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Microalgae represent versatile biofactories for the development of sustainable agricultural bio-inputs. However, even though algae cultivation strategies in the initial and production phases shape the functionality of biostimulants, the downstream phase remains insufficiently explored. This study investigated how the metabolic conditioning of Chlamydomonas reinhardtii under different cultivation modes (mixotrophy, heterotrophy, and under saline stress) influences the physiological performance of hydrolysates derived from the biomass, applied to a soil-plant system under contrasting pH conditions. The microalgal biomass was biochemically characterized, and the resulting hydrolysates were applied to soybean (Glycine max L. Merr.) grown in acidic soils (pH 4.88) and with liming (pH 6.7). Plant responses were evaluated through parameters of gas exchange, shoot biomass accumulation, total leaf carbon content, and carbon isotopic composition (δ¹³C). The cultivation strategy significantly altered the biochemical profile of C. reinhardtii biomass, generating hydrolysates with distinct physiological effects. Although soil acidity conditions limited the expression of responses to biostimulants, classification allowed for a clear differentiation between treatments. Hydrolysates derived from cultures subjected to saline stress showed greater CO₂ assimilation, transpiration, and shoot biomass accumulation under pH correction, while mixotrophic and heterotrophic cultures promoted contrasting modulation of internal CO₂ dynamics and carbon discrimination. These results demonstrate that the metabolic conditioning induced by cultivation is a fundamental determinant of the performance of microalgae biostimulants and that soil pH acts as a critical environmental filter for the physiological expression of algae-derived bioactivity. The integration of upstream algae cultivation strategies with downstream soil management emerges as a promising approach for the rational development of microalgae-based agricultural bio-inputs.
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