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Introduction 

Fruits are essential for human nutrition and health serving as 

rich sources of vitamins, minerals, dietary fiber, antioxidants 

and phytonutrients (1). According to the Ministry of Agricultural 

and Farmers Welfare, India is the world's second largest fruit 

producer, behind China, with production increased to 112.63 

Mt in 2021-22. Additionally, fruits support digestive health, 

enhance metabolic processes and contribute to overall                         

well-being by supplying essential nutrients like calcium, 

potassium, sodium and proteins. Their antioxidant properties 
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Abstract  

Fruits play a crucial role in human nutrition by providing essential vitamins, minerals, antioxidants and dietary fiber, which support 
overall health and help prevent chronic diseases. Although India, being the second-largest fruit producer globally, but faces significant 

challenges in fruit production, including environmental stress, postharvest losses and the adverse effects of chemical-intensive 

agriculture. The increasing demand for sustainable farming solutions has led to the exploration of biostimulants, particularly seaweed-
based formulations, which enhance plant growth, nutrient uptake and stress tolerance. Seaweed extracts are rich in bioactive 

compounds such as phytohormones, amino acids and antioxidants. The role of seaweed based biostimulants in modern agriculture is 

significant, as they positively impact on soil health, plant metabolism and on improving fruit yield, quality and resilience to abiotic 

stresses, environmental sustainability. Additionally, the application of seaweed extracts in fruit crops, particularly grapes, apples and 
citrus, has shown promising results in enhancing yield, improving fruit quality attributes and mitigating stress-related damages. The 

seaweed at 1 g/L was treated as a foliar treatment that can boost the anthocyanin content, increasing the yield and number of berries 

in grapevine Vitis vinifera L. The foliar application of seaweed extract at 4 mL/L increases the mineral nutrients like nitrogen, 

potassium, iron and zinc in the leaves of mango Mangifera indica L. The integration of seaweed biostimulants with precision 
agriculture techniques further strengthens their role in sustainable farming. Future trends in biostimulant research focus on 

developing cost-effective, environmentally friendly formulations with enhanced bioactivity. This study underscores the significance of 

seaweed-based biostimulants as a sustainable alternative to chemical fertilizers and pesticides, contributing to improved agricultural 

productivity while ensuring ecological balance. By adopting such innovative solutions, the agricultural sector can enhance fruit 
production efficiency, minimize losses and promote long-term sustainability in horticulture. 
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further protect the body and promote optimal health (2). They 

provide 91 % of the recommended vitamin C, 48  % of vitamin 

A, 27  % of vitamin B, 17  % of thiamine, 15  % of niacin, 16  % of 

magnesium and 19  % of iron. These nutrients are vital for the 

body’s proper functioning and play a key role in preventing 

diseases such as cancer, heart disease, stroke and other 

chronic conditions (3). For example fruits like grape, blueberry, 

pomegranate, apple, hawthorn and avocado have been 

extensively researched and demonstrated significant 

cardiovascular benefits (4). Fruit losses are greatly impacted by 

environmental conditions, which have an effect on both 

quantity and quality. Environmental factors such as climate, 

postharvest handling and plant physiological responses 

significantly influence the yield and quality of fruit crops. 

Cultivar-specific reactions to environmental stresses are 

common, with fluctuations in temperature playing a key role in 

fruit drop and abscission (5). The increase in fruit production 

over recent decades has largely depended on the intensive use 

of chemical fertilizers and pesticides. While this approach 

improved yields during the Green Revolution, it also led to 

widespread concerns over soil health, environmental 

degradation and food safety (6). Such impacts have challenged 

the long-term sustainability of agricultural and horticultural 

practices, underlining the importance of adopting integrated 

and environmentally sound management strategies. In 

tropical fruit crops, factors like respiration rate, ethylene 

sensitivity and environmental stress, particularly heat and 

humidity, are major contributors to postharvest losses (7). 

Abiotic stresses, including extreme temperatures, bring about 

physiological and biochemical changes that negatively affect 

fruit development and quality, making the use of proper 

irrigation strategies and the selection of stress-tolerant 

cultivars essential (8,9). These stresses not only reduce 

productivity but also contribute to significant postharvest 

losses (10). Furthermore, increasing global food and energy 

demands, driven by population growth and climate instability, 

reinforce the urgent need for sustainable agricultural solutions 

(11). 

 In recent years, the need for environmentally 

sustainable and resource-efficient agricultural inputs has 

become increasingly urgent due to the adverse impacts of 

climate variability, soil degradation and the overuse of 

synthetic agrochemicals. Within this context, biostimulants, 

particularly those derived from natural sources, have emerged 

as promising tools for enhancing crop performance without 

harming environmental or human health. Among the various 

categories of biostimulants, seaweed-based formulations are 

notable for their diverse composition of bioactive molecules 

such as phytohormones, vitamins, amino acids, 

polysaccharides and antioxidants. These compounds can 

influence key physiological processes, thereby improving 

nutrient uptake, enhancing tolerance to abiotic stress and 

contributing to better fruit development and postharvest 

quality. 

 Although there is growing interest in the use of seaweed

-derived biostimulants in crop production, the literature 

specifically focusing on fruit crops remains scattered. 

Considering the high commercial value of fruits and their 

sensitivity to environmental stressors, it is essential to 

consolidate current research to better understand the mode of 

action, benefits and practical applications of these 

biostimulants in fruit production systems. This review aims to 

critically assess recent scientific findings, identify potential 

benefits and limitations and provide insights into how 

seaweed-based biostimulants can be integrated into 

sustainable fruit crop management practices. 

Biostimulants 

Biostimulants are primarily bio-based products that improve 

resistance to unfavorable circumstances such high soil pH, 

salinity, drought, heat and nutritional stress by enhancing 

primary and secondary plant metabolism and others have 

demonstrated that biostimulants, which are rich in macro- and 

micronutrients, sterols, polysaccharides, betaines and growth-

promoting compounds, improve agronomic performance, 

water and nutrient absorption, photosynthesis and pigment 

concentration, including carotenoids and phenols (12,13). 

They also affect molecular functions such as photosynthetic 

efficiency, enzyme activity and protein synthesis (14). The 

classification of biostimulants are depicted in Table 1. Among 

these bio-stimulants seaweed plays an significant role in fruit 

crops. 

Different type of seaweed 

Seaweeds, also known as macroalgae, are marine, 

photosynthetic, non-flowering and plant-like organisms. 

Three groups of seaweeds are distinguished by their 

photosynthetic pigment: red (Rhodophyta), green 

(Chlorophyta) and brown (Ochrophyta or class Phaeophyta). 

Approximately 10000 seaweed species exist, comprising 

roughly 6500 red, 1500 green and 2000 brown seaweeds (16). 

The classification of seaweed is shown in Table 2 (17,18). 

From warm to cold arctic locations, seaweeds can be found 

along the world's coastlines (19). About 83 % of seaweed 

produced worldwide is used directly for human consumption 

in Asian nations; it is frequently eaten fresh, dried or as a 

component of other meals (20). The remainder is used in a 

variety of industries, including medicine, cosmetics, food 

applications and other related fields (21-24). There are 221 

species of seaweeds that are utilized in total, 101 seaweed 

species are used to produce phycocolloids, while 145 are 

used as food (25). Additionally, seaweeds are used as 

Category   Subcategory Examples/ Componnents 

          
Nonmicrobial 

   Acids 

 Amino acids 
 Fatty acids and lipids 

 Humic and fulvic acids 
 Other organic acids 

       Extracts 
            Plant derived bioactives 

Seaweed 
Chitosan 

  Others 

Protein hydrolysates 
Enzymatic extracts 

Inorganic salts 
Vitamins 

Microbial 
    Beneficial 

microbes 
Beneficial fungi 

Beneficial bacteria 

  Others 
Microbial symbiosis 

Other microbial biostimulants 

Waste- Derived Sources 
Food waste 

Industrial by-products 
Agricultural by-products 

Table 1. Classification of biostimulants (15) 
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fertilizers, water purifiers, animal feed additives and 

aquaculture probiotics (26-29). Seaweeds are well known for 

their capacity to generate a wide variety of macromolecules 

with biological activity. Pigments, phenolic compounds, 

lipids, proteins, vitamins, minerals and carbohydrates 

(polysaccharides) are important elements of seaweeds (30). 

According to numerous studies, algae are the most plentiful 

source of these bioactive substances, especially 

polysaccharides that can be either sulfated or non-sulfated 

(31). Alginates and laminaran are examples of non-sulfated 

polysaccharides, whereas agars, carrageenans, fucoidans 

and galactans are examples of sulfated polysaccharides (24). 

 

Seaweed extract 

Seaweed extracts, which are biostimulants derived from 

seaweed, particularly red and brown algae, can improve soil 

health, increase crop stress resistance and stimulate crop 

growth (32). The major seaweed extract producing states are 

Tamil Nadu, Gujarat, Maharashtra, Goa, Lakshadweep, Andhra 

Pradesh and Karnataka (33). They function as chelates that 

improve soil mineral elements, plant nutrient uptake, soil 

structure and soil aeration qualities, all of which eventually 

encourage root growth (34). Additionally, seaweed extract has 

been employed as a liquid biostimulant to improve plant 

resistance to drought and salinity. Through nutrient 

absorption and assimilation, this biostimulant also influences 

the bioactive content of plants (35). The bioactive compounds 

present in seaweed extract are shown in Fig. 1. 

Different methods of seaweed extraction 

 The foremost step is the extraction of seaweed. The seaweed 
extraction techniques are shown in Table 3 (36). The seaweed 

species examined, depend upon their solvent, temperature, 

time, pH, environmental impact, cost, quantity and desired 

qualities all affect the method selection and extraction 

efficiency (37). Seaweed extract contains various 

polysaccharides, proteins, unsaturated fatty acids, pigments 

and minerals such as potassium (K), magnesium (Mg), calcium 

(Ca) and sodium (Na) and these compounds varies depending 

upon their species (38). The proximate composition of three 

seaweed groups green, brown and red was analyzed and 

presented as mean ± SE based on three replicates using one-

way ANOVA and Tukey's comparison test. The moisture 

Division                 
(Phylum) 

Common                
name 

Pigment present Example species 

Chlorophyta Green algae 
Chlorophyll a & b,                               

beta-carotene 

Caulerpa peltata, Caulerpa racemosa, Caulerpa racemosa var. macrophysa, Caulerpa 
scalpelliformis, Caulerpa sertularioides, Caulerpa taxifolia, Chaetomorpha aerea, 

Chaetomorpha antennina, Chaetomorpha crassa, Chaetomorpha linum, 
Chaetomorpha linoides, Codium adhaerens, Codium decorticatum, Codium 

tomentosum, Enteromorpha compressa, Enteromorpha prolifera, Halimeda gracilis, 
Halimeda macroloba, Halimeda opuntia, Ulva fasciata, etc. 

Phaeophyta Brown algae 
Chlorophyll a & c, 

fucoxanthin 

Chnoospora implexa, Colpomenia sinuosa, Dictyopteris delicatula, Dictyota 
bartayresiana, Dictyota dichotoma, Hydroclathrus clathratus, Lobophora variegata, 
Padina boergesenii, Padina gymnospora, Padina pavonica, Padina tetrastromatica, 

Rosenvingea intricata, Sargassum cinereum, Sargassum natans, Sargassum 
cristaefolium, Spatoglossum soleri, Sargassum plagiophyllum, Sargassum ilicifolium, 

Sargassum polycystum, Sargassum tenerrimum, Sargassum wightii, Apatoglossum 
asperum, Stoechospermum marginatum, Turbinaria conoides, Turbinaria decurrens, 

Turbinaria ornata, Dictyota indica, etc. 

Rhodophyta Red algae 
Chlorophyll a & d, 

Phycoerythrin 

Porphyra indica, Acanthophora spicifera, Amphiroa anceps, Amphiroa fragilissima, 
Centroceras clavulatum, Champia parvula, Gelidiella acerosa, Gracilaria arcuata, 
Gracilaria canaliculata, Gracilaria corticata, Gracilaria edulis, Gracilaria folifera, 

Gracilaria megaspora, Gracilaria spinulosa, Gracilaria textori, Grateloupia filicina, 
Grateloupia lithophila, Halimenia dilatata, Halimenia floresia, Halimenia venusta, 

Hypnea musciformis, Hypnea pannosa, Hypnea valentiae, Portieria hornemanii, etc. 

Table 2. Classification of seaweed (17,18) 

Fig. 1. Bioactive compounds present in seaweed extract.  
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content was found to be 95.71 ± 1.02 % in green seaweed, 

95.12 ± 0.56 % in brown seaweed and 94.82 ± 0.45 % in red 

seaweed. The dry matter content was 4.16 ± 0.95 % for green, 

5.13 ± 0.55  % for brown and 5.06 ± 0.51 % for red seaweed. Ash 

content was highest in green seaweed at 23.06 ± 5.98 %, 

followed by brown at 13.59 ± 3.78 % and red at 12.88 ± 3.04 %. 

Lipid content varied significantly across groups, with green 

seaweed containing 0.22 ± 0.73 %, brown seaweed 3.543 ± 0.43 

% and red seaweed 2.15 ± 0.29 %. Protein levels were 15.64 ± 

2.11 % in green seaweed, 24.13 ± 6.30 % in brown and 26.69 ± 

2.21 % in red seaweed. Total dietary fiber was found to be 

56.13 ± 6.05 % in green seaweed, 54.48 ± 6.58 % in brown 

seaweed and 53.57 ± 3.18 % in red seaweed (39). It also 

contains flavonoids and polyphenolic compounds, including 

phlorotannins, bromophenols, flavonoids and phenolic 

terpenoids (40). The phenolic compounds are difficult to 

isolate  due to their reactivity with other substances, they can 

be successfully extracted on a laboratory scale (41). 

 Traditional method for extracting seaweed involve hot 
water extraction, which is eco-friendly and eliminates the need 

for organic solvents (42). Acidic or alkaline solutions, such as 

KOH and NaOH, can also be used for seaweed extraction (43). 

Techniques like Soxhlet extraction, TLC-based method and 

High-Speed Counter-Current Chromatography (HSCCC) have 

been refined to extract pigments and isolate seaweed 

compounds effectively (41). However, Solid-Liquid Extraction 

(SLE) are not suitable for large quantities of organic solvents, 

extended extraction times, limited selectivity and the co-

extraction of undesirable compounds (44). Similarly, Liquid-

Liquid Extraction (LLE) uses a lot of organic solvents, which can 

create harmful waste. To overcome these issues, green 

extraction methods using minimal organic solvents and 

biodegradable materials have been proposed as sustainable 

alternatives (45). 

 Green extraction techniques such as Microwave-

Assisted Extraction (MAE) (42), Ultrasound-Assisted Extraction 

(UAE) (46), Supercritical Fluid Extraction (SFE) (40), Pressurized 

Solvent Extraction (PSE) (44) and reactive extrusion have 

proven effective in enhancing the yield of seaweed extract. 

These methods offer benefits such as reduced reliance on 

organic solvents, higher selectivity, lower operating 

temperatures and shorter extraction times (47). Combining 

these techniques has also been shown to produce superior 

seaweed extracts. Methods that are environmentally friendly, 

cost-effective, rapid, sensitive and accurate are increasingly 

preferred over traditional extraction approaches (37,48). The 

Schematic representation of the seaweed extraction method is 

shown in Fig. 2. 

 

Methods of applying seaweeds and their extracts in 

horticulture 

Seaweed biomass and seaweed meal 

Various methods have been employed to apply seaweed 

products to horticultural crops, with the choice depending on 

the form of the product, such as meal, powder or extract. The 

use of whole seaweed biomass or meal is particularly common 

in coastal regions where seaweed is readily available. 

Typically, whole seaweeds or seaweed meal are spread over 

the soil and incorporated to encourage microbial 

decomposition. This process is conducted well before planting, 

as the decomposition phase can temporarily deplete soil 

nitrogen, leading to a short-term nutrient deficiency that may 

hinder plant growth. Once decomposed, the seaweed 

contributes organic matter that enhances soil physical and 

chemical properties, improves water retention, boosts 

microbial activity and offers protection against adverse 

environmental conditions such as extreme temperatures, 

water stress or nutrient imbalances (49). 

 

Table 3. Seaweed extraction techniques 

Method Types Overview Pros Cons References 

Traditional 
Extraction 

Solid-Liquid     
Extraction (SLE) 

Relies on dissolving the 
desired compound in a 
suitable solvent, may 

involve acids or bases to 
enhance extraction. 

Well established and 
commonly used approach. 

Time consuming requires large 
quantities of solvents and 

chemicals, which can harm 
polysaccharides. 

  
  
  
  
  
  
  
  
  

     (36) 

Green Extraction 
Microwave Assisted 

Extraction (MAE) 
  

Employs microwave 
energy to adjust variables 

like temperature, 
pressure and duration to 

improve extraction 
output.  

Quick process with 
minimal solvent usage 

Elevated temperatures may break 
down polyphenols. 

  Ultrasound assisted 
Extraction (UAE) 

Utilizes ultrasonic waves 
to facilitate extraction 
under mild conditions 
with limited solvent. 

Fast method, operates at 
low temperatures, uses 

little solvents and avoids 
compound breakdown. 

  

May alter or degrade the structure 
of polysaccharides 

  
Supercritical Fluid 

Extraction (SFE) 

Makes use of supercritical 
CO2 for compound 

extraction. 

Does not damage the 
chemical structure of 

extract. 

Needs high pressure to retain CO2, 
which can adversely affect the final 

product. 

  Pressurized Solvent 
Extraction (PSE) 

Involves high pressure 
techniques like PLE, PFE, 
ASE, or HPSE to enhance 
solubility and diffusion. 

Provides efficient 
extraction similar to 

Soxhlet but with better 
solvent performance. 

Balancing temperature and 
pressure to optimize extraction can 

be challenging. 

  
Enzyme Assisted 

Extraction 
(EAE) 

Applies enzymes such as 
cellulase and 

hemicellulase to break 
down cell walls and 

release target 
compounds. 

Avoids chemical solvent 
and offers high extraction 

yields. 

Results vary based on enzyme type, 
pH, temperature and duration. 
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Seaweed extract 

Seaweed extracts are among the most commonly utilized 

seaweed products in horticulture, available in liquid or soluble 

powder form. Liquid extracts can be applied near plant roots 

by mixing them with irrigation water and administering 

through drip irrigation systems. In sour orange (Citrus 

aurantium L.), fertigation with seaweed extracts at 4 g/L can 

boost the bloom count per plant and the fruit quality (50). 

Additionally, seaweed extracts are frequently used as foliar 

sprays on various crops, including flowers, vegetables and 

trees such as potatoes, tomatoes, plums, cherries, almonds 

and mangoes (51). Foliar application is most effective when 

performed in the morning when leaf stomata are open. The 

effectiveness of seaweed extracts also varies with the plant's 

growth stage. 

Nano seaweed 

The possibility of seaweeds’ exploitation in modern agriculture 

has been widely explored and different varieties of 

preparations of these marine algae as liquid fertilizer and 

either whole or finally chopped powdered algal manures are 

being used. The interest in nano-fertilizers and preparations 

that stimulate plant growth and development is increasing 

constantly and it may become one of the futures. Broadening 

the knowledge on bioregulators can result in an increase in the 

effectiveness of agricultural production as well as in the quality 

of crops. Nano seaweed extract from its counterparts by 

having a high surface area and a high speed to penetrate the 

plant tissues, which may be sprayed on the plant to elicit a high 

response, faster assimilation, growth and higher yield (52). 

 The increase of growth parameters of barley may be 

attributed to plants treated with nano seaweed extract, which 

exhibited robust vegetative growth, maybe due to their 

concentration of essential nutrients for development, such as 

nitrogen, significantly enhancing crucial plant functions, hence 

promoting growth. It is assimilated by the plant's growth, 

which signifies enhanced development and results in an 

increased number of spikes (53). 

Plant nutrient uptake 

Plants absorb nutrients through roots or leaf surfaces and 

seaweed extracts significantly enhance this process by 

modifying soil properties and root architecture, thereby 

facilitating efficient nutrient uptake (49). Brown seaweeds, 

containing polyuronides like alginates and fucoidans, improve 

soil water retention and microbial activity through the 

formation of cross-linked polymers (54). Extracts from Ecklonia 

maxima have been demonstrated to promote root growth in 

tomatoes and mung beans (55). 

 Seaweed-based products also influence rhizosphere 

chemistry. They enhance the activity of beneficial soil 

microorganisms, leading to improved nutrient solubilization 

and cycling. The organic compounds present in seaweed 

extracts stimulate root exudation, which further supports 

microbial proliferation and enzymatic functions in the soil. This 

results in better nutrient availability, particularly of 

phosphorus and trace elements, contributing to enhanced 

root development and soil fertility. For example, a vitamin K1 

derivative in commercial extracts acidifies the rhizosphere, 

enhancing the solubility of metal ions like iron and copper, 

which plants readily absorb (56). Additionally, seaweed 

extracts regulate key genes for nutrient uptake, such as the 

nitrate transporter gene NRT1.1, which improves nitrogen 

sensing and lateral root growth (57). Extracts from Ascophyllum 

nodosum have been shown to increase nitrogen-fixing nodules 

in leguminous plants by activating bacterial genes critical for 

plant-microbe signaling (58).  

 Foliar application of seaweed extracts has been 

particularly effective in enhancing the uptake of nutrients like 

copper in grapevines, iron in lettuce and calcium in Brassica 

oleracea, especially under stressful or nutrient-deficient 

conditions (59). The nutrients in seaweed extracts are readily 

absorbed through leaf stomata and their uptake efficiency is 

influenced by environmental factors such as temperature, 

humidity and light intensity (60). 

 Additionally, applications of E. maxima extracts 

improved the yield and mineral content (Ca, K, Mg) of lettuce 

leaves (60). Seaweed-based products have been shown to 

enhance nutrient content (N, P, K, Ca, Zn and Fe) in tomatoes, 

as observed in studies on commercial brown seaweed extracts 

(61). These findings underscore the multifaceted benefits of 

seaweed extracts in promoting nutrient uptake and plant 

 

Fig. 2. Schematic representation of the seaweed extraction method. 

a. Dry seaweed; b. Drying (hot air oven); c. Grinding (Willey Mill); d. Extraction (ultrasonicator); e. Separation (centrifugation); f. Crude extract. 
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Fig. 3. The mechanism of seaweed nutrients entry to plant with application methods. 

Seaweed Extract        Crop                          Effect Reference 

Ascophyllum nodosum 
extract 
  

Grapevine cultivars 
like Sangiovese, 
Pinot Noir and 

Cabernet France 

It improves the accumulation of anthocyanin in all cultivars and particularly 
phenolic content is increased in Sangiovese.  

(67) 

Seaweed extract of 
(Sargassum) with amino 
acid 
  
  
  

Grapevine cultivars 
Arra 15 and Arra 20 

 Arra 15 CV was superior in cluster weight (g) and cluster length (cm) compared to 
Arra 20 CV. 

Arra 20 CV was superior in cluster width (cm) and cluster round (cm) compared to 
Arra 15 CV. 

It has also increased yield per vine and fruit quality compared to control. 

(68) 

Boron ethanolamine plus 
zinc oxide and brown 
algae Ascophyllum 
nodosum  

Grapevine variety 
Carmenere 

It improves the fruit set, bunch weight and number of berries per bunch.  (69) 

Commercial seaweed 
extracts Kelpak extracted 
from (Ecklonia maxima) 
and Geomar BM 86 
extracted from 
Ascophyllum nodosum 

Apple trees  Gala 
Must, Golden 

Delicious, Jonagold 
Decosta and Elstar 

 It stimulated the growth of shoots and leaves and improved flower quality and 
prolonged blooming time. 

They showed a small effect on the size distribution of apples.  
(70) 

Arbuscular mycorrhizal 
fungi+ seaweed extract of 
Ascophyllum nodosum+ 
Nano zinc oxide particles 
  

Early Sweet 
grapevines 

  

 It improved vegetative growth, leaf content of mineral elements, weight of pruning 
wood, cane content of total carbohydrates and  yield. 

It enhances the quality of clusters and berries, especially the percent of shot berries 
and compactness coefficient of the cluster. 

(71) 
  

Extracts of Macroalgae 
Green(Ulva flexusoa,E 
nteromorpha intestinalis 
and red Griffithsia teges) 
  

Valencia orange 
  

Significant levels of various phytohormones, such as IAA, GA3, ABA and CK has 
increased. Green algae contain the highest concentration of GA3 and cytokinin was 

observed only in G. teges. 
Macroalgae extract significantly affected the mineral composition of orange leaves 

and chlorophyll content and the green algae impacted fruit quality characters, 
including weight, length and width, juice volume, TSS and peel color. 

Significant improvement in growth, leaf pigments and nutrient levels. The quality 
attributes of fruit were enhanced with increased yield. 

(72) 

Table 4. Effect of seaweed extract on fruit crops 
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Seaweed extract of 
(Ascophyllum nodosum) 
and glycine betaine 

Grapes cultivar 
Touriga France 

Both ANE and GB increase the anthocyanin and phenolic content synthesis in 
berries. 

They also influenced the expression of genes related to the synthesis and transport 
of anthocyanins (CHS, F3H, UFGT, MATE1 and GST). 

They have the potential to act as elicitors of secondary metabolism; it leads to 
improved grape quality.  

(73) 

Commercial extract 
(Gifert)  modified of 
Ascophyllum nodosum, 
effective microorganism 
and aminoacids 

Grapes (Red Globe) 
  
  
  
  

The combined application of EM, Gifertand Pepton gave the best results compared 
to control best yield, the best physical characteristics of bunches, improved 

physical and chemical characteristics of berries and the best vegetative growth 
parameters. 

 The total chlorophyll and percentages of total amino acids, nitrogen, phosphorus 
and potassium in leaves and total carbohydrates in the canes were increased. 

Also, the microbiological activity in the rhizosphere noticed that the total spore-
forming population of total microorganisms and dehydrogenase and phosphatase 

enzyme activity increased in the rhizosphere combined application of EM, Gifert 
and amino aminoacids (Pepton) at the higher rate when compared to the control.  

(74) 

Ascophyllum nodosum 
extract 

Grapevine cultivar 
Feteasca Alba 

  

Vegetative growth has been stimulated with high shoot length, shoot diameter and 
leaf area. 

(75) 

Seaweed extract of 
Ascophyllum nodosum and 
humic acid 
  

Cultivar Riesling 
wine grape 

It effectively improves the biochemical and aromatic qualities of Riesling grapes. (76) 

Seaweed extract + 
Chitosan extract and 
Fulvic acid 

Grape (Vitis vinifera 
cv. Ruby Seedless 

Among natural plant extracts, chitosan, seaweed extract and fulvic acid were most 
effective in enhancing the yield and cluster weight of Ruby Seedless grapes. 

 Salicylic acid showed the best results among synthetic treatments. 
 Salicylic acid was the most effective synthetic chemical, while the combination of 

free amino acids + fulvic acid produced the highest improvements in yield and 
cluster weight. 

(77) 

Seaweed extract and 
Chitosan 
  
  

Flame seedless 
grapevines 

The effects of foliar sprays of chitosan (100-400 ppm) and seaweed extract (0.05–0.2 
%), applied either alone or in combination. 

The treatments were carried out three times during each growing season. 
The findings showed that these applications improved vine growth, leaf pigment 

levels, nutrient uptake, fruit yield and both the physical and chemical 
characteristics of the berries compared to untreated vines. 

Higher concentrations generally led to better results, although the improvement 
between the top two concentrations was minimal. 

(78) 

Seaweed extract of 
Ascophyllum nodosum and 
effective microorganisms 
  
  

Grapevine cultivar 
Ruby Seedless 

All treatments positively influenced vegetative growth, shoot length, leaf area, berry 
chemical traits and overall yield. 

 The most effective combination was 1 g/L EM with 2 g/L seaweed extract, which 
resulted in the highest yield and the lowest percentage of shot berries compared to 

the untreated control. 

(79) 

Seaweed extract, humic 
acid and brassinosteroids 
  
  

Apricot (Prunus 
armeniaca cv. 

Canino) 
  

Results revealed that all biostimulant treatments significantly enhanced shoot 
growth, leaf area, chlorophyll content, fruit set, total yield and the physical and 

chemical characteristics of the fruits. 
 Furthermore, the treatments improved leaf nutrient content, both macro- and 

micronutrients. 
 The improvements were more pronounced with increasing concentrations of each 

biostimulant, where the highest doses of HA, Brs and SWE consistently 
outperformed the lower and moderate levels. 

(80) 

Ascophyllum nodosum + 
Microbial biostimulant 

Strawberry cultivars 
(Sweet Sensation VR 

Florida127 and 
Florida Brilliance). 

 The combined treatment consistently improved plant growth, nutrient uptake and 
yield, increasing marketable and total fruit yields by 23 % and 20 %, respectively, 

over the untreated control. 
It also enhanced root architecture, nitrogen absorption, crown number and soil 

respiration. 
While fruit quality traits like soluble solids, acidity and anthocyanin content were 

not significantly affected by treatments, cultivar differences were evident. 
‘Florida Brilliance’ outperformed ‘Florida127’ in yield, marketable fruit number, 

photosynthetic rate, SPAD index and mineral content, highlighting both the 
effectiveness of the biostimulant combination and the genotypic influence on 

strawberry performance in organic systems. 

(81) 

Seaweed extract of 
Ascophyllum nodosum 

Strawberry 

 Among the concentrations tested, 0.2 % ANE was the most effective, reducing spore 
germination by 75 % in greenhouse trials. 

 Plants treated with ANE also exhibited enhanced resistance to powdery mildew, as 
indicated by increased levels of total phenolics and flavonoids, along with elevated 
activity of defense-related enzymes like phenylalanine ammonia lyase, polyphenol 

oxidase and peroxidase. 
 Under field conditions, foliar application of 0.2 % ANE reduced the natural 

incidence of powdery mildew by 37.2 % compared to untreated plants and also 
decreased disease severity. 

(82) 
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Macroseaweed 
Apple (Malus 

domestica), cultivar 
Jonathan. 

 Macro-seaweed extract significantly promoted vegetative growth, leading to about 
a 20 % increase in leaf surface area, enhanced chlorophyll content and improved 

photosynthetic activity. 
Applications of macro-seaweed, B-vitamins and alfalfa hydrolysate also contributed 

to better fruit coloration and higher levels of anthocyanins in the fruit peel, 
particularly in the more favorable growing conditions of 2016. 

 Moreover, combining amino acids with zinc was highly effective in lowering the 
incidence of the 'Jonathan spot' postharvest disorder by over 50 %. 

(83) 

Silicon and seaweed 
extract 

Papaya cultivar Red 
Lady. 

 Among the treatments, the combined foliar application of 0.2 % ortho silicic acid 
and 2 % seaweed extract significantly enhanced fruit quality traits, recording the 

highest values for Total Soluble Solids (TSS), total sugars, reducing sugars, ascorbic 
acid and β-carotene. 

Additionally, the thickest pulp was observed with the application of seaweed 
extract at 4 %. 

(84) 

Seaweed extract of 
Ascophyllum nodosum and 
growth regulators (GA3 
and NAA 

Winter guava trees 
cv. Maamoura 

The best results were obtained with GA₃ at 3 mg/L and seaweed extract at 15 mg/L, 
which significantly improved vegetative growth, chlorophyll content, fruit set, yield 

and TSS. 
These treatments also increased leaf nutrient content (N, P, K), fruit number, 

(85) 

Wood Vinegar (WV), 
Seaweed Extract (SW) and 
Humic Acid (HA) 

Mango cultivar 
Ewais 

 It has increased total chlorophyll content to 107.7 % and 106.6 %, leaf nitrogen to 
2.02 % and 2.23 %, phosphorus to 0.38 % and 0.40 % and potassium to 1.07 % and 

1.13 % in the 2023 and 2024 seasons, respectively. 
Additionally, fruit quality improved, with fruit length reaching 11.68 cm and 12.38 

cm, fruit width increasing to 7.8 cm and 8.59 cm, total sugars rising to 40 % and 37.3 
% and TSS values reaching 21.9 % and 20.8 %. 

Total acidity was also reduced by 64.3 % and 69.0 % in the two seasons. 

(86) 

Seaweed extract of 

Durvillaea potatorum and 

Ascophyllum nodosum 

Wine grapes 5 

cultivars 

Chardonnay, 

Semillon,  Merlot,  

Merlot,  Cabernet 

Sauvignon  

 Results indicated a consistent yield increase averaging 14.7 %, even under 

varying and extreme climate conditions. 

 Economic analysis further demonstrated profitability improvements, which 

varied by cultivar. 

(87) 

Seaweed extract of 

Ascophyllum nodosum 

Sweet orange 

(Hamlin) on Carrizo 

citrange and 

Swingle citrumelo 

rootstocks 

 Seaweed extract-treated trees under drought conditions showed significantly 

more total growth compared to untreated drought-stressed trees, 

regardless of rootstock. 

Although photosynthetic rates were not directly affected by the seaweed 

extract, a notable improvement in plant water relations was observed. 

Soil drench-treated trees had greater total growth and higher stem water 

potential than those receiving foliar sprays or no treatment. 

  

(66) 

Ascophyllum nodosum 

extract 

Banana (Grand 

Naine) 

Enhances growth, early flowering, improved fruit quality and bunch weight. - 

Combined application of 0.05 % potassium silicate and 0.05 % seaweed extract 

resulted well  

(88) 

Gebberellic acid and 

seaweed extract 

Peach cultivar 

Peento 

The combined treatment of GA at 100 mg/L and seaweed extract at 4 mL/L 

(GA100SF4) produced the highest values 

 Across two seasons for total leaf area (2316 and 3115 cm²), chlorophyll content 

(36.33 and 37.18 mg/g), leaf carbohydrates (12.14 % and 12.65 %), 

nitrogen content (1.82 % and 1.94 %) and zinc content (22.39 and 25.21 

ppm). 

The lowest values were observed in the untreated control (GA0SF0).  

  

(89) 

Actiwave a metabolic 

enhancer is  derived from 

Ascophyllum nodosum 

Apple (Fuji) 

 Actiwave generally helped mitigate the effects of alternate bearing, especially 

in nutrient-deprived trees. 

 It reduced yield fluctuations between heavy ("on") and light ("off") years and 

improved average fruit weight in trees with excessive fruit loads. 

Additionally, treated trees exhibited a 12 % increase in leaf chlorophyll 

content, which was associated with enhanced photosynthesis and 

respiration rates. 

(90) 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

health. The Mechanism of seaweed nutrients entry to plant 

with application methods is shown in Fig. 3.  

Effect of seaweed extract on fruit crops 

Multiple studies have demonstrated that the application of 

seaweed extract to plants offers a variety of benefits, such as 

enhancing early seed germination and establishment, 

improving crop productivity and yield, increasing resilience to 

biotic and abiotic stressors and prolonging the post-harvest 

shelf life of perishable products (62). Soil drenching with 

seaweed extract in Citrus (Citrus spp.) promotes plant growth 

(63,64). Foliar application of seaweed extract in Almond Prunus 

dulcis increase the shoot biomass and shoot length (65). Soil 

drenching of seaweed extract in Citrus spp. mitigates the 

drought stress and increases the stem water potential, as well 

as the growth of the plant (66). Effect of seaweed extract on 

fruit crops is represented in Table 4. Beneficial effects of 

seaweed extract on plant growth and development is depicted 

in Fig. 4. 

Conclusion  

Seaweed-based biostimulants offer a promising approach to 

enhancing fruit crop performance by improving growth, yield 

and tolerance to environmental stresses. Their natural origin 

and rich composition of bioactive compounds make them 

suitable for sustainable agriculture. However, their widespread 

adoption is constrained by certain limitations. Variability in 

extract composition due to differences in seaweed species, 

processing techniques and environmental conditions can lead 

to inconsistent results. Moreover, the lack of standardized 

application protocols, limited large-scale field studies and 

relatively high production costs may hinder practical 

implementation. Future research should focus on formulation 

consistency, mode of action and cost-effective production to 

fully harness their potential in modern fruit cultivation 

systems. 

 

 

 

Fig. 4. Beneficial effects of seaweed extract on plant growth and development. 

Actiwave derived from 

Ascophyllum nodosum 
Strawberry 

The treatment led to significant improvements, including a 10 % increase in 

vegetative growth, 11 % higher chlorophyll content, 6.5 % increase in 

stomatal density, enhanced photosynthetic rate and a 27 % increase in 

both fruit production and shoot dry weight. 

Root dry matter rose by 76 %. Additionally, Actiwave positively affected the 

root microbial community. 

(91) 

The preparation of TAM 

True-Algae-Max by using 

seaweed species Ulva 

lactuca (Chlorophyceae), 

Jania rubens and 

Pterocladia capillacea 

(Rhodophyceae) 

Strawberry 

 The most notable improvements in plant growth parameters such as root 

length, leaf area, fresh biomass, fruit weight and overall yield, showing 

enhancements ranging from 10 % to 110 % over untreated controls. 

 Additionally, fruit quality improved significantly, with increase in TSS (from 

7.58 % to 10.12 %) and anthocyanin content (from 23.08 to 29.42 mg CGE 

per 100 g). 

TAM application also led to a reduction in total sugar and non-reducing sugar, 

while boosting total phenolic content. 

(92) 
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