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Highlights
Microalgae beads promote nutrient release. Cross-linking with 1% CaCl₂ forms stable spheres. Higher alginate content reduces degradation. A viable alternative for soil fertilization.
Resumo/Abstract
Microalgae constitute a diverse group of photosynthetic microorganisms capable of developing in a variety of environmental conditions1. Their composition can range from 6 to 8% nitrogen and 1 to 3% phosphorus, making them a viable alternative for soil fertilization2. The present study aims to evaluate the effect of alginate (SA) concentration on the physicochemical and morphological properties of SA and microalgae beads crosslinked with 1% CaCl2.  Alginate beads (SA1 and SA2) were prepared by solubilizing sodium alginate (1 and 2% w/v) in water. Beads containing microalgae (SAM) were obtained from the suspensions: SA 1%, SA 2% (w/v), and Spirulina 2% (w/v). The suspensions were mixed and magnetically stirred for 24h, forming SA1M2 and SA2M2. Subsequently, the beads were formed by crosslinking, dropping the suspensions in a 1% CaCl2 (w/v) solution for 5 min, followed by 15 min of homogenization. The beads were characterized by Scanning Electron Microscopy (SEM). Were carried out on the degree of swelling (GI), degradation (%D), determination of physical-chemical parameters, such as pH, conductivity, turbidity and determination of phosphate ions (PO43-). The micrographs revealed that the presence of microalgae promoted greater heterogeneity, resulting in a rougher and more porous surface. These changes indicate that the incorporation of microalgae modifies the gel organization, increasing the surface area and permeability. Over the 24h period, the SA2M2 sample presented the highest swelling degree, with 59.53%, followed by SA2 (52.37%). The addition of microalgae increased the SD in the SA1 beads, as observed in SA1M2 (46.66%), compared to SA1 (41.70%). These results indicate that the increased SA concentration and the presence of microalgae favor water absorption. Regarding degradation, after 24h, the lowest rate was observed in SA2 (16.27%) and the highest in SA1 (30.08%). The microalgae reduced degradation in SA1M2 (27.00%) but increased it in SA2M2 (21.24%). Suggesting that a higher alginate concentration increases matrix stability, while the effect of microalgae depends on the bead composition3. In the physicochemical parameters, the pH dropped from 7.9 (control) to between 5.8 and 6.0 in the samples. Electrical conductivity was higher in the samples AS1: 498.3 µS/cm; SA1M2: 350.7 µS/cm than in SA2: 311.0 µS/cm; SA2M2: 277.0 µS/cm, indicating ion retention. Turbidity increased in SAM samples (SA1M2: 3.21 NTU; SA2M2: 2.51 NTU), possibly due to the release of phycocyanin and other particles. The ASM samples also released PO₄³⁻ ions, SA1M2 (13.103 mg/L) and SA1M2 (10.900 mg/L) in the 48h period. The analyses indicated that the SA concentration increases the stability of the beads, while the addition of microalgae favors swelling and nutrient release. Thus, alginate beads with microalgae stand out as a promising alternative for sustainable biofertilizers.
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