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Effects of carbon-to-nitrogen ratio on the community structure of
functional bacteria involved in dissimilatory nitrate reduction
pathways in paddy soil

SHI Mingzi, YAO Yicai, ZHANG Yuqi, YU Kejia, ZHAO Shuchang, PANG Yueyang, ZHANG Sen,
ZHOU Yikai, ZHOU Wang, WANG Mingdao”

College of Life Sciences, Henan Agricultural University, Zhengzhou, Henan, China

Abstract: [Objective] To investigate the effects of the carbon-to-nitrogen ratio (C/N) on
dissimilatory nitrate reduction pathways in paddy soil and clarify the competition between
microbially mediated denitrification (DEN) and dissimilatory nitrate reduction to ammonium
(DNRA), thus providing a theoretical basis for managing nitrogen fate through C/N regulation.
[Methods] An anaerobic incubation experiment was conducted with paddy soil. Soil C/N was
adjusted by applying different ratios of potassium nitrate (KNO;) and trisodium citrate
(C¢HsNa3;O7). Two treatments C/N=5:1 and C/N=20:1 were established. The effects of C/N on
nitrate reduction pathways were evaluated by measuring nitrous oxide (N,O) emissions and
ammonium nitrogen (NH,;'-N) accumulation. The 16S rRNA gene sequencing and bioinformatic
analysis were employed to analyze the bacterial community structure under different C/N, thereby
revealing the underlying microbial regulatory mechanisms. [Results] The high C/N treatment
(C/N=20: 1) showed significantly lower cumulative N,O release than the low C/N treatment
(C/N=5:1), with the cumulative release being reduced by 32.87%. Furthermore, high C/N promoted
NH,4"-N accumulation, resulting in an increase of 276.61 mg/kg in NH, -N accumulation compared
with low C/N. Microbial analysis indicated that the C/N significantly influenced bacterial
community structure, with higher C/N enhancing bacterial richness and diversity. In addition, high
C/N increased the diversity of DNRA-associated bacteria (e.g., Anaeromyxobacter, Nitrospira, and
Myxococcus), while suppressing the abundance of DEN-associated bacteria (e.g., Achromobacter
and Pseudomonas). Network analysis further revealed that high C/N weakened the interspecific
interactions among DEN-related bacteria, reducing the complexity and stability of their
co-occurrence network, while promoting tighter and more stable interactions among DNRA-related
bacteria. [Conclusion] The soil C/N was a key environmental factor governing the competition
between DEN and DNRA in paddy soil. High C/N significantly reduced N>O emissions, promoted
NH,"-N accumulation, reshaped the composition and interactions of functional bacteria (reducing
the abundance of DEN-related bacteria and increasing the diversity of DNRA-related bacteria).
This study provides theoretical support for understanding the microbially driven nitrogen retention
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mechanisms in soil and lays a foundation for developing novel fertilization strategies through C/N

regulation.

Keywords: paddy soil; denitrification; dissimilatory nitrate reduction to ammonium; carbon-to-

nitrogen ratio; functional bacteria
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Table 1 Basic physicochemical properties of soil
Item Results

pH 5.28+0.00

C/N 11.25

Moisture content/% 53.55+0.10

Organic matter/% 1.93+0.08

Total nitrogen/(g/kg) 1.00+£0.04
NH,-N/(mg/kg) 260.39+0.90
NO;™-N/(mg/kg) 50.08+0.87
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Table 2 Experimental settings for C/N in different

paddy soils

Experimental group Cg¢HsNa;O; KNO; C/N
Low C/N experimental group - 027g 5:1
High C/N experimental group 1.05 g - 20:1
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Figure 1 Emission of N,O in different C/N paddy soils. A: N,O release; B: N,O accumulation.
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Figure 3 Bacterial alpha diversity index in different C/N paddy soils. A, B, and C were the overall data; D, E,
and F were split data for different sampling times. Different lowercase letters indicated significant differences
(P<0.05).
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Figure 5 Bacterial community composition at the phylum level in paddy soils with different C/N. A: Stacked
bar chart of the top 20 phylum level; B: Relative abundance of Pseudomonadota; C: Relative abundance of
Bacillota; D: Relative abundance of Bacteroidota; E: Relative abundance of Deinococcota. Different lowercase
letters indicated significant differences (P<0.05).
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Figure 6 Heatmap of the abundance of bacteria at the genus level in paddy soils with different C/N. A: DEN
functional bacteria; B: DNRA functional bacteria.
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Table 3 Topological parameters of the co-occurrence network of DEN and DNRA functional bacteria

Networks Number Number  Average Average  Average Modularity  “Small
ofnodes ofedges numberof path clustering world”
neighbors  length coefficient
DEN functional bacteria under low C/N 21 45 7.200 1.214 0.922 0.347 Yes
DEN functional bacteria under high C/N 17 24 3.600 1.040 0.962 0.667 Yes
DNRA functional bacteria under low C/N 12 8 1.333 1.111 0.750 0.750 Yes
DNRA functional bacteria under high C/N 12 13 3.200 1.133 0.917 0.556 Yes
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Figure 7 Networks analysis of bacteria. A: Co-occurrence network of DEN functional bacteria under low C/N;
B: Co-occurrence network of DEN functional bacteria under high C/N; C: Co-occurrence network of DNRA
functional bacteria under low C/N; D: Co-occurrence network of DNRA functional bacteria under high C/N. In
the network diagram, the node size was defined by the value of the genus-level connectivity centrality. The node

color was used to distinguish the phylum level classification of species. The edge color indicated the type of
interspecific interactions.
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