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Biochar regulates the soil bacterial community structure to affect
phosphorus availability

JIAO Yang', LI Ying', ZHU Jianqin', LI Jing', SUN Lina', ZHANG Di"?, LI Yimeng', WANG Jihua'"

1 College of Life Science and Technology, Harbin Normal University, Harbin, Heilongjiang, China
2 Heilongjiang Agricultural Economy Vocational College, Mudanjiang, Heilongjiang, China

Abstract: [Objective] To explore the mechanism by which biochar alters the soil bacterial
community structure and thereby affects the availability of soil phosphorus. [Methods] This study
employed metagenomic techniques to investigate the soil bacterial communities and microbial
functional genes involved in the phosphorus cycle after the application of biochar at different
doses (CK: 0 kg/hm?, T1: 300 kg/hm?, T2: 600 kg/hm?, and T3: 900 kg/hm?). [Results] The
application of biochar significantly increased inorganic phosphorus, microbial biomass
phosphorus, and alkaline phosphatase activity, which showed the increases of 21.75%, 699.39%,
and 34.00%, respectively, under T2 treatment. Furthermore, the application of biochar changed the
diversity and richness of soil especially bacteria,
Actinobacteriota, Acidobacteria, Chloroflexota, Thermoproteota, Gemmatimonadota, Nocardioides,
and Sphingobium. Soil pH, water content, organic matter, inorganic phosphorus, microbial biomass
phosphorus, and available phosphorus were important factors influencing soil microbial
communities. In addition, biochar significantly increased the abundance of the organic phosphorus
mineralization-associated gene phoD, T2 increased by 9.28% compared with CK, and the
abundance of phoD was significantly affected by total phosphorus, available phosphorus, and

microorganisms, mainly enriching

microbial biomass phosphorus content in the soil. [Conclusion] The application of biochar can
enhance phosphorus availability by regulating soil bacterial community structure. The findings
provide a theoretical basis for the application of biochar in improving phosphorus availability in
farmland soil.

Keywords: application of biochar; soil bacterial community structure; phosphorus availability;
mechanism
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Figure 1

EMARFIEEMRELIENS/KE, pH. SOM. TN, TP, TKHNEE
The contents of water content, pH, SOM, TN, TP, and TK in soil after applying different doses of

biochar. A: Soil water content; B: Soil pH; C: Soil organic matter content; D: Total nitrogen content in soil; E:

Total phosphorus content in soil; F: Total potassium content in soil. Different lowercase letters indicate significant

differences between treatments (P<0.05).
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Figure 2 The contents of IP, MBP, and AP in soil
after applying different doses of biochar. Different
indicate significant differences
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between treatments (P<0.05).
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®1 AMARFEEMIRELRABRESHMIEY

Table 1 The soil bacterial diversity index after adding different doses of biochar
Treatment Chaol Goods Simpson Pielou evenness Shannon Observed
index coverage index index index species
CK 16 336.13b 0.998 3a 0.987 4b 0.639 6b 6.13b 14 470.67b
T1 16 751.44a 0.998 2b 0.998 9a 0.647 Oa 6.21a 14 764.67a
T2 16 764.63a 0.998 2b 0.984 0c 0.636 1c 6.11c 14 743.33a
T3 16 140.68b 0.998 3a 0.983 5¢ 0.635 0c 6.08d 14 390.00b
ARING FHRE I AL HR] 22 57 18 5 (P<0.05).
Different lowercase letters indicate the significance of differences between treatments (P<0.05).
A B Lo Stress=0.000 098 2
8'82 | * CK ‘ * CK
ol Tl 0.87 Tl
0.05+ T 0.6 T
0.04 T3 ’ T3
£ ool |
aaeull 02+
2 oo1] " 2
S 0.00¢ = 00re
S -0.01 & —0.2
A~ —0.02 +
~0.03} 04
—0.04 —0.6
—0.05 08
—0.06 £

~0.02 0.2 0.06
PCoAl [43.3%]

—0.06

—0.8 -0.4 0.0 0.4 0.8
NMDSI1

B4 SAMARFIEEYREHEEZRIPCoA ST TIFINMDS 731

Figure 4 PCoA analysis and NMDS analysis of microbial communities after adding different doses of biochar.

A: PCoA analysis of microbial communities; B: NMDS analysis of microbial communities.
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Figure 5 Analysis of species difference of microbial community after adding different doses of biochar. A: The

total number of species in the soil sample; B: The number of species in each treated soil sample.
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Figure 6 Horizontal classification of dominant bacteria phylum in soil after application of different doses of

biochar.
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Figure 7 Horizontal classification of dominant bacterial genus in soil after adding different doses of biochar.
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Figure 8 LEfSe analysis of soil bacterial communities after adding different doses of biochar. A: LEfSe analysis

of soil bacterial communities; B: Taxonomic branch diagram.
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Figure 9 Analysis of species differences at phylum level (A) and genus level (B) after adding different doses of

biochar. A: Analysis of species differences at the phylum classification level; B: Analysis of species differences at

the genus classification level.
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biochar. A: Phylum level species abundance cluster analysis; B: Genus level species abundance cluster analysis.
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Figure 11 Redundancy analysis of soil bacteria phylum level (A) and genus level (B) after application of

different doses of biochar. A: Phylum level redundancy analysis; B: Genus level redundancy analysis.
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Figure 13 Relative abundance of functional gene of phosphorus cycle after applying different doses of biochar.

A: The relative abundance of the gene phoD; B: The relative abundance of gene ppa; C: The relative abundance

of gene gcd; D: The relative abundance of gene ppx; E: The relative abundance of gene pst4; F: The relative

abundance of gene pstB; G: The relative abundance of gene pstC; H: The relative abundance of gene pszS; I: The

relative abundance of gene phoR.
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Figure 14 Correlation analysis between the relative
abundance of phosphorus cycle functional genes and
soil physicochemical properties after applying
different doses of biochar. *: P<0.05; **:. P<0.01;
**%: P<0.001.
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