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Effects of organic-inorganic fertilization regime alterations on
microbial community structures in paddy soils

WANG Yuxin', GAO Qinghong', FAN Jie', SUN Geng?, YIN Lichu', NIE San’an""

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

2 Hunan Cultivated Land and Agricultural Eco-environment Institute, Changsha, Hunan, China

Abstract: [Objective] To investigate the effects of fertilization regime alterations on microbial
communities in paddy soils. [Methods] We conducted a long-term field experiment with three
treatments: chemical fertilizer (H) and H converted to a conventional amount of organic fertilizer
(HC), a conventional amount of organic fertilizer (C) and C converted to chemical fertilizer (CH),
and a high amount of organic fertilizer (G) and G converted to chemical fertilizer (GH).
Metagenomic sequencing was combined with bioinformatics analysis to assess the structures,
diversity, and co-occurrence networks of microbial communities in paddy soils. [Results]
Compared with the H treatment, the HC treatment increased the soil organic carbon, dissolved
organic carbon, total nitrogen, and alkali-hydrolyzable nitrogen (P<0.05). The CH and GH
treatments exhibited lower soil carbon and nitrogen levels than C and G treatments, respectively.
The HC treatment markedly altered the relative abundance of Acidobacteriota, Nitrospirota,
Candidatus Rokubacteria, Mucoromycota, and Thaumarchaeota. The CH treatment showed no
significant changes in microbial composition at the phylum level, whereas the GH treatment
significantly modified the relative abundance of Nitrospirota and the archaeal community structure.
Although fertilization regime alterations showed no significant effect on microbial alpha diversity
(P>0.05), the beta diversity differed across treatments (P<0.05). Co-occurrence network analysis
demonstrated that the HC treatment enhanced the network complexity relative to the H treatment,
with increased nodes (181), edges (2 935), average degree (16.215), modularity (0.757), and
clustering coefficient (0.495). The CH treatment showed more edges (3 894) and higher average
degree (21.514) but lower modularity (0.599) than the C treatment (0.751). Conversely, the GH
treatment diminished all network topology parameters relative to G. Redundancy analysis
identified dissolved organic carbon (22.1%), soil pH (16.8%), total nitrogen (15.6%), ammonium
nitrogen (14.6%), available potassium (11.8%), and available phosphorus (10.6%) as the primary
drivers of microbial community variations. [Conclusion] The findings indicate that fertilization
regime alterations influence the microbial community structure and network characteristics in
paddy soils by modifying soil physicochemical properties. Transitioning from chemical to organic
fertilization enhances microbial community stability and soil ecological functions, while replacing
organic with chemical fertilization reduces soil carbon and nitrogen availability, potentially
compromising microbial network complexity and resilience.
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different treatments in positioning experimental plots

Application rates of straw and fertilizer for

Treatment  Maize Urea CaH,PO, KClI
straw fertilizer  (kg/ha) (kg/ha)
(kg/ha) (kg/ha)

H - 321.53 322.92 193.75

C 4861.11  213.89 200.69 149.31

G 972222  106.94 78.47 104.17
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Table 2 Physicochemical properties of paddy soils under different fertilization regimes

Treatment pH SOC (g/kg) DOC (mg/kg) TN (g/kg) AN (mg/kg) NH,"-N AP (mg/kg) AK (mg/kg)
(mg/kg)

H 5.06+£0.09a 12.43+0.48b 78.32+2.97b  1.36+0.09b  157.00+4.04b  10.74+1.38a 26.77+3.27a 169.67+10.11b
HC 5.134£0.05a 15.47+0.61a 106.56+6.09a 1.78+0.07a 202.67+15.34a 14.70+2.81a 18.234£3.46a 242.67+23.02a
C 5.12+0.01a 15.60+0.89a 100.60+4.87a  1.63+0.06a  186.67+5.70a  12.18+1.70a 14.10+2.47b 234.33+26.14a
CH 5.10+0.04a 13.70+0.85a 81.80+1.89b  1.55+0.03a 179.00+2.08a  12.06+0.98a 26.20+2.26a 150.00+12.58b
G 5.2240.02a 19.37+1.07a 121.09+2.09a 2.02+0.11a  250.33+11.84a 21.57+2.15a 6.70+0.90b 359.33+22.10a
GH 5.1940.06a 14.53+0.35b 103.22+£3.09b  1.64+0.06b 213.00+3.79b  20.07+3.56a 18.33+2.87a 207.67+18.02b

RHBE R EEARIER (n=3), AR/ INE TR R R AT 5 A 3R 2 [A17EP<0.05 /K- BA B3 25

Mean+SE (n=3). Different lowercase letters indicate significant differences (P<0.05) between treatments before and after

fertilization regime alterations.
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Figure 1

Composition and relative abundance of microbial communities in paddy soils under different

fertilization regimes. A: Composition of microbial communities in paddy soils; B—D: Compositional differences

of bacterial, fungal, and archaeal communities at the phylum level. Mean+SE (n=3). Different lowercase letters

indicate significant differences (P<0.05) of the same microbial group before and after fertilization regime

alterations.
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Figure 2 Diversity indices of microbial communities in paddy soils under different fertilization regimes.
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Figure 3 PCoA analysis of microbial community structure in paddy soils under different fertilization regimes. *:

P<0.05; **: P<0.01; ***: P<0.001.
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