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1 Introduction
Seaweeds (or macroalgae) are aquatic photosynthetic organisms belonging to the domain Eukarya 
and to kingdoms Plantae (green and red algae) and Chromista (brown algae). Although classification 
systems have varied greatly over time and according to the authors, the following are generally 
agreed:   

 (a) The green algae are included in the phylum Chlorophyta and their pigmentation is identical to 
that of terrestrial plants (chlorophyll a, b and carotenoids).   

 (b) The red algae belong to the phylum Rhodophyta and their photosynthetic pigments are 
chlorophyll a, phycobilins (R-phycocyanin and R-phycoerythrin) and carotenoids, mostly 
β-carotene, lutein and zeaxanthin. 

 (c) The brown algae are included in the phylum Ochrophyta (or Heterokontophyta), class 
Phaeophyceae, and their pigments include chlorophylls a, c and carotenoids, dominated by 
fucoxanthin (Pereira 2009, Pereira 2018). 

These organisms are often regarded as an under-utilized bioresource, although many species 
have been used as sources of food and industrial gums, and in therapeutic and botanical applications 
for centuries (Khan et al. 2009). Many studies have been carried out on the plant growth-stimulating 
effects of marine algae (Russo and Berlyn 1990). Seaweeds have been proven as a source of 
antioxidants, plant growth hormones, osmoprotectants, mineral nutrients and many other organic 
compounds including novel bioactive molecules (Ramarajan et al. 2013, Ismail and El-Shafay 2015, 
Pacholczak et al. 2016). The use of seaweeds as biofertilizer was considered to compensate for the 
deficiency of N, P and K in soils (Tuhy et al. 2015, Singh et al. 2016, Vyomendra and Kumar 2016).

Seaweed extracts are known to contain a wide range of bioactive compounds. Several studies 
have shown that the stimulating effects are due to a variety of major constituents within the seaweed 
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extracts, such as diverse plant nutrients, phytohormones or betaines (Alam et al. 2014, Divya et 
al. 2015, Shahbazi et al. 2015, Al-Hameedawi 2016, Mirparsa et al. 2016). On the other hand, 
organic matter contained in seaweed biofertilizers is known to stimulate plant growth due to its 
nutrient content (Davari et al. 2012). It was also shown that the addition of different seaweeds as 
organic fertilizers in adequate quantities improved soil condition and growth parameters in field 
crops (Badar et al. 2015). Seaweeds improve the level of soil nutrients such as N, P and K and other 
minerals necessary for plant growth (Sethi 2012, Mirparsa et al. 2016).

Furthermore, seaweeds are rich in proteins, fiber, fat, cellulose, hemicelluloses, lignin, vitamins, 
bromine, and iodine (Mohammadi et al. 2013, Heltan et al. 2015). Also, they contain a diverse 
range of organic compounds, at least 17 amino acids (Yoo 2003, Shevchenko et al. 2007). A higher 
composition of minerals was found in marine seaweeds than in land vegetables (Manivannan et al. 
2008, Kumar et al. 2009). 

Seaweeds are generally known as a rich source of a high diversity of natural molecules. 
Seaweeds can produce high amounts of secondary metabolites, including terpenes, lipid-, steroid-, 
and aromatic-like compounds, acetogenins, amino acid-derived products, phlorotannin and other 
polymeric substances (Zbakh et al. 2012, Thinakaran and Sivakumar 2013). Marine algae also 
produce bioactive metabolites in response to microbial activities (Alam et al. 2014, Michalak et 
al. 2015), insects (Abbassy et al. 2014), and viruses (Mendes et al. 2010). It was revealed that 
red macroalgae show the best production of halogenated compounds (Pereira and Teixeira 1999). 
One study revealed that polysaccharides, fatty acids, phlorotannins, pigments, lectins, alkaloids, 
terpenoids and halogenated compounds isolated from green, brown and red algae have potent 
antimicrobial activities (Perez et al. 2016).

2 Antioxidant Activity
Marine algae, like other photosynthesizing plants, are exposed to a combination of light and 
oxygen that leads to the formation of free radicals and other strong oxidizing agents. However, 
the absence of oxidative damage in the structural components of macroalgae (i.e., polyunsaturated 
fatty acids) and their stability to oxidation during storage suggest that their cells have protective 
antioxidative defense systems (Matsukawa et al. 1997). In fact, algae have protective enzymes 
(superoxide dismutase, peroxidase, glutathione reductase, catalase) and antioxidative molecules 
(e.g., phlorotannins, ascorbic acid, tocopherols, carotenoids, phospholipids, chlorophyll-related 
compounds, bromophenols, catechins, mycosporine-like amino acids, polysaccharides) that are 
similar to those of vascular plants (Rupérez et al. 2002, Yuan et al. 2005).

Fresh seaweeds are known to contain reactive antioxidant molecules, such as ascorbate and 
glutathione (GSH), as well as secondary metabolites, including carotenoids (α- and β-carotene, 
fucoxanthin, astaxanthin), mycosporine-like amino acids (mycosporine-glycine) and catechins (e.g., 
catechin, epigallocatechin), gallate, phlorotannins (e.g., phloroglucinol), eckol and tocopherols 
(α-, χ-, δ-tocopherols) (Yuan et al. 2005). Terpenoids, polyphenols, phenolic acids, anthocyanins, 
hydroxycinnamic acid derivatives and flavonoids form other important antioxidant molecules 
from macroalgae (Bandoniene and Murkovic 2002). Many phenolic compounds from seaweeds 
have demonstrated high antioxidant activity, for example, stypodiol, isoepitaondiol, taondiol, and 
terpenoids (Nahas et al. 2007). Polyphenols constitute important antioxidant molecules of plant 
origin. Polyphenolics such as catechin, epicatechin and gallate showing antioxidant activity 
have been isolated from Halimeda sp. (Chlorophyta) (Devi et al. 2008). Phlorotannins isolated 
from Sargassum pallidum and Fucus vesiculosus (Ochrophyta, Phaeophyceae) have also shown 
significant antioxidant properties (Díaz-Rubio et al. 2011). Sulfated polysaccharides are another 
group of compounds isolated from seaweeds having antioxidant properties. Sulfated polysaccharides 
such as fucoidan, alginic acid and laminaran from Turbinaria (Ochrophyta, Phaeophyceae) have 
demonstrated antioxidant activity (Chattopadhyay et al. 2010). Many other sulfated polysaccharides 
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extracted from seaweeds—such as sulfated galactans, galactans, sulfated glycosaminoglycan, and 
porphyran—have also shown significant radical scavenging properties (Luo et al. 2009, Costa et al. 
2010, Barahona et al. 2011).

3 Secondary Metabolites
Secondary metabolites are classified according to the biosynthetic pathway from which they are 
derived. Biosynthetic and genetic studies have revealed that a limited number of core biosynthetic 
pathways, generalized in Fig. 1, are responsible for the production of most of the natural products. 

Seaweeds (macroalgae) are not only the source of primary metabolites but also an extensive 
prolific source of secondary metabolites and many of these compounds were extensively evaluated 
using bioassays and pharmacological studies (del Val et al. 2001). During the log or exponential phase, 
organisms produce a variety of substances that are essential for their growth, such as nucleotides, 
nucleic acids, amino acids, proteins, carbohydrates, and lipids, or by-products of energy-yielding 
metabolism, such as ethanol, acetone, or butanol; this phase is described as tropophase, and the 
products are usually called primary metabolites. Organisms produce several products other than 
the primary metabolites with the objective of protecting themselves and to survive in their own 
environment; these are known as secondary metabolites (Selvin and Lipton 2004). Many secondary 
metabolites are produced from intermediates and end products of secondary metabolism are grouped 
into terpenes (a group of lipids), phenolics (derived from carbohydrates) and alkaloids (derived from 
amino acids, the building blocks of proteins) (Jiang and Gerwick 1991). More than 600 secondary 
metabolites have been isolated from nearly 3600 seaweeds (Fig. 2) (Renn 1993). It is reported  
that of the total marine algae so far evaluated, 25% showed one or the other biological activity. 
Seaweed resources have been used for a variety of major metabolites such as polysaccharides, 
lipids, proteins, carotenoids, vitamins, sterols, enzymes, antibiotics and many other fine chemicals 
(Ibtissam et al. 2009).

Figure 1. Biosynthetic origin of the major classes of natural products.
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3.1 Terpenes
Terpenes are a large and diverse class of compounds produced by a wide variety of organisms, 
though plants are an especially prolific source. Terpenes are hydrocarbons (composed only of 
carbon and hydrogen). More than half of the reported secondary metabolites from macroalgae are 
isoprenoids. Terpenes, steroids, carotenoids, prenylated quinines, and hydroquinones make up the 
isoprenoid class, which is understood to derive from either the classical mevalonate pathway, or 
the mevalonate-independent pathway (Stratmann et al. 1992). Mevalonic acid (MVA) is the first 
committed metabolite of the terpene pathway (Fig. 3). Dimethylallyl pyrophosphate (DMAPP) and 
its isomer isopentenyl pyrophosphate are intermediates of the MVA pathway and exist in nearly all 
life forms (Fig. 3) (Humphrey and Beale 2006).

3.1.1 Osmoprotective compounds
Seaweeds living in marine waters are exposed to a continuous salt stress because of the high salinity 
of the marine environment. Under hyperosmotic conditions, organic compounds such as proline, 
betaines, as well as polyamines and sorbitol are synthesized and accumulated at high concentrations 
that are intimately involved in the osmotic stress adjustment in macroalgae (Van Alstyne et al. 
2003, El Shoubaky and Salem 2016). It also has been revealed that many marine algae produce 
3-dimethylsulfoniopropionate (DMSP), a potent osmoprotective compound; its degradation product 
dimethylsulfide plays a central role in the biogeochemical S-cycle (Pichereau et al. 1998, Summers 
et al. 1998). Tertiary sulfonium compounds (DMSP) and quaternary ammonium compounds (such 
as glycine betaine) were reported as efficient osmoprotectants for agricultural bacteria and plants as 
well (Asma et al. 2006, Rezaei et al. 2012, Manaf 2016).

In order to make the best use of particularly osmoprotective substances of seaweeds, many 
experiments have been performed to restore plant growth under saline conditions by using different 

Figure 2. Components of secondary metabolites of marine algae and their possible application.
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algal extracts. It was shown that, e.g., Ulva lactuca (Chlorophyta) was able to restore the leaf area 
and pigment content in soy bean under saline stress conditions (Ramarajan et al. 2013). Furthermore, 
maize growth under cold stress was restored after addition of seaweed extract (Bradacova et al. 
2016). It was also demonstrated that the addition of extracts of Sargassum vulgare (Ochrophyta, 
Phaeophyceae) improved the germination behavior of two bean cultivars (Phaseolus vulgaris) under 
salt stress (Latique et al. 2014). Other examples of successful use of seaweed extracts are application 
of seaweed extracts of Ascophyllum nodosum (Ochrophyta, Phaeophyceae) to Amaranthus tricolor 
enhancing flowering and its chemical constituents under high salinity conditions (Abdel Aziz et al. 
2011), the use of seaweed extracts to stimulate germination and growth of tomato (Lycopersicon 
spp.) seedlings under salt stress (Alalwani et al. 2012), and the application of liquid extracts of 
U. lactuca in high salinity conditions to restore growth of durum wheat (Triticum durum) (Nabti 
et al. 2010). Finally, Durvillaea potatorum (Ochrophyta, Phaeophyceae) application substantially 
improved growth and yield of bean plants under water suppression (Bastos et al. 2016).

3.2 Betaines
Ascophyllum nodosum (Ochrophyta, Phaeophyceae) extracts contain various betaines and betaine-
like compounds (Blunden et al. 1986). In plants, betaines serve as a compatible solute that alleviates 
osmotic stress induced by salinity and drought stress; however, other roles have also been suggested 
(Blunden and Gordon 1986), such as enhancing leaf chlorophyll content of plants following their 
treatment with seaweed extracts (Blunden et al. 1997). This increase in chlorophyll content may be 
due to a decrease in chlorophyll degradation (Whapham et al. 1993). Yield enhancement effects due 
to improved chlorophyll content in leaves of various crop plants have been attributed to the betaines 
present in the seaweed (Genard et al. 1991, Blunden et al. 1997). It has been indicated that betaine 
may work as a nitrogen source when provided in low concentration and serve as an osmolyte at 

Figure 3. Summary of terpene biosynthetic pathway.
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higher concentrations (Naidu et al. 1987). Betaines have been shown to play a part in successful 
formation of somatic embryos from cotyledon tissues and mature seeds of tea (Wachira and Ogada 
1995, Akula et al. 2000).

3.3 Sterols
As with many other eukaryotic cells, sterols are an essential group of lipids. Generally, a plant 
cell contains a mixture of sterols, such as β-sitosterol, stigmasterol, 24-methylenecholesterol, and 
cholesterol (Nabil and Cosson 1996). Brown seaweed chiefly contains fucosterol and fucosterol 
derivatives, whereas red seaweeds primarily contain cholesterol and cholesterol derivatives. Green 
seaweed accumulates mainly ergosterol and 24-methylenecholesterol (Govindan et al. 1993, Nabil 
and Cosson 1996) (Table 1).

Sterols are structural components of cell membrane and regulate membrane fluidity and 
permeability. They are composed of four rings (A–D) with a hydroxyl group in carbon-3, two methyl 
groups at C18 and C19 carbons and a side chain at C17 (Fig. 4). The main sterols in macroalgae are 
cholesterol, fucosterol, isofucosterol, and clionasterol (Kumari et al. 2013).

Figure 4. Chemical structures of fatty acids, sterol, phloroglucinol, carotenoids (β-carotene and fucoxanthin), 
terpenes (neophytadiene and cycloeudesmol) and a brominated compound.

3.4 Lipids and fatty acids 
Algal lipids content in seaweed ranges from 0.12% to 6.73% (dry weight). Algal lipids are composed 
mainly of phospholipids, glycolipids and non-polar glycerolipids (neutral lipids) (Kumari et al. 
2013). Phospholipids are located in extra-chloroplast membranes and account for 10% to 20% of 



70 Seaweeds as Plant Fertilizer, Agricultural Biostimulants and Animal Fodder

Table 1. Common sterol constituents of green, red, and brown seaweeds

Seaweed Type of sterol
Chlorophyta (green algae) 22-Dehydrocholesterol

24-Methylenecholesterol
24-Methylenecycloartanol
28-Isofucosterol
Brassicasterol
Cholesterol
Clerosterol
Clionasterol
Codisterol
Cycloartannol
Cycloartenol
Decortinol
Decortinone
Ergosterol
Fucosterol
Isodecortinol
Ostreasterol
ß-Stitosterol
Zymosterol
Chondrillasterol
D5-Ergostenol
D7-Ergostenol
Poriferastenol
24-Methylenophenol

Rhodophyta (red algae) 22-Dehydrocholesterol
24-Methylenecholesterol
Campesterol
Cholesterol
Cycloartenol
Desmosterol
Fucosterol
Stigmasterol
Brassicasterol
5-Dihydroergosterol
D5-Ergostenol
Obusifoliol
D4,5-Ketosteroids

Phaeophyceae (brown algae) 22-Dehydrocholesterol
Cycloartenol
24-Methylenecycloartenol
24-Methylenecholesterol
Fucosterol
Cholesterol
Campesterol
Stigmasterol
Brassicasterol
Clionasterol
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total lipids in algae. They are characterized by higher contents of n-6 fatty acids, and the major fatty 
acids present are oleic, palmitic, stearic, arachidonic and eicosapentanoic acids. The most dominant 
phospholipid in algae is phosphatidylglycerol in green algae, phosphatidylcholine in red algae, 
and phosphatidylcholine and phosphatidylethanolamine in brown algae. Glycolipids are located 
in photosynthetic membranes and constitute more than half of the lipids in the main algal groups. 
They are characterized by high n-3 polyunsaturated fatty acids. Three major types of glycolipids are 
monogalactosyldiacylglycerides, digalactosyldiacylglycerides, and sulfoquinovosyldiacylglycerides 
(Plouguerné et al. 2014). Triacylglycerol is the most prevalent neutral lipid, their content ranging 
from 1% to 97% with a function of storage and energy reservoir.

Fatty acids are carboxylic acids with aliphatic chains and prevalent even carbon numbers (C4-
C28) that may be straight or branched, saturated or unsaturated. According to the double bond, 
fatty acids are classified as monounsaturated (MUFA) or polyunsaturated (PUFA), and the latter 
can be classified as n-3 or n-6 depending on the position of the first double bond from the methyl 
end. Green algae are rich in C18 PUFAs, mainly linolenic (C18:3 n-3), stearidonic (C18:4 n-3) and 
linoleic (C18:2 n-6) acids; red algae are rich in C20 PUFAs, mainly arachidonic (C20:4 n-6) and 
eicosapentanoic (C20:5 n-3) acids, and brown algae exhibit both. Oxylipins are the oxygenated 
products of fatty acids and are mainly derived from C16, C18, C20 and C22 PUFAs and confer 
innate immunity in response to biotic and abiotic stress, such as pathogenic bacteria and herbivores 
(Kumari et al. 2013).

3.5 Phenolic compounds
Phenolic compounds are secondary metabolites because they are not directly involved in primary 
processes such as photosynthesis, cell division or reproduction of algae. They are characterized 
by an aromatic ring with one or more hydroxyl groups and the antimicrobial action is due to the 
alteration of microbial cell permeability and the loss of internal macromolecules or by interference 
with the membrane function and loss of cellular integrity and eventual cell death (Abu-Ghannam 
and Rajauria 2013).

Chemically, structures ranging from simple phenolic molecules to complex polymers with a 
wide range of molecular sizes (126-650 kDa) have been described (Cardoso et al. 2014). Polyphenols 
can be divided into phloroglucinols and phlorotannins. Phloroglucinol contains an aromatic phenyl 
ring with three hydroxyl groups (Fig. 3). Phlorotannins are oligomers or polymers of phloroglucinol 
with additional halogen or hydroxyl groups; and, according to the inter-linkage, phlorotannins can 
be subdivided into six specific groups: (1) phlorethols (with aryl-ether linkage); (2) fucols (with 
aryl-aryl bonds); (3) fucophlorethols (with ether or phenyl linkage); (4) eckols (with dibenzodioxin 
linkages; Wijesinghe et al. 2011); (5) the less frequent fuhalols (with ortho-/para-arranged ether 
bridges containing an additional hydroxyl on one unit); and (6) carmalols (with dibenzodioxin 
moiety) (Singh and Sidana 2013). The presence of simple phenols, such as hydroxycinnamic and 
benzoic acids and derivates, and flavonoids was reported in the green seaweed (Gupta and Abu-
Ghannam 2011), but brown seaweed has higher contents of phenolic compounds than green and red 
macroalgae. The typical phlorotannin profile from brown algae with antimicrobial activity mainly 
consists of phloroglucinol, eckol and dieckol (Suleria et al. 2015).

3.6 Pigments
Algae as photosynthetic organisms can synthesize the three basic classes of pigments found in 
marine algae: chlorophylls, carotenoids and phycobiliproteins, allowing classification of seaweed 
into Chlorophyta (green algae), Phaeophyceae (brown algae) and Rhodophyta (red algae). The 
green color is due to the presence of chlorophylls a and b, the greenish-brown color is attributed 
to the fucoxanthin, chlorophylls a and c, and the red color is attributed to the phycobilins, such as 
phycoerythrin (Kraan 2013).
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The antimicrobial mechanism proposed for carotenoids could lead to the accumulation of 
lysozyme, an immune enzyme that digests bacterial cell walls (Abu-Ghannam and Rajauria 2013). 
Carotenoids are present in all algae and are lipid-soluble, natural pigments composed of eight units 
of five carbons, namely tetraterpenoids, with up to 15 conjugated double bonds. Carotenoids are 
usually divided into two classes: carotenes (when the chain ends with a cyclic group, containing 
only carbon and hydrogen atoms) and xanthophylls or oxycarotenoids (which have at least one 
oxygen atom as a hydroxyl group, as an oxy-group or as a combination of the two). β-Carotene is 
the most common carotene (Fig. 3), whereas lutein, fucoxanthin (Fig. 3) and violaxanthin belong 
to the xanthophylls class (Christaki et al. 2013). β-Carotene, lutein, violaxanthin, neoxanthin and 
zeaxanthin are found in green seaweed species; α- and β-carotene, lutein and zeaxanthin are present 
in red seaweed; and β-carotene, violaxanthin and fucoxanthin are found in brown algae (Kraan 
2013).

3.7 Lectins
Lectins are natural bioactive ubiquitous proteins or glycoproteins of non-immune response that 
bind reversibly to glycans of glycoproteins, glycolipids and polysaccharides possessing at least 
one non-catalytic domain causing agglutination. Algal lectins differ from terrestrial lectins because 
they are monomeric, low molecular weight proteins, exhibiting high content of acidic amino 
acids, with isoelectric point in the range of 4–6. They do not require metal ions for their biological 
activities, and most of them show higher specificity for oligosaccharides and/or glycoproteins than 
for monosaccharides. Based on the binding properties to glycoproteins, algal lectins are divided into 
three major categories: complex type N-glycan-specific lectins, high mannose (HM) type N-glycan-
specific lectins, and lectins with specificity to both the above types of N-glycans (Singh et al. 2015). 
Lectins from marine organisms are also classified into C-type lectins, F-type lectins, galectins, 
intelectins, and rhamnose-binding lectins (Cheung et al. 2015).

3.8 Alkaloids
An alkaloid is a compound that has nitrogen atom(s) in a cyclic ring. Numerous biological amines 
and halogenated cyclic nitrogen-containing substances are included in the term “alkaloid”. The 
latter is specific to marine organisms and marine algae. They have not been found in terrestrial 
plants. Alkaloids in marine algae were classified in three groups as follows (Güven et al. 2010): (i) 
phenylethylamine alkaloids; (ii) indole and halogenated indole alkaloids; and (iii) other alkaloids, 
such as 2,7-naphthyridine derivatives. Alkaloids isolated from marine algae mostly belong to 
2-phenylethylamine and indole groups. Halogenated alkaloids are specific for algae, being bromine- 
and chloride-containing alkaloids particularly dominant in Chlorophyta. Most of the alkaloids of the 
indole group are concentrated in Rhodophyta (Barbosa et al. 2014).

4	 Biostimulation	Proficiency	on	Plant	Growth
Marine macroalgae are regarded as valuable resources for plant improvement because of their 
higher contents of mineral substances, amino acids, vitamins, and plant growth regulators, including 
auxins, cytokinin and gibberellins (Stirk and Van Staden 1997a, b). Brown algal extracts, as well as 
algae themselves, are widely used in agriculture. They have been shown to increase the productivity 
of a variety of agricultural plants, including potato, grasses, citrus plants, tomato, beet and legumes. 
Application of marine macroalgae in plant biotechnology has been shown to produce healthy plants, 
in addition to significant increase in the number and weight of fruits. Also, they offer a non-toxic 
alternative for disease management (Baloch et al. 2013). It also has been reported that aqueous algal 
extracts obtained by various means (e.g., boiling, autoclaving, or homogenization) showed positive 
effects on health, growth, and crop yield of many plants.
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Plant growth regulators mainly differ from fertilizers in several points: (i) they alter and manage 
cell division, (ii) they control root and shoot elongation, and (iii) they initiate flowering and other 
metabolic functions. Fertilizers clearly supply nutrients needed for normal plant growth (Allen 
et al. 2001). Cytokinin is regarded as the most important plant growth regulator in marine algae, 
while trace minerals present in marine macroalgal extracts play important roles in plant nutrition 
and physiology, probably as enzyme activators (Senn 1987). The exogenous application of the A. 
nodosum extract on turf and forage grasses increased the antioxidant metabolites in plants such as 
α-tocopherol, ascorbic acid and β-carotene in testing plants as well as antioxidant enzyme activities 
such as superoxide dismutase, GSH reductase and ascorbate peroxidase (Allen et al. 2001). A 
biostimulant is an organic substance that when applied in small amounts enhances plant growth 
and development and such response cannot be achieved by application of traditional plant nutrients 
(EBIC 2012). Macroalgal extracts have been used as agricultural biostimulants (ABs) (EBIC 2012). 
The use of macroalgal ABs on crop plants can generate numerous benefits with reported effects 
including enhanced rooting, higher crop and fruit yields, enhanced photosynthetic activity, and 
resistance to fungi, bacteria and virus (Sharma et al. 2014). ABs include various formulations of 
compounds, substances and other products, such as microorganisms, trace elements, enzymes, plant 
growth regulators and macroalgal extracts that are applied to plants or soils to organize and enhance 
the crop’s physiological processes, therefore making them more efficient. ABs act on the physiology 
of the plant through diverse pathways to improve crop vigor, yields, quality and post-harvest 
condition (EBIC 2012). Macroalgal ABs have been shown to influence respiration, photosynthesis, 
nucleic acid synthesis and ion uptake (Khan et al. 2009). Consequently, these products can enhance 
nutrient availability, improve water-holding capacity, increase antioxidants, enhance metabolism 
and increase chlorophyll production in plants (Zhang 1997, Khan et al. 2009). In addition, organic 
fertilizers based on seaweed extract improved the essential oil yield and composition in rosemary 
(Rosmarinus officinalis L.): both the quality and quantity of rosemary essential oil were enhanced in 
comparison with plants grown with the inorganic fertilizers. The sprayed seaweed fertilizer showed 
a significantly higher percentage of β-pinene, α-terpinene (monoterpenes), α-phellandrene and 
3-methylenecycloheptene than inorganic fertilizer on R. officinalis. Italicene, α-thujene, α-bisabolol 
(sesquiterpenes), and E-isocitral (monoterpenes) occurred in significantly higher percentages for 
plants watered with the seaweed extract. The levels were significantly different from controls and 
from plants treated with the inorganic fertilizer. The seaweed treatments caused a significant increase 
in oil amount and leaf area as compared with both inorganic treatments and the control regardless 
of application method (Tawfeeq et al. 2016). Moreover, applications of different extract types have 
been reported to improve plants’ tolerance to a wide range of abiotic stresses, i.e., salinity, drought 
and temperature extremes. Extensive studies on the chemical composition of various extracts made 
from a diversity of seaweed species revealed that the nutrient content (typically macronutrients 
including N, P, K) of the extracts was insufficient to elicit physiological responses at the typical 
concentrations at which the seaweed extracts were applied in the field (Blunden 1991, Khan et al. 
2009). Thus, it has long been suggested that the physiological effect of seaweed extracts is largely 
mediated by growth-promoting compounds and elicitors. Also, seaweed extracts played an important 
role in enhancing growth and phytochemical composition of medicinal shrubs. They enhanced plant 
growth and the phytochemical composition and antioxidant capacity of plant leaves of both species 
during moderate drought conditions (Elansary et al. 2016). Seaweed extracts and 5-aminolevulinic 
acid had stimulatory synergistic effects on the growth and secondary metabolites of Ascophyllum 
nodosum subjected to saline conditions. Several mechanisms are involved in such effects, including 
gas exchange control, sugar buildup, increasing non-enzymatic and enzymatic antioxidants control 
of reactive oxygen species accumulation, as well as transcriptional and metabolic regulation of 
environmental stress (Al-Ghamdia and Elansary 2018). Ecklonia maxima is one of the brown 
seaweeds widely used commercially as a biostimulant to improve plant growth and crop protection. 
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Eckol, a phenolic compound isolated from E. maxima (Ochrophyta, Phaeophyceae), has shown 
stimulatory effects in maize, indicating its potential use as a plant biostimulant. Eckol acted as a 
plant growth stimulant as well as exhibiting insecticidal effect for cabbage plants. Commercially 
there are very few organic compounds that have dual effects as shown by eckol. Eckol-based 
biostimulants therefore would be beneficial to the cabbage industry, where it faces consistent losses 
due to aphid infestation. More importantly, it will also help in reducing the use of chemical fertilizers 
and pesticides for sustainable agricultural systems (Rengasamy et al. 2016).

In particular, seaweed extracts made from different starting raw materials, and by different 
procedures, are reported to have a number of beneficial effects such as increased nutrient uptake, 
biotic and abiotic stress tolerances, and improvement in the quality of products (Fig. 5) (Battacharyya 
et al. 2015). Therefore, seaweed extracts are recommended especially when there is a stressful 
condition that affects crop performance. Moreover, they are considered an organic farm input as 
they are environmentally benign and safe for the health of animals and humans.

Figure 5. Methods of application of seaweed extracts, and their effects on plant 
and mechanisms of action.

5 Conclusion
Commercial extracts from raw materials of different seaweeds have received a greater acceptance in 
plant biostimulants. Extracts of various types are now being used widely and a number of the larger 
agrochemical companies include seaweed extract and formulations among their offerings.
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