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The marine ecosystem has a great potential for agricultural applications. Seaweeds are the most
researched marine algae for various agrochemicals, pharmaceuticals, cosmetics, and biotechnological
applications due to the bio-actives which safe for their usage. This article describes the use of seaweeds
in agricultural applications as elicitors, their effects on plants in increasing the nutritional value of crops,
and escalating the plant stress tolerance. The article ends with a note on the various research gaps that
need to be studied for their complete application in agriculture and Indian Government Schemes to
develop seaweed farming and product development.
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1. Introduction

The majority of the population is engaged in agriculture. Differ-
ent factors affect the crop yield, including abiotic and biotics which
influence the quality and quantity of the crops. The salinity of the
soil, temperature, humidity, wind, rain, drought, and ultraviolet
radiations are abiotic factors that can significantly reduce crop
yield. Biotic factors such as bacteria, fungi, viruses, and various
pests, affect the crop and reduce the output of harvesting. To over-
come these issues, multiple chemicals, as well as chemical fertiliz-
ers, are used. These chemicals can affect animals, humans, and
other organisms. As human beings are at the higher level of con-
sumers, these chemicals accumulate and can disrupt many pro-
cesses like protein production or absorption of vital nutrients in
the human body [1]. This can be avoided by using various bio-
organic compounds/species in agriculture and increasing aware-
ness of organic farming [2].

The marine ecosystem is a rich source of numerous plants and
algae, such as seaweeds, seagrasses, and mangroves which need
to be studied for several applications. Recently, seaweeds have
been attracted a great deal of attention in agricultural applications.
There are many seaweed species, and these are divided into three
types based on the pigments they produce: Phaeophyta (Brown),
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Rhodophyta (Red), and Chlorophyta (Green) [3]. Seaweeds, being
macroalgae, have all the essential nutrients required for plant
growth and protection. Due to the presence of all vital nutrients
and their positive effects on plants, biochemicals extracted from
these seaweeds called biostimulants have a surge [4]. These bios-
timulants help in the overall development of plants and environ-
mental conditions. Some commercially available seaweed bio-
stimulants and their formulators are listed in Table 1.

The application of seaweeds in Indian agriculture is limited due
to certain reasons. Agricultural practices carried out near the
coastal regions apply the dried form (powdered or flakes) of sea-
weed to the soil or spray filtrate obtained after grinding the sea-
weeds [22]. This is because of the native farmer's awareness
regarding the availability of seaweeds. On the other hand, Indian
farmers are habitual to and are more confident in using chemical
fertilizers and manure. Moreover, the farmers residing away from
the coastal belt or living in the interior of Indian counterparts are
unaware of the availability and importance of seaweeds. The
knowledge gap restricts the farmers from buying seaweed extracts
available in the market, which becomes a challenge for the indus-
tries to expand the production of seaweed extracts. This is also due
to the techno-economic analysis of the seaweed industry, its prod-
ucts, and its applications.

Many seaweeds products are used for the agricultural process in
international agriculture, be it biostimulants or as soil condition-
ers. The coastal population of Ireland uses Ascophyllum sp. and
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Table 1
Commercially available algal bio-stimulant formulators in India.

Sr.No. Product Name Seaweed Species Formulators Applications Ref.

1. Seaweed Various species™ Shatu Biologicals Ltd., Maharashtra (i) Enhances seed germination [5]
(ii) Balances the crop nutrients
(iii) Improves the flower and fruit quality

2. Organic Six Various species™ ManiDharma Biotech Ltd., Tamil Nadu (i) Better root systems [6]

(Brown seaweeds) (ii) Healthier foliage and fruit appearance

(iii) Greater resistance to disease and pests
(iv) Improves seed germination

3. Biovita A. nodosum PI Industries Ltd, Gujarat (i) Provides plant growth supplements [7]
(ii) Improves plant metabolism
(iii) Improves soil health and plant health
(iv) Increases antioxidants for improved stress resistance

4. Seaweed flakes  Fucus sp. Aquatic Chemicals, Maharashtra (i) Helps in soil conditioning [8]
(ii) Provides resistance to diseases and pests
(iii) Enhances seed germination

5. Ocean Gold A.nodosum/S. VNET, Gujarat (i) Helps to endure environmental stress 9]

laminaria (ii) Promotes development of shoots

(iii) Balances the fecundity of soil
(iv) Enhances the fruit quality and improves their set numbers
(v) Stimulates cell division and increases leaf size

" The name of the seaweed species is not disclosed.

Fucus sp. as soil conditioners frequently to prepare the soil before
taking cultivation of potatoes. Many products have been obtained
from the brown seaweed consisting of biomolecules like abscisic
acid, gibberellins, cytokinins, and auxins which are used as bios-
timulants in agricultural practices in different countries like Aus-
tralia, Chile, South Africa, France, and China [22-24].

These bio-stimulants are chemicals that positively help the
plants when applied in lower concentrations. The major bioactive
components present in the seaweed extracts are polysaccharides,
lipids, proteins, terpenes, phenolics, and various halogenated com-
pounds [10]. A schematic diagram of seaweed bioactive extraction
is shown in Fig. 1. They play significantly as plant growth regula-
tors [11,12], pesticides, and fungicides [13]. Moreover, plant
growth happens due to auxins, gibberellins, cytokinin, phenolic
compounds, and various oligosaccharides. The presence of differ-
ent bioactive compounds from seaweeds has been previously dis-
cussed, but the role of these compounds in agriculture has not
been mentioned [14]. These bioactive compounds derived from
seaweeds are proved to be excellent candidates for their use as
nano-fertilizers. The plants readily absorb nano-fertilizers in the
nano-range compared to the bulk fertilizers. It is reported that sap-
ling growth can be improved, and the effect of stress can be
reduced due to the salinity of the irrigation [15].

2. Seaweeds in India

India has more than 7500 km long coastline, which acts as a
dockyard for different types of seaweed growth. The seaweeds float
freely or are attached to substrates such as rocks, wooden logs, etc.,
present at the sea coasts. Kerala, Cochin, Goa, Gujrat, Tamil Nadu,
Andaman-Nicobar Island, Odisha, and Maharashtra support the
growth of seaweeds. In Odisha, 14 different marine algae from five
different places of the Chilika Lake, namely- Balugaon, Kalijai, Bar-
kul, Pathara, and Satpara have been documented [17]. These 14
reported seaweeds are Grateloupia filicina var. luxurians, Gracilaria
verrucosa, Gracilariopsis megaspore, Ceramium diaphanum var. ele-
gans, Polysiphonia subtilissima, Polysiphonia sertularioides, Ulva lac-
tuca, Ulva fasciata, Enteromorpha compressa, Enteromorpha
flexuosa subsp. flexuosa, Enteromorpha intestinalis, Cladophora glom-
erata, Pithophora oedogonia, and Chaetomorpha linum. Based on the
observations, it is concluded that Chilika Lake doesn’t support the
growth of brown seaweeds. The acquired seaweed’s morphology,
locations, and habitat are well documented [17].

Gujarat coast, located in northwest India, has a coastline of
around 1596 km. The authors recorded 198 species of marine algae
from the intertidal regions of the Gujarat coast. This diversity
revealed 109 species of Rhodophyta from 62 genera, 54 species
of Chrolophyta from 23 genera, and 35 species of Phaeophyceae
from 16 genera. Besides, the Gulf of Kachchh islands shows a rich
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Fig. 1. Schematic diagram for various seaweed bioactive extraction [16].
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seaweed diversity accounting for 130 species from Dani, Dhabd-
habha, Kulubhar, Manmarodi, and Narara Islands. The maximum
range of seaweeds collected from Kulubhar islands is 93 species,
whereas the minimum 14 species are collected from Narara islands
[18]. The study, which was carried out at the coast of Okha from
November 2016 to October 2017, shows 39 species of seaweeds
comprised of 16 chlorophytes, 13 rhodophytes, and 10 phaeo-
phytes [19].

Apart from this, the 1076 km long Tamil Nadu coast is filled
with abundant seaweeds species belonging to the genera Ulva,
Chaetomorpha, Bryopsis, and Grateloupia dwell in the rocks
and boulders and lower and upper intertidal regions. Among
these, G. edulis, G. foliifera, G. verrucosa, and G. salicornia species
are found in Palk Bay’s muddy inter-subtidal areas due to the con-
vergence of many rivers curving to the sea. The Gulf of Mannar
shows ample growth of Sargassum, Acanthophora, Hypnea, Geli-
diella, and Turbinaria species along with several Ulva species from
20 islands of Gulf of Mannar [20].

Similarly, different marine algae are flourished at 121 km long
rocky coastline in the Sindhudurg district of Maharashtra, includ-
ing 38 recorded species of seaweeds: 16 species of Chlorophyta
(6 genera), 10 species of Phaeophyta (6 genera), and 12 species
of Rhodophyta (11 genera). Nevertheless, a significant number of
seaweeds species (36) are collected from selected sites such as Chi-
vala (Malvan) coast, followed by Devgad (33) and Vengurla (33),
Malai (32), Vijaydurg (31), Kunkeshwar (30), Kolamb (29) and
Mithbav (27) [21].

3. Effect of seaweeds on plants

As mentioned before, seaweed extracts have various organic
constituents which help the plants in different ways for their
growth and development. The chemicals present in the extracts
are called bio-stimulants which can stimulate the growth and
development of the crops when applied in small amounts. The
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application of chemical nutrients helps plant growth, but this
growth is merely due to the nutrients supplied by the chemical fer-
tilizers. However, the bio-stimulants alter and manage the cell
division, instigating the flowering of the plants [25] and controlling
the root-shoot elongation [26]. Apart from these, seaweed bio-
stimulants enhance the rooting, yield, stress tolerance, resistance
against various fungi, bacteria, viruses, and photosynthetic activity
[12,22,27]. Moreover, seaweed extracts have shown promising
results in the growth and yield of multiple crops such as rice
[28], cucumber [29], strawberry [30], grapes [31], tomatoes
[32,33], and capsicum [34]. Besides, seaweeds from the Tamil Nadu
coast showed promising results in the growth and yield of the
green gram, black gram, mustard, and paddy [35].

Similarly, tomato seedlings treated with liquid extracts
obtained from Ulva lactuca (green algae) and Grateloupia filicina
(red algae) showed an increased level of terpenes in the tomato
leaf compared to the untreated saplings [36]. An 18% increase in
fatty acid is reported in tomato leaf after the treatment with Ulva
lactuca. Such an increased level of components in the waste part
of plants can be helpful in terms of extracting a good yield of sec-
ondary metabolites of high value. The improved fatty acid in the
tomato leaf can also be used for biofuel production.

Moreover, seaweed extracts have shown promising results in
improving photosynthesis, increased carbohydrate and lipid con-
tent [27], and increased nutritional value of foods [38]. Besides
their growth-stimulating properties [39], seaweeds are also poten-
tial candidates for crop protection due to different existing compo-
nents in the extracts. These extracts elicit resistance by regulating
the gene expression, inducing the salicylic acid pathway, reactive
oxygen species-dependent pathways, and various other pathways.
The effects of aqueous extracts, alkaline extracts, and dry powder
of seaweeds on different crops are well documented [40].

Nevertheless, the phenolic compounds present in the seaweed
extracts act as structural polymers, signal compounds, and defense
response chemicals. These phenolic compounds provide an antimi-
crobial effect and stimulate the plant defense systems. They also
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Fig. 2. Effects of seaweeds on plants and soil (Reproduced from [37]).
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increase the nutritional value of crops when applied to the plants
[41]. Various extraction methods can increase the presence of
these phenolic compounds. For example, when the microbial
solid-state fermentation extraction method is used, the biological
functionalities and bioavailability of the nutrients in seaweeds
are improved due to their high amino acid and phenolic content
[42]. Seaweeds are also applied to the soil in granules and powder
form, enhancing the soil and water holding capacity, thereby act-
ing as soil conditioners when applied to the soil [43,44]. They
maintain the nutritional quality of the soil, which is necessary
for plant growth. Besides their soil conditioning activity, seaweeds
also show anti nematode activity. They prevent the plant’s roots
from root-knot nematode, which will help in reducing the plant
parasite nematode diseases [45].

Moreover, they show positive effects on soil respiration and
nitrogen mobilization. The positive impacts of seaweed extracts
on plants and soils can be seen in Fig. 2 [37]. Apart from using sea-
weeds as a whole, a mixture of various bioactive compounds can
be used economically by separating or extracting different bioac-
tive molecules from the seaweeds. But these bioactive molecules
are prone to decay or lose their activity over time. However, this
problem can be solved by immobilizing them with various biomo-
lecules or encapsulating them into different polymers, which can
help preserve their activity and release the bioactive compounds
slowly and more effectively in a sustainable manner.

4. Seaweed extracts as elicitors in plants

Seaweed extracts contain various biomolecules such as carbo-
hydrates, proteins, lipids, fats, and several micro and macronutri-
ents. These biomolecules also act as elicitors apart from
providing nutrients to the crops. They are recognized by the plant’s
innate immunity system, thereby helping plants cope with patho-
gen infections. For example, algal polysaccharides promote growth
and protect plants from pathogens [39,46]. Different oligosaccha-
rides and polysaccharides such as beta-glucans, alginates, fucans,
ulvans, and carrageenans have elicitor activity [22,47-51]. Ulvans
are sulfated rhamnose heteropolysaccharides that are present in
green seaweed Ulva spp. Fucans and carrageenans are sulfated
polysaccharides present in brown and red seaweeds [52]. Ulvans
tend to induce resistance against rust [53], powdery mildew
[54,55], anthracnose [56,57], and wilt development in tomato
[58]. A study carried out by Soukaina et al. shows that fucoidans
exhibit promising results in plant protection [59]. The fucoidans
obtained from F. spiralis and B. bifurcate show elicitor activity on
phenolic metabolism due to phenylalanine ammonia-lyase (PAL)
activity in palm dates [59].

Similarly, glucan laminarin shows excellent results in reducing
the severity of downy mildew and gray mold on the grapevine
under lab conditions [60]. Under greenhouse conditions, the grape-
vine sprayed with glucan laminarin revealed a reduced downy mil-
dew disease infection rate of 85% and 57% with a dose of 5 g and
1.25 g per liter, respectively, implying the dose-dependent resis-
tance [61]. These elicitors are also known to increase the produc-
tion of secondary metabolites [52,62-64].

5. Mitigating stress-induced limitations in plants

Every region has different geographical conditions such as tem-
perature, rainfall, nutrient content of the soil, soil texture, pH,
water retention capacity, which are extremely important to be
considered while performing agricultural activities. The absence
or excessive presence of these conditions may lead to stress condi-
tions for the plants. Extreme temperature, nutrient deficiency,
salinity, drought, and pH are the different stresses that plants face
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depending upon the regions, indirectly affecting crop production
and yield. Increasing the plant’s stress tolerance helps them grow
under unfavorable conditions [65]. Besides, the application of sea-
weed extracts on plants produces various stress-related metabo-
lites, which help alleviate the plant’s stress tolerance [41,66]. For
example, the fucoidans obtained from brown algae Macrocystic
pyrifera were shown to act as a stimulator in improving the salt
stress tolerance in wheat plants [67], fulvic acid based biostimu-
lant obtained from Ascophyllum nodosum (L) extract showed
increased water deficiency tolerance in soybean [68]. These
extracts help stimulate plant growth and productivity and limit
the development of phytopathogens.

Moreover, plants show various physical, biochemical alterations
to adapt to different stress conditions. Nevertheless, soil health is a
vital part of agriculture and needs to be maintained to produce a
better yield. In most arid regions where the water holding capacity
of the soil is low, seaweeds can be used to increase their water-
holding capacity by providing moisture to the soil. The polysaccha-
rides and oligosaccharides extracted from the seaweeds act as
chelating agents to bind other elements and thus forming a gel that
can hold water effectively [69]. These natural poly-/oligo-
saccharides can be engineered to increase their water-binding abil-
ity so that the engineered components can lead to bringing down
the losses that occur due to temperature and drought. Further-
more, bio-stimulants prepared from various seaweed extracts alle-
viate abiotic stress like drought tolerance, ion homeostasis,
oxidative stress, salt tolerance, osmotic stress, cold stress toler-
ance, heat tolerance, temperature stress, chilling tolerance, and
heavy metal tolerance [70]. Thus, it is evident that yield can be
improved by increasing the stress tolerance of the plants.

6. Seaweed economy in India

According to the Food and Agriculture Organization (FAO), the
global market value for seaweed was USD 12 billion in 2019.
According to the State of World Fisheries and Aquaculture (SOFIA),
the global production of seaweeds, including wild-collected and
cultivated algae, was 32.4 million tonnes in 2020, according to
the State of World Fisheries and Aquaculture (SOFIA). In 2018,
India produced 5300 tonnes of wet seaweed weight, around
0.02% of the world’s total share. The total seaweed production in
2020 was 25,000 tonnes which are expected to increase to
1,120,000 tonnes by 2025 with the help of funds provided by the
Government of India (GOI). Since 2017, the department of fisheries,
GOlI, has funded many research institutes that worked together to
provide training, assistance for seaweed cultivation and set up sea-
weed processing units. The total biomass produced between 2017
and 2020 from Gracilaria spp. and Kappaphycus alvarezii were
255.32 tonnes and 201.72 tonnes wet weight, respectively. Since
2017, the total funds released by National Fisheries Development
for projects was INR 53.55 million, which benefitted 1000
beneficiaries.

According to the Pradhan Mantri Matsya Sampada Yojna
(PMMSY), the Government of India has planned to invest approx.
640 crore INR Rupees for five years. The objectives of the scheme
are listed below:

To increase the production and productivity in the seaweed
aquaculture in the country for harnessing the capacity of the
coastal waters and reducing reliance on wild harvest.

To improve the seaweed value chain and industrial product
diversification to meet domestic demand and reduce depen-
dence on imports.

To promote seaweed cultivation as a viable and sustainable
livelihood amongst rural communities, particularly for women.
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Fig. 3. State-wise expected target of seaweed production [71].

To establish an institutional mechanism in research and devel-
opment in seaweed farming and value chain and mechanism for
effective technology transfer.

Under the PMMSY, the coastal states of India have determined
an expected target to achieve by the year 2025 (Fig. 3).

Apart from allocating targets to individual states, the GOI has
prepared state-wise funding patterns under PMMSY. This fund will
be used for seaweed cultivation and for establishing seed banks,
genetic improvement programs for high-yielding cultivars, sea-
weed parks, etc. These funds will help seaweed cultivation, provide
employment to huge populations and bring economic empower-
ment to coastal women.

7. Challenges and future perspective

Seaweeds grow in water-rich mineral supplements and can
sequester carbon. Due to rapid industrialization, contamination
of water bodies has taken place. This becomes a challenge for the
seaweeds to thrive in such contaminated water, resulting in the
low availability of raw materials. The nescience on seaweeds and
their application among the farmers of interior India limits the
use of seaweeds in agriculture. Also, the rapid tourism develop-
ment near the sea coast or beaches indirectly affects seaweed
growth.

Different methods have been employed for the extraction of
bioactive molecules from seaweeds. Research should focus on
combining other extraction methods to extract various bioactive
stimulants separately from Ascophyllum nodosum seaweeds and
investigate their applications. Enzyme-mediated extraction of
bioactive molecules from A. nodosum needs to be studied due to
the lack of available data. As the effects of these extracts depend
on the extraction methods, it is essential to develop and optimize
a new process that can give optimal results irrespective of the
extraction process. The crude seaweed extracts are a mixture of
different bioactive molecules, and it is crucial to study the physic-
ochemical effects of other bioactive molecules from the extracts on
plants. It is also essential to understand the component’s interac-
tion in the extracts to determine the concentration used at differ-
ent plant growth stages. These bioactive molecules are prone to

decay over time; hence its study regarding its preservation is also
as vital as studying the bioactive molecules extracted from sea-
weeds. Nevertheless, an investigation is required to determine
the mechanism behind various bioactive molecules in plant
growth and development.

8. Conclusion

The present research highlights the importance of fertilizers
from seaweed extracts and their applications in growth regulators
in plants. To avoid the applications of conventional methods, we
think the approach should be an extensive study on the extraction
of bioactive molecules, which has been done sporadically. We
strongly suggest extraction of the same from different site-
specific seaweeds for improving the shelf life of different crops
and pest control. An extensive skilled development training pro-
gram should be conducted for common awareness for the cultiva-
tion of seaweeds in different parts of the country and to generate
revenue for livelihood. A quick action plan or road map may be
prepared and bring the knowledge to the environmentalists and
conservationists for immediate germplasm conservation, which
will be extinct. Hence, the authors have an opinion on extensive
exploration of seaweeds in different parts of the country for sus-
tainable agricultural development.
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