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Abstract: [Objective] To evaluate the effects of chemical fertilizers combined with sodium silicate or

earthworm on bacterial community in soybean rhizosphere of abandoned mining areas from the perspectives of
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bacterial diversity and composition structure, and provide a theoretical basis for future mining area reclamation and

ecological restoration. [Method] ‘Huachun 9’ soybean was planted in the abandoned mining area of Huangshe
Village, Meizhou City, Guangdong, China. Four fertilization treatments were set up. Nitrogen (N), phosphorus (P)
and potassium (K) fertilizers were combined with sodium silicate (3NPK+S and SNPK+S), NPK fertilizers were
combined with 20 earthworms per square metre (3NPK+E and SNPK+E), and No fertilizer was used as control
(3CK and 5CK). Soybean rhizosphere soil was sampled three and five months after fertilizing respectively. The
soil bacterial total DNA was extracted, 16S rRNA was sequenced and basic soil chemical properties were
determined to analyze diversity and structure of bacterial community in soybean rhizosphere responsing to
different fertilization treatments in the mining area. [Result] Compared with 3CK, 3NPK+E treatment
significantly increased Chaol and Shannon indexes. Compared with SNPK+E, SNPK+S treatment significantly
increased Shannon index. The principal coordinate analysis (PCoA) showed that rhizosphere bacterial communities
in different treatments were significantly separated at operational taxonomic unit (OTU) level. In terms of relative
abundance, uncultured f Anaerolineaceae was the dominant genus in soil treated by 3SNPK+S, 3NPK+E, SNPK+S,
and SNPK+E. Mantel test and canonical correlation analysis (CCA) showed that soil organic matter, available
phosphorus and total carbon contents had significant effects on rhizosphere bacterial community of SNPK+E
treatment. [ Conclusion] The applications of NPK+S and NPK+E fertilizers can effectively improve bacterial
diversity, and indirectly promote soil amendment. The bacterial communities are significantly affected by different
fertilization treatments. The longer the fertilization duration was, the more significant the effect was.
Uncultured f Anaerolineaceae is enriched in fertilized soil. It may play an important role in promoting carbon

transformation and has the potential to repair soil pollution. NPK+E fertilizer increases organic matter content and

promotes growth of bacterial community.
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Table 1 Chemical properties of rhizosphere soil
WE R wigkg™) C N

Treatment Sampling time SOM TC TN TP TK C © N mass ratio
3CK 3 5.60+£0.20a  0.67+0.12b  4.44+0.34c 0.05£0.01b  0.04+0.01b 60.43+0.84a 85.22+14.23a
3NPK+S 3 4.7540.04b  4.00+0.89a 7.45+0.95b 0.16+0.04a 0.08+0.02a 41.1146.62b 47.11+£6.90b
3NPK+E 3 4.74+0.20b  3.75+0.58a 11.56+0.56a 0.20+0.02a 0.07+0.02a 47.77+5.34b 57.41£8.71b
5CK 5 5.40+0.35a  0.70+0.10c  5.77+0.74c 0.05£0.01b 0.07+0.05a 60.43+0.84a  114.25+16.67a
SNPK+S 5 4.71£0.21b  3.52+1.04b 10.62+1.50b 0.69+0.16a 0.07+0.02a 41.11+6.62b 15.87+3.80b
SNPK+E 5 5.67+£0.21a  5.78+0.30a 15.98+0.57a 0.48+0.16a 0.12+0.02a 50.08+8.12ab  36.35+14.97b
hE EURERT AL/ w/(mgkg )

Treatment Sampling time AN AP AK TCd ACd NH,"-N NO;-N
3CK 3 16.74+1.33b  4.37+0.21c 32.33+£1.00a 0.14+0.02a 0.02+0.00a 31.35+1.43b 1.94+0.26b
3NPK+S 3 19.72+1.89ab  10.2+1.13a 34.38+1.48a 0.08+0.01b 0.02+0.00a 36.06+0.66a 2.91£0.29a
3NPK+E 3 20.77+1.44a  7.77£0.03b 32.55+0.70a 0.06+0.00b 0.01+0.00b 37.76+0.41a 2.59+0.51ab
5CK 5 16.07£0.36b  5.10+0.26c 34.99+1.53b 0.09+0.01a 0.01+0.00a 34.99+4.51b 3.02+0.63a
SNPK+S 5 35.07+£1.61a 13.99+£2.08a 54.96+9.02a 0.05+0.02a 0.01+0.0la 41.65+2.89a 4.39+1.06a
SNPK+E 5 30.63+£5.16a  9.43+0.84b 31.7549.14b 0.06+0.02a 0.01+0.00a 37.73+1.50ab 2.84+0.87a

1) B 3| $3E J5 69 R B /N B 58 & A8 B BUEE B 4] 49 48 22 9] £ 5+ 8 2 (P<0.05, Duncan’ s3%);SOM: +3& A AU, TC: A%,
TN: 4%, TP: -85, TK: 247, AN: BJF &, AP: A 28, AK: 22047, TCd: 445, ACd: #2045, NH, N: 445 &, NO; -N: #5 & &
1) Different lowercase letters in the same column indicate significant differences among different treatments of the same sampling
time (P< 0.05, Duncan’ s method); SOM: Soil organic matter, TC: Total carbon, TN: Total nitrogen, TP: Total phosphorus, TK:
Total potassium, AN: Alkaline nitrogen, AP: Available phosphorus, AK: Available potassium, TCd: Total cadmium, ACd: Available

cadmium, NH,"-N: Ammonium nitrogen, NO; -N: Nitrate nitrogen
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Table 2 Indexes of bacterial community diversity in rhizosphere soil samples

G OS] HURE B 1)/ H Chaol¥844 Shannonfg %
Treatment Sampling time Chaol richness estimator Shannon diversity index

3CK 3 2 208.78+87.56b 5.63+0.04c
3NPK+S 3 2 429.35+324.20b 6.03+0.14b
3NPK+E 3 3 051.00+343.02a 6.43+0.20a
5CK 5 3 041.49+97.74a 6.45+0.11ab
SNPK+S 5 3414.47+53.51a 6.68+0.06a
SNPK+E 5 3099.13+354.25a 6.22+0.14b

DR 3 H A )5 69 7R B )N B 55 F AR B) BURE B i) 40 22 18] £ F 2 3% (P<0.05, Duncan’ si%)
1) Different lowercase letters within the same column indicate significant differences among different treatments of the same

sampling time (P< 0.05, Duncan’ s method)
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Fig.2 Relative abundance of rhizosphere soil bacteria at phylum level under different fertilization treatments
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Table 3 Relative abundance of rhizosphere soil dominant bacteria at phylum level under different fertilization treatments

FHXFEBE/%
A HURER 1]/ H Relative abundance
Treatment Sampling time BILEI TR ZEEI FRAT B WAFEI]
Proteobacteria Actinobacteria Chloroflexi Acidobacteria Bacteroidetes
3CK 3 52.74+1.40a 12.55+2.02a 4.76+0.87b 5.35+0.65a 7.82+1.28a
3NPK+S 3 42.70+10.53a 9.60+2.16a 17.58+7.72a 7.94+2.07a 5.21£2.27a
3NPK+E 3 43.18+4.49a 11.14£1.95a 13.3243.71ab 7.28+4.38a 7.59+0.94a
5CK 5 47.06+0.58a 11.9340.80a 8.08+1.26b 6.89+0.95a 5.71+£0.42a
SNPK+S 5 40.64+2.27b 12.93+1.07a 13.67+0.66a 8.17+1.45a 5.11+£0.40a
SNPK+E 5 39.70+£2.27b 14.47+£3.27a 13.01£0.79a 10.45+2.30a 4.46+0.58a

)R 1) 348 J& 89 7R ) B 75 7R A0 B BURE B 3] 4L 22 18] £ 5F 2 %-(P<0.05, Duncan’ si%)
1) Different lowercase letters within the same column indicate significant difference among different treatments of the same

sampling time (P<0.05, Duncan’ s method)
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Fig. 3 Relative abundance of rhizosphere soil bacteria at genus level under different fertilization treatments
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Table 4 Relative abundance of rhizosphere soil dominant bacteria at genus level under different fertilization treatments
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Fig. 4 Venn analysis of rhizosphere soil bacteria at genus
level under different fertilization treatments
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Fig.5 Correlation between rhizosphere bacterial community and soil chemical property based on CCA analysis
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