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Abstract: In order to explore the stabilization effect of phosphoric acid—modified biochar on heavy metals in calcareous contaminated soil

and the effect on microbial community structure, a 5—year trial was conducted in northern Henan Province from 2015 to 2019. In this study,
phosphoric acid-modified rice husk biochar was selected as a soil modifier, and its continuous application during different years was
conducted to analyze cadmium and lead contents in wheat grains and to explore the sustainability of its effect. Additionally, soil microbial
diversity was also measured by high—throughput sequencing technology. The results showed that phosphoric acid—modified rice husk
biochar used in this study reduced the pH of the calcareous soil to a certain extent. Available cadmium and lead contents in the soil were
significantly reduced. Application of the soil modifier in different years could inhibit the accumulation of cadmium and lead in wheat
grains. Compared to treatments without adding soil modifier, all treatments reduced the available soil cadmium and lead contents by 32%~
46% and 24%~36%, respectively. Cadmium and lead contents in wheat grains decreased by 17%~43% and 9%~35%, respectively. In
addition, the soil modifier significantly increased the abundance of Pseudolabrys and Nordella bacteria and Mortierella fungi, but decreased
the abundance of Nocardioides and Bryobacter bacteria and Gibberella and Sarocladium fungi. It was observed that cadmium content in
wheat grains reached the lowest level after continuous application of the soil modifier for 5 years, while lead content in wheat grains could

be significantly reduced after application for 3 years. The application of a soil modifier had a certain impact on the soil microbial

community structure and improved the diversity and richness of the soil bacterial community.

Keywords: calcareous soil; soil heavy metals; microbial diversity; high—throughput sequencing
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Table 1 Physical and chemical properties and heavy metal content of the tested soil

AL B A% 2L A AL i et
pH Organic matter/ Alkali-hydrolyzable Available phosphorus/ Available potassium/ Total Cd/ Total Ph/

(g-kg™) nitrogen/(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
7.71 11.68 94.98 21.53 173.19 2.34 181.42
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Table 2 Alpha diversity index of bacteria and fungi in different treatments

4 TH Bacteria FLE Fungi
Trffjrim ZFEMEFE B Diversity index F 5 JEHE B Richness index ZHPEFREL Diversity index F 5 EHE 2L Richness index
Shannon Simpson Chao Ace Shannon Simpson Chao Ace
CK 6.49¢ 0.003 6a 3124.3¢ 3099.2¢ 4.23a 0.038a 593.3a 584.7a
Yisis 6.70ab 0.002 7b 3718.9a 3875.9a 4.38a 0.035a 583.3a 580.9a
Yisir 6.66ab 0.002 9b 3521.0b 3512.7b 4.35a 0.032a 623.8a 605.8a
Yisas 6.63b 0.003 Ob 3518.5b 3 658.6ab 4.41a 0.030a 599.3a 588.3a
Yiso 6.74a 0.002 6b 3 653.1ab 3730.2ab 4.36a 0.031a 568.4a 562.5a

TE - RIS R INE TR 3R Ak BRI 22 57 (B35 (P<0.05) .

Note : Different lowercase letters in a column indicate significant differences among treatments (P<0.05).
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Figure 5 Structure and distribution of bacterial and fungal communities at genus level
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Figure 6 Species with significant differences in bacterial and fungal abundance
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Table 3 Correlation analysis between dominant microflora and environmental factors

IHE AR AR I BG4 R
Microflora pH Available Cd Available Pb Application duration of modifier
AR Bacillus -0.348 -0.456* -0.429 0.236
Bacteria RB41 ~0.211 -0.021 -0.013 0.075
Gaiella 0.263 0.165 0.111 -0.063
Sphingomonas 0.011 0.139 0.067 -0.079
Streptomyces 0.394 -0.029 -0.113 -0.142
Arthrobacter 0.371 0.431 0.428 -0.528*
Nocardioides 0.59 1% 0.519* 0.478* =0.604%*
Nitrospira 0.013 -0.291 -0.200 0.217
Pseudolabrys -0.238 =0.671%* -0.606%* 0.458*
B Mortierella -0.271 -0.646%* -0.567* 0.277
Fungi Schizothecium 0.604%* 0.660%* 0.526%* -0.6287%
Gibberella 0.598%* 0.499%* 0.435 -0.552%*
Acremonium -0.116 -0.090 -0.190 0.383
Solicoccozyma -0.301 -0.293 -0.315 0.115
Chaetomium 0.097 0.463 0.310 -0.252
Talaromyces -0.550* -0.496* -0.543* 0.548*
Cladosporium -0.031 0.081 -0.024 -0.125
Neocosmospora -0.047 0.185 0.218 -0.099

T % FR P<0.05, %% F/R P<0.01,
Note: * indicates P<0.05,** indicates P<0.01.
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