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Abstract: [Objective] Soil microorganisms are essential for the long-term sustainability of
agricultural ecosystems. This study aims to explore the effects of continuous cropping of hot
pepper on the structure and function of soil bacterial community. [Methods] We employed
high-throughput sequencing of 16S rRNA and PICRUSt-based functional prediction to
investigate the bacterial abundance, diversity, community composition, and potential functional
component in the soils with continuous cropping of hot pepper for 1, 3, 5, and 10 years (1Y,
3Y, 5Y, and 10Y, respectively). [Results] The Shannon index and co-occurrence network
complexity of soil bacteria decreased with the extension of continuous cropping years. The
bacterial community structure was markedly affected by the years of continuous cropping, and
different bacterial populations had varied responses to continuous cropping. Long-term
continuous cropping increased the relative abundance of Proteobacteria and Bacteroidetes,
while decreasing that of Chloroflexi, Acidobacteria, Firmicutes, and Patescibacteria.
Furthermore, PICRUSt-based functional prediction showed that the continuous cropping
changed the overall nitrogen and phosphorus metabolism of soil bacteria. After long-term
continuous cropping, the functional genes in energy metabolism, amino acid metabolism, and
carbohydrate metabolism showed reduced relative abundance, while those involved in folding,
classification and degradation, replication and repair, membrane transport, and cell growth and
death had increased relative abundance. The results of redundancy analysis indicated that soil
organic matter and available phosphorus were the key factors associated with the migration and
functional changes of soil bacteria. [Conclusion] After long-term continuous cropping of hot
pepper, the change of community structure and the decline of diversity to the dysfunction of
soil microbial community, which may be one of the reasons for the continuous cropping
obstacles of hot pepper.
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Table 1  Soil physicochemical properties of the different samples

Soil factor 1Y 3Y 5Y 10Y One-way ANOVA
pH 5.96+0.34a 6.45+0.11b 5.84+0.01a 5.6£0.03a F=10.07, P=0.004
EC (ps/cm) 571.33+48.21a 570.33+£22.37a 756+7.11b 2 005.6£76.42¢ F=661.65, P=0.000
SOM (g/kg) 22.85+0.07a 36.10+0.15b 50.01+0.18¢c 54.78+0.32d F=15693.06, P=0.000
C/N 7.50+0.17a 8.79+0.42bc 9.34+0.17¢ 8.62+0.06b F=29.86, P=0.000
CEC (cmol/kg) 26.38+3.9a 21.62+2.50a 20.89+1.71a 22.07+1.64a F=0.59, P=0.639
NH,"-N (mg/kg) 22.58+1.06b 13.15+0.23a 17.77+2.62a 33.89+2.44c¢ F=67.82, P=0.000
NO;™-N (mg/kg) 34.27+1.17a 56.88+0.44b 107.18+1.06¢ 369.83+5.65d F=8342.83, P=0.000
DOC (mg/kg) 204.03+29.84a  555.55+68.85¢ 481.59+77.33¢  330.08+77.53b F=25.14, P=0.000
DON (mg/kg) 29.42+1.76b 33.87+4.94c¢ 17.58+0.68a 12.78+1.69a F=68.89, P=0.000
AP (mg/kg) 95.21+0.34a 311.15+32.11b 317.04+46.63c  353.07+54.64c F=26.13, P=0.000
AK (mg/kg) 46.59+1.75a 128.19+1.68b 139.12+3.14b 235.7+10.94c¢ F=531.34, P=0.000

1Y: Soil from continuous cropping for 1 year; 3Y: Soil from continuous cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous cropping for 10 years. The value is meantstandard error (n=3), different
lowercase letters in the same line indicate significant difference between treatments (P<0.05).
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Table 2 Alpha diversity indexes and OTU species of bacteria under different treatments

Treatments OTU species Chaol index Shannon index Coverage index
1Y 4 854+61a 4 603.52+66.22a 10.07+0.05¢ 0.98+0.001a
3Y 5 155+39d 5 050.79+36.00c 9.90+0.03b 0.97+£0.001a
5Y 4 941+56b 4 759.22+54.78b 9.82+0.04b 0.98+0.001a
10Y 5 054+14c 4 825.82+58.56b 9.594+0.08a 0.98+0.001a
One-way ANOVA F=26.84, P=0.00 F=4.17, P=0.00 F=44.74, P=0.00 F=0.64, P=0.70

1Y: Soil from continuous cropping for 1 year; 3Y: Soil from continuous cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous cropping for 10 years. The value is mean+standard error (n=3), and different
lowercase letters in the same column indicate significant difference between treatments (P<0.05).
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Figure 1  OTUs venn of soil bacteria under
different treatments. 1Y: Soil from continuous
cropping for 1 year; 3Y: Soil from continuous
cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous
cropping for 10 years.
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Figure 2 UPGMA cluster analysis of bacterial community in soil sample from different continuous
cropping years. 1Y-1, 1Y-2 and 1Y-3: Soil from continuous cropping for 1 year. 3Y-1, 3Y-2 and 3Y-3: Soil
from continuous cropping for 3 years. 5Y-1, 5Y-2 and 5Y-3: Soil from continuous cropping for 5 years. 10Y-1,
10Y-2 and 10Y-3: Soil from continuous cropping for 10 years.
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Figure 3 The co-occurrence network of bacteria in soil sample from different continuous cropping years. A:
Soil from continuous cropping for 1 year. B: Soil from continuous cropping for 3 years. C: Soil from
continuous cropping for 5 years. D: Soil from continuous cropping for 10 years. The connections stands for a
strong (Spearman’s p>|0.8|) and significant (P<0.05) correlations. The node of each network is colored
according to microbial phylum and sized according to the degree, the node sizes reflect their degree of

connection (edge numbers assigned to the node).
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Table 3 Major topological properties of soil bacteria under different treatments

Network properties 1Y 3Y 5Y 10Y
Average degree 8.84 8.53 6.444 5.58
Modularity index 1 0.97 0.889 0.84
Total nodes 19 19 18 19
Total edges 84 81 58 53

Positive edges 68 (80.95%)

Negative edges 16 (19.05%)

59 (72.84%)
22 (27.16%)

42 (72.41%)
16 (28.59%)

24 (45.28%)
29 (54.72%)

1Y: Soil from continuous cropping for 1 year; 3Y: Soil from continuous cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous cropping for 10 years.
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Table 4 The most relative abundance of soil bacterial community at phylum levels under different

treatments (%)

Dominant bacteria phylum 1Y 3Y 5Y 10Y
Proteobacteria 24.50+1.89a 25.93+0.88a 31.14+0.70b 32.16+1.03b
Actinobacteriota 16.87+0.02d 12.04+1.07b 9.76+1.11a 14.18+0.48¢
Acidobacteria 15.08+2.11b 13.47+1.59b 8.25+1.57a 6.03+0.44a
Bacteroidetes 6.80+0.62a 8.81+0.48b 11.34+0.7¢ 9.27+£0.77b
Gemmatinonadota 10.84+0.82a 14.57+1.59b 16.31+0.90b 10.85+0.17a
Mpyxococcota 3.20+0.20a 4.04+0.11b 5.05+0.40b 3.21+0.06a
Chloroflexi 10.46+0.21¢ 8.51+£0.03b 6.22+0.87a 7.64+0.66b
Verrucomicrobia 2.78+0.75ab 2.41+0.20a 3.60+0.66b 2.53+0.28a
Patescibacteria 1.32+0.37a 1.94+0.32b 2.08+0.28b 5.37+0.19¢
Firmicutes 0.45+0.43a 0.86+0.25a 1.99+0.67b 2.39+0.61b
Planctomycetes 1.64+0.54a 1.67+£0.31a 2.39+£0.32a 2.53+0.37a

1Y: Soil from continuous cropping for 1 year; 3Y: Soil from continuous cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous cropping for 10 years. The value is mean+standard error (n=3), and different
lowercase letters in the same line indicate significant difference between treatments (P<0.05).

28%; [RIA, HEIEIEGY Ml SY) WAL T T
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R TR 1] R 400 A 1 ot 32 A BIR 118 A K 2 3 i,
ek

EJEIKF L, RAFHE(Unidentified) ) 4H
SRR R, N 29.07%34.24% . i e REF (A1

XEEERT 1%), ZF 5l 58 (Gemmatimonas) |
= I A M 1 (Sphingomonas) . MND1 J& | 5
&+ IR B (Flavisolibacter) . Haliangium J&F#
#EAT 18 )& (Bryobacter) & 4 MG F R I L HIR
HE(ER 5); HRAEIEEEE W E (Streptomyces) |

Ellin6067 J& . NS #i 8 (Acidibacter) . Dongia
J& . B EEAT I JE (Bryobacter) . Rk RIKH &
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Table 5
treatments (%)

The most relative abundance of soil bacterial community at genus levels under different

Dominant bacteria genus 1Y 3Y 5Y 10Y

MNDI1 1.26+0.10a 1.51£0.21a 3.82+0.10c 2.92+0.12b
Ellin6067 1.65+0.22¢ 1.26+0.11b 1.04+0.01b 0.33£0.04a
Acidibacter 1.53+0.41c 0.58+0.03ab 0.85+0.08b 0.40+0.03a
Dongia 0.69+0.06b 0.54+0.06a 1.03+0.12¢ 0.70+0.02b
Rhodanobacter 0.33+£0.06a 0.22+0.002a 0.25+0.04a 2.724+0.43b
Chujaibacter 0.70+0.09ab 0.54+0.14a 1.78+0.15¢ 0.83+0.10b
Streptomyces 1.02+0.12b 0.63+0.08a 0.74+0.15a 1.79£0.04c¢
Nocardioides 0.58+0.07a 0.88+0.16b 1.05+£0.05b 2.23+0.22¢
Sphingomonas 2.33+0.25a 4.11+£0.38¢ 3.29+0.09b 4.03+0.14c
Bryobacter 1.14£0.19¢ 0.83+0.58b 0.48+0.10a 0.42+0.06a
Flavisolibacter 1.48+0.24b 2.11+0.37¢ 1.65+0.14b 1.00+0.09a
Gemmatimonas 5.08+0.87b 6.99+0.59¢ 4.82+0.42b 2.04+0.68a
Haliangium 1.08+0.13a 1.42+0.21a 2.344+0.27b 1.17+£0.27a

1Y: Soil from continuous cropping for 1 year; 3Y: Soil from continuous cropping for 3 years; 5Y: Soil from continuous
cropping for 5 years; 10Y: Soil from continuous cropping for 10 years. The value is mean+standard error (n=3), different
lowercase letters in the same line indicate significant difference between treatments (P<0.05).
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Table 6 Pearson’s rank conrrelation coefficients between soil bacterial diversity indices and selected soil

physicochemical properties

Alpha diversity index NH,; -N NO; -N C/N SOM

pH EC CEC DOC DON AK AP

Chao 1 index —-0.354 0.082  0.537 0.281 0.556 0.035 —0.275 0.775*%* 0.245 0.405 0.301
Shannon index 0.071  —-0.268 —0.853** —0.787** 0.206 —0.178 0.267 —0.555 0.574 —-0.503 —0.781%*%*
Simpon index 0.129 0.076  -0.252 -0.218 0.104 0.110 —0.012 -0.158 0.218 —0.003 -0.291

*: Significant correlation (P<0.05); **: Extremely significant correlation (P<0.01).

1.0

RDA 2 (15.2%)

1.5 RDA (68.1%) 1.0

El4 ETOTUKFMERZSHIEETIREML
F RDA &4

Figure 4 RDA analysis of bacterial community
species and selected soil physicochemical properties at
the OTU level. 1Y: Soil from continuous cropping for
1 year; 3Y: Soil from continuous cropping for 3 years;
5Y: Soil from continuous cropping for 5 years; 10Y:
Soil from continuous cropping for 10 years.
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Figure 5  Pearson correlation analysis between relative abundance of bacteria and selected soil
physicochemical properties. *: P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 6 Variations in the relative abundance of KEGG pathway (level II) genes with cropping years. A;:
Carbohydrate metabolism; A;: Lipid metabolism; Aj: Metabolism of cofactors and vitamins; A4: Energy
metabolism; As: Nucleotide metabolism; Ag: Amino acid metabolism; A;: Metabolism of terpenoids and
polyketides; Ag: Biosynthesis of other secondary metabolites; Ay: Xenobiotics biodegradation and
metabolism; Ajo: Metabolism of other amino acids; A;;: Glycan biosynthesis and metabolism; B;: Translation;
B,: Folding, sorting and degradation; B4: Replication and repair; C;: Membrane transport; D;: Cell growth
and death; D,: Cell motility. Different lowercase letters in the same column indicate significant difference

between treatments (P<0.05).
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Figure 7 RDA analysis of selected soil
physicochemical properties and secondary functional
genes for soil bacterial community.
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Figure 8 Heatmap of nitrogen and phosphorus metabolism related KO based on predicted genes copy

number. A: Nitrogen metabolism. B: Phosphorus metabolism.
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