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Effects of different agronomic measures on the formation
processes of multispecies biofilms in paddy fields

LUO Yuedan#, ZHAO Sheng#, WEN Yi, YAN Guili, XIONG Xuan, DUAN Liangxia,
OUYANG Kai’

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

Abstract: [Background] The vast majority of soil microorganisms exist in the form of biofilms.
The available studies mainly focus on the impacts of different agronomic measures on the
structures of soil bacterial communities, while the mechanisms of different agronomic measures
in regulating the formation of multispecies biofilms remain unclear. [Objective] To explore the
effects of different agronomic measures on the formation of multispecies biofilms in paddy
fields. [Methods] Fresh rice rhizosphere soil samples were collected from the fields with
long-term application of lime (SH), organic fertilizer (SY), and no fertilizer (CK). The
microbial communities were extracted as the initial inocula to cultivate multispecies biofilms.
The in-situ detection techniques such as attenuated total reflection-Fourier transform infrared
spectroscopy (ATR-FTIR) and confocal laser scanning microscopy (CLSM), were combined
with crystal violet staining to reveal the effects of changes in soil physiochemical properties and
environmental factors (pH and temperature) on the formation of multispecies biofilms.
[Results] The soil multispecies biofilms under both agronomic measures had two growth cycles.
The optimal growth temperature for the development and maturity of multispecies biofilms was
25 °C. As the pH value increased, the soil multispecies biofilm biomass showed a trend of first
increasing and then decreasing. The biofilm-forming ability in the lime application system was
significantly higher than that in the organic fertilizer application system, and the multispecies
biofilm biomass followed the trend of SH>SY>CK. [Conclusion] Both agronomic measures
promote the formation of multispecies biofilms in paddy fields.

Keywords: paddy soil; agronomic measures; multispecies biofilms; formation process
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Basic physicochemical properties of soils with different agronomic control measures

Physicochemical properties CK SH SY

pH 4.92+0.04c 5.51£0.10a 5.32+0.08b
Soil organic matter (g/kg) 35.86+0.14b 36.26+0.05b 44.49+0.05a
Dissolved organic carbon (g/kg) 169.14+11.74c 194.59+6.63b 321.16+3.09a
Available P (mg/kg) 29.51+0.43b 29.71+0.65b 52.02+0.86a
Total P (g/kg) 0.41+0.01b 0.43+0.03b 0.52+0.01a
Available K (mg/kg) 230.42+0.07b 277.74+0.10a 119.68+0.91¢
Total N (mg/kg) 1.86+0.03b 1.72+0.05¢ 2.12+0.05a

CK. SH I SY ZF BIACFARMNE . o KA A WAL IR+ HERE 5 [FATARRING ik R 2 3 6] 25 5 .3 (P<0.05)

CK, SH, and SY represent soil samples treated with no fertilizer, lime application, and organic fertilizer application, respectively;

Different lowercase letters in a row indicate significant differences among treatments at P<0.05 levels.
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Figure 1 Growth curve of soil multispecies biofilm
biomass with time. CK: No fertilizer; SH: Lime
application; SY: Organic fertilizer application.
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Figure 2 Soil multispecies biofilm biomass at
different temperatures. CK: No fertilizer; SH: Lime
application; SY: Organic fertilizer application.
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Figure 3 Soil multispecies biofilm biomass under
different pH conditions. CK: No fertilizer; SH: Lime
application; SY: Organic fertilizer application.
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Table 2 Contents of polysaccharides and proteins in biofilms (mg/g)

Time (h) CK SH SY

Polysaccharides Proteins Polysaccharides Proteins Polysaccharides Proteins
24 4.80+0.03a 5.554+0.72a 4.97+0.46a 6.96+0.90a 4.31+0.51a 6.66+0.06a
36 4.64+0.18a 4.96+0.51a 4.33+0.27a 4.84+1.46a 4.26+0.06a 2.21+1.88b
48 5.10+0.20a 10.13+0.87a 4.38+0.04c 7.39+0.43b 4.724+0.04b 5.56+0.53¢
60 4.98+0.08a 5.97+0.26b 4.56+0.11a 9.96+1.18a 2.87+0.53b 3.91+0.21c

CK. SH Il SY ZpilfRFARMENE | 5t A1 FtAT HUAE AL BE 43R s RSN R] /NG 7 BN 2 IR HAT 1 35 22 53(P<0.05)

CK, SH, and SY represent soil samples treated with no fertilizer, lime application, and organic fertilizer application, respectively;
Different lowercase letters in a column indicate significant differences among treatments at P<0.05 levels.
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Figure 4 Infrared spectra of multispecies biofilm.
CK: No fertilizer; SH: Lime application; SY: Organic
fertilizer application.
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Figure 5 Confocal laser microscope images of multispecies biofilm. Green fluorescence is the surviving
bacteria in the biofilm, red fluorescence is the dead bacteria, and the widths of the right and top boxes represent
the thickness of the biofilm. A: No fertilizer (CK). B: Lime application (SH). C: Organic fertilizer application (SY).
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