[bookmark: _GoBack]Fig. 1. Characteristics of (a) common bubbles: bubbles with larger diameters, limited air storage capacity, shorter-term stability, and lower solubility. (b) Micro-nano bubbles: bubbles with small diameters ranging from 1 to 100 nanometers, exhibiting high air storage capacity, long-term stability, and high solubility. (c) Photograph of micro-nano bubbles.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Fig. 2. Impact of micro-nano bubble aeration on dissolved O2 levels in water. (a) Effect of different aeration rates on the concentration of dissolved O2 in water. (b) Effect of varying inflow/outflow rates on the dissolved O2 in water at a constant aeration rate of 4L/min.

Fig. 3. Effects of different treatments on diurnal variations of soil pore O2 (a) and CO2 (b); the variations of soil pore O2 (c) and CO2 (d) between different dates during the tomato cultivation period; and the relationship between soil pore O2 and CO2 (e).


Fig. 4. Distribution of soil water content at a depth of 5-35 cm under different soil aeration and irrigation levels in 2022 and 2023. 

Fig. 5. Root scan photos of tomato plants during the ripening stage under different treatments in 2022. a: L1I1; b: N2I1; c: CK1; d: L1I2; e: N2I2; f: CK2.

Fig. 6. Pearson correlation coefficient among soil water content, soil O2 and CO2 concentration, nitrogen, root extracts, growth traits, and fruit yield. *p < 0.05. 

Fig. 7. Principal component analysis (PCA) was conducted to elucidate the relationships between irrigation and aeration treatments and the corresponding variables in 2022 (a) and 2023 (b). The lines originating from the central point of the biplots depict the positive or negative correlations of different variables, while their proximity indicates the strength of correlation with a specific treatment.

Fig. 8. SEM analysis depicting the regulatory pathway of tomato fruit yield under the conditions of soil aeration. The numbers on the arrows are standardized direct path coefficients. The red line represents a positive path coefficient, and the green line represents a negative path coefficient.
