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Tendency regulation mechanism of BC-AMF combination on
Cd fixation in rice rhizosphere
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Abstract; This study aims to elucidate the effects of exogenous additives on the rhizospheric microenvironment of
rice and their subsequent influence on Cd accumulation. Biochar (BC) and arbuscular mycorrhizal fungi ( AMF')
were utilized as representatives of abiotic and biotic agents, respectively, jointly added to modify the rice
rhizosphere in response to soil Cd contamination. Results show that the incorporation of both biochar and AMF
significantly enhanced the soil organic matter content, thereby exerting a positive impact on the levels of available
phosphorus, available potassium, and soil carbon-nitrogen fixation. Furthermore, these additives mitigated the
inhibitory effects of Cd stress on soil urease activity, resulting in an increase in the proportion of DTPA-extractable
Cd from 58. 95% to 64. 42% . Cd stress significantly influenced the richness and diversity of the microbial
community within the rice rhizosphere soil. The addition of biochar and AMF facilitated the recovery of the
abundance of the proteobacteria phylum, increasing from 29. 7% to 33. 1% . At the 1 mg/kg soil Cd, the
abundance of the Bacillus community in the BC + AMF treatment group increased by 88.5% compared to the CK
treatment group. Under a stress condition of 5 mg/kg soil Cd, the synergistic application of biochar and AMF
resulted in an increase in the proportion of Cd accumulation within the rice root system, rising from 60.4% in the
CK group to 77.1% in the BC + AMF treatment group, concurrently reducing the proportion of Cd accumulation in
the seeds from 4. 4% to 1. 6% . The addition of biochar and AMF improved the nutritional conditions and the
structure and functionality of the microbial community in the rice rhizosphere soil, thereby facilitating the
sequestration of Cd within the rice root system and diminishing its translocation to the aboveground seeds. These
findings offer substantial theoretical support for the integrated application of biotic and abiotic factors in the
remediation of heavy metal-contaminated soil environments.
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Tab.1 Content mass percentage and proportion of soil carbon and nitrogen in different treatment groups
w( 3 Cd)/(mg-kg™") pieL w( k) /% w( A&/ % e T L
CK 8.23 +0.04c 0.72 £0.01¢ 11.50 £0.03¢
0 BC 12.10 £0.08a 0.79 £0.02a 15.32 £0.29b
AMF 9.34 £0.03b 0.77 £0.01ab 12.21 £0.12¢
BC + AMF 12.19 £0.17a 0.73 £0.01be 16.81 £0.34a
CK 8.93 +0.01b 0.74 £0.00a 12.06 +£0.02b
0.5 BC 11.94 £0.46a 0.74 £0.03a 16.13 £0.04a
' AMF 9.01 £0.05a 0.75 £0.00a 12.01 £0.07b
BC + AMF 12.80 +0.01a 0.79 £0.0la 16.20 £0.21a
CK 9.21 £0.30¢ 0.77 £0.03a 12.04 £0.00c¢
| BC 11.83 £0.02b 0.78 £0.00a 15.16 +£0.03b
AMF 10.00 £0.20c¢ 0.80 +£0.00a 12.50 £0.25¢
BC + AMF 14.32 £0.47a 0.83 £0.03a 17.25 +£0.06a
CK 9.35 +£0.30d 0.78 £0.04b 12.07 £0. 16¢
s BC 12.57 +0.21b 0.82 +0.01ab 15.33 £0.07b
AMF 10.41 +0. 18¢ 0.86 £0.01a 12.17 £0.13¢
BC + AMF 14.48 £0.20a 0.87 £0.01a 16.64 £0.04a

E AR /NG FRERZRTEAA R 135 Cd i 7080 A RIS BZE 25 52 25 (P <0.05) .
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Fig.2  Soil urease activity and Cd content in different treatment groups
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Fig.8 Cd accumulation in rice organs in different treatment groups
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Tab.2  F-values and significance of tested parameters by three-way ANOVA

by cd BC AMF Cd x BC Cd x AMF BC x AMF Cd x BC x AMF
pH 24.62% " 63.02" " 15.62* " 2.60ns 0.19ns 0.26ns 0.40ns
AL 109.06** 1458.99** 998.39 % * 7.58 %" 6.00"" 45.38* " 5.41**
AR 20.87%* 221.03** 659.45"* 0.20ns 0.65ns 31.47%" 0.16ns
HRH 15.85%* 49.63" " 202.51* " 0.67ns 0.74ns 5.72" 0. 10ns
O i 73.49 % * 22.59** 121.89** 1.53ns 3.21°¢ 0. 12ns 1.84ns
WHR Cd R R 878.79 * * 115.60 " * 305.59 * ¢ 18.73** 79.18* * 35.01** 23.33**
2 Cd R 586.39 " * 0.09ns 0.00ns 0. 14ns 1.16ns 0.87ns 0.19ns
AFEE Cd R R 799.04* * 25.25%* 34.21%" 9.10%* 16.09 " * 5.04" 5.71%"

H:*P<0.05,* " P<0.01,ns WAEE,
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