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Abstract
Generally speaking, various seaweed resources, if properly managed, can be a renewable resource with the ability to be sustainably
and commercially exploited on a global basis, according to the species available, for a variety of products of industrial importance. In
recent times, agar, derived from certain red seaweeds, is the only phycocolloid to have registered a surge in demand and value.
However, little emphasis has been given to this emerging opportunity in India, which to our best judgment has the potential to be a
significant commercial success. This review reports on steps taken to ensure Indian self-reliance on the production of agarophytes,
their resource availability, management, agar characterization, and various methods of extraction. Historically fluctuating landings
have reported the availability of different agarophytes of which maximum biomass of 982 dry t forGracilaria eduliswas harvested
during 1990–1991 along with 665 dry t of Gelidiella acerosa during 2002–2003. Meanwhile, data for the industrial production of
agar reported ca. 197 t of food-grade agar and ca. 92 t of bacteriological grade agar annually, which is very low in quantity as
opposed to domestic requirements. Despite this, farming of agarophyte holds considerable promise. A model is proposed here
whereby productivity of 1 t agarophyte per day (TPD) could realize US$827,22–287,440 as net profit. Technical interventions are
required in order to improve the growth and yield of commercial open-water farming of agarophytes. During the last two decades,
agar imports to India increased ca. 7 times in volume and ca. 42 times in value, while export figures were ca. 198 times and ca. 149
times, respectively. This review examines the existing policies and legislations acting as constrains for the agarophyte trade and
products which would provide a framework for improving the overall prospects of agar producing red seaweeds in India.
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Introduction

Seaweed resources are increasingly considered as important
commercial commodities in several South-East Asian coun-
tries, the sustainable utilization of which can provide

considerable socio-economic benefits (Neish et al. 2017).
Some maritime nations are fast expanding their trade in vari-
ous seaweeds largely for emerging applications in consumer-
driven commodities such as processed foods. Global seaweed
farming comprises about 27.3% of the total world marine
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aquaculture production by weight, about 31.2 million t having
a trade value of US$11.7 billion in 2016 (FAO 2018).
Traditionally, selected seaweeds have been used for food,
feed, and agricultural applications; however, since the 1970s,
focus has shifted to polysaccharides and their derivatives hav-
ing applications in pharmacology, biomedical, bioengineer-
ing, and molecular biology domains (Meena et al. 2007;
Kondaveeti et al. 2013; Chudasama et al. 2016). Despite pos-
sible economic recession looming largely all over the world in
the past decade, the global hydrocolloid market remained
steady. Agar is the primary hydrocolloid derived from select
red seaweed taxa, exhibiting the unique ability to form
thermo-reversible gels. After its introduction intomedical bac-
teriology, the trade has assumed considerable importance.
Globally, agar manufacturing industries consume over
125,200 dry t year−1 of seaweed biomass in order to produce
ca. 14,500 t of agar having a value over US$246 million
worldwide (Porse and Rudolph 2017). The dearth of raw ma-
terial due to overharvesting of natural resources has pushed up
the wholesale price of bacteriological and technical grade
agars to an all-time high of around US$35–45 kg−1, nearly
triple the price before the onset of scarcities (Santos and
Melo 2018). The dwindling wild supply considerably hastens
the efforts to seek diversified resource coupled with the advent
of mariculture practices (Friedlander 2008; Padhi et al. 2011;
Ganesan et al. 2017).

In India, Gelidiella acerosa is the principal source for
the production of bacteriological grade agar while
Grac i lar ia edu l i s yie lds food-grade agar and
Gracilaria dura, agarose (Veeragurunathan et al. 2016).
The commercial farming of seaweeds in India is gaining
popularity since it is an important facet of fisheries for
augmenting revenue (Mantri et al. 2017). Novel appli-
cations utilizing agar and agarophytes in several com-
modity products specifically in food, agriculture, and
energy have engendered optimistic sentiment required
for market growth in India (Sudhakar et al. 2015;
Reddy et al. 2016). However, adequate emphasis has
not been given to this emerging sector especially in
the business and policy fronts. Although the traditional
agar trade is well-established registering considerable
commercial success creating export opportunities, the
following aspects need to be kept in view to make this
area of commercial activity sustainable. These are the
following: (a) biotechnological interventions in germ-
plasm improvement for superior growth and yields; (b)
growing technological advances, especially novel
methods for extraction leading to cost-effective process-
es; and (c) evolving business models based on superior
farming and production practices. In addition, compre-
hensive documentation of agar trade ought to embody
changing socio-economic narrative as well as that of
seaweed business economy.

History of the trade in agarophytes in India

All over the Commonwealth countries, the need for self-
reliance on the production of seaweed hydrocolloids was re-
alized post–World War II. In India, active steps were also
taken by the Board of Scientific and Industrial Research to
manufacture agar within the Research Department of the
University of Travancore. A small supply of indigenously
produced agar was made available for the preparation of chol-
era vaccine between 1942 and 1946 (cf. Subba Rao and
Mantri 2006). The sporadic export trade of agarophytes inten-
sified post 1960s since several foreign countries registered
large raw material demand thereby promoting India as a lead-
ing exporter (Krishnamurthy 1971). The establishment of
landing centers between Rameswaram and Kanyakumari in
the Gulf of Mannar and the Sethubhavachatram; Palk Bay in
1960 gave impetus to the production of ~ 30 t of agar at
cottage-scale levels (Desai 1967). Nevertheless, the seaweed
export was soon banned in order to negate the consequences
of over-harvesting. Several industrial units located in and
around Madurai, Tamil Nadu, with a few factories in Kerala
and Andhra Pradesh currently produce agar utilizing process
developed by CSIR-Central Salt and Marine Chemicals
Research Institute (CSMCRI), Bhavnagar, Gujarat, India
(Subba Rao and Mantri 2006).

Diversity of species and resource availability

The commercially exploited agarophytes in India belong to
red algal genera Gracilaria (food grade), Gelidium, and
Gelidiella (microbiological quality); but these terms are often
used informally in trade despite being taxonomically different
(Kalkman et al. 1991). About 28 species and 2 varieties of
Gracilaria have been recorded, while only 6 ofGelidiella and
8 Gelidium spp. have been documented from Indian waters
(Oza and Zaidi 2001). Life cycles, habitats, and distribution
patterns also have been investigated; knowledge of which is
critical for farming. There has been an attempt to resolve phy-
logeny employing nucleotide sequencing data of 18S rRNA,
RUBISCO spacer, and cox2–3 intergenic spacer from the
Indian Gracilaria spp. (Pareek et al. 2010). The common
agarophytes are enumerated along with their distribution in
Supplementary Table 1.

A pan-Indian project BSurvey of economic seaweed
resources^ was funded by the National Committee on
Science and Technology, and ascertained the standing stocks
of seaweed in Gujarat, Tamil Nadu, and Lakshadweep as well
as Andhra Pradesh during 1961–1991. It was coordinated by
CSMCRI in collaboration with ICAR-Central Marine
Fisheries Research Institute (CMFRI) and the respective
State Fisheries Departments. The availability of 5685 t fresh
biomass was recorded; of which upper limit was 4365 fresh t
while lower limit was 1320 fresh t (for details pertaining to
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methodology etc. refer Subbaramaiah et al. 2006). The cumu-
lative biomass estimates are shown in Table 1.

Characterization of agar, agarose, and agaroid
from Indian agarophytes, extraction procedure,
and industrial production

The prospects of cottage-scale agar producers in India have
remained unchanged during the last few decades. The gel
strength ranging between < 100 to 300 g cm−2 thus has not
been acknowledged for superior quality. Appropriate and
practical methods were developed to obtain superior quality
agar from select agarophytes (Table 2). Subsequently, an eco-
friendly method for producing agarose of high gel strength >
1950 g cm−2 in 1% gel at 20 °C; gelling point 35 ± 1 °C and
melting point 98 ± 1 °C of 20–22% yield from G. dura was
developed by CSMCRI (Meena et al. 2014).

The extraction employed non-ionic surfactants (cf. Prasad
et al. 2005) as well as bio-ionic liquids (Sharma et al. 2015)
using a reduced quantity of process water. Nevertheless, in-
dustrial production is yet to adapt these techniques, rather than
relying heavily on traditional energy intensive processes.

The Indian Standard specifications exist for food grade,
microbiological grade agars, as well as agarophytes
(Tables 2, 3, and 4; Supplementary material). However, no
specifications have been put in place with regard to gel
strength, providing little incentives for the producers to im-
prove the quality of the product (Krishnan and Narayankumar

2010). The scale of industrial production is often family-run
enterprises presenting a dismal prospect. The average produc-
tion is 2–4 kg agar day−1 corresponding to 0.5–1 t year−1, with
medium scale producing 10–40 kg agar day−1 corresponding
to 2–10 t year−1, catering primarily to the domestic market.
Agar production in India for the last 15 years (2002–2017) is
shown in Table 4. The food-grade agar as well as bacteriolog-
ical grade agar production increased steadily and attained a
significant increase from 2011 to 2012 onwards with maxi-
mum production of 300 t for food grade during 2014–2015
and 90 t for bacteriological grade in 2016–2017. Industries
extract only agar from feedstock which accounts for about
15–20% of rawmaterial, leaving a large proportion unutilized.
The integrated process that has been developed by CSMCRI
enables the sequential extraction of value-added products
making the entire process more competitive and remunerative
(Reddy et al. 2016). The seaweed-derived biostimulant ob-
tained from G. edulis has been shown to improve the yields
of cash crops, and life-cycle assessment of methodology con-
firmed lower carbon footprints (Layek et al. 2016; Anand
et al. 2018).

Seaweed collection as livelihood option and landings

The southern stretch encompassing Kanyakumari along pen-
insular India that forms the Gulf of Mannar (GoM) is popu-
larly known as BSeaweed belt.^ Immanuel and Sathiadhas
(2004) reported that about 5000 women along this region

Table 1 Estimation of agarophyte biomass from the Indian coast (fresh weight in tons)

Seaweed species Intertidal region Subtidal region Total

Saurashtra Tamil Nadu Lakshdweep Andhra Pradesh Tamil Nadu

LL UL LL UL LL UL LL UL UL LL UL

Gelidiella acerosa 3.41 6.37 3.81 61.85 642.96 1243.40 – – – 650.18 1311.62

Gracilaria compressa – – 1.45 1.45 – – – – – 1.45 1.45

G. corticata 17.41 27.10 46.28 175.36 233.44 604.62 33.06 45.02 – 330.19 852.28

G. crassa – – 0.77 0.77 – – – – – 0.77 0.77

G. debilis – – 0.67 1.28 – – – – – 0.67 1.28

G. dura – – – – – – – – 175.00 – 175.00

G. edulis – – 20.47 341.24 – – 8.18 42.82 75.00 28.65 459.06

G. fergusonii – – 57.32 100.40 – – – – – 57.32 100.40

G. foliifera – – 5.29 9.99 – – 38.49 53.95 – 43.78 63.94

G. millardetii – – – – – – – – 75.00 – 75.00

G. spp. – – 0.04 269.27 – – – – – 0.04 269.27

G. textorii – – – – – – 2.33 4.80 637.50 2.33 642.30

G. verrucosa – – – – – – 204.34 412.76 – 204.34 412.76

Total 20.82 33.47 136.10 961.61 876.40 1848.02 286.40 559.53 962.50 1319.72 4365.13

After Subbaramaiah et al. 2006

LL lower limit, UL upper limit
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Table 2 Characterization and composition of agar, agarose, and agaroids (galactans) from Indian seaweeds

Seaweed
species

Nature of agar Yield agara

(%)
Gel strength
(g cm−2)

Gelling Tc

(°C)
Melting Tc

(°C)
Sulfate (%) Reference

Gracilaria dura Native agar 27 250 ± 50b 34 ± 1 99 ± 1 3.32 ± 0.057 Meena et al. 2007
Alkali-treated agar 23 > 1950d 35 ± 1 99 ± 1 ≤ 0.25 Meena and Siddhanta

2006
Alkali-treated agarose ≤ 15 2200 ± 25 d 35 ± 0.5 98 ± 0.76 0.25 ± 0.006 Meena et al. 2007

G. edulis Galactan/agaroid with 50%
sucrose

– 340 ± 5.5 42 ± 0.55 78 ± 0.5 – Meena et al. 2006

Galactan/agaroid with 50%
glucose

– 310 ± 5.5 37 ± 0.45 72 ± 0.45 – Meena et al. 2006

Native agar 25 ± 0.76 100 ± 7.30 – – 5.4 ± 0.23 Meena et al. 2008
Alkali-treated agar (15%

NaOH)
11 ± 0.77 490 ± 8.34 – – 1.3 ± 0.08 Meena et al. 2008

G. crassa Galactan/agaroid with 50%
sucrose

– 720 ± 8.4 38 ± 0.55 85 ± 0.45 – Meena et al. 2006

Galactan/agaroid with 50%
glucose

– 670 ± 5.4 33 ± 0.55 80 ± 0.54 – Meena et al. 2006

Native agar 23 ± 0.86 250 ± 15.20 – – 3.2 ± 0.15 Meena et al. 2008
Alkali-treated agar (15%

NaOH)
12 ± 0.84 800 ± 16.12 – – 1.5 ± 0.04 Meena et al. 2008

G. foliifera Native agar 22 ± 0.80 100 ± 8.56 5.7 ± 0.15 Meena et al. 2008
Alkali-treated agar (15%

NaOH)
12 ± 0.76 135 ± 8.00 – – 3.7 ± 0.06 Meena et al. 2008

G. corticata Native agar 16 ± 0.77 100 ± 6.19 – – 6.8 ± 0.23 Meena et al. 2008
Alkali-treated agar (15%

NaOH)
9.5 ± 0.5 110 ± 8.94 – – 4.2 ± 0.07 Meena et al. 2008

Gracilaria
debilis

Native galactan/agaroid 14.8 ± 0.5 490 ± 25 38 ± 0.5 82 ± 0.5 0.76 ± 0.08 Mehta et al. 2010

Alkali-treated agar (10%
NaOH)

13.1 ± 0.5 650 ± 25 38 ± 0.5 84 ± 0.5 0.21 ± 0.06 Mehta et al. 2010

G. salicornia Native galactan/agaroid 15.2 ± 0.5 350 ± 25 38 ± 0.5 85 ± 0.5 3.37 ± 0.12 Mehta et al. 2010
Alkali-treated agar (10%

NaOH)
13.2 ± 0.5 510 ± 25 38 ± 0.5 88 ± 0.5 0.45 ± 0.06 Mehta et al. 2010

G. millardetti Native galactan/agaroid 9.5 ± 0.3 < 100 38 ± 0.5 82 ± 0.5 4.5 ± 0.12 Oza et al. 2011
Alkali-treated agar (10%

NaOH)
9 ± 0.3 < 100 38 ± 0.5 83 ± 0.5 4.8 ± 0.14 Oza et al. 2011

G. textorii Native galactan/agaroid 10.3 ± 0.3 < 100 38 ± 0.5 83 ± 0.5 2.1 ± 0.09 Oza et al. 2011
Alkali-treated agar (10%

NaOH)
8.8 ± 0.3 < 100 38 ± 0.5 85 ± 0.5 2.3 ± 0.11 Oza et al. 2011

Gelidiella
acerosa

Galactan/agaroid with 50%
sucrose

– 720 ± 5.5 44 ± 0.55 87 ± 0.54 – Meena et al. 2006

Galactan/agaroid with 50%
glucose

– 665 ± 5.5 39 ± 0.45 82 ± 0.54 – Meena et al. 2006

Acid treatment 25.6 ± 10.08 700 ± 134 41 ± 2.08 83 ± 2.64 1 ± 0.19 Prasad et al. 2006
Native agar 23 ± 0.82 400 ± 18.42 39 ± 0.82 87 ± 0.95 1 ± 0.14 Prasad et al. 2007
Native agar 25 ± 0.95 845 ± 9.46 39 ± 0.81 82 ± 0.95 1 ± 0.09 Prasad et al. 2007
Native agar 23 ± 1.5 400 ± 20 39 – ≤ 1.90 Meena et al. 2011
Alkali-treated agar (15%

NaOH)
11 ± 1.0 950 ± 50 40 – ≤ 0.58 Meena et al. 2011

Gelidium
pusillum

Galactan/agaroid with 50%
sucrose

– 1120 ± 4.5 37 ± 0.45 99 ± 0.44 – Meena et al. 2006

Galactan/agaroid with 50%
glucose

– 1070 ± 4.5 31 ± 0.45 94 ± 0.44 – Meena et al. 2006

Native agar 19 ± 1.0 740 ± 25 33 – ≤ 2.10 Meena et al. 2011
Alkali-treated agar (15%

NaOH)
9.0 ± 1.0 550 ± 25 33 – ≤ 0.70 Meena et al. 2011

a% Yield with respect to as received seaweed containing ca. 10% moisture
b 1.5% gel at 20 °C, unless otherwise stated
c 1.5% gel
d 1% gel at 20 °C
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depended on seaweed collection for earning their livelihood,
as they were not engaged actively in fishing trade. Agents pay
non-negotiable price to the collectors, and the latter usually
borrow money from the former to meet their daily expenses.

Debts are adjusted against the proceeds of seaweeds harvested
during the entire season. Gelidiella acerosa commands
highest price of about US$1884 per dry t and Gracilaria
US$1884–628 per dry t in the local market. The landings of
agarophyte seaweeds from southern India during 1978–2016
are provided in Table 3.

Seasonal employment, exploitation by middlemen, incon-
sistent income, lack of recognition, and job insecurity are ma-
jor impediments encountered by the seaweed harvesters
(Ganesan et al. 2017). As major collection areas fall into
Marine National Park, to overcome the issue of over-harvest-
ing, the women implemented self-imposed measures such as
limiting the harvesting to 12 days in a lunar month as well as
having 45 days harvest ban starting from 1 April along with
prohibiting the use of metal tools for collecting seaweeds
(Krishnan and Narayankumar 2010).

Agar production and import–export trend

India has witnessed remarkable growth in agar import–export
market drawing attention to future supply and demand on a
global scale. Reliable and periodic assessment of volumes and
corresponding trade are necessary for decision-making, plan-
ning, and policy development in this sector. Besides, knowl-
edge of this trade is essential for regulating the import and
export alike. Such information is not available at the national
level, and one needs to tediously collect the data through var-
ious ports of embarkation and disembarkation. The recent data
revealed that India imported agar from about 14 different
countries of which the share from China was the greatest,
78 t in volume valued at US$3,552,257 in trade (Fig. 1).
India exported about 20 t of agar worth US$18,826,473 to
Morocco during January to December 2017 (Fig. 2). The
comparison of agar trade two decades ago with the current
scenario reveals that today the import was 7 times high in
volume (about 12.4 t in 1997) and 42 times high in value
(approximately US$163,342) (Rao and Mantri 2006). The
increase in export has been about 198 times high in volume
(about 0.55 t in 1997) and 149 times high in value (approxi-
mately US$1,907,915) today. The increase in export–import
trade could be explained by significant rise in domestic de-
mand, while the improved production facilities are responsible
for enhanced import trade.

Prospects of commercial farming of agarophytes
in India and business model

Seaweed aquaculture industry is fast evolving globally.
Gracilaria and Gracilariopsis together accounted for ac. 3.8
million t of annual production worth about US$1 billion (Kim
et al. 2017). In India, commercial farming of seaweeds has been
carried out only for the carrageenophyte Kappaphycus alvarezii
(Mantri et al. 2017). There exists ample scope for extending the

Table 3 Agarophyte landings from Southern India

Year Gelidiella acerosa (dry t) Gracilaria edulis (dry t)

1978–79 288 395

1979–80 541 342

1980–81 247 213

1981–82 131 117

1982–83 102 225

1983–84 293 291(85)a

1984-85 210 320 (96)a

1985–86 189 269 (45)a

1986–87 261 233 (28)a

1987–88 217 317 (34)a

1988–89 366 330 (15)a

1989–1990 370 400 (2)a

1990–91 307 982

1991–92 274 318 (3)b

1992–93 312 399 (50)b

1993–94 261 187

1994–95 232 105 (110)b

1995–96 280 601 (20)b

1996–97 423 323

1997–98 322 974

1998–99 365 496 (35)b

1999–2000 491 664 (28)a (25)b (310)c

2000–01 560 352 (224)c

2001–02 571 464 (130)c

2002–03 665 279 (21)c

2003–04 490 280

2004–05 460 260

2005–06 510 240

2006–07 490 270

2007–08 470 260

2008–09 450 250

2009–10 420 230

2010–11 390 215

2011–12 370 190

2012–13 350 180

2013–14 320 170

2014–15 300 150

2015–16 400 130

Source: Kaliaperumal and Kalimuthu (1997), Kaliaperumal et al. (2004),
Ganesan et al. (2017)
aGracilaria crassa (= G. canaliculata)
bG. foliifera
cG. verrucosa
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farming activity to industrially important Gracilaria species. It
would have an enormous bearing to the diversification of liveli-
hood of the artisanal fishermen and considerable potential of
social diffusion in coastal areas especially involving womenfolk.
Management of seaweeds has received least priority, and neces-
sity to initiate farming of agarophyte in particular has been real-
ized only recently in India.

The large scale cultivation trials of G. edulis in
Ramnathapuram were initiated under the Bay of Bengal
Program (BOBP). The project was jointly implemented in
1986 by the Swedish International Development Agency,
Overseas Development Administration of United Kingdom,

Food and Agriculture Organization (FAO) of United Nations,
as well as the Department of Fisheries, Government of Tamil
Nadu (Kalkman et al. 1991). Despite the best efforts, these trials
remained only at experimental level. But, refinement in the
farming technology took place in subsequent years, with coir/
nylon rope, net, single-rope floating technique, coral stone,
bamboo floating rafts etc. having been tested for their efficiency
and suitability in farming (Subba Rao et al. 2006). The farming
waswell received in Tamil Nadu andwasmostly undertaken by
Self Help Groups largely consisted of women fisher folk
(Fig. 3). An average crop yield of 3.5 to 4 kg fresh weight
m−1 length rope was reported for different species of

Table 4 Agar production in India
Year Production from M/s. Madurai Agar producers

association, Madurai
Production from M/s. Marine Chemicals,
Kochi

Food grade (t) Bacteriological grade (t) Food grade (t) Bacteriological grade (t)

2002–2003 18.2 45.5 130 40

2003–2004 19.6 44.1 140 45

2004–2005 18.2 41.4 150 50

2005–2006 16.8 45.9 150 50

2006–2007 18.9 44.1 152 52

2007–2008 18.2 42.3 157 58

2008–2009 17.5 40.5 160 60

2009–2010 16.1 37.8 162 60

2010–2011 15.0 35.1 172 65

2011–2012 13.3 33.3 170 65

2012–2013 75.0 12.0 175 68

2013–2014 90.0 12.0 180 70

2014–2015 100.0 15.0 200 75

2015–2016 – – 210 80

2016–2017 – – 213 90

Source: M/s. Lifescience Intellipidia, India 
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Gracilaria either at experimental or pilot-scale mariculture
(Raju and Thomas 1971; Rao 1974; Subbaramaiah and
Thomas 1990; Kaladharan et al. 1996). The suspended stone
method was recently developed for field cultivation of
G. acerosa which gave significantly higher yield of 3.64 kg
fresh wt. m−2. However, in both cases, the floating raft method
was found to be more suitable for obtaining higher growth and
yield (Ganesan et al. 2011). Cultivation of G. edulis was dem-
onstrated at 25 raft scale at Badabalu and Shippighat in the
Andaman Islands and at Campbell Bay in Nicobar Island to
M/s. Community Enterprise Forum International (CEFI), Port
Blair, under cultivation knows how transfer agreement with
CSMCRI (CSMCRI 2006). Further, 603 seaweed collectors
(68 men and 304 women) were trained in agarophyte farming
recently by CSMCRI (Table 5, Supplementary material). It may
be noted that about 1002 kg day wt. Gracilaria debilis, 192 kg
G. edulis, and 120 kg Gelidiella acerosa produced by trainees
were sold in the open market at prevailing rates and accrued
considerable economic gain.

We propose herein a model to achieve production of 1 t
(dry) biomass of industrially valuable agarophytes, namely,

G. acerosa, G. edulis, and G. dura. The floating bamboo raft
of 2 × 2 m has been considered as a standard method of farm-
ing first two seaweeds and the 25-m tube net method for last.
Based on our experience for the past four decades of farming
these species, average yields were considered 14.34-kg raft−1

and 17-kg raft−1 for G. acerosa and G. edulis, respectively,
and 20-kg tube−1 forG. dura. The dry yield has been comput-
ed based on average water content in these taxa and found to
be 3.5-kg raft−1 and 2.1-kg raft−1 forG. acerosa andG. edulis,
respectively, and 2.8-kg tube−1 for G. dura. The number of
cultivation units required to achieve 1 t (dry) production of
G. acerosawas 279 rafts, 471 rafts forG. edulis, and 350 tube
nets for G. dura. The typical growth cycle for G. acerosa was
90 days, 45 days for G. acerosa, and 40 days for G. dura.
Therefore, only three harvests are possible for G. acerosa,
seven for G. edulis, and five for G. dura excluding the mon-
soon period. The total production in a year therefore would be
180 t of G. acerosa, 270 t of G. edulis, and 160 t G. dura (all
dry wt.). This corresponds to market value of US$339,120 for
G. acerosa; US$169,560 for G. edulis; and US$301,440 of
G. dura at the prevailing market rates. The model yields an

Source: M/s. Lifescience Intellipidia, India 
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annual profit of US$234,540 for G. acerosa; US$827,22 for
G. edulis; and US$287,440 for G. dura after deducting 50%
infrastructure cost given as subsidy by the Fisheries
Department (Table 5, Supplementary material).

Technological interventions for improving yield
and growth in agarophytes

The traditional crop improvement methodologies in sea-
weeds never looked beyond breeding and natural selec-
tion. Sexual hybridization is not of much impact beyond
academic interest. The cellular biotechnology might hold
considerable promise in propagation and selection of su-
perior seaweed strain of economic implications. Tissue
culture was successful in obtaining ca. 60% viable and
axenic explants in G. corticata. The uniseriate branched
filamentous callus and subculture of excised callus
showed shoot development within 10 days in liquid PES
medium (Kumar et al. 2007). Similarly, protoplast yield of
3.7 ± 0.7 × 106 cells g−1 fresh wt for G. dura and 1.2 ± 0.78 ×
106 cells g−1 fresh wt for G. verrucosa was successfully
achieved (Gupta et al. 2011). But, regeneration of plantlets

form these protoplasts remains elusive. There exists only
one study which dealt with the use of the mutagen ethyl
methanesulphonate at 0.1–0.2 M concentration on the growth
and agar content of G. acerosa, but the improved growth was
reported in the field trials with lower yield and quality of agar
(Subbaramaiah et al. 1990). It would, however, be interesting
to study why yield and quality were low. The use of gamma
irradiation in removing sulfate impurities for obtaining stable
agar has been reported improving shelf life of this important
commodity (Doshi and Rao 1967). No further research in this
direction has been reported in the literature. The feasibility of
rapid production of viable seedlings clonally through se-
lective propagation of apical fragments of G. dura was
attempted (Saminathan et al. 2015). This is the only study
where outdoor cultures and out plating of laboratory-
derived seedlings was attempted and thus holds great
promise. These studies required a great deal of expertise,
infrastructure, and expenditure besides ascertaining their
viability for commercial farming through field trial exper-
iments. These could be essential prerequisites for mainte-
nance and storage of elite germplasm as seed bank for
sustainable cultivation practices.

Table 5 Agarophyte farming model required for achieving 1 t production of biomass per day

Parameter G. acerosa G. edulis G. dura

Seed biomass per raft/tube(kg fr) 0.16 2 10

Yield per raft/tube (kg fr) 14.5 19 30

Yield after deducting seed for subsequent crop
per raft/tube (kg fr)

14.34 17 20

Dry to fresh weight ratio (water content) 4 8 7

Yield per raft/tube (kg dry) 3.585 2.125 2.857

Number of rafts/tubes for achieving 1 t dry production day−1 279 471 350

Number of people required
@ 4 rafts per person per day for G. acerosa
@ 8 rafts per person per day for G. edulis
@ 5 tubes per person per day

140 93 70

Number of rafts/tubes per growth cycle
90 days for G. acerosa, 45 days for G. edulis, and 40 days for G. dura

25,200 20,925 14,000

Biomass cost t−1

@ US$1.884 kg−1for G. acerosa and G. dura
@ US$0.628 kg−1for G. edulis

1884 628 1884

Total days of farming
@ 3 harvest of 90 days each G. acerosa
@ 7 harvest of 45 days each G. edulis
@ 5 harvest of 45 days each G. duras

270 315 200

Total days of obtaining harvest 180 270 160

Total produce per year in tons 180 270 160

Market value of biomass as per prevailing rates (US$) 339,120 169,560 301,440

Infrastructure cost @ US$8.3 raft−1 and US$2 tube−1 209,160 173,677 280,00

Total investment (considering % subsidy by Fisheries Department, Government of India) US$ 104,580 868,38 140,00

Net profit after deducting infrastructure cost US$ 234,540 827,22 287,440

The italicized entries are economics related figures namely market value, total investment and net profit. The reset of the entries are not taken directly for
calculation of net profit and may be retained in normal font

3018 J Appl Phycol (2019) 31:3011–3023



Proposed framework for improving agar trade

CSIR-Central Salt and Marine Chemicals Research Institute
(CSMCRI), Bhavnagar, along with Technology Information,
Forecasting and Assessment Council (TIFAC), Department of
Science and Technology, New Delhi, conducted a meeting of
seaweed researchers, industry experts, and other stakeholders
in November 2017. Indian Chambers of Commerce in collab-
oration with CSMCRI conducted BIndian Seaweed Summit^
in February 2018. These two important events took stock of
the issues confronting the sector and called for taking up com-
mercial cultivation and processing of seaweeds on priority at
pan-Indian level, under a mission mode program. We, there-
fore, recommend having a common platform consisting of
academia, industry, and government representatives to imple-
ment this program (Fig. 4). This body of agencies will largely
handle three domains—farming, marketing, and industry. The
farming sector will liaise with Indian Chambers of Commerce
through Regional Seaweed Produce Committee (for both bio-
mass production and product) which would in turn facilitate
obtaining permits required for commercial farming, linking
seaweed growers to government schemes and incentives,
and disseminating R&D information and other details that
would improve the farming techniques. The second domain
deals with marketing aspect of Strategic Market Analysis
Group that would conduct in-depth studies pertaining to mar-
ket assessment, import export opportunities, and novel appli-
cations to boost farming and products. The third domain
consisted of industry partners which would provide crucial
support to overall development of trade infrastructure and

production requirements, advocating green processes and
technologies and facilitating development of new standards
for the range of agar products. This will help realize greater
value of the produce thereby facilitating seaweed farming for
positive gains. These three domains are interlinked and should
work together improving the growth of agar trade in India.

Legislation and policy background relevant
to agarophyte trade

The legislation and policy interventions pertaining to commer-
cial cultivation, processing, and trade of agarophytes in India
assume considerable significance, as currently only 30% of
agar requirement is being produced indigenously (Subba
Rao and Mantri 2006), and there is a need to expand the
production of biomass and agar as well, given the potential
in India and expanding seaweed market, globally. The first
policy paper on seaweed cultivation and utilization was pub-
lished by the National Academy of Agricultural Sciences
(NAAS 2003). The key recommendations of ICAR-Central
Marine Fisheries Research Institute (CMFRI) pertaining to
various dimensions of seaweed resource management, culti-
vation, trade, and regulation are summarized in Table 6.

The government of India has identified seaweed culture as
one of the components under the blue revolution scheme, and
National Fisheries Development Board (NFDB) has evolved
guidelines for seaweed cultivation and specific programs for
its promotion in India (NFDB 2015). Gujarat, with its long
coast line (1600 km), has launched state-specific schemes for
promoting culture of suitable and appropriate seaweed species

Fig. 4 Schematic diagram of
proposed framework for
improving agar trade
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along its coast as a means for self-employment and livelihood
generation for the coastal community (GIDB 2006; Dept. of
Fisheries, Gujarat Govt. 2017).

Selected seaweeds are known to co-occur in the reef areas,
which are protected under different regulatory regimes.
Various stretches of coastal areas comprising of coral reefs

including seaweed beds have been declared as ecologically
sensitive areas (ESAs) or ecologically sensitive zones (ESZ)
under the provisions of Environment (Protection) Act (MoEF
1986). Seaweed beds are classified as ecologically sensitive
areas as per the Island (Protection) Zone notification (MoEF
2011), which has a spatial jurisdiction limited to the island

Table 6 Policy notes, important recommendations, and advisories emerged from meetings and reports pertaining to aquaculture in general and
seaweed farming in particular in India

Broad area Advisory bodies/fora

National Academy of Agricultural Sciences December 2003 Seaweed stakeholders meeting organized at Mandapam Regional
Center of CMFRI July 2014

Resource
assessment
and
management

Periodic resource evaluation and biomass
estimation on a national basis

To promote native agarophyte production areas should be
earmarked to facilitate perennial spore production and
consequent sea ranching via spore propagation.

There is drastic reduction in biomass gathered from natural
harvesting of agarophytes with concomitant lesser production
in agar.

Training on SCUBA diving may be imparted to the interested
seaweed collectors to implement effective seaweed and safe
collection.

Seaweed
mariculture

Agar–agar processors have depended solely on naturally
occurring beds of Gracilaria for supply of raw materials that
have been overexploited. To ensure dependable supply of raw
material, high priority should be accorded to cultivation of
agarophytes.

Standardization of techniques for large-scale tank cultivation as
well as open-water cultivation

Older methods like raft and monoline techniques need to be
replaced by improved practices to achieve effective seaweed
cultivation.

Action may be taken to promote the integrated multitropic
aquaculture by integrating the fish, bi-valves, and seaweeds for
environmental and economic stability.

There is need to develop seaweed seed stock/seed bank at se-
lected locations where improved germplasm can bemaintained
to cater to the need of farmers.

To initiate massive seaweed farming program in order to enhance
the sufficient seaweed production to cater to the need of
existing agar industries, this program needs suitable financial
support to execute from national funding bodies.

Market and trade The anomaly in classification of agar under central excise tariff
and customs tariff needs to be corrected.

As the cultivatedmacro-algae has to be globally competitive in its
pricing, the levy for the use of coastal waters shall be similar to
that charged by other major global producers of macro-algae,
such as Philippines, Indonesia, and China.

Cultivation of macro-algae and the wet and dried macro-algae so
produced shall be treated as agricultural cultivation and agri-
cultural produce for the purposes of fiscal levies such as sales
tax, income tax, excise, octroi.

The agarophytic seaweeds are being imported from Sri Lanka,
Morocco, and SAARC countries with high-import duty. The
import duty needs to be reduced to save agar industries. The
matter should be immediately taken through Director General
of Foreign Trade, Ministry of Commerce and Industry.

At present, seaweed cultivation is not recognized as agricultural
practices. Hence, there is no insurance cover or benefits. It has
been therefore recommended to bring seaweed cultivation
under insurance coverage in order to compensate the crop loss
during natural calamities.

The consensus was evolved among the industrialist for
contribution towards cess fund for the benefits of seaweed
farmers.

Regulation and
institutional
mechanisms

The nodal agency shall give clearance for cultivation of specific
species of macro-algae as ecologically safe and maintain a list
of such species. All indigenous species of macro-algae are
considered as ecologically safe for mass cultivation.

Clearance for use of specific coastal waters shall be obtained from
state coastal zone management authorities. In giving the
clearances, SCZMAs shall consider the multipurpose
utilization of the coastal areas and the prevalent regulations.

As long as the method of cultivation of macro-algae does not
envisage construction of permanent structures and the culti-
vation is done below the low-tide mark, CRZ (2019) regula-
tions should not be applicable to seaweed farming.

Nil

3020 J Appl Phycol (2019) 31:3011–3023



territories of India, viz., Andaman and Nicobar Islands in the
Bay of Bengal and Lakshadweep Islands in the Arabian Sea.
Ironically, the counterpart of the law, applicable to the main-
land India, viz., Coastal Regulation Zone notification (MoEF
2011), does not classify the seaweed beds existing along the
coastal as ESAs. Such differential regulatory provisions with-
in the union encumber implementation of specific schemes
aimed at promoting seaweed farming or establishment of sea-
weed industry.

The National Policy on Marine Fisheries, 2017, called for
periodic review and evaluation of the existing spatial conser-
vation measures for providing legislative support to protect
the rights of the traditional fishermen and their livelihoods
(MoAFW 2017). It highlights that evolving leasing policies
and guidelines for spatial planning, environmental, and social
impacts assessment are essential for promoting mariculture.
CRZ (MoEF 2019) provides for demarcation of sensitive
coastal ecosystems as critically vulnerable coastal areas
(CVCA), which in turn can be managed as per the integrated
management plans (IMP), prepared involving the community.
The seaweed beds and farming areas can be demarcated as
CVCAs as per the guidelines under the notification, within the
ambit of EPA, 1986.

The Biological Diversity Act 2005 provided for equitable
sharing of benefits arising from the use of traditional biolog-
ical resources which also includes seaweeds (MoLJ 2002). It
also provides for constitution of local-level Biodiversity
Management Committees (BMC), thus empowering the local
traditional dwellers for sustainable use of seaweeds. The
Coastal Aquaculture Authority (CAA) under the Ministry of
Agriculture is mandated to regulate all coastal aquaculture
efforts in India including that of seaweed farming (Coastal
Aquaculture Authority 2005).

However, in spite of the enabling policies and schemes for
promoting seaweed culture in the coastal regions of India, the
sector has not witnessed growth, commensurate with the ef-
forts. This could be attributed to inconsistencies in the regula-
tory framework, weak institutional mechanisms, and poor
awareness among the community, and hence, necessary steps
need to be taken in this regard. Penetration of farming tech-
nology of agarophytes in coastal rural areas is crucial to meet
the existing domestic demand of agar.

Cultivated seaweed should be treated as agricultural prod-
uct, which would enable the seaweed farmers to have quick
and timely access to affordable credit through schemes such as
Kisan Credit Card (KCC) and access to insurance for their
product. Product development is a critically component in
the seaweed value chain, and innovative support schemes
should be formulated for the same. New standards need to
be established for edible, micobiological agar and agarose,
with clear specifications for gel strength and various other
quality criteria for economic competitiveness. The linkage
between research organizations and the industry needs to be

strengthened by easing the procedures for exchange of knowl-
edge and manpower, so as to meet the targeted production.

To ensure the supply of quality seed material of
agarophytes in a sustainable manner to the seaweed cultiva-
tors, government should set up seed banks. The government
may promote implementation of agarophyte farming projects
through Corporate Social Responsibility (CSR) funding, to
reach the social equilibrium. The novel applications of func-
tionally modified agar and agarose should pave the avenues of
growth. The application of matrigel–agarose hybrid hydrogels
in 3D printing of biological architectures that mimic the struc-
tural and functional features of in vivo tissues (Fan et al. 2016)
would aid in tissue engineering and development of trans-
plantable organ constructs. The government should consider
instituting a BTechnology Development Fund,^ with active
participation of agar manufacture association, to promote
more start-ups in the domain.

Since majority of the Indian seaweed cultivators are wom-
en, the expansion of seaweed farming through appropriate
promotional policies and schemes would aid in meeting vari-
ous societal goals, viz., rural employment, alleviating poverty,
social equity, and empowerment, which in turn would contrib-
ute to improving living standards of their family, child educa-
tion, health, enhancing access to better amenities, and thus
attract more participation of the women in sector (Mantri
et al. 2017). The National Mariculture Policy 2018 of govern-
ment of India is a welcome step in this direction.

The following issues are crucial for a creating a policy
framework, and some recommendations are proposed for con-
solidating agar trade in India

& Mapping the agarophytes along the Indian coast and per-
tinent water bodies to understand the current availability
status as well as to bring new species under the ambit of
commercial farming.

& It is desirable to have appropriate international collabora-
tions for fine tuning existing processes and adopting new
technologies for agar production.

& End-user protection for sustained supply of agarophytic
raw materials preferably through crop insurance programs
against impending disease outbreak and epiphytic infesta-
tion–, natural calamity–, and climate change–related envi-
ronmental disasters.

& Intensifying the efforts for skill development, followed by
undertaking feasibility studies for pilot-scale farming for
greater geographical reaches.

& Fixingminimum assured price for various agarophyte spe-
cies like most of the agricultural crops in order to ensure
regular income by engaging government agencies and
leading seaweed industries.

& Integrating farming and processing together for facilitat-
ing empowerment model at the grass-root level for extend-
ing direct benefits to farmers.
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& Export license should be granted to all those engaged in
agarophyte farming as it directly helps in improving live-
lihood of local communities.
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