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Intensified food production increasingly strains soil and water resources due to excessive fertilizer use, highlighting the need for more sustainable agricultural practices. Conventional fertilizers often lead to low nutrient use efficiency, resulting in significant nutrient losses. Enhanced efficiency fertilizers (EEFs), which provide a slow or controlled release of nutrients, address this issue by supplying a steady nutrient flow and reducing the need for frequent fertilization. In addition to employing biodegradable materials and environmentally friendly methods, accurately tracing and understanding nutrient release kinetics is a crucial in EEF production. Nutrient release can be controlled by various mechanisms, including dissolution, diffusion, osmosis, and erosion. Mathematical models and curve-fitting techniques are essential for designing and evaluating these process. Therefore, studies integrating release testing and mathematical modeling are vital, as they offer more precise data for fitting release curves in similar materials. The present study aimed to assess different kinetic models (Zero-order, First-order, Higuchi, Korsmeyer-Peppas, Peppas-Sahlin, Hixson-Crowell, and Hopfenberg) for describing nutrient release from a KNO3-cellulose-based EEFs produced by spray-drying and melt-processing. The differences between the evaluated EEFs lie in three main factors: (I) the type of atomizing nozzle used during spray-drying, (II) the choice of anionic or cationic cellulose, and (III) the composition of the coating matrix, which can be based on poly(3-hydroxybutyrate) (PHB) combined with starch (St) or with thermoplastic starch (TPS). Computerized modeling techniques were employed to fit various models to the experimental data, enabling the determination of crucial kinetic parameters that characterize this type of nutrient release. The results of the nutrient release test in water indicated that tablets with the PHB.St matrix released K+ and NO3- more slowly and gradually, particularly in the initial minutes of the test. Additionally, tablets made from microspheres obtained through spray-drying were more effective at retaining nutrients than those made from microcapsules. The impact of cellulose charge was particularly noticeable in K+ release: tablets with anionic cellulose (opposite in charge to K+) released this ion more slowly. Mathematical modeling of these results provided insights into the reasons behind the varying release rates for each material. The Higuchi, Hixson-Crowell, and Hopfenberg models exhibited coefficient of determination (r²) values exceeding 0.9000 for most composites, suggesting that particle release from the matrix is primarily governed by diffusion. The Korsmeyer-Peppas and Peppas–Sahlin models fit the experimental data best, with r² values over 0.9800, indicating that nutrient release involves both diffusion and polymeric matrix relaxation. Positive nutrients (K+) rely more on diffusion for release from negatively charged matrices (CNF-) and on relaxation for release from positively charged matrices (CNF+). Negative nutrients (NO3-) exhibit the opposite pattern.
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