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Foliar application of Bacillus velezensis induces physiological
responses and increases the yield of sweet potato by regulating the
endophyte community structure and metabolic pathways

TAO Yu, PENG Zhengyu, HUANG Chanchan, PENG Di, ZHOU Chi’, LI Xin"

Hunan Provincial Engineering Research Center for Mining and Utilization of Endophytic Microbial Resources in

Plants, Hunan Provincial Microbiology Research Institute, Changsha, Hunan, China

Abstract: [Objective] To investigate the biostimulatory effects of Bacillus velezensis XZT106 on
the tuber crop sweet potato (lpomoea batatas) and elucidate the potential mechanisms underlying
its yield increase. [Methods] Sweet potato plants were treated by foliar spraying with B. velezensis
fermentation broth, with the plants treated with inactivated B. velezensis fermentation broth as the
control. We analyzed the chloroplast content, chloroplast ultrastructure, and antioxidant enzyme
activity as well as the structure and metabolite composition of endophyte communities in different
ecological niches of sweet potato plants to delve into the mechanisms by which B. velezensis
fermentation broth increases the sweet potato yield. [Results] Foliar application of B. velezensis
increased the sweet potato yield, enhanced the antioxidant enzyme activity in the roots, induced
changes of chloroplast ultrastructure, and led to a more compact matrix structure with enlarged
intracellular starch granules. In addition, foliar application of B. velezensis caused significant
changes of endophyte community structures in various parts of sweet potato plants, significantly
reducing the relative abundance of Fusarium and increasing the relative abundance of Pantoea.
Moreover, the foliar application significantly altered the metabolome profiles of leaves and soil.
Riboflavin metabolism, zeatin biosynthesis, and isoflavone biosynthesis, which regulate growth
and enhance stress resistance, were significantly upregulated in leaves. The axon regeneration
pathway promoting lateral root development and the glycerophospholipid metabolism pathway
promoting cell proliferation were significantly upregulated in soil. [Conclusion] B. velezensis
fermentation broth exerts a plant growth-promoting effect by enhancing antioxidant capacity,
improving leaf cell ultrastructure, reshaping the endophyte community structure, and activating key
growth-promoting and stress response metabolic pathways in sweet potato plants. These findings
provide a new theoretical foundation for the application of B. velezensis-based microbial inoculants
in enhancing the sweet potato yield.

Keywords: Bacillus velezensis; sweet potato (I[pomoea batatas); metabolome; endophytes
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Figure 1 Measurement of sweet potato yield and physiological and biochemical indicators. A: Comparison of
sweet potato yield before and after treatment with Bacillus velezensis suspension (ns: P>0.05; *: P<(.05; ***:
P<0.001); B: Comparative bar graph of leaf chlorophyll content between control and B. velezensis-treated groups;
C: Bar graph depicting root antioxidant enzyme activities in control and treated groups; D: Transmission electron
microscopy (TEM) images comparing chloroplast ultrastructure in leaves of control and B. velezensis-treated
plants; E: Transmission electron microscopy (TEM) images comparing the ultrastructure of starch grains in leaves

of control plants and plants treated with B. velezensis.
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Figure 2  Detection of sweet potato endophytic microbiota diversity. A: Bar plots depicting alpha diversity
indices of endophytic microbial communities; B: Principal coordinates analysis (PCoA) plot illustrating beta

diversity of endophytic microbial communities. CK: Control group; T: Treatment group-sprayed with Bacillus

velezensis XZT106 suspension on leaves.
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Figure 3 Composition and differential analysis of plant endophytic microbial communities. A: Column chart
showing the relative abundance of endophytic bacterial species in three ecological niches of sweet potatoes; B:
Identification of discriminatory taxa characteristic of each niche using LEfSe analysis (LDA effect size); C: Venn
diagrams illustrating the distribution of shared and unique bacterial and fungal OTU within the leaf endophytic

communities between control and treated groups.
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Figure 4 Soil metabolomic analysis. A: Partial least squares discriminant analysis (PLS-DA) score plot of soil
metabolites; B: Volcano plot visualizing differential soil metabolites; C: Variable importance in projection (VIP)
score analysis of differential soil metabolites; D: Kyoto encyclopedia of genes and genomes (KEGGQG) pathway
enrichment bubble plot. DA score: Differential abundance score. A score of +1 indicates all annotated differential
metabolites within the pathway exhibit an upregulated expression trend; A score of —1 indicates all annotated
differential metabolites within the pathway exhibit a downregulated expression trend. Bubble size represents the

number of differential metabolites annotated to the pathway.
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Figure 5 Differential analysis of leaf metabolome. A: Partial least squares discriminant analysis (PLS-DA) score

plot of leaf metabolites; B: Volcano plot visualizing differential leaf metabolites; C: Variable importance in

projection (VIP) score plot of differential leaf metabolites; D: Kyoto encyclopedia of genes and genomes

(KEGQG) pathway enrichment bubble plot.
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Table 2 Table of top 10 differentially expressed metabolites in leaf metabolism
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Figure 6 Correlation analysis between differential metabolites and endogenous bacteria. A: Heatmap of

correlation between the top 50 most abundant soil metabolites and the top 50 most abundant storage root

endophytic bacteria; B: Heatmap of correlation between the top 44 most abundant leaves metabolites and the top

50 most abundant storage leaves endophytic bacteria (*: P<0.05; **: P<0.01; ***: P<0.001).
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