


Review Article
Seaweed as a Potential Source of Biopesticidal Action on Economically Important Agronomic Pests
Abstract
Seaweeds are macroscopic algae and are widely distributed across the world. They are considered living renewable resources and take more time to decompose. Seaweeds are a good source of secondary metabolites, macro & micro nutrients etc. Active compounds from seaweeds hold a wide range of biological activities, including antibacterial, antifungal, antioxidant, anti-cancer, anti-inflammatory, insecticidal, pesticidal activity etc. The designed review aimed to document the pesticidal activity of economically important agricultural crop pests. Mostly the methanolic, acetonic, and ethanoic extracts have significant pesticidal activity to S. litura, D. cingulatus, P. scintillans, T. castaneum, H. armigera, A. devastans, and D. melanogaster etc. The pesticidal compounds derived from plant material are used as biopesticide formulations. Biopesticides are non-hazardous to animals as well as the environment. Apart from the pesticidal activity, seaweeds also reduced the insect growth and biological fitness. Among biological fitness, the detoxification enzymes play a vital role in insects to develop resistance to insecticides. As a result, the detoxification enzymes are reduced while insects automatically develop resistance to biopesticides, and enhanced plant growth and yield. Hence, the review recommended using seaweeds as biopesticides for pest management programs, and that in the future, more research is needed to successfully formulate and use of seaweeds.     
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Introduction 
[bookmark: _Hlk205554375][bookmark: _Hlk205554520][bookmark: _Hlk205554635]The most manageable marine resource in the coastal area is marine macro algae, seaweeds, which are macroscopic and multicellular, and have the potential to be a significant source of biological compounds (Sangiya and Naveen Kumar, 2022). The term algae covers a wide range of photosynthetic creatures, primarily those found in freshwater and marine environments (Specht et al., 2017; Gärtner et al., 2021). Larger eukaryotic marine macro algae, also termed as seaweeds, and classified into many families according to their pigments. The most common families are green, red, and brown algae. They are the living renewable resources of the ocean (Kumar et al., 2011).  Seaweeds' usage as food in India is fairly limited. Secondary metabolites such as alkaloids, phenols, flavonoids, Saponins, steroids, and macro & micro nutrients like Protein, minerals, dietary fibres, vitamins, vital amino acids, and essential fatty acids are all found in marine algae. Furthermore, seaweeds include bioactive substances. Recently, they have increased their value as a source of new bioactive molecules, and investigators have shown that active biochemicals derived from seaweeds have a wide variety of biological actions (Sangiya and Naveen Kumar, 2022), including biofuels, medicines, fertilizers, plant growth stimulants, and biopesticides.  Active biochemical compounds to induce toxicity and alter the growth rate, behaviour, development, and metabolism of several agriculturally important insect pest species (Ali et al., 2013; Yu et al., 2015; Hamed et al., 2018; Kannan and Priya., 2019; Gowthish and Kannan, 2019).
Pest 
Phytophagous and polyphagous arthropods such as insects and mites are routinely reported as economic important pests of groundnut, pulses, castor, cotton, chilli, tobacco, rice banana, sunflowers, tomato, cabbage, ladies finer drum stick etc.,  Pest of agricultural field is very problematic to control by the insecticide for the reason that it is highly mobile, Polyphagous (Iwata et al., 1975) and Polymorphic (Sahayaraj and llayaraja, 2008). It has also caused noteworthy impairment to economically vital crops and forest crops all over the world, and crop losses from 10% to 30% in major crops (Kamaraj et al., 2018), and still poses a threat of major concern (Kaviya et al., 2022). First and second instar nymphs of D. cingulatus seldom present totally on the floor of the agricultural field. After reaching the 3rd instar, they disperse into the crop plant and start to damage the plant.
Synthetic insecticides
The last decades' research using chemical control for fighting pests by using chemical compounds such as organophosphorous, chlorinated, carbamate, and pyrethroid pesticides. However, the excessive use of synthetic insecticides during the last decades has caused serious problems around the world, including widespread environmental contamination, toxicity to non-target organisms, predators, parasitoids, and humans (Isman 2008), insect resistance, and bio-magnification (Hemingway et al., 2002). Hence, there is an increasing need for new sources of selective compounds with an insecticidal effect focused on the target pest. For this reason, some conventional pesticides were replaced by biorational pesticides, which act specifically on insect pests and are less harmful to humans and the environment (Ishaaya and Horowitz, 2007).
Biopesticides 
In worldwide research focused on alternative ways or methods for crop treatments, fertilizers, herbicides, insecticides, and fungicides (Chanthini et al., 2012; Emani, Hunter 2013; Sinisterra-Hunter, Hunter 2018; Kumar et al., 2018). Biopesticides or bioinsecticides or botanical insecticides derived from natural sources offer a solution to the hazardous effects caused by the application of chemical pesticides, because botanical insecticides break down rapidly in nature and they are lower toxic to non-target organisms (Senthil-Nathan et al., 2009; Ponsankar et al., 2016). Biopesticides are eco-friendly and environmentally non-violent alternative sources for crop protection (Mansour et al., 2011; Kabiri et al., 2012; Abbad and Besheli, 2013; Manisha and Anilkumar, 2018). Plants and seaweeds are a great source of secondary metabolites to find novel molecules with insecticidal effects.  Particularly, seaweeds hold more number of secondary metabolites, including functional proteins, peptides, alkaloids, terpenoids, carotenoids, flavonoids, saponins, and polyphenolic compounds. 
Insecticidal activity
The different seaweed extracts and seaweed-based extract-derived compounds showed strong insecticidal activity, as displayed in Table 1. González-Castro et al., (2019) reported that the active metabolites, like isolaurinterol, laurinterol, and debromolaurinterol from ethanolic extract of seaweeds Laurencia johnstonii, Sargassum horridum and Caulerpa sertularioides showed 100% mortality at the concentration of 15 mg mL−1 against Diaphorina citri adults. LC50  -  284 rate of Laurencia johnstonii exhibited higher insecticidal activity. In order to be situated, plentiful plants have insecticidal activity potential, with one such substitute being marine macroalgae. The marine macro algae, generally notorious as seaweeds, are one of the dominant species that occupy all over the world's marine ecosystems.
Benzene (BE), Chloroform (CH), and Benzene + Chloroform (BECH) extract of drifted brown Sargassum tenerrimum hold strong insecticidal action to Dysdercus cingulatus nymphs (Sahayaraj and Mary Jeeva, 2011). Benzene extract showed the greatest insecticidal action (LC50 = 0.574 & 0.009%), higher than BNCH (LC50 = 0.700 & 0.021%) and CH extracts (LC50 = 0.6677 & 0.2481% &) after 1st and 4th day treatments, respectively.  BECH extract of S. tenerrimum significantly (P < 0.05) reduced the total nymphal developmental days (14.44 ± 0.69) at all concentrations (0.1, 0.2, 0.4, 0.8, & 1.6). Even after successful mating, BE extract significantly reduced (100%) the egg-laying capacity in all concentrations. BNCH S. tenerrimum treated D. cingulatus adults died immediately after moulting. The drifted seaweeds caused mortality by numerous ways, principally by reducing total body protein (BECH - 55.82%, BE - 31.55%, CH (14.77%), genomic DNA content (BE - 52%, CH - 27.17%, BECH - 25.54%).     

Table 1. List of the Pesticidal impact of various seaweeds extract on agriculturally important pests.    
	S. No
	Algal Species

	Extract
	Target insect 
	Reference

	1. [bookmark: _Hlk205555574]
	Acanthophora spicifera, Gracilaria corticata and Jania rubens
	Aqueous and methanol extracts
	Spodoptera litura
	Dharani Priya et al., 2022

	2. 
	Asparagopsis taxiformis
Laurencia karachiana
Gracilaria foliifera
Jania rubens
	hexane, dichloromethane, and methanol
	 Sitophilus oryzae L. 
Callosobrocus maculatus
	Bibi et al., 2021

	3. 
	C. antennina 
	Methanol, Acetone 
	S. litura
	Chanthini et al., 2021

	4. 
	Caulerpa racemosa
	Ethanol, water

	Anopheles stephensi, Aedes aegypti, 
Culex quinquefasciatus
	Ali et al., 2013

	5. 
	Caulerpa scalpelliformis
	Chloroform,
methanol, hexane
	[bookmark: _Hlk205555591]Dysdercus cingulatus,
S. litura
	Kombiah et al., 2012

	6. 
	Caulerpa scalpelliformis
	Acetone
	C. pipiens
	Cetin et al., 2010

	7. 
	Caulerpa scalpelliformis
	Methanol
	[bookmark: _Hlk205555612]Porthesia scintillans
	Sahayaraj et al., 2021

	8. 
	Caulerpa scalpelliformis, Dictyota dichotoma 
	Acetone 
	A. aegypti 
	Thangam and Kathiresan, 1991 

	9. 
	Caulerpa sertularioides,
Laurencia johnstonii,
Sargassum horridum
	Ethanol 
	Diaphorina citri
	González-Castro et al., 2019

	10. 
	Chara vulgaris,
Parachlorella kessleri,
Ulva intestinalis,
Cladophora glomerata,
Nostoc carneum
	Ethanol 
	S. littoralis
	Saber et al., 2018

	11. 
	Dictyota linearis,
Padina minor
	Ethanol 
	A. aegypti
	Bantoto and Dy, 2013

	12. 
	Gracilaria edulis, 
Hypnea spicifera,
Liagora ceranoides,
Turbinaria conoides, 
Sargassum wightii, 
Stoechospermum marginatum
	Methanol, Chloroform, Hexane,  and Acetone 
	Plutella xylostella
	Mary Lisha et al., 2022

	13. 
	Gracilaria ornata 
	Liquid nitrogen
	Callosobruchus maculatus 
	Leite et al., 2005

	14. 
	Hypnea musciformis 
	Aquas 
	Plutella xyllostella 
	Roni et al., 2015 

	15. 
	Liagora ceranoides 
	Methanol
	[bookmark: _Hlk205555633]Oryzeaphilus Mercator, Tribolium castaneum 
	Pasdaran et al., 2016

	16. 
	Microcystis, 
Oscillatoria, Nodularia, Nostoc anabaena
	Hydrophilic,
lipophilic extracts
	A. aegypti
	Kiviranta et al., 1993

	17. 
	Nostoc sp.
	Methanol 
	[bookmark: _Hlk205555648]Helicoverpa armigera
	Biondi et al., 2020

	18. 
	Padina pavonica
	Chloroform, benzene
	D. cingulatus
	Sahayaraj,  Kalidas, 2011

	19. 
	Plocamium
Cartilagineum
	Mertensene,
violacene, and
derivatives
	Tuta absoluta,
Schizaphis graminum
	Argandoña et al., 2000

	20. 
	Plocamium cartilagineum  
	
	Heliothis virescens, 
Tuta absoluta, Diabrotica undecimpunctata, Ostrinia nubilalis, 
S. frugiperda,  Anthonomus grandis, Macrosteles facifrons, Aphis fabae, 
Schizaphis graminum, Tetranychus urticae
	Aurelio San-Martin et al., 1991


	21. 
	 Sargassum cristaefolium 
	Methanol 
	S. litura 
	Kaviya et al., 2022

	22. 
	Sargassum tenerrimum 
	Benzene, Chloroform, and Benzene, 
	D. cingulatus
	Sahayaraj and Mary Jeeva, 2011

	23. 
	Sargassum tenerrimum
	Chloroform, benzene 
	D. cingulatus
	Sahayaraj, and Jeeva, 2012

	24. 
	Sargassum tenerrimum and Gracilaria corticate
	Methanol
	Aphids 
	Thawfeeq et al. (2022)

	25. 
	Sargassum wightii
	Acetone 
	S. litura
	Niroja and Kannan, 2020

	26. 
	Sargassum wightii,
Padina pavonica
	Chloroform,
methanol,
extracts
	D. cingulatus
	Asharaja and Sahayaraj et al., 2013

	27. 
	Spirulina platensis,
Sargassum vulgar
	Water and ethanol
	S. littoralis
	Rashwan, and Hammad, 2020

	28. 
	Stoechospermum polypodioides, Sargassum wightii, Turbinaria ornata 
	70% Acetone 
	[bookmark: _Hlk205555698]Amrasca devastans
	Petchidurai et al., 2023

	29. 
	Ulva fasciata, Grateloupia lithophila 
	Methanol, acetone, benzene 
	A. aegypti 
	Josmin Laali Nisha and Poonguzhali, 2013 

	30. 
	Ulva fasciata, U. Lactuca
	Methanol 
	D. cingulatus
	Asha et al., 2012

	31. 
	Ulva Lactuca
	Acetone, ethanol,
chloroform, methanol,
petroleum ether
	C. pipiens,
S. littoralis
	Abbassy et al., 2014

	32. 
	Ulva Lactuca
	Acetone 
	[bookmark: _Hlk205555719]Drosophila melanogaster
	Rima et al., 2021

	33. 
	Ulva Lactuca
	Acetone 
	D. melanogaster
	Rima et al., 2021



By quickly hydrolysing the excitatory neurotransmitter acetylcholine into choline and acetic acid, AChE contributes to neurotransmission at cholinergic synapses, according to Hsiao et al. (2004). Insecticides also cause acetylcholine (ACh) to build up at synapses by inhibiting cholinesterase (ChE) action, which disrupts neurological function in some animals (Pradhan and Mishra 1998).
Acetylcholine esterase is hydrophobic in insects but hydrophilic in humans, meaning that nonpolar extracts can readily enter tissue, reach AChE, and inhibit AChE more efficiently than polar extracts. This is why nonpolar solvents showed higher insecticidal activity than polar solvent extracts. It is necessary to choose polar extracts—more especially, aqueous extracts—over nonpolar ones, because polar extracts are inexpensive, safe, and undoubtedly have no negative impacts on either humans or the environment (Hadear Hanie Amin 2009).
The green seaweed extract of Caulerpavera veravalensis was examined by Sahayaraj et al. (2019) for its ability to inhibit the behavioural response and mortality of Dysdercus cingulatus. At a treatment dose of 100 μg/mL of C. veravalensis, the ovicidal activity was 87%. When crudely handled, adults emerged, their abdomens shrank, and they finished moulting. The adult lifespan, fertility, egg hatchability, oviposition, and RGR of D. cingulatus are all disrupted by the 100 μg/mL concentration of crude extract. Additionally, a smaller insect in comparison to the control was seen, along with collapsed forewings and hind wings. Compared to males, females are more vulnerable to seaweed extract. The aforementioned actions may be caused by the active ingredients in C. veravalensis's tetradecanoic acid, 10, 13-dimethyl-, methyl ester (89.20) (Sahayaraj et al., 2019). 
Using benzene and chloroform, Sahayaraj & Kalidas (2011) isolated, measured, and evaluated the phytochemicals of brown algae P. pavonica to determine their insecticidal activity. Steroids, saponins, and phenolic substances were all present in the extract. After 96 hours of treatment, the Benzyne extract has high nymphicidal action (LC50=0.004%) against D. cingulatus nymphs, followed by the chloroform extract (LC50=0.039%). P. pavonica extracts interfere with the physiology of insect pests, resulting in reduced or increased nymphal developmental period and significantly (P<0.05) reduced the total body protein of D. cingulatus (PPCE - 20.4mg/100mg and PPBE - 16.1mg/100mg) compared to the control (26.4 mg/100mg).  D. cingulatus eggs are typically oval, creamy white, and have a thick chorion. Through embryo development time, creamy white turns into yellow colour at the fourth day of incubation, and the 5th to 6th  day turns into orange. According to Sahayaraj & Kalidas' (2011) research, the application of seaweed extract caused the embryo to entirely shrink by halting its growth. After the fourth day, the morphological structure (shrinkage) becomes apparent. Some anti-juvenile hormonal chemicals in the P. pavonica chloroform extract were the cause of the shrinkage (Sahayaraj & Kalidas 2011).
Sargassum tenerrimum and Gracilaria corticata were extracted by Thawfeeq et al. (2022) using methanol, which has a potent insecticidal effect on aphids in a dose-dependent manner. According to Kaviya et al. (2022), a 15% concentration of S. cristaefolium resulted in a 75.98% death rate via decreased antifeedant mechanisms of 60.79%. The author found that the largest pupal malformation was 21.00% at 5, 7, 9, 11, and 15% S. cristaefolium extract, while the lowest pupation was 26.72% at 15%. According to Niroja and Kannan (2020), 40% of the insects died after 24 hours of exposure to the acetonic extract of S. wightii (200μl/ml). In comparison to the untreated control, seaweed extract affected the growth and development phase of insects, including larval days and mortality, pupal time and mortality, pupal deformity, and adult mortality. After a 24-hour exposure, the poisonous qualities of several red seaweeds were generally least effective. The findings of Bibi et al., (2021) displayed the LC50 data of the Dichloromethane extract of Asparagopsis taxiformis, which is highly toxic to storage pest C. maculatus (1.14) and Sitophilus oryzae (1.43) by contact toxicity approaches. Methanol extracts often include more ingredients than hexane extracts, which are polar solvents. Dichloromethane has an intermediate polarity yet produces mortality that is equal to that of a polar solvent extract, according to the findings of Bibi et al. (2021). 
The presence of fumigant and/or contact toxicants in the seaweed extract is demonstrated by the knockdown effects of the dichloromethane extract of A. taxiformis, which may suppress the neurotransmitter or change the physiological phenomena of the insect. Volatile complexes, when they enter the insect body through the spiracle, result in the accumulation of CO2, which in turn suffocates the insects. According to Sugiura et al. (2008), suffocation maintains the spiracle open, allowing more fumigants to adhere to haemoglobin and cause extracellular fluid and/or hemolymph acidosis. Inhibition of neurotransmitters e.g. acetylcholinesterase, induces damage by blocking sodium-potassium channels and disturbing nerve-membrane potential, affecting CNS and PNS (Rattan, 2010). Subsequently, a knockdown effect was detected in the C. maculatus while exposing insects to the dichloromethane extract of A. taxiformis and the hexane extract of L. karachiana caused high mortality within 24 h of application.
Under no-choice conditions, Mary Lisha et al. (2022) used the leaf dip method to test the pesticidal potential of the seaweeds G. edulis, H. spicifera, L. ceranoides, T. conoides, S. wightii, and S. marginatum. After 72 hours of therapy, they observed that the chloroform extract of S. wightii had an 80% fatality rate. Twenty-five active metabolites were found in the methanolic extract of S. wightiii according to the GC-MS/MS study. Among the distinct metabolites identified in S. wightii were 6-Octadecanoic acid, Papveroline, Paroxypropione, o-Methoxymandelic acid, 11, 14-Eicosadienoic acid, Oxirane, 2-Hydroxy-5-Methyl acetophenone, Alpha-Bromo-gamma-valerolactone, and 2-O-Methyl-d-xylose. These active ingredients might be responsible for the higher insecticidal property of S. wightii as revealed in this study.
According to Rima et al. (2021), Ulva lactuca acetonic extract includes special bioactive compounds that increase the insecticidal action against D. melanogaster by contact toxicity and ingestion (spray applications). When they enter the insect's body through the food or contract, secondary metabolites such as phenolic, polyphenolic compounds, quinones, terpenoids, alkaloids, etc., can either act on the nervous system, causing permanent nerve stimulation and insect death, or they can block metabolic pathways by interfering with essential enzymes (Khambay et al., 2003; Mirza et al., 2017).
In a dose-dependent manner, the seaweed extract and C. antennina fraction demonstrated potent larvicidal activity against S. litura larvae in their third, fourth, and fifth instars. According to Chanthini et al. (2021), C. antennina Fractions at 100 ppm is very efficient against 97% of third-instar larvae and result in malformed pupae and adults. S. litura's histology, biochemistry, and haematology were all significantly disrupted by C. antennina extract. One of the most significant classes of enzymes, ATPases, is essential for the movement of organic molecules such as glucose and amino acids throughout the body of insects. According to González-Santoyo et al. (2010), the active biochemicals found in seaweeds alter the physiology of the insect's gut and decrease the activities of ATPase, ACP, and ALP, which lowers energy levels and disrupts metabolite transport, especially reducing food indigestibility or causing feeding to stop (Senthil-Nathan et al., 2004; Senthil-Nathan et al., 2005; Zibaee et al., 2010). 
Insects have a robust immune system that includes both humoral and cellular defences. The phenoloxidase enzyme and haemoglobin, which are highly resistant to poisons and invaders, are the primary regulators of the insect immune system (Dhivya et al., 2018). Unwanted particles or active ingredients from biopesticides can disrupt these defensive systems if they get into an insect's body. This will negatively impact the defence systems and lower the insect's biological fitness. Detoxification enzymes are essential to insects' biological fitness because they help them become resistant to pesticides. Consequently, the insect naturally lowers the levels of pesticide resistance while detoxifying enzymes are decreased (Vasantha-Srinivasan et al., 2018).
Recently, Petchidurai et al. (2023) invented a method that drifted seaweeds' tannin crude extract, fraction, and ECs from S. wightii S. polypodioides, and T. ornata, which have strong insecticidal activity properties to cotton leaf hopper A. devastans nymphs and adults by oral and contact toxicity methods. The authors reported that the Contact toxicity methods displayed, F1 of S. polypodioides (LC50 = 0.019%) was more toxic to A. devastans nymphs than gallic acid and tannic acid. Complete, the brown seaweeds tannin Fraction 2 exhibited a robust impact against A. devastans adults by Oral and Contact toxicity at both nymphs and adults. In seaweeds, tannin caused mortality in three different ways: first, generally, tannin is acidic in nature, when it enters the insect midgut and undergoes oxidation and reacts with insect essential amino acids to make an insoluble protein binding complex, causing digestive system problems, and finally causes death of the insect.  In contact toxicity methods, once tannic acid binds and reacts with the insect’s cuticle, chitin and wax materials are dissolved, blocking the respiratory system, which ultimately leads to insect mortality. Drifted seaweeds' tannin extracts pointedly reduced the gastrointestinal enzymes like amylase, protease, lipase, invertase, glycosidase, and acid phosphatases, as well as the detoxification enzymes esterase and lactate dehydrogenase. If detoxification enzymes are reduced, the insect is unable to develop resistance against the pesticides.
One more work of Sahayaraj et al (2021) pointed out the methanol extract of C. scalpelliformis and its fraction (LC50 - 0.810) showed stronger insecticidal activity to Porthesia scintillans with dose-dependent toxicity and also repellent activity.  The researcher observed C. scalpelliformis extract and fractions reduced the pupation and adult longevity and caused external morphological irregularities. The C. scalpelliformis fraction showed potentially high mortality due to the presence of fatty acids and palmitic acid. 
Plant Growth Stimulation 
Seaweeds extract their own plant growth hormones, that is mainly answerable for plant growth stimulation and the upsurge of the intensity of photosynthesis (Tarakhovskaya et al., 2007, Zhang et al., 2010, Chojnacka et al., 2012). Seaweeds and their extracts are highly valuable resources that show a wide range of positive effects on plants, particularly in agriculturally important crops (Asimakis et al., 2022). The positive effects include improved seed germination, plant growth (Khan et al., 2009), higher biomass yield, post-harvest shelf-life, and protection against biotic and abiotic factors (Crouch and van Staden, 1993; Khan et al., 2009; Craigie, 2011; Sharma et al., 2014; Specht et al., 2017; Lee et al., 2021), resistance to pests and diseases (Stephenson, 1966), and fruit quality (Gupta and Abu-Ghannam, 2011; Hernández-Herrera et al., 2013). In addition, seaweed extract significantly improved the number of leaves, branches, root length, root numbers, dry biomass, and increased the leaf chlorophyll content under greenhouse conditions (Ali et al., 2019) as well as field conditions. Seaweeds extract induced the plant defence-related enzymes, auxin, gibberellin, and cytokinin biosynthesis (Ali et al., 2019). Previously, Stirk and Van Staden (1996), Stirk and Van Staden (1997); Stirk et al., (2004), and Rayorath et al., (2008) extracted and isolated the growth regulators, like auxin, gibberellic acid, cytokinin, and cytokinin-like compounds, from various kinds of algae, including A. nodosum, Ecklonia maxima, and Fucus serratus (Asimakis et al., 2022). Amid plant hormones, gibberellins were also isolated from Fucus vesiculosus and Fucus spiralis seaweed extracts (Tarakhovskaya et al., 2007). They are produced in developing seeds from glyceraldehyde-3-phosphate. Trace quantities of these hormones were noticed in an extract from Ascophyllum nodosum (O’Sullivan et al., 2011), and the key title role of gibberellins is to recruit seed germination. Abscisic acid is one more plant growth regulator that is synthesized from carotenoids in more than 60 seaweed species (e.g. Chlorella spp., Haemato-coccus pluvialis). Abscisic acid is generally accountable for the synthesis of proteins mandatory for response to drought (Tarakhovskaya et al., 2007). Majorly, abscisic acid was acknowledged in many types of seaweeds, but in some species, lunu-laric acid was identified, which plays an equal role as Abscisic acid in higher plants (Tarakhovskaya et al., 2007). 
Conclusion 
This review concluded that, worldwide, marine source has a rich, diverse number of seaweeds, and the mature seaweeds and drifted seaweeds are considered as a biological waste. Seaweeds good source of phytochemicals, exhibiting insecticidal, ovicidal, antifeedant, and repellent action to economically important agricultural pests and stimulate the plant growth parameters. So, we recommended that seaweeds be used as an eco-friendly pest management strategy. 
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