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The growing demand for food necessitates more efficient and sustainable agricultural
practices. Conventional fertilizers, due to their high solubility, release nutrients rapidly,
requiring frequent applications and contributing to environmental issues such as nutrient
leaching and eutrophication of water bodies. In this context, glass fertilizers (GFs) emerge
as a promising alternative, incorporating essential nutrients such as phosphorus (P,0;) and
silicon (SiO,) while enabling controlled solubility through glass network modulation.
Additionally, combining GFs with biodegradable polymer matrices, such as alginate, can
optimize nutrient release, minimize losses, and enhance plant absorption. In this study, a
composite biofertilizer based on phophosilicate GF was developed and encapsulated in
alginate spheres. The fertilizers were synthesized via melt-quenching and incorporated into
the polymer matrix through ionotropic gelation. The materials were characterized using
FTIR, Raman spectroscopy, TGA, DSC, and SEM to assess their thermal stability, chemical
structure, and morphology. Nutrient release was evaluated through dissolution tests in two
media—aqueous and buffered (pH 4.7) - by monitoring mass loss, pH variation, ion release,
and structural changes post-exposure. The results indicate that nutrient release occurs in a
controlled manner, with a more pronounced effect in acidic conditions. Alginate
encapsulation yielded homogeneous materials with controlled size and improved GF
stability against ambient moisture. Optimization of preparation parameters, particularly the
GF-to-alginate ratio, resulted in uniform and stable spheres. These findings highlight the
significant potential of composite biofertilizers for agricultural applications, as they enable
tunable nutrient release in soil through the integration of GFs with biodegradable polymers.
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