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Effects and Mechanisms of Direct Current Fields on Rhizospheric Soil Microbial Communities

SHEN Gen-xiang', ZHOU Hai-hua? LUO Qi-shi', ZHAO Qing—jie', LIANG Dan-tao', LIU Fang'

(1. Shanghai Academy of Environmental Sciences, Shanghai 200233, China; 2. College of Environmental Science and Engineering, Donghua
University, Shanghai 201620, China)

Abstract: The change of rhizospheric soil microbial communities under electric fields influences the efficacy of using direct current fields to
accelerate the process of phytoremediation. In this study, the diversity and similarity of rhizospheric soil microbial communities under differ—
ent electric fields were investigated through an improved PCR-DGGE analysis and the mechanisms by which electric fields influence soil mi—
crobial communities were further analyzed. The results showed that the diversity and structure of rhizospheric soil microbial communities
were greatly affected by the type and strength of electric fields and the application method; their diversity increased to a certain content under
a proper electric field (in this study, that is, uniform electric field in a strength of 1.0 V*em™ with a reversal time interval of 10 min), while
their diversity was reduced obviously and their structure was changed greatly otherwise. The induced change in soil properties such as soil
pH, the mobilization of soil bacterial cells by electric fields, the lethal effect of electric fields with over high strength, and the induced alter—
ation of gene regulation patterns response physiologically to environmental stress and change might be the main mechanisms influencing the
soil microbial communities in electric fields. In order to avoid the detrimental effects of electric fields applied on rhizospheric microbial com—
munities, it is necessary to adopt an appropriate electric field when using electric fields to accelerate the process of phytoremediation.
Keywords: direct current field; rhizospheric soil microorganism; PCR-DGGE analysis; microbial community diversity; microbial community
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Table 1 Main characteristics of experimental soil

2 A 2 HE
Rt /% ML 7K b % 38.4
<2 pm 10.09 AT /g cm™ 1.85
2~10 wm 13.21 AU LA /mV 297.0
10~50 wm 22.00 BNV Wi 175
50~250 pum 44.31 L3 /uS em ™! 221.0
>250 pm 10.39 pHIE/JCEL Y] 8.02
AR /% 0.086 K g kg™ 8.60
HHLB/g kg™ 7.93 H 3 img kg 108.82
CEC/emol kg™ 12.75 Hi/mg kg™ 1 072.13

1.2 EYFIRFRSE ST

B 4 kg 000 385 A TJ5 %8 (25 emx18 emx10 cm)
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Table 2 Conditions of plant growth

W % /% HF ] /h
25 75 60 10
20 65 40 8
15 55 0 6

99.99% FEE R 1.75~1.80 g+ em™ MKy 45; 742
Gridge R AR AR, AR R 0.5 emx10
em; FEIAES 5137300 PR AR AR , LA < TE X
12 emx10 emx0.5 emo PIEE R Z B S 4 20 em. BF
DR 7| s WG R T 5 S ) | S B W R 04 0o
Wi, ARG BB T2 L3R 30 R TS LI
A K205 R A 3 d 1) S A5 25 15
F7K 100 mL, & 6 d BRI E TR 100 mLo B IR
8 Ca (NO3)*2.4H,0 1 000 wmol * L™, K,PO,* 3H,0
500 wmol *L ', MgSO, *7H,0 500 wmol L', KCl 100
pmol * L7, MES 1 000 pmol *L.~',KOH 500 pmol *L.7",
H;BO; 10 pmol * L', Na,MoO, * 2H,0 0.2 pmol * L',
MnS0,*4H,0 1.8 pmol*L™*,CuS0,*5H,0 0.31 pmol L™,
NiSO,*6H,0 0.5 pmol *L",Fe~EDDHA 100 pmol*L",
ZnS0,*TH,0 5 wmol - Lo M4 25 B F /K A& TR V)
Wik . 80217 51 d )5, IR RBGE & 4,
D5 PR i i 2 R AR A
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Table 3 Experimental operational conditions

iy B Wy A gt o 7 2K HUE
A ¥1515 1.0 Veem™ HERG 5 h VIR
B 395 1.0 Veem™ R 5 h Y PE NLRIX
C 4595 1.0 Veem™ HI 5 h YR Hh ] X
D — — — Ko e
E 1511 2.0 V-cm™ BB 5 h VISR PR
F ¥1515% 1.0 Veem™ BB 10 min VIt
G ¥515% 1.0 Veem™  HERE 24 h DA
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JIA 1 mL KB PBS (0.1 mol - L~ W 2 £l 2% b
pH 8.0),1%1,5 000 g #5550 2 min. MIABLISERAI 1
mL 2L (19SDS 1 g,2.5%CTAB 2.5 g), ¥ 2 min,
10 000 g # B0 1 mino B3, WA SR ELK)
NHAC, -4 CHUE: 20 min, 5.02(10 000 g,5 min)o H I
T, INASERFR R S BE , 20 °C BUE 20 min, &0
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LB PR 2 A 200 pLTE,
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ASPE 1 min, 65 CEME 1 min, 72 CLEM 1 min, BEE
W Z MR N 1 °C, )5 30 MEMFM R 94 €A%
P£ 1 min, 55 CE M 1 min, 72 CHEM 1 min; FHJF 72
CHEMH 10 mino PCR S Ir=8H 1.7%5 NEWHEE L
HL PR
1.4.4 PCR SR =W A8 M B BE I FL UK (DG GE)

o1 5 BC ] e BE R 109% 7R P VR BE SR 0% AT
1009 1) P A5 14 2 DR s IR R Ao 38 BB C 43+ 31 B 3 mL
0% 7% P 6 3 R IE AT 7 mL 1009 78 P 86 i 58 Jiz i i1l
70% 7% P B FE I, 6 mL 0% 725 P 6 B %8 g Al 4 mLL
10095 A BE BERE L 1 409 O A PERS IR . IS HIT
TIA 100 pL 10%:id BREREEF 1 WL 1 TEMED, $£5],
TR R R FL B BR B VR e B L AR 1B i
AN 5 7 N S S R RV G 52
AR, PR ICBER 2 h J5 SR Pai o KT
FLUKAE, SRIGZERE D INEEALINA 5 WL AR i
F1 20~25 pL 19 PCR FESHIIR AR . HIKEEE)S
BEEAE EB YL 20~30 mine FHEEHSZ G 04T R 50
S HTREAFE S R FLIK SR
1.4.5 72 VR B2 BERE UK 53 25 5 1) PCR 77 W HL UK 2%
W Hr

WELASA HHERE SN Y PCR P-4 278 VRS B B
FHL VK435 I B EE UK 13, 83 BandScan5.0 #2404
FEAHLIK SR AR, LA~ TR S U E M 24

PRy —LEHEATRR
2 HRSIHE

2.1 AEIBIGEGTRETIEMENEESHEETL
Bl 1 AR AR B+ 8 FE i 1Y 16S rDNA 1 DGGE
TEE, LA ORI H I A T i R i B
ZAL[R] 25 , AR ISR S AA L LR A5y T AR 3=
(R IEATRAE YA, SRINT, 506 BRFE i D A EL R 5
G MG LU LA LA -3 5t 25l /D AR A B F
NHEAMFFRRAT DA G PR AR D,
B A FTF A A BRI 2R, FIH Band-
Scan5.0 X DGGE EIE#AT 434, THE LA
A ZFEPERY Shannon F840F Simpson 840, 45
RWFR 4)F B, 5XF AL S DORTEI ) A L, +
fh FORE N 2T M7 1.0 Veem™, JFAERR 10 min VI
et ) AR B = S92 ) 22 R 8 00 T k4, i
HAWRE i R Y R R 3 T R TR R AR
G M A3 1.0 Veem™, HAERE 24 h Yl ik
PE) AR B AL P 22 R 48 B0 AR, L Shannon $6%X
F1 Simpson 45 £ 43 ) LL XS BEAE 5 D BEAR T 399% Fil
59%. XLELEILFW] A3 1 HL I S AT B TR AR
NG/ EZ =2 ¢ I (EPFYEa 875 7 Wiy 2- 3 1 ) | = Wi
P 0T BEFRARAR i - e R W i 21
AR 37 554 T A M AR R B (L35 4)
(A AL T LAFE Y, S B R, A i 3 X AR B il
Y Z R R ;s TEAE IR L3 251 T L B 51
XA W 2R P R 5 T B 3450 3 1) s i) o 5 L3
P DG (B B K, L 37 W AR s A 4 2 M i
TR, T FEL S A U 48 [ B e /) | AR Bl A 0 22 e )
AP,
2.2 AEIEHEG TR TR E MBS A LUED T

B 1| NEBHFZE TRIETEMEY 165 DNA K DGGE & E
Figure 1 DGGE profile of 16S rDNA of rhizospheric microorganism

under different electric fields
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Table 4 Shannon index and Simpson index of rhizospheric microbial communities under different electric fields

P Shannonff 41 Simpsondi 4L L7 WA T 3 H ity =X i
A 2.176 8.603 ¥1513% 1.0 Veem™ Hib 5 b s
B 2.071 7.858 EF21 1.0 Veem™ BEHE 5 h DI HLIX
C 2.061 7.719 359578 1.0 Veem™ BERE 5 h VIR FRZRIX
D 2.286 9.673 — — payils
E 2.167 8.47 ¥151%5 2.0 Veem™ TE0% 5 h Ut rE

2.294 9.819 Y1513 1.0 Veem™ H3P 10 min YIS

G 1.385 3.99 Y1513 1.0 Veem™ EEPE 24 h VBt
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[l 43R 5 h DI r Sl P i A RO et 28 X AR
Br - 3 0A R A BT RRAIG  (E LB AR Z5 44475 5 i
ISR AL, — 3 1) B R AT R TR — %
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HRLR X - 0 A IS I AR KR, (H2 R IE S5 FA A
ZBR, N F R EYRE AT 2R, X
S5, AN A AR B 1 S i 24
P, 235 M AR BRIV D E 7 1 B AH 28548, (AR PR £
Ay B R A AR
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B
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Figure 2 Genetic similarity of rhizospheric microbial communities

under different electric fields
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