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Formation of multi-species biofilms in paddy soils developed from two
parent materials mediated by soil minerals

XIONG Xuan, LI Yujia,ZHAO Sheng, YAN Guili, JIANG Yu, TANG Yuqing, LIU Shanpeng,
OUYANG Kai"

College of Resources, Hunan Agricultural University, Changsha 410128, Hunan, China

Abstract: [Objective] To explore the formation process of multi-species biofilms in paddy soils
developed from different parent materials mediated by soil minerals, thus providing a scientific
basis for revealing the interaction mechanisms between soil components and multi-species
biofilms. [Methods] The multi-species biofilms were extracted from reddish clayey soil and
acidic purple soil, and kaolinite and goethite were used as the mineral media. Modern biological
microscopy, high-throughput sequencing, and infrared spectroscopy were employed to study the
mineral-mediated formation process, structural changes, and bacterial community structure of the
biofilm. [Results] Based on the high-throughput sequencing technology of 16S rRNA gene, the
flora in the multi-species biofilms in the paddy soils developed from the two parent materials was
dominated by Chloroflexi, Acidobacteria, Proteobacteria, Nitrospirae, and Desulfobacterota.
Compared with the control without mineral addition, goethite and kaolinite significantly
inhibited the formation of the multi-species biofilm dominated by Chloroflexi in the acidic purple
soil, decreasing the biofilm biomass by 18.38% and 17.30%, respectively. In the reddish clayey
soil dominated by Acidobacteria, goethite and kaolinite promoted the multi-species biofilm
formation to varying degrees. Kaolinite demonstrated more significant promotion effect,
increasing the biofilm thickness, the secretion of polysaccharides in the biofilm by 7.69%, and
the biofilm biomass by 18.99%. [Conclusion] Kaolinite stimulated bacterial production of
extracellular substances, promoted the multi-species biofilm formation in reddish clayey soil, and
inhibited the multi-species biofilm formation in acidic purple soil. Goethite inhibited the
multi-species biofilm formation in acidic purple soil. Compared with kaolinite, goethite is likely
to cause cell inactivation. This study further revealed the interaction mechanism between soil
components and multi-species biofilms, and the results provided a scientific theoretical basis for
promoting the sustainable development of soil health.

Keywords: soil minerals; multi-species biofilm; bacterial community; soil; parent material
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Figure 5 Confocal laser microscope images of multi-species biofilms in reddish clayey soil and acid purple
soil mediated by different minerals.
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Figure 6 Survival rate of bacteria (A) and biofilm thickness (B) of multi-species biofilms in reddish clayey
soil and acid purple soil mediated by different minerals.
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R1 ZYMEDRLLINEFIERWIE R E TR
Table 1 Infrared spectral characteristics of multi-species biofilm absorption peak and attribution
Wavenumber (cm ™) Functional group Synthetics
1048-1060 vC-0-C, vC-0O-P Polysaccharides
1080—1093 v,PO, Phosphatides
1155-965 C-0, C-C,C-0-H, C-0-C Polysaccharides
1231-1248 vPO, Nucleic acids
1388—1413 v,COO" Amino acid, fatty acid chains
1445-1465 3CH,, 6CH; Lipids
1540—-1550 Amide IT (6N—H, vC—N) Proteins
1640—1647 Amide I (VC=0, 6N—H) Proteins
X2 ZYMEVESESHENEAREE
Table 2 Polysaccharide and protein contents in multi-species biofilms (mg/mL)
Biofilm treatment Contrast Kaolinite Goethite
Polysaccharide  Protein Polysaccharide Protein Polysaccharide Protein
Reddish clayey soil ~ 1.30+0.02b 2.66+0.12a 1.40+0.03a 2.47+0.08b  1.32+0.02b 2.51£0.19a
Acid purple soil 1.414+0.03a 2.59+0.11a 1.34+0.05b 2.62+0.30a  1.34+0.02b 2.25+0.19b

Different lowercase letters indicate significant differences (P<0.05).
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Figure 8 Composition of bacteria community under phylum level in reddish clayey soil (A) and acid purple

soil (B).
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