Silica Nanoparticles Suppress Fungal Pathogenic Allies to Alleviate Astragalus Root Rot
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Materials and methods
Effect of fungal pathogenic allies on pathogen growth
F. oxysporum was initially cultured on PDA plates for 7 days. Fungal plug (6-mm diameter) were then aseptically excised from the cultured plates. The fungal plugs (with the mycelial side oriented downward) were immersed in bacterial suspensions (OD600 = 0.8) for 1 h. After immersion, the plugs were transferred to fresh different concentrations PDA plates (Total nutrition (PDA), half of the nutrition (1/2PDA), and one quarter of nutrition (1/4PDA)). For the control group, fungal plugs were treated with sterile distilled water under identical conditions. Each treatment was replicated four times, and all plates were incubated at 28 °C for 6 days. After incubation, the radial growth diameters of F. oxysporum colonies were measured using a digital caliper to evaluate the effect of bacterial treatments on fungal growth.
The influence of fungal pathogenic allies on the growth of beneficial bacteria
A total of seven beneficial bacterial strains were selected, including Paenibacillus sp. (significantly enriched in the soil-applied SiO2 NPs treatment group) and a synthetic microbial consortium (comprising Stenotrophomonas sp., Rhizobium sp., Ochrobactrum sp., and Advenella sp.) previously demonstrated to confer significant resistance against Astragalus root rot [1]. Additionally, the core species Variovorax sp., identified in the Si_S rhizosphere network, was incorporated given its well-documented role as a beneficial rhizosphere bacterium in much research [2, 3]. Bacterial cultures were inoculated in LB liquid medium and incubated at 28 °C with shaking (180 rpm) for 48 h. After adjusting all cultures to an OD600 of 0.8 with, 100 μL of each beneficial bacterial suspension was uniformly spread onto LB agar plates. Subsequently, 3 μL fungal pathogenic allies (P. aeruginosa XS-134-7 and M. oxydans SCK-308) were spot-inoculated onto separate positions of the plates. Plates were incubated at 28 °C for 72 h, after which antagonistic interactions were observed.

References
1.	Li Z, Bai X, Jiao S, Li Y, Li P et al. A simplified synthetic community rescues Astragalus mongholicus from root rot disease by activating plant-induced systemic resistance. Microbiome. 2021;9(1):217. https://doi.org/10.1186/s40168-021-01169-9.
2.	Yin C, Casa Vargas JM, Schlatter DC, Hagerty CH, Hulbert SH et al. Rhizosphere community selection reveals bacteria associated with reduced root disease. Microbiome. 2021;9(1):86. https://doi.org/10.1186/s40168-020-00997-5.
3.	Wang P, Yang L, Sun J, Yang Y, Qu Y et al. Structure and Function of Rhizosphere Soil and Root Endophytic Microbial Communities Associated With Root Rot of Panax notoginseng. 2022;Volume 12 - 2021. https://doi.org/10.3389/fpls.2021.752683.


[image: 图片包含 图示

AI 生成的内容可能不正确。]
[bookmark: _Hlk196335802]Fig. S1 Characteristics of SiO2 NPs. (a) Transmission Electron Microscope (TEM) image of SiO2 NPs. (b) Fourier transform infrared spectroscopy of SiO2 NPs. (c) XPS survey of the SiO2 NPs. (d) The stability of SiO2 NPs.
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Fig. S2 Effects of soil application (Si_S) (a) and foliar spraying (Si_L) (b) of different concentrations of SiO2 NPs on agronomic attributes of Astragalus. The concentration of SiO2 NPs in the control group was 0 mg/kg (or 0 mg/L). Lowercase letters above the bars indicate significant differences (p < 0.05) between the different treatments, respectively (One-way ANOVA test).
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Fig. S3 The relative abundance of differential phylum in various treatments. Significant differences between treatments were tested by one-way ANOVA (p < 0.05). Si_S: Soil application of SiO2 NPs; Si_L: Foliar spray of SiO2 NPs.
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Fig. S4 The relative abundance of differential bacterial genera in control and Si_S-treated (Soil application of SiO2 NPs). Significant differences between treatments were tested by one-way ANOVA (p < 0.05).
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Fig. S5 The relative abundance of differential bacterial genera in in control and Si_L-treated (Foliar spray of SiO2 NPs). Significant differences between treatments were tested by one-way ANOVA (p < 0.05).
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Fig. S6 The relative abundance of differential fungal genera in in control and Si_S-treated (Soil application of SiO2 NPs). Significant differences between treatments were tested by one-way ANOVA (p < 0.05).
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Fig. S7 The relative abundance of differential fungal genera in in control and Si_L-treated (Foliar spray of SiO2 NPs). Significant differences between treatments were tested by one-way ANOVA (p < 0.05).
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[bookmark: _Hlk183533419]Fig. S8 Top 30 ASVs for betweenness centrality in different treatment co-occurrence networks. The red asterisk indicates the separated ASVs. Si_S: Soil application of SiO2 NPs; Si_L: Foliar spray of SiO2 NPs.
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Fig. S9 The core species construct an N-j phylogenetic tree based on 16S rRNA gene sequences. And showed its similarity to the corresponding ASVs.
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Fig. S10 Single infection of P. aeruginosa XS-134-7 and M. oxydans SCK-308 on Astragalus. The control group was only added with sterile water.
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Fig. S11 The pathogenic mechanism of pathogen helpers. (a) Effect of fungal pathogenic allies on pathogen growth. (b) The influence of fungal pathogenic allies on the growth of beneficial bacteria.
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Fig. S12 The application of SiO2 NPs altered the composition of root exudates of Astragalus.
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Fig. S13 The STA‐Sankey Network for R00679 and R00673 metabolic reaction in tryptophan metabolism.
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Fig. S14 The effects of differential metabolites on the growth and spore formation of Fusarium oxysporum in solid and liquid media.
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Fig. S15 The relative abundance of flavonoids and phenolics in different treatments. Lowercase letters above the boxs indicate significant differences (p < 0.05) between the different treatments, respectively (One-way ANOVA test). Si_S: Soil application of SiO2 NPs.
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c_Actinobacteria

c_Bacteroidia [*]

c_Vicinamibacteria
c_Blastocatellia
c_Acidobacteriae
c_Verrucomicrobiae
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L-Tryptophan (C00078)

Indole-3-acetamide (C02693)

- Significantly up regulated microbes or metabolites (FC>1 and p<0.05)
- Up regulated microbes or metabolites (FC>1 and p=0.05)
- Significantly down regulated microbes or metabolites (FC<1 and p<0.05)
Down regulated microbes or metabolites (FC<1 and p20.05)
~ Significant positive correlation (R>0 and p<0.05)
~ Positive correlation without statistical significance (R>0 and p=0.05)
~ Significant negative correlation (R<0 and p<0.05)
Negative correlation without statistical significance (R<0 and p=0.05)

Reference relationships searched through database

Indole (C00463)

L-Tryptophan (C00078)
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