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Ahstract

Sandalwond (Santalum qlbien L) 05 o @ignificant ffagrant tree species that 13
rapidly degrading dus o habiat frogmentarion and kuman activities. T address
his {ssue, maoss propagation and plantafion grograms dre uwgenily reguived. The
current siudy aimed &g Incyease germinanon percenioge and growrh performance
af' & album through seed pre-sowing ireatments and hodt planis, Five pre-towing
treaimenis were used, P seeds sooked fn top waier for 12, 24, 36, and 48 hours,
and @ control (1 howurl groug. Sesdlings were sown with five differeni Rast planis to
determive the growth performance of 8. album. Rewulrs showed thar the highest
germinafion perceniage (720%) was found (n seeds soaked in jap worer for 36
howrs., followed by 28 24, 12 howrs, and the contol group, respectively.
Fre-vowing  meatments  actelerated  gerntination  period and  germination
perceniage. The maximian height growrk and diameter at breasr height of 8 album
were &, 70 and 8 .0cm, respectively, in association of Mimusops elengi and Vilex
regumds ar six and @ half vears old, followed by Casuaring eguisetfolia and
Crfanus cajan; Allizia tebibeck and C equisetifolfa; and 4. lebibeck and C. cafan,
The minin height growih and diameter al breast height of 5. album were 3, 0m
ond &.30cw, respecrively, in ossocienon af O eguincrifolia. The study
demonyivaled thal germination percentage and growth of 5 album were
significarly infhicnced by pre-sowing freatmenis and host plams (P=0.05).
Thergfore. the vesults suggest that seeds soaked in tap warer for 36 hours and the
asgaciation of M. elengi and V- onegundo are the best (echrigues jor higher
germination and growth of 8. album, respectively, These findings will be helpfidl for
iurss plamation programs of S, album in Bawglagesh.

AT

AT (Santalum albyn) GET FERENT SEETT JF SEE T T TG@E SR
b G TR I S TR T | 3 T WA ST ST SfaRe
ST Brate | EAT WelE | ou BST ey @ T o 1ed My BRoE o
TEHTT U (Host plani) ST TG00 C{SEROR SEOATY 8 3T 9 §EE 49
FEYT TN e T A 32, 28, wh G S T B0 NErE S
et e aa ofB BT (o WO abT TET W IR0E | CYeYHE W AT e
ST o T T ST BT T TR AT ol U BN e ey v S
S ST T (%) AT o, S BT IuRY 8y, 38, 32 o uar Ry
4ot | AHITE B T 9T Mimusons afm%ﬁ'ﬂi} E9E Vitex megundo (RFPT) Teramot
A TE A BB AT T (DB BT s 8 d0 . 4700 T, wirem iy
Casuaring eguiserifolia (¥8) OF Cojames cajan (8571, Albizia lebbeck (F53)
T C equiseiifolia (1) 998A. lebbeck (V5E) 972 C. cajan (WE) -7 T35 | C
equiseiifolio JF FRITT CYevTR EwT TY0E o.50 . I 307 (DBH) v.de T |
ST T TR (W, & PR RO 4T IV 3 (Y ErT WY IF 49 5
e ErTCITITETT AT (F <o.0@) T | WEGT ol ¥ bt A Fror S
T FACT AT AT FFA AT TIF (e M. elengl 9TV negundo-J7
ATt BE e & A @) S RN G (e el Sra
I ST AT T

Kepwords: Cevmination, How plat, Pre-sowing tremment. Sartalun olfue, Seedling wowih,



Iniroducilion

Santalum alfbum L. is a tropical evergreen tree
species that belongs to the family Santalaceae,
which includes 28 genera and 400 species
(Ahmed er @l 2009). It is widely distributed
and has been introduced to many countries,
including India, S Lanka, Indonesia,
Malaysia, Cambodia, Vietnam, Myanmar,
Thailand, China, Papua New Guinea, Fiji, New
Caledonia, and Hawaii (Srinivasan et al. 1992),
There is evidence that, §. album is an exotic in
India and introduced from East Indonesia by
traders (Effendi 1994), Clarke (2006) revealed
that S. albwm is introduced in Australia as
commercial plantation in the private sectors.
The tree 15 known as Shewt Chandan in
Bengali., Chandana in Sanskrit, Santal in
French, and sandalwood in English.

Sandalwood is famouos and costly due to its
fragrant heartwood and oil. It is commercially
valuable because of its high concentrations and
best quality oil, and a small proportion of the
wood is used for carving decorative articles
{Santisuk and Larsen 2005). The oil is used in
perfumery industries and traditional medicine
sectors, and 1s effechive n {reating major
diseases such as fever, piles, hemorrhagic
conditions. diabetics, dropsy, mental dizorders,
management of poisons, and skin disorders
(Oven and Dung 1999; Rao et al. 2007). In
China, the oil 18 wused to treat vomiting,
stomach-ache, and gonorrhea, and the bark is
also used as an insecticide (Purkayastha 1996).
Despite 1ts commercial importance, the
population of §. album is declining rapidly due
to  habitat fragmentation and various
anthropogenic activities. These threats have
resulted in the degradation of natural habitats
where sandalwood once thrived. Conssquently,
urgent action is needed to mitigate these
negative impacts and conserve this valuable
species. Mass propagation and plantation
efforts have been identified as crucial strategies
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to counteract the decline of S. album and
restore its populations i degraded environments

(Mapa er al, 1999),

However, the successtul propagation of 5.
album faces several challenges. particularly in
the germinalion and survival stages. One
significant hindrance is the species’ reliance on
specific perennial host plants for its survival
and growth, This dependence on host plants
presents a limiutation in the propagation of
sandalwood, as 1l restricts the areas where the
species can be effectively cultivated.
Moreover, the germination process of 8. album
sceds can be unpredictable and inconsistent,
[urther complicating efforis to propagate the
species (Panbokke 1996), To address these
challenges, the present study focuses on
enhancing the germination percentage and
growth of S. album through the utilization of
pre-sowing treatments and hosgt plants. The
study provides valuable informaiion for the
mass propagation of 5. album through seeds
and increasing the germination rate and growth
of the tree. These findings could be applied to
develop massive planiation programs in the
field to accelerate high germination percentage
and growth of S. album.

Materials and Methods
Study area

The smdy was carried out in the nursery of
Bangladesh Forest Research Institute (BFRI),
Chattogram, Bangladesh over a period of seven
years from March 2015 to July 2022, The study
area lies between 22°22"'.27" and 22°29'.0" N
latitude and 91°46°.30" and 91°49'44" E
longitudes. The climate of the study area is
tropical tn nature and characterized by hot
humid summer and cool dry winter, The
maximum and minimum temperature in the
arca varies from 28.30-15.2°C (Hossam et al.
2005). Mean apnual rainfall is around 3000
nim mainly occurred from June to September.
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Seed collection and preparation of germination
experiments

Seeds of §. album were collected from 15 years
old mother trees from BFRI area, Chattogram
in the last week of March 2015, Collected
seeds were dried in room temperature for 2-3
days. Then sound and desirable seeds were
separated from discolored and damaged seeds.
The number of seeds varied from 6000-6500 in
one kg and selected seeds were used for the
experiments. The viability of seeds has
decreased quickly due to the recalcitrant in
nature, The best germination rate is found
within one week after collection of seed.

Experimental design and pre-sowing treatments

Experiment was conducted following
Completely Randomized Design with five
replications. To determine the effect of

pre-sowing treatments on seed germination and

seedlings growth atiributes, five (reatments
were applied. The pre-sowing seed treatments
were: 1) control (Te) (seeds without any
treatment) i1) soaking seeds in tap water for 12
hrs (T1), ii1) soaking seeds in tap water for 24
hrs (T2), iv) soaking seeds in tap water for 36
hrs (Ts), and v) soaking seeds mn tap water for
48 hrs (Ts). There were five treatments, five
replications in each treatment and 50 seeds
were in each seed bed for each replication at
1.50 to 2.50 cm depths of soil in the last week
of March. Thus, a total of 1,250 seeds were
used for the germination experiments.
Waltermg was carred oul regularly, A visual
representation of the different stages of
sandalwood seed germination, growth, and
plantation, which are essential for mass
propagation and plantation efforts (Fig. 1).
These stages involve appropriate pre-sowing
treatments and host plants.

=

Figure 1. Seed germination, growth, and plantation of sandalwood. (A) Seeds. (B) Seeds on
experimental dish. (C) Germmaled seedling (D) Seedlings in polybags (E) Saplings with host plant

in pot (F) Plantation with host plants.
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Assessment of seed germination

The number of germinated seeds i each
treatment was recorded daily. The starting and
closing dates of germination and other
parameters were counted carefully. The
numbers ol germinated seeds al each day in
each replication of treatments were counted to
calculate the germination percentage (Kumar
1999: Almodares ef al. 2007). Cumulative
germination was recorded next day of sowing
and continued till ending the germination.

Germination percentage

Germination percentage is an estimate of the
germinability of the population of seeds. The
equation to ealculaie germination percentage is
(Ellis and Roberts 1981):

‘g 20
6% === > 100 (1)
Where,

n= number of seeds germinated
N= total number of seeds used

Relativized percentage

The germination percentage can be relativized
by the following equation (Fitch ef al. 2007):

AP ;
Rip = F * 100 x2}
Where,

AP= actual percentage
HP= highest percentage among group of data

Meun germination time

Mean germination time is a measure of the rate
and time spread of the germination. It indicates
time spent to germinate or emerge. Followmng
formula was uwsed to calculate the mean
germination time (Ellis and Roberts 1981):

f= "E: (3)
Where,

nt= The product of seeds germinated ai interval
with the corresponding time mterval
n= number of seeds germinated

i Bangladesh Journel of Forest Science

Mean germination rate

Mean germination rate is the reciprocal of the
miean germination time as shown below (Ranal
et al. 2009).

== (4)

Where.

t=mean germination time
Coefficient of variation of germination time

Coefficient of variation of the germination time
18 calculated by the following expression
(Ranal ef al. 2009)

r.w.zs—; % 100 (5)
Where,

St= standard deviation of germination time

t = mean germination time

Coefficient of velocity of germination
Coeflicient of velocily of germinaiion can be
calculated using the following expression
(Jones and Sanders 1987):

CVG= "}; % 100 (6)
Where,

nt= the product of seeds germinated at interval
with the corresponding time interval

n=number of seeds germinated
Germination index

Germination index is an estimate of the time
(in days) it takes a certain germination
percentage to occur. Germination index can be
calculated by using following expression

(AOSA and 5CST 1993 ):
Gl=a ’t—‘ (7)
Where,

n=number of seeds germinated

t= time taken for seeds to germinate
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Mean daily germination percent

It represenits the mean number of seeds
germinated per day. This can also be defined as
the number of seeds germinating daily relative
(o the maximum number of germinated seeds.
It is caleulated using the following expression
{Adams and Farrish 1992);

= o
¢ T

Where,

GP= final cumulative germination percentage

(8)

Tn= total number of intervals required for final
germination

Peak value

It is the accumulated number of seeds
germinated at the point on the germination
curve at which the rate of germination starts to
decrease. It is computed as the maximum
quotient obtained by dividing successive
cumulative germination values by the relevant
incubation time (Adams and Farrish 1992),

Germination value

Germination value is obtained by combining
both speed and completeness of germination
mto a composile score as described by
Czabhator (1962).

GY=MDG = PV (9)
Where,
MDG= mean daily germination percent

PV= peak value for germination

Seedling growth performance in the nursery

To determine the seedlings growth
performance in the nursery, healthy seeds were
sown In the nursery bed, One month old
seedlings were transferred in polybags (15%23
cm) filled with soils mixed with cow dung
(3:1) and allowed to grow them in polybags. At
initial stages, the polybags were kept under

Bangladesh Journal of Foresr Science

nursery shade for one week and then exposed
to partial sunlight. Watering carried out
regularly, Data were recorded at 3 and 6
months after transferring them (o the polybags.

Assessment of seedlings viger index

Vigor index is the most important parameter
and its values depend on seed germination
percentage, length of rools and length of shoots
{(Labourian and Valadares 1976). The
following formula was used for determination
of seedlings vigor index (Abdul-Baki and
Anderson 1973).

Seedling vigor index
(SVI)=Lr+Ls)=GP
Where,

Lr= the length of root. Le=the length of shoot
and GP=Seed germination percentage.

(10)

Assessment of seedlings growth performance
in the field levels

The estimation of growth performance of
seedlings was the most important part of the
present study. One year old seedlings were
planted with the following host plants namely,
M. elengi, V. negundo, C. equisetifolia, A.
lebbeck and C. cujan. Selected host plants were
as follows: 1} C. equisetifolia i) A. lebbeck and
C. cajan i) A. lebbeck and C. eguisetifolia, iv)
M. elengi and V. nmegundo and v) C.
equisetifolia and C. cgfan. Growth of host
plants was conirolled by prumng. Proper
management was done in the field for available
sunlight and aeration.

Statistical analysis

Statistical analysis of data was performed
using the computer software Statistical
Package for the Social Sciences (SPSS)
version 25. The analysis of variance (ANOVA)
was studied by applying Duncan's Multiple
Range Test (DMRT).

Yal. 39, lssoe [&3, Jan-Dec 3023, 1-12 03



Results

Effects of pre-sowing treatments on germination
parameters

The study was carried out in the nursery of
Minor Forest Products Division under BFRI,
Chattogram. The results showed that there was
significant effects of pre-sowing freatments on
germination  value, relative  germination
percentage, mean germination fime, mean
germination rate, mean daily germination, peak
value, coefficient of variation of germination
time, coefficient of wvariation of germination
rate. germination index and germination
capacity of §. album (Table 1).

The resulls showed that the Thighest
germination value 0.66 was in Ts, which was

significantly higher than all other treatments.
Te produced the significantly lowest
germination  wvalue (.10. The relative
germination percentage was significantly
highest for Ts (97.0%), indicating that the
treatment was highly effective in promoting
germination compared to other treatments, The
lowest relativized percentage of permination
was 45.20% npoticed 1n Te. MGR, which
measures the speed of germination, was
sipnificantly maximum for Ts  (0.024),
followed by T« (0.022) and the lowest (0.016)
was 1n To. MDG, which measures the average
number of seeds that germinated per day, was
also significantly maximum m T: (0.53),
followed by Ta (0.37) and the lowest MDG
(0.25) was recorded from To.

Table 1. Effects of pre-sowing treatments on germination behaviour of S, a/bum seeds.

Todabieit Germination Relativized | Mean Gfmmaﬂnn Mean Daily
value (%a) Rate (MGR) Germination (MDG)
To 0.107 45.20+ 2279 0.016" 0.25"
Ti 0.19¢ 61.00+2.12° 0.016¢ (0,33°
T, 0.23° 64.00+ 0.95% 0.018° 0.35%
T; 0.66" 97 00+ 1.34° 0.024" (.53
T4 0.31° 67.00+ 0.95° 0.022" 037"

Notes: Means followed by same letters are not significantly different at (P< 0.05); according to
Duncan's Multiple Range Test (DMRT); + indicates the standard error of the mean.

Mean Germination Time (MGT), which is the
time required for 50% seed germination was
minimum in Ts (40.59), followed by Ts (44.74)
and the maximum MGT was Te (61.40) (Fig.
2). The peak value represents the maximum
amount of germination achieved in each
treatment. As seen in the results (Table 2), the
highest peak value was observed in treatment
Ts, where seeds were soaked in normal water
for 36 hrs. Ts recorded a peak value of 1.24,
which was significantly higher than the other
treatments. On the other hand, treatment Ta,

ﬁ T0
f: [t}
E a0 -
IE®
E E 30
] 20
=
z 10 -
- 0 - I . . .
TO Tl T2 T3 T4

Treatments

Figure 2. Effect on Mean Germination Time
(MGT) ol 5. album in different treatments.
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which was the control group, had the lowest
peak value of 042, Thiz is indicated that

soaking the seeds in normal water for a

prolonged period of lime positively affeels the
germination tate and overall growth of the
seeds. The peak value results also suggested
that the duration of soaking is an important
factor in seed germination, as treatment Ts with
36 hrs of soaking time had significantly higher
peak value compared to other lrealments.
These results demonstrated the importance of
pre-sowing treatment m promoting the
germination of seeds.

The coefficient of variation (CV) is a measure
of vanability or dispersion of a set of data. In
this case, CVi refers to the coefficient of
variation of the germination time for each
treatment, and CVG refers to the coefficient of
variation of the germination rate. A lower CV
indicates less variabilitv in the data. The results
showed that the CV: values range from 8.82 to
15.90, with (Te) having the highest CVt value
(Table 2). This indicated that the gernnation
values for Te have the highest degree of

variability, which may suggest that this
treatment 18 less consistent in its effects on
germination. Similarly, the CVG values range
from 1.63 to 2.47. with (To) having the highest
CVG valvoe, This suggests that To is also the
treatment with the highest wvariability in
gorminaltion rale, meaning that the rale of
germination may be less consistent with this
treatment, Owverall, the higher CV values for To
suggest that this treatment may have less
predictable effects on germination compared to
the other fireatments. In terms of the
germination index and germination capacity, Ts
exhibited the highest values of 0.81 and was
categorized as 'good' respectively. This
mdicates that 13 treatrment was the most
effective in promoling seed germination and
providing favorable germination conditions.
Owerall, these results suggest that soaking
seeds in normal water for 36 hrs (Ts) was the
most  effective treatment in  promoting
germination compared to the other treatments
(Table 2).

Table 2. Different pre sowing treatments and their effects on seed germination.

Treatment | Peak Value CV, CVG | Germination Index | Germination Capacity |
Ta 0.42° 15.90° | 2.47¢ 0.25° Very poor
T 0.58° 11.08% | 2.24¢ 0.33¢ Poor
T; 0.67° 9.72" | 1.83¢ 0.39° Poor
Ts 1.24% §.82% | 1.63 0,812 Good
Ts | 083* | 915° | 164" 0.50° Average

Notes: Means followed by same letters are not significantly different at (p< 0.05); according to

Duncan’s Multiple Range Test (DMRT)

Impact of pre-sowing freatments on
germination and growth of seedlings

The present study indicated that the
germination  period  and  germination

percentage was significantly accelerated by
different pre-sowing treatments. Ts (soaking
seeds n tap water for 36 hrs) scored the
significantly highest germination percentage

Bangladesh Journal of Forest Science

(72%) in the shortest germination period of
30-62 days, indicating that it was the most
effective treatment for promoting germination.
To (seeds without any treatment) produced the
significantly lowest germination percentage
(30%) at the longest permination period of
52-75 days. In terms of shoot and root length,
treatment Ts produced the longest shoot length

Vol 39, lssue 182 Jan-Dec 2023, 1-12 07



{32c¢m) and the longest rool length (26em),
indicating the highest growth rate among all
the treatments. On the other hand, treatment Ts
scored the shortest shoot length (25em) and the
shortest rool length (19%m), indicating the
lowest growth rate among all the treatments.
Finally, the vigor index (V1) was calculated to
provide an overall measure of plant vigor. The

highest vigor index 3712 was noticed in Ts
while the lowest wvigor index 1320 was
recorded in control (Te). Overall, the results
indicated that treatment Ts produced the
significantly highest germination, growth, and
vigor, while treatment Te scored the lowest.
(Table 3).

Table 3. Germination period, germination percentage of seeds under various treatments and initial
growth performances of S. album seedlings in the nursery condition.

Treatment | Cermination | Germination | Shoot length (cm) | Root length(em) | Vigor index
(%) period (days) (6 months) (6 months) (VD)
Ta 30+ 1.41¢ 52-75¢ 25+ 0.12¢ 19+ 0.10¢ 1320¢
T 404+ 1.41° 48-75° 304+ 0.14° 23+ 0.19° 2120°
T | 424063 43-70¢ 29+ 0.23° 22+ 0.13° 2142°
T3 72+ 0.89° 30-62° 32+£0.17* 26+£0.12° 37128
Ty 44+ 0.63% 36-70° 31+021° 254 0.14° 2464"

Notes: Means followed by same letters are not significantly different at (p= 0.05); according to
Duncan’s Multiple Range Test (DMRT ); + indicates the standard error of the mean,

Seedlings growth performance

The present study reveals that the growth
performance of S album seedlings was
accelerated by germinating seeds with different
treatments and supported by various types of
host plants. The highest diameter at breast
height (DBH) (8.0 cm) and height (H) (4.70 m)
of 8. album were obtained in the association

with M. elengi and V. negundo at 6.5 years and
followed by association of C. equisetifolio and
C. cajan, A. lebbeck and C. equisetifolia and A.
lebbeck and C. cajan. The lowest diameter at
breast height (6.50' ¢cm) and height (3.90 m) of
S. album saplings were found at 6.5 years of
age in association of C. eguisetifolia (Table 4).

Table 4. Growth performance of 5. album saplings with different host plants at 6.5 years old.

Name of host plants DBH (cm) Height (m)
C. equisetifolia 6.50+0.54¢ 3.90+0.811
A. lebbeck and C. cajan 6.70+0.51° 4.00+£095°
A. lebbeck and C. equisetifolia 7.104 0.64° 4.104+0.54°
M, elengi and V. negundo 8.00+045" 470 +0.28"*
C. equisetifolia and C. cajan 7.20+£0.75" 420+ 091"

Notes: Means followed by same letters are not significantly different at (p< 0.03); according to
Duncan’s Multiple Range Test (DMRT); + indicates the standard error of the mean.

The findings of the study also indicated that
association of twe host species was better than
a single species in the growth of 5 album
saplings (Table 4). The statistical analysis

showed that the growth of diameter at breast
height (DBH) and height were significantly
influenced by different types of host plants
(P<0.03).
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Discussion

The germination percentage was accelerated
by different pre-sowing treatment in different
types of seeds (Labouriau 1978). Germination
percentage of Terminalia chebula Retz, was
influenced by pre-sowing treatments (Hossain
et al. 2005). Seed germination percentage of
Acacia catechu Willd, was also Thighly
influenced by pre-sowing treatments (Haider et
al. 2014). About 8-9% germinalion rate was
increased with the help of pre sowing
treatments of 5. albwm in India (Sudhir and
Jagatpati 2017). This study reveals that
germination percentage was significantly
influenced by pre- sowing treatments (P<
0.05). The inihal growth performance of S
album seedlings was also influenced by
different pre-sowing (reatments, Soleymani
Sharajabian  (2018) noticed  that
germination is influenced through
environmental factors. There is evidence that
soaking of seeds in water helps in softening the
seeds coat, removal of inhibitors and reduces
require time for germinabon and enhances
germination (Hartman er all 2007). The
positive resulls were noticed n the present
stucy which was similar to the previous
findings. Germination percentages were
increased with the increasing soaking period in
water (Gupta 2003), but up to certain period.
Seed germinations were accelerated by
different types of pre-sowing treatments was
also reported by Das and Tah (2013). Sudhir
and Jagatpati (2017) worked on § album and
its differemt host plants and they observed that
€. cajan and Ocimum sanctum were the best
host plants in different locations for the growth
and development of §. album seedlings. In
some cases, Catheranthus roseus was also
proved to be good host plant for the growth and
survival of §. albwm (Sudhir and Jagatpati
2017). & album is mainly sun-loving and

and
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growth 1s influenced by complementary
competition of hosts. When host is introduced
in the pot at the early stage, there is possibility
of competition for soil moisture and nulrient
between sandalwood and host. Sandalwood
with a haustorial adaptation on its roots which
parasitize the roots of other plants and creale a
relationship with other planis like Pongamia
pimmata and C. equiserifolia (Nagaveni and
Vijiayalakshmi 2004). Nodule and microbial
features of Cgjanus and Pongamia were
parasitized by sandalwood (Subbarao er al
1990). They observed that the parasitic
dependence of sandalwood plants on nodulated
host plants was evident in the gradual increase
of their nitrogen content. In nature, the
establishment and survival of sandalwood tree
is entirely dependent on other woody plants in
1ts vicinity which serve as host. Coolbear ef al.
(1984) reported that sandalwood can be
parasitic over 300 species of host plants found
in nature from grasses (o leguminous trees.
Sandalwood shows different growth patterns
with different host species and lack of
understandmyg of the host plants relationship
cause the failure of sandalwood seedling
production (Srinivasan er al. 1992; Surata et al.
1995). Tt 15 proved that host is essential in all
stages of sandalwood and C. cajan is the most
essential host plant at the nursery stages (Fox et
al. 1996). For sustainable growth and
development of sandalwood. the [ollowing
host species were selected as host plants for
sandalwood in the field levels. These were
Cynodan dactylon, A. saman, C. equisetifolia
(Rai 1990; Taide et al. 1994, Srivastava et al.
2003) and P pimaia (Nagaveni and
Vijayalakshmi 2004). It is clear that. host
plants are essential for the growth of
sandalwood tree and it depends on host plants
for potential components which help survival
of sandalwood. According to Rangaswamy ef

L



al. (1986), 8. album cannol survive without
host plants. It is depended on its host plants for
nuirients such as; N, P, K and Mg etc.
Tennakon et al. (2000) observed that perennial
host plants are also better than annual host
plants.

Conclusion

The study demonstrated that pre-sowing
treatments and host plants  significantly
influenced the germination and growth of 5.
album. Seeds soaked in tap waler for 36 hrs
resulted in the highest germination percentage,
while the association of M. elengi and ¥
negundo yielded the tallest and thickest S.
album trees. These findings could be used in
massive plantation programs to improve the
growth and germmination percentage of S. album
in the field, which is urgent due to the species'
rapid degradation from habitat fragmentation
and human activities. The study highlights the
importance of using appropriate pre-sowing
treatments and host plants for successful mass
propagation and plantation of 8. album.
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Ahztract

The Dendrocalomus longispathus, localy name Cra hanrhoo 15 one of the prefermed
barehoo specier by the wibal people for komestend plantation, in hillv, expecially
o gdible shool production. The demand for bamboo seedlings (s frereasing day
by day but the seeds are very rare because of the long flowering time. Besides, the
comventional method & h rhizome culiure is not ecomomically viable far
lorgre-seale seedling produciion of ikls bamboe. The purpese of the study #4 1o
develop an in wive protocel for moss production of kealthy bambor seedlings.
Branch podal buds were used g the cxpland for culture initigtion through axillavy
shoot formarion, M3 medium supplementea with lower concentrations of BAP (0,0,
&5 L0 LS 2 0 mgll) deploved for bud breaking ond shoot formation along with
comtrol. Abour 0% of explanie resporded o imitiate axiifayy shoows in media
baving MS=1.0 mg/l, BAP+3% sugar after 28 dayy of culture. Oprimizatlon of
shooi produciion was carried owt in M5 siedium supplemenied with different
comeentrgtions (L0 L0020 3.0 4.0 and 5.0 sl of BAP gnd Kx alone or in
combinations. The kighest mumber (23] of young shoots per culture \were recorded
i meedin having ME+3.0 mo'l BAP+4% sugor~2. 78 g/l gelrive afier 28 dow of
cilture. Rooted planelets were produced i 15 MS mediwn supplemented with 184
(1.0 mgL). The tissue culiure planileis were sycoessfilly hardened tn sofl and
G5-08% plans wers survived ond were well grown The profoco! developed
through this study enables the production ofa large rumber of bamboo seedlings
Jor mass propegation (g short perlod of time that could be the opporumiiy to
supply the bamboo seedlings for the fiture demand

T

Dendrocalamus longispathus (a7 #1), Everdhy aftqrizrg gy uaff 30
I ST AT T (RIS AT (20T A ST S FE T T B Y
AT | 4 T TR SR P e 9% v e Ao B RS T Bedrd e
Frer rofre staf BrarT R AT OIEW S Gt @ W Aere o ey
5 DR W el SRE T IFEEE Ied! WReie o T FF TN
AF B BT (AP T SORC ATEE Il RS F AT ) 4 00 Fe
M M 5T Iy W BAP (o0, 0.0, )0, 3.2, 2.0 mg/L) stomeet bud ¢
shoot GesteT g 271 MS+3.omp/l. BAP+e% sugar 300 TI007 oY 205
nodul hud. shoot Bessy #00 | S:=4 shoot STy TEm optimize #4906
age ME+o.omal BAP+8% sugar+i.aee/d pelrite TG WE T 26/
shoot 8% FFenT Wrewr WH ) BeTTE shoot 5w w9=fET M3 AEEw A0
ffeq wamr [BA ST 900 boo% Svw w0 T G Bty plander offme
TS WT G AFIT FAET Foq 47 e AT TS e T I
e ARt ad -2k T BT (0P T O 3R I SEE e e
AT 9 ARG =Tt B Ao Shar Sesnew o SR T o Y 5 )

Keywerds: Branch nodal bud, Dendrocalomus longisparkus, n vitrs,
Mess propagation.



Iniroducilion

Bamboo is regarded as ome of the most
important 21% century crop since ils produces
food and wood. It is well sitvated (o address
shelter, food security, livelihood and ecological
security, The voung shoots of some bamboo
gpecies are high value low fat and vegetables,
with high percentage of protein, edible
cellulose, many kinds of amino acids and
mineral elements. There are more than 1500
species in 75 genera of bamboos in the world.
The total area of bamboo forest in the world
amounts to 14 million ha distributed mainly in
bamboo zones of Asia, Pacific, Americas and
Africa. However, Fast Asia and Southeast Asia
have the largest bamboo forest areas including
some 80% of the species of the world.
Bangladesh lLies in the north-east part of South
Asia roughly between 20.75°C and 25.75°C.
The country enjoys generally tropical monsoon
climate As a result the soil and climatic
conditions are favorable for the growth and
development of bamboos. About & genera and
36 species of bamboog are growing throughout
the country (Rahman et /. 2017). It has 5 lac
hectares bamboo plantations occupied both in
village and forest lands. Seven bamboo species
are grown in the forest land covering 2 lac
hectares and others 26 species are found as the
cultivated bamboos i the village land covering
3 lae hectares. Dendrocalamus longispathus,
local name ora Bansh (Fig.l) is one of the
important forest bamboos, Tt is native to the hill
forest of Bangladesh likely Chittagong,
Chittagong Hill Tracts, Cox’s Bazar and
Sylhet. It is a clump forming bamboo with
sympodial rhizome system. The culm attains
about 10-16m height with 4-10cm diameter of
0.2-1.8em  thickness. This bamboo  is
commonly used [or making baskets, [umiture
and food grain containers. It is also used as
floats and rafts for timber transportation.
Provides raw materials of paper pulp
industries. Young shoots are edible. It is a

14 Bangladesh Joumal of Foresr Science

handsome species and also culuvated as an
ornamental (Banik 2000). It i1s one of the
preferred species by the tribal people especially
[or edible shoot production. Young bamboo
shoots have nutritious food and medicinal
value regarded as “King of health keeping
[ood” and “Streel cleaner” for the intestine.
(Fue et al. 2007).

Bangladesh has about 21 ethnic groups of
people mainly residing in different forest areas.
Among all the forest grown bamboo species
local people mostly utilize and prefer only three
specics - Melocanna baccifera. D. longispathus
and Schzostachvum dulloea. To the hill people,
bamboo 15 4 traditional building material. Their
houses are built entirely of bamboos. The floor
and walls are made of bamboo splits and
flattened out and then woven together. The
framework of the roof is also made from
bamboo. The long internodes of 8 dullooa are
used for carrying water in steep slopes.
Bamboos are also used for many medicinal
purposes. Local people play an important role
in conserving bamboo resources as well. The
greatest problem in the cultivation of this
renewable resource is difficulty in raising
propagules every year because of the long and
often unpredictable fowering cycle (25-80
vears). Bangladesh presently suffers a deficit in
bamboo supply. Forecasts are that the shortfall
will increase alarmingly day by day due to the
large-scale death of forest bamboo and
gregarious flowering. The current accelerated
rate of deforesiation alarmingly erodes the
genetic  resources of trees and bamboos.
Therefore. there is an urgent need to conserve

genetic resources of bamboos both in their

natural habitat (in siw) and In ex  sitw
conservation plots. Though bamboos are
propagate through rhizome, seed, branch
cutting, culm cutting, ground layering, etc. in
different parts of the world but no one method
of propagation of bamboos 13 umiversal and
clfective for all the species. Among the
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propagation  methods, branch  culting
technigues have been found to be successful for
several thick-walled village bamboo species but
difficult and slow for thin-walled and forest
bamboo species (Banik 1987). The tissue
culture technology was therefore, considered as
an alternative ¢lonal propagation tool for large
scale production of several bamboo species
(Rao and Rao 1990; Sultana et al 2020).
Considering these limitations, an effort has
been taken for the in witreo propagation of D.
longispathus from branch nodal bud explant for
mass propagation. So far no report has not yet
been published on nodal culture i witro
regeneration technique on this species.

Thus the present research project has therefore
been designed to develop an efficient tissue
culture protocol for mass production of this
important hilly bamboo species of Bangladesh.

¥ i éﬁprf

Figure 1. A clump of D. longispathus bamboo
at BFRI bambusetum.

Materials and Methods
Sources of explants

The study was conducted in the Plant Tissue
Culture Laboratory under the Silviculture
CGenetics  Division of Bangladesh Forest
Research Insiilute (BFREI), Bangladesh. The
expeniment was conducted by using the
explants of nodal buds of suggested bamboo
branches. Branches of a 1-2 years old healthy

culm was selected as a source of explant. The
cermplasm  of this bamboo species  was
collected from Hathazan, Chattogram and
conserved at BRI bambusetum in 1979.

Explants preparation and sterilization

Each single node with a bud was dissected
from the branch with a length of 4.0-3.0cm for
further processing, The explants were taken in
a bottle and washed wiih detergent and rinsed
under running tap water for 30 min. Then it
was carried imder laminar air flow. The surface
sterilization was started with one drop of tween
20 for 7-10 min. with frequent shaking. Later
on it was washed with sterilized distilled water
for 2-3 times. After washing, the explants were
immersed in 70% ethanol for 1 min and then
surface sterilized with 20% Clorox® for 15
min followed by nnsing with sienlized
distilled water for three times, Finally,
sterilization was done with 0.1% HgCl
treatment twice for 10 and 5 min. subsequently
followed by rinsing with sterilized distilled
water for 4 to 5 times to remove the HegClz
traces.

Culture media preparation

The sterilized nodal buds were inoculated onto
MS (Murashagi and Skoog 1962) medium
comprising 3% sucrose as a carbon source and
2.8 gm/L gelrite as solidifying agent. Various
plant growth regulators such as; cytokinins
(BAP & Kn) and auxins (IBA & NAA) were
used to prepare MS medium for culture
establishment, multiple shoots production and
root induction from the base of excised new
shoots. The pH of the mediur was adjusted to
5.8 using (.IN NaOH or 0.IN HCIl before
addition of gelrite and sterilized by auloclaving
at 1.08 kg/cm? pressure and 121°C for 20 min.

Culture conditions

The cultures were incubated at 25£2°C under
cool white and fluorescent light of 2000-2500
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lux., relative humidity about 60-80% and 16/8
hours photo and dark period were maintained
growth chamber, respectively. These culture
conditions were used in all the experiments
mentioned below unless otherwise stated.
Observations were made at regular intervals and

recorded the responses of explants at every step.

Culture  establishment, multiple shoots

production and oprimization

The aseptic nodal buds were cultured on MS
medium supplemented with 0.0 (MS0/control),
0.5.1.0, 1.5 and 2.0 mg/L of BAP alone for bud
breaking and shoot production. Number of
explants induced shoots through bud breaking
and theirr morphological responses were
observed periodically. The shoots were
separated from the node and cultured on shoot
producing medium. To optimize the shoot
production, single shoot was cultured on MS
medium  supplemented  with  different
concentrations of BAP (0, 1.0, 2.0, 3.0 4.0 and
5.0 mg/L) and Kn alone and/or in combination.
Similarly, the effect of sub-culturing and the
strength of sucrose level and culture periods
were evaluated, Raie of multiplication of
shoots and their growth were recorded up to
3-8 weeks of each culture.

Development of roots ar the base of the sheot,
hardening and acclimatization of plantlets

In vitro elongated shoots (6-Tem) with at least
3-4 nodes were taken out from the culture
vessel and translferred to hall strength MS
medium with different concentrations (0.0, 0.5,
1.0 and 2.0 mg/L) of IBA for root induction.
The rooted shoots were taken out of the culture
vessels, washed thoroughly under running tap
water to remove the debris gelling agent with
care and transferred to a pot (10cm x 9cm)
filled wath 2:1 garden 401l and compost. The
potted plants were kepl inside the green house
for adaptation and maintained the humidity and

temperature through misting. Withm 10-15
days each plant produced new leaves with
shoots and resumed its growth. The tissue
culture plants were brought out of the
greenhouse and putted under full sunlight in
the nursery for further growth up fo the
planting season. About 95% potted plants were
established successfully.

Statistical analysis

All experiments were performed as
Completely Randomized Design (CRD). Data
were analyzed using statistical analysis system
(SAS v9.3) and means were statistically
compared using LSD test. The signilicance
level was set up at p < 0.05. Three replications
were considered for each ftreatment and
repeated three times.

Resulls

In vitro culture inttiation and axillary shoot
Sformation

In vitro culture initiation of D. longispatihus
was started with nodal bud breaking through
axillary shoot formation. The nodal explants
were cultured in full-strength MS medium
supplemented with or without growth
regulators adding vitamin B5. [n the present
study, experiments were conducted in MS
medium supplemented with BAP 0.5, 1.0, 1.5
and 2.0 mg/L, and without any growth regulator
as a control for bud breaking and shoot
production. The influence of growth regulators
on bud breaking and shoot formation was
ohserved. It was [ound that addition of growth
regulators i culture medium resulted n faster
growth and maximum bud breaking of
explants, while the cuolture without growth
regulator (MS0) takes longer time to initiate the
culture and further growth, The highest (92%)
of explants established and produced axillary
shoots in MS medium supplemented with 1.0
mg/L BAP followed by 1.5 mg/L BAP (70%)
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and the lowest (20%) in the PGRs-free (MS0)
medium (Table 1, Fig. 3A). Tt was observed
that media with BAP took 7 days to initiate the
culture whereas media without BAP it took

more than 15 days, The growing shoots with
2.0em m length were separated and
sub-cultured in the same media for multiple
shoot production and optimization.

Table 1. Effect of BAP in MS media on D. longispathus bud breaking and axillary shoot formation

[rom nodal explant after 28 days of culture.

Treatments % of explant | Mean no. of | Mean length Days till
MS + BAP (Mg/L) | induced shoots shoots of shoots (cm) initiation
0.0 20 +0.57 1,00 +0.28 1.5240.002 15 +0.28
0.5 51 £0.28 3.00 £0.28 2.8040.05 10 £0.28
1.0 92 .76 6.20 £0.05 4.95:0.002 T £0.50
L.5 70028 | 43001 | 3.76£007 | = B8+028
2.0 62 +0.57 3.45 £0.005 3.5540.01 8 +0.50

Notes: Means followed by same letters are not significantly different at (P< 0.05); according to
Duncan’s Multiple Range Test (DMRT); £ indicates the standard error of the mean.

Shoot multiplication and optimization

The effect of plant growth regulators on
multiple shoot formation of D. longispathas
and optimization were tested on MS medium
supplemented with different concentrations
(0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 mg/L) of BAP
and Kn. The results showed that MS medium
without plant growth regulators produced a
small number of shoots, whereas the

33
30
25

Shoot no. /culture

MS0 | mg/L 2 mg/L

supplementation of plant growth regulators
enhanced shoot formation rate. Between the
two cytokinins, BAP was found 10 have more
potential than Kn for new shoot formation. The
maximum number of shoots produced per
culture in MS medium supplemented with 3
mg/L BAF, followed by 3 mg/L Kn. Where the
mean number of shoots was found to be 28.66
and 18.0 per culture, respectively, after & weeks
of culture (Fig. 2, Fig. 3B & 3C).

EBAP mKn

%_Llii-

3 mg/L 4 mg/L 5 mg/L

Different concentration of BAP and Kn

Figure 2. Effect of different concentrations of BAP and Kn supplemented with MS medium on
multiple shoot production of 1. longispathus, The vertical bar represents the standard error.
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The multiple shoots produclion rate increased
in both eytolanins BAP and Kn ranges from 1.0
mg/l. to 3.0 mgl. However, both the
cytokinins BAP and Kn alone enhanced the
shoot proliferation, but the regenerated shoots
remain stunted in their growth, To enhance the
shoot growth, the combined effect of BAP and
Kn was evaluated. The optimized concentration
of BAP (3.0 mg/L) was tested with different

concentrations of Kn (0.0, 1.0, 2.0, 3.0, and 4
mg/L) at the same MS media. A positive effect
was observed in both shoot proliferation and
shoot growth as well. The highest shoot number
per culture was 1833 and shoot length were
recorded as 6.28cm in medium containing MS
+ 3.0 mg/L BAP + 1.0 mg/L Kn + 4% sugar
after 28 days of culture (Table 2, Fig. 3D).

Figure 3. Micro-propagation of D. longispathas. Nodal bud breaking and culture iniiation in MS
+ 1.0 mg/L BAP + 3% sugar (A). Multiple shoot production in MS + 3.0 mg/L BAP + 4% sucrose
(B&C). Multiple shoot production on MS + 3.0 mg/L Kn + 4% sucrose (12). Combined effect of
BAP and Kn in multiple shoot formation, MS + 3.0 mg/L BAP + 1.0 mg/L Kn + 4% sucrose (E).
Root induction on the in vitro grown shoot. Y2 MS + 1.0 mg/L IBA + 2% sucrose (F&G).
Transplanted rooled plantlets in the soil hardened in green house (H). Further proliferation of TC
seedlings after 3 months old of D. longispathas at nursery for mass production (I, J & K).
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Table 2. Combined effect of BAP and Kn on shoot multiplication of D. lengispathus after four

weelks of culiure.

Hormonal conc. (mg/L) | Mean no. of shoot/culture | Mean no. of shoot length (¢m)
3.0 BAP + 0.0 Kn 12.00 + 0.28 3.30+0.18
3.0BAP+ 1.0Kn 1833 £0.5 6.28 + (.35
3J0BAP+2.0 Kn 15.00+0.5 5.56+0.01
3.0BAP+3.0Kn 13.33 £ 0.28 4,00 £0.16
3.0BAP +4.0Kn 10.00+0.28 3.95+0.48

Medium: M5+ additives, mean + SE, n=13 replicates

Effect of different strength of sucrose on
multiple shoot formation

The sucrose m culture media was optimized in
MS medium containing 10, 20, 30, 40, and
50g/1.. The number of shoots per culture
increased in the media having sucrose levels
from 10 to 40g/L supplemented with growth
regulators. The media having MS+ 3.0 mg/L
BAP+ |.0mg/L Kn +40g/L sucrose produced the
maximum shoots (28.66 per culture) after 6
weeks meanwhile. media containing 50g/L
sucrose produced 17.66 shoots per culiure after
the same period. Among the different
concentrations of sucrose, 40g/L produced the
highest number ol shoots per culture. followed by
30g/L sucrose after 6 weeks. (Fig. 4 & Fig. 3E).

35 q

25 -

20

15

10 -

Al

gid— _

10g/L 20/l 30g/L 40g/L 50gL

Shoot/Culture

Sucrose level

Figure 4. Effect of different strengths of
sucrose on multiple shoot production of D.
longispathus in MS medium. The vertical bar
represents the standard error.
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Effect of sub culture on multiple shoot
production

The effect of subculture on multiple shoot
production of D. lengispathus was evaluated.
Every 2 weeks of interval. sub-cultures were
maintained for multiple shoot formation. It was
observed that shoots regenerated in each
subculture  without loss of morphogenic
changes. In the first sub-culture, the shoot per
culture was 10.66, which increased up to the
fourth sub-culture as 25.0 shoots/culture.
However, in the 5™ subculture the shoot
number subsequently decreased to 12.33
shoots! culture (Fig. 5).

30 -
® 25 -
= |
= 20
AL
H
210

5_

g +— : T

S 82 S3 S4 S5

Number of subculture

Figure 5. Effect of different subculture on
multiple shoot production of D. lengispathus in
MS medium. The vertical bar represents
thestandard error.

Effect of different concentrations of muexin on
rooting

The optimization of in vitra rooting of excised
shoots was camed out in % MS medium
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supplemented with different concentrations of
IBA, viz. 0.0,0.5,1.0, 2.0,3.0, and 4.0 mg/L. It
was observed that no roots were induced in the
auxin-free MS medium. The average number
of root formations was maximum on hormone
supplemented medium. However, medium
containing 1.0 mg/l. IBA showed quick
response I roofing and gamed a maximum
number of Toots per culture. About 0% culture
induced roots in this mediom. Among the
different concentrations of IBA, the maximum
number of roots (9.33 per shoot) was recorded
in media having 1mg/L after 4 weeks of culture
(Fig. 6, Fig. 3F & 3(3).

12 -
e Tt

10
e iy
@'% o @

Root/Shoot
Lo B 5 SR S o)

3
2 o

""& Q:«@% 3 sy

Different concentration of IBA

Figure 6. Effect of different concentrations of
IBA on root induction of in vitro grown excise
shoots of D. longispathus.

Acclimatization of planilets

In vitrg rooted plantlets with culture bottleg
were brought to the greenhouse for initial
hardening, After 2-3 days, the plantlets were
removed from the culture tubes and planted in
a small plastic pot/polybag containing forest
soil and compost (3:1) and kept in the gresn
house, followed by transfer to the net house
after another 2-3 weeks of hardening. Finally,
the acclimatized and hardened plants (1-2 feet
tall) were transferred to the natural conditions.
The survival rate was found to be 95-98% after
60 days of hardening of D. longispathus
seedlings in the nursery (Fig. 3H).

Morphogenic responses of tissue culture
plants under nursery condifion

During the growing stage of tissue culture
plants in polybag under nursery conditicns,
cach plant produced several numbers of new
shoots with healthy roots due to rejuvenality
and formed a mini clump. Maximum 22
numbers of new shoots per plant were recorded
after 10 weeks of growth in polybag. These
nuni-clumps were proliferated further and
produced more new plants. (Fig. 7, Fig. 31, 3]
& 3K).

mShoots = Height (¢em)
= 30 :
B
2 25
T 20 -
=
=
E 10
ﬁ
2 ‘
= ] 1 ¥ - 1
d

2 weeks 4 weeks 6 weeks 8 weeks [0 weeks
Plant age

Figure 7. Growth performances of tissue
culture derived transplants of D. longispathus.
The vertical bar represents the standard error.

Discussion

In wvitre shoot multiplication and mass
production of D. longispathus was iniated
through nodal bud culture in MS medium
supplemented with different concentrations of
BAP (0.0, 0.5, 1.0, 1.5, and 2.0 mg/L) and
without BAP. The influence of plant growth
regulator was evaluated on bud breaking and
axillary shoot formation in comparison to the
control treaiment. It was observed that the
explant responded faster to bud breaking and
shoot formation i the medium having growth
regulators than in the medium deveid of plant
growth repulators. This result is also supported
by Rahman et al. (2018). They suggested that
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the supplementation of plant growth regulators
were positively influenced the shoot
proliferation of Phyllanthus emblica. The
apical shoot tip of P emblica enabled it to
produce shoots in MS medium supplemented
with different concentrations of BAP 1o iniliate
the culture. The germination competence of the
seed explants seems to be markedly influenced
by different growth regulators in nutrient
media (Paudel and Pant 2012). MS with or
without growth regulators was found to be
effective for the germination of immature seeds
(Pant and Swar 2011). BAP with different
concentrations significantly affected the seed
germination and shoot initiation (p=<0.001), of
D. giganteus (Nusrat ef al. 2020). BAP in
combination with Kn at higher concentrations
significantly reduced the number of shoots
tormed per explant. The result is in agreement
with the findings in Opuntia ficusindica
(Garcia — Saucedo er al. 2005) and Zingiber
petiolatum (Prathanturarug er al. 2004). The
result also supported by Arya er al (1999;
2012)., who mentioned that the shoot initiation
percentage was greatly influenced by the type
and concentrations of BAP n D, asper and D
hamiltonii, respectively. The requirement of
exogenous plant growth regulators for in vitro
regeneration depended on the endogenous
level of the plant tissue, which varied with
organs, plant genotype, and the phase of plant
growth (Chand and Singh 2004; Rahman er al.
2018). The regeneration efficiency depended
on plant growth regulator concentrations and
combinations (Nodong et al. 2006; Popelka et
al. 2006). Explants cultured on MS medium
without cytokinins developed 1-2 shoots,
indicating that the explants had enough
endogenous cylokining to mduce a limited
number of shoots upon culturing. While
explants  cultured on MS  medium
supplemented with a higher concentration of
BAP induced a number of shoots without roots.
This might be due to the enhanced level of
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cytokinins, and the auxin ratio favors only
shoot regeneration in the absence of equivalent
level of auxins inside the plant. The micro
shoots produced in lower levels of BAP and Kn
were green, taller having bigger leaves than
those produced at higher concentration of
cytokinins. In MS medium contaiming BAP the
plantlets were slightly taller than those
produced in MS medium supplemented with
Kn. Cyvtokinin had a strong effect on the quality
of the shoots production (Neves er al. 2001).
The growth of plantiets was retarded at higher
concentrations of BAP. It was reported that
cytokinins commonly  stimulate  shoot
proliferation in Capsicum sp. and P. emblica,
which  inhabit the shoot elongation
(Peddabonia er al. 2006; Rahman er al. 2018).
Kalinina and Brown (2007) found that
treatments of Prusus  sp.  with BAP
concentrations promoted the shool numbers
per explant but decreased the shoot length and
negatively affected shoot development. BAP
was the most widely used cvtokinin for
multiple shoot formation (Herath er a/. 2004).
The superiority of BAP over Kn and other
cytokinins for multiple shool formation was
also demonstrated in Salix pseudolasiogyne
(Park ef al. 2008). The results showed that the
addition of lower levels of BAP and Kn to the
medium enhanced the shool regeneralive
ability in I, gigamteus (Nusrat ei al. 2020).
However, the number of wmultiple shoots
reduced at higher concentrations of BAP and
Kn. In vitro grown higher plants are fully
autotrophic (Lipavska and Vreugdenhil 1996).
During plant tissue culture an exogenous
carbon source, is an essential ingredient of all
culture media (Kozai 1991b). Debnath (2005)
reported that specific carbohydrates may have
different effects on morphogenesis in vitro,
thus the carbohydrate requirements must be
defined and optimized for each propagation
gystem, The effect of sugar and concentration
on shoot proliferation was genotype dependent.
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In the present study, 4% sugar was the
optimum carbon source for in vitre multple
shoot formation in D, longispathus. Pati ef al.
(2006) and Rahman et @l (2019) tound that
sucrose concentration in culture medium had
significant. effect on shoot and rool
regeneration. Higher concentrations of sucrose
were deleterious to shoot growth and caused a
decrease in dry matter accumulation due to a
decrease in the osmolic potential of the
medium (Lipavska and Vreugdenhil 1996).
Increasing sucrose levels by more than 7% in
the medium caused osmotic stress, which
significantly  inhabited the growth of
Parthenium argentatum (Norton ef al. 1991).
In this study., no shoot proliferation was
observed in the sugar free medium. Sub culture
gxercised an  important role in  the
multiplication of cultures (Debnath and McRae
2001). The duration of culture depended on
plant species, growth rate, physical and
physiological condition, as well as the
development stage of the plant (Moges ef al,
2004). However, the action of sub-culture ata 2
weeks interval did not enhance the production
of multiple shoots but produced a bigger shoot
that was darkk green in colour. Plant tissue
might have a chance to develop mutations due
to repeated subculturing, or it might produce
callus, become abnormal, and reduce the
proliferation rate. The result revealed that D,
longispathus did not show morphological
changes after repeated subculturing. Likewise,
it was reported that the long-term culture of
Digitalis obscura did nol affeet the genetic
stability in vitro (Gavidia ef al. 1996). In this
study, the pumber of shoots and growth
declined by repeated sub-culturing afier four
sessions. Thong (2002) reported that repeated
sub-cultirmg  caused shoot reduction m
Zingiber officinale, Cuwrcuma domestica,
Alpimia galanga, and Kaempferia galangal. In
contrasl, repeated sub culturing of in vitro
shoots of Spilanthes acmella increased the

multiple shoot formation by threefold (Ang
and Chan 2000). f» vitre shoots was rooted in
half-strength MS with different concentrations
of IBA and NAA. All media responded
positively for root formation, but no rooting
was observed in the hormone [ree medium.
However, in the present study, IBA was found
to be more effective than NAA of D
longispathus. No significant result was found
i the media supplemented with different
concentrations of NAA, In woody plants,
usually a low level of =alt concentration is
sufficient for rooting of shoots. A similar
observation was made by Rai er al. (2010).
Superiority of IBA over NAA [or in vitro rool
induction was reported by Parthiban et al
(2013) on B. baleooa. In vitro developed
plantlets have morphological and physiological
abnormalities due to the in vizro culture
conditions (Pospidilova et al. 1999). Direct
transfer of im wvitro plantlets to er wvitro
conditions may result in rapid wilt and death
(Lesar ef al, 2012). Therefore, acclimatization
is essential for the survival and successful
establishment of plantlets (Deb and Imchen
2010). Plants grown in vitro were gradoally
acclimated to the external environment in the
greenhouse and the mursery at Silviculture
Genetics Division of BFRI. Addition of
compost to the soil increases the porosity.
resulting m betier aeration of roots which
tigger better growth of the plantlets. Season
was found to influence the survival rate and
growth of the plantlets in the ficld. At high
humidity provides optimum conditions for the
survival of delicate in witro plantlets to the
feld.

Conclusion

The present investigation has been suggested
of a protocol for in vitro mass propagation of
D. longispathus from nodal bud culture. MS
medium supplemented with 1.0 mg/L BAP
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with 4.0 g/L sugar mighit be recommended for
maximum multiple shoot production. Half
strength of MS medium with 0.5 mg/L IBA
wis found the best combination for in vitre rool
induction. This protocol can be applied for the
large scale propagation of D. longispathus
which might be a clue for other bamboo
species.
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Abstract

Ratargul Swamp Forest (RSF) 15 a freshwater swamp forest located in
Gowainghat upazilia of Sviliet disieict. The 1oial area of swamp forest i3
about 204 ha. Approximately]18.50 ka was declared resevve forest, It has
a tmigque flaral and founal composition than other forested areas of
Bangladesk, The stwdy recorded o lotal of 62 plant species (lree 09, shrub
13, aquaiic shrub (3, herb 36, climber 08) belong to 43 families of the
existing planty in the RSF. dmong the fomilies. dsteraceae domivared with
the kighesi species munber (6 species). A rotal of 1,414 seedlingz of nine
species belomging to 07 fomilies were regorded from the 66 sample plots af
RSE The highest iree stem density was found 10 be Pongamia pinnata (41]
stenchal, While Relative Density (RD) and {mportance Value Index (1¥1)
in the dominant tree were recorded for P pinnata at 29.55% and 68 76%,
respectively. According ro the vesuwlts, P pimnata is the dominant
regenerating species of RSFE It was evideni that the majority (56.56%) of
secdlings were within the range af 0-50cm height classes, whereas only
5.74% of seedlings were found in 201-250cw height classes. The
regenerdtion rate of B planate (Koroehl and Syzyedum fruticosum
(Putijam) is higher than that of Barvingtonia acwtangula (Hijol).

AT

FERET G G (G CNENT ShrEeny waiIe Gt e
ERA | TR (T OIeR & 208 @HT | 9F T ST Adb.fo (FFT
ST A 9 R o7t F9 S0 | SRR O T
T 7 ©few @ HifT GPReT OF GEAT [MET J0HE | ST AT
e TEEE soff AT weee vl (T9ok, o5, TNE Sior,
FFe.ou G5T FEIGTOE-0u) BEY STIG GF0 F97 GAE | JAT HfEEET
THANT Asteraceas HEIET WA BT WEw  AoFeT eEEGE wuE
TS T0E 04l AT THEE 2afF SEET TG 3 838 BT TS T
IECE | A @5 PO YAy EA (T TG £33 GFOHEET | WA
T & FABT Relarive Density (RD) 978 Dinportance Value Index (V1)
THEEY 35.00% OT G306 FTC T WHEH | TG O IEEEH
AL S BT JLHT FAE A | ST o o (7 o-5 7, W,
EEET 5RIT AT BT TES 6. 00% §IF (G J0i-2¢0 o, T, SHEE
S SE T ¢ 98 | FHE AT SOy YNGR O [Fwew oy A
- T

Keywords: Plunt diversity, Ratargul Swamp Forest, Regeneration.



Introduction

Bangladesh is considered the largest delta in
the world. The total wetland area of
Bangladesh is estimated to be 70,000 to 80,000
km? It comprises about 30% of the total
national land area of the country (Islam 2010;
Khan et al. 1994), The wetlands of Bangladesh,
located mainly in the north-eastern region,
have great ecological, commercial. and
soclo-economic importance. About 50% of the
people of this couniry are direcily dependent
on wetland resources for their livelihood (Islam
2010) and 70% of the country'sanimal protein
comes from freshwater fish (Bhuivan 2013).
Swamp foresis are measured as containing very
rich components of biodiversity of local,
regional, and national importance (Nabahungu
and Visser 2011). Swamp loresi plays a vital
role in the development of human culture and
society (Islam 2010) with the provision of
tangible and mtangible benefits. Tts ecosystem
is awondertul source of fish, fiber, fodder, fuel,
water supply, water purification, climate
regulation, flood regulation, coastal protection,
recreational opportunities, tourism. and other
services (Lamsal 2015). The freshwater
swamps are associated with abundant and often
unique plant growth dominated by trees and
high shrubs in the tropics (Vijaya and Vasudeva
2011).  Although  vegetation  structure
influences productivity and function of forests
(Nusslein and Tiedje 1999), until recently
relatively less attention has been paid to
thevegetation composition of swamp forest
ecosyslems due to their limited and irregular
distribution worldwide. Swamp forests are
meore complex than other forest types because
of the nature of the aquatic vegetation and its
tolerance to periodic inundation and its
occurrence on the banks of rivers or lakes
(Keddy 2010).

Ratargul Swamp Forest 18 a freshwater swamp
forest located in Gowainghat upazilla of Sylhet
district. It is the only swamp forest located in
Bangladesh and one of the few [reshwater
swamp forests in the world (Gopal 1999). The
forest goes under 20-30 feet of water in the
rainy season. The rest ol the year, the water
level 15 about 10 feet deep. It is located 45 km
away from Sylhet city on the bank of the
Goyain river (Banglapedia 2012). The total
area of swamp forest is about 204 ha.
Approximately 118.50 ha. were declared as a
reserve forest (Choudhury ef al. 2004), It has a
upique floral and faunal composition compared
to other forested areas of Bangladesh. This
forest provides vanous products and ecosystem
services, which play a key role in the livelihood
of the local population. Also, ecologically, this
forest provides significant habitat for flora and
fauna, Swamp forest has experienced rapid
degradation due to high population pressure,
fuel wood collection, expansion of agriculture,
illegal logging, grazing, infrastructure
development, tourism activities, collection of
medicinal plants and other forest non-wood
products, pesticides, and other destruction
activities (Islam ¢f al. 2016).0t 15 sure that if
these disturbances continue for a few years, the
wetland resources of this area will be reduced
to acritical level. In this case, wetland-
dependent people will face serious problems
regarding their livelihood and safety. This
forest has significant ecological importance.
But there has been limited mformation on the
vegetation structure of the RSF. Bangladesh
Forest Research Institute is a national [orest
research institute, but it has little information
about swamp forests and botanical specimen
collection on RSF. Swam forest area have no
proper  conservation and  management
techniques, for which those are declining
gradually. Therefore, the study has taken
conducted to get information about the floristic
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composition of RSF and to collect wetland
botanical specimens. This information will be
helpful for the sustainable management and
conservation of wetland resources 1 the
swamp forest.

Materials and Methods

Study area

Ratargul Swamp Forest is located about 45km
in the north-west of Sylhet town, is on the
south-east bank of the Govain river (Fig. 1),

SOWAINGHAT UPAZILA

Rntargul S'ivrmm Forest

s ) A

REGEHD
&g Goyaln River

[ GOVTAINGRAT UPATILA

Figure 1. The location map of the study area
Ratargul Swamp Forest, Sylhet.

Methadology

The vegetation survey was carried out using
the random quadrat method to observe the
plant diversity of RSF. The optimum quadrat
sizes were (10m x 10m) for tree species and
(2m x 2m) for shrubs, herbs, and climbers. In
each quadrat, the diameter at breast height of
each tree (=5 cm dbh) was measured. Seedlings
and saplings were included as herbs and
shrubs, respectively. The botanical samples
were collected from representative sampling
plots and identitied by ecological characters in
the field (Fig. 2). The collected samples were
identified with the help of the BFRI Herbarium
(BFRIH), Chattogram, and the Bangladesh
National Herbarium (BNH), Dhaka. The
collected samples were identified through
consultation of pertinent literature (Prain 1903;
Brandis 1906; Kanjilal er al. 1939, 1940 and
Ahmed er gl 2008). Identified samples were
compared with the authentic specimens’
samples of the BFRI herbarium. Finally, the
samples were preserved in the BFRI

herbarium, The family names were adopted
according followings Cronquist’s system of
classification (Cronquist 1981).

Figure 2. Sample plots laying out, collection of regeneration data and botanical samples from

Ratargul Swamp Forest.
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Statistical analysis

The relative values of density, frequency, the methods of Magurran (1988), Dallmeier et
dominance, and importance value index (IVI) @l (1992) and Shukla and Chandel (2005). The
for each species were calculated according to  methods are as follows:

Total number of individual of a species in all quadrats

= Density =
Total number of the quadrats

a Rolative Dénsityi= Total number of individuals of the species « 100

Total number of individuals of all species
Total number of quadrat in which the species occurred

= Frequency =

Total number of the quadrates studied
Frequency of one species
bl P X 100

= Relative Frequency = - :
Total frequency of all species

o ASredessa Total number of individuals of a species in all quadrats

Total number of quadrats in which the species occurred

The abunda f one
= Relative Abundance = Sndaw et e shos ® 100
Total abundance of all species

= Importance Value Index = Relative density+ Relative frequency + Relative abundance

Results

Floristic composition

The study recorded a total of 69 plant species  climber 06) belonging to 43 families (Table 1)
(tree 09, shrub 13, aquatic shrub 05, herb 36, and Fig. 3 of the existing plants in the RSF.

& Tree ® Shrub M Aguatic Shrub ® Herb ® Climber
40 - 36

E 35 4

E 30

= 25 -

& 20

g 15

s - 6
3 - ;
g L s .

shrub Aquatic Shrub Herb Climber

Categories of the plant species
Figure 3. Habit categories of the plant species recorded from Ratargul Swamp Forest.
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Among the families, with the highest (6
species) number of species. followed by
Polygonaceaes (5 species), Fabaceae (4
species), Euphorbiaceae, Moraceae, Poaceag,
Convolvulaceae, and Cyperaceae each with 3
species, and each of the Hydrocharitaceae,
Nymphaeaceae. Pontederiaceae, and
Onagraceae family with 2 species. Rest of the
families with single species each (Table 2).

Status of saplings

A total of 1414 seedlings of 9 species
belonging to 7 families were recorded from the
66 sample plots of RSF. Among the families,
Moraceae was recorded with the highest
number of species (3 species), followed by
Lythraceae (2 species) and the rest of the
families with single species each.

Table 2. The species composition of the plant families recorded in the Ratargul Swamp Forest.

5L No. | Family Name No. of Species | S1. No. | Familv Name No. of Species
1, Amaranthaceae 23, | Lythraceae
2. Anacardiaceae 24. | Malvaceae
3, Apiaceae 25, | Marantaceas
4. | Araceae 26. | Melastomataceae
5. | Arecaceae 27. | Menyanthaceae
6. | Asparagaceae 28. | Moraceae
i Asteraceae 29, | Myrtaceae
8 Athyriaceae 30. | Nymphaesaceae

9, Boraginaceae

31. | Onagraceae

10. | Capparidaceae

32. Oxalidaceae

11. Commelinaceas

33, Pandanaceaeg

12. Convolvolaceae

34. | Plantaginaceae

13. | Cvperaceae

33, Poaceae

14, Dioscoreaceae

36. | Polygonaceae

15. Elatinaceae

37. | Pontederiaceae

16. | Euphorbiaceae

38, Rhammnaceas

17. | Fabaceae

39, Rutaceae

I8, | Hydrocharitaceas

20. | Lecythidaceae
21. | Lemnaceae

el Ll Ll el el e i R LS Rl e R NS e e R N ]

40. | Scrophulariaceae
41. | Smilacaceae
42. | Verbenaceae
43. | Zingiberaceae

ol el Gl L L - L R L el L L e e e o e el e e e e R

2. Liliaceas

Phyto-sociological characters aof the tree
species

Tree stem per ha., relative density, relative
frequency, relative abundance and importance
value index (IVT) of the recorded tree species
are shown in Table 3, The highest tree stem
density was found to be Pongamia pinnatq

(411 stem/ha). While maximum relative

density was recorded in P pinnata (29.55%).
followed by Syzvgium fruticosum (19.62%).
Barringtonia geutanguly (18.97%), Crateva
magna (8.28%), and Lagerstroemia  speciosa
(6.87%). maximum relative [requency was
recorded in P pinnata (16.36%). followed by
8§ fruwticosum (15.60%), B. acuwiangula
(14.32%). C. magna (12.02%). Sireblus asper
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(11.25%), and L. speciosa (10.23%). The
species with highest relative abundance was
F pinnara (23.04%) followed by B. acutangula
(16.91%), 8. fruticosum (16.06%), C. magna

(8.80%), L. speciosa (8.57 %) and S. asper

(7.29%). E pinnata with importance value
index of 6896 was the most dominant tree
followed by S fruticosum (51.29), &
acutangule (5020), C. magna (29.10), L.
speciosa (25.67) and §. gsper (24.98).

Table 3. Tree per hectare, relative density (RD), relative trequency (RF), relative abundance (RA)
and importance value index (IVI) of different plant species in Ratargul Swamp Forest.

SL Tree RD RA RF
No. Local Name Scientific Name stemha | (%) | %) | (%) IVl
| "ih]Ei m-rrﬂa_‘mn acutangila {L ) Gaertn. 264 18.07 Tﬁv?idl 1432 | 50.20 |
2 | Barun Crateva magna (Lour.) DC. 115 228 | 880 | 12.02 | 29.10
3 | Koroch Pongamia pinnata (L.) Piemre 411 29.55 23 04 | 1636 | 68.96
4 |Putijam | Syzygium fruticosum (Roxb)DC. | 273 | 19.62 | 16.06 | 15.60 | 51.29
5 | Jarul Lagersiroemia speciosa L. o3 6.87 | B.AST | 1023 | 25.67
6 | Pitali Mallows nudiflora (L.) Kuljy & Weizen. 45 327 | 6.04 | 690 | 1622
7 | Sheora | Streblus asper Lour 89 643 | 729 [11.25 | 24.98
& | Dumur Ficus hispida L. 35 4235 | 707 | 7.67 | 19.00
9 | Tialbhadi Lannea coromendelica (Houtt.) Merr. 3R 272 . 618 | 5.62 | 1453

The importance value index of the seedlings of
RSF 1s shown in Table 4. The highest tree stem
density was found to be P pinnata (524
stem/ha). The species with maximum relative
density was I pinnata (24.46%), followed by
8. fruticosum (23.19%), and B. acwtanguia
(17.82%). Although

maximom  relative

frequency was found in P pinnata (13.51%),
followed by 8. fruticosum and B. acutangula
each are (12.88%), C. magna (12.47%), but
the highest relative abundance was recorded in
F. pinnata (21.99%), followed by &
Sruticosum (21.86%)

Table 4. Seedling per hectare, relative density (RD), relative frequency (RF), relative abundance
(RA) and importance value index (IVI) of 9 dominant regenerating plants in Ratargul Swamp Forest.

Sl. | Local G e Seedlings/ | RD RA RF

No | Name e ha @) | %) | o) | ™

1 | Hijol | B acutangula (L) Gaertn. 382 17.82 | 16.79 | 12.88 | 47.50

2 | Barun | C magna (Lou.) DC. LG8 7.85 7.64 | 1247 | 27.96

3 | Koroch | P. pinnata (L.) Pierre 524 2446 | 2199 | 1351 | 59.98

4 |Putijam | § fruticosum (Roxb.) DC. 497 23,19 | 21.86 | 12.88 | 57.95
5 | Jarul L EHECEGSEL 158 | 735 116 | 1247 _"ﬁ 99

6 | Pitali | M pudiffora (L) Kulju & Welzen. 129 6.01 6.75 | 10.81 | 23.57
7 | Sheora | 5. asper Lour 145 | 678 | 777 | 1060|2517

8 | Dumur | F hzspzda T 118 551 586 | 11.43 | 22.81

Q | Tialbhadi | L. coromendelica (Houtt.) Merr. 21 .99 4.13 2091 B.O3
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and B. acurangula (16.79%), The highest IVT of
regenerating tree species was recorded highest in
P pinnata (59.98), followed by §. fruticosum
(57.95), and B. acutangula (47.50). According to
results, P pinnata is the dommant regenerating
species of RSF.

Distribution of seedlings in different height
classes

The vertical profile of a forest provides a clear
concept of forest stratification. Regenerates
below 250 e¢m in height were considered
seedlings. The percentage distnbution of all
seedlings of all species mio different height
(cm) classes is provided in Fig.4.

It was evident that majority (56.56%) seedlings
were within the range of 0-50cm height
classes, whereas only 5.74% scedlings were
found 201-250cm height classes. It was found
that the number of species decreased regularly

with the increase in total height. Tt indicates the
poor survival of seedlings, probably resulting
from both biotic and abiotic interferences.

Recruitment of the secdlings

The recraitment of seedlings is important in a
natural forest to determine the structure and
sustainability of the forest. Comparative
recruitment percentages of major dominating
seedlings with the corresponding tree stem/ha
are shown in Table 5. P pinnata bhad a
maximum  78.29%  scedling recruitment
percentage, followed by B. acuwangula
(69.11%), C. magna (68.45%), and S. asper
(61.38%)., The conservation measures for
biological diversity should be based on
regeneration potentials of plant species (Verma
et al. 1999), It is an important indicator for
evaluating the overall situation of a forest
ecosystem (Rahman er al. 2010).

@0-50  w51-100  ®101-150  w151-200  w201-250
70 4 56.56

E{J 60 -

= 50

2 40 -

wh

< 30 - 19.71

2 ?g_ . 11.44 6.55 —
) B i e

0-50 51-100  101-150  151-200  201-250

Height (cm) classes

Figure 4. Distribution of all the seedlings into different height (cm) classes.
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Table 5. Percentage recruitment of § major regenerating tree species in relation to trees/ha and

seedlings/ha at Ratargul Swamp Forest.

lﬁt. Scientific Name Family St:l:";ﬂ Sﬂil:lgs RH?::::;“ e
1. B acwtangula (L.) Gaertn. | Lecythidaceae | 264 | 382 69.11

2. Comagna (Lour,) DC, Capparidaceae 115 168 68,43

3. F pinnata (L) Plerre Fabaceae 411 525 T8.29

4, | & fruticosum (Roxh) DC, Myrtaceae 273 497 54 93

5. | L specivsa L. Lythraceae a3 158 60).13

6. | M nudiflora (L.) Kulju & Welzen, Euphorbiaceae 43 129 34 88

7. | & asper Lour Moraceae a9 143 6138

8. | F hispida L. Muoraeeae 59 118 0.0
Discussion Jruticosum (Putijam) is higher than that of 5.

As previously reported by Chowdhury ef al.
(2004), they found 73 species of plants. The
number of species in the swamp forests of the
south eastern and central Brazil regions ranged
mainly from 30 to 60 species (Ivanauskas et al.
1997; Marques e al. 2003; Guarino and Walter
2005; Scarano 2006). In fresh water swamp
forest im Bonny Rivers State, Nigeria, was
investigated  ninety-four  plant  species
belonging to 40 families (14 shrubs, 26 trees,
and 54 herbs) were encountered, which
represents 14.89% shrubs, 27.66% trees and
57.45% herbs in the forest (Agbagwa and
Chimezic 2011). Agbagwa (2008) reported 39
forest tree species from 19 families within
freshwater swamp forests in a confluence area
of Delta, Imo, and Rivers States in the Niger
Delta. Hossain et al. (2016) were recorded 16
plant species were under 16 families indicating
a high biological diversity at family-level taxa
and P, pinnata (Koroch) showed the highest
value of importance value index (IVI) (15.62)
indicating the dominance of the species in the
forest. The present survey has found 68 species
of plants in RSF and P. pinnata showed the
highest importance value index (TVI) (59.98).
The results showed that the dominance of P
pinnata has increased more than before. The
regeneration rate of P pinnmats and 8

acutangula (Hijol). Hijol regeneration is low
due to the [act that many mother trees are being
attacked by insects and dye-back disease. This
may be one of the reasons for the decling in the
regeneration of Hijol due to the decline of the
mother tree. The present study reveals higher
regeneration potentials for many economically
and ecologically importanl tree species.
Howewer, there are still many causes thatmay
be critical for the oecurrence and establishment
of natural regeneration. The species that have

low IVI should be given priority in
conservation programs. Ratargul Swamp
Forest is regarded as a reserve forest.

According to the definition of a reserve forest
(Forest Act 1927), people have no nght to do
anything without permmssion (USAID 2005).
However, the degradation of forests is
increasing day by day. There are several
reasons for these disturbances. including a lack
of clear boundaries, encroachment, tourism
activities, illegal felling, fuel wood collection,
grazing, fishing. agricultural land expansion.
and other administrative problems. Every day.
more than one thousand tourists visit this area.
The presence of overloaded tourists all vear
round has a serious impact on the biodiversity
of the forest. Tourists have a full access to all
parts of the forest easily they play sounds in
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mikes at high volume inside the forest; they
throw packets, bottles, and papers in the water,
which pollutes the water and is a barrier to the
living animals and the rare plant species of the
forest are minimizing day by day. Many people
migrate to this RSF area from outside and they
are totally or partly depend on RSF rescurces.
In this case, the participatory [orest management
approach can be an effective tool to overcome
the present problems of RSE

Conclusion

The diversity of planis was moderately present
in RSF, The diversity and richness of RSF
might be degraded in near future due to the
impacts of continuous threats. There are
several reasons for disturbances, including a
lack of clear boundaries. encroachment,
Lourism activities, illegal felling, fuel wood
collection, grazing, fishing, agricultural land
expansion, and other administrative problems.
A proper plan should be taken inio account (o
protect the forest, The RSF has to be divided
mto a buffer zone and a core zone, All parts of
the forest should not be accessible. Only the
buffer zone can be entered, but entry into the
core zone must be completely prohibited. The
specified number of tourists must be allowed to
enter. Additional tounists will not be allowed to
enter. There should be striet rules the {oursts
who want to visit the forest, llegal encroachments
should be stopped in the forest. Fishing and
grazing inside the forest should be banned.
However, the participatory forest management
approach (working together with the local
community, forest department, national and
international NGO's, research orgamzations
and other volunteer organizations) could be an
effective tool to overcome the existing
problems of RSE Also awareness urgently
needs to be created among the local people
about the importance of conservation of
biodiversity, Altemative income-generating
options need to be provided and promoted to
local people to conserve the biodiversity of RSF.
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Abstract

Recently Hifol tree (Barringtonia aculangula) at Ratarew! swamp foresi of Selhet,

Bangladesh was pbrerved to infest &y a defoliating caterpillar (Trabala vishrou

Le: Lasiocompidee: Lepidoptara). For proper managemeni of the pest its life ovole

was stwaied im the faborarory of Forest Proteciton Division of Bangladesh Forest

Research Instinute, Chattogram gt 27 T8°C temperature and with 1, 75% relative

kumidite. Four genevations aid six larval instars of the inteci wers recorded. 4

tatal of 299 adulis were emerged during the study perion among which 182 were
female and 17 were male, The sges af T, vishmoti were cregnn white (n colowr and

covered with Frown hairs. mcubaion period wos maximamm 7 dave and mrinimum 6

davs, The famige were cream colour with broven head and numicrouy dark brown

haire on the bogy. Lamwal pericd was 33-39 dmr and pupal period 72-13 davs.

Pupa was dark. brown in colowy. The adult was medivm sized moth exhibiting

rexiral dimorphism, The mals was pale apple green inm colowr with brown anrennae

and the female was yellowish green in colour with a few small tpots limad iy av the

hottom of the front and kind wings, Maximum manng peviod was & days, Pre-egg

laving paricd was 5 days and poest lawing 6 days. Each female laid a maxinwm of
264 eops, Sex vatio of female to male was [ 68, A joral lifespan of the moth was

3159 davs. Further study can b done in the nanval habitat of the ingecr i furure.

HEET
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s | Wewg & (FE S (IF T TR TS (TR 9T b e 9
SeR ERCCREWY T T FEIDd Srerare 19,98 (RIRGS SEE 47
3 T ST SEETY W T TE | ST O el I ST By
G TR G TS Fa W | ARPET (0 2saf 0T oAST oW oRE TH
AT 5o 0 T CoffRT 9 3 9 AFT (N | onveeTg T e ST W e om 5
W 4 | M T IS (9 3 WA 9 5 e A b e et ) St ot
FOug, W FIA AT T B (VT WS | (G G N waan o g e
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Kepwewds: Borringtonio aowrangula, Trabala vishrow, Ratorgul Swomp Fowest,
Larva, Pesi.



Iniroducilion

Ratargul swamp forest is one of the most
important tourism sites in Bangladesh. The
forest is located i Gowainghat upazila of
Sylhet, about 23 km from Sylhet City (Jahan
and Akhter 2018). The forest remains
submerged for six months in a year and dry for
the rest six months. Swamp forests around the
world play a wvital role in maintaining
biodiversily, sustaining hivelihood and nourishing
the ecosystem of wetlands (Agnew er al. 2000;
Allan et al, 2008: Aftanasio er al 2012;
Burkhard ef al. 2010; Naiman and Décamps
1997). The Ratargul forest contains around 73
plants species of which 40 species are herbs, 6
species shrubs, 8 species climbers. 3 species
epiphytes and 16 species frees. Among the tree
species Hijol (Barringtunia acutangula) is the
second dominant species (Choudhury et al
2004). Relative density. relative frequency,
relative dominance and importance value index
of Hijol tree are 27.18%, 31.57%, 10.97% and
69.74 respectively. Average diameter and
average height of the tree is 19.70 cm and 7.53
meter respectively (Chowdhury et al. 2020).
Recently Divisional Officer of Sylhst Forest
Division informed that Hijol tree of Ratarcul
swamp forest has been infested by a leaf eating
caterpillar. The pest was identified as Trubala
vishnou Lefebvre (Lasiocampidae: Lepidoplera).
Every vear this insect pest causes severe altack
and make extensive damage of the Hijol tree,
causing decreased amnual growth and vield
loss. Excepting host record, there is little study
on the defoliator in Bangladesh. Therefore the
present study was undertaken to lmow the
biological characteristics of the pest. Because
management of any insect without knowing its
brology and ecelogy 1s dilficull and someiimes
impossible. The life cycle of the pest was
studied in the laboratory condition. The study
period encompassed four generations of the
insect.

s1 Bangladesh Joumal of Foresr Science

Materials and Methods
Field visit and sample collection

The study was undertaken during July 2017 to
June 2020. Different field visit were conducted
during study period in Ratargul swamp forest
for the collection of eggs and larvae of Hijol
defoliator. Eggs with the leaves of Hijol tree
were collected from Garughat area (25°00'665"
and 25°00'688"of North latiudes and in
between 091°55'380"and 091°55"382" of East
longitudes) of Ratargul swamp forest, The eggs
were kept in small insect collecting box and
carried out to the entomology laboratory of
Forest Protection Division (FPD) of
Bangladesh Forest Research Institute (BFRI),
Chattogram,

Larvae rearing in laboratory condifion

The larvae were reared in the laboratory to
observe different life stages and other
biological characteristics under 27.76°C
temperature and 81.75% relative humidity (rh).
Temperature and relative humidity were
recorded regularly by digital hygrometer.
Newly hatched larvae were placed separately
m petridishes so that the larvae pass the 1®
instars of their life stage. After 1" instar the
larvae were transferred to rearing jar. both ends
of which were enclosed by perforated tin so
that fresh air can [ow easily (Fig la).
Petridishes and rearing jars were cleaned and
sterilized with cotlon soaked in 99% ethyl
alcohol. Wet cotton was provided inside the
petridish and rearing jar (o retain moisture.
Fresh and young leaves of ijal trees were
provided to fhe larvae daily. The length and
breadth of larvae of different developmental
stages were measured. After last larval instar
pupation took place in the rearing jar. A few
days later adult moths were emerged. The
number of adult based on sex was recorded at
one hour interval daily.
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Emergence and mating behaviour

Each adult couple was placed m a separate
rearing jar (80 x 80 x 40 cm) surrounded by
mosquito net. Rangon (Combreiwm indicum)
and Korobi flower (Nerium oleander) was
given inside the jar so that male and female
could get vibe of natural environment (Fig 1b).

(a) (b}

Figure 1. Rearing larvae of T wishnow in
different jars and mating environment (a) and

{b).

The flowers were selected for their availability
during study period. The mating period,
pre-egg lying and post-egg laving periods.
number of eggs laid and sex ralio were
observed 8 hours daily during the day time
from 9 am to 5 pm and recorded at different
time intervals in different generations.

Insect identification

The insect was identified by using the key and
description of Browne (1268). Beeson (1941),
Asiatic Society of Bangladesh (2009) and
Hampson (1892).

Statistical analysis

On different developmental stages such as
larva, pupa and adult body measurements were
taken in centimetrs scale. Average, standard
deviation and sex ratio were calculated by MS
Excel 2010.

Results
Eggys of T. vishnou

The eggs of the insect collected from Ratargul
were creamy-white in colour and covered with
numerous brown hairs. The eges were laid on
underside of the leaves arranged in two Tows.
Each row was arranged like an egg garland and
was 2 cm long containing 13-15 semi-ovals
eges. Fach egg was lmm x lmm in size
(Fig. 2).

Figure 2. Eggs of Hijol defoliator (T vishmou)

Hatching of the eggs

In first generation incubation period was 7 days
in 25.63°C temperature and 78.17% relative
humidity. In second generation incubation
period was 6 days in 26.67°C temperature and
78.17% relative humidity. In third and fourth
generation incubation peried, lemperature and
relative hummdity were 6 and 7 days, 27.50°C
and 28.03°C with 865% and 85.25%
respectively. In first, second, third and fourth
generation 38.84. 41.18, 55.99 and 58.78% egg
hatched to larvae respectively.

Larval characteristics

During the study period, six distinct larval
instars were recorded. At the initial stage larvae
were creamy in colour. Body segmentation was
very clear. Head 1s brown, The larvae have
numerous light brown hairs on the body
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(Fig. 3). Larvae roam and move in groups. In
early stage larvae prefer to eat young fresh
leaves. When there iz a shortage of food larval
growth is stranded and they tum yellowish in
colour. The maximum length and breadth of I7
instar larvae were found in second generation
being 1.7lem and 0.08cm Tespectively.
Minimum length and breadth of 1% instar larvas
were found in fourth generation that were
[.0lem and 0.06em respectively. Similarly m
2% instar larvae highest length and breadth
were found in second generation and lowest
length and breadth were found in fourth
generation, In case of 3™ instar larvae longest
size was lound mn frsi generation and smallest
size was found in fourth generation bemg
4.72cm and 2.91cm respectively. In 4% instar
larvag though maximum body length 4.98cm
was found in second gencration but in 5% instar
maximum body length 5.72em was found m

4th

&Sth

first generation and sixth 6.56cm (Fig. 4).
Body width was positively comrelated (r =
0.916451) with body length. Maximum 6 days
for moulting in 1st instar larvae was found in
second generation in 27.92°C temperature and
77.30% relative humidity. In 2™ and 3" instar
larvae highest time for changing instars were
found in fourth gemeration being 6 days.
Highest and lowest time of stadium for 4®
instar larvae were 7 and 5 days in 27.60°C and
28.0°C temperature and 88.0% and 72.25%
relative humidity respeetively. In 5% instar
larvag maximum duration for moulting was
found 7 days in fourth generation i 27.90°C
temperature and 87.60% relative humidity. In
last imstar maximum duration for moulting was
found & days i fourth generation i 27.73°C
temperature and 86.70% relative hunudity
(Table 1).

Figure 3. Different larval stages of Tvishnou (1%, 2%, 3%, 4%, 5% and 6 instars).
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Figure 4. Length and breadth of larvae of 77 vishmou in different generations.

Pupal characteristics

The full grown larva formed a pupal cocoon
interwoven with larval hairs and usually
attached to the stem of the host plant. Initially
the cocoon was light yvellow but later tumed to
dark brown in colour (Fig. 5a). The larval skin
was pushed out from one end of the cocoon and
a round hole was made in the hanging part by
changing the upper shell ef their body (Fig.
5b).

From these cocoons, the adults hatched m 12
days. In first generation the length of pupal
cocoon was 2.28cm and in second, third and
fourth generations, the lengths were 2.29. 2.26
and 2.16cm respectively (Fig. 6). Pupation
period 1n first, second, third and fourth
cenerations were 13, 12, 12 and 13 days
respectively in 27.76°C, 28.30°C, 28.20°C,
27.90°C temperature and 76.00%., 84.00%.
86.00% and 86.18% relative humidity (Table 1).

(a) (b)

(c)

Figure 5. Pupal stage of T vishnou. (a) Pupa with cocoon (b) Pupa with circular hole and (c)

Empty pupal case after moth emergence.
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Figure 6. Average length and breadth of pupa and adult of 7" vishnou in different generations.

Adult characterisiics

The adult moths were medium in size and
exhibited sexual dimorphisms. Male moths
were smaller in size compared to females.
Male were pale apple green in colour, antenmnae
brown while the females were yellowish green,
with brown spots inner side above the front
wing and brown margins on both sides. There
were few small spots lined up at the hoitom of
the front and hind wings in both sexes (Fig.7a
& Fig.7b). DBi-pectinate antennae were

(a)

Figure 7. Sexual dimorphism of adult male. female and ventral side of female 7' vishaow. (a, band c).

observed in both sexes bul bristies were longer
in males. The wing span of male moth at
stretched condition was 3.8 em in size while
that of the female was 5.36 cm (Table 1). At the
resting time n the front wings of the female. a
V-shaped brown mark was observed although
this mark is absent in male (Fig. 7b). From
larvae to adult maximum survival rate was
71.43% in fourth generation and maximum
mortality rate was 37.43% m second
generalion.

(c)
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Mating behaviour

Mating rarely oceurred during the day time
(Fig. 8). Many females laid eggs without
mating lrom which no larvae hatched.
Maximum mating duration was up to 7.53 days
in third generation. Highest pre egg laying
period was found 2.70 days in fourth
generation and highest post egg laying period
was 5.93 days in third generation (Fig 9a).
Female moth laid highest number of eggs (262)
m third generation, In first, second and fourth
generation female moth laid 255, 157 and 240

egps respectively (Fig. 9b).

Figure 8. Mating of T vishnou.
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Figure 9. Reproductive parameters and
number of eggs laid by T vishnoy in different
generations (a & b).

Gren-|

Emergence behaviour

A total of 299 adults emerged in four
generations of which were 182 females and 117
males. Male and [lemale emergence
percentages were 60 and 40 in first generation,
52.83 and 47.17 in second generation, 39.10
and 60.92 in third generation and 29.10 and
70.90 in fourth generation.

Mortality and survival rate

Survival rate was highest in fourth generation
(71.43%) and lowest in first generation
(42.55%). On the other hand, the mortality was
highest (57.43%) m [irst generalion and lowest
(28.57%) in fourth generation (Fig. 10).

= Mortality Rate = Survival Rate
El:]i.'l
?;- 80
En 4
‘E 60
5 40
= 0l
(o)
0
Gen-1 Gen-2 Gen-3 Gen-4
Generations

Figure 10. Mortality and survival percentage
(%) of T vishnou in different generations.
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Sex ratio

Calculated sex ratio of T, vishnow was 1; (.68
(feriale: male) per population in 4 generations
{Table 2).

Table 2. Total number of emerged female and
male of T, vishnou in ditferent generations and
calculated (female: male) sex ratio.

Generations | Female | Male | Sex Ratio

(F: M)

1 16 24 1:1.5

i 25 28 1:1.12

e 53 34 1: 0,64

4 78 32 1: 0.41

Total 172 118 1: 068

Discussion

Trabala vishnow Lefebvre commonly known as
rose myrile lappet moth and tent caterpillars
belongs to the family Lasiocampidae of order
Lepidoptera. (Tewari and Namgil 1999; Kumer
2013). Every year this pest causes severe attack
and make extensive damage to the Hijol tree.
The caterpillar 18 hairy and polyphagous pest
feed on a wide range of host plants such as
Acacia confusa, Samtalum album, Quercus
gomeziana,  Quercns  spp.,  Eucalvpius
clobulus, Anvgeissus acuminata, Bischofia
Javanica, Butea monosperma, Careya arborea,
Eugenia jambolana, Lagerstroemia speciose,
Lantana camera, Mallotus  philippinsis,
Psidium guajava, Shorea robusta, Sonneratia
apetala, 8. caseolaris, Swietenia macroptviia,
8. mahagoni, Syzygium cumini, Terminalia
bellivica, T. catappa, T. tomentosa, (Beeson
1941: Browne 1968; Baksha 2008: Baksha and
Islam 1997). The insect is very common and
well distributed in Bangladesh, India, Pakistan,

Myanmar, China, Sri Lanka and Indonesia

(Alam 1967, Brown 1968; Hampson 1892 and
Asiatic Society of Bangladesh 2009). Kumar er
al. (2013) studied the biological attributes of 7.
vishnou on Punica granatum L. during
2013-14 i monsoon period in an unsprayed

experimental orchard of Indian Institute of
Horticultural Research, Bangalore, India. They
found that eggs of 7T vishnou were
creamy-white and covered with brown hairs
laid either on leaves or fruit calyx, and the
incubation period varied from 8 to 10 days, The
full grown larvae measured on an average 6.06
em in length with {fine network of
vertical/horizontal lines, and up to six larval
instars were reported with an average larval
period of 28.3 davs for both the sexes. The
result was similar to the findings of this study.
Rathore and Verma {1976) & Vishwanath and
Visweswara Gowda (1974) found that pupation
of T" vishnou took place on the host plant. Pupa
was reddish brown, and pupation took place
inside a saddle like cocoon, usually on the
petiole of leaves. The colour of the cocoon was
same as that of the larva. Each cocoon had two
humps on dorsal side and two openings, one on
gach side. Male cocoons were smaller in size
than those of the female. The total pupal period
was 13 to 18 days, This report slightly differs to
our findings. The reason may be their study
was done in natural condition but this study
was carried out n the laboratory, Irungbham et
al. (2020) made a survey on the assessment of
Lasiocampidae fauna of Shirui mountains and
surrounding arcas of Manipur during 2016 to
2019. They reported that male [ull grown moth
was 40-57 mm and female 68-82 mm. Length
of that male forewing was 21-29 mm and
female forewing 3846 mam. Forewing's
ground colour is light apple-green in males.
The females are significantly larger: their basic
colour varies from light green to yellow in all
shades. The forewings have a large, brown
field with a typical discal spot. Most of these
findings are similar 1o the present study.
However, morphometric measurement was
slight different. This may be due to the age of
full grown adult. Adult moths are lazy in nature
and do not move much but they are very fertile.
Observations showed that the female moth laid
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ewos withoul malting with the male, but the egyp
did not hatch. Variation in egyg hatching rate has
been observed in different generations. The
larva of T vishnow consumes a large amount of
food and moults several times, After the last
moulting, it covers its body with strands of
thread made of saliva to transform into pupal
stage, There ars many changes mn body
composition within the cocoon. When it
becomes a full-fledged moth, it cots the shell
and comes out, thus completing the four stages.
More thap one generation of T vishrou was
found in a vear, so this insect is multi-voltine,

Conclusion

Hyol (B. gcutangula) 18 one of the most
important tree species of RSF of Sylhet.
Bangladesh. T. vishnou is harmful pest of this
tree, The insect is polvphagous and spreads
very quickly, The curreni observation on
severe defoliation of Hyol by this
lasiocampidae shows that it has potential to
become serious pest of RSF where no
insecticidal sprays are exercised, It is very
important to know the life cycle and biological
character of this moth for proper management
This study was done in laboratory condition,
However, in future detailed life cycle may be
carried out in natural conditions.
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Abstract

The present study aims 1o investigate the survival and growih performarnce of eight
mangrove and mongrove-gssocjated spectes ai diffevent intindation frequency
fevels in the western coastal areoy of Bangladesh. The sludy wos conducted i the
312 months rundared land af Rangabali and Char Kuloi-Mukyi fores! research
starion, Resull showed thot the species Thespest popwlnes, Calophylfim
imophyllum, Ficus rumphii, and Dolichandrone spathocea performed  hetter
sirvival and height growih in the 3-3 monthe of immdaied arecs o Rangabali in
the vears 2009 and 3020 significantly differant from Char Kukri-Mukei site. Bui
these species d@id mof gorvive ot 12 months and & months of inyndated nreas at
Reangabali, except for D, spathacea in 2017 and 2008 On the other hand. the
spectes Cynomeotra ramifiord, Aglaia cuculata, T populnes, and D, spathdesa
performed. berter storvivgl 00%, 32%, 50% . 7% and beiter height performance
were obeerved in T populrea (0.80m) followed by A ewculare (0.70u1), D,
spathacea (1.4dm} and C ramiffore (0. 30m) at the 51 2-month ibndeated vrea at
Char Eukri-Mikei sifes respeciively. The present study found o significan
inundation impact on the swevival and growdh of rhese eight mangrove and
mangrove associates of the fnittal gluge in wesiern coastal areqy. The species T
pogulnea, € inophyllum, & emphii. and D spathaceq showed signs of zrowih
thor suggested i might be suitable for raiving under the older keorq forest in 3-5
moniths (mundated areas, and A.cucilata and © ramdflorg species also showed
signa of growth in 912 months inundated areas. The findings reveal that it would
be approgpriate for enhancing coastal vegerarion o generaie dense foresis.
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Introduction

Bangladesh is a frontrunner in the atforestation
of coastal areas (Siddiqi and Khan 1990;
Spalding 1997). Bangladesh's 710 km-long
coasts are made up of connections between
many natural and economic systems (Hossain
2001; Ifiekhar 2006). In recently acquired char
lands along the coastal belt, an afforestation
effort was launched i 1966 (Rahman and
Pramanik 2015). In Bangladesh, mangrove
plantations have been expanding daily (Hasan
2013). The Bangladesh Forest Department has
planted mangrove species over more than
209, 140 hectares of the coastal areas, of which
3% have been established (DoE 2015).

The two most successful mangrove species for
planting in the coastal areas are Somnerafia
apetala Buch. Hami (keora) and Avicennia
officinalis L. (baen) respectively (Siddigi
2001). Ttis also very common for these species,
seedlings to die after being planted in coastal
locations (Siddiqi and Das 1988; Miah er al.
2014). Due to the demise of planted seedlings,
large gaps have formed inside S. apetala
plantations (Serajuddoula er al. 1995). The
Bangladesh Forest Research Institute (BFRI)
later introduced several notable mangrove
species through experimental basis. including
Heritiecra fomes, Excoecaria agallocha,
Mvlocarpus  moluccensis, X granatum,
Bruguiera sexangula, Aegiceras corniculatum,
Ceriops decandra. Phoenix paludosa and
Lumnirzera racemosa (Islam ef al. 2013). A
few mainland species were also trialed on some
elevated ground of Char Island's including
Pithocellobium  dulce, Samania  samdan,
Casuaring  equisetifolia, Acacia nilotica,
Thespesia populnea and Albizia lebbeck on
small mounds (Islam ef al. 2014). Additionally,
there 15 insufficient regeneration throughout
the keora plantations. Furthermore,
Bangladesh’s man-made coastal forest

54 Fangladesh Joummal of Foresr Scisnce

productivity 1s lower than that of other Asian
countries. (Islam ef @l 2015; Howlader 1999).
Islam ef al. (2015) observed that in the various
coastal regions of Bangladesh. the density of §.
apetala was 1201/ha. at the age of 17-42 years.
The density of S. apetala trees planted in
Mirersarai, Chattogram, was determined to be
650 trees per hectare at the ages of 20 to 29
years (Uddin et al. 2014),

In contrast, the natural Sundarban has a richer
floristic composition than any other mangrove
m the world. The Bangladesh Sundarban
containg 66 species, according to a list
provided by Chaffey and Sandom i 1985.
Kanm (1994) reported 123 plant species from
22 families and 30 genera in the Bangladesh
Sundarban. The Sundarban mangrove forest's
44 undergrowth species were counted by
Hossain (2003). Tt 18 necessary to iniroduce
several mangrove and mangrove associated
species inside the S, gpetala plantation through
underplanting m order to A1l up the gaps of the
coastal plantation and produce a dense mixed
forest. The dense forest can shield against
climate change-related extreme weather events
that could harm human habitation. lives,
property, and agricultural crops. Therefore, a
study was carried out to ascertain the viability
and growth of eight mangrove and
mangrove-associated species in the western
coastal region of Bangladesh at different
inundation frequency level.

Materials and Methods

In this experiment. the following species
namely Aglaia cucullata Roxb., Ficus rumphii
Blume. Tamarix indica Wild.  Thespesia
populnea L., Calophyllum inophyllum L.,
Cynometra  ramiflora L.,  Rhizophora
mucronata  Lamk and  Dolichandrone
spathacea (L.1) K. Schum were tried.

Wil 39, Tssue | &2, Tan-Dac 2025, 53-61




Study area

This experiment was conducted by the
Plantation Trial Unit Division (PTUD) of BFRI
between 2017 and 2020 at two offshore islands.
namely Rangabali in Patuakhali distriet and
Char Kukri— Mukri in Bhola district, Rangabali
is located at latitude 2192 north and longitude
90"92' east. Char Kukri- Mukri is situated at
latitude 21°85" north and longitude 90°72' cast
(Islam et al. 2015). There are many similarities
between the two sites. The average lowest and
highest temperatures are 18°C and 32°C
respectively (Siddigi 2002). The soil is silty
clay loam and non-calcareous. In the monsoon
and dry seasons, soil salinity ranges from 0.3 to
4.2 DS/m. The pH of the soil is fairly alkaline,
ranging from 7.5 to 8.0. (Siddigi and Khan
2000).

Nursery raising

The seeds gathered from trees with supenor
phenology were utilized to grow seedlings of
species such as: A. cucullata, T populnea, C.
tnophytlum, C. ramiflora, and D. spathacea.
The seedlings of 7. indica and F rumphii were
generated by cuttng, and R mucronata from
propagules. The polybag, measuring 18cm x
12cm and filled with a 3:1 ratio mixture of
loamy soil and cow manure was used to raise
seedlings. The seedlings were maintained in
the nursery for 8 to 10 months by weeding and
watering.

Site selection, site preparvation, data collection

The experimental sites were chosen within the
15-30 years-old 5. aperala plantation at several
char land at Rangabali and Char Kukri-Mukri
island where flooding occurs three to twelve
months in the year. In Rangabali Island
experimental plantalions were set up in 2017,
2018, 2019 and 2020 with an inundation
frequency of 12, 9 and 3 to 5 months,
respectively. At Char Kukri-Mukri  site,

plantations were made in regions with a
mundation frequency of 9-12 months. The
experimental were prepared through clearing
and cotting of bush. Seedlings were planted
with three replications at 1.5m x1.5m spacing
in a Randomized Complete Block Design
(RCED). Barbed wire and wooden posts were
used to fence the experimental plots to prevent
biotic interference. Experimental plantations
were maintained through weeding and climber
cutting to keep the test plots in good condition
twice n year. The data was collected from the
experimental plantations twice, in June and
December. Data on growth characteristics were
collected at these plantations for comparison
with experimental plantations.

Statistical analysis

The Minitab statistical software and an excel
spreadsheet were used to evaluate all of this
data. Growth of experimental species survival,
height, and collar diameter were measured
using analvsis of wvariance (ANOVA) to
determine the effect of inundation frequency of
these spectes,

Results

The results of the experiments are shown i
tables 1 and 2. In the experimental year 2020,
the highest survival was recorded for T.
populnea (86%), followed by F ruymplhii
(81%), D). spathacea (71%) and C. inophyllum
(61%) at the age of one year at the Rangabali
site. The mean highest height was recorded for
F. rumphii (1.26m, Fig. 1), followed by T
populnea (1.08m). D). spathacea ((.9%9m), and
C. inaphyllum (0.76m. Fig. 1). The highest
mean collar girth was found at £ rumphii
(3.98cm), followed by D. spathaceq (3.88cm),
C. inophyllum (3.3lem), and T populnea
(3.27cm) at 3-5 months mundation areas of
Rangabali site in the plantation year 2020
(Table 1). In the experimental year 2019, the
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Table 1. Survival and Growth performance of species planted in 2017, 2018, 2019, and 2020 at
Rangabali Forest Research Station.

Plantation vear and age
2017 2018 2019 2020
(4 years) (3 years) ( 2 years) (1 year)
MName of i;n;ndamn lmindataon Inundation Frequency Inundation Frequency
quenty Frequency
Species 12 Months | 9 Months 3-5 Months 3-5 Months
2| E|.2] .8 . 2.2 E].2].B].8
= | e i bt = - s - -
$§3(8=|5% 8| 5% |8z |5%E §F | 8= | § ™%
Zt|=¥|S¢|=F| =S¢ |FF 242 =% (2§ | =42
& = h = & = o1 = = 8
C. inophyllum 0 0 0 i} 4.0+ 061+ 4 4+ 6ld+ | 0.76+ 331+
1650 n0ic 0.12a 1.23d 0,17 (.15b
A, euculioia 0 i} i} i} 350 | LO5E 439+
1.15d 0.12b 0.11a B )
T pﬂp:dﬂfa 0 0 i 0 970 k== 432+ &0+ 1.08+ 327E
0.06a | 047a 0.12a .96a 0.03k 0.15h
P rumphii 0 ] 0 ] &0 0+ | B4+ 482+ g1.0+ 1.26 308+
0.18¢c 0,08z 0.18a 1.47b 0.03a 0.31a
0, .i‘pcrfﬁuc-m L1900 1.2 15,85 1.15 320+ L.I0=x 4.28+ 7148+ | .99+ 388+
+3.21 | +042 | £0.58 | #0.19 | 0.1% 0.(db 0.23a 0.95¢c .03k 0323
K. mucronate 0 0 O 0 2210 0 0 { ¥ 0
| Coramiflora | 0 | 0 | 0 | 0 | 0 | 0 | 0 | f 0 | 0 | 0 |
P value 0060 0.000 0,000 {0.000 0.000 0.000

Notes: Means with different letiers in a column are significantly different at 5% level (= SE.

Mean).

highest survival rate (97%) was recorded for .
populnea, followed by C. inophyllum (94%), F
rumphii  (80%), A. cucullata (35%), D.
spathacea (32%) and R. mucronata (22%) at
the age of two years at the Rangabali site where
inundation frequency was 3-5 months. The
significantly highest mean height was recorded
for F rumphii (1.84m, Fig. 2), followed by T
populneg (1.71m, Fig. 2), D. spathacea
(1.10m), A, cucidlara (1.05m) and C. inophylium
(0.61mj). The highest collar girth was recorded
482cm for E rumphii, 440cm for C
inophyllum, 4.3%m lor A. cucullata, 4.32em
for T populnea and 4.28cm for D, spathacea.

At the Char Kukn-Mulai sites, in the
experimental plantation of 2020, the highest
survival was recorded for C. ramiflora (60%)
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followed by A. cwecullata (52%), T populnea
(50%) and D. spathacea (47%), C. (nophyllum
(30%) and T indica (22%) at the age ol one
year. The highest mean heaght was recorded for
I’ populnea (0.80m). followed by A. cucullata
(0.70m), C, inophyllum (0.70m), D. spathacea
(0.44m), C. ramiflora (0.30m) and T indica
(0.20m). The highest mean collar girth was
found in T. indica (4.73cm), followed by A.
cucullata (3.47cm), T populneg (2.29cm), C.
mophyllum (2.12em), D. spathacea (1.78cm),
and C. ramiflora (1.36cm) (Table 2). In the
experimental plantation of 2019, the highest
survival was found for D. spathacea (32%)
followed by T indica (22%), T. populnea
(21%) and 4. cucullata (11%). The highest
mean height was recorded for 7. populnea
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Figure 1. Understoried experimental plantation of F rumphii and C. inophyllum at Char Nazir,
Rangabali, Patuakhali (1 Year) (A&B).

Figure 2. Experimental plantation of T populnea and F. rumphii under the S. aperala forest at Char
Nazir (3-5 months inundation area), Rangabali. patuakhali (2 vears) (A&B).

Table 2. Survival and growth performance of mangrove and mangrove associated species planted in 2018,
2019 and 2020 at Char Kukri-Mukri Forest Research Station under the §. apetala forest,

2018 2019 2020
(age 2.5 vears) (nge 2 years) (age 1 vear)
Name of = 2 g = = = g = se s 5=
species s E %—E %E S 5‘5 %E :E gg' %g
2€ g% | 88| 2¢| =% 5| 2t | =% it
= E E B =1 = E & - E
C. mmaphylium 12 .0k 0.T7Ex 44 | 100D | D65 258+ 30.0x .47+ 212+
0.01b 0.26a 0.17c 0.16e 0.12b 0. lde 0.90d4 0.19b 0.10c
A. cucullata 2,50 0.98+ 433+ | 11.00= 0.73x 372+ 520 .70+ 3.47
0.0Z¢ (.56a 0.11b 0.03¢ 0.46h 0.12b 1.22h 0.18a +{.15b
T, populnea - - - 21.00+ | 0.95+ 2.0+ 50.0+ 080+ 229
0.09h 0.53a 0.02¢ 2.14b .03 +0.13c
F. rumphif - - - - - - - - -
D, spathacea 30,04 | 065k | 3804 | 32004 | 0544 | 2,38+ | 4754 (haht: 1784
0.02a | 0.0Zb | 0.20c | 0.65a | 0.02c | (14 1.32h (.02 .08
. decandra 0 0 0 0 0 ] 0 ) 0
R mucronata - - - - - - - - -
C. ramiflora 0 0 - - - - 600+ | 030+ 1.36
1.90a 0.00c | +0.05c
T, indica 15,0 | 056+ | 5,75+ | 2200+ | 035+ | 492+ | 220+ | 020+ | 473+
0.16b | 0.09bc | 0.16a | 0.10b | 0.12d | 0.11a | 0.27d | 0.008 | 015
| Puvalue 0.000 | 0.000 | 0000 | 0.000 | 0.000 | 0.000 0.000 0.000

Notes: Means with different letters in a column are significantly different at a 5% level
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(0.95m), followed by 4. cucullata (0.73m), D).
spathacea (0.54m), and T. indica (0.35m). The
highest mean collar girth was recorded for 7
indica (4.92em), followed by A. cucullara
(3.72em), D. spathacea (2.58em) and T
populnea (2.6cm) at the age of two years
(Table 2). The growth performance of the
species was found to be better at the Rangabali
site than at the Char Kukri-Mukri sile in
respect of survival. height, and collar girth.

Discussion

Results of experimental plantations raised in
2020 indicated a significant differsncesin
survival. height growth and collar girth of the
species at the Rangabali locations and shows
disparities in height growth and survival in
2019 plantation. Survival, height growth, and
collar girih of various species raised in 2020 at
Char Kukri-Mukri site also revealed a
significant difTerences. The growth
performance of the species T pepulnea, C,
innophyllum, D, spathacea and F. rumphii was
shown to be superior in terms of survival,
height, and collar girth at the Rangabali site,
where inundation occurs for 3-5 months than
at the Char Kukri-Mukri site, where inundation
occurs for 9-12 months of the year, Difference
in the performance of the species seems to be
due to the Irequency and duration of C.
ramiflora, A. cuculata. T. populnea and D.
spathacea species performed better in the 9-12
month inundated area at Char Kukri-Mukri
areas than in Rangabali sites, It was noted that
the plantation years 2017 and 2018 were more
negatively impacted by grazing and caused
damage. For that reason the results may be
different from Char Kukri-Mukri site. The
species C. ramiflora totally failed at Rangabali
areas having 9 and 12 months inundation.The
growth performance of these species was found
to be better at the Rangabali site than at the
Char Kukri-Mukri site in respect of survival,
height, and collar girth could be due to the

B Fangladesh Joummal of Foresr Scisnce

immdation frequency. Severe disturbance was
noticed at the Char Kukri-Mukri site also. The
species I populnea, C. innophyllum, and F
rumphiiare usually grown in coastal raised
land areas, Meepol er al (2020) found A.
cucullata measuring 30 cm in dbh and 15-20m
in height on the banks of the Kraburi River in
Ranong Province, Thailand. According to
Ahmed ef al. (2009) and Hossain (2015), the
species F rumphii can grow as tall as 20
meters. Serajuddoula et al. (1995) was found T
populnea had a mean survival rate of 98.67%.
a mean height of 3.67 m, and a mean diameter
at breast height of (DBH) 3.8cm at Rangabali
research station. Islam ef al. (2014) found that
at the Rangabali location in 17-vear-old
plantations had a mean survival rate of 532%. a
mean height of 7.19m, and a mean DBH of
13.77cm. On homogeneous peal near Buntai in
Indonesia, Leksono et al (2021) identified
§1.4% mean survival, 1.74m mean height, and
3.97 cm DBH at the age of two vears in (.
inophvlium. At the age of two years, C.
ramiflora showed 67% mean survival and 1.02
m height at the Rangabali site and 71% mean
survival and 0.96 m height at the Char
Kukri-Mukri site, according to Siddigr et gl
(1992y. Rahman (2016) observed that R
mucronata at the age of eight years in
Sundarbans had a 74% mean survival rate, 5.23
m mean height, and 4.83 cm DBH. The height
of D spathacea 15 4-10m (Weereesa and
Chatchai 2021).

Conclusion

Making a choice about which species to use in
an evaluation program based on tree growth
performance may be helpful. To improve the
density and biodiversity of manmade coastal
forests. trials were initiated in the coastal areas
to select swtable mangrove and mangrove
associate species. Some of the species, like T.
populnea, C. innophullum, D. spathacea and
F. rumphii, were found promising at the ages of
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2 and 1 years old in the 3-5 month inundation
frequency level at Rangabali research station,
The species C. ramiflora and A .cuculata
performed better in 9-12 months-old inundated
areas of Char Kukri-Mukri research station.
According to the initial results of the study, T.
populnea, C. innophullum, D. spathacea, and
E rumphii should be planted under the Keora
forest, where the inundation frequency is 3-3
rmonths. In 3-12 months inundated areps, the
species C. ramiflora and A. cucwlata can be
performed. These species can be used to creaie
a dense coastal forest to protect against natural
calamities. This 18, however, an mtenim report.
The experimental trials will be maintained and
the comprehensive ones will be available after
a few year.
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Abstract

Eigmenial Chiorine Free (ECF] pislp beacking I3 now the dominang pilp bleacking provers
i the world fo réduce the ewerinmenial polfurion. The possibiline of producing saxy
Eleariable plp from rufber aten and Branches by oxygen delignificmtion was stndied i thiy
study. Dalignification of rubber wood was covried ow b convenrional Krgft pulping vnder
vigEnng cowdiives, Krall pilp from rubber rree was bisuched b DoFplds fwhare Dy
represenis 2% chlorine dioxige, Ep represenis peroxide reinforced alhaline extraciion ang 3
representy 1% chlarine digeide} sequences, Koppe nunitier qrd pulp vield of botk sienr and
Branch of ribber wood werd compurable fo oiker hardwosd ipectes Before orpgen
delygnification. Oxygen delgnification reduces koppe nwmbars 24 51% and 23.41% and
imcreozed beighiness 2112% ang 263055 in branch ond stem gf ribbar wond pulp,
Fespeciively of 2095 neave alkali (4A). Branch pulp obinined briphiness 775 7% and for siem
7O 50%. After oxywen delignification branchk puln showed hicher blegchabiling than stem
gl The Kraft eontroly pulp ool mov resek arger trighteess of B0% wang anly DaEpD, dn
stem - and Branch pulp. Bl cwcvpen delipnifivd Kroft pulp reacked briphiness 83% for branch
qnd for stemr 81.3%, Paper making properifes-of the bleanked puips did not show sigrificant
veration affer cxygen delignificarion, apary from ey imdex i oxygen pre-bleuched mlp.
Comsidering bleachabiliiy and popermaling properies, orpgen was e besi ‘ore-Blearhing
gption for eftaining sandard T80 brighmess (807 of srem and branch of pulp. The hand
sheets were made and the phyvical srength propertiey of pre-lleacked and final bleached
puln likely tear tensile and burst weére svaluated ot 250 and 450 C5F (Canadion Slandard
Freeness) freeners level The pwlps produced from stem and bramches of rubber free
povEesed moderare srength propernies. These could be weed for producing mederane guafin
WrIERE, printing and Wappiig papers. )
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Kewords: Erighiness: Bleaching seguences. Chlorine dioxide, Kappa number
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Iniroduction

The use of paper, board and newsprint has been
growing at a robust rate of 20% annually in the
last five years (Anon 2010). The per capila
consumption of paper is about 6 kg/year for
150 million people. Bangladesh Forest
Indusiries Development Corporation,
Chattogram Hill Tract Development Board and
other private organizations planted rubber trees
[Hevea brasiliensis (Willd. ex A. Juss.) Muell.-
Arg.] on a large scale for lalex production. The
present rubber plantation of the corporation 18
32,665 acres mn the fallow, hilly and semi-hilly
areas of greater Chattogram, Sylhet and
Mymensingh districts having m all 41,00,000
rubber trees. The private planters have raised
about 33,000 acres of rubber gardens having
over 4 mullion rubber trees (Anon 2006b). The
trees are harvested at the age of 30 years when
tapping becomes uneconomical. The tree is
hight yellowish white on fresh cut, but turns
into reddish brown on exposure. The sapwood
and heartwood are mdistinguishable by color
(Mohiuddin 1993), The rubber wood contains
76.6% holocellulose and 42.7% alpha cellulose
which are suitable for pulping (Das ef al.
1995), There is no information on the use of
rubber stem and branches as pulping raw
material when the (rees are harvesied for
replanting. One of the biggest state-owned
mills in Bangladesh, Karnaphuli Paper Mills
{EPM), uses bamboo and mixed hardwood as
its main raw materials, and pulping is done by
Kraft process (Biswas et al. 2017). Pulping
conditions can affect residual lignin nature,
which may play a key role in the development
of pulp brightness.

Environmental pollution is now one of the
greatest concerns of the worldwide pulp and
paper industry. In Bangladesh's industrial
classification system, pulp and paper mills fall

under the "red" category, which designates
them as highly polluting industries (Anon
1995). The bleaching sector of a pulp mill is
one of the harmful areas [rom an
environmental poinl of wview. Conventional
bleaching practices are generating large
quantities of highly toxic organic halides
(AOX); however, the substitution of chlorine
dioxide (ClOz) for bleaching reduces ADX
production substantially, Elemental chlorine
for Krafi pulp bleaching was stopped globally
(Anon 1992). As a result of global trends and
customer demand for cleaner bleach pulp,
interest in elemental chlonne-free (ECF) and

total chlorme free (TCF) bleaching 1s
inereasing.  Pre-bleaching reduces kappa
number and chemical c¢onsumption in

bleaching stages, which reduces the entire
effluent load (Vitkari 1986; Tkeda er al. 19992,
1999b, 1999¢; Jahan et al. 2006). To reduce
effluent load, sulfuric acid is used for removing
the lignin from the pulp afier Kraft pulping.
Removal of lignin from Krafi pulp by acid
treatment improved bleaching performance
(Siddhartha et al. 2010) but reduced the paper
strength. Both TCF and ECF bleaching
sequences have been uwhlized mostly for
bleaching of wood chemical pulps with low
kappa number (Jahan et al. 2010: Tutus 2004,
ECF bleaching is currently in general used to
bleach wood chemical pulp (Latibari er al
2012).

Oxygen delignificalion was very flexible, and
was viewed as a bleaching mechanism between
cooking and final bleaching {Rahmati ef al.
2016). Oxyeen delignification was a modemn
and environmentally friendly process which
was normally used before elemental chlorine
free bleaching sequences Lo run delignilication
reducing lignin in the pulp 35-55% prior to
bleaching (Samuelson  1994). Oxygen
delignification process reduced the kappa
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number of the pulp up to 40-45 (Rahmati e¢ al.
2010). Pre-bleaching of Krali pulp. using
oxygen the production cost of high grade
bleached pulp and strength properties ol paper
were higher. To increase 1% pulp yield,
decrease the wood consumption 2.4%
(Danielewicz and Surma-Slusarska 2006). And
thus lowers the raw material cost. Oxygen
delignification 1s a more selective process to
remove residual lignin from pulp (MeCubbin
1997). Oxygen selectivity 1s a very allractive
research objective that has recently attracted
the alttenton of several research groups
(Colodetto1993; Magnotta 1998). The tensile
strength  of oxygen delignification pulp
mereased shightly with lignin removed which
was probably due to the improvement of
bonding between fibers after oxygen
delignification (Rallming 2003).

The utmost of the lignin 18 removed durmg
pulping, but a small amount of highly colored
residue is outstanding m the unbleached pulp
(Sixta et al, 2006). There are also some colored
particles ‘as well as foreign matter that
contribute to the residual hignin is the mam
cause of color. Bleaching goal of removing the
residual hgnin by destroying the colored
compound in lignin and other pulp components
(Fogelholm 2000), In modem chemical pulp
bleaching chlorine dioxide is used as the
primary bleaching agent, ECF pulp. using ClOz
as the primary bleaching chemical, had about
83% world market share n 2005 (Anon
2006a), The percentage 13 likely to have
mereased during the last 10 years. Due to the
high selectivity and low environmental impact,
use ol ClOz is highly popular in the world
(Sixta et al. 2006). ClOs is highly significant in
practical pulp bleaching both today and in the
near fulire. In this study, stems and branches of
rubber wood pulp were delignified with

oxvgen and then delignified pulp was
evaluated. Bleaching response of oxygen
delignified Kralt on DsEpD:  bleaching
sequences were also investigated.

Materials and Methods
Raw material

The stem and branches of freshly cut rubber
trees, age was 35 years and diameter was 16
inches, were collected from Datmara Rubber
Estate;, Fatikchari, Chattogram (22.71" N.
91.70° E) with bark on. It was kept in open air
to reduce moisture content. These were
debarked and converted to plank whose size
was 4'x4"x3". Chips were prepared separately
using a laboratory chipper. The chips of stems
and branches were scresned to remove
oversized and pin chips. Finally, the screened
chips were hand sorted to remove all pieces of
knots, barks and decayed wood. The accepted
chips were about 20 mm in length, 10 mam in
width and 3 mm in thickness. The chips were
then air dried and stored in a sealed polythene
bag for pulping.

Kraft pulping

Atr dry (AD) chips of 2 kg were charged in the
5 liter stainless steel valley digester placed in
steam heated. Analytical grades of Na.S and
NaOH (Merk, Germary) were used as cooking
chemicals. The cooking time was 150min. at
170°C. The time rvequired (o raise this
temperature from room temperature was 90
min. The liquor to wood ratio was 4:1 in all the
cooks (L/kg). Two doses of active alkali were
usedd to obtain different levels of
delignification. A sulphidity of 25% was used
in all the Krafi cooks. The cooked fibers were
taken In a screen box and washed overnight
under running water to wash out the residual
liquor. These were stirred slightly with water in
a bucket by a slow speed eleciric mixture, The
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pulp shury was then screened in a Johnson
vibratory screen to separate any uncooked
material from the pulp. The wet pulp was
passed through a screw press (o remove excess
water, and then samples were taken for dry
matier content. The pulp vield was determined
according to T-208 om-88 (Anon 1992). The
screening rejects were collected and dried for
calculating total pulp yield. The kappa number
was determined using (Anon 1992) T-236
cm-E85.

Oxygen delignification

The weighted portion of pulp (150g OD) was
placed in a polyethylene bag and then the
[ollowing chemicals were added: 0.4%
magnesium sulfate and then 2.5% ol sodium
hydroxide on relative to oven dry (OD) pulp.
The bagged content was hand-mixed and then
transferred in quantity lo an electrically heated
digester. The auto-clave was closed and filled
with oxygen with 110 pound per square inch
(ps1): the rotating mechanism was switched on.
heated to a temperature of 95°C within 60 min.
and then heating was continued at this
temperature for 60 min. At the end of the
delignification time, the digester was degassed
and emptied. After delignification, the pulp
was washed with distilled water and filtered.
and 1ts moisture and yield were determined.

Do Epﬂn b!fﬂl’.-‘fffﬂg

The pulp of the stem and branch of rubber were
bleached by InEpI): bleaching sequences. The
chlorine dioxide was prepared in the laboratory
by reacting sodium chlorite with hydrochloric
acid. The delignification is Do stage was done
by 2% ClO2 at 70°C for 60 min. The
consistency of pulp in all stages was 10%. The
pIl was adjusted to 2.5 by adding dilute LS04
(20%). Peroxide reinforced alkaline extraction
was carried out with 2% NaOH and 0.5% H:0-

2 Bangladesh Joumal of Foresr Science

(on OD 150 g pulp) at 70°C for 60 min. In the
final Dy brightening stage 1% Cl0: was used
with a small addition of NaOH to maintain
final pH 4.5, The brightness of the bleach pulp
was determined in accordance with the T-236
¢m-35 (Anon 1992) method.

Hand sheet making and physical testing

The oxygen delignified and final bleached pulp
samples were beaten n a PFI mill to achieve a
Canadian Standard Freeness (CSF) of 450 and
250 = 3 mL (SCAN-C 21:65) and hand sheets
were made. These were then conditioned at
2341°C  temperature and 5042% relative
humidity and tested according to SCAN-C
28:69 for determining the physical strength
properties.

Statistical analysis

The physical strength properties were
evaluated from five sheets for each beating.
Then the mean and standard deviation were
calculated. The graphical extrapolated values
at 250 and 450 CSF were represented by
regression.

Results
Pulping

Pulp vield of rubber stem at 16. 18 and 20% is
48.7, 48.8 and 46.8% respectively. On the other
hand pulp yield of rubber branch at 16, 18 and
20%is 49.5, 51.7 and 50.6% respectively. With
the increase of alkali doses from 16 to 20%
both the branch and stem cooked well and pulp
yield becomes 51.7% for branch and 48.8% for
stem (Table 1). The chips were cooked well
with 20% alkali doses. It was found that the
pulp vield of both stem and branches of rubber
wood was comparable to other hardwood wood
species widely used in Karnaphuli Paper Mill.
The yield of Krafi pulp from rubber wood with
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Table 1. Yield and kappa number of unbleached and bleached Krafi pulp of rubber stem and branch
al 25% sulphidity.

Portion of | AA - LiIC (o) - KapRs No.
rubber tree | (%) Bﬂ‘i:ﬂr{: oxygen Aﬁ_ﬂr ~ oxygen Bei’_ora: oxygen Aﬁ_&r _oxygen
delignification | delignification | delignification | delignification

Stem 16 | 48.7+£0.20 40).24+0.53 44.440.30 30.7+0.40
Branch 49 540.60 41.1£0.50 43.3+0.30 30.3+0.70
Stem 18 [488:020 | 4534100 | 353%0.10 20.6+0.50
Branch 51.7+0.90 48.1+0.80 29.8+0.60 15.1+1.22
Stem 20 | 46.8+0.70 42.8+0.50 20.541.20 15.7+1.10
Branch 50.6+0.60 | 45.5+0.60 15.5+0.20 11.7+1.47

16-20% active alkali were (48.8-46.8) for stem
and for branch (49.5-51.7) respectively. The
kappa number of pulp was (42.4-20.5) [or stem
and for branch (40.3-15.5) respectively. Kappa
numbers of the unbleached and oxveen
delignified pulps were plotted against active
alkali doses in Fig. 1 and Fig. 2. Pulp yield
unbleached and oxygen delignified pulp of
both stem and branches were decreased with
the increase of active alkali concentration (Fig,
3 &Fig 4)

Oxygen delignification

K.appa number of rubber stem unbleached pulp
at 16, 18 and 20% is 44.4, 353 and 20.3
respectively. Kappa number of rubber branch
unbleached pulp at 16, 18 and 20% s 433,
298 and 155 respectively. After oxvgen
delignification kappa number of rubber stem
pulp at 16, 18 and 20% is 30.7, 20.6 and 15.7
respectively. However,  after  oxvgen
delignification kappa number of rubber branch
pulp at 16, 18 and 20% is 30.3. 15.1and 11.7
respectively. The kappa number was reduced
by oxveen delignification of the Kraft pulp and
increased brighiness. The Kkappa number
reduced for stem 26.34% and for branch
24.38% which pulp produced at 20% active
alkali. Oxygen delignification values the yield,
kappa number after oxygen delignification
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given in the Table 1. The delignification was
found easier in case of branches compared to
the stem. Yield of branch and stem were
decreased were increasing active alkali (Fig.
3). After delignification the kappa number
recduced for stem 30.5% and for branch 30.2%
which pulp were produced at 16% active alkali.
The kappa number reduced for stem 41.6% and
for branch 49.3% which pulp were produced at
18% active alkali. After delignification the
kappa number reduced from 20.6 to 15.7 for
stemn and that reduced from 15.5 to 11.7 for
branch at 20% active alkali. In this work, the
Kraft pulp of high-kappa number was
delignified in the single stage medium
consistency oxygen delignification to decrease
the lignin content to 11.7-15.5 kappa number
units for branch and for stem 15.7-20.5, which
would enable the pulp to be bleached fully with
a reasonable amount of bleaching agent.

Bleaching (DoEpD:)

Brightness of unbleached rubber stem pulp at
16%, 18% and 20% is 25.33, 26.88 and 28.40
ISO respectively. On the other hand brightness
of unbleached rubber branch pulp at 16, 18 and
20% is 26,72, 27.50 and 28.85 ISO
respectively. Brightness of oxygen-delignified
rubber stem pulp at 16%, 18% and 20% is
32.65, 3440 and 38.50 ISO respectively.
Brightness of oxygen-delignified rubber
&7
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branch pulp is 31.47, 35.50 and 3%.20 ISO
respectively. Brightness of bleached rubber
stem pulp at 16%, 18% and 20% is 70.34,
76.20 and 81.30 ISO respectively. Brightness
of bleached rubber branch pulp at 16%, 8%
and 20% is 71.37, 79.00 and 83.00 ISO
respectively. Brighmess of pulp was increased
with increasing active alkal (Fig. 5 & Fig. 6).
After final bleaching it was found that branch
pulp obiained higher brightness than that of
stem pulp (Table 2). This might be attributed to
a higher initial kappa number of unbleached
stem pulp. The highest brightness {83.1%) was

observed for branch pulp while the same for
stem pulp was 81.3% (Fig. 7) after final
bleaching.

Physical strength properties

The pulp-making characteristics of bleached
branch and stem pulp of rubber were
determined after beating in a PFI mill (Table
3). Tear strength decreased and, both tensile
and burst strength increased with the
decreasing CSF which are shown in Table 3 &
4. The tear, tensile and burst strength properties
at 450 and 250 CSF of bleached pulp is given
in Table 4. It showed that tear strength

Table 2. Comparison of brightness of unbleached, oxygen- delignified and bleach pulp.

Portion of | Active Tear mNm?/g Tensile mN/g Burst kPa.m*/g
rubber Alkali
iree (Va) 450 CSF | 250CSF | 450 CSF | 250 CS5F | 450 CSF 250'CSF
Stem B.95=0.03 | 7952040 | 000090 [ 6142117 | 42560070 | 3.79:0.01
Branch i S.00=00 04 | 740020 | 35650030 | 63.6:820.90 | 4222032 | 6,130,012
Stem T.69=0.50 | 7632071 59,6020 T2R21RT | 4. 18£0.52 | 5782002
Branch H T 14040 | 6.72+060 | 6224020 | 7498006 | 3844035 | 3.5120.10
Stem GA6=0.70 | 6202030 | 6601010 T2321L00 | 464070 | 5.60=20.30
Branch 20 6162030 | 6124002 | 60,1090 | 77015310 | $.2540.80 | 5632041

Table 3. Strength properties at 450 mL and 250 mL CSF of bleached {Oxvygen delignified) Kraft
pulp of rubber stem and branch at 25% sulphidity.

Portion Active Tear Tensile Burst
of rubber | Alkali (mNm*/g) (mN/g) (kPa.m?/g)

iree (%) 450 CSF | 250 CSF | 450 CSF | 250 CSF | 450 CSF 250 CSF
Stem 5.55+032 | 4.99:022 | 4625096 | 65.0+050 | 3.34+063 4.1120,02
Branch 16 7.88+0.24 | 6.97+0.17 | 65.9+0.70 | 70.122.40 | 4.55:042 49923
Stem S.4000,03 ) 5026000 | 45,8402 | 6214058 | 315063 4.1 540,05
Branch 18 7.52+4050 | 747048 | 6588023 | 69 82050 | 42062025 5.12+0.20
Stem 6.88£0.35 | 6.72:0.39 | 6324035 | 72.74020 | 4.02+020 5.02+0.64
Branch 20 17050054 | 6.69:030 | 66.8:0.10 | 75.01020 | 4314112 |  5.3320.32
Z | Stem 6.62+1.12 | 642414 | 66374025 | 723524054 | 4.62<1.23 |  4.6240.41
E | Branch | 20 [7.13:090] 623432 |67.40:087 |73.15:025[4.73:020| 4.73:03
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Table 4. Strength properties at 450 mL and 250 mL of bleached (DoEpDi) Kraft pulp of rubber

stem and branch 25% sulphidity.

Portion Active Tear Tensile Bursi
of rubber | Alkali (mNm?/g) (mN/g) a.m?%g)
tree (%) | 450 CSF | 250 CSF | 450 CSF | 250 CSF | 450 CSF 250 CSF
.~ Siem 5.554032 | 4.994022 | 46.24096 | 65.04050 | 3.342063 4.11+0.02
Branch 16 |7.88:024 | 6.9740.17 | 65.940.70 | 70.142.40 | 4.5540.42 |  4.99:0.23
Stem s 5404013 | 5.0240.10 | 45.840.12 | 62.1+058 | 3.15+0.63 4. 154(.05
Branch ?ﬁ.?:cﬂi'L..H.’e’.ﬂiS_..,16_5;&9-_2} 09.8+0.50 | 4.26+025 5.12+0.20
Stem 20 6.884035 | 6.724035 | 63.24035 | 72.7+0.20 | 4.0240.20 5.0240.64
_ Branch | | 7:054054 | 6.69+0.30 | 66.8+0.10 | 75.06020 (4312112 |  5.33:032
1"—;;: Stem 6.6241, u 640414 | 66.3740.25 | 72.35+0.54 | 4.62+4121 4.6240 41
| § Branch 20 (7132090 | 62332 | 6740:0.87 |73.1560.25 4734020 4.73+0.23

Table 5. Comparison of strength properties of final bleached Kralt pulps of stem and branches of
rubber tree with other wood species.

: Tear Burst Tensile
; :;ga 1;1;’:;1 Process Tgn; . Erﬁ;&‘m index index index
mNm?/g | kPam¥g | mN/g
E Rubber stem?® 46.8 DoEpD,y | 250 CSF 81.3 672 5.02 2.7
L_B_ubher Branch® 51.6 DoEpD: | 250 CSF 83.0 6.69 5.33 75.0
Prebleach 460 |DEDED| 87.2 ) ] i
' Gamar®
f Prebleach - DoEdn | 40°5R 83.2 15.0 3.9 38.4
| Hardwood®
t Prebleach -— DJED; | 41°8R £2.2 21.8 4.7 a8.5
| Muli bamboo®
| Rapeseed? o DB - 87.0 - - -
| White straw® 48.1 DyEaIy = GO0 10.71 2.26 34.1
| Mixed hardwood! SEDED - T6.0 4.0 531 55.23
(SADL)

a- Present work, b- Jahan ef al. 2017, ¢- Jahan er ql, 2013, d- POTUCEK and RIHOVA 2017.
e- Latibari et al. 2014, {- Siddharta 2010.
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Figure 9. Effect of active alkali on tear
index after final bleaching.

Figure 8. Effect of active alkali on tear
index after oxygen delignification.
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decreased and, both tensile and burst strength
mcreased with the decrease of CSE. Tear,
tensile and burst strength were decreasing (Fig.
8, Fig. 10 & Fig. 12) after oxvgen
delignification, The tear, tensile and burst
strength of rubber stem and branches were
lower than that of pre bleach hardwood muli
bamboo and white straw (Table 5). After final
bleaching, between stem and branches, tear.
tengile and burst index of stem superior to
branch pulp which was shown in Fig. 9, Fig. 11
and Fig. 13. Relationship between tear and
tensile was shown in Fig. 14 and Fig. 15.

Dyiscussion

In previous smdies many hardwood species
were found suitable for pulping with an alkali
charge of 14% maintaining 25% sulphidity
{ Alkchtaruzzaman and Chowdhury 1991; Bose et
al. 1995). 1t seems that for pulping of rubber
stem and branches, a high alkali dose was
required. The rubber wood stem was
characterized by the lower lignin, higher alpha
cellulose and longer fiber length than those of
the branch. But the stem was wounded at the
time of latex collection, so pulp of branch was
casier to rubber stem. At 16% and 18% active
alkali stem and branch did not produce
bleachable grade pulp. Both stem and branches
produced bleachable grade pulp at 20% active
alkali dose for 150 min cooking time and for
longer cooking time the alkali requirement was
reduced. In Kraft pulp the CaHsOH units were
generated from the p-aryl ether cleavage
reaction. Phenolic compound content of
residual pulp lignin increased steadily with
decreasing the pulp kappa number. The degree
of delignification depends on the initial kappa
number (Vu er al. 2004). This trend was
consistent with earlier observations (Yang and
Lai 2009). Oxygen delignification processes
removed 50% of the phenolic unit from
unbleached Kraft pulp (Yang and Lai 2009). In
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case of kadam wood needed 19% active alkali
(Misbahuddin et al. 2019). So, efluent would
be more environmental friendly of pre bleach
pulp than direct bleaching chlorine dioxide by
active alkali. After oxygen deligmification, the
tear tensile relation at 250 CSF was 448.26 for
the stem and for branch was 471.85 of rubber
trees at 20% active alkali. Brightness was high
for the stem at 20% active alkali. Oxygen
delignification becomes especially significant
in the case of rubber Kraft pulps with higher
kappa numbers, because such pulps were not
qualified direclly for bleaching, especially in
sequences where the elemental chlorine was
completely substituted by chlorine dioxide.
Oxygen delignified pulp showed promising
results in the both stem and branch of rubber
wood, Oxygen delignification was essential for
attaining 83% IS0 brightness. Chlorine dioxide
was able to depolymerize both phenolic and
non-phenolic lignin structure (Lindgren 1971;
Brage et al. 1991). The pulp brightness was
80% ISO at 16% and 18% active alkali. On the
other hand the brightness got 83% (ISO) for
2(% active alkali. Higher brightness level was
got by wusing same amount of bleaching
chemicals of oxygen delignified bleachery
agent. In the case of control pulp, the brightness
level was lower than standard level (80 ISO).
To increase brighiness level bleachery
chemicals would be increased. In case of
oxygen delignified pulp reduced the bleached
efftuent load (Gustavsson ef /. 1999}, The tear
index of the branch was lower while the tensile
and burst index was higher for the stem of
rubber wood at 230 CSF in this study. This was
dug to the longer fiber length of rubber stem
(Jahan 2011). This result correlates well with
the nalita (Trema oremalis) wood species
(Tahan er al. 2010). Tear, tensile and burst
strength properties of pre bleach pulp was
lower than that of control pulp after final
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bleaching. This was because the tear strength
depends on the strength of individual fiber
cells, which decreases with beating. On the
other hand, the tensile and burst strength
depend on strong fiber to fiber bonding which
result in the increase of bond potential with the
progress of beating. In the present study the tear
and burst index of stem pulp were more or less
like to branch pulp however the tensile index of
pulps made from stem was found slightly
higher than that of branch pulp. This was due to
the longer fiber length of rubber stem (Jahan
2010). These resulis correlate well with the
nalita (T, erientalis) wood species (Jahan et al.
2010). With the increase of active alkali the
strength properties decreased for both stem and
branch. All physical properties of paper sheets
of rubber stem and branch are higher than that
of sulphuric acid delignified mixed hardwood
pulp (Siddharta 2010). The properties of the

pulp were interdependent. So, the quality of the
pulp was determined by tear-tensile
relationship. In  this study  tear-tensile

relationship proved that stem pulp was a little
bit superior in all cases except brightness.
Brightness of steam was more or less similar
with branches.

Conclusion

Rubber pulp was produced with Krall process.
Unbleached pulp was delignified with oxygen
then bleaching was done by DoEpDs
sequences. The delignification, between rubber
stem and branches, was [ound easier in case of
branches. The pulp and paper quality of the
branch was betler than the siem. Oxygen
delignified pulp obtained standard brighiness
whose were 81.3% for stem and B83% for
branches. On the other hand, control or
unbleached pulp could not attain standard level
of brightness afler final blesching. At a certain
consumption of 3% chlorine dioxide, branch

pulp produces 2% higher brightness than that
of rubber stem. Oxygen delignification was
helpful for the environment due to the lower
bleaching chemicals was needed at the time of
bleaching. The paper-making properties of
final bleached pulp of rubber wood was
equivalent to other hardwood. This pulp can be
used with other imported virgin pulp. Piercing
of ClO: doses, reduced over consumplion of
ClO:z through eliminating like mucomic acid
resulted better dehgmfication and higher
brighiness of the bleached pulp.
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Abstract

This paper preventy the vasculor planis  (Angicsperms.  GymHosperms  ond
Pieridophyroy of Hasgrikhil Wildlife Sonciwgry (WS 0 Bonglodevk, which is
manoged by the Chattogram North Forest Division, have been vedivgovered. 4 fotal of
462 species belomging t0 313 generg pnder (10 fomilier hay been documented from the
HWE of about 117753 ha. Habir analyeis of vascular planis thai, |84 are frees (40%,
&9 shrubhs (15%), 148 herbs (32%) and §) species wre climbers (13%) ond wo
epiphyies, Cuphorbiocecs iy the domingnt fomily represented by 29 toxa, followed By
Fabaceas, Rubinceas and Pascede (24 {axm sach), Asteroceas and Moroceae (16 toxg
each), Acanthaeege i1 5 tpya), Convelinlaceas, Mimosgoege, and Verbenacege (13 laxg
each). Coesolpiniccene (110 (qrg) Lomigoeae, Sterpulioceas ond Arecoceas (9 (oxg
each). Malvacese ond Anacardiaceqs (8 tqxa sach), Amaranthaceas, Apocynoceae,
Louracege, Avaceae Meliopege, Myroceas. Cyperacede (7 taxa sach) and Vitacege (6
et The Most eommon species was found the Ficus penera frop this sanciyary. The
CGymnosperm species of Tarodium distichuny (L) Rich was first recorded in Sargladesh
Jrom the wredy aven. Nineteen rore species liave been found wheveas their planr genetic
resotirces af dhiv sancfuary. The mative ond toll tree specier of the strofvm has beent
deseribad, A s of native trees witable for reforestarion fn the HIWS has heen provided,
The species are envmerared with scisprific wome, family nome. bangla namefz), habit
ang hakimt, The HWE iv conserved by managemenr plan for execution of Mefional
Canservation Strategy
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Iniroduction

Bangladesh is a small country of about 14.757
million hectares of land area with a large
population. Out of the total land area 2.53
mullion hectares (17.5%) is forest land cover
(BFD» 2017). Bangladesh has a rich biological
heritage containing about 3,723 species of
angiosperms (Hossain e ol 2017), It is
estimated that the forest cover is reducing at an
annual rate of 3.3 percent (Hossain 2001). The
rapid loss and degradation of forests in
Bangladesh has brooght about an alarming rate
of forest biodiversity depletion. Because of the
reduction in the fotal lorest area and also the
country’s overall dernand for timber, fuel, food
and fodder and maintaining ecological balance
of the country. Biodiversity in this country has
been heavily disturbed during the past several
decades due Lo rapid population growth, energy
deficit, resource shortage, myopic plamming,
poor management and lack of motivation on
the needs of biodiversity conservation, which
has resulted in the loss of wild biodiversity
(Hassun 1995), Bangladesh govermnment has
implemented and explored some alternative
forest management strategies for the
conservation of forests as well as biodiversity
of the country (Abdullah er al. 2007). In the
present, Bangladesh possesses a total of 55
Protected Areas (PAs) cover about 6,18.254
hectares covering 4.19% forest land of
Bangladesh (BFD 2017).

The Hazarikhil Wildlife Sanctuary (HWS) is
situated the 45 km north of Chattogram porl m
south-east Bangladesh. It has been declared as
a Wildlife Sanctuary in 2010 for taking proper
protection and biodiversity conservation
management. The major aim ol establishing
HWS as PA was to strengthen the conservation
of the existing tlora and fauna of the area. It
comprizes an area of about 1177.53 ha and lies
between 22°%40- 22%46 North latitude and
91938- 91%42 East longitude. It is located Lo

Fatikchan Upazila of Chattogram district,
under Ramgarh- Sitakundu forests of
Chattogram North Forest Division. It is
covered bytropical moist evergreen and
semi-evergreen forest comprising of hills,
hillocks and plain lands, HWS hills are made
up of sand-storms and shale (Rahman 2017).
The hilly forest of Hazarikhill 15 floristically
and geographically more related to Indo-China
than (o any other part of the Indian
sub-continent {Khan 1977). The vascular flora
of this wildlife sanctuary is mostly evergreen
and mixed evergreen type except some areas of
deciduous type composed of Teciona grandis
plantations. Natural pateh mostly  with
mdigenous trees are on the sporachc hills of
low, medium and high elevations. Some of
natural forest areas have been converted to 7.
grandis and vecent Acacia auriculiformis
plantations, Some perennial streams flow along
the bottom of the ravines meeting in single
larger stream as a Kalgpainna chara and form
the main water source of the sanctuary, The
bank of the main stream, lving almost entirely
in the Hazarikhill range has more
well-preserved natuwral vegetation. Tt has a
unique territory with mountaing and beautifitl
landscapes. It also helps offers feeding. nesting
sites and breeding ground of a large number of
wild animals for the human being. A wildlife
sanctuary is providing various opportunities of
education, research, tourism and associates
employment. But there is no systematic
taxonomic study on the vascular flora of this
sanctuary. The present mvestigation was
explored to assess vascular plant diversity in
the HW'S aimed at justifying the declaration of
WS in this natural forest. Also, it i3 comparable
with government managed other protected
areas vascular flora in the country. The present
findings of the study will provide valuable
information for the preparation of taxonomic
report and the monitoring of wvegetation
dynamics of HWS.
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Materials and Methods

A systemalic qualitalive survey through
transect walk [ollowed by the feld trips during
July 2016~ June 2019 in difTerent seasons were
conducted to cover the whole study area. Plant
material and data were collected from study
area on habil, habital, ecology, occurrence and
distribution of the wascular plant for
identification. Plant species with fertile
material were documented and identified in the
field. Herbarium specimens of fertile plant
materials were prepared for preservation at the
Bangladesh  Forest Research  Institute
Herbarium  (BFRIH). Identification of
unknown species has been made i the
Herbarium of Bangladesh Forest Research
Institute specimens and by consulting the
pertiment literatures wiz. Hooker (1872-1897):
Prain (1903); Heimig (1925); Huq (1986): Das
and Alam (2001); Kanjilal er gl (1934, 1938,
1940}); Dey (1995) and Dey ef al. (1999). An
update nomenclature determination  with
current names and synonyms have been made

comsulting relevant lterature, such as, Ahmed
et al. (2009); Rashid and Rahman (2011, 2012)
and Rahman (2013). The family names adapted
followings Cronquist system of classification
(Cronquist [981). The present vascular foralist
of this HWS 1s provided in the result. The plant
families, genera and species under each family
have been arranged alphabetically. Each
species entry provides the scientilic name,
bangla pame (s) and diversity of habil and
habital.

Results

Taxonomic diversity

The present investigation is carried out for
collection, identification, update nomenclature
and  assessment  of  vascolar  plants
(Angiosperms. Gymnosperms and Pteridophyta)
for HWS 1in Chattogram. The present
rediscovery records a total of 462
(Angiosperms. Gymnosperms and Pleridophyta)
species belonging to 313 genera under 100
famihes (Table 1) within an area of 1177.53 ha.

Table 1. List of present record of the vascular plants of the Hazarkhil Wildlife Sanctuary.

(A) Angiospermae (Dicotyledoneae)

Family Botanical name Laocal name Hahit Habitat

Andragraphis pamiculata (Burm, 1) Wall, ex Kalomégh Herh FM

| Nees

Barleria cristata L. Jamti Shruh Fnd

B, prionitis L, Foantagan Shrub FFr
Eranthention prlehellion Andrews Shukhmurali Shrub FF
fMvarophila polvsperma (Roxh ) T, Anders Alni kalai Herh FT

Acanthaceae Swssicic aelliatods L. Basak Shrub P

J dapowica Thunkb, Jagotmadan Herh FM
Lepidaeathis inewrve Buch,-Ham, ex 1. Don Karoggathis Herb MP
Nedsomio canescens { Lam.) Spreng, Parimul Herb FF
femgia pectingia (L) Mees Punakapundu Herb L&
Stasrpgyvne angustifolia T, Anders, Angutigyne Herb MP

8. areentea Wall, Cheimdima Herh MP
Steobilantfes awefcalades (Wall.) Nees Para Herb LS
Thunhergio erecta (Benth,) T, Anders, Mil ghanta Climber MS

T, prandifforaRoxhb. MNeel lata Climber MS
Achyramthes aspern L Apang Herb F¥
Afternanthera philoxeroides (Mart. ) Griseb. Helencha Herb MP
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Family Botanical name Local name | Habit | Habitat |
Amaranthoceae A sessdia (Lo R, Br., #x Roem. &Schuil, Chanchi | Herh or J
Amearanthus spimosus L. kantamarish . IHerb QF j
A. vivddis L Nuoleyshak | Herb OF
Celosia argenea L, Maragh phul Herh F
Cvadhda prostratn (L) Blume Shyvoniula Herh MP
Anacardinm oocidentale 1, Kajabadum Troe by
Buouea oppositifolia (Roxb.) Maessn, Maila aam Tree | MS
Holigarna lungifolia Roxb., , __ Baroln | Tree | MS
Anacardineeie Lannea coromandeliva (Houtt.) Merr Jiolbhadi, Jiga | Tree LS
Mungifera indica L. I _Aam | Tree | P
M. ongipes Gnff, JongliAum | Tree M5
Spondins pinmain (LE) Kurz Bon amr Tree HB
Swirtonia feribunda Griff, Civit, Aarnchundul LT HB
Diexmos chinensis Lour, Epevharang W M5
Annonnceac Fissistioma rubigineson (A, DC)Y Merr. Rubi bheduli Wi MS
Livarie cordeta (Dunal} Alston Bagh-ranga W MS
Aplaccae Cenrella asiatica (L) Urban in Mart, Thankuni | CR o
Afstonia merifolin D.Don Chatim | 8T us
A sehalaris (L) K. Br. Chhatim, Chatian |  Tree LS
Holarehena antidvsenievicn (L) Wall, ex Decne Kurchi, Kuruj Tree MS
Apocynaceas fehnecarmis frineseens (L.} R, Br. Dudlhilina | Climber MS
Revadfia serpenting (L) Benth, er Kuore Sarpagandhi Shrub HB
Tuhernaemontana crispin Roxb, ex Wall, Bon mgar | Shrub MS
Wrighiin arboren { Dennst, ) Mabb, Dudh-korach Tree MS
Breseiopsis plomerulota (Blume) Repel Kourila 5T LS
Avallincene Mueropanax creophiliionm Mig. Pani- kesuri Tree L4
Trevesin pelmata Vis. Bon pepe Tree LS
Artsterfochic frdica L. 1shwarimul Climber LS
Aristolochivens A tagaln Cham, Ishrwarmmul Climber M3
Crvmrrenna acuminanom (Roxh, ) Wall, Khorn fnti | WC s
Calvtropis migamea (L) R Br Akandn . Shrub LS
Asclepiadaceae | Hova globisa Hook, £ Golahova Herh E
Tvlopkora fndice (Burm. 1) Merr, Antumal Chmber M5
Aperarum comizoides L. Fulkuri | Herb MP
Blwmea loeera (Burm. £) DC. Kukurshungza Herb FF
B lanceolaria (Roxb.) Druce Barotoragaas Herb FF |
Chiremolaena odorate (L) King & Robinson Assamlita Heth LS |
Astetacene Eclipto elber (1) Tngsk. Bhimrag _ Herb ME i
Elepharntapus seaber L. Gejiashak | Herh FF |
Emilta sonchifolie (L) DC. Sadushi Herh FF
Mifanda covdate { Burm. ) Robinson Aszamlata | Chmber L&
ff.'u!u:f;wﬁwhuu!‘upus spicaiuy (B, Juss, ex Aubl. ) Kukur gihba Herb FF
Gleason einle I
Semchiue wighidans DC: _ Ban pafang | Herh _FF.
Spilanthes calva DC, Marhatitiza Herb MpP
Svnedrella nodiflora (L) Gaern. Relanodi | Herh FF
Tridax procumbens L, Tradhara | Herb FF
Vernomia cineres (L) Less, Kukshima Herh L5
Wedelfin chinenyiy (Osbeck ) Merr. Mahabhrinaaraj, Bhimraj . Herh M5
Kermthiveen fendicum Koonig ex Roxb. Ghagrn Herb LS
Fernandow adenophyvila (Wall. ex G. Don) Ba Tree Ms
Blume Tapata
Bignomiaceae Olroxyitom fndicwm (L) Kurz Kanaidinga, Khopa 5T M3
Steveospermn colafs {Buch, - Ham. ex Dillw.)} ] Tree S
Mabb (.!I'PL"I % Dharmira
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Family Botanical name Local name Habit | Habitat
Bombacueene Bambax caiba L, Simul LT P
A, insigne Wall, Baon simul LT HR
Cordia sevrarg Roxb, Foorlsons 5T HBE
Borsginaceae Helioiraginm indicum L, Hatisur Herb LS
Ehretia serrata Roxh, Kaluza ST HB
Brassicaceae Lepidinm saiiviem L, Halimshak Herh P
Buddlejuveae Buddiefa aviatica Lour, Meemda Shrub LS
Burseraccae Canarinm resiniferwm Brace ex King Dhup a1 HB
| Protium serratum (Wall. ex Colebr.) Engl. Guitguitta Tree. M5
| Cuesalpinia digena Rotter Kochi - WC [ MS
Cassio fisda L. ~ Sonalu Tree M5
Cﬂmiu.w Buch - H.nm_ ex b Rmcb Bon sonaly MT ME
Caesalpiniacea b.) de Wild. Ashok st | Ms
..'.wnna dfrh'.r.l QL ) By, D.::ima-rd.m _ Shrub LS
5. :mu'd'ﬂrru{.fa. L. erk BumaIC.:Jku.,uuud.j Herb M
|5 siamea (Lamk ) Irwin & Barneby Minjiri Tree P
& wopdiera (L) Roxh. Choottekolkaswende Shriib LS
5 tora (1) Roxh, Huithurey Shrub LE
Tamavindus indica L. Tentul Tree &
Clemme guwmandirg DC, Saduhurhurey Herb FF
Capparceie . rutidpsperma DC, Hurbwrey Herh FF
Crateva manga {Lour.) RC, Barun, Gota haruna 8T LS
Casparinaceas Caswiiring eguisetifolin Forsy Jhau ST P
Chenopodiacene | Chenopoadinm albom L. Betuashak, Vathus-shak |~ Herb LE
Carlophvllm fnoploedfum L. Puinal MT HE
Clusiaceae Mevua fervea L. Mageshwar Tree HE
Crerrcinfa cowaRoxh, ex DC, Fangala ST HE
€. fanceaefolioRoxh. Ban kao MT S
G, xamhocymens Hook. foex T, Anders. Tamal ST WS
;::E{ﬁ.mm werinimate (Roxb. ar DC) Guill. & ltehri T LS
Combretaceac Cafveopseriy fortbunde (Roxb.) Lamk. ﬂui.{"#i.lﬂtﬂ. W ME
Termtnalie bhellivica (Gacrtin. ) Roh, Boyra, Bohera Tres ME
T chebula Rele Haoritaki 5T ME
Argreria argentes (Roxb. ) Chosy. Choto-biztarak Clhimber FF
Evolveluy nunimedaring (L) L. Buiokra I FF
Hewitiin sublobate (L. ) Kuntee Jarad kalim Climber or
Tpomova altv L, Dhudikalim Climber FFr
Fowtremu Forsk, Kalmishak Herh MP
I hetaiar (L) Lamk, Mistt Aloo L limiber ap
I fistultsn Mart, ex Choisy Dholkabm Shmb FFr
Canvolvulaceae [/ priodia L, Neela kalmi Climber | FFr
1. pestigridiz L. Langulilatn Climber FFr
Merremia attenuate (L)) Halleer Sada kalmi Herb I
| M. emarginaia (Burm. £} Hallier. £ Indurksnipana Climiber FF
M. wmbellata (L.} Hallier, f. Kommolata | Climber FF
Cperciding turpedhum (L.} 8, Marso. Dudhkalmi - Herh FF
| Citrutlies colocvnhis (L) Schrad, Indrayan Climber op
Gl Coecinia grandiy (L.} Voipl Telakueha Climber LS
’ Heodgionia macrocarpe (Blume) Cogn. Gular, Pathlipulae Climber FF
Trichozanthes cordata Roxlb. Bhuikakra C limber FFr
Cuscutaceie Crvcuta reflexe Roxh. Swiarniluta Climber ME
Crypteronsacene | Crypueromnta poanfelata Blume oo marn Tree LIS
Datiscaceae Tetramebes nodiffora R, Br, Chundul Tree LB
Dilleniaceae Diflenin fndica L, Chalta Trie M5
Baggladesh Journal of Foresr Sciencs  yol, 32, fesue |83, Jan-Dec 2023, 77-94 a1



Family Botanical name Loval name Habit Habitat
D, pentagvna Roxb: Hargeja Tree L& |
Anisoptera scaphula (Roxb.) Pierre Boilam Tree us
Dipterocarpus alutns Roxh, ex G, Don, Dholi Garjon Tree HB
Eipiatecifiaseds D, costatius Gaerin, BaittyvnGarjon Tree HB
L frrbimaty Gaerin, TellyaGurjon Tree HB
Hoped wdorate Roxb. Telsur Tree HB
Shevva robusta Roxb, ex Gaertn, £ Shal Tree M
Digspyros malabarica (Desr.) Koste, Crab, Deshi gab Tree LS
Ebcnacese D, perepring Guerke Deshi gab ST Ls |
L pidosula Walk. ) Khalta 8T Ms ]
Elacocarpaccae Elneocarpus floribundius Blume Jolpai Trec HB
Efaencarpus rugusus Roxh, ex G.Don Belpai LT B
Antidesma buniny (L) Spreng Elena 5T us
A. ghaesembilla Gacrin, Chotkigola 8T s
Aprasa divicn { Boxb.) Muoell- Arg, Kechua ST LIS
A, ollange Muell.- Arg, Kastoma, Khorulln 8T M5
A wallichii Hook f. Kakra ST | MsS
Reacodicrea ramiflora Lour, Latkon Tree MS
Bischofiu juvanica Blume Kanjolbhadi Tree LS
Breviia retuse (Dennst, ) Alston, Silpat Shrub L3
Bridelia sefpulariy (1) Blume Pat kol Shrub LS
Chaetocarpus castanicarpa {Roxb. ) Thw, Atthalia ST MS
Croton bhonplandions Baill, Bondhone Herh FF
) condatuy Gesel. MNanbhanh Shirub L8
L, Inhetus L. Crotongach Ierh FFr
Fuphorbiacene Erphorhi hivea L. Dudiva Herb FF
e frihions sittlocndaee (Roxh, ex Willd ) Muell, - K i Shrub Ms
A, entomi
Lrlerefifcdion sp, —— Shrub M=
Macaranga denticefata (Blume) Muell Arg, Buru, Burma 2T L&
Mullotas tetrococeus (Roxb.) Kurse Moin burn ST LS
M. phifippenzis (Lamk)) Muoell, - Arg. Sindur Trae M5
M. repandus (WAL ) Muell- Arg., Ciumti Wa WS
M. raxburghionis Muoell. - Arg, MNimputeli Tree FFr
Phytlanths emblica 1. _Amloki ST MS
2. ndrurt L. Bhuiamla Herb | MP
P retlendams Poir, Citki Shrub FFr
Ricinuy dommumiv L. Bherenda Shrub or
Sapium haceatum Roxb, Campata, boloch Tree HB
Suwregada muliifora (AL Juss)) Baill, Muricha 5T MS
Tramint fmvedlucrata L. Bichuti Herh bl
Trewin muddiffora L. Fitali, pitagaln Trem L8
Abrna precaroring L. Kaunch Climber Hs
Aitrea motaspermd (Lam.) Kuntze Pulash Tree F
Cristirdaria aciculariy Buch.-Ham, ex Benth, Foatia fhunghuni Heriy FF
O, paellida Aiton Jhun jhuni Herh FFr
&, tetragona Roxb. ex Anders. Gioma jhunjhuni Herh FF |
C, verrucosa L. Jhan haana Shiruh FFr |
Dalberoia confertiflora Benth. Toloarshesm Climber [Fr
Bligncenlaria L. £, Chakemdia 5T MS
1, wissoo Roxh, Sis00Eace Tree MS
8, gpinosa Roxh. Chulikanta, Anantakanta | Shrub FFr
0, stipufacea Roxb, Dadbari Shrub FFr
Fibisiie |2, vedulifis Roxb, _ Ankilala | Climber us
Derris robusee (Roxb. ex DO Benth, Jamarjakoro Tree us
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Family Botanical name Local name Habit | Habitat
Desmeditm gangeticum (L) DC, Salpani Shrub QF
£, heteracarpon (L) DC Karpo maodi Shirub QOF
L, maraeiem (Houtt, ) Merr, Adorachan Shrub OF
D, pedehiedfum (L) Benth, Jat -salpam Shrb OF
0, trifform (LY DO, Kadiliyvi Herb oF
D. triguetrum (L.) DC, _Kalaliya Hery | OF
Ervthring ndica L. Mandar _ Tree LS
£, viricie Roxh, Pahari mandar aT L&
Flemingia mocrophylia (Willd) 0. Kuntze ex Merr. Bara salphan Shirub OF
FLostrobilifera (L) R Br. Boni s Shrub FFr.
Mucura monosperma DE, Maga alkushi | Chimber LS
M. pruriens (L) DL, Al-kushi | Ulimber s
FProphocarpus tetragonebobes (L) T Kinmrangi shim | Climber L5
Prevocarpus indicus Willd, Paduuk. Padak LT F
Tephrosio prrpwrvea (L.} Pers, Bon-neel Hert FFr.
Liraria sp. Belai leja Shrub FF

Fapaceae Castanopsis laneffolia (Kure) Hickel & A Camus Jat Bama Tree LS
Lithocarpus efegens (Blume) Hatus a8 batma Tice M=
Flacourtiaceae Flacawrsia faneomus | Lour.) Racusch Painnapota, Tukluki t % b
Hydnovarpus ksl (King. ) Warb. Chaulmugra 5T HB
Licsneriaceas Alvnchotecham ellipticwn {Diet.) DC, Db manmodjja Shrub LS
Juglundicens Engrelhardtia spivate Lesch ex Bluine Kichrabhali, 5T MS
Jhumbkabhadi
Anisormeles fndica (L.} Kunitze Ciubuara Herb L8
e hreviges Poir. Gl tokima Shrub FFr
H, suiveoleny Poir. Tokma Shirub FFr
Lamiaceae Leonurus sibiricus L. Raktodron Herb MP
Lewcay aspera (Willd) Link Chata halkusa Herb FFr.
L. indica {L.) R, Br. ex Vatke Shetodron Herb FFr.
Oeimunt americantm L. Bon-tulshi Herb FF
3 sanetum L. Tulshi Herh FF
Pogostemon auricularing (L) Hassk. Aripachuli Herb OF
Actinodapline angustifolia Mees Modonmosta Trea ME
Cinnarmomum iners Reinw. ex Blume  Tejbohu 5T Ms
Creptocerva amyvadaling Mees Bhuiva gachh Trea HB
Lauraceae Lirsea glutnosa (Lour.) Robinson Karjiukimenda ST | M8
Lo monopetada (Roxlh.) Pers. Menda Tree L5
Perses bombyetna (K. & H.) Kosterm, Malaomshi ST E
Fhoehe pallida (Nees) Nees Dulia 85T M5
Lecyihiducene Baringtonio acutangada (L) Gaerin, Hijal Tree Lg
Leva aequata L, Kukjangha Shirub 1.5
Lecacene L. crispie L. Banchalita Shrub LS
L. indics (Burm. 1) Mem, Kurkurjihwa =, free M5
. Dendraphihoe pentandra (L) Mg, Phamulla Shrub E
Loranthacear Scwrruln pavasitica L, Paruls Shrub E
Lagerstreemin parvilors Roxh. Sidhalarul Tres P
Lythraceae L. spectosa (L) Pers. Jarul Tree P
Woodfordia frasicosae (L) Kore Dihaiphul Shrub FFr
| Magnoliaceae Mivhefia champaca L Champa Tree P
Abetmovehus moschatus Madie, Mushakdana Shrub L&
fibiveuy vuranensis L Ram bhindi Herl (8] Y
Malvaceae Sidla aenta Burm. Kureta Shrub oF
& cordaa (Burm.f.) Borss. Pitherela, Junka Herl P
8. cordifolia L, Berela Shrub op
Smysorensis Wight & Arn. Chatchata Shrub oap
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Family Botanical name Local name Habit | Habitat
5. rhombifdin L. | Lal herela Shrub or
Uirena fobata 1L, | Ban-okhra Shrub oF
Melastoma malabathricum L. | Datramg, Lotk Shrub FFr.
Melasomataoeas. | bocki chinensts L. i. Choigachi Shrub FF
Apfanamivd spolvstachivae (Wallich) RN, Parker ! Pitraj, royna Tree B
Azadivachitg fndica AL Juss, MNeem saech Tree F
Chnikrasiv fobidaris AL Juss, Chikriisss Tree P
Melineeae Dhsoxylum bineetariferum (Roxb,) Hook. £ ex R . Tree HE
B ata, rangirata
Mefin azadivachia L, | Liora mim Trec P
Swietenia walazoni (L) lacg. | Mehogon| Tree P
Toona ciliata ), Roem. Toon Tree i
Stephania faponica (Thunb ) Miers ! Raj Pathela Climber ME
Menispermmaceae | Tinospora crfspa (L.} Hook. f. & Thom, | Gulancha ' limber s
T cordifodia (Willd) Hook, | | Culonchalata Climber us
Menyunthacens Numphotades hvdrapdlla {Lour.) O, Kuntze | Panchulli Herbs A
Avacin aurienliformis A, Cunnex Benth, | Akasmoni Tree r
A caesi (L) Willd, | Alai Tree E
A, mangiwem Willd, | Manmgium Tree F
Aliizig fucidior (Steud,) Nielson, ex Hara | Sil koroi Tres P
! A. chinensis (Osh, ) Mermr, ! Chakuvakoroi Tree P
Mimosacene A lebbeck (L. Benth. | Kala korod,Sirish Tree P
A. vdurssiomg (L., £) Benth, | Tetuyakorm Tree P
A, provera (Roxh, ) Benth. | It korai Tree B
Calliandra umbrova (Wall.) Benth, i ChottoBetmara aT M=
Enfadla rheedii Spreng. | Gila lata Wi s
AMimeosa pudica L. | Lajja bati Herb FF
Samnea saman (Jaca.) Merr, | [ain tree Tres L&
Nvlio xvlocarpa (Roxb.) Taub. | Lohakat LT HE
Artocarpus 1'.‘1:.!de5|_|.:& = llurl‘l___f'.:t_""i_'_i"_:l!l. | ﬂﬂp:tl.j.ﬁh LT LS
A heterophivifny Lamk. | Khuntlual Tree F
A. lacuche Buch, -Ham, | Barta, dewa Tree LS
Fiows auriendota Lour. | Bara duimur Tree ME
F. benghaiensiz L. | Bt gacch Tree HE
F. benjaming L. | Duirnir Tres HB
£ fistulora Reinw, ex Blume Fapi- dumur Trec L&
Moraceas F. giblosa Blume Bol Tree HE
. hispida L L | Fakdumur 8T LS
Fivusheteroplours Blume | Paraboha aT HB
F. lnevie Blume | Dumuriata L limber FF
. nervosa Heyne ex Roth Panidumur ST Ms
F.oraeemose L. Jogyadumur | Trec HE
+oreligiosa L. o | PanibotAshwath | MT M5
£ semicorduie Buch -Ham. ex Smith. | faggyadumur | Tree | TS
Streblus asper bour. | Sheora, harba | Tree | HBE
R o Kriemna clarkeans Warburg | Kana burala sT AS
YOSOCARERE Tyt ristica linifolia Roxb, j Barella T MS
Ardivig solenaces Roxb, | Ban-jam Shrub L&
Myrsinpceas Maexa atternia A, DC, Nutichagach Shrub MS
M. indicn (Raxb.)y DC. Sirkhi 8T 173
M. rmmantaoea Wall, | Moa moricha 5T LIS
Cleistocalyy nervosum (D) Kosterm | Bhutjum,Godajam Tree M5
Enclalvptus citrodorg Hool, | Fucnlyplus Tree P
Svzveinm cuming (L.) Skeels Kalajam Treo P
My rlaceas 5. formosem (Wall, ) Masamune Pamiva 1am Tree F
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Family Botanical name Local name | Habit | Habitat
S frutieosum DL Pt jam Kakjum | Tree FFr
8. jambos (L) Alston Gulah jam Tree F
8. proveey (Roxb.) Rathakr, & N, C. Nair Fharkarajam Tree 3
Mymiphene e MNymmplaea henchali Brome £ Sada Sapla Herh A
ol sambac (L) Allon Beli WC hE
Olengeae S seandens Vil Jomgli jui wC WS
Ligustrum rofustam (Roxh.) Blume Ligubus WC M5
Myvzcopyrm smifacifodinm (Wall.) Blume Chiknahizi Shrub Hs
Ludwigia hvssapifolia (G Dond ex A, & R Femn, g (] [ lerh MP
Cinagraceac L. prostrate Boxhb. Shavan kura Herb np
Oxalidaceae | Cheadis cormdeidaia L. Al . Herb WP
Passifloraceas I«i.r.!’.:-um mi’nf;-u.ru (1 Rﬂxh '; Enj_ Akandaph._:__jl Lhmhcr | FF
P u.'i,r.!'uru jl'm*.lll.:.‘u L Jombkalala | f_"lul'lher FF
Peperaomia attemaio (L) Kunth. Peperomen Herh LS
Piperacene Piprer fongum L. Pipul Herh LS
F.oyvlvaricumRoxb, Ban Pan CH MEP
Polygalaceas | Serlemtonict efffaie (LY DC. _ Salmonisal Herb _Ls
Ampeliim chinense {L ) LindL. Mohicharanshak Herh LS
Poly ponaceac Fersivaria orfemtalis (L.} Spach. Bara panimarich Herb LS
P hvdrapiper (1..) Spach, Pakurmul Herb LS
P viscosa (Buch, — Ham, ex 12 Don) Naka Biskatnh Herb LS
Rhamnacese Ziziphie movritianeg Lamk, Boror, kul Tiee HEB
2, oenoplia (L) Mill, Bon barei Shrub M5
idia micrantha (K. Schum, ) Bullock ex F, white Admira Shrulb I b
Cantlium angusiifolivm Roxh, Katalichapa Shrub HB
Chevalia curviffora Thw, var. apliiocefomdes Hel gass Shrub M5
{Wall, exBoxb.) Deb. & Krishna
Dentelfa repens (L)) Forst, & G, Frost. Bhuipat Herh Op
Crardenia coranarig Buch.- Ham, FonnayTi Tres Ms
Hedvorts corvmbosa (L) Lamlo Panki Herb or
I seandeins Roxb, - Roxb. Pankiraj Shrub ap
Frymenodictoon orivensts (Roxb, ) Mabberley Bhui kadam 5T L&
Troru cunetfolic Roxh, Beophul Shrub IF
Rubiaciis I wipricans B Br. ex Wight & Armn. Mikrangschuillya 5T M=
Knocia simareensis (Retz) DC. SumuTa noxi Herh LS
Mitracarprs hivius (L) DC. Tupi kadam Herb EF
Morinda angustifolia Roxb. Banamali ST | LS
A, t-'if_-'_‘if_'ll‘ﬂll'ﬂ L. Eﬂnn:.,h *ihmh LS
M. wmbellate 1, Gassalata Shrub MS
Miussaenda voxbarehii Hook f, Silchaur Shrub HR
(rphiorehiza mungos L, Gandhanakuli Herb MP
FPoedevia foetida L. Candha-badali Chmber FF
Pavetta indica L, ~Banamali | Shnib LS
.F’w.:'ﬁr:rr.w:.r uden.—.r’gm'ﬂu Wall. Baro sudma | "';hrub LS
P, .;ymp.fm.!’f i Kuez Simn bhuta Shrub LS
Spermacoce articidaris . L Alitharogia IHerh Fir.
Wendlandio tinctoria ssp. Oriensalis Cowan Rong ghitys ST M5
Clawsena excavara Burm, £ Dulia maricha aT MS
Rutacens . feprrphlle (Roxb, ) Wight & Armn. Karanphul Shrub M5
Cilvercersmds pertaphvlla | Rete.) Corr, Motkila 5T HB
Alfopdeviuy cobbe (L) Racuschel var, sereafus Chi |71 LS
{Roxb.) Prain i
Alfopirvdfus cobbe (1) Roeuschel var, vilfosus : &T LS
Sapindaceas {Rufb.-:l Frain Rkt
Cavdiospermum helicacabum L. Phutka | Climber FF
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Family Botanical name Local name Habit | Habitat
Lepieantlies rubiginesa (Roxh.) Leenh. Barahorina 18 MS
Palaguivm polvanthun Engl. Tali MT I
Sapotaceas Mimusans elengi L. Bakul 5T P
Adenosma indiontim (Lour.) Merr. Kesuti Herb MP
Lindernia antipuda (L) Alston Choto helencha Herb MP
Scrophulariaceae | Scopuria divlcis L. Bandhaney __Herb FF.
Turenta asiatice L. Asmantoren __Herb MP
T. diffwsa D. Don Ushatoren Hetb | MP
Phrysalis monimag L, Futka Herb op
Sodarem nigrum L, Gurkhi begun Herb FF
Sulanaceae 5. sisymbrifolium Lamk. Kanta begun Herb FF
5 torvum Sw, CGott begun Shrub L&
S vireinianum L Kantakari Herb | LS
Sonneratiacene Duubunga grandiflora |Roxb. ex DC} Walp. Bandarhulla Tree | AR
Sphenocleaceac | Sphenoclea zevionica Gaerin. Jhillmarich Herb | AN
Abvoma augusta (L) T £ Ulatkambal 5T | HB
Byttneria aspera Colebr. Nil bhutta WC Us
8. pifosa Raxb. B Harbanga-lata WC us
Sterculiaceae Firmiana colorata (Roxb.) R. Br, Jonglhudal, Machichaudal | Tree HBE
Preraspermum acertfodinm (L.) Willd. Muskanda, Kanakchampa 5T us
P semisagitaiim Buch.-Ham, Laonaassar ST M5
Sreremiia foerida L, Jonglibadam Tree s
5, villosaRoxb, ex Smith, Ldal Tree Lis
Harpullia cupapeidey Roxb, Har pualli Tree | MBS
Styracaceae Stvrax serrulans Roxb, Fulkat Tree Us
Theaceae Enrva attenuare DC. Sagolerbori 5T HE
Schime wellichii (DC.) Korth, Kanak Tree | M&
Corchorus gesiwans L Titapet Herb | L&
Tiliaceae Girewia nervosa (Lour.) Panigr. Assar ST | MS
Trivmfetia rhombaidea Jacg, Ban-okm Herh | L5
Ulmaceas Trema orieniafis (L.) Blume Jibam 3 S | LS
Urticaceae Soefmeria plomendifera Mig. Borthurthuri s | LS
Pouzolzia zevlanica (1..) Benn, Kaullaruki Heth | MP
Callicarpa arborea Roxb, Barmala Tree | M3
L macrophifla Yahl Khaoja 8T | MBS
Clerodondrm fndicrm (L) Kuntze Bamunhati Shrub | MS
C. wiscosum Yent Bhant Shiub | LS
Grreling arborea Roxh, Gamari Tree | P
Verbenaceae Lantana camara L, Lantina Shrub |~ M5
Lippia alba Mill. N, E, Br, ex Brit. & Wilson Pichas-lakr Shrub | L&
Pl modiflora (L) Greene Bhuiokra Herb L&
Premia esclenta Roxh, Lalana Shrub | L&
Tectona grandiy L. [ Shewun Trea P
Virex negumdn L, Mishinda ST | LS
V. peduncdaris Wall, ex Schauer Goda Tree | MBS
Virex pinnai L, Awal Tree | 1B
Ampetocivsus barbate (Wall, ) Planch, Jarilo-lahari Climber | FFr,
Cavratia japonica (Thunb.} Gagnep. Japanigoalilata Climber | FFr.
Cissus asvamica (Laws,) Craib Amasha lata Climber | FFr.
Vitaceae C clongate Roxb, Dhemna Climber | L8
Tetrastioma angustifolia (Roxb,) Deb Nekungriubi Climber | ME
T lewcostaphvium { Dennst. ) Alston Jarul lata wWC | MS§
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(B) Monocotyledonae

! Family Botanical name Local name Habit Habitar
Ammaryllidaceae | Cwrouligo aredipldes Gacrtn, Talamuli Hierh Ot
| Alocasio encwllitin {Lowr, ) G. Don Bish kachu Herb bl
| A, mgerorriizes (LG, Don Mankachu Herb LS
| Cutlardim hicedor Vent, Diranea kachy Herb sr
| Araceas Colecasio esculenta (L) Schott Kachu Herh Ls
| . oreshia A, Hav Sada kachu Herb FH
| Pothos scandens L. _Hatilata, sundad | CH ar
Typhonien rlitden (1) Schoit Gihet -kachu Herh IR
| Calamus erecrs Roxb. Foadam bet WC MS
| C. fuagelfum Griff, Bhudum ber WC 5
| . floribunduy Griff Fuli bet W LS
| Arccaccac C. mraciiiy Roxhb, Miapuri, kiring et W LE
; . latifudins Roxh, Farak, budum bet WG ME
. . viminalis Willd. | Bambet | WG M5
| Carvoti urens L. Bansupari, chaur Tree s
| Daemonoreps fenkingiama (Gnff ) Martios Golla bet Shrb HB
Phaenix svlvesirie Roxh. K hejur Trea LR fS
| Commeling heaghalensis L. Kanchira Herh FF
| Commelinaceas | O diffisg Burm.f. Moenaynakanchin Herh FF
O wikkimensiy C.B. Clarke Bathaithia shak Herb FF
Murdarnia nudiffora (L) Brenan Kureli, kanduli Herl FF
| Cyperuy compressus L, Chanca Herh FF
| C cnspidones Kunth in Humb, Sopnrmiukhimethi Herb FI
| G cypervides (L) O.Kize, _ Kusha, kueha | Herb M
| Cyperacese . rovnndug L Mutha prass Herh P
| Fvllinga brevifiolia Roith, Bindimuthi Herh R
| K nempralis {LR.Forst.) Dandy ¢x Hut Nirbishi Herh 3
Seleria fevis Rete, Chas gashi Herh MP
Dioscoreacens Erivgcoped bdhifera L var. sative {Hook.T) Prain Aanbalita, Rata alu Climber FFr.
| Divvcorea pestapindiu L. Ban alu, jhum Climber FFr.
I prazerd Praim & Burkill Jhum alu Clirmber FFr.
Musaceae Muxa paradisiaca L, Adtta kol Herh FFE
| Pandanacene Pandanis foerdus Roxb, Kevakanta Shrub FFr.
[ Hambusa fulda Roxh, Mitinga, Talln Tree HB
| B, vulgaris Schrad. ex Wendl Bujpya buns Tree HB
| Cvnedon dacivion (L) Pers. [urbaghas | terh FF
| Cvrtgcocam acorescens (Trin) Stapf Cyrtococcum Herh FF
| C. ocvpdneliem (Steud, ) Stapf Oxyeoven ghas Herb FFr.
| C patensy (L) A, Camus Pat coccaghas Herb FFr,
| Dracrvioefeninm aegvetium (L) P. Béauvy. Mukra HB
| Digitaria seticera Roth ex Roem. & Schalt, Shetighas Herh TF
| Flewsine indica (L) Gaertn, Malamga kur Herb HE
| Eraerostis ciliaris (L) R, Br. Lomkom Herh s
(— E, denetla (L) P, Beauy, ex Roem, Ko ahas Herh FFr,
| E. uniofoides | Retz,) Nees ex Steud, Kuni ghas Herh FFr.
; (iigamochlog andamanica (Kurz) Koz K.ali hans Treo M3
| friprerate ovlindvioa (L)) Beauy, Uy, Chan Herh DP
| Melocanna baccrfera (Roxb.) Kure Muli bans Tree ME
| edismenus burmannd (Retz,) P, Beauv. ohur Herh or
| €2 compeoyitus (L) P Beauv. Cinhur Herb or
| FPamicwm hrevifodium L, Panibrevighas Herbh LS
| F.onotatim Betz, Panita ghas Herh L5
| Paspalum scrobiculatum L. AGoicha, kedoadhan | Herb MS
| Pogonatherum evinidtun (Thunb, ) Kunth Mitu bansh Herh {F
| P panicewm (Lamk.) Hack, Khudibansh IHerh HE
Schizosiackynm dutloos (Gamble) R. Majumdar Dolu bans Tree TF
Thvsanefaena macima (Roxh, ) O, Kuntze Phuljharu Herb 115
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(C) Gymnosperms

Family Botanical name Loeal name Habit Habitat
I"adocarpaceac | Podvcwrpus perifiding D, Dan Banspata Tree I
Cupressacense Fauxedivm disiichus (L) Rich Swamp cypress Tree P

(Eng)
(1)) Pteridophyta

Family Botanical name Local name Habit Hahitat
Acrostichaceac Pieris virtaia L. Dhakia Herb MP
Ktk Dipluzium esculentum (Rete.) Sw. Dhekiashak Herb MP

: D, polypodioides B, Dhekia Herb MP
Acroztichaceae Pierts virtaia L. Dhekin Herb MP
Cyatheaceas Ovathiea givantea (Wall, ex Hook.) Holu. Cizch dhekia 8T AS
Heelsninthostahyacem: Hedminthostachvs 2evianica (1. Hook. Sada dhekin Herh L3
Lygodiaceae Lygodinm flexoosum (L.) 5w, Latadhekia CH L5

Dirvmarta guevcifolia (L) ), Sm. Pankhiray EH E
Polvpodiaceas Micrasorum preropus (BL) Copel, Trnpatradhekia Herh FF

Pyrrosta nuda {Gigs, ) Ching Mudarosss Herh FF
Preridaceae Preriz guadrianrtia Rtz Dhekia Herb FFr
Schiznenceac Dicvanapieris finearis (Burm.f) Underw, Lomba dhekia Herb HE
Thelypterticene Ampwloptioris profifora | Rete.) Copel. Dhekiashak Herb SP

[ Here, LT- Large tree, MT- Medium tree, 5T- Small nee, CR- Croeping herk, EH- Erect herb. WiC- Woody climber,
FM- Forest mergin, FFr- Forest fimdga. FF- Forest floor. MP- Moist places, SP- Shady places. HB- Hill Baze, M5-
Middle slope, L&- Lower slope, P- Planted. HS- Hill slope, US — Upper zlope, B-Road side. AS- Along the stream, E-
Epiphyte. OF- Open fallows. A- Aguatic. FT- Foot trail. OP- Open places, 8- Serubs]

The Gymnosperms are represented by only 2
species under 2 genera in 2 families (according
to Boerhost 1971). The Pteridophytes are
represented by 13 species in fwelve genera
distributed under ten families (according to
Siddiqui et al. 2007). The analysis of the taxa
revealed that 11 families are represented by
more than 5 species. Among the taxa,
Euphorbiaceae having 29 species ranks top
followed by Fabaceae (28 spp.), Rublaceae and
Poaceae (24 spp.), Moraceae and Asteraceas
(16  spp.), Acanthaceae (15  spp.),
Convolvulaceae and Verbenaceae (13 spp.) and
Cacsalpiniaceae (10 spp.). Other families are
belonging to 2-9 species in the study area.

Thirty- two families are represented by single
genus having single species each in the study
area. Out of 313 genera enumerated, Ficus is
the largest genus having 12 species. lpomoeq,
Dalbergia, Desmodium and Calamus are
represented by 6 species. The genus of Senna,
Sida, Albizia and Syzygium are Tepresented by
5 species. The rest of genera come to the next
position having 2 to 4 species, All species in
Araceae, Zingiberaceae, (Gesneriaceae,
Lecythidaceae. Polygalaceae, Polygonaceae,
Ulmaceae and Urticaceae families are growing
the moist places with herbaceous in nature. The
rest of species are occurring the forest floor,
forest margin, forest frindge, hill slope and hill

Table 2. Synopsis of vascular plant taxa enumerated in the Sanctuary.

Plant group Family Genus Species
Angiosperms 88 299 447
Pteridophyta 10 12 13
Gvmnosperms 2 2 2
Total 100 313 462
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base of the study area. The synopsis of the
vascular plants taxa has been enumerated in

the following table (Table 2).

Habit diversity

The vascular plants of the HWS are classified
as trees, shrubs, herbs and chmber on the
basis of habit. According to the habit
diversity, trees ocgupy the highest position,
comprising 184 species which constitutes
40% of taxa, followed by shrubs comprising
69 species (15%). herb comprises 149 species
(32%) and 61 (13%) are climberspecies. In
2017, flowers of Elacocarpus rugosus and
froits of Aphanamixis polystachyva were
collected from HWS as a threatened species
and preserved at Bangladesh Forest research
Institute Herbarium shown in Fig. 1 & Fig. 2.

Figure 1. Elaeocarpus rugosus is a lagre native
tree in HWS,

Figure 2. Fruits of Aphanamixis polystachva,

Ocewrrence of the species according fto
STratum

Hazarikhil Wildlife Sanctuary presents diverse
habitat meludmg hills and hills base, valleys,
gullies, some water streams and covered
mainly by secondary degreded forests. Along
the beginning forest hill base are planted with
Avlia  xplpcarpa  (Lohakat), Calophyllum
inpphyllum (Kamdev), Palaguium
polvanthum (Tali) and Pterpcarpus indicuys
(Padok) ete. A few mdividuals of Anisopterg
scaphyla  (Boilam), Swintonia flovibunda
(Civit), Mangifera longipes (Jongli Aam),
Prerospermum acerifolium (Lana Assar) are
still as characteristic elements of the forest,
One of the unique features of this forest is the
occurrence of three indigenous angiosperm
species, Fivmiana colorata. Elaeocavpus
rugosus and Cryptocarya amygdalina. The
forest has occufied the tall trees like
Dipterocarpus turbinatus, D, alatus, Vitex
peduncularis, Anoguesits acuminata,
Stereospermum  colais. Bombax  insigre,
Artocarpus  lacucha, A. chama, Spondias
pinnata, Protium serratum, Terramelesn
odiflora. The second storey consists of
Helarrhena antidysenterica, Hymenodictyono
rivensis, Glochidion multiloculare, Trevesia
Streblus  asper,  Macropanax
oreophilum, Fernandoa adcenophylla, Cordia
servata, Dillenia indica, D, pentagyna, Shorea
robusta, Aporosa dioica, Hydnocarpus kurzii,
Ficus spp., Podocarpus nerifolia, Palaguium
polvanthum, Aphanamixis polystachya, Some
denuded and abandoned areas are covered
with  Globba  marantina,  Staurogyne
angustifolia, Ixora cuneifolia and various
species of rattan, bamboos and grasses. The
other barren areas of the lower hill slopes are
maostly covered with /mpreta cylindrica and
Thysanolaena maximas species. The present

palmata,
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Table 3. List of rare species are native inHazarikhil Wildlife Sanctuary

Family Endangered species Local name Occurrence

Anacardiaceae Mangifera sylvatica Jongliaam MS
Swintonia floribunda Civit s
Apocynaceae Alstonia nerifolia Chatim Us
Araliaceae Macropanex oreophillum Pani-kesuri AS
Bueseraceae Protium serratum Gutguti MS
Clausiaceae Calophyllum inophylium Kamdev, Puinal HB
Ebenaceae Diospyros pilosula Khalta MS
Elacocarpaceae | Elaeocarpus rugosus Belpoi HB

Fabaceae Pterocarpus indicus Padauk, Padak Planted
Fagaceae Castanopsis castanicarpa Kanta batna Us
Lauraceae | Cryptocarya amygdalina _Bhuiya gachh HB
Meliaceae Dysoxvium hinectariferum Rata, rangirata LS

Sapindaceae FPalaguium polvanthum Tali Planted
Sterculiaceae Firmiana colorata NaichichaUdal HB
Pterospermum semisagittatum Laonaassar MS
Sterculia foetida Jonglibadam Us
Styracaceac Stvrax serrulatus Fulkat us
Vitaceae Cissuy assamica Amasha lata FFr.
Tetrastiema angustifolia Nekungriubi MS

[Here, FFr- Forest Frindge, HS- Hill slope. HB- Hill Base, US- Upper slope, MS- Middle slope, LS

Lower slope, AS- Along the stream)

study reveales that the Fatikchari forest beat
has fairly some natural forest cover rich species
diversity with native tall trees occur in the
HWS. And some patches are composed of
native plant with a good vegetation structure.

These threatened species in this wildlife
sanctuary are likely to be under conservation
management. The present study also resulted
with the while exploring m HWS under
Chattogram district, Bangladesh for collection
of plant genetic resources, the scientists of
Forest Botany Division, BFRI collected a
Gymnosperm specimen. which was previously
not recorded for Bangladesh. After critical
study at Bangladesh Forest Research Institute
(BFRI) Herbarimm the specimen was identified
as T. distichum (L.) Rich by referring to the
details of the specimen can be seen online in

) Bangladest Joumal of Foresr Science

Kew’s Herbarium Catalogue. This taxon was

not reported from the area now falling under

the political boundaries of Bangladesh by any
of the previous literature of this region viz.
Ahmed et al (2008); Backer (1976); Kurz
(1877); Prain (1897, 1903); Brandis (1906);
Heinig {1925), Hooker (1980), Cowan (1926},
Kanjilal e al. (1938); Raizada (1941); Sinclair
(1955); Mia and Khan (1995) being recorded
here for the first ime from Bangladesh.

Discussion

It has been reported that in Bangladesh there
are 4 total of 3,611 species of angiosperms
belonging o 198 families. Vascular plants
species composition of HWS revealed in this
stuchy that a total of 462 species belonging to
313 genera under 100 families recorded

Vol 39, lssue 1&2, Jan-Dac 2023, 77-94



covering the study area. [ scems to be very
encouraging. It was found that the number of
the species composition of 1177.53 ha. is
higher than that of same area. e.g. 478 plant
species under 305 genera with in an area of
2908.5 ha. reported by Rahman (2017). Also,
184 tree species were found in this study and
higher in composition to other greater
Chattogram forest areas, 1. e. 179 tree species
in Baravadhala National Park area by Rashid e
al. (2018), 183 tree species reported from the
Dudhpukuria- Dhopachari Wildlife Sanctuary
(Hossain of al. 2013), 36 tree species n
Sitakunda area by Heinig (1925) and 3§ tree
species in Ukhiarange of Cox’sBazar (Ahmed
and Haque 1993), On the other hand, the tree
species composition is comparatively lower
than 189 tree species reported from the same
arca (Rahman 2017) and 238 tree species
reported from the Bangladesh Forest Research
[nstitute Campus (Alam et al. 2015). However,
considering the resulls of these related studies,
it can be attendant that the Hazarikhil area
possesses moderately well diversified with
higher number of indigenous tree species in
comparison to other natural forests of the
country. A very few plant taxonomists were
done on herb and shruby flora richness in the
HWS. It was found that. the herbaceous and
shruby vegetation on the natural patches were
showed good diversity in the hill slope and hill
base of the study area. As a result, the vascular
flora has been changed the HWS after over the
time. There are some proposals recommended
here may be clagsified as meant for long term
planming for sustainable utilization of the
natural resources of the forest. There are
restore  the mnatural environment and
reforestation should be undertaken by planting
the native trees to the HWS, instead of planting
the exotic species viz: Alstenia nerifolia |
Anisoptera scaphula, Bouea oppositifolia.
Canarium resiniferum, Castanopsis lancifolia,
Dipterocarpus  costatus, D.  turbinatus,

Dysoxylumbi  nectariferum,  Elaeocarpus
rugosus, Engelhardtia spicata, Fernandoa
adenophivila, Crarcinia xanthocymens,
Prerospermum  acerifolium,  Prerospermum
semisagittatum, Swintonia flovibunda, Vitex
peduncularis and Wrightia arborea. These
native to forest whose flowers and fruits will
provide fodder for the birds and mammals. And
pative trees should be planted expansively in
the forest to attack wildlife which in
revolvebrings aboul cross pollination, effective
seed spreading, increased yields and
sustainable development, The dead and hollow
trees will not be removed from the sanctuary as
the trees are suitable for biodiversity
conservation of Moraceae family,

Conclusion

The HWS exists still remnant of natural forest
of the Chottogram north forest division. It is
one of the important habitat key places for in
st conservation of Bangladesh. The plant
diversity of HWS has been changed after its
establishmen{ i 2010. The wvascular plant
species from an area of about 1177.53 ha WS at
Hazarikhil seems to be in comparison to other
protected areas from the region. A large
number of indigenous plants are paturally
growing in this sanctuary. Occurrence of 462
species in this area seems to have a good
number of vascular species diversity which is
comparable with other protected area in the
country. The present findings will provide the
valuable information on vascular plant
distribution and vegetation structure, which
will helpful the future conservation and in
developing a conservation management plan of
this sanctuary, One day this result will also
work as a seed source. It 15 included that the
present investigation more possible the way for
further study to mvsstigate of regeneration
behavior in the study area. More particularly,
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the rare and threatened species along with their
degraded habitats o be protected by laking
proper conservaiion management programme.
Local enthusiasts have to be mvolved in the
conservation programimes and to creale public
awareness  regarding the  sustainable
development through posters, pholographs,
graphics and pamphlets.
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Abstract

Plamatton Trial Unlt Diwston f Bangladesh Forest Reseqrch Ingilture (BFRI)
carricd out @ research in the central consial helt (Noakhali area) of Bangladesh
with Aveci carecky L., Cocon wucifera L., Phoexix sylvesreis Roxb., and Borassuy
Sabellifer L, from 2019 85 2021 in grder to assess the growih performance of these
[ mative palm species.  Seedlings of thess species. except C nucifera, were
raived in polvbags, awd 101 2-months-old seediings were plinired in the field in
June of every year. The sy was faid oul in g Randomized Complete Block Design
(RCED) with 3 replications and the spocing was | .82 m for 4. catechy and 548 m
for ather three species. A, carechy kad the highest swrwivabiling (9667 and
F0.33%) afier 0.5 and 2.5 vears of plantaiion, arnd O mugifera had the highest
(B6.67% swrvivahilig after 1.5 vegrr of plamtarion. On the ovher hond, 8.
Nabellifer had the lowest swvivabitily (77.78% ) after 0.3 years of plantarion and
Fosplvestriz had the fowest (38 87 and 40.07%) qfier 1.3 years and 2.5 vears. After
W5 A5 and 2.5 vears of plantation, O, nucifera had the highest (1 43, 67, and
6.62 m) emd B. fTabellifer had the lawesi (051 075, and 1.08 51) heighi Afier 0.3,
1.5, and 2.5 years of plontation, the highest numbers of new fomdy were foiind for
C nucifera (350 nos ), A carechie (3.69 mos), and P avhvesnts (407 mos b
respeciively. Bul the lovwes pumbers (2.04, 334 and 333 nog ) of vew fonds were
Jound for B. flabellifer Thiz resuli will be helgfid for rotving lange-seals
plantaiions wik these four palm species i the Noakhali coasral beli areas of
Banpladech.

e L

e o ot TR g Wi gt ey BERE Ber, wtereeTy
EATHT GO (AR ST 2ody THF 203) A T Areca carechu
(1#1F), Cocos mucifera (MEE), Phoenix sylvestris | 4T Borgssus
flabellifer (wt) <% ¥ orifw o awifey e armeamT & e
A BT Cocod hudifera ST T ST BRMGI STETCT (BT I STt
So-33 WH IHA bl s TEET BT WA @ T WEEIe ot afemie
AIEAETE FALD G T (A TH T AT A, catechu ST S G
T 5 b bea (o o TR o sfeneT & .80 TR Arepa carechu
(AT oF oFE 4.0 969 N AR (pu.sY o9 go.wef) o7 o few O
Rucifera MU 3.6 T W T (rbu%) 5o By e, B flabellifer
(@IETT 0.¢ TET o7 TS (19.90F) AR F sylvestris (U7 3.6 4T 3.6 T
TN (G W So.09%) (D [FE ) @A o, b0 EFE 2.0 T A O
nuciferg T Swer (A0, 349, O et ) an B flabellifer oot
TN (0.3, 0,92, §T 3.0k ) o7 | AT 0.8, 3 F 9T 2.6 T T TR C
nucifera (0.5, A catechu (o.baff), @ B sylvesiris o Waifes wofes
(8.49%) T AT WA 1T, W7 SrecvE B, flahellifer @ T (2,08, 0.08,
G 0ol Tl g SAET e ofes | SETAE 9F T, TEOE AT
ol S, A Bl -ty el STy e AT SRR R e S e
T

Keywords: Areca catechn, Bovassus flubsllifer. Central coastal beli,
Cocor nucifera, Growth performance, Phoenix sylvesiris,



Iniroduction

Palms (family Palmae or, more recently,
Arecaceae) commonly dominate the rural
landscape in tropical countries (Mogea er al.
1991). Palms are one of the most important
horticultural erops in many countries (Rahman
el al. 2021: Rana and Islam 2010 James 1980:
Kamal 1969) uand provide most of the
necessities ol life for humans in the tropics for
centuries (Nath er al. 2002). There are around
230 genera and 2,700 palm species. most of
which are found in topical and subtropical
climates (Pasha 2006) being an essential and
fundamental feature of tropical forests
(Johnson 1995), Bangladesh being in the
tropics, has a diverse range of palm trees,
ranging from hilly topography to plain areas (o
muddy mangrove forests (Blatter 1978;
Hussain 2001}, At least 20 kinds of native palm
trees occur in Bangladesh, while at least hive
foreign species are planted as avenue or garden
plants (Pasha 2006). The most common palm
tree species found in Bangladesh are Palmyra
palm (Borgssus flabellifer), Coconut (Cocos
nucifera), date palm (Phoenix svlvestris), and
betel nut (4reca catechy) (Rana and Islam
2010). Palm cultvabon can provide a
considerable financial return (Dowson 1982),
The fruit, beverage, leal, fiber, and stem of the
palm tree are highly prized as food, thatching
material, lumber, fuelwood, weaving mat,
windbreak, raw material for oil production,
cance making etc. (Zaid 1999: Chan and
Elevitch 2006; Mitchell and Ahmad 2006;
Calzada et al 2007; Rahman er al. 2011:
Al-Adhroey 2011).

Borassus  fiabellifer (Palmyra palm) is
considered one of the principal sugar-yielding
palm among the 3000 multifunctional palms of
the tropics and subtropics (Johnson 1983;
Mogea ef al. 1991). In the southern part of the

Fangladesl Jooomal of Fopest Sciance

Bangladesh, it is widely planted for juice
production (Nath er al. 2002) and it has
medicinal benefits in all of its sections (Blatter
1978; CISRO 1985; Morton 1988). Another
prominent economic palm in Bangladesh is C.
nucifera (coconut), which is one ol the
country's most important homestead plantation
crops (Pasha 2006: Rahman 2003, Diszanavake
1977). It is an important fruit tree in the globe,
supplying sustenance for millions of people.
particularly in tropical and subtropical
countries, and it is often referred to as the "tree
of life" because of its various uses (Chan and
Eleviich 2006). Areca catechu, locally known
as supari (Rashid ef al. 2015), originated in the
Philippines, is now widely grown throughout
Bangladesh (Nandi er al., 2019). This plant,
which is primarily grown for the production of
nuts or seeds and is an important component of
betel pepper, has important medicmal
properties (Nath and Karmakar 2001; Staples
and Bevacqua 2000). Phoenix splvesiris is one
of the most common popular palms ever found
in Bangladesh and a well-known source of
sugar (Blatier 197R8; Hussain 2007) and it’s
juice has been used to make traditional
sweeteners (Ahmed, 2007). It provides food,
ornarnent, material for shelter, fiber and fuel in
a hard environment where relatively few other
plants can grow (Zaid 1999). and frequently
utilized m brick kilns. (Sait er al. 2012; El May
et al. 2012). Around 72.4 million people in
Bangladesh live in rural areas and rely on
agriculture and tree-based economic activities
for therr survival (BBS 2012), and the
palm-based manufacturing system is one of the
most essential ways to improve the economic.
social, and environmental standards in
Bangladesh's rural arcas (Nandi ef af. 2019).
Palm tree species are one of the most important
plantation trees in Bangladesh's Southeastern
region for their fruits and sap collection (Pasha
2006; Nandi er of 2019), and many rural
farmers in this region rely on palm husbandry
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for therr seasonal livelihoods (Rana and Islam
2010). Because of the systematic cultivation of
palm for better vyield, it has received little
attention in Bangladesh (Rana and Islam 2010;
Rahman ef al. 2011); Policymakers should pay
close attention to assessing the polentials of
palm (Nandi et al. 2019). A study was carried
out in the western coastal areas ol Bangladesh
with these four native palm species and [ound
promising. But no systemaltic study has been
carried out with these four native palm species
in the central coastal belt areas (Noakhal
areas). Therefore, a research was carmed out
with four palm species (B. flabellifer, C.
nucifera, P sylvestris, and A catechu) to
assess their survival and growth performance
m the central coastal belt of Bangladesh. Thas
result will be helpful to improve the cultivation
of palm, enrich palm biodiversity,
standardize the plantation techmiques for
large-scale plantations with these native palm
species in Noakhali areas of Bangladesh.

and

Materials and Methods
Study area

The research was conducted at the Subarnachar
upazila of Noalkhali district of Bangladesh.
Subarnachar upazila is situated between
latitudes 22923 and 22°45" north and longitudes
90°54' and 91°20" east (Miah er al. 2015: Prosun
et al. 2018). It has a tropical climate with heavy
rainfall for the majority of the year and a short
dry season (Barua et al 2019). The highest
average annual temperature is 34.3°C and the
lowest at 14.4°C, and the average annual rainfall
15 3302 mm (BBS 2013). Soil pH ranges from
6.7 to 8.0, with soil salinity ranging from 6.6 o
13.9 dS/m during the rainy and dry seasons
(SRIDI 2010). With only & mm of precipitation,
January is the coldest and driest month of the
vear (Hussain 2008),

Raising experimental plantation

In this research. four native palms. namely €
nucifera (coconut), B. flabellifer (palmyra
palm}, B syivestris (date palm) and 4. catechu
{(betel nut) were used. The seeds collected from
phenotypically superior trees and seedlings of
these species, except C. mucifera, were raised
in polvbags. For raising C. nucifera seedlings.
mature C. nucifera is directly put up in the
seedbeds. Seedlings of all species are kept in
the nursery for about 10-12 months. B
flabellifer seedlings were raised by the
detached germ tube method. Ten 1o
twelve-months old seedlings were planted in
the field in a Randomized Complete Block
Design (RCBD) with three rephcations. The
plantation was carried out in the raised land
and the embankment of the study area. The
spacing was 5.48 m from seedling to seedling
for B. flabellifer; C. nucifera, and F. splvesiris
and 1.82 m for 4. catechu. The experimental
plantation for research was carried out during
the months of June for 3 subsequent years of
2019, 2020 and 2021,

Data collection

Data was collected in December, 2021 after
(0.5, 1.5, and 2.5 years of plantation planted in
the years of 2021, 2020 and 2019 respectively.
Statistical analvsis

The Excel spreadsheet and the R-Studio
(version 3.3.0) were used to compule and
analyze the data.

Results
Comparison of survivability

Survival performance of four species was
found to decrease with the age of the
plantation. The mean survivability of A
catechu, C. nucifera, P sylvestris, and B.
flabellifer was 96,67, 93.00, 78.53, and 77.78%
respectively, after (.5 years of planting in the
plantation vear of 2021 {Fig.1 & Table 1).
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Figure 1. Survivability of four native palm

species afler 0.5, 1.5, and 2.5 years of

plantation.

On the other hand, the mean survivability of C.
nucifera, A. catechu, B. flabellifer and P
sylvestris was 86.67, 79.60, 62.40 and 58.87%
respectively after 1.5 years of planting in the
plantation year of 2020, The mean
survivability of 4. catechu, B. flabellifer, C.
rucifera, and P syhvestris was 70.33, 50.16,
49.59 and 40.07% respectively afier 2.5 vears
of planting i the plantation year of 2019 (Fig.
1 & Table 1),

Comparison of height growth

The mean height of C. nucifera, 4. catechu, P
sylvestriz and B. flabellifer was 1.13, 0,61, 0.60
and 0.51m respectively after 0.3 years of
planting (Fig. 2 & Table 2), On the other hand,
the mean height of C. nucifera, A. catechu, P
sylvestris and B. flabellifer was 1.67, 1.40, 0.82
and 0.75m respectively after 1.5 years of
planting. The mean height of C. nucifera, A.
catechu, P svlvestris and B, flubellifer was
6.62, 6.02, 1.19 and 1.08m, respectively afler
2.5 years of planting (Fig. 2 & Table 2).

B 2021 (0.5 years) = 2020 (1.5 years)

#2019 (2.5 years)

2
-
E
24
&
-2
; Al .af el .f
Coces Borassus  Phoenix Areca
muctfera  flabellifer svlvesivis  catechn

Palm Species

Figure 2. Height of four native palm species
afier (1.5, 1.5, and 2.5 years of plantation.

Table 1. Comparison of the survivability of four native palm species after 0.5, 1.5, and 2.5 years
of planting in the ceniral coastal belt of Bangladesh.

Plantation year | Age (Years) | Vernacular name | Scientific name Survivability (%)
Betel-nut A. catechu DH6T L0045
2021 0.5 Coconut C. nucifera 9300+ 3608
Date palm P. svivestris 78.53+342°%
Palmyra palm B, flabellifer 77.78+2220
Betel-nut A, catechu T79.60+3.20*
2020 1.5 Coconut C. mucifera BO.67 £ 1.66°
~ Date palm P. syplvestris 58.87+£4.17"
Palmyra palm B. flabellifer 62.40+3.82°
Betel-nut A. catechu T70.33+2.90°
2019 2.5 Coconut C. nucifera 49,59+ 3,60 °
Date palm P. sylvesiris 40.07 +£2.54°
Palmyra palm B, flabellifer 5016+ 3.79°

Note: Treatment values followed by different letters (like a, b, etc.) significantly differ at the 5%

significance level.
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Table 2. Comparison of the height of four native palm species after 0.5, 1.5, and 2.5 years of

planting in the central coastal belt of Bangladesh.

H“:zf““ (Yti) Vernacular name Scientific name Height (m)
Betel-nut A. catechu 0.61 +0.05°

2021 0.5 Coconut C. nucifera 1.13£0.06°
Date palm P. sylvestris 0.60 +0.03

Paloiyra palm B. flabellifer 0.51+0.02°

Betel-nul A, catechu 140+0.11°

2020 1.5 Coconmut C. nucifera 1.67+0.13°
Date palm P. sylvestris 0.82+010"°

Palmiyra palm B. flabellifer 0.75+0.04"

Betel-nut A. catechu 6.02 +0.08°

2019 2.5 Coconut C. nucifera 6.624+0.172
Date palm P. sylvestris 1.19+0.07°

Palmyra palm B. flabellifer 1084+ 005°¢

Note: Treatment values followed by different letters significantly differ at the 5% significance

level.

Comparison of new fonds production

The mean number of new fonds of C. nucifera,
A. catechu, P. sylvesiris and B. flabellifer was
about 3.31, 3.42, 208, and 2.04 nos,
respectively, alter (.5 vears of planting (Fig. 3
& Table 3). On the other hand, the mean
number of new fonds of 4. catechu, P
splvesiris, €. nucifera, and B. flabellifer was
about 3.69, 3.67, 3.60, and 3.34 nos.
respectively after 2.5 years of planting. The
mean number of new fonds of £ svlvestris. A.
ecatechu, C. nucifera and B. flabellifer was
about 4.67, 4435, 367 and 333 nos
respectively afier 2.5 vears of planting (Fig. 3
& Table 3).

Mean annual incvement of height

The mean annual height increment of C.
nucifera, A. catechu, P. sylvesiris, and B.

flabellifer was 2.65, 241, 048, and 0.43 m,

respectively, after 2.5 years of planting (Table
4}1

w2021 (0.5 years)
w2019 (2.5 years)

Cocos  Borassus  Phoenix  Areca
nucifera flabellifer sylvestris catechu

w2020 (1.5 years)

New fond (numbers)

L= e B R * T -

Species

Figure 3. Number of new fonds of four native
palm species after 0.5, L.5, and 2.5 years of
plantation

Bengladesh Journsl of Forest Sciance Vol 39.1asue (&1 Jan-Dec 2023, 95-104 G



Table 3. Comparison of the new fonds of four native palm species after 0.5, 1.5, and 2.5 years of
planting in the central coastal belt of Bangladesh.

Plantation vear Age (Years) Yernacular name Scientific name New fond (nos.)
Betel-nut A catechi 34240150
2021 0.5 Coconut C. nucifera 3.51+£0.36°
Date palm P. sylvestris 2.08£0340
Palrayra palm B. flabellifer 2.044+0.18°
Betel-nut A catechu 36:5*1{}‘;6“
2020 1.5 Coconui C. nucifera 3.60+022°
Date palm F, sylvesiris 3.67 0338
Palmyra palm B. flabellifer 33440378
Betel-mut A. carechu 445+027°
2019 23 Coconut C. nucifera 3674023 ab
Date palm P. sylvestris 4.67+033%2
Palmyra palm B. flabelfifer 333+030°

Note: Treatment values followed by different letters (like a, b, etc.) significantly differ at the 5%

significance level.

Table 4. Mean Annual Increment (MAI) of
height of four native palm species after 2.5
years of plantation in the central coastal belt of
Bangladesh.

Name of Age Height MAT of
species {m) height (m)
A catechu 2.5 6.02 + 241 =0.03
0.08
O necifera 2.5 662+ | 2652007
0.17
P, svlvestris | 2.5 L19+ | 0.48+0.03
0.07
B. flabellifer | 2.5 1.OB+ | 043001
0.05

Discussion

A significant difference was found among 4.
catechu, C. nucifera, P sylvestris and B.
fabellifer for survivability after 0.3, 1.5, and
2.5 years of plantabon. Affer 0.5 vears of
planting, 4. carechu had the highest (96.67%)
and B. flabellifer had the lowest survivability
(77.78%). However, after 1.5 years of planting,
C. nucifera had the highest (86.67%)
survivability, while P. sylvestris had the lowest

(58.87%). Finally, after 2.5 vears of planting,
the maximum survivability (70.33%) was
found for 4. cafechu and the lowest (40.07%)
for P splvestris, In  consideration of
survivability after 2.5 vears 4. catechu showed
the most promising species than others.
Survivability of these four native palm species
was found promising after 0.5 years of
plantation but gradually reduced after 1.5 and
2.5 years of plantation due to disturbances
mainly by humans and cattle, Islam e al.
(2014) found the survivability of P. sylvestris,
A. catechu, C. nucifera, and B. flabellifer was
82%. 60%. 81%. and 65%. respectively. after
12 years of plantation in the western coastal
beli of Bangladesh. A significant difference
was also found among the four native palm
species for height growth after 0.5, 1.5 and 2.5
vears of plantation, For 0.5. 1.5 and 2.5 years
of plantation, C. mwcifera had the highest
height (1.13, 1.67 and 6.62m) and B. flabellifer
had the lowest height (0.51, 0.75 and 1.08m) in
this study. Islam et al. (2014) found the height
of P sylvestris, A. catechu, C. nucifera, and 5.
Mabellifer was 7.74m, 10.07m, 10.98m and
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8.38m respectively alter 12 years of plantation
in the western coastal belt of Bangladesh.
Generally, C. nucifera trees are found to grow
10 to 30 meters, B. flabellifer up to 30 meters,
B splvestris 10 1o 14 meters. and A. catechu 10
to 30 meters tall. Besides height, P sylvestris
was found to grow up to 50cm in diameter and
A. carechu up to 15cm in diameter (Siddiqui ef
al. 2007). Moreover, a significant difference
was found among the four palm species for the
production of new fonds afier 0.5, 1.5 and 2.5
years of plantation. The highest numbers of
new fonds were found for C. nucifera 3.5 1 nos..
A. catechu 3.69 nos., and £, sylvesiris 4.67 nos..
regpectively, among the four species, alter 0.5,
1.5 and 2.5 years of plantation. But in all cases
(0.5, 1.5 and 2.5 years), the lowest number
{2.04, 3.34, and 3.33 nos.) of new fonds was
found for B. flabellifer. After 2.5 years of
planting, the highest MAI was found for 4.
catechu (2.41m) and the lowest for B.
fabellifer (0.43m). During the first 40 years of
growth, €. nucifera grows at a moderate rate of
about 30-50cm (12-20 inch) per year (Chan
and Elevitch 2006). while 4. cafechu grows at
a rate of 0.5m/year (20 inch/year) (Staples and
Bevacqua 2006). The growth and yield of the
palms are negatively affected by periods with
mean daily temperatures below 21°C (700F)
(Chan and Elevitch 2006). Palm growth is also
depending on the soil's ability to drain well
during the rainy season and be rich in orgapic
matters (Staples and Bevacqua 2006).

Conclusion

A smgnificant difference found among A.
catechu, C. nucifera, P svivestris, and B.
Slabellifer for survivability. height, and number
of new fonds after 0.5, 1.5, and 2.5 vears of
plantation. The survivabihty of these four
nafive gpecies is promising after 0.5 years of
plantation but gradually reduces after 1.5 and
2.5 wears of plantation due to disturbances
mainly by humans and cattle. In consideration

of survivability, the height growth, number of
new fonds, and MAI, all the four native palm
species were found promising. These palms are
economically and ecologically important
gpecies in Bangladesh and serve as a strong
shelterbelt against cyclonic storms, This result
will be helpful for raising large-scale
plantations with these four palm species in the
Noakhali coastal belt areas of Bangladesh. This
study should continue for a lew years, and
future research could be conducted by covering
broad geographical ranges and highlighting the
soil variables.
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Abstract

Bagasse are myailable tn sugar mills of Bangladesh. Some of them ave wsed
as firel in sugar mills and the rest of them are discarded into environment
without any commierciql reiurn. Bagasse is wped in the pulp and paper mill a3
affernative yaw materials. Producifon of pulp from bagasse was studicd in
varions progesses to morease pulp and paper gualite. Priping was done at
G0 NHLOH galuiion with the variation of KOH concemiattion viz. 11, 13,
15 and 17% and 0.1% methy! amthragquinone (MAQ) ar 16230 temperatire.
Pulps were also made from the Kraft and soda process. 12% aciive alkali,
23% sulphidity and 0.1% MAQ were uped for the Kraft process and 129
active: alkall was wsed for the soda process, where MAQ concentration was
0.05 and 0.1%a Cocking iime was 120 min. moiniained at 170°C
temperature, The wield varied from 53-6234%. Koppa mumbers wers
reduced with the increase of KOH. At | 7% of KOH concentration the Kappa
number was reached to 20.1. When a physical stength property of
KOH-MAQ procass was compared with the Kraft and sodn, the feqr sivength
was found 1o be slightly lower but rensile and burst strength was higher:
Tizswe progucts, boxes, wrapping papey, and newspaper can be- prepared
framm hagosse pulp. Block liguor (5 rich in nitrienis elements so it con be used
as a fertilizer for agriculurgl produstion.
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Iniroduction

The global demand for paper continues to
escalate at an alarming rate, raising concerns
about the sustainability of forest resources that
serve as the primary raw material for paper
production. While paper, paperboard. and
newsprint consumption has experienced robust
growth, with net consumption increasing from
0.611 to 0.779 MT between 2014 and 2018
(FAO 2018) production levels have stagnated
at 0.058 MT during the same period. In
Bangladesh. per capila paper and paperboard
consumption stands at a mere 5 kg/year/person,
significantly lower than advanced countries

(~300kg/capita), the world average (~50
kg/capita) and the Asian average (~50
kg/capita) (Quder 2011). Consequently,

Bangladesh's demand for paper and paperboard
necessitates importing 0.736 MT (FAO 2018).
as domestic paper mills struggle to meel
targeted daily production levels due 1o
inadequate raw  material  supply. This
predicament underscores the urgent need to
explore alternative sources of raw materials for
pulp and paper mills to ensure sell-sufliciency
in paper production while mitigating the
environmental impact of excessive forest
exploitation.

Bagasse, the fibrous residue obtained after
extracting sugar from sugarcane, emerges as a
promising alternative source of raw material
for paper production. Its low cost, longer fiber
length (1.9mm) compared to straw (Yousefi
2009), satisfactory o-cellulose and pentosan
content and wmilder pulping requirements
(Jahan er al, 2009) make bagasse an attractive
option. Additionally, its low refining energy
consumption and ability to produce good sheet
formation and paper smoothness enable it to
meet the quality standards for newsprint and
paper manufacturing (Rajesh and Rao Mohan
1998). Composed of approximately 40-50%

cellulose, 20-30% hemicellulose, and 18-25%
lignin (Armingsith ~ 2014), bagasse's
hemicellulose fraction is primarily comprised
of xylose, accounting for about 80% of the total
sugars (Aguilar of al. 2002: Mosier ef al. 2005).
Furthermore, with its low ash content (1-3%),
bagasse offers advantages over other plant
sources like rice straw and wheat straw, which
contain 17% and 11% ash, respectively
(Pandey et al. 2000). Consequently, bagasse
presents itself as a promising lignocellulosic
feedstock for pulp production (Hilares er al.
2017) offering a viable solution to meet the
growing demand for paper while mitigating the
environmental impact of excessive [orest
exploitation,

Bangladesh's sugar industry presents a
significant opportunily for utilizing bagasse as
a raw malerial for paper production. The
country's sole bagasse-based pulp mull. the
state-owned North-Bengal Pulp and Paper
Mills (NBPM), underscores the potential of
this agricultural residue. With 16 sugar mills
operating on sugarcane in Bangladesh, a
substantial amount of bagasse is readily
available. According to a studv by Mahamud et
al. (2012) approximately 423,000 acres of land
are dedicated to sugarcane cultivation, yielding
an annual production of about 7.5 million tons.
However, only 2.28 million tons are processed
in sugar mills, while the remainder is used for
molasses production, Consequently,
Bangladesh  cwrently  generates around
150,000 tons ol sugar, 100,000 tons of
molasses, and a staggering 00,000 tons of
bagasse annually. This abundance of bagasse, a
natural agro-waste material obtained al a
relatively low «cost, energy, and time
investment, presents a promising opportunity
for domestic paper mills to diversify their raw
material sources and alleviate the sirain on
forest resources. While bagasse has
traditionally been utilized as a fuel source in
sugar mills (Habibullah e al. 2014). its unique
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chemical composition offers advantages for
pulp production. Bagasse lignin is considerably
more reactive than wood lignin, allowing for
milder pulping conditions. For instance, soda
pulping requires only 12-16% sodium
hydroxide at 170-175°C, while Kraft pulping
demands 11-13% active alkali with 15-20%
sulfidity (Thomas e al. 2016). Interestingly,
the pulp produced by the Kraft process offers
hitle advantage over that obtained through the
soda process, as the resulting pulps are
virtually identical. Numerous agricultural
wastes, such as dhaincha (Sexbania bispinosa),
jute stick (Corchorus capsularis), wheat straw
(Triticum aestivum), com stalks (Zeg mays)
(Sutradhar et gl 2018). rice straw (Jahan ef al
2016). and kash (Saccharum sponteneuwm)
(TJahan et af. 2016a), have been successfully
pulped using potassium hydroxide (KOH).
While bagasse has proven suitable for the
production of Kraft and soda pulp, there
remains a lack of research on the potential of
KOH-MA(Q) (monoamine oxidase) pulping to
enhance pulp yield and paper quality. This
study aims to bridge this gap by investigating
the feasibility of KOH-MAQ pulping of
bagasse, as KOII pulping is well-suited for
small-scale operations, and the resulting black
liguor can be utilized as a fertilizer in
agriculture (Huang et al. 2007. Jahan er al.
2016).

Materials and Methods
Raw maiterials

Bagasses sample were collected from Faridpur
Sugar Mills Lid, Modhukhali, Faridpur
(23°37" N, §9°29' E). It was processed in a
hydropulper for 2 min. for depithing. The
depithed bagasse was then air dried. Drv matter
conlent (DMC) was determined after air-
drying (AD). Tappi test methods T236 cm-85
(Anon 1992) was used for dry matter
determination.

Bangladesh fovmmal of Foresr Scisnce

Pulping and pulp evaluation

The pulping experiments were carried out with
2000g of oven dried (OD)) bagasse in 2-liter
autoclaves heated in a temperature-controlled
air bath, Pulping was done at 0.1M NH«OH
with the variation of KOH concentration viz,
11. 13, 15 and 17%. The methy| anthraquinone
was (.1% based on OD material. The
temperature was maintained at 165°C. Pulps
were also produced m the Krafi and soda
process for comparison. Analytical grades of
NaaS and NaOH were used as cooking
chemicals for Kraft pulping, Cooking time was
1200 min. maintained at 170°C for Krafi and
soda pulping. The time required o raise this
ternperature from room temperature was 90
min. The liquor to bagasse ratio was 9:1 in all
the cooks (L/kg). A sulphidity of 25% was used
in all the Kraft cooks. After cooking, the
bagasse was discharged and the black liquor
was collected for residual alkal determination.
The cooked fibers were taken in a screen box
and washed overnight under running water to
wash out the residual liquor. These were stirred
slightly with water m a bucket by a slow speed
electnic mixture, The pulp slury was then
screened in a Johnson vibratory screem to
separate any uncooked material from the pulp.
The wet pulp was passed through a screw press
Lo remove excess water, and then samples were
taken to poly bag for preservation. The pulp
yield was determined according to Tappi test
method. The screening rejects were collected
dried and then weighted. The kappa number of
pulp was determined using Tappi test method.

Physical strength properties

The pulps samples were beaten in a PFI mill (a
laboratory scale device used to beat or grind
pulp sample for the preparation offhand sheet)
to achieve a Canadian Standard Freeness
(CSF) of 450 and 250 mL (SCAN-C 21:65) and
hand sheets were made. These were then
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conditioned at 23£1°C temperature and 50+£2%
relative hummdity and tested according to
SCAN-C 28: 69 for determining the physical
strength properties.

Statistical analysis

The physical swength properties were
evaluated from five sheets for each beating.
Then the mean and standard deviation were
calculated. The graphical extrapolated values
al 250 and 450 CSF were represented by
regression,

Results
Raw materials processing

The data on the depithing process of bagasse
uging two different methods: hydropulper and
stirrer was presented in Table 1. The yield of
depithed bagasse obtained using the stirrer
method was 92.3%. The table compares the
depithing process and vields obtamned using
two different methods, hydropulper and stirrer,
for processing bagasse. The hydropulper

Table 1. Depithing loss of bagasse.

method was performed on a larger scale (6500g
of bagasse), while the stirer method was
conducted on a smaller scale (300g of
bagasse).

The material yield on depithing was 81.71%.
After depithing by hydropulper the bagasse
yield was 88.8%. And the yield was 92.3%
after depithed by stirrer. The percentage of fine
particle in bagasse was 11.2% after
hydropulper depithing and 7.7%  alter
depithing by starrer.

Pulping and pulp evaluation

Yield and kappa number of bagasse pulp were
determined. The value of yield and kappa were
presented i Table 2. Effect of alkali ratio,
alkah charge and MAQ concentration in
different pulping method of bagasse were
shown in Fig.1. The pulp yield was found 62%
at 17% of KOH-MAQ chemicals and lower
vield was 53.93% at 11% cooking chemicals
with 0.1% MAQ. In Kraft process yield of pulp
was (1.28%. There were influences in soda

__Depithed by hydropulper
Bagasse (AD) g | DMC (%) |[ Bagasse (OD) g gzz:gfd b;‘ﬁf—“ ‘(:E‘t’af Yield (%)
6500 81.71 5311.15 3982.56 | 734.15 | 4716.71 88.8
Depithed by stirrer
300 | 8L71 | 24513 | 20453 | 21.7 | 22623 | 923

Table 2. Results of chemical pulping of bagasse in 1 M NHs solution with MAQ.

_i’uj_ping Process | Cooking Chemicals {'z;.] J;IAQ (%) | Yield ('x?}- Kappa No | Reject (%) -
KOH-MAQ with 11 0.1 53934224 | 61.2410 | 13.64+1.90
L 13 0.1 61.0342.13 | 47.0£095 | 5.96+3.72

15 0.1 60.75£2.37 | 23.940.80 Nil
17 0.1 62.34+0.57 | 20.1+0.40 Nil

Kraft 12 70 61.28£0.53 | 35.4£090 | 0.63+0.21

Soda 12 0.05 60.30£0.82 | 27.842.08 | 0.40+0.03
12 0.1  |6228+0.88 | 24.0+0.79 | 0.48+0.05
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KOH
(11%)

KOH
(13%)

KOH
(15%)

®Yicld (%) ®Kappa No

ikk kbl

KOH Kraft Soda {11%,.’50:13 (12%,
(17%)  (12%) MAQ
0. us'm 0.1%)

Figure 1. Compares of yield and kappa number of prepared pulp in various pulp.

process and yield varies from 60.30 - 62.28%.
Highest vield was found at 12% chemical
doses with 0.1% MAQ.

Physical strength properties

The tear, tensile and burst strength properties at
particular freeness at 450 and 250 CSF which
were shown in Table 3. It was found that the
tear strength decreased and both tensile and
burst strength increased with the decrease of
CSF as usual. With regard to physical strength
properties this verifies that burst index, tensile
mdex, and tear index at particular freeness at

250 and 450 CSF of KOH pulp at 15% dose
was better than other doses. It is also notable
that compared with the Kraft and soda process
the tear strength was slightly lower but tensile
and burst strength was higher. Tensile strength
is higher for KOH-MAQ process among the all
chemical process and about similar in
KOH-MAQ with 1M NH«OH. At 15% KOH
doses tensile strength was higher which was
70,45 Nm/g (Fig. 2) and lower (51.90%) at
12% active alkali with 0.05% MAQ in 250
CSF. Tear strength gradually were increased in
all chemical process from 492 to 6.35

Table 3. Sirength properties of the paper sheets made from bagasse.

Cooking Tear index Tensile index Burst index
MA [mNm?f' ) {(Nm/g) l:kPa.m!f
CEoresy c"“$'““‘ w.? CSF (fal) CSF (mL) CSF (m El}_

(%) 450 250 450 250 450 250
KOH-MAQ 11 0.1 323 4.92 5587 62.47 370 | 492
with1,0 M 3 0.1 6.20 5.80 5825 | 6520 | 4.05 |5.20
NH.OH 15 0.1 5.85 5.54 H3.50 7045 460 | 533
17 0.1 504 | 5.90 5054 | 67.88 | 4.50 |5.75
Kraft 12 - f.65 .35 52.09 51.940) 420 | 4.80
Soda 12 0.05 6.95 6.01 5100 | 5015 | 415 |5.03
12 01 6,71 ﬁél 52.51 52,80 437 5.53__
Bangladesh fovrnal of Foresr Science Vol 39, Issue 1&2. Jan-Dac 2023, 195-114
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Figure 4. Pulping process and burst strength with varying alkali doses at 250 CSF.
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miNm/'z. at 250 CSF (Fig. 3). Burst index in
different chemical process varied from 4.92 to
5.82 kPa.m*g. The burst index wvalue was
highest for soda process at 12% active alkali
doses (Fig. 4).

Discussion

Bagasse is characterized by a high percentage
of pith (35-40%) interspersed with fiber,
primarily composed of parenchyma material.
This non-fibrous pith is nch in juice. On a dry,
water-insoluble basis. bagasse consists of
"pith" from the center of the plant (30%), "fiber
bundles” (63%; 50% from the rind and 15%
from the internal material), and the epidermis
(5%) (Rao 1997). The fiber bundles in bagasse
are mostly sclerenchyma cells bound together,
typically measuring 1.0-1.2mm in length and
20um in diameter (Paul and Kasi Viswanathan
1998; Rainey et a/, 2010), with a wall thickness
of Sum and a resulting lumen diameter of
10um (Ramey et al, 2010). In contrast, the
"pith" parenchyma material originates from the
vascular bundles (Giertz and Varma 1979) and
13 composed of thin-walled, squarer cells with
a lower aspect ratio, reaching a maximum
length of 0.52mm (Rainey ef al. 2009) and a
diameter of 140pm (Paul and Kasi
Viswanathan 1998). It is widely accepted that
for producing acceptable quality pulp,
approximately 30% of the shortest bagasse
fibers must be removed (Atchison 1962; Giertz
and Varma 1979; Paul and Kasi Viswanathan
1998; Covey ef al. 2005: Rainey ef al. 2010).
The presence of pith creates challenges during
pulping, such as increased cooking chemical
requirements, inferior pulp quality, and poor
black liquor properties. Depithing. the process
of removing pith from bagasse. is crucial for
reducing cooking chemical usage, foaming,
handling and storage costs, dirt count in the
papet. and improving pulp drainage in the pulp

Bangladesh fovmmal of Foresr Scisnce

washers and paper machine, tensile properties,
and black liquor quality (Rao 1997;
Lois-Correa 2012), Therefore, depithing is a
prerequisite step prior to pulping for producing
high-quality paper from bagasse. The pulp
vield ranged from 54 to 63%, with kappa
numbers varving between 20 and 61, as
presented in this study. The chemical dose (%)
had no sigmficant impact on pulp yield, except
for the low cooking chemical dose of 11%
KOH, where the yield was 53.93%. Notably,
the screened yield of 60.75% was higher than
other non-wood sources such as dhaincha
(48.6%), jute stick (484%), wheat straw
(44.7%) and corn stalle {45.8%) when pulped
using the KOH process (Sutradhar et al. 2018).
The kappa number decreased significantly as
the KOH chemical dose increased. while the
reject was high at lower chemical percentages.
However, at 15% alkali dose of KOH, the
lappa number reduced to 23.9%. The chemical
compesition of bagasse. being comparatively
rich in carbohydrates and having a [airly low
content of easily accessible lignin, makes it
casier to pulp with good yield when properly
cooked (Huang et al. 2007). Hossain et al.
(1970) demonstrated that the tear strength of
ekra, nal and khagra grasses were (.84, 0.71
and 0.80 mNm?/g respectively, indicating that
the tear strength index of bagasse is higher than
these different grasses. Regarding burst
strength, the KOH-MAQ, Krafi, and soda
processes yielded wvarying results. The
soda-MAQ process at 12% active alkali
exhibited the highest burst strength of 5.82
lkPa.m?g, while the Kraft process showed a
lower value of 4.8 kPa.m?/g, as depicted in this
study, In the KOH-MAQ process, at 17%
active alkah dose, the burst strength reached
5.75 kPa.m*'g. Shafi ef al. (1994) reported that
the burst strength of jute stick 15 4.80 kPa.m?®/'g
at 230 CSF, indicating that the burst strength of
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bagasse pulp 15 higher. Burst strength values
for other species. such as corn stick (5.4), kash
(3.2}, rice straw (3,8), wheal straw (3.9), and
daincha (4.5), further highlight the superior
burst strength of bagasse pulp. Additionally,
Hossain et al. (1970) showed that the burst
strength valuss for ekra, nal and khagra grasses
were 20.1, 17.1 and 20.0 kPa.m?'g, respectively.

Conclusion

Bagasse, a renewable biomass bv-product of
the cash crop sugarcane, presents sustainable
reasons for its utilization in pulp making.
Although lower chemical doses resulted in
higher kappa numbers and a higher percentage
of rejects. the kappa number was effectively
lowered to 23.9% at 15% alkali doses of KOH.
The pulp yield obtained was comparable to that
of soda and Kraft pulps. Considering the
tear-tensile  relationship, there was no
significant variation among the pulping
processes. The bagasse pulp can find utility in
producing tissue products, boxes. wrapping
paper, and newspaper. llowever, incorporating
long-fibered wood or bamboo pulp could
enhance the paper quality. Notably, pulping
bagasse with agueous ammonia containing
small amounts of KOIl effectively removed
lignin, resulting in a black liquor nich n
nutrient elements such as nilrogen, potassium,
and ammoniacal lignin. This presents a
promising prospect for wutilizing the black
liquor as a fertilizer for agricultural praduction,
although further investigation into its potential
iz warranted. Overall, bagasse's renewable
nature and the potential valonzation of its
by-products make it an attractive feedstock for
sustainable pulp and paper production.
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Abstract

Marngrove forests ave kngwe fov thelr 3biling to requevier qud sore {prge awmgnts of carbon,
Carbon 15 séored in the Blomass of the treey and ihe soil. kelping mivigare elimara charge by
PEMOVIRE Crhon dioxtde from the oimosphere, Sundordans, Being the larpesi mangrvove
ecamyiiem, fo expecied fo b o nibviontiol eovhon vieck Carbon wiorage copecity i
imilienced Iy factory wich ag ihefroey of mionerove wpeciex, a0l condinions, gnd he overall
kealth of the ecosyriem. Carbon stock axsessments involee megawring the carbon cowtens in
above-groynd bigsass, héfow-ground blomass, ang sofl Ty (hig wudy we oiressed the
Blomass ard carbion stock of mangrove arboreium i the Sundarbong. epfablished by the
Mangrove Sihviceloire Division, Bongladesh Forest Kesearch insmive. A lotel of sy
experimenial plotr (8245 » area) wers wurveved 12 calelate DEH. heigh, bioming, ond
corbon. sock. Awicernia maring. Rhizophora mocromoin. Lumniicera raceémosd and
Aegiceras corielaim showed heir suitabilind for cogstal and barren char land plariarions
with higher heighs and DEH growth, The average above-ground. below-grourd, ard fptal
Bigmasy ranged from 16T - 248 648 Megha: 027 17 68 Mehe': and 259 - 366,28 Mehat
vespectively. The gwerage carbon stock ard carbon-di-oxide equivalence ol mangrove
arbovenin was 583 Mghe " mid 55,09 Mgha ranging feom [ 27 - [83 14 Mgha' and 473

67312 Mghat respectivaly. The meon aomual DEH, height, biomass, ond corbon sioek
imoremend of mangrove arboreium ranged 0.5-1 feet™!, Q6= 1 fep 0 000 1594 Mpha 7
and 1157 Meha ¥ respecrively. The srudy expressed the necessity of mangrove arleretim b
the berren areas within (ke Sundarbans,

b B

A5 T T AT o S T SIe Feeca Ao I Bty | ST e
offee o BT SRl sy effter ) wewifstr mer e o R R e T e
AT e U | AR, R T T AT WS Fonie T DO W
T W IS 90 W A TN A VAR LG, W ATHIS0T 49t THECET AAGP
FoE st AWy o dvw o gETE FEEeme Bun, e o sne
FAEEET FAEAAE IRy AW AT  Jood FH (AF TG WGET A
FHE Jool NG tesd M8 G 2 ¢ @FF SN TERYE SACAAC (50T ¥ W
G sty EfaEy (DBR). Ewer, QT 9 S TR ey ofaire TeEn
TG SRR AT SR e S0 49 TR SRR (TR 49 O EAE G
Avicennia maring (MEA), Fhizophora mucromaty (907, Lummitzera rocemosa
T a Aegiceras corniculatum (955 B9 o aF gerere oF vl oy
s (DEH) ww Swer 3% S G0 Weg B, e 9 T IR T TR
3d (NTF 28k B8 TIMETT S (T, 0.9 (0 10908 G &ATE FTE S99 365 (0F
e, 3t GrETT & S | ATFETS arnERoR T 9T O T e awEE e
o S T JEa SIVIET G G ok ST ATE AR T &1 i ) an G
o b8 CRTRTR 9T 8,96 (NEF W3 b (RN | SIS SR O areay 0 el
(DBH). Tewdt, yyrarr o w8 oy 3 sy iy eo-b O e
o k-39 07 SETT S T T o9 T S T | TR TR S e
ATTEHTE ATACA0 T ST T BT AF e (U e A |
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Iniroduction

Mangrove forests, a primary tropical and
subtropical ecosystem, play a crucial role in
delivering various essential functions and
services. These habitats serve as coastal
protectors, providing shelter. breeding, and
nursery  grounds for numerous  fish,
crustaceans, and other s=a and terrestrial fauna.
Notably, mangrove forests are vital
contributors: to carbon storage, vet the
quantification of this storage has been
somewhat overlooked despite its significance.
Mangrove forests can exhibit an impressive
total carbon storage, averaging around 1023
Mg ha! (Donato ef al. 2011), This substantial
carbon reservoir 1s attributed to factors such as
the high density of large trees, with some
reaching diameters of up o 2 meters,
organic-rich peat soils. and generally deep
growth exceeding 5 meters (Murdivarso et al,
2011), Unfortunately, human activiies have
severely 1mpacted mangrove ecosystems,
resulting in the loss of approximately one-third
of these forests globally over the past 50 years
{Alongi 2002). This degradation contributes
significantly {o greenhouse gas (GHG)
emissions, emphasizing the urgent need for
conservation efforts.

Sundarbans, a UNESCO World Heritage Site
and a RAMSAR welland ecosystem, covering
about one million hectares extended between
Bangladesh and India (between 21°27° and
22730° N, and 89°00" and 89°55'E) (Alongi
2002). It contains one-third of the global
mangrove plant species (Ghosh et al. 2016)
and serves as a habitat for numerous globally
endangered plant and animal species (Iftekhar
and Islam 2004). It also serves diverse human
needs such as fuel-wood, hogla, grass, [ruit,
malia, goran stick, molasses, medicimal plants,
honey, fish, prawn, crabs, and more (Azad er
al. 2020). Regrettably, despite its status as a
vital biodiversity hotspot, the Sundarbans is
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now one of the most vulnerable areas globally
and 18 undergoing rapid degradation (IPCC
2007) due to the loss of many native species
(Sarler et al. 2019) and less productive due to
the environmental, climatic and anthropogenic
drivers (Ahmed er al 2022). Sarker et al.
(2019) observed a shift in the Sundarbans
mangrove composition, with dominance by a
few species eg Excoecaria agallocha
(39.69% of total trees), Heritiera fomes
(30.89%), Ceriops decandra (6.12%), and
Xvlocarpus  mekongensis  (0.82%).  Some
species showed habitat expansion and local
invasiveness, and some species faced local
extinction (Sarker et al. 2019). In response, the
Mangrove Silviculture Division of Bangladesh
Forest Research  Institute  has  been
implementing afforestation programs
(mangrove arboretum) since 2004 to conserve
the locally endangered species and enhance
Sundarbans diversity. Increasing the number of
regionally threatened species (IUUCN regional
species red list) in the Sundarbans was the
primary objective of establishing the mangrove
arboretums m  the Sundarbans. These
arboretums will be used as the seed bank for
these species.

Afforestation emerges as a potent strategy for
the conservation of endangered species and the
prevention of soil degradation by miligating
soil erosion. enhancing soil organic matter,
improving so1l strocture, and functioning as a
carbon sink (Jackson et al, 2002). Additionally,
afforestation contributes to nutrient cycling
and provides habitat for wildlife by refining
lands (Franco et al 2003). Over recent
decades, widespread afforestation initiatives
have been undertaken to restore degraded
habitats (Pincetl er o/ 2013). While natural
regeneration is integral for conserving and
sustaining  biological diversity, artificial
regeneration remains crucial depending on
specific management objectives. Mangrove
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forests, on the other hand, can become carbon
sources through deforestation (Baccimi et al
2017), releasing additional carbon into the
atmosphere and contributing to climate change
(Pan er al. 2011). The quantification of biomass
and carbon within such ecosystems poses a
challenge but is indispensable for global efforts
to address climate change. exemplified by
initiatives  like "Reduce emissions from
deforestation and forest degradation in
developing countries" (REDD+). BEDIH
serves as an  intermational  framework
incentivizing developing countries to reduce
emissions from forested lands by preserving
existing carbon stocks and incorporafing
sustainable forest management practices
{Edwards ef al 2010). In this stdy, the
leverage allometric models and vegetation plot
data to estimate above and belowground
vegetation biomass and carbon stocks in 4.25
ha of mangrove arboretum of seven threatened
species namely Kirpa (Lumnitzera racemosa).
Thana (Rhizophora wmucronaia), Khalshi
(Aegiceras corniculalum). Amoor (Aglaia
cuculara), Baen (Avicennia maring), Kankra
(Bruguiera  sexanguwla) and  Vathkathi
(Kandelia candel) in Sundarbans cteated by the
Mangrove Silviculture Division, Bangladesh
Forest Research Institute from 2004 to 2012,

Materials and Methods
Study area

The Sundarbans Reserve Forest (between
21°30" and 22°30" N and 89700 and 89°55' E)
is the largesl continuous expanse of tidal
halophylic mangrove forest globally (Fig. 1).
The Sundarbans, covering 10,000 km? of land
and water, is part of the world's largest delta
(80,000 kr*) formed from sediments deposited
by three great rivers, the Ganges, Brahmaputra,
and Meghna, which converge on the Bengal
Basin that transports about 2.4 billion tons of
sediments (Mitra and Zaman 2016). The soil
salinity level has increased by 60% since 1980
due to the drop in freshwaler supplies (Aziz
and Paul 2015). The projected sea level rise
ranges from 30 to 100ecm by 2100 which is
higher than the global rangs (26-5%m). The
Sundarbans have already lost 10-23% of its
present area (Karim and Mimura 2008; Payo et
al. 2016). Rainfall is heavy and humidity is
high (80%) due to the proximity of the Bay of
Bengal. About $0% of the rainfall occurs in the
monsoon  season. spanning  from June o
Ociober. The mean annual rainfall vares from
1474 to 2265 mm (Chowdhury et al. 2016).
The Rhizophoraceae have minor importance
while the dominant species are Sundr (/f,
fomes) and Gewa (E. agallocha).

Figure 1. Geographic locations of the established arbocetumm sites,
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Plantarions in the mangrove arboretum

The Mangrove Silviculture Division of the
Bangladesh Forest Research Institute has been
actively implementing alforestation iniliatives
since 2004 to restore the biodiversity of the
Sundarbans and conserve its endangered
species. A list of regionally threatened species
was prepared following the IUCN red list of
plants and conducting comprehensive surveys
of the Sundarbans. Seeds and propagules were
collected and cultivated in the nurseries of the

Mangrove Silviculture Division to produce
seedlings. which were then transplanted to
carefully selected sites in the Sundarbans based
on survey data. Plantations were established
with spacing intervals of Im, 1.5m, 1.75 m,
2m, and 2.5m between species to optimize
growth. Between 2004 and 2012, atotal of 4.25
hectares of plantation was created (Table |,
Fig. 2A & 2B). The plantation area varned
depending on the availability of seedlings and
suitable land.

Table 1. Plantation year, species name and area of created mangrove arboretum

Plantation Year | Species (Local Name) Scientific Name Total Area
2004 Kirpa Lumnitzera racemosa (.85 ha
2006 Kirpa L. racemosa 0.85 ha

Kirpa L. racemosa 0.28 ha

2008 JThana Rhizophora mucronata 0.28 ha
Khalshi Aegiceras corniculatum (.25 ha

Amaoor Aglaia cuculata 0.28 ha

2009 Baen Avicennig maring 0.28 ha
Kirpa L. racemosa (0.2 ha

013 Kankra Bruguiera sexangula 0.43 ha
Vathkathi Kandelia candel 0.44 ha

Total 4.25 ha

(A)
Figure 2. Mangrove arboretum established in 2004 (A) and 2006 (B)

11%
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Sample design and size

A total of sixty (60) sample plots of varying ages
and sizes were selected for the study. The
dimensions of the sampling plots included 8m
g&m, 12m = 12m, 14m % 14m, 16m % 16m, and
20m = 20m, covering 4 combined area of 8,248
m?. This represented 19.4% of the total
plantation area. Within these plots, the diameter
(in cm) and height (in m) of each tree were
measured, Variations in sample plot size were
primarily influenced by differences in plantation
techniques and the presence of natural obstacles.
Spacing was considered to maximize area
coverage during plantation. and no standardized
plot size was consistently applied.

Biomass and carbon measurement

The most preferable method for estimating
biomass involves harvesting from ftrees.
However, the most cost-effective, less
time-consuming. and environment-friendly
non-destructive method was used (allometry
equations) (Komivama et af 2008). In
allometry equations, DBH (Diameter al Breast
Height) and height are the most commonly
measured variables from other variables for
biomass accretion in the forest sector
Numerous developed allometric equations can
be found for estimaling the mangrove biomass
of Sundarbans (eg. Hossain ef gl 2019; Pitol
and Hossian 2023). The model developed by
Hossain er al. (2019) was more convenient for
the Sundarbans. The model developed by
Hossam et al. (2019) to delermine the
above-ground biomass (AGB) of Sundarbans
trees was used. The below-ground biomass
(BGB) was estimated by using the common
method recommended by Cairns ef al. (1997).
Most of the body parts of the tree contain 50%
carbon on a dry basis. The estimated biomass
by 0.5 {Chave et al. 2005) to get the carbon
stock Above Ground Carbon (AGC), Bellow
Ground Carbon (BGC) and Total Carbon (TC)
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has been multiplied. The carbon-di-oxide
equivalence (COze) was calculated by
multiplying the total carbon stock by 3.67
(Kauffman and Donato 2012).

Statistical analysis

The data were first tested for normality using
the Shapiro-Wilk goodness-of-fit test.
Biomass and carbon stock for each individual
tree were caleulated and agpgregated to oblain
plot-wise data for all species. Descriptive
statistics, including maximum, minimuni,
mean, standard deviation (SD), and standard
error  (SE), were compuied, To assess
dillerences in diameter at breast height (DBH),
height. above-ground  biomass (AGB),
below-ground biomass (BGB), total biomass
(TB), above-ground carbon (AGC), below-
ground carbon (BGC), total carbon (TC), and
carbon dioxide equivalent (C(:e) among
species, a one-way analysis of variance
(ANOVA) was performed. All statistical
analyses were conducted using Microsofi
Excel 2019 and SPSS 20 soltware,

Results

DEH and height of seven species in the
mangrove arboretum

A statistically signiticant variation in diameter
at breast height (DBH) was 1dentified among
the seven species (df = 58; F = 34.86: P <
0.001). Avicennia marina exhibited the highest
mean DBH of 11.67cm, ranging from 4.6cm to
20.5 cm, followed by Rhizophora mucronata
{mean DBH = 7.71em), Lumniizera racemosa
(7.35cm). and Aglaia cucullata (5.46cm)
(Table 2). Similarly. a significant difference in
height was observed across the species (df =
58: F = 10.47. P < 0.001). A. maring and R.
mucronata recorded the highest mean heighis
of 11.62m and 11.24m, respectively, followed

by L. racemesa (8.35m), Aegiceras
cormiculatum  (6.76m). and A ewcullata
(6.49m) (Table 2).
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Table 2. Minimum, maximum, mean + 5E and standard deviation (512) of DBH (cm) and height
(m) of seven mangrove specises in mangrove arboretum.

DBH (cm) Height (m)
Species E E r:‘g e : %
. 2 E =
g g E w é '5 5 u
= = =
Aglaia cuculata 44 | 7.8 5464 0.73 5 g 645+ 0.88
Avicennia maring 4.6 | 20.5 12.24 + 3.39 5.5 19 11.78 + 2
0.69 0.26
RRizophora mucronaty 4.5 12 7.7l % 1.88 & 12.6 1124+ 1.01
0.30 0.37
Sruguiera sexangula 3T 7.3 4.72 & 0.83 4 7 524+ .64
0.17 0.06
Aegiceras cormewlatum 4 8.3 547+ 0.89 2.2 o 638+ 11
. 1 1 014 1 023 |
Lummnilzera racemosa 35 | 11.9 715+ 1.59 4 12 795+ 2.37
021 0.42
Kandelia candel 33 T2 523+ 0.85 4 6.0 571 = 0534
0.07 0,12

Table 3. Above-ground biomass (AGB), below-ground biomass (BGB). total biomass (TB},
above-ground carbon stock (AGC). below-ground carbon stock (BGC) total carbon stock (TC).
Carbon-di-oxide equivalence (CO2e). and Bangladeshi taka (BDT) of seven mangrove species in
mangrove arboretum,

N 2 2 == & g =
‘s = | ' ' 't u
s | ©8 G2 md| B2) BE) P8 o4 -
g| "g| 2| €| "E| £| °2| &
A cuculara 7.9 48 12.8 4.0 24 6.4 235 239587
+04 | +£02 k)T +0.2 + 0.1 + 0.3 +12 + 1351
A. marina 102.9 482 151.1 51.5 241 75.6 277.3 306654
+378 | £179| £558 | £189 [ £89 | +279 | +1024 | +£113194
R mucronata 303 158 46.1 15.1 7.9 23.1 84.5 93460
+11.9 | £60 | £17.9 +5.9 + 3.0 + 8.9 +32.9 + 36338
B, sexangula 6.2 39 10.1 3.1 1.9 3.1 18.6 20532
+ 0.5 +0.3 + 0.8 +0.3 +0.2 +0.4 +1.5 + 1654
A.cormiculatum| 20.8 12.4 33.2 10.4 6.2 16.6 60.9 67306

I racemosa | 129 | 69 19.9 6.5 a5 9.9 36.5 40317
+1.4 | +=0.7 + 2.1 + 0.7 + (.5 +1.1 + 3.7 + 4269

467 | £39 | 2107 | £34 | 419 | 254 | +196 | +£21682 |

K. candel 8.0 4.9 12.9 4.0 2.5 6.5 23.7 26151
02 | £0.1 +04 0.1 0.1 | £02 0.7 + 732
Mean 20.8 10.9 3.7 10.4 5.4 15.8 58.1 64242

4.6 | £2.2 + 6.7 +2.3 1.1 +3.4 =123 + 13589
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Biomass and carbon stock of seven species in
the mangrove arborefum

A statistically significant difference in total
biomass (TB) was observed among the seven
species (df = 58; F = 9.95; P < 0.001). 4.
marina exhibited the highest total biomass
(151.11 Mg ha'), comprising above-ground
biomass (AGB) of 10292 Mg ha! and
below-ground biomass (BGB) of 48.19 Mg
ha, outperforming the other species (Table 3).
The total biomass for R mucronata, A
corniculatum and L. racemosa was 46.05 Mg
ha™, 33.17 Mg ha. and 19.87 Mg ha™,
respectively. Across all species. the mean
values for AGB, BGB, and TB were 20.8 Mg
ha', 10.86 Mg ha' and 31.66 Mg ha';
respectively, with observed minimum values of
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1.61 Mg ha? (AGB), 0.97 Mg ha * (BGB), and
2.59 Mg ha' (TB). and maximum values of
248.64 Mg ha™' (AGB), 117.64 Mg ha™' (BGB)
and 2660.28 Mg ha' (TB). A statistically
significant variation in total carbon stock was
observed among the seven species (df =58, F =
0.95: P < 0.001). A. marina demonsirated the
highest total carbon stock (73.36 Mg ha™'),
comprising above-ground carbon (51.46 Mg
ha ') and below-ground carbon (24.1 Mg ha t)
{Table 3). The total carbon stocks for R.
micronata, A. corniculamm, and L. racemosa
were 23.03 Mg ha!, 16.58 Mg ha!, and 9.93
Mg ha!, respectively (Table 3). The mean
carbon stock across the mangrove arboretum
was 15,83 Mg ha !, with a range of 1.29 Mg
ha' to 183.14 Mg ha'. The total carbon
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Figure 3. Mean annual increment of DBH (a), Height (b), Biomass (¢) and Carbon stock of various

mangrove species (d).
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dioxide equivalents (COze) were as follows: 4.
marina (277.29 Mg ha '), R. mucronata (84.5]
Mg ha '), A. corniculatum (60,46 Mg ha™), L.
racemosg (36.46 Mg ha'), K. candel (23.65
Mg ha Y), 4. cucndlata (23,48 Mg ha '), and B.
sexangula (18.57 Mg ha ') (Table 3). The mean
CO2e was 58.09 Mg ha. with values ranging
from a minmmum of 4.75 Mg ha' to a
maximum of 672.12 Mg ha .

Mean annual growth of seven species in the
mangrove arborefum

A. marina demonstrated the highest mean
annual growth in diameter at breast height
(DBH) (1.1 cm) and height (1.07 m). followed
by R. mucronata (0.64 cm DBH, 0.93 m
height) and K. candel (0.65 cm DBH, 0.71 m
height), which were coraparable to 4. marina.
The mean annual growth for DBH and height
for B. sexangula (0.59cm. 0.64m), A. cucullata
(0.4%em, 0.5%m), A cormiculatum (0.46cm,
0.53m) and L. racemosa (0.46cm, 0.50m) was
lower (Fig. 3a & 3b). Additionally, 4. marina
exhibited the highest biomass growth rate
(13.74 Mg ha' yr') compared to the other
gpecies. The biomass growth rates for R.
mucranata. A, corniculatum, K. candel, B.
sexangula, A. cycullata, and L, racemosa were
384 Mg hatyr, 276 Mg ha'yr, 1.61 Mg
ha'yr? 1.26 Mgha' yr, 1.16 Mg ha ' yr ',
and 0.99 Mg ha ! yr', respectively (Fig. 3c).
Moreover, 4. marina also showed the highest
carbon stock inerement (6.87 Mg hat yr'),
followed by R, mucronaia (1.92 Mg hat vr'Y),
A. corniculatum (1.38 Mg ha ! yr'), K. candel
(0.81 Mg ha *yr '), B. sexangula (0.63 Mgha!
yi '), A cucullara (0.58 Mg ha ' yr?), and L.
racemosa (0.50 Mg ha! yr!) (Fig. 3d).
Discussion

The plant species of the Sundarbans are
experiencing a gradual decline due to climate
changes, edaphic factors, and a combination of
natural and anthropogenic influences. This
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decline is particularly pronounced in areas of
the Sundarbans adjacent to human settlements
(Siddigm et al. 2021). The degradation of
stabilized mangrove plantations, estimated at
3%, 18 attributed to activities such as shrimp
farming, salt cultivation, industrialization, and
ship recycling (Hossain 2013). Conseguently,
the conservation of these stabilized plantations
is critical for maintaining the ecological
mtegrity of the region. To restore and sustain
the biodiversity of the Sundarbans, mangrove
species should be preserved within their native
habitats, [n pursuit of this goal, the Mangrove
Silvicultare Division has been conducting
annual sapling plantanons i barren areas of
the Sundarbans since 2004, While artificial
plantations near natural forests can reduce
species diversity (Rahman ef @l 2020), they
also sequester significant carbon stocks (Pitol
et al. 2019; Azad ef al 2021) and release
substantial amounts of oxygen (Pitol and Mian
2022). Variations in diameter at breast height
(DBH) and height among species were
observed, influenced by species differences,
salinily gradients, and the age of the
plantations. 4. marina. R. mucronata. L.
racemosa, and A cormiculatym showed
exceptional growth in both height and diameter
al breast height (DBH) which indicate that
these plants might be well-suited for
afforestation in the barren regions of the
Sundarbans, Similarly, R. mwcronata and K
candel showed high performance (Rahman
2018). The mean height of seven mangrove
species ranged from 2.2m to 19m, with A
marina exhibiting the highest mean DBH
(11.67em) and height (11.62m), ranging from
46ecm to 205cm and 5.5m to 19m,
respeclively. These findings are consistent with
observations of K. apiculata in Sri Lanka,
which demonstrated a mean height of 10.3m
(Amarasinghe and Balasubrapaniam 1992). In
this study, the mean above-ground biomass
(AGE). below-ground biomass (BGB). and
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total biomass (TB) of the mangrove arboretum
were estimated at 20.8 Mg ha ™, 10.86 Mg ha™'.
and 31.66 Mg ha ', respectively, with ranges of
6.21-102.92 Mg ha* for AGB, 3.9-48.19 Mg
ha? for BGB, and 10.12-151.11 Mg ha* for
TB. A. marina exhibited the highest total
biomass (151.11 Mg ha '), comprising 102.92
Mg ha™* in AGB and 48.19 Mg ha™ in BGB.
These values surpass those reported for young
mangrove plantations m Asia and Australia,
such as 4. marina (6.8 Mg ha ' Woodroffe
1985) and B gymnorrhiza (5.8 Mg ha';
Choudhuri 1991), Previous studies have shown
that AGB can range from 31 Mg ha ! in pioneer
mangroves o 315 Mg ha ! in mature coastal
mangroves (Fromard er gf. 1998), The mean
annual biomass increments in this study ranged
from (.99 to 13.74 Mg ha' yr, indicating
substantial growth. Comparatively, the mean
below-ground Dbiomass in the riverine
mangrove forests of Suklkur, Smdh, Pakistan,
was reported as 2.57 Mg ha™' (Anwar ef al.
2018), emphasizing the high productivity of
the studied arboretwm. The mean above-ground
carbon stock (AGC), below-ground carbon
stock (BGC). and total carbon stock (TC) of the
mangrove arboretum were estimated at 10.4
Mg ha, 543 Mg ha?, and 15.83% Mg ha',
respectively, with ranges of 3.11-51.46 Mg
ha ! for AGC, 1.95-24.1 Mg ha ' for BGC, and
3.06-75.56 Mg ha ' for TC in this study. The
carbon stock increment of R. mucronata was
the highest (1.92 Mg ha ' yr ), followed by A,
cormiculatum (1.38 Mg ha! yr'), K candel
(0.31 Mgha ' yr '), B. sexangula (0.63 Mg ha '
yr '), A cuculata (0.58 Mg ha' yr'), and L.
racemosa (0.50 Mg ha™ yr). Factors such as
stand structure and composition, age, and stand
density significantly influence carbon storage
m mangroves (Cheng o al 2013).
Additionally, carbon sequestration potential
can reach up to 20 Mg ha* yr! in highly
productive riverine forests. such as those in
Sukkur, Sindh, Pakistan (Anwar ef al. 2018).
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These lindmngs underscore the variability in
carbon stock across species, locations, areas.
and environmental conditions. Understanding
the structural characteristics of plantations is
essential for accurately comparing biomass and
carbon stock values.

Coneclusion

This study provides a comprehensive analysis
of biomass and carbon stock within the
mangrove arboretum in  the Sundarbans,
established by the Mangrove Silviculture
Division, Bangladesh Forest Research
Institute. The average biomass values,
encompassing above-ground, below-ground.
and total biomass, were found to range
between 1.61 and 248.64 Mg ha ', 0.97 and
117.64 Mg ha™, and 2.59 and 366.28 Mg ha,
respectively. Similarly, the average carbon
stock and carbon dioxide equivalence were
estimated at 15.83 Mg ha ! and 58.09 Mg ha *,
with ranges of 1.29-183.14 Mg ha' and
4.75-672.12 Mg ha'!, respectively. The annual
increments in DBH, height, biomass, and
carbon stock varied between 0.5-1.1 em yr?,
0.6-1.1 m yr'. 0.99-13.74 Mg ha? yr'. and
0.5-7 Mg ha' yr'. respectively. These
findings underscore the significant role of
arboretums in conserving biodiversily and
sequestering carbon within the Sundarbans.
Establishing  additional  arborelums  is
imperative  for  safeguarding  this  critical
gcosystem and ensuring 15 resilience against
environmental threats. The outcomes of this
study offer valuable insights for policymakers,

particularly in advocating for equilable
participation in  global carhon  trading
mechamsms. Furthermore, these resulis

emphasize the need lo expand arboretum
mitiatives in the Sundarbans and other coastal
regions o enhance biodiversilty conservation
and carbon sequestration.
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