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Abstract: [Objective] This study aimed to investigate the soil microbial community structure of the rice-fish
co-culture system (RF), and compare its microbial functions on carbon and nitrogen cycling to those of rice

monoculture system (RM). [Method] We sampled soil from paddies during the rice growth season at the site of
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the Qingtian rice-fish co-culture system, a globally important agricultural cultural heritage. Using high-
throughput sequencing technology, we compared the structure and function of soil bacterial and archaeal
communities between RF and RM. [Result] RF significantly increased the a-diversity of bacterial and
archaeal communities, while the dominant phyla or genera remained the same as RM. RF also improved the
interactions among soil microbes and the functional diversity of dominant network modules, but its effect on
network stability was unclear. Based on FAPROTAX prediction of functions, RF strengthened the positive
relationship between methane oxidation and nitrogen fixation compared to RM. However, RF weakened the
relationship between nitrification and methane production/denitrification, as well as the relationship between
methane oxidation and denitrification. The canonical correlation analysis results demonstrated that, compared
with RM, RF reduced the effects of soil organic matter, available N, and available P contents on soil microbial
community structure but enhanced the effects of soil total phosphorus content and soil pH. [Conclusion] In
Qingtian, the traditional rice-fish co-culture system increases the a-diversity of soil microbial communities,
global microbial interactions, and the complexity of microbial networks. However, traditional RF weakens the
relationships between different microbial functional groups involved in methane and nitrogen cycling. These

findings provide a basis for further research on the microbial ecological processes in rice-aquatic animal co-

culture systems.
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Fig.2 Community compositions of soil bacteria (a, ¢) and archaea (b, d) in the rice-fish co-culture system (RF) and rice

monoculture system (RM)
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Fig. 3 LEfSe analysis of soil bacteria and archaea in the rice-fish co-culture system (RF) and rice monoculture system (RM)
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Table 1 Alpha diversity of soil microbial communities in the rice-fish co-culture system (RF) and rice monoculture system
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5t ARG . .
. Shannon Simpson Richness Chaol ACE
Kingdom System

“H| ¥ Bacteria RF 5.83+0.05** 1.00+0.000 470.54423.79** 486.73+26.32*%* 481.69+25.75)**
RM 5.65+0.05 1.00=0.000 392.794+24.71 402.97+27.41 399.46+26.57

HTH Archaea RF 4.37+0.09***  0.97+0.004** 177.25+£12.79%** 191.93£14.97*** 192.28+15.66***
RM 4.21+0.12 0.96+0.006 164.79+14.75 175.75£17.01 177.00+17.58
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1) Data in the table is meantstandard error; “**” and “***” indicate the differences between treatments reach 0.01 and 0.001

significance levels, respectively(One-way ANOVA).
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Nodes represent ASVs and edges indicate significant correlations of relative abundance between nodes (7>0.60, P<0.01, One-way ANOVA); Modules were

ranked based on their modularity score.
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Fig. 4 The co-occurrence network of soil microbial community in the rice-fish co-culture system (a) and rice monoculture

system (b)
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Table2 Major topological properties of microbial
networks in the rice-fish co-culture system (RF)
and rice monoculture system (RM)
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ffi55E Vulnerability 0.009  0.011
EAEME(AL %) Random robustness  0.414  0.434
GBI ] 2 B%) Targeted robustness  0.926  0.922
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Fig.5 Topological roles of soil microbial communities in
the rice-fish co-culture system (a) and rice
monoculture system (b)
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RF. RM 1) 2 P& 3% IEH 9% 5% & (RF: r=0.40,
P=0.042; RM: r=0.43, P=0.046), 5 7 4= Al % [
5 (RF: r=—0.40, P<0.001; RM: r=—0.46, P=0.030).
B bt S AL A1 8 46 (RF: #=—0.01, P=0.028; RM:
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RM: r=—0.66, P<0.001), itk 5 S i 4k AF FH /9 1E
55 % & (RF: r=0.38, P>0.05; RM: r=0.46,
P=0.032) LA H e S8 Ak R s il 4K 22 TRD IR Bk 5%
% % (RF: r=0.11, P=0.072; RM: r=—0.58,
P=0.004).
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Fig. 6 Relative abundance (a) and correlation networks (b, ¢) of functional microbes in the soils of rice-fish co-culture

system (RF) and rice monoculture system (RM)
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Fig. 7 Relative abundance and functional distribution of dominant modules in the microbial networks of the rice-fish co-
culture system (RF) and rice monoculture system (RM)
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Figures ¢ and f show the effects of soil properties on the soil microbial structures in a, b, d and e; AN: Available nitrogen content, AP: Available phosphorus
content, TN: Total nitrogen content, TP: Total phosphorus content, OC: Organic carbon content; “*” indicates the effect is significant (P<0.05, CCA method).
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Fig. 8 Canonical correlation analysis of the relationship between soil microbial communities and soil physicochemical
properties in the rice-fish co-culture system (RF)(a, b, ¢) and rice monoculture system (RM)(d, e, f)
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