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as a suitable biofertilizers for various crop needs.

ABSTRACT

Soil degradation from intensive agriculture and the overuse of inorganic fertilizers has raised global concerns
associated with reduced crop yields and environmental pollution. Algae including cyanobacteria, micro,
and macro-algae offer a sustainable solution as new age biofertilizers, capable of enhancing soil health and
crop productivity. This review examines key mechanisms such as nitrogen fixation, secretion of
phytohormones, bioactive compounds and organic compounds, and improvements in soil structure, texture,
fertility and moisture retention. Notable species such as Anabaena, Nostoc, and microalgae consortia have
demonstrated significant increases in nutrient availability and plant growth. Based on the current literature,
algae based biofertilizers represent a promising component of integrated nutrient management and acting
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Introduction

The excessive reliance of synthetic fertilizers by ag-
ricultural systems has led to pollution, water dete-
rioration and nutrient depletion. These practices
have led to a decline in soil fertility, microbial imbal-
ance, and ecological instability. Biofertilizers, par-
ticularly those derived from algae, offer a promising
and environmentally friendly solution. Algae can
enhance nutrient cycling, contribute organic matter,
and support beneficial microbial communities in soil
(Singh et al., 2016). This review highlights the poten-
tial of algae as biofertilizers by focusing on the types
of algae used, their mechanisms ofaction, their im-

pact on soil and plant productivity and future pros-
pects.

Types of Algae Used as Biofertilizers

Cyanobacteria (blue-green algae) such as Anabaena,
Nostoc, Oscillatoria, and Aulosira are well known for
their nitrogen-fixing capacities through heterocyst,
making them valuable biofertilizers in paddy fields
by reducing the need for synthetic fertilizers (Singh
et al., 2016). They also release polysaccharides that
enhance soil aggregation. Microalgae like Chlorella,
Scenedesmus and Spirulina are favored for their rapid
growth and production of plant growth-promoting
hormones such as auxins, cytokinin, and gibberel-
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lins, which improve seed germination and root de-
velopment while enriching soil organic matter
(Ronga et al., 2019). Macroalgae or seaweeds-includ-
ing Ascophyllum, Laminaria and Sargassumare prima-
rily used in liquid extracts as foliar sprays or soil
amendments, offering micronutrients and stress-al-
leviating compounds, especially in horticultural and
controlled environments.

Mechanisms of Action

Nitrogen Fixation: Cyanobacteria can fix atmo-
spheric nitrogen into bioavailable forms, signifi-
cantly improving soil nitrogen status. This biological
nitrogen fixation (BNF) reduces dependence on
chemical fertilizers. The fixed nitrogen is released
into the soil upon cell death or through leakage,
making it available for plant uptake (Ammar, 2022).
Phytohormone Production: Algae secrete phytohor-
mones such as auxins (IAA), gibberellins, and cyto-
kinins that influence various aspects of plant
growth. These hormones promote root elongation,
enhance shoot growth, and stimulate seed germina-
tion, which collectively improve plant health and
yield (Ronga et al., 2019).
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Fig. 1. Effects of biofertilizers on physiological and bio-
chemical properties of soil (Chatterjee, et al., 2017)

Soil Structure and Moisture Retention: The
exopolysaccharides secreted by algae improve soil
structure by binding particles and enhancing poros-
ity (Fig.1). This improves water infiltration and re-
tention, making the soil more resilient to drought
and reducing the risk of erosion (Dineshkumar et al.,
2019).

Organic Compound Secretion: Algae release a
range of organic compounds including amino acids,
fatty acids, vitamins, and antioxidants. These com-
pounds support microbial diversity, increase enzy-
matic activity, and improve nutrient cycling
(Gongalves, 2023).
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Enhanced Microbial Activity: The introduction of
algal biomass into the soil enriches the microbial
community. It promotes beneficial microbes such as
nitrogen-fixing bacteria, phosphate-solubilizing bac-
teria, and mycorrhizal fungi (Gao et al., 2020). This
microbial synergy contributes to soil fertility and
plant resilience.

Impacts on Soil Health

Algae improve soil health by enriching it with essen-
tial nutrients like nitrogen, phosphorus, potassium,
and trace elements, while boosting total organic car-
bon and cation exchange capacity for better nutrient
retention (Ammar, 2022). They promote microbial
diversity and enzymatic activity, accelerating or-
ganic matter decomposition and nutrient cycling
(Guo et al., 2020). Additionally, algal biomass en-
hances soil structure by improving aggregation, re-
ducing bulk density, and increasing porosity,
thereby creating favorable conditions for root devel-
opment and water infiltration.

Application Methods and Compatibility

Algal biomass (fresh, dried, or powdered) can be
directly mixed into soil during or before planting.
This enhances soil structure, water retention, and
microbial activity. Organic compounds in algae, like
carbohydrates and proteins, serve as microbial food
sources, boosting nutrient mineralization and root-
microbe interactions. Regular use improves soil po-
rosity and nutrient cycling, especially in
degradedsoils. Liquid extracts from macroalgae,
particularly brown and red varieties, are rich in phy-
tohormones (auxins, cytokinin, gibberellins) and mi-
cronutrients (Zn, Fe, Mn). Applied as foliar sprays,
these are quickly absorbed by leaves, promoting
chlorophyll synthesis, enzymatic activity, and stress
tolerance. This method is especially effective during
critical growth stages like flowering and fruiting.
Liquid algal biofertilizers can also be effectively ap-
plied through fertigation systems, ensuring uniform
nutrient delivery to the root zone. This method en-
hances nutrient uptake, promotes plant growth, con-
serves water, and integrates well with sustainable
and low-input agricultural practices.

Seeds treated with algal extracts or powders form
a bioactive layer that promotes early water uptake,
enzyme activation, and beneficial microbial coloni-
zation. This leads to faster germination, uniform
sprouting, and improved disease resistance. Algal
polysaccharides and amino acids further enhance
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seedling vigour, especially under drought or saline
stress.
Algae can be combined with compost, manure, or
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synthetic fertilizers to enhance nutrient availability
and microbial activity. This Integrated Nutrient
Management (INM) approach (Fig. 2) boosts fertil-
izer efficiency, reduces leaching, and supports long-
term soil fertility (Ronga et al., 2019).

Environmental and Economic Benefits

Algal biofertilizers reduce dependency on synthetic
inputs by slowly releasing nutrients, minimizing
leaching, runoff, and emissions while enhancing soil
nutrient cycling and health. Though initial costs may
be present, long-term application lowers the need
for irrigation, pesticides, and synthetic inputs, im-
proving cost-efficiency for farmers (Gao et al., 2020).
Algae grown in nutrient rich wastewater offer a
dual solution for waste treatment and low-cost fer-
tilizer production (Subramanian et al., 2020). Biode-
gradable and non-toxic algal biofertilizers support
sustainable and organic agriculture through im-
proved soil regeneration, biodiversity and climate
resilience.

Future Prospects

Advancements in genetic tools such as CRISPR and
synthetic biology allow precise modification of algal
strains to enhance nutrient uptake, stress resilience,
and bioactive compound production, increasing
their value as biofertilizers (Guo et al., 2020). Inte-
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grating algae into nutrient management systems
with compost or vermicompost improves soil qual-
ity while minimizing chemical dependency (Ronga
et al., 2019). Widespread adoption requires field tri-
als and farmer-focused training to demonstrate effi-
cacy and build trust across agro-ecological zones.
Additionally, innovative formulations like encapsu-
lated gels or liquid concentrates enhance product
stability and ease of use. These combined advances
strengthen the role of algal biofertilizers in sustain-
able agriculture, promoting environmental health
and long-term food security.

Conclusion

Algae offer a multifunctional and sustainable alter-
native to conventional fertilizers. Their capacity to
improve soil structure, enhance nutrient cycling,
and promote crop productivity positions them as
valuable biofertilizers. While current limitations ex-
ist in production, formulation, and awareness, re-
search and innovation are paving the way for
broader adoption. With integrated approaches and
policy support, algae-based biofertilizers can con-
tribute meaningfully to future sustainable agricul-
ture.
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