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Survival, Growth and Nutrient Distribution in
Seedling Parts of Aglaia Cucullata (Roxb.) Pellegr.
Along the Salinity Gradient of Sundarban

Sanjoy Saha, Md. Azharul Alam, Mahmood Hossain and Mohammad Raqibul
Hasan Siddique
Institute for Integrated Studies on the Sundarbans and Coastal Ecosystems
Forestry and Wood Technology Discipline, Khulna University
Khulna - 9208, Bangladesh
Corresponding Author: sanjoyfwt@yahoo.com

Abstract

Aglaia cucullata (Roxb.) Pellegr. is a less salt-tolerant tree species of
Sundarban mangrove ecosystem. The present study was conducted to
investigate the influence of salinity on the survival and growth of 4. cucullata
seedlings and nutrient distribution in seedling parts. All (100%) the seedlings
of A. cucullata was found to survive at non-saline to slightly saline (0 to 5
PSU) condition and no seedlings were survived beyond 15 PSU salinity.
Seedling growth in terms of biomass, height and collar diameter showed a
significant (p<0.05) negative relationship with the salinity gradient. The
highest concentration of nitrogen (42 to 25 mg/g) and potassium (34 to 30
mg/g) was found at leaves. While roots contained the highest phosphorous (4 to
3 mg/g) and sodium (34 to 13 mg/g). However, nitrogen, phosphorous and
potassium in different parts of seedlings showed significant (p < 0.05) negative
correlations with the salinity gradient, while sodium showed a significant (p <
0.05) positive correlation. In conclusion, A. cucullata is very sensitive to
salinity for survival, growth and nutrient distribution in their parts, and that the
distribution of this species may be confined only in the less saline areas of
Sundarban.

b b 1 )

Aglaia cucullata (Roxb.) Pellegr TWReH @Il WF w9-&T0e % oeifo | @
SN A. cucullata 053 51T ([ A, I @ RSy e <t oifgfen Tom
TGO WA YOI TR &) S AR | Aglaia cucullata BT IS *F (T
AT (0-¢ FHaTZe) FIESR Woel™ ({5 AFTS AT | ©iF ¢ HGaRS A& N@IF ATa
(I SRR GRS AFCS @ AW | FRAIT THST @R Fle 8 (IFGF TAN FER FIOE
&R ST FITTO GG FF (p<o.o) FTE NG I | AT AT FIRWGITS (82
(AT ¢ Tferts/aT), A5/ (98 (AT wo fferisy/ &) “Areiy “hed! AT ¥R FgafTe
TR AAfrer T (8 (T © fafF/ Qi) a3k EfeATR (08 TE vo R/ gw)
Tof¥fs o7 341 AW | o vitefem [y W MRGITew, TEanT QR AGIPET w1
AR AL (p<o.0¢) FSIHF AF=E 7% MR, FE EHfeam Sy gfeane
T (p<o.o¢) MRTITR | AfFITa I AW @, A. cucullata 93 & 3, Ia a [feg
A B AT & FEST WOTe AL IR A% e G (6T FTAA0TE
P FIE LT AT A AT |
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Introduction

Mangrove forests are the most productive
coastal ecosystems of the tropical and
sub-tropical areas (Hutchings and Sanger
1987). Mangroves play a crucial role in
protecting the life and properties of the coastal
communities from the cyclone and tidal surges.
It provides habitats for many crustaceans,
fishes and marine animals and deliver plant
species that can produce both the timber and
non-timber forest products that supports the
livelihood of the coastal people (Tomlinson
1986; Hellier 1988; Pemadasa 1996;
Kathiresan and Qasim 2005).

Salt is an important regulatory factor in the
mangrove ecosystems (Waisel 1972). Salt
concentration influences seed germination,
sprouting of propagules, survival, growth,
reproduction and distribution of mangroves
plant species (Lovelock et al. 2004; Naidoo
2006; Elumalai and Manikandan 2013;
Mahmood et al. 2014a, b; Alam et al. 2017).
Higher salt content in a habitat influences to
accumulate higher amount of sodium in plant
tissues which ultimately disrupts the nutrient
uptake mechanism and thus affect negatively in
the plant growth and development (Mahmood
et al. 2014a; Alam et al. 2018). In most cases, a
higher salt content leads to an increased Na*
and CI" ions in plant tissue and results in
decreased concentration of N, P, K*, and Ca2"
(Karimi et al. 2005; Tuna et al. 2007; Navarro
et al. 2008). This phenomenon also found to
affect the nutrient distribution within the plant
parts (Fernandez-Garcia et al. 2004; Mahmood
et al. 2014a).

The salt adaptive capacity of mangroves varies
with the species. However, the exclusive

mangrove species are more salt-tolerant
compared to the mangrove associates
(Tomlinson 1986; Hogarth 2015). Many

researchers studied the threshold limit of
salinity for survival and growth of mangrove
seedlings of the Sundarban, for example
Heritiera fomes (Mahmood et al. 2014a),

Millettia pinnata (Nasrin ef al. 2016),
Xylocarpus granatum (Siddique et al. 2017),
Avicennia officinalis (Alam et al. 2018),
Xylocarpus mekongensis (Saha et al. 2020),
Sonneratia apetala (Narsin et al. 2021) etc.
Among these species, some showed better
survival and seedling growth at lower salinity
(up to 10 PSU). However, up to a certain limit
of further increases in salinity inevitably
decreased the survival and growth of mangrove
plants (Chen and Ye 2014) through disrupting
the nutrient uptake (Musyimi et al. 2007).

Aglaia cucullata is a small to medium-sized
mangrove associates of the Sundarban of
Bangladesh and found to grow in the less and
moderate saline zone (Mahmood 2015).
Comparatively higher regeneration (85%) of
this species was observed at less saline (5 PSU)
condition, while no seed was germinated
beyond 20 PSU salinity (Mahmood et al.
2014b). This species is a component of
Sundarban biodiversity and has important uses
(Mahmood 2015). It is evident that the salinity
of Sundarban is increasing due to the changes
in rainfall pattern and distribution and reduced
flow of freshwater from the upstream (Islam
and Gnauck 2011; IWM 2010). The increased
salinity in Sundarban is believed to detrimental
for the total ecosystem as a whole or may cause
losses of certain biota from this ecosystem
(IUCN 2012). Aglaia cucullata, being a less to
moderate salt tolerant associate species,
requires attention to evaluate its threshold level
of salinity for its survival and growth. This will
help us to take interventions for the
conservation of this species in Sundarban.
Therefore, this study was conducted to
investigate, a) the effect of salinity on the
survival and growth of 4. cucullata seedling in
hydroponic media, b) nutrient and sodium
distribution in seedling parts (roots, stem, and
leaves).
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Materials and Methods
Seed collection and seedling raising

The mature seeds were collected from healthy
A. cucullata trees during March-April from
Bhodra (22° 14’ 6" N, 89° 32' 43" E) and
Patakata (22°2'1° N, 89°29°52" E) forest areas,
which belong to the moderate saline (10-25
PSU) water zone of Sundarban (Fig. 1). The
collected seeds were sorted manually to avoid
damage/defective ones, The sorted seeds were
sown on germination bed (lm * 5 m) of the
forest nursery of Forestry and Wood
Technology Discipline, Khulna University,
Khulna, Ban,gladssh. The seedhn,gs were
mmntamsd in the nursery for six months for

.-'_
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Figure 1. Map of Sundarban showing the seed
collection areas.

Experiment setup

Six-month-old seedlings which were & cm in
diameter and 20 ¢m in height was placed in a
filled with coarse sand polyethylene
terephthalate (PET) bottle. A total of 96
experimental unites were prepared (Fig. 2) for
the study. For this study collar diameter, total
height and green biomass of all the seedlings
used in this experiment were measured before
transplant to the PET bottle. However, ten of
such seedlings were taken to the laboratory and
oven-dried at 80°C until constant weight to get
the green weight to oven-dry weight conversion
ratio.

Bangladesh Journal of Forest Science Vol. 36 (2), 2020, ISSN 1021-327%

A total of 12 experimental units was placed in
a plastic box (46 cm x 30 cm x 24 cm). Thus a
total of 8 boxes was prepared for 8 salinity
treatments (0, 5, 10, 15, 20, 25, 30, and 35
PSU). Here, full strength modified Hogland
solution (Siddique et gi. 2017; Saha ef al. 2020)
was used as growth media. The modified
Hogland solution was adopted to avoid the
interruption of Na and Cl salts with the salinity
treatments. Distilled water was used for 0 PSU
treatment, while crud sea salt was used to
prepare the desired salinity treatments (5, 10,
15, 20, 25, 30, and 35 PSU). Crude sea salt was
used to get the natural salinity condition with
all the nutrients that are available in seawater.
The salinity of all treatments was 0 PSU during

: the 1% week of the experiment. The salinity of

all the treatments {except 0 PSU) were then
raised to 2.5 PSU at the 2™ week. Thus, a
gracdhial increase in salinity was adopted for the

* freatments to avoid the sudden shock of high

saline conditions as described by Mahmood ef
al. (2014a) and Siddique et al. (2017) (Table 1).

; The nutrient solution was changed weekly and

salinity level was checked regularly throughout
the experiment. A portable hand salinity
refractometer (RHS-4/ATC) was used to check
the salinity level. The pH of the nutrient
solution was maintained at 7.5-8.0 for all the
treatments. This experiment was conducted for
25 weeks in a glass house with ambient

temperature (32 to 35°C) and light.
N
= il !
~ i | [ [
OO0 Q}
OOOO
/

Figure 2. Bottle and box preparation for growth
experiment. (Saha ef al, 2020).
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Table 1. Temporal diagram of the gradual change in salinity (Saha ef al. 2020).

Salinity (PSU)
0 5 10 15 20 25 30 35
1 0 0 0 0 0 0 0 0
2 2.5 2.5 2.5 2.5 2.5 2.5 2.5
3 5 5 5 5 5 5 5
4 7.5 7.5 7.5 7.5 7.5 7.5
5 10 10 10 10 10 10
6 12.5 12.5 12.5 12.5 12.5
7 15 15 15 15 15
N 8 17.5 17.5 17.5 17.5
Q 9 20 20 20 20
S 10 22.5 22.5 22.5
11 25 25 25
12 27.5 27.5
13 30 30
14 32.5
15 35
25 0 5 10 15 20 25 30 35

Survival and growth of seedlings

The seedling number under each treatment was
counted to get survival percentage. Collar
diameter and height of the lived seedlings were
measured at the end of the experiment. Finally,
the lived seedlings of each treatment were
harvested and oven-dried separately at 80°C
until constant weight to get final dry weight.
The increment in collar diameter, height and
biomass was calculated from the initial and
final values of the respective treatments. These
oven-dried seedlings were separated into
different parts (leaf, stem, bark and root)
according to the treatments. Then they were
grinded and sieved by 2 mm mesh and stored in
airtight container for further analysis.

Nutrients (N, P, K) and sodium in seedling parts

The grinded and sieved samples were acid
digested to get sample extract. Micro Kjeldahl
digestion for Nitrogen (N) and tri-acid (H>S04,

04

HCIO4 and HNO3) digestion for Phosphorus
(P) and Potassium (K) were adopted for
seedling parts according to Allen (1989).
Nitrogen and Phosphorus in the sample extract
were measured calorimetrically according to
the Baethgen and Alley (1989) and Timothy et
al. (1984) list respectively, using UV-visible
Recording  Spectrophotometer (HITACHI,
U-2910, Japan). Potassium concentration in
sample’s extract was measured by Flame
Photometer (PFP7, Jenway LTD, England).

Statistical analysis

The survival percentage value of each salinity
treatment was transformed to arcsine and a
one-way analysis of variance (ANOVA) followed
by Duncan Multiple Range Test (DMRT) was
conducted to compare the survival percentages
among the salinity treatments. Biomass increment

Bangladesh Journal of Forest Science Vol. 36 (2), 2020, ISSN 1021-3279



{oven-dried) in different salinity treatments was
also compared by one-way ANOVA followed
by DMRT. The ANOVA analysis was conducted
by using SAS 6,12 sisfistical software, In
addition, correlation analysis was conducted
among Bsalinity treatments with survival,
growth of seedlings, nutrients and sodium by
nsing SAS 6.12.

Results

Survival seedlings

The highest survival (100%) of 4. cuculiaia
acedlings was observed up to 5 PSU, which
significantly (p < 0.05) declined to 75% at 15
PSU salinity and no secedling was found to
survive beyond this salinity end (Fig. 3). The
survival percentage of this species showed a
significant (p<0.05) strong negative correlation
{r=0.91) with increage of salimty.

130
100
20
il
an |

=081, p<005

Survival (%)

n 5 1n 15 20 25 a0 a5
Salinity (P ST

Figure 3. Effect of salinity on survival of A
cucullata seedlings. Si alphabet on the
line indicetes no asignificant (p>0.05)
difference.

Growth of Seedlings

Comparatively higher growth in collar diameter
(5.88 mm) was observed at non-saline (0 PSU)
condition, while the highest height growth
(12.42 cm) was reported at slightly saline (5
PSU) treatment. The diameter and height
growth of the seedlings were not wvaried
significantly (p < 0.05) et non-saline to slightly
saline conditions. The lowest growth (diameter
and height) was observed at 15 PSU salinity.

However, the collar dismeter and height growth
showed a significant (p < (.05) strong negative
comelation with the increase of salmity (Fig. 4 a
and b). Similar to diameter and height growth,
comparetively (p<0.05) higher biomass (72.38
-71.41 g) growth wes recorded at the non-saline to
(p<0.05) declined at higher saline (15 PSU)
treatrnent The biomass growth alsn showed a
significant (p<0.05) strong negative comrelation

with the mcrease sakmity (Fig. 4c).
g? . i I= 094,p=003
= ° A
E ; -tﬂ_h""""‘---h_ B B
£y
i —
¥ 2
21
0
0 5 10 15
Salindiy (F517)
(a)

16 b

T " A r=-024:p=005

Height (an)
/
=5

=t
(= R ]

i} 5 10 15
Salinity (ESU)
(b)
op - €
3:5; 1 E £ { r=-091;p=005
G0 A\'\
8w - Moo B .
£ i —
a0
1
1]
o 5 1 15
Salimity (PS17)
(€)
Figure 4. Effectz of aalinity on seedlings of A.

cucuilata (8) collar diameter growth {b) height
increment and (c) biomass growth. Similar
alphabet on the line indicates no significant (p
> 0.05) difference.
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Nutrients (N, P, K) and sodium in seedling parts

Comparatively  (p<0.05) the highest
concentration of nitrogen (42 mg/g) was
recorded in leaves and the lowest in roots (20
mg/g) at non-saline (0 PSU) condition (Fig, 5a).
Similarly, the highest concentration of
potassinm was found in leaves (34 mg/g)
followed by root and stem (Fig. 5¢). Where as,
a comparatively higher concentration of
phosphorous was detected in the root (4 mg/g)
followed by the stem at the non-saline
condition (Fig. 5b). Conversely, significantly
(p<0.05) higher concentration (34 mg/g) of
sodium was recorded in root and the lowest
concentration {10 mg/g) in the stem at the high
saline (15 PSU) ftreatments (Fig. 5d).

nitrogen, phosphorus, potassium and sodium
concentration was observed for different parts
of seedlings at different saline treatments with
the exception of nitrogen in bark and stem, and
phosphorous in bark (Fig 5 a, b, ¢, and d).
Nitrogen and potassium concentration in
different parts of seedlings showed significant
(p<0.05) negative correlation with salinity
except for nitrogen in the bark. Though
phosphorous concentration in bark and stem
showed a significant (p<0.05) negative
correlation with salinity but in leaf showed a
significant (p<0.05) positive correlation and in
root showed mno significant (p<0.05)
correlation. Conversely, sodium concentration
in different plant parts showed significant (p <
0.05) positive correlation (r= 0.81 to 0.93) with

N . " L. & i
Collectively, significant (p<0.05) variation in salinity treatments (Table 2).
. @ ®)
—&—lzal —B--Bak —-A— Sem e Root e Leal oo @ Bartk = b= Stedy Ak Root
4.5
=i
= Ex 4
= = B
E E e el e Sl
£ E 3
E E rs
:-=’ E LE -———
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£ B 1
£ = oas
9 o
o ¢ w is -] 5 10 is
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Leaf A B B B Leaf A B i C
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- —&— Lral 0 bark = @+ Sewm == Logl
—&— leal -0 Bark — A- Stemn e Root
e i
= =2
?.‘5 .E: 0
Z w E
3 g "
E "
= 15
s g
£ 10
I i1
£ = \5
S 5 E
z N
E 0
£ 0 3 19 15 i 0 ? 1 o
Salinity (F'SL) Salinity (PSU)
Leal A A B C
Leal & n L c Bark A A B C
il g g g Stem A A A B
i : Roat A A B i
Root A B C D *

Figure 5. Effects of salinity in nutrients concentration in seedling parts of Aglaia cucullata (a)
Nitrogen; (b) Phosphorus; (c) Potassium and (d) Sodium. Treatments sharing the similar alphabet

are not varied significant (p=>0.05).
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Table 2. Correlation among salinity treatment
and nutrient (nitrogen, phosphorus, potassium
and sodium concentration) in parts of Aglaia
cucullata seedlings.

Parameters
Nutrients
Leaf Bark Stem Root
Nitrogen -0.82 |-0.36* |-0.58 -0.93
Phosphorus | 0.88 -0.72 -0.75 -0.23*
Potassium | -0.95 |-0.87 -0.90 -0.95
Sodium 0.93 0.95 0.81 0.92

* Values are not significant at 95% level.

Discussion

Salinity is one of the important driving factors
that influence the productivity of the
mangroves ecosystem. It also plays an
important role to regulate the physiological
processes, growth, height, survival and
zonation of mangroves (Snedaker 1982; Ball
and Farquhar 1984; Tomlinson 1986;
Hutchings and Saenger 1987; Ball 1988; Lin
and Sternberg 1992). However, mangrove
plants are not salt lovers but they can tolerate
salt, which is an adaptation to salinity. This
adaptation  capacity is very much
species-specific (Alam et al. 2018; Mahmood
et al. 2014a; Nasrin et al. 2016, 2021).

Most of the energy of mangrove plants
participate in their survival at the high saline
condition, conversely low saline atmosphere
facilitates high growth (Lopez-Hoffman ef al.
2006). This could be the reason to high survival
and growth at non-saline (0 PSU) to slightly
saline (5 PSU) treatments of the species
studied. This phenomenon indicates that A.
cucullata seedlings are very sensitive to higher
salinity. Similar to the present study, higher
growth of Acanthus ilicifolius, Aegiceras
corniculatum and Avicennia marina seedlings
was observed at the non-saline to slightly saline

condition (Ye et al. 2005). A high level of
salinity is a barrier to the growth of mangrove
seedlings (Smith 1992), through the low
potential of soil solution triggering
physiological drought, imbalance of nutrient,
toxicity or an amalgamation of all factors (Noor
et al. 2015; Khan et al. 2000; Lauchli and
Grattan 2007). In addition, higher salinity
decreases the rate of water uptake (Clough
1984) affecting leaves intercellular CO,
concentration (Andrews and Muller 1985),
decrease the rate of photosynthesis and results
the lower growth (Pezeshki et al. 1990;
Sobrado 1999).

Plant uptake nutrients from the soil and
translocate to leaves and synthesized food
thereafter is distributed to different parts.
Nutrients are essential for plant growth and
different physiological process (Jones et al.
1991; Marschner 1995). The present study
showed a higher concentration of nitrogen and
potassium in leaves, while roots contained
higher content of phosphorous. In high saline
conditions, phosphorus is responsible to
increase the root growth for generating greater
surface area to uptake more nutrients
(Okusanya and Fawole 1985). This could be the
reason to accumulate the highest amount of
phosphorus in the root of 4. cucullata. Many
studies have demonstrated that the nutrient
concentration varies with species and plant
parts (Jones ef al. 1991; Mahmood ef al. 2006).
Comparatively  higher concentration of
nutrients usually observed in the physiological
active parts of plant-like leaves and roots
(Mahmood 2004). Salinity stress reduces the
uptake of nutrients and affecting the nutrient
distribution within the plant parts (Grattan and
Grieve 1994; Mahmood et al. 2014a). This
could be the reason to observe a lower
concentration of nutrients (N, P, K) in seedling
parts of the studied species at higher saline
treatments. In conclusion, salinity is a critical
factor for the survival and growth of mangrove
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seedlings and the salt-tolerant capacity is
species-specific which also supported by the
Houle et al. (2001) and Nandy et al. (2007).
Moreover, most of the energy is utilized for
survival at high saline conditions (Suarez and
Medina 2005) that enable to development of
salinity-induced physiological changes in
plants (Munns and Tester 2008). Aglaia
cucullta may not have the capacity to develop
salinity-induced physiological changes beyond
15 PSU salinity, which may cause the death of
seedling which was found in the present study.

Conclusion

Survival, growth, and nutrient in distribution in
different parts of mangrove species are chiefly
controlled by salinity. Though, 4. cucullata is
known as a less saline tolerant species of the
Sundarbans but can also tolerate moderate
saline conditions. The anthropogenic and
natural causes are responsible for increasing
salinity in Sundarban. This increased salinity in
Sundarban may restrict the survival, growth
and distribution of 4. cucullata.
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Abstract

The paper deals with seed germination and seedlings growth performance of Calamus erectus in
the nursery and field conditions. Clean seeds were sown in the seed bed filled with soil and
decomposed cow dung at 381 ratio. Seeds started germination after 52 days of sowing and
completed within 76 days with maximum 78% germination. The survival performance of the
seedlings was determined by transferring the seedlings from germination bed to the polybags from
10-80 days after germination with 10 days interval. Optimum survival (100%) was found
significant (p<0.05) transferring after 30-40 days of germination from seedbed to polybag.
Plantation in the field was made with one year old seedling at 2.0 m x 2.0 m spacing. Average
seedlings survival was 94% after one year of plantation in the field. Mean seedling height was
recorded 94.6 cm after two years of planting. Survival of seedlings and growth performance in the
field were satisfactory when one year old seedlings were out-planted. Clean or decoated seeds for
nursery raising and one year old seedlings were found suitable for successful plantation raising of
Calamus erectus.
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Introduction

Calamus erectus L. commonly known as rattan,
is the largest genus of the family Arecaceae
(Palmae) with about 520 species worldwide,
mostly distributed in the Asia-Pacific region
and Africa (Dransfield et al. 2008; Baker 2015;
Baker and Dransfield 2016). Out of these, 15
species were recorded in Bangladesh (Wong
1984; Alam 1990, 1991; Basu 1991, 1992; Ali
2003). Recent investigation provided a list of
10 species under two genera growing in the
country (Ara 2008, 2011). Rattan is the second
most important non timber forest products after
bamboo in the tropical and sub-tropical
countries of Asia and Africa (Uhl and
Dransfield 1987; Sunderland 2002; Ogunwusi
2012; Haider et al. 2014; Wan et al. 2018). The
ethnic communities and the settlers heavily
depend on the natural resources for their
subsistence as well as for cash income
(Chauhan et al. 2004). The rattan resource has
exhausted recklessly in recent years due to over
exploitation and poor management (Siddiqi
1995). To coup with ever increasing global
demand, it is an imperative for sustainable
management of rattan resources. To achieve
this goal, immediate attention is needed for
establishing rattan plantations and also
management of existing rattans properly in
their natural habitats.

Calamus erectus is a non-climbing species of
rattan. It is locally known as sita bet, occurs
naturally in sloppy pockets of hills, mixed with
scrub vegetation, found in the Sitapahar
(Chattogram), Khadimnagar (Sylhet),
Ampupara (Bandarban) and BFRI
(Chattogram) in Bangladesh (Alam 1990; Ara
2008). C. erectus is globally distributed in the
region of China, Bangladesh, Bhutan, India,
Laos, Myanmar, Nepal and Thailand (Flora of
China 2010). It is a non climbing species with
hairy young shoots. Stem with leaf sheath 3.5-4
cm in diameter; exposed part of the stem green
and smooth; internodes 10-12 cm long. Leaves
ecirrate, 3-5 m long; leaf sheath without

flagellum, armed with black, flattened spines;
ocrea conspicuously auriculate; petiole 1.5 m
long, subterete, covered with irregular, whorled
spines. Leaflets linear-ensiform, equidistant,
green on both sides; rachis armed below with
irregular to whorled straight spines.
Inflorescence 1m long, compact, non-flagelli
form; primary bract elongate, tubular, lacerate
in upper part; peduncle strongly armed with
black, flattened comb-like spines; male
rachillae slender, sterile basal part of rachillae
enclosed within the basal bracts. Male flowers
bifarious, narrowly oblong, obscurely 3-angled
at base. Calyx campanulate, 3-lobed, lobes
apiculate, corolla with 3 distinct petals. In
female inflorescence rachillae without sterile
basal part. Fruit ellipsoid, 3 cm x 2 cm, with
distinct conical beak. Seed oblong to ovoid,
terete in cross section; endosperm ruminate;
embryo basal. Flowering twice in a year:
April-May and August-September. Fruting time
is October to February. Fruits are about 2 cm
long, roundish, with a thin scaly pattern cover
which turn reddish brown when ripe. The fleshy
aril covered the seed (Fig.1).

The plant has medicinal uses (Basu 1992). The
fruits are edible, stems are used for making
baskets, chair, etc. (Angami et al. 2006). It is
also used for making houses for chicken,
making strings of the bows for teasing cotton.
C. erectus is mostly used for garden fencing,
making animal shades, structural material for
making furniture (Alam 1990). Young shoots
are eaten as vegetables; the fruits are also eaten
by rural people. Seeds can be used as a
substitute of betel nut. C. erectus is an
important member of the family palmae in
Bangladesh with limited occurrence. The
population of the species is declining gradually.
To stop the declining trend it is important to
know its germination pattern, seedling raising
technique and also plantation technique etc. for
future plantation program. Considering the
facts the study has been undertaken to develop
nursery and plantation techniques.
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Fignrel Calamus erectus clump (A), Stem (B), Inflorescence (C), Fruits in the clumps (D),
Whole fruits (E) and Clean seeds (F).

Materials and Methods

The siudy was carried out in the mumzery of
Bangladesh Forest Research Institute {(BFRI),
Chattogram, Bangladesh over a period of three
years from June 2014 to May 2017. Geographic
pogition of the study area is situated between
22022277 and 22%29.0° North latitude and 91°
46.30" and 91946.30" East longitudes. The
climate of the study arcs is tropical in nature
and characterized by hot humid summer and
cool dry winter. The maximum and minimum
temperaturs in the ares varies from 28.3 to
31.9°C and from 15.2 to 25.2°C (Hossain and
Arefin, 2012). Mean annual rainfall is around
3000 mm meinly occumed from June to
September.

Colfection of seeds ond germination trials

Ripen fruits of Calamus erectus were collected
from neiural forest of Simkunda, under
Chattogram district of Bangladesh in the first
week of June 2014, The numbers of whole
froils and cleaned seeds per kg were 120 - 150
and 250 - 350 respectively. Clean zeeds were
obtained by temoving the scale and pulp
through rubbing. For germination trials clean
sceds of C. erectus were sown in the seed bed
filled with so0il and decomposed cow dung
mixture at 8 ratio of 331 by volume. Completely
Randomized Design (CRD) was edopted for
the experiment with three replications.
Hundred seeds were sown in each replication
and fotal of 300 seeds were sown for
germination trial. Germination was reconded at
3 days interval fill the end of the germimations.
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Determination of optimum transplanting fime
of the seedlings

To determine the optimmum transplanting time of
seedlings from seedbed to polybag an
experiment was conducted. Secedlings were
transplanied to 23 cm x 15 cm size polybag
filled with soil and cow-dung at 3i#l1 ratio.
Transferring of seedlings started at 10 days of
its germination and continued up to 80 days
with 10 days interval. Survival percentages of
the transplanted seedlings were recorded one
month after trangplanting,

Reediings growth performance in the nursery
and field condition

To determine the geedlings growth performance
in the nursery and the field, the seedlings of
Calamus erectus sbout 30-40 days old (with
1-2 leaves), were trensferred to the polybags
(23 cm x 15 cm in size) filled with aoil mixed
with cow dung (321). The polybags were kept
under full shade for one week and then placed
mnder direct sunlight and allowed them to grow
thewe. Data on survival percentage shoot length,
root length and leaf numbers of seedlings were
alzo recorded at 3 months, 6 months, 12 months
and 24 months after transferring in polybags.
On the other hand, when the seedlings were
about one year old, 125 scedlings were out
planted in the ficld at the begimning of the
monzgoon (June-July). Seedlings were planted
in the field at 20 m x 2.0 m spacing at
Bangladesh Forest Research Institbute campus,
Chattogram, Bangladesh. Weeding was done at
every three months in the first year and at every
six months in second year in the field. Survival
percentage of the planted seedlings in the field
was determined one vear after plenting and
heights of each plant were recorded at 6
montha, 12 months and 24 months after

planting.
Data analysis
Data were analyzed with computer software

IBM SPSS var. 21 to determine the significant
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Analysis of varisnce (ANOVA) and Duncan

Multiple Range Test (DMRT) were carried out
to analyze the data.

Results
Grerminaiion SECCESS

Germination of C. erecius seeds showed the
gimilar trends like other members of Palmae,
Germination of seeds started after 52 dayy from
sowing and continued wp to 76 days.
Germination was recorded 78 % (Fig. 2).
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Figure 1. Germination of Celamus erectus over
time,

Determination of opfimum time for
transferring of seedlings from sesd bed to
polybag

Ten days afler germinetion, seedlings were
tranzferred to polybags resulted 60% survival
Rest of the 4046 seedlings were died. Seedlings
tranzferring after 20 days of permination
survival were found 80%. Seedlings trensferred
after 30 days of germination survival was
recorded 10096, Similarly 100% seedlings
survival was also recorded afler 40 days of
transferring from seed bed to polybag.
Transferting of scedlings afler 50 days of
germination, survivality was noticed (90%).
Trangferring of seedlings after 80 days of
germination, survivality was recorded 6094
{Table 1}. Survival percentage transferring after
3040 days of germinstion was found
gignificantly (p < 0.05) higher than other
treatment. However, no significant varistion
was observed among 20, 50, 60 and 70 days

after transferring.
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Table 1. Scedling survival and performance of C. erectis after transferring to polybag over the time.

Days of iransfer Sarvival Average beight | Average length | Avg. no. of leaves
after percentage of roots (cm) of shoots (cm) per scedlings
permination (%)

10 60 0,71 340 +0,18% 2,75+ 0.15% 1.0 £0.0%
20 80 +0.95° 5.0+0.14° 4.15 £ 0.10° 1.2 +£0.13™
30 100 = 0.0° 8.10 +0.20° 7.50 + 0.22¢ 1.5 £0.17™
40 100 00" 85 0=0.16% 770 +0.19% 1.6+0. 16 °
50 90 + 045" 2,90 + 0,124 2,15 +0,11% 1.7 0,15
60 80+ 1.30° 10.0 + 0.22° 8.5 £0.15% 1.8 +£0.13%
70 R0 +141° 11.20 019" .75 + 0.15" 20+00°
80 60 + 1,144 13.15 +0.21* 8.90 + 0.19°" 2.0+00"°

Seedlings growth performance in nursery

condition

Based on the findings of the previous hejght (above ground) with average length of

experiment 30 to 40 days old seedlings having
1-2 leaves were transfermed to the pol

filled with soil - cow dung media and allowed
them for growing there (Fig. 3). After one year
of transferring the seedlings in the polybags, 125
seedlngs were out planted in the field Regiz of
the seedlings ware grown in the nursery for one
recorded m the bed at different age
shown i Tabl