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Impact of Long-term Fertilization on Structure and Function of Bacterial Communities in

Fluvo-aquic Soils Based on Metagenomics
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211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 School of Ecology and Applied
Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Soil microbes are critical for maintaining ecosystem function and terrestrial carbon, nitrogen, phosphorus and sulfur
cycles. In order to elucidate the mechanism of bacterial community response to long-term fertilization, a long-term field
experiment was conducted in fluvo-aquic soil in the North China Plain, in which four treatments were set up: no fertilization (CK),
chemical fertilization (NPK), organic fertilization (OM) and their combination (NPKM). The composition and ecological function
of soil bacterial community and their relationships with soil nutrients were determined and compared by using metagenome
sequencing. The results indicated that OM and NPKM significantly increased the contents of soil total carbon, total nitrogen,
organic carbon, and available phosphorus compared to CK and NPK (P<0.05). The highest community diversity and richness
indices were found in NPK. Also, different fertilization treatments significantly altered bacterial community structure. Further
LEfSe analysis showed that Acidobacteria and Proteobacteria were enriched in OM and NPKM, respectively, and that both were
key bacterial taxa involved in nutrient cycling. Long-term fertilization significantly increased the diversity of functional bacterial
genes (P<0.05). Moreover, OM and NPKM reduced gene abundance related to carbon cycle, while affecting bacterial

involvement in key processes of nitrogen, phosphorus and sulfur cycles. Mantel test showed that factors such as soil organic
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carbon, total nitrogen, total carbon, and available phosphorus were important for the structure and function of bacterial

communities (P=0.001). The result provides a basis for rational fertilization application to regulate microorganisms to drive

nutrient cycling in agricultural soils.

Key words: Metagenomics; Long-term fertilization; Soil nutrient; Bacterial community; Ecological function
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Table 1  Soil physicochemical properties under different treatments

A3 pH TC(g/kg) TN(g/kg) TP(g/kg) SOC(g/kg)  NH;-N(mg/kg) NOs;-N(mg/kg)  AP(mg/kg)
CK 7.76+0.04a 13.47+0.60c 0.43+0.01d 0.48+0.04c¢ 4.77+0.35¢ 8.53+0.50a 2.31+0.77¢ 0.50+0.14d
NPK 7.44+0.05b 15.56+0.27b 0.67+0.02¢ 0.75+0.03ab 6.48+0.27b 7.05+1.36a 14.50+1.08a 5.81+0.62¢
NPKM 7.22+0.15¢ 17.71+£0.82a 0.92+0.01b 0.81+0.05a 8.60+0.88a 7.25+0.50a 9.25+3.49b 12.28+0.28a

OM 7.51+£0.05b 17.87+0.21a 1.13+£0.02a 0.70+0.02b 9.26+0.27a 8.19+0.40a 16.50+0.67a 10.29+1.92b

T R BRI AR E2E (n=3), [RISVEER IS AN IR]/NG T 52RO [ 4b 2L ) 22 52 1. 35 (P<0.05); TRl
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Table 2  o-diversity indices of soil bacterial communities under
different treatments

AbFE Shannon F5%L  Simpson $§%{ Chao 1 5%t ACE 8%k

CK 5.75+0.06b  0.98+0.003ab 26 007+607b 25 475+569b
NPK  5.88+0.04a 0.98+0.002a 28 483+831a 27 837+567a
NPKM  5.73+0.07b 0.97+0.003b 27 842+366a 27 271£329a
oM 5.73+0.08b 0.97+0.003b 27 919+222a 27 606+275a
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Fig. 2 Soil bacterial community compositions at phylum (A) and genus (B) levels urder different treatments
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Fig. 3 Differences of bacterial taxa under different treatments
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Fig. 5 Abundance of functional genes related to C, N, P and S cycles under different fertilization treatments
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Fig. 6 Relationships between structure (top node) and function (bottom node) of soil bacterial communities with physicochemical properties
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