
 

1 
 

Vol 3(1), June 2026 doi: 10.70158/buitenzorg.v3i1.23

Lisa et al., 2026 

  

 

Microalgae-Based Fertilizers: Functions, Applications, and                

Market Prospects in Organic Farming 

 

Datia Siti Nur Lisa1, Aida Nursidah2, Hani Susanti3* 

 
1 Department of Aquatic Products Technology, Faculty of Fisheries and Marine Sciences, IPB University,   

Bogor 16680, Indonesia 
2 Al Kautsar 561 Vocational School of Agropreneur, Tasikmalaya, Indonesia, 46198 

3 Research Center for Applied Microbiology, National Research and Innovation Agency (BRIN),            

Soekarno Science Center, Cibinong, Bogor 16911, Indonesia 

 

*Corresponding author: hani.susanti@brin.go.id 

 

ABSTRACT 

Microalgae exhibit high biodiversity and are found in various habitats, including agricultural 

soil. The intensification of agriculture by chemical fertilizers results in significant 

environmental problems, including water pollution, accumulation of xenobiotic chemicals, 

diminished soil quality and fertility, and adverse effects on human health. Organic farming is 

highlighted as an effective approach to mitigate these problems. Microalgae offer key functions 

in agriculture as biostimulants, biofertilizers, biocontrol agents, sources of phytohormones, and 

soil moisturizers. These roles indicated the importance of microalgae in sustainable and organic 

agriculture, particularly for CO2 sequestration, nutrient recycling from waste streams, and 

enhancing crop tolerance to abiotic stress. This review discusses practical application methods, 

field challenges, sustainable water sources for microalgae biomass production, market trends 

for biofertilizers made from this biomass, and long-term sustainability factors to establish 

safety and standardization protocols to ensure their reliability. Microalgae biomass can be 

produced in photobioreactors or open ponds and applied to agricultural land as wet inoculum, 

dry biomass, or extracted metabolites. Integration with irrigation and hydroponic systems 

offers additional potential for efficient nutrient delivery. The global market for microalgae 

fertilizer is projected to expand significantly due to increasing awareness of sustainable 

farming and rising demand for organic food. These fertilizers are eco-friendly, reduce nutrient 

waste and soil degradation, and are suitable for organic crop production as they are natural and 

free from synthetic chemicals or GMOs. In conclusion, microalgae represent sustainable and 

effective strategies to enhance soil fertility, stimulate plant growth, and strengthen crop 

protection in organic farming. 

 

Keywords: biocontrol agents, algal biomass, circular bioeconomy, commercial viability, 

abiotic stress mitigation 

 

Introduction 

Microalgae, also known as 

microscopic algae, are single-celled 

organisms capable of oxygen production 

through photosynthesis. Microalgae have a 

high biodiversity, encompassing both 

prokaryotic and eukaryotic organisms. 

These organisms are classified into ten 

groups, primarily based on cell color, 

structure, organization, and life cycle. The 

groups are cyanophyte (cyanobacteria), 

glaucophyte, rhodophyte, chlorophyte, 

cryptophyte, haptophyte, dinophyte, 

heterocontophyte, chloroarachnide, and 

euglenid (Blaby-Haas & Merchant, 2019; 

De Clerck et al., 2012). 
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Microalgae inhabit various 

environments, particularly freshwater and 

marine systems, and play an important role 

as primary producers in aquatic ecosystems. 

Moreover, microalgae can be observed in 

associated to plant tissues and within soil 

(Lee & Ryu, 2021). Therefore, these 

microbes exist and play a role in 

agricultural land. 

Intensification of agriculture is 

implemented in land-processing activities 

as an attempt to improve food sustainability. 

Chemical fertilizers have historically been 

a massive strategic effort to increase 

agricultural output, but their long-term use 

poses significant challenges to 

sustainability. Spesifically, these practices 

result in serious side effects on 

environmental conditions, including the 

degradation of clean water resources, the 

accumulation of xenobiotic compounds and 

the decline in soil quality and fertility 

(Gaikwad et al., 2023; Gonçalves, 2021). 

The intensification of agriculture also 

negatively affects human health  (Lam et al., 

2018). Therefore, organic farming is 

considered the most effective approach to 

reduce the impact of conventional farming, 

with its best practice advantages illustrated 

in Figure 1. Microalgae have been 

suggested to support the implementation of 

organic farming by involving them in 

agricultural land. 

Numerous species of microalgae 

play a role in enhancing the quality and 

productivity of agricultural land, primarily 

due to their highly varied and rich 

biochemical composition. Microalgae are 

exceptionally well-suited for deployment as 

potent biofertilizers and biostimulants. 

Formally, a biostimulant is classified as any 

substance or microorganism applied to the 

plant or its root zone (rhizosphere) that 

enhances natural processes, thereby 

improving nutrient uptake, nutrient use 

efficiency (NUE), tolerance to abiotic stress, 

or crop quality, independent of the 

concentration of nutrients it may contain 

(Parmar et al., 2023). 

The ability of microalgal biomass to 

positively impact soil health and plant 

growth is attributed to a wide variety of 

biomolecules, including soluble amino 

acids (AA), biomineral conjugates, 

polysaccharides, and phytohormones. 

These metabolites are reported to improve 

soil fertility, provide resistance to abiotic 

stress, stimulate defense responses against 

pathogens and infections, and optimize the 

absorption of soil nutrients such as nitrogen 

(N), potassium (K), phosphorus (P), and 

essential minerals (Parmar et al., 2023). 

Fig. 1. Schematic advantages of organic farming (a) and schematic functional role of 

microalgae in agriculture (b). 

a b 
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Previous studies have shown that 

the active components of 

exopolysaccharides (EPS) produced by 

microalgae can improve soil structure and 

reduce salt concentrations in highly saline 

soils around plant roots (Xu et al., 2023). 

Furthermore, microalgal EPS can also form 

biocrusts in sandy soils and rehabilitate 

degraded drylands (Chamizo et al., 2020). 

Other components, such as phytohormones 

like auxin (IAA) and gibberellin (GA), are 

synthesized by microalgae and are directly 

related to root growth, seed germination 

initiation, and stem elongation (Kapoore et 

al., 2021). As phototrophic organisms with 

high photosynthetic efficiency, microalgae 

utilize sunlight and carbon dioxide (CO2) as 

carbon sources, thereby contributing to CO2 

sequestration and climate change 

mitigation (Parmar et al., 2023). 

The groups of microalgae that are 

commonly found in both organic and non-

organic farming are cyanophyte, 

chlorophyte, heterocontophyte and 

euglenid. Arthrospira (spirulina), 

Dunaliella, Nostoc, Scenedesmus, and 

Chlorella are microalgae genera have been 

used for agriculture (Figure 2). Previous 

study reported that as many as 37 genera 

have been found from soil and water 

samples in the organic basin of Subak, 

Jatiluwih, Tabanan (Fitriyani et al., 2019). 

The diversity and abundance of such 

microalgae is influenced by the crop type, 

the ability of microalgae to adapt to 

changing environmental conditions 

(seasons, sunlight intensity, etc.), and the 

content of organic compounds in the soil. 

The occurrence of xenobiotic substances in 

soil, such as chemical pesticides, also has a 

detrimental effect on the variety of 

microalgae. Vice versa, microalgae can be 

introduced and incorporated into 

agricultural soil as a biofertilizer or organic 

fertilizer to reduce reliance on synthetic 

chemical fertilizers, provide essential 

nutrients, and improve soil quality. 

Fig. 2. Morphology of species used for agriculture. (a) Chlorella sp. (Darienko et al., 2019). (b) 

Scenedesmus sp. (Mercado et al., 2020). (c) Dunaliella sp. (Preetha et al., 2012). (d) Nostoc sp. 

(Hong et al., 2018). (e) Arthrospira sp. (Jung et al., 2021). Scale bars = 10 µm. 
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Microalgae Utilization in Organic 

Farming Land 

Microalgae perform at least six 

functions in agricultural systems (Figure 1), 

particularly within the context of organic 

farming: 

Microalgae as a biostimulant in organic 

farming 

Biostimulants are organic 

chemicals derived from natural materials 

that can be sprayed in small quantities to 

enhance plant growth and development, 

regardless of whether the environmental 

conditions are ideal or if the plants have 

been damaged. Biostimulant compounds 

derived from microalgae include 

polysaccharides, phenolic compounds, 

vitamins, and other sources (Abo-Shady et 

al., 2023; Gonçalves, 2021). 

Microalgae as a biofertilizer (biological 

fertilizer 

Biological fertilizer is a substance 

that comprises microorganisms or natural 

elements that can enhance the biological 

and chemical properties of soil, promote 

plant growth, and replenish soil fertility. 

Microalgae enhance soil nutrient levels, 

particularly nitrogen and phosphorus, 

which are crucial for optimal crop 

development and yield improvement. 

Furthermore, the presence of microalgae in 

soil can increase the availability of nutrients 

in the soil through nitrogen fixation 

processes, CO2 fixation, inorganic 

phosphorus formation, and mineralization 

(Gonçalves et al., 2023; Lam et al., 2018). 

Microalgae biomass is a naturally 

occurring substance that contains a high 

concentration of organic compounds 

derived from the process of converting CO2 

into biomass. As a result, these 

microorganisms can serve as a valuable 

source of both macro- (carbon, nitrogen, 

phosphorus) and micro- (potassium, 

magnesium, sulphur, and iron) nutrients, 

including vitamins B1, B2, B3, and B12 

(Ronga et al., 2019). Microalgae-derived 

organic fertilizers have been utilized on a 

range of crops, such as tomatoes, turnips, 

salads, spinach, cabbage, and cucumbers 

(Lee & Ryu, 2021). 

Microalgae as a biocontrol or biopesticide 

Microalgae as a biocontrol or 

biopesticide, exhibiting properties such as 

antimicrobial, antioxidant, antiviral, 

antifungal, anti-nematode, and pest 

chemicals (Lee & Ryu, 2021). Microalgae 

can exert control over diseases and pests 

through many processes, including growth 

inhibition, activation of plant immune 

responses, production of enzymes that 

degrade pathogen or pest cell walls, and 

repellent activity. 

In addition, microalgae-derived 

biopesticides encompass cyanotoxin 

chemicals synthesized by the cyanophyta 

group. Currently, the bio-controlled activity 

of microalgae is undergoing in vivo testing, 

but additional field trials are needed. 

Utilizing microalgae-based organic 

fertilizer in agricultural fields can diminish 

reliance on chemical pesticides, hence 

enhancing the feasibility of future organic 

farming practices (Gurau et al., 2025; 

Parmar et al., 2023; Tiwari, 2016). 

 

Microalgae as a valuable source of 

phytohormones 

Phytohormones are signaling 

molecules that regulate various processes in 

plant cells, including growth and defense 

against pathogens. Certain microalgae 

belonging to the cyanophytes, chlorophytes, 

rhodophytes, and heterokontophytes groups 

have the ability to synthesize significant 

phytohormones including oxygen, abscisic 

acid, cytokinin, ethylene, and gibberellins 

(Gonçalves, 2021; Romanenko et al., 2016). 

 

Microalgae enhance soil conditions 

Microalgae enhance soil conditions 

by moisturizing the soil through the 

synthesis of mucous exopolysaccharides. 

This process also helps increase the pH of 

acidic soil, regulate salinity, and decrease 

heavy metal concentrations. Furthermore, 

microalgae establish symbiotic 

relationships  with bacteria, fungi, and 
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archaea to produce biocrust, which 

enhances soil structure and stability. 

Microalgae enhance their resistance to 

harmful environmental factors by 

producing extracellular polymeric 

substances (EPS) and antioxidant 

chemicals, including carotenoids, 

polysaccharides, terpenoids, and phenolic 

compounds (Gonçalves, 2021; Paul et al., 

2024; Ronga et al., 2019). 

Microalgae decelerating plant senescence 

This capability has been confirmed 

through rigorous testing and practical 

implementations. Chlorella vulgaris has 

the ability to extend the lifespan of 

strawberries, beets, and salad plants. 

Concurrently, the utilization of C. fusca can 

decelerate the process of aging on the stems 

and blossoms of Erinus alpinus plants (Lee 

& Ryu, 2021). The detailed mechanisms by 

which microalgae can slow plant aging 

remain undisclosed (Ronga et al., 2019). 

Therefore, microalgae can be 

introduced and incorporated into 

agricultural soil as biofertilizers or organic 

fertilizers to reduce the dependency on 

synthetic chemical inputs and mitigate the 

presence of xenobiotic compounds. This 

strategic necessity aims to identify 

sustainable, biologically safe alternatives to 

intensive farming, which forms the core 

research rationale of this review, given that 

the full potential of microalgae is currently 

hampered by significant commercial and 

scientific barriers that must be 

systematically overcome. 

Physiology of Microalgae as Fertilizer 

Microalgae rely on carbon-

concentrating mechanisms (CCMs) to 

optimize photosynthesis when external CO2 

levels are limiting (Giordano et al., 2005; 

Kupriyanova et al., 2023). These systems 

actively accumulate inorganic carbon (CO2 

and HCO3⁻) around RuBisCO (ribulose-

1,5-bisphosphate carboxylase/oxygenase), 

the enzyme responsible for fixing CO2 into 

organic carbon. In depleted soil 

environments with low CO2 concentrations, 

microalgae upregulate bicarbonate 

transporters, CO2-converting enzymes like 

carbonic anhydrases (CAs) concentrate 

CO2 near RuBisCO inside 

microcompartments such as pyrenoids in 

eukaryotic algae, and carboxysomes in 

cyanobacteria. Some cyanobacteria 

combine CCM with heterocyst-based N2 

fixation, enriching soil with both carbon 

and nitrogen. However, in a CO2-enriched  

environment, microalgae downregulate 

CCM genes and transporters to save energy. 

Moreover, photosynthesis proceeds 

passively due to high CO2 diffusion. 

Microalgae grown under both low and high 

CO₂ accumulate large amounts of biomass 

rich in organic carbon (proteins, 

carbohydrates, and lipids). When applied to 

soils, this biomass enhances organic matter 

content. This efficiency in carbon capture 

and assimilation of CCM is what enables 

microalgae to produce organic matter, 

oxygen, and bioactive compounds that, 

when applied to soils, enhance fertility and 

crop productivity. CCM-driven 

photosynthesis produces exudates (organic 

acids, polysaccharides) that can solubilize 

phosphate, chelate micronutrients, and 

stimulate microbial activity in soils. 

Microalgae, including 

cyanobacteria, have evolved specialized 

mechanisms to acquire phosphorus (P) 

from environments where it is scarce. Since 

most soil phosphorus exists in insoluble or 

organic forms, microalgal activity helps 

convert these into plant-available 

orthophosphate (PO4
3⁻). When microalgae 

are applied as biofertilizers, their ability to 

mobilize P enhances soil fertility and 

reduces reliance on synthetic P fertilizers. 

Phosphorus uptake in microalgae occurs 

through various mechanisms, such as direct 

uptake of orthophosphate (PO4
3⁻), 

enzymatic solubilization of organic 

phosphorus by phosphatases, release of 

organic acids (gluconic, oxalic, and citric 

acids) that lower soil pH. Additionally, 

microalgae of performing symbiotic 

interactions with phosphate-solubilizing 

bacteria in the rhizosphere, thereby 
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enabling plants plants to obtain bioavailable 

of phosphorus (Abo-Shady et al., 2023; 

Solomon et al., 2023). 

Microalgae also have the potential 

to be used as fertilizer because they can 

stimulate the uptake of nitrogen and the 

activity of nitrate reductase, while also 

providing important macro- and micro-

nutrients. Some microalgal components, 

like phytohormones, can stimulate the 

production of antifungal substances, and 

crude polysaccharides from microalgae can 

have a biostimulant effect on plants. 

Provision of Microalgae for Application 

in Organic Soil 

Microalgae biomass production can 

be carried out with several strategies 

including using photobioreactors or open 

ponds (Ronga et al., 2019). Optimal growth 

conditions for microalgae are achieved in 

photobioreactor systems. On the other hand, 

using open ponds is more feasible, but they 

need to be well-managed to avoid losing 

productivity because of predation, 

contamination, and competition with other 

microorganisms that live in the pond. 

Biomass production processes can either 

use commercial media or use organic waste 

in the context of biorefinery. Organic waste 

after undergoing pretreatment can be used 

as a source of nutrients for microalgae 

growth. 

Biomass obtained directly from 

algal blooms could serve as a potential 

source of microalgae biomass for organic 

farming. Consequently, the issue of algae 

blooming is no longer regarded as a severe 

environmental and societal problem. 

Nevertheless, it is essential to ensure that 

biomass from algal blooms does not contain 

any harmful compounds. 

Microalgae biomass harvesting is 

carried out by various techniques, such as 

filtration, flocculation, centrifugation, and 

biomass sedimentation. The biomass of 

microalgae utilized in organic farming can 

be introduced onto agricultural land either 

as wet biomass by directly inoculating 

microalgae seedlings, or as dry biomass. In 

addition, it can also use materials contained 

in biomass as primary metabolites 

(polysaccharides, lipids, and proteins), 

secondary metabolites (pigments, 

carotenoids, phenolic compounds, 

terpenoids, etc.), vitamins, and minerals. 

The biomass extraction method is 

conducted to isolate the metabolite 

component from the microalgae cells 

(Ronga et al., 2019). Subsequently, the 

extract is applied to the crop via spraying. 

Microalgae have the ability to release 

certain nutrients into liquid media. After 

undergoing filtration, these compounds can 

also be utilized to provide advantages for 

the field of agriculture. 

Another approach involves utilizing 

a microalgae consortium, predominantly 

composed of cyanophyta, to augment the 

function of microalgae in plants and soil 

(Jose et al., 2024; Lam et al., 2018). 

Integrating microalgae growing with 

hydroponic systems or incorporating 

microalgae into agricultural irrigation 

systems is a promising approach to enhance 

the utilization of microalgae in organic 

farming. 

Biofertilizer Application Based on 

Microalgae, Soil, and Plant Interaction 

Microalgae, soil, and plants (MSP) 

are interrelated components of an 

ecosystem that establish both beneficial and 

detrimental interactions. Microalgae serve 

as constituents of the microbiome, suppliers 

of organic nutrients, biofixation agents, and 

soil aggregators, while soil functions as a 

habitat and medium facilitating the ongoing 

interaction between microalgae and plants. 

Plants utilize soil as a growth substrate and 

as a medium for nutrient transfer from the 

environment to the root system. Microalgae 

affect soil conditions, agricultural crops and 

pathogens in agricultural land. In the last 10 

years, researchers around the world, 

especially in the Asian region, have studied 

the potential of microalgae in agriculture. 

The scientific report reveals a good and 

beneficial interaction between microalgae, 
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plants and soil (Gonçalves et al., 2023; 

Mutum et al., 2022). 

Microalgae can enhance the 

productivity of organic farming land by 

comprehending the favorable synergistic 

relationships among microalgae, plants, 

and soil. Additional field trials are 

necessary for the implementation of organic 

farming (Figure 3), specifically in relation 

to the production of microalgae biomass. 

Application Challenges in the Field 

Microalgae application in 

agricultural land has been carried out in 

several countries including India (Tiwari, 

2016), Russia (Abdulagatov et al., 2018), 

Nigeria (Adesalu & Olugbemi, 2015), and 

South Korea (Lee & Ryu, 2021). The 

utilization of microalgae in organic farming 

is currently limited. The application of 

microalgae from the cyanophyta group as 

an organic fertilizer has been conducted in 

India (Jurado-Flores et al., 2025; Priya et al., 

2022; Ramakrishnan et al., 2023). 

Cyanophyta (blue-green algae) have been 

utilized as organic fertilizer in uncultivated 

land in Indonesia (Eginarta et al., 2021). 

However, its application in other 

agricultural land remains unknown. 

Further research and improvement 

are necessary to obtain a comprehensive 

understanding of the roles among 

microalgae, plants, and soil in order to 

determine the most effective utilization of 

microalgae in agriculture. Furthermore, it is 

imperative to create and disseminate cost-

effective microalgae cultivation methods to 

the society, particularly to practitioners of 

organic farming. The main challenge is the 

availability of sufficient biomass of 

microalgae at cheap production costs for 

use on large farmland (Gaikwad et al., 2023; 

Gonçalves, 2021). For that, the 

biorefinery's strategy toward microalgae 

waste is expected to reduce production 

costs. In addition, combined cultivation of 

microalgae and plants with hydroponic 

systems can be an alternative to obtaining 

biomass while using it as a biostimulant, 

biofertilizer, etc. 

Selecting microalgae strains based 

on soil characteristics and plant types will 

affect the success of applications in the field. 

Indigenous microalgae found directly in 

organic soil and easily cultivated can be the 

primary candidate for application. The 

presence of biotic and abiotic elements in 

the surrounding environment might impact 

Fig. 3. Application of microalgae in organic farming land. 
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the growth of microalgae on agricultural 

land. For instance, the presence of other 

organisms that feed on microalgae can 

decrease the abundance of microalgae on 

farmland. 

Water Source of Microalgae-based 

Fertilizer 

Fresh water and seawater are the 

two main sources of microalgae biomass 

production for fertilizer. Since there is a 

more significant trend in farming more 

sustainable food products, this is an 

opportunity for the microalgae fertilizer 

market. There is also an increase in demand 

for microalgae made from seawater rather 

than freshwater, so as demand increases, 

people tend to move from microalgae in 

freshwater to seafood. Wastewater also 

represents a practical source of water for 

producing microalgae biomass. By using its 

nutrient content, cultivation costs can be 

reduced while helping to lessen negative 

impacts on the local ecosystem. Pre-

treatment is essential in cases when the 

wastewater contains substances that are 

detrimental to the growth of microalgae and 

hinder their ability to produce biomass. 

Microalgae in Fertilizer Market 

According to Future Market 

Insights (FMI) analysis, demand for 

microalgae in the fertilizer sector is 

expected to experience stable growth. The 

FMI is an organization located in Delaware, 

USA, which continuously performs market 

research. The organization examines the 

factors driving market demand and points 

out opportunities that could support growth 

across sources, applications, sales channels, 

and end-use sectors over the coming decade. 

The FMI estimates indicate that demand for 

microalgae in the fertilizer sector is 

expected to exceed US$28.7 million by 

2033, up from US$11 million in 2023. 

During the assessment period from 2023 to 

2033, demand for microalgae in fertilizer 

sectors is projected to increase by 10% 

Compound Annual Growth Rate (CAGR). 

This is due to an increased level of concern 

regarding the awareness in choosing 

sustainable farming. It aims to minimize the 

environmental impact of conventional 

farming practices. In addition, demand for 

food and organic products is growing 

globally. Microalgae-based fertilizer aligns 

Table 1. Countries produce microalgae-based biofertilizers. 

Country Name Company Name Product Name References (website) 

United States Algenol Biotech 
 

Algenol https://www.algenol.com 

 TrueAlgae 
 

TrueSolum https://www.truesolum.com 

 Heliae Development, 

LLC 
 

Phycoterra https://phycoterra.com 

 Kemin Crop 

Technology 
 

ValenaTM https://www.kemin.com 

Spain with 

subsidiary based in 

the United States 
 

AlgaEnergy S.A. Inc AlgaEnergy https://ag.algaenergy.com 

France  NeoEarth NeoEarth Fertilizer 
 

https://www.neoearth.fr 

Japan Euglena Co., Ltd. 

Collaboration with 

Kobashi Kogyo Co., 

Ltd. 

Japanese name 

(Midorimushi) 

hereinafter Euglena 

soil 
 

https://www.euglena.jp 

Indonesia PT Algae Park 

Indonesia Mandiri 

Algalizer https://algaepark.co.id 

 

https://www.algenol.com/
https://www.truesolum.com/
https://phycoterra.com/
https://www.kemin.com/
https://ag.algaenergy.com/
https://www.neoearth.fr/
https://www.euglena.jp/
https://algaepark.co.id/
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with organic farming practices since it is 

derived from natural sources. This plant 

does not contain synthetic chemicals or 

organisms that have undergone genetic 

modification (GMOs). Therefore, 

microalgae-based fertilizer is suitable for 

organic crop production. 

Microalgae-based fertilizer has 

been used in North America, Europe, Asia 

Pacific, Latin America, the Middle East, 

and Africa. Some of the companies that sell 

microalgae-based fertilizers are represented 

as global stakeholders in advancing the 

commercialization of microalgae-derived 

biofertilizers, demonstrating the market’s 

maturity in developed regions (Table 1). 

However in Asia, especially 

Indonesia, commercialization is still limited, 

with only one company actively engaged in 

the production of microalgae-based 

biofertilizer despite the country’s rich 

microalgal biodiversity and high 

agricultural demand. The market for 

microalgae fertilizers is experiencing 

remarkable growth as an innovative and 

sustainable solution to agricultural and 

horticultural practices. Microalgae-based 

plants, derived from microorganisms such 

as Chlorella and Arthrospira, are rich in 

vital nutrients such as nitrogen, phosphorus, 

potassium, and various micronutrients. 

These natural fertilizers not only provide 

plants with essential nutrients but also offer 

additional benefits such as improved soil 

health, improved harvest yields, and 

improved resistance to environmental stress. 

One of the main advantages of 

microalgae fertilizers is their eco-friendly 

nature. They have a lower environmental 

impact compared to traditional chemical 

fertilisers, as they reduce the risk of nutrient 

waste, groundwater contamination, and soil 

degradation. In addition, microalgae-based 

fertilizers are ideal for organic and 

sustainable farming practices, in line with 

the growing demand for environmentally 

responsible farming. 

There is currently a growing focus 

on conducting more research and 

development activities in order to enhance 

the composition and utilization of 

microalgae fertilizer in the market. With the 

aim of finding substitutes for conventional 

fertilizers that may harm ecosystems, both 

farmers and agriculturalists are actively 

seeking alternatives. Consequently, the 

microalgae market is expected to keep 

going up. This trend fits with a larger move 

toward more sustainable and regenerative 

farming methods, which makes microalgae 

fertilizer a promising part of the future of 

farming. The market for new fertilizers 

made from microalgae is affected by 

changes in the market. This dynamic 

includes a number of factors, such as new 

technologies, changing consumer tastes, 

government rules, environmental issues, 

and the state of the global economy. 

The rapid growth of the population 

has led to an increase in the demand for 

food production, while putting pressure on 

agricultural land resources. Scientists have 

concentrated their efforts on microalgae as 

a sustainable and feasible substitute for 

nourishing plants in order to tackle this 

challenge. 

Factors Affecting the Sustainability of 

Microalgae in the Market 

Several variables affect the 

sustainability of microalgae in the market 

(Figure 4). Research collaboration among 

fertilizer manufacturers with research 

institutes or experts in microalgae culture is 

important to collectively create novel 

formulations for fertilizers that are based on 

microalgae. Such collaboration could lead 

to the development of more efficient and 

nutritionally dense products. 

Producers of microalgae fertilizer 

might establish distribution agreements 

with agricultural suppliers to enhance the 

accessibility of their products to farmers. 

These collaborations might facilitate the 

expansion of the customer reach. 

Furthermore, strategic alliances can be 

established between fertilizer producers 

and organizations specializing in soil health 

and agricultural solutions. This 

collaboration aims to provide farmers with 
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a comprehensive bundle of services and 

products. One possible approach is to 

integrate microalgae fertilizer with soil 

conditioner and precision farming 

technology. Companies that own unique 

technology for growing and processing 

microalgae can give licenses to fertilizer 

makers. This lets them make microalgae-

based products more efficiently and 

cheaply.

 

Fig. 4. Factors affecting the sustainability 

of microalgae in the market. 

 

Major agricultural corporations are 

contemplating the purchase of microalgae 

cultivation facilities or start-ups in order to 

incorporate them into their supply chains. 

This vertical integration strategy can afford 

them greater authority in managing the 

production and ensuring the quality of 

fertilizers derived from microalgae. 

Large multinational agricultural 

corporations have the opportunity to 

purchase smaller local producers of 

microalgae fertilizers in order to extend 

their market reach into other regions or 

nations. These market expansion strategies 

can enable them to capitalize on emerging 

markets and broaden their range of product 

offerings. 

The variety of microalgae-based 

fertilizers, including biofertilizers, 

biostimulants, biofungicides, slow-release 

nutrient carriers, and soil conditioners, can 

have a big impact on how long microalgae 

stay on the market. Instead of just one type 

of fertilizer, companies can meet a wide 

range of agricultural needs, such as 

improving NPK levels, soil health, pest 

resistance, biofertilizers made from algae 

growing in wastewater, or biostimulants 

made from protein-rich strains. Microalgae 

companies can use fertilizers that contain 

microalgae extracts and biochar-based soil 

additions in organic farming. A variety of 

fertilizer products can be offered to reach 

more customers and keep demand steady. 

Interesting Facts about the Microalgae 

Fertilizer Industry 

Microalgae are highly efficient in 

nutritional recovery and have a strong 

potential as a source of fertilizer. However, 

large-scale commercial production of 

microalgae fertilizers still has many 

challenges. Microalgae-based fertilizer  

plants are currently under development and 

require additional comprehensive research 

in both the United States (US) and the 

United Kingdom (UK), as these countries 

are at the forefront of research and 

development in this field. 

Rising demand for organic food will 

lead to a corresponding increase in organic 

output, necessitating a bigger quantity of 

organic fertilizer. The scarcity of biodiesel 

will result in a rise in the fertilization of 

microalgae. Microalgae also enables 

research and development to assess the 

effectiveness of businesses in providing 

organic fertilizer for production. This 

tendency also promotes a transition towards 

improved agricultural techniques to 

enhance soil stability and boost yield. 

Funding is available for the procurement of 

raw materials, agrochemicals, and other 

necessary products to enhance the demand 

for microalgae fertilizer. Consumers 

currently enjoy enhanced lifestyles and 

adopt healthier habits. This phenomenon 

has resulted in the development of superior 

and more natural food products, hence 

increasing the need for organic fertilizer to 

enhance the quality of food. The industry 

can derive long-term advantages from this 
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reality, as health is intricately connected to 

the quality of life. 

Arthrospira, Chlorella, Dunaliella, 

Schizochytrium, Euglena, Nannochloropsis, 

Nostoc, and others are some of the major 

species used in microalgae fertilizers. 

Arthrospira is the leading species that is 

used in biofertilizers. Nevertheless, 

maintaining the product quality of 

microalgae-based fertilizer raises multiple 

concerns. 

Conclusion 

Microalgae offer a sustainable and 

effective solution for enhancing soil 

fertility, plant growth, and crop protection 

within organic farming systems. Their 

diverse functional roles and eco-friendly 

nature position them as a promising 

alternative to conventional agricultural 

inputs, with a growing market demand 

driven by the shift towards sustainable 

practices. Further research and cost-

effective production methods are crucial for 

wider adoption and the maximization of 

their agricultural benefits. 
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