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Abstract: The experimental culture of 3 seaweed species, i.e. Hypnea musciformis,
Enteromorpha intestinalis and Padina tetrastromatica in three locations of Cox’s
Bazar coast, Bangladesh using 4×4 m horizontal coir rope net method were
conducted during 2016 to 2018. Results showed that the biomass yield was
highest from H. musciformis (30.23±0.40 kg fw m−1) and significantly differ from E.
intestinalis (24.50±0.08 kg fw m−1) and P. tetrastromatica (10.18±0.45 kg fw m−1).
The Daily Growth Rate (DGR) of H. musciformis (8.88% day−1) was also higher than
the DGR of E. intestinalis (6.55% day−1) and P. tetrastromatica (6.74% day−1). Saint
Martin’s Island showed higher biomass yield of seaweeds than Bakkhali and Inani
due to favourable water quality. In context to physico-chemical parameters of
seaweed farming, Cox's Bazar coast is suitable for seaweed cultivation, although
more suitable culture areas and longer culture period yet to be identified. The
findings of the present study suggest that the cultivation of H. musciformis is
viable and coastal people can take up such activities as seasonal income
generating activity in coastal water.
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INTRODUCTION
Seaweeds known as important marine biota globally for its variety of
commercial uses, like raw materials of bio-chemicals (agar, agarose,
carrageenan etc.), food, drugs, bio-active compounds, feed and fertilizers. In
Bangladesh seaweeds are naturally abundant in the littoral and sub-littoral
zones of coastal and Sundarbans mangrove areas. Around 200 species belonging
to 77 genera of seaweeds have so far been recorded from the Bangladesh coast
by various studies and new species are included in the list (Aziz 2015, Islam et
al. 2019, BFRI 2019, Mamun et al. 2020). These include 29-47 species of green
seaweeds, 35-59 species of brown seaweeds, and 69-94 species of red seaweeds.
At present, wild seaweeds of Cox's Bazar coast marketed to neighboring
countries with some local consumption by tribal people. In recent time, culture
of seaweed
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along Cox's Bazar coast focusing a new dimension of prospect and possibility of
seaweed mariculture in Bay of Bengal Bangladesh coast (Islam et al. 2017).
More than 80% of the seaweed production in 2015 was from Asia Pacific and
the region is forecasted to witness the highest growth of more than 9% during
2015-2024 (GVR 2018). Ensuring food and nutrition security is a big challenge
for over populated country like Bangladesh. Cultivable agricultural land
decreases day by day for urbanization and industrial growth. In this context,
alternative renewable food source is of prime importance. The extension of
seaweed culture in the Bangladesh coast could have positive impacts on local
poverty, family nutrition, ecosystem management and climate change mitigation.
Govt. of Bangladesh already identified seaweed as a major mariculture
component in its ongoing national development plans and targeting SDGs of UN.
The present paper has addressed culture experiments of 3 seaweed species in
different locations of the Cox's Bazar coast.
MATERIALS AND METHODS
Seaweed culture sites: Experimental culture sites of seaweeds were setup on
intertidal zones of St. Martin’s Island of Teknaf Upazilla(N20°37.043,
E092°19.715), Inani of Ukhia Upazilla (N21°13.941, E092°02.596) and Bakkhali
river estuary under Sadar Upazilla (N21°28.500, E091°57.941) of Cox’s Bazar
district, located in the north-eastern coast of the Bay of Bengal. The St. Martin’s
Island characterized by sandy and rocky bottom and protected by the coral reef
with slanting; where wave action is weak (Hossain et al. 2007). On the other
hand, Inani beach has sandy bottom with large numbers of boulders, pebbles,
broken shells etc. (Umamaheswara 1974). The Bakkhali river estuary site is
mostly sandy to muddy bottom (Hena et al. 2013). The culture experiment was
conducted for a period of 90 days in a season during January to April of 2016 to
2018.
Seaweed culture system: Natural fibered coir rope (made from coconut husk
with 16 mm diameter) was used as culture material (4mx4m sized horizontal
square net). The mesh size of the coir rope nets was maintained at 20 cm. in a
bamboo frame. Four corners of the seaweeds culture nets were tied with bamboo
pole or rocks and plastics floats were placed 50 cm above from the sea bottom.
Most abundant 3 types seaweed species like green seaweed Enteromorpha
intestinalis, brown seaweed Padina tetrastromatica and red seaweed Hypnea
musciformis were selected for culture experiment. Seeding was done by inserting
the young fragments of E. intestinalis, P. tetrastromatica and H. musciformis with
an average of 4±0.5 kg fw (fresh weight) and 5 cm length in the twists of the coir

Culture trials of three seaweed

49

ropes with short length of string at a density of 35-40 seed/m2 for E. intestinalis
and H. musciformis and 10-15 seed/m2 for P. tetrastromatica. During culture
period, partial harvesting of seaweeds was done after 15-20 days culture period.
At the end of 90 days experimental trials, mean biomass of seaweed was
recorded for E. intestinalis and H. musciformis and expressed as wet weight of
seaweed per unit culture area (Kg/m2). For P. tetrastromatica 60 days culture
trial was maintained. Seaweed biomass was estimated with the following
formula:
Y= (Wt− W0)/ A
Where: Y = biomass production; Wt= wet weight at day t;
W0 = initial wet weight; A = area of 4 m2 net.
During culture of seaweeds, daily growth rate (DGR) was calculated in every
15 days of culture period using a formula of Hung et al. (2009).
DGR = [(Wt /W0)1/t−1] ×100 % day-1
Where: W0 is the initial wet weight, Wt is the final wet weight, and t is days of
culture.
Water quality parameters: Water

depth,

water

temperature,

salinity,

dissolved oxygen, pH, Alkalinity and water transparency of each culture sites
were recorded at the time of partial harvest. Temperature was recorded by using
a cellcious thermometer, salinity with a hand refractometer (Atago, Japan) and
pH with a portable pH meter (HANNA Instruments USA). Dissolved oxygen in sea
water was recorded immediately after sampling by method following APHA
(2000) and water transparency was measured by using a Secchi disk (30 cm in
diameter).
Statistical analysis: All data were analyzed by using Predictive Analysis
Software (PASW), Statistics 18 and Microsoft Office Excel 2013. One-way ANOVA
was conducted following Tukey’s HSD post-hoc for multiple comparisons. The
level of significance considered was p < 0.05.
RESULTS AND DISCUSSIONS
Water quality parameters: The mean water quality parameters are presented
in

Table

1.

The

recorded

water

temperature,

salinity,

DO,

alkalinity,

transparency and water depth were high in St. Martin’s Island with low pH
among the 3 culture sites.
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Table 1. Water quality parameters of the seaweeds culture sites in Cox's Bazar coast
Experimental
sites

Temperature
(°C)

St. Martin’s
Island

25.8

Inani

23.8

Bakkhali

24.5

Water quality parameters
Salinity
DO
Transparency
pH
(‰)
(mg/l)
(cm)
7.
31.0
8.3
90
8
8.
29.5
7.6
68.5
4
7.
24.5
7.2
60.2
4

Depth
(cm)
140
120
105

Daily growth rate (DGR): Among 3 culture sites, the daily growth rate of
cultured red seaweed, H. musciformis attained maximum peak of 8.88±0.10 %
day-1 at 15-day of culture period in St. Martin’s Island. Whereas, lowest DGR of
0.41±0.06 % day-1 observed at linear also during 15-day culture period. Spatial
variation in DGR portrayed a linier trend of increment from Inani to St. Martin’s
Island and found significantly higher in St. Martin’s Island Inani followed by
Bakkhali. DGR of H. musciformis was significantly different among the culture
sites and sampling periods (Table 2).
Table 2. Daily growth rate (Mean±SD) of Hypnea musciformis in Cox’s Bazar coast
Duration
Daily growth rate (% day-1) of seaweed
(day)
St. Martin
Bakkhali
Inani
15
8.88±0.10
1.71±0.05
0.41±0.06
30
2.56±0.08
1.87±0.04
0.89±0.02
45
2.36±0.05
2.47±0.02
2.01±0.01
60
1.36±0.01
2.97±0.02
2.64±0.02
75
1.37±0.01
2.03±0.13
1.37±0.11
90
1.15±0.02
1.12±0.13
0.75±0.11
Total
17.68±0.27a
12.17±0.39b
8.07±0.33b
Different letters indicate significant variation (p<0.05).

Total
11.00±0.20a
5.32±0.09b
6.84±0.06b
6.97±0.05b
4.77±0.30b
3.02±0.20c
40.92±0.94

In case of green seaweed, E. intestinalis, maximum daily growth rate of
6.55±0.15 % day-1 at 15-day in St. Martin’s Island and minimum daily growth
rate of 0.65±0.03 % day-1 was observed at 90-day in Inani. DGR of E. intestinalis
was significantly different among the culture sites and sampling periods (Table
3). For brown seaweed, P. tetrastromatica, maximum daily growth rate of
6.74±0.01 % day-1 at 20th day and minimum daily growth rate of 2.33±0.11 %
day-1 was observed at 60th day in St. Martin’s Island. In Bakkhali site, the DGR
value peaked 3.59±0.12 % day-1 at 20th day and the lowest was 0.77±0.03 % day1 at 60th day. In Inani, the DGR of seaweed was at a maximum 2.52±0.05 % day1 at 20th day and minimum 0.59±0.01 % day-1 was observed at 60th day harvest
(Table 4).
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Biomass yield: During 90 days culture period, mean biomass yield of H.
musciformis found to be increased from Inani to St. Martin’s Island, although
there is no significant variation on seaweed yield appeared among 3 culture
sites. In case of E. intestinalis, maximum biomass yield (24.50±0.08 kg fw m−2)
obtained from St. Martin’s Island and the lowest biomass (13.84±1.06 kg fw m−2)
was from Inani. In contrast, during 60 days culture period, low biomass yielded
in case of P. tetrastromatica compare to other seaweed species (Table 5).
Table 3. Daily growth rate (Mean±SD) of Enteromorpha intestinalis in Cox's Bazar coast
Duration
Daily growth rate (% day-1) of seaweed
(day)
St. Martin
Bakkhali
Inani
15
6.55±0.15
5.71±0.26
4.71±0.30
30
4.18±0.05
4.29±0.06
3.21±0.31
45
3.25±0.04
3.04±0.02
2.34±0.02
60
1.85±0.01
1.70±0.02
0.97±0.05
75
1.48±0.03
1.59±0.02
0.78±0.03
90
1.10±0.05
1.23±0.03
0.65±0.03
Total
18.41±0.33a 17.56±0.41a 12.66±0.74b
Different letters indicate significant variation (p<0.05).

Total
16.97±0.71a
11.68±0.42a
8.63±0.08b
4.52±0.08c
3.85±0.08c
2.98±0.11c
48.63±1.4

Table 4. Daily growth rate (Mean±SD) of Padina tetrastromatica in Cox's Bazar coast
Duration
(day)
20
40
60
Total
Different letters

Daily growth rate (% day-1) of seaweed
St. Martin
Bakkhali
Inani
6.74±0.01
3.59±0.12
2.52±0.05
4.11±0.03
1.75±0.2
1.13±0.1
2.33±0.11
0.77±0.03
0.59±0.01
13.18±0.15a
6.11±0.35b
4.24±0.16b
indicate significant variation (p<0.05).

Total
12.85±0.18a
6.99±0.33b
3.69±0.14b
23.53±0.66

Table 5. Biomass yield (Kg m−2) of Hypnea musciformis, Enteromorpha intestinalis and
Padina tetrastromatica in Cox's Bazar coast
Culture sites

Biomass production(Mean±SD) Kg m-2
Hypnea musciformis
Enteromorpha intestinalis

St. Martin
30.23± 0.40a
Bakkhali
21.40± 0.09b
Inani
14.82± 0.16c
Different letters indicate significant variation

24.50±0.08a
23.74±0.87a
13.84±1.06b
(p<0.05).

Padina
tetrastromatica
10.18±0.45
8.34±0.25
5.14±0.54

DISCUSSION
In general, seaweeds are sedentary macrophytes growing mostly on rocks
and other substrates in the inter-tidal and sub-tidal marine environment. In
Bangladesh coast, seaweeds naturally grow during winter and remains up to
pre-monsoon period. Most abundant seaweed Hypnea musciformis visible from
Nobember to April in Cox's Bazar coast (BFRI 2019). In contrast, favorable time
for culture of H. musciformis was observed from July to January with the peak
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during August to September in the Gulf of Mannar, Bay of Bengal coast, India
(Reddy et al. 2014).
In comparison it was observed that the daily growth rates (DGR) of green
seaweed, Enteromorpha intestinalis was higher than those of red seaweed,
Hypnea musciformis and brown seaweed, Padina tetrastroin. The high salinity in
St. Martin’s Island site than other 2 sites resulted higher DGR for all seaweed
species under culture. Similarly higher transparency and water depth also
contributed to higher DGR in St. Martin’s Island site. H. musciformis tolerates a
wide range of water temperature, salinity and light intensity (Dawes et al. 1976).
High water salinity in Florida coast was responsible for reduction in biomass
yield of H. musciformis in summer (Durako and Dawes 1980), which is opposite
to Cox's Bazar coast. In contrast to Hypnea spp., reports on culture of
Enteromorpha and Padina are scarce. Culture of E. flexuosain in outdoor pool in
Indian coast recorded 996 to 1350 g (fresh weight) m-2 yield in nylon thread
(Mairh et al. 1986). In 25 days culture of Enteromorpha in the month of
September they obtained faster growth of this seaweed, which was declined as
seaweed reached maturity. It was observed that during mix culture of nonepiphytic fouling algae like Enteromorpha in low seedling density compete
directly for space and nutrients with others (Hurtado et al. 2001). In our open
water culture system sometimes H. musciformis was mixed with natural grown
Enteromorpha spp., which was removed during partial harvesting and sometimes
it was problem for good production. On the other hand, raft culture of P.
boergesenii with coir rope in intertidal sea at Mandapam coast of India yielded
2,440 g (fresh weight) m-2 during 90 days culture period (Ganesan et al. 1999).
H. musciformis is the widely available seaweed species in Bangladesh coast and
the cultured yield of this species could be adding potential value for the
production of industrial products, functional foods etc. A good number of
pharmacological substances like lectin obtained from H. musciformis (Nagano et
al. 2005), which act as antioxidants (Chakraborty et al. 2013) and has proven
anti-microbial effects against human pathogens (Cordeiro et al. 2006).
The observed biomass yield during January to April culture period was high
in case of H. musciformis, followed by E. intestinalis and P. tetrastromatica. The
seasonal biomass yield in seaweed farming coincided with those of the natural
populations of seaweeds in Bangladesh coast. When 3 species of seaweeds
under study were abundant in the natural sea bed of Cox’s Bazar coast, the
cultured seaweed species also had maximum biomass yield. Similar findings
were reported by Guist et al. (1982) in Florida coast of USA. One of the common
problems detected at the seaweed culture site was drop in biomass yield during
subsequent harvests, specially for Padina. This situation was noticed as result of
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loss of vigour, thallus aging and retardation of growth due to repeated harvest
by clipping of apical meristems by Kaladharan et al. (1996) in case of Graclaria
edulis and in case of G. acerosa by Rao and Subbaramaiah (1977). Hypnea has
also apical meristems that were removed continuously during partial harvesting
and leaving the older parts of the thallus behind. Subbaramaiah and Thomas
(1990) observed that without planting with new frond in spite of repeated
clipping for H. musciformis during 75 and 150 days of cultivation higher DGR
and biomass yield was obtained. H. musciformis growth rate of 11.2% was much
higher than other economically important seaweeds such as G. edulis (5%) and
G. acerosa (1.5%), cultivated in the same area (Subbaramaiah and Banumathi
1992).
DGR and biomass yield of cultured seaweeds were highest in coir rope than
polypropylene or nylon rope suggesting that coir rope performed better for
supporting the seaweed growth (Ganesan et al. 2006). Coir ropes are fabricated
locally from coconut husks and are readily available to farmers and the cost is
cheaper than other synthetic ropes. During culture of seaweed, the water depth
had a significant effect on the biomass yield of H. musciformis. In the present
study, highest biomass yield was obtained at 50 cm depth at St. Martin’s Island.
These results agreed with the culture of H. musciformis in the Brazilian coast
(Reis and Yoneshigue-Valentin 2000,) showed optimal growth was resulted at
40–50cm depth. Moreover, growth rate of Hypnea was highest when water was
supplemented with nitrogen and phosphorous (Guist et al. 1982) in indoor
culture system. In this regard, higher biomass yield from higher seedling
densities (30g fw m−1 and above) and high DGR with little impact on duration of
culture period with coir rope suggested possible cultivation of H. musciformis
other than winter in Bangladesh.
In the present study, seaweed biomass yield was negatively correlated to
water salinity while other water quality factors were not significantly correlated.
The negative effect of strong seawater current on red algae was observed (Kain
and Norton 1990) and storms had effect on H. musciformis biomass loss in
natural beds at Brazilian coast (Caires et al. 2013). In addition it was observed
that in culture of H. musciformis the seedlings on the top of horizontal net lost
its colour possibly as a result of photoinhibition. Strong light intensity can
reduce the growth of H. musciformis (Reis and Yoneshigue-Valentin 1998). In
south east of India better results was observed when H. musciformis was
cultured in wet season with low salinity (Ganesan et al. 2006). H. musciformis
grew well in south east of India and northeastern Brazil with DGRs near 5% day 1(Wallner et al. 1992, Ganesan et al. 2006). In St. Martin’s Island, the DGR was
recorded as 9% day-1, which is higher than those reports.
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High carrageenan yield and for the production of more expensive bio-active
compounds (e.g. lectin), or as biofilters in integrated multitrophic aquaculture
the use H. musciformis has great potentials in Bangladesh coast. However,
efforts should be strengthen to increase the production of this seaweed in our
coast. The culture of seaweeds is measured as a low environmental risk or
climate friendly. The experimental trials of 3 types of seaweeds using coir rope in
Cox's Bazar coast is viable and fisher folk can take up such farming as a income
generating activity and at the same time it reduces the fishing pressure in our
coast. However, piloting seaweeds in
the potential farming areas, mass
cultivation technology and extended culture season are essential before seaweed
farming to large scale. Despite the encouraging results observed in the present
study for seaweed culture in the coast, these positive findings should be further
investigated to test the culture of seaweeds in the saline pond, in indoor culture
system and also the seasonality of culture.
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