds
i the‘ wound healing process. Chlorophyll is similar in chemical structure to hemoglobin and, as
such, 1s predicted to stimulate tissye growth in a similar fashion through the facilitation of a rapid
carbon dioxide and oxygen interchange. Because of this property, chlorophyll is used not only in
the treatment of ulcers and oral sepsis but also in proctology.(Chow, H.C, Serlin. R, 1975).

2.7 Susceptibility of Chlorophyll

Stability of chlorophyll depends on storage and processing conditions such as PH, temperature,
Oxygen, metals and enzymes. Depending on the conditions, there could be changes in molecular
structure of chlorophyll causing discoloration that is an indicator of low quality.

2.7.1 Temperature

Chlorophyll is susceptible to heat treatment which causes some structural changes. Mild heat
treatment result with the formation of chlorophyll isomers. Increased temperature or long periods
of heat treatments result in the formation of pyroderivatives of chlorophyll. High temperature in
a short time might be an effective approach to preserve chlorophyll.

2.7.2pH

Chlorophyll is susceptible to low pH conditions. Chlorophyll degradation with the acidic
conditions is the result of degradation of chlorophyll to pheophytin. This reaction is called
pheophytinization.(Yilmaz C, Gokmen V, 2016)



Chapter 3

3. Description of the methods used for chlorophyll determination

’?;;rl:;frfee:;?frflt Methods usin_g for chlorophyll Determination
erent methods which are used for the extraction and determination of chlorophyll
from leaf. Some of them are described bellow

Method No: 1 Using Acetone

Sz;mples Sh.OUId be Collfacted on the day of lab, kept out of bright light, and refrigerated until just
%)e ore coming t(.) lab. _Flltered samples for chlorophy!l analysis may be stored up to a few weeks
if they are kept indesiccators and frozen. The following procedures should be conducted in dim

light.

>

v

Y VY VY

v

YV YV

After shaking the sample, measure out 50 ml in a graduated cylinder and place in a small
plastic bottle. Preserve with Lugol's solution. Pour the sample into one of the settling
chambers provided. This sample can be used later for identifying algal species.

Assemble the filtering apparatus using a Whatman GF/C filter. Shake raw water sample
and quickly pour at least 50ml into a graduated cylinder. Note volume, and then pour into
the filtering apparatus. Filter at low suction pressure. More sample can be added as long
as the final volume filtered is recorded (the entire sample should be filtered if the filter

t clog first). While there is still about 5 ml of water left in the filter tower,

paper does no
filter evenly and that shake

add 10 ml of MgCOs suspension. Make sure that cover the

the suspension immediately before use.
If sample is to be analyzed later, carefully fold filter in half and place in pre-cut foil

labeled with: date, lake, depth, volume filtered. Place foil in container filled with

desiccant in freezer.
Acetone should be used only under a fume hood.
Remove the filter containing the algae sample and place in a cold tissue grinder tube.

Add 4-5 ml of 90% alkaline acetone (keep acetone on ice).

Grind the sample filter vigorously for approximately 30 seconds while keeping the tube
on ice. Then rearrange the filter if it has been compressed to the bottom of the tube.
Grind sample for another 30 seconds. Dump contents of grinding tube into a 15ml

graduated centrifuge tube.
Rinse pestle and grinding tube with 90% acetone into the graduated centrifuge tube.

Centrifuge tube for 15 minutes at medium speed.

Record volume of extract in the centrifuge tube.
Fill cuvette with extract and read absorbance at 750 (turbidity blank), 665,663, 645, and

630 nmon a spectrophotometer.



Use acetone as g reference.

Add 25 pul of 2N HCl to the extract, mix thoroughly and wait at least 1 minute.
Reread absorbance at the previous wavelengths.

Rinse out cuvette with acetone and shake dry prior to use with the next sample.

Method No: 2 Using Ethanol

>
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v Vv
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Aﬂer- shaking the sample, measure out 50 ml in a graduated cylinder and place in a small
plastic bottle, ?reserve with Lugol's solution. Pour the sample into one of the settling
chambers provided. This sample can be used later for identifying algal species.

Assemble the filtering apparatus using a Whatman GF/C filter. Shake raw water sample
and quickly pour at least 50ml into a graduated cylinder. Note volume, and then pour into
the filtering apparatus. Filter at low suction pressure. More sample can be added as long
as the final volume filtered is recorded (the entire sample should be filtered if the filter
paper does not clog first). While there is still about 5 ml of water left in the filter tower,
add 10 ml of MgCO; suspension. Make sure that cover the filter evenly and that shake
the suspension immediately before use

If sample is to be analzyed later, carefully fold filter in half and place in pre-cut foil
labeled with: date, lake, depth, volume filtered. Place foil in container filled with
desiccant in freezer.

Remove the filter and place it in a test tube with 15 ml 90% ethanol.

Carefully heat the tube in a water bath (a beaker on a hot plate) to boiling (78 degree C).
Allow to boil for 1 - 2 minutes.

Place a rubber stopper lid into the test tube and thoroughly mix the contents of the tube
on a vortex mixer.

Remove the filter and centrifuge the sample at half speed for 5 minutes and transfer about
10 ml of the supernatant to the spectrophotometer cuvette.

Zero the spectrophotometer using 90% EaOH at 665 nm, then read the transmittance of
the sample at 665 nm (Eb665) and 750 nm (Eb750). The measurement at 750 nm is a
correction for turbidity.

Acidify the sample by adding 0.1 ml of 2N HCI (or 0.01 ml of 4N HCI per ml of extract)
directly to the cuvette. Mix well, and after 5 minutes read the transmittance at 665 nm
(Ea665) and 750 nm (Ea750).

Using the same procedure, acidify a cuvette of 90% EtOH to see if the blank must be
corrected.(Wellburn, A. R, 1994)



Method No: 3Using Dimethylformamaid (DMF)

DMF is toxic and messy. We should wear rubber gloves and work under a fume hood.

> Aftelf shaking the sample, measure out 50 ml in a graduated cylinder and place in a small
plastic bottle. Preserve with Ly

gol's solution. Pour the sample into one of the settling

chambers provided. This sample can be used later for identifying algal species.
» Assemble the filtering apparatus using a Whatman GF/C filter. Shake raw water sample

and quickly pour at least S0ml into a graduated cylinder. Note volume, and then pour into
the filtering apparatus. Filter at low suction pressure. More sample can be added as long
as the final volume filtered is recorded (the entire sample should be filtered if the filter
paper does not clog first). While there is still about 5 ml of water left in the filter tower,
add 10 ml of MgCO, suspension. Make sure that cover the filter evenly and that shake
the suspension before use. If sample is to be analyzed later, carefully fold filter in half
and place in pre-cut foil labeled with: date, lake, depth, volume filtered. Place foil in
container filled with desiccant in freezer.
Fold filter and place in a small amber vial with 7 ml of DMF. Make sure filter is
submerged in solvent.
Place in freezer for at least 12 hours

Heat vials in degree C water bath for 15 minutes. Allow vials to cool before handling.
Gently shake samples for 15-20 seconds. Pour contents of vial into a graduated centrifuge
tube. Rinse filter inside vial and inside vial walls with DMF. Shake for 5 seconds. Pour
into centrifuge tube. Repeat rinse.

Record centrifuge tube volume and then centrifuge for 10 minutes at medium speed.

Pour contents of tube into a cuvette and read on spectrophotometer or fluorometer.

Add one drop of 10% HCI to the cuvette, mix and read again.

Dispose of DMF waste in a labeled container.(Suzuki, R & Ishimaru T, 1990)

v

Y ¥V V¥

Y Y
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Calculations
Convert all transmittance to absorbance, to be used in the following equations:

« kChla pg/l =29.6[(Eb66S - Eb750) - (Ea665 - Ea750)] * ev/(V * P)
« Phacophytin = (20.8 * Ea665 * ¢v/V) - Chla

Where,

Ea= absorbance, acidified

Eb = absorbance, base ' o

ev = volume of alcohol used in extraction, in ml
V = volume of filtered sample, in liters



. == tl .
P = path length (Note that this test assumes use of a 1 cm path length)
Method No 4:Using DMSO

pMSO 1s a hazardous substance. Before handling, ensure nitrile gloves lab coat and safety
glzfsses Al worn. All WOﬂf with DMSO must take place under a fume h,ood as DMSO is an
imitant if l_“he_ll?d' DMSO is a C1 combustible liquid. It should not be used (,)r stored near any
source of ignition and should be stored well away from oxidising agents DMSO is not a
dangerous good. ‘

» Add 1.0 mL DMSO to cach Eppendorf containing maccrated leaf.

» Place 'eppendorf tube into matrix mill and mix. Extract at 30 Hz for 2 minutes.
» Centrifuge and remove supernatant.

%» Add 1.0 mL of DMSO to pellet and re-extract.

» Centrifuge, remove supernatant and add to other 1.0 mL

Determination by using spectrophotometer

f pure DMSO.

» Calibrate at zero absorptance using a blank o
645 and 663 nm no longer than 20 minutes

» Measure absorbance of blank and samples at
after extraction procedure completed.

e absorbance of this blank will be

A blank of pure DMSO will be included in each run. Th
before any calculations have been made.

subtracted from the absorbance readings of each sample
(Arnon DI, 1949 Hiscox JD, Israelstam,GF, 1979, Richardson AD, et al, 2002).

Calculations
g amounts of chlorophyll. Among them

alculatin
n 90% acetone were proven

f chlorophyll extracted 1
entical to chlorophy

different equations forc
uations for calculation 0
am (1979) to be virtually id

There are a lot of
Amon’s (1949) eq
by Hiscox&Israelst

I extracted in DMSO.

949) equations are as follows.

Amon’s (1
Chla (g I-1) = 0.0127 A663 - 0.00269 AG45
Chlb (g 1-1) = 0.0029 A663 —
00202 A663 + 0.0080

0.00468 A645

645
Total Chl (g I-1) = 24

10






Chemical:

traction of

since the mid-1800s. From abou -

t the mid- . ;
nflammatory agent mid-20th century, researchers have explored its use as an anti-
[nstrument:

fonction of Wayck: 1) flection or transmission properties of a material as a
Method
» Atfirst In laboratory we pre — heated the water bath at 65°C ;
» Then we take 7 ml of DMSO in a glass vials and put into the preheated water of water
bath for 5 minutes.
»

Then we take three disks from each leaf sample, weight them and put them into the glass
vials.
» After the extractions, sample was removed from the water bath and then topped to 10 ml.

» Then the spectrophotometer was calibrated to zero absorbance using a blank of pure
DMSO. :

> Then we measured the absorbance of both blank and sample at 645 and 663 nm
wavelengths.

&

Frig' Jxtracted chlorophyll

12



Time 18 at(c)n’lil::l trta.clztor Quring chlorophyll extraction and it may vary with species. SO, it is
pecessary 10 g : ail to different time for extraction. There were three species and six treatment
from every Species.

For the proper measurement and result the glass vials were washed and dried before using.

Chapter.5
5. Result Discussion

Total chlorophyll for H.fomes, E.agallocha and B sexangula were found as 0.01 3573 ghl,
0.009651 gl/l and 0.01043 gl/l respectively. (Table 1). Among these three species, H.fomes has
the highest amount of total chlorophyll and the lowest amount was found for E.agallocha. There
was significant variation of total chlorophyll among the species (Table 2 and Table 3, Fig-1).
H.fomes is a shade tolerant species. As it is a climax species of Sundarban. So, the amount of

chlorophyll is higher than other two species.

Table-1: Chlorophyll content in the leaves of H.fomes,E.agallocha,B. sexangula

' Chla(gl-1) Chib(g1)  Total Chi(gl-1)
513?2',,‘3; 0009931 0003645 0.013573
Ta‘:?gc;l_[ocha 0.007122 0.002306 0.009651
o 0.002531 001043 B

13






Table 2 : Vanance Comparisong
- ==
| Sour<‘:e Lk Adj S8 Adj MS F-value P-value |
- DpeCies |2 0.000022__ | 0.000011
Chl-a BT 14 0.00004 | 0000003 | 3.81 0.048
| Towl 116  Toooo0o62z | | |
| Species |2 10000005 {0.000003 | | ]
| Chl-b Emor |14 10000003 |0 “[i201 | 0.001
. |Toal 116 looooooy | | B
| Species | 2 0.000046 | 0.000023
| Total il | Brror 14 0.000061 | 0.000004 | 5.23 0.02
| Total 16 0.000107
Table 3: Tukey Pairwise Comparisons
| Species N Mean Grouping
| H fomes 5 0.009931 A
Chl-a B.sexangula 6 0.008131 A |B
E.agallocha 6 0.007122 B
H.fomes 5 0.003645 A
Chl-b B.sexangula 6 0.002531 1B
E.agallocha 6 0.002306 B
H.fomes 5 0.013573 A
Total chl B.sexangula 6 gg(])gé:;] A Fg
E.agallocha 6 :
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6. Conclusion

The average amount of ch
species of Mangrove. This
speCieS.
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IS greater than chj

-b. Amon
g the three species Sundri is a chmax
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