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Abstract: Pot experiments were conducted to study the effects of the coupling between alternating current electric field (AC) and
Fusarium sp. A-2 (A-2) fungi on the biomass, uranium (U) enrichment and enzyme activity of Macleaya cordata (P), as well as the
organic acid content, bioavailable uranium and microbial community structure in the rhizosphere soil. The results showed that
compared with AC+P+U, A-2+P+U, and P+U groups, the fresh weight, plant height and total dry weight of Macleaya cordata in
AC+A-2+P+U group were significantly increased by 10.67%~45.76%, 26.87%~92.02% and 61.99%~159.98%, respectively, and the
contents of the total superoxide dismutase (T-SOD) and catalase (CAT) were increased by 41.24%~133% and 15.35%~63.63%,
respectively, and the oxalic acid was increased by 13.03%~157.09%. Compared with the A-2+P+U and P+U groups, the bioavailable
uranium in soil in AC+A—-2+P+U group was increased by 12.5% and 28.57%, respectively. In the AC+A-2+P+U groups, there were
a large number of Fusarium fungi and Acidobacteria in rhizosphere soil, and the proportion of Fusarium fungi was the highest.
Compared with AC+P+U, A-2+P+U, P+U, and A-2+U groups, the proportion of Fusarium fungi in AC+A-2+P+U group was
increased by 16.67%, 81.03%, 299.23% and 374.47%, respectively. The mechanisms of AC and A-2 coupling enhanced the
remediation of uranium contaminated soil by Macleaya cordata may be include that AC improved the mobility of uranium in soil,
increased the contact between plant roots and uranium, and promoted the enrichment of uranium by Macleaya cordata; that AC
stimulated the physiological activity and increased the biomass of Macleaya cordata, improved the activity of antioxidant enzymes,
and enhanced the tolerance of Macleaya cordata to uranium; and that AC stimulated the growth of A-2 fungi and Acidobacteria,
increased their proportion, and produced a large number of organic acids which can form chelates with uranium, reduced the stress of
uranium on plants, increased the proportion of bioavailable speciation of uranium, and promoted the enrichment of uranium by
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Macleaya cordata. AC and A-2 coupling exhibited a significant enhancement effect on the remediation of uranium contaminated soil

by Macleaya cordata, and there coupling was a promising enhancement method.

Key words: AC electric field; Fusarium sp.A-2 fungi; Macleaya cordata; phytoremediation; uranium contaminated soil
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Table 1 Physical and chemical properties of soil
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Table 3 Measurement results of plant biomass under different treatment modes

Ab B i i (g) B (em) R (em) Hh () R () BTEE)
p 25.3241.02° 15.3443.15° 14.80+3.57 8.45+0.83° 5.56+1.36° 14.01+1.26%
A-2+P 27.86+1.15¢ 19.78+2.31¢ 12.83+1.76° 9.25+1.06° 4.79+1.78¢ 14.04+1.23%
AC +P 29.70+1.24¢ 20.75+1.74° 16.7120.93° 10.34+3.80% 5.7842.14° 16.12+1.51¢
AC+A-2+P 33.7621.02ab 22.37£2.56" 19.38+2.98" 19.88.43.46" 6.88+3.21° 26.76+4.99"
P+U 24.91+1.11ef 14.78+3.50" 11.9542.15% 7.50+1.70° 4.47+0.50¢ 11.97+0.61°
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AC+P+U 32.81+0.52b 22.37£1.35° 18.21£1.91b° 12.5343.13° 6.68+2.07° 19.21+1.76°
AC+A-2+P+U 36.31+1.20a 28.38+1.30° 22.2144.01° 23.1143.34° 8.0140.43 31.1243.75°
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Table 4 Measurement results of enriched uranium Macleaya

cordata under different treatment modes
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Table 5 Measurement results of organic acid content in rhizosphere soil under different treatment modes

gkl T (mg/L) Fr BB (mg/L) W R (mg/L) SR (mg/L) T —f(mg/L) FLIE(mg/L)
P 56.26£6.35" - 0.31£0.27° 0.65+0.44° 0.52+0.27% 7.51£1.13°
AC+P 129.09+6.75¢ - 2.50+0.29° 2.63+0.30° 3.05+0.33¢ 7.63£0.78°
A-2+P 145.96+5.27° 0.18+£0.32° 2.11+0.32% 3.11£0.50° 3.92+0.32° 8.15+0.98"™
AC+A-2+P 143.92+8.25° - 2.87+0.03" 3.62+0.16° 3.95+0.34° 9.49+0.64°
P+U 70.83+7.03° - 0.47+0.03¢ 1.10£0.21¢ 0.79+0.42¢ 5.52+0.81%
AC+P+U 161.10£6.31° - 2.52+0.16° 2.31+0.08° 4.52+0.30° 7.12+0.33°
A2 +P+U 153.98+5.12" - 2.51+0.06° 3.2240.17° 3.52+0.16"™ 8.47+0.52"
AC+A-2+P+U 182.10+3.96° - 3.12+0.02° 4.21+0.14° 4.16£0.08° 10.64+0.48"
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Fig.2 Measurement results of uranium form content in soil by

different treatment modes
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B A EH R, 51 T SRR Ik B i AR AL,
i S5 ATLIRR il 10 1 IR G - S8l 7 () A8 1, A
TR T AR KL RS TR A K AR
1501 For 2% T I TR B K .

%6 AELERXIEYIRERTIRNED S HFEEEE
MR
Table 6 Measurement results of plant rhizosphere soil

microbial diversity index under different treatment modes

) shannon simpson ace chao  coverage
AC 4.13 0.02 960.24  963.12  0.998
A-2 4.19 0.04  1117.48 1111.34  0.998
P 4.14 0.01 1206.02 1076.28  0.997
AC +P 4.89 0.02  1326.17 1305.09  0.998
A-2+P 4.54 0.03  1225.07 1185.56  0.995
e AC+A-2+P 5.15 0.02  1439.67 142442  0.996
A AC+U 4.73 0.03 91093  904.20  0.998
A-2+U 4.89 0.02 114375 1123.59  0.996
P+U 5.35 0.02  1299.42 1270.00 0.997

AC+P+U 5.28 0.01
A-2 +P+U 5.36 0.01
AC+A-2+P+U 423 0.05

1415.60 1395.81  0.997
1447.30 1425.83  0.996
1148.20 109032  0.994

AC 2.45 0.21 77.58 77.00 1.00

A-2 2.30 0.19 85.60 71.50 1.00

P 2.34 0.19 89.94 87.50 1.00

AC+P 3.12 0.09 80.13 80.00 1.00

A-2+P 2.63 0.12 105.56  109.00 1.00
AC+A-2+P 3.20 0.21 108.95 107.20 1.00

HE AC+U 2.62 0.13 43.31 42.50 1.00
A-2+U 3.01 0.09 140.69  124.67 1.00

P+U 3.24 0.06 92.67 90.67 1.00

AC+P+U 3.35 0.07 136.30  121.17 1.00
A-2 +P+U 3.79 0.14 128.86  137.00 1.00
AC+A-2+P+U  3.88 0.11 141.41  140.75 1.00
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Fig.3 Community composition of bacteria at genus level in rhizosphere soil (species abundance>10%)
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Fig.4 Community composition of fungi at genus level in rhizosphere soil (species abundance>10%)
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