Use of fisheries by-products for high value agronomic purposes
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Abstract

The utilisation of fisheries by-products as a strategic resource for agronomic applications represents
a growing opportunity to advance circularity, nutrient recycling, and sustainable primary production.
Across Europe, large volumes of fish processing residues—including bones, frames, viscera, skin,
scales, and bone-rich sediment—remain underexploited despite their high content of essential
minerals, organic nitrogen, bioactive compounds, and structural biomaterials. Their recovery and
transformation into agronomically valuable inputs can reduce dependency on contentious substances
in organic farming, decrease environmental burdens associated with waste disposal, and support the
development of novel, bio-based solutions aligned with EU Green Deal and Farm-to-Fork objectives.

Within this context, the BIO2 project [1] establishes an integrated framework for developing, scaling,
and validating bio-based agronomic products derived from circular feedstocks, including marine side
streams. The project combines biotechnological, chemical, and material-science approaches to obtain
alternative fertilisers, crop protection products, antiparasitic agents, and immunostimulants capable
of replacing or reducing synthetic and controversial inputs used in organic farming.

Within integrated biorefinery approaches, fish bone fractions can be converted into a broad suite of
calcium phosphate (CaP) materials suitable for multiple agronomic functions. Thermal, enzymatic
and mechanical treatments enable the extraction of hydroxyapatite-rich solids with tailored
physicochemical properties, ranging from minimally processed bone meals to highly purified CaP
phases. These materials offer a sustainable alternative to phosphate rock-derived fertilisers,
supporting long-term nutrient security while reducing environmental impacts associated with
mining and chemical processing. Because fish-derived CaPs contain phosphorus bound within a
natural mineral matrix, they typically act as slow-release P sources, particularly beneficial in soils
with high P fixation capacity or for crops with sustained phosphorus demand. Their gradual
dissolution in slightly acidic environments facilitates a more synchronised nutrient release pattern,
mitigating losses through leaching and contributing to improved fertiliser-use efficiency in organic
systems.

Beyond their role as phosphorus sources, fishbone derived CaP ingredients present important
functional advantages for soil structure and plant physiology. The calcium content contributes to
improving soil aggregation, root development and rhizosphere stability, while the mineral matrix can
incorporate smaller quantities of other elements, such as Mg or K, that support broader nutrient
balances. When combined with other materials, CaP fractions form the backbone of complete organic
fertilisers capable of delivering both macro and micronutrients in a balanced and environmentally
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benign manner. These blended inputs can be formulated as liquids, powders, or pellets depending on
agronomic needs, and they allow the design of fertilisers that better match the nutrient stoichiometry
required by specific crops.

The agronomic value of fishbone derived CaPs also extends to their role in circular nutrient flows. By
redirecting mineral rich residues from the marine domain back into agricultural soils, these materials
help close elemental cycles and reduce pressure on terrestrial phosphorus sources. Their production
often requires significantly lower energy inputs than conventional fertiliser manufacture, and
lifecycle assessments consistently indicate reductions in greenhouse gas emissions, eutrophication
potential and overall environmental burden relative to synthetic alternatives. This positions CaP
ingredients derived from fish bones as a cornerstone technology for sustainable fertilisation
strategies capable of supporting the expansion of organic and low input farming.

The integration of these circular materials into agronomic products aligns with current European
objectives to reduce dependence on imported mineral fertilisers and phase out contentious
substances still authorised in organic farming. Bone derived calcium phosphates can act as slow-
release phosphorus sources, particularly relevant for crops cultivated in P-binding soils. These
strategies collectively contribute to a broader transition towards low impact, resource-efficient crop
protection and nutrition solutions.

Beyond agronomy, the valorisation of fisheries byproducts also contributes to broader sustainability
objectives. Redirecting marine residues towards high value products helps minimise waste streams,
supports coastal and rural economies, and strengthens circular connections between marine and
terrestrial systems.

Overall, the valorisation of fisheries by-products for high-value agronomic purposes demonstrates
significant potential to enhance nutrient circularity, reduce environmental impacts and provide
farmers with effective, sustainable alternatives to conventional inputs. As European agriculture
moves towards lower impact, biologically based systems, marine side streams represent an abundant
and underused resource capable of contributing to soil fertility, plant health and resilient food
production. The advances generated through initiatives such as BIO2 highlight a path towards
integrating marine bioresources into the broader bioeconomy, supporting the transition to more
environmentally responsible and economically viable farming practices across Europe.
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