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Mechanism study on the phytoremediation of cadmium—- and arsenic—contaminated soil by Polygonaceae
plants with Enterobacter sp.

LI Yi'?, WANG Bing-sen’, HUANG Yuan—yuan’, YAO Ya-wei’, LIN Jia—min’, LIU Ke—hui'?, YU Fang-ming'*"

(1.Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Ministry of Education, Guilin 541004, China;
2.College of Environment and Resource, Guangxi Normal University, Guilin 541004, China; 3.College of Life Science, Guangxi Normal Uni-
versity, Guilin 541004, China)

Abstract: We conducted this study to investigate the effects of different Enterobacter sp. FM~1 inoculation levels on the growth, phytoreme-
diation of cadmium and arsenic, antioxidant enzymatic system, and non—enzymatic system by Polygonaceae plants (Polygonum hydropiper
L. and Polygonum lapathifolium 1..) in cadmium-arsenic co—contaminated soil. The results indicated inoculation with Enterobacter sp.
FM~1 promoted the growth of both plants. Furthermore, there were increased contents of chlorophyll and carotenoids in the leaves of Polyg-
onum hydropiper L. and Polygonum lapathifolium L. Inoculation with Enterobacter sp. FM=1(3.4 x 107 CFU - g 's0il) decreased rhizospher-
ic soil pH. For both Polygonum hydropiper L. and Polygonum lapathifolium L., compared to that of the uninoculated control, the soil pH val-
ue decreased by 0.35 and 0.28, respectively. The content of cadmium and arsenic in the roots, stems, and leaves of the two plants increased
1.64~2.74 times and 1.21~2.51 times, respectively. Additionally, inoculation with Enterobacter sp. could not only increase the content of
SOD, POD, and CAT in the leaves of Polygonum hydropiper L. and Polygonum lapathifolium L., but also increased the content of GSH and

PCs. Moreover, the content of O3+ and MDA were effectively decreased. Our findings indicated that inoculation with Enterobacter sp. FM~-1
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helped plants alleviate heavy metal poisoning by increasing the activity of antioxidant enzymes. Hence, Enterobacter sp. FM~1 is potential-

ly useful for cadmium and arsenic phytoremediation in cadmium—arsenic co—contaminated soil by Polygonum hydropiper L. and Polygo-

num lapathifolium L..

Keywords : Polygonum hydropiper L.; Polygonum lapathifolium L.; Enterobacter sp. FM~-1; cadmium; arsenic
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1 #MEEFE
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T HER AW LB bR, AR5 R TR 5 SR
£ 0~20 em 1Y T3 IR GG, B T HRAE iz [H]
FIE ., HELARKNTE, 5L 4 mm i, 5 —
B4 at 0.149 mm (Y Je e it 5 FH . - S py AL Mk R
PR an3h B R3O AR 27 43 BT ) IR I , 45
W1,
1.2 RWH*
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Table 1 Physical and chemical character of soil

It H Items 28 Value

S48 Total Cd/mg-kg™ 44.87+2.76
JKIRZSHR Water soluble Cd/mg-kg™ 1.01+0.03
S Total As/mg-kg™ 24.58+4.84
B A Bioavailable As/mg-kg™ 1.36+0.02
pH(1:1 m/VH,0) 6.74+0.01
i1 53 Electrical conductivity/dS+m™ 34.35+0.67
b HLNZ Oxidation—reduction potential/mV 365.32+2.57
S Total nitrogen/g - kg™ 0.61+0.04
ST Total phosphorous/g- kg™ 1.68+0.25
A HLIE Organic matter/mg - g™ 237021
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Figure 1 Effect of Enterobacter sp. addition on the pH and bioavailable concentration of arsenic and water—soluble concentration of

cadmiun in rhizosphere soil of Polygonum hydropiper L. and Polygonum lapathifolium L.
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Table 2 Effects of Enterobacter sp. addition on the content of chlorophyll a,chlorophyll b, total chlorophyll, chlorophyll a/chlorophyll b
and carotenoids in the leaves of Polygonum hydropiper L. and Polygonum lapathifolium L.

e HEZS HE-S N J=Ui= S S M o/ D KN R
Treatments Chlorophyll a/ Chlorophyll b/ Total chlorophyll/ Chlorophyll a/ Carotenoid/
mg-g" FW mg-g” FW mg-g" FW Chlorophyll b mg-g" FW

K Polygonum hydropiper L.

F A Control 2.1320.11¢ 0.59:£0.04c 2.720.15h 3.63+0.08a 0.19+0.01d
6.6x10° CFU-¢ "' + 2.29+0.18¢ 0.69+0.11c 2.98+0.28b 3.340.30a 0.39+0.02¢
1.2x10" CFU-g ™' + 2.880.02b 1.03+0.02b 3.91x0.03a 2.810.04b 0.500.02b
3.4x10" CFU-¢ "' + 3.12+0.05a 1.2620.09a 4.38+0.14a 2.49+0.14c 0.63+0.01a

TR 3E Polygonum lapathifolium 1.

% B Control 1.18+0.15¢ 0.480.06¢ 2.29+0.21c 3.82+0.18a 0.360.01b
6.6x10° CFU-g" + 2.38+0.17b 0.670.09b 3.04x0.11b 3.62+0.69a 0.38+0.02b
1.2x10 CFU-g ™'+ 2.28+0.21b 0.70+0.08b 2.98+0.13b 3.31+0.73a 0.51+0.03a
3.4x10' CFU-¢" + 3.23+0.05a 1.43+0.13a 4.67+0.17a 2.27+0.17b 0.53+0.01a

VE [ S NE R R A B 22 57 1. 25 (P<0.05,n=3) . T 1]

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05,1n=3). The same below.

R3 EMETEIKSEMBEAZEN FH MDA 0,- HO.RERAEANEF NN
Table 3 Effects of Enterobacter sp. addition on the content of MDA, 03+, H,0, and antioxidant enzyme activity in the leaves of

Polygonum hydropiper L. and Polygonum lapathifolium L.

AbFE Treatments  Oz+/nmol-g ' *min”  H,O0x/pmol-g” FW  MDA/nmol- g™ FW SOD/U *mg™" POD/U+mg™"+min”"  CAT/U-mg " *min™’
IKZEL Polygonum hydropiper 1.

X HE Control 8.9+0.3a 92.4+7.7a 5.2+0.2a 1 082.1+£85.92¢ 52.0+4.0c 285.3+7.0c
6.6x10° CFU-¢ "'+ 8.7+0.2a 48.1£2.7b 3.8+0.1b 1395.4+171.8b 45.3+1.2¢ 426.7+£10.5b
1.2x10" CFU-g"' + 7.5+0.4b 48.0+5.0b 3.9+0.2b 1 762.4+82.5a 332.7+12.7b 489.3+6.4b
3.4x10’ CFU-¢" 1= 7.4+0.4b 23.2+2.3¢ 3.7+0.1b 1 786.5+36.2a 666.3+13.6a 627.0+8.5a

FRIE I Polygonum lapathifolium 1.

X 8 Control 8.2+0.3a 186.6+7.5a 5.12+0.1a 1 856.1+12.3a 10.3+1.2b 133.3+12.7¢
6.6x10° CFU-¢g "' + 6.8+0.5b 103.7+18.1b 4.3+0.1be 1 805.3+20.2a 13.3+5.8b 278.7+16.3b
1.2x10" CFU-¢"' + 6.8+0.9b 78.9+2.2h 4.6+0.1b 1853.5+28.2a 16.0+2.0ab 400.1+143.0ab
3.4x10" CFU-¢"' - 6.6+0.2b 76.0+12.1b 4.1+0.2¢ 1826.7+47.1a 21.7+2.5a 448.0+46.5a

2000 A KZE Polyfonum hydropiper L. 30001 B. R 2L Polygonum lapathifolium 1.
b
T _ 2500 3
T, 1600F N up W
= %% S 2000} b
£ be £ c
E 1200 [ 77 §
] ¢ = 1500 F
2 2 c a
S 800f a s
&) <1000 b
I a I d ¢
&1 400} b @b < 500t
0 0
_SH PCs GSH -SH PCs GSH

OxtiE  06.6x10°CFU-g'+  EA1.2x10° CFU-g' 4+ N 3.4x10" CFU-g"'+

4 EMBBFTE K SEMEAEMNZEH F F-SH PCs .GSH & 2RI M
Figure 4 Effect of Enterobacter sp. addition on the content of =SH, PCs and GSH in the leaves of Polygonum hydropiper L.
and Polygonum lapathifolium L.
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®4 ZAESW(F-ENP-E) ERENHE BEEREXZEERXMEIRHZIT
Table 4 F-values and P—value of a Two—way ANOVA of measured parameters of Polygonum hydropiper .. and Polygonum

lapathifolium L., treated with different inoculation level

25 FEHiH Inoculation levels HEIFIZE Types of plant FEYI XL & Types of plants X Inoculation levels
Variables df F—{H df F—{ df F—{
pH 3 24,285 1 7.95% 3 0.88 ns
TG 345 Bioavailable As 3 21215 1 0.99 ns 3 0.33 ns
7K HEZS Water soluble Cd 3 23,505 1 5.20% 3 0.11 ns
P Height 3 107.04%#5% 1 1199955 3 6.80%*
KR Weight 3 9,52 1 6.33% 3 0.41 ns
MR U As in roots 3 13.01%5% 1 25,89k 3 1.16 ns
ZEFRERIRCE As in stems 3 15.08%% 1 34,67 3 4.19 ns
AR BUE As in leaves 3 13,28 1 8.53* 3 0.20 ns
HL4@ B Cd in roots 3 8.32% 1 44 847 3 0.99 ns
ZEEEHUR Cd in stems 3 16.36%%* 1 23,72k 3 0.52 ns
458U Cd in leaves 3 47 .45% % 1 361.79%* 3 23,08
412 a Chlorophyll a 3 85. 11k 1 11.01%% 3 9,78
43 % b Chlorophyll b 3 108,175 1 4.43 ns 3 9.31%%*
J5H1% N & Carotenoids 3 122321 1 11.84%% 3 323.56% %
SOD 3 27.11%5% 1 107.20%#5% 3 28.56%
POD 3 2 613.12% %% 1 7 857.39% 3 2 453,07
CAT 3 27 4155 1 28,27 3 0.49 ns
MDA 3 29,0977 1 39,33 3 63.09% 5
-SH 3 97.53 %% 1 1150975 3 4,04%
PCs 3 37.85% 5 1 12.68% 3 0.99 ns
GSH 3 68.74%5% 1 204,88 3 3.96%
H.0, 3 81,7355 1 176375 3 8.85%
0: 3 14.85% 5% 1 34,53 3 2.15 ns

T ¥ 5RR8 P<0.05, ## 718 P<0.01, % 755 P<0.001, ns /8 A L2 . SOD b E AL Wl , POD Jy ik S AL ¥ Bl , CAT Jy i AL , MDA 1§ —

%, —SH A Hidk , PCs MY E A K, GSH 4 I H K

Note : * P<0.05; ** P<0.01; *** P<0.001; ns: not significant; SOD: Superoxide dismutase; POD:Peroxidase; CAT: Catalase; MDA: Malondialdehyde;

—SH: Acid-soluble thiol; PCs: Phytochelatins; GSH: Reduced glutathione.

Hh, 3k AT e 5 SR M AT G, Tl R AE pH<T I,
Bt 18 pH A9 FH i, As CIL ) Ay WA o o 328 ¥ 185 0, As
(V) P R o 8 T AR AT %ok T S 0 B A 1 o 5 1
AR R R AN, S R AT T L
SRR iR A R DI TR A M A i AT o ik — 2D
Gto MR UL, R - AL G5 g IR Th R A AT 1
FM=1, AU AL 1 K SRR 2 A 4, T
LR T KSR SO A i s 5, e — M R
U R T

Bty B | iy S LSy i2h = gV i =N S|
(05 ) FEPEA YT (Reactive oxygen species, ROS) .
o 1 P AR 5T A TE 2 8 U ) 1R N DNA L EE
JoE B T I LA % S o 4 Ak 55 45 E AR eI
SOD . POD il CAT S5 48 M BE 25 BR FASE I 30T 1E4

05 TR A S B AR FRY, SOD A] DL S0 Bk ik
P2 A% 6 T 4, A B B R 4 e E
FIEE 72 SODAFEF R, 05+ & A Ak I 7= A Ko
() 2k ARk L, T X S 2ot Ak &0 nT DAFEAE /R P9 CAT
M POD (IVEF T 83 bR . 0T A N CAT AT LA
BOGBRAEYI AN Z R0 A . APPSR,
R0 FE R FM - 1 B8 6% 58 47 b 33008 K 2 B g
SOD ,POD HI CAT f¥ il 7 14 (2% 3) , Jinn s A Ak Ak 2
FH O3+ 1] o0, FFEAE o X TR pint 22 R i 1 1
FM-1 At & 1 R Bint- 2t J- v POD A1 CAT
i (R AR R &, 38w IR B A R BRI,
FE IO, X4~ 52515 Y () 38 B, K S ) O L B
KA R B LATE R S 4T RS ARZE M T DL s
S WA . X5 U0 W 3R S0 P A B AR T LA
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A RO EK PR AR R GE A B H G R o 4R
PORERE 8RB X F ORI E BT ST AE AR
HUA A 72 98I A A AT Bk S A 1 30 1 e —
WA, YL AT DU i AR Y R (GSH \PCs) RGETH R
YA Eia o o GSH AR N i bt Ak
F YA 32 B E A8 AR P S A R H At 241 i
XE N 27 A 3 R B2 1 GSH 22 55 1 4 48040 o (1)
BREY; PCs 1] DL 1 2 A A1 P BRIG PR 4R, AR W) 2 i
A A TR I E B R, KSR ZAR
2Rt b R R I, LAY MDA R
B REA, X R PR g I R 52 B B oL 4
T3 JCE A REBSON 33X 5 28 AR A0 A
K (Arbuscular Mycorrhiza ) — 22 5% 55 (Lolium multi-
Sflorum L.) Bk G186 &2 0] DL A 3L A F il (Lycopersicon
esculintum Mill.) It Jy 51 (1) MDA 5 i 9 45 AL, 3X
M AT I B AL E T R R R S R R
A i AL I ARG R GRS ISR
JROM ARG DT e 17 K SRR AS -2y -
RoE AM TR,

4 £t

()R AT AT LA AR PR 138809 pH ; $2 R0k
JE K 3.4%107 CFU - g ' -}, K SFIAR A - SAR 28 0
H4R A R, R A AL HE T K AR
IS5 S AR ) A

(2) R T B AT AR i K SRR S - 20 f e
2 28 L R A8 N 200 B i, [R) Ao 48 v ke v R o
i, KA B AL I K SRR A T 2 A K

(3) LI AT B AT AR g K SRR s - 0 f e
SOD .POD . CAT Ay 1% 1 , [ it $2 i A i A v GSH I
PCs f 75 1, [ A% 07 [ MDA B35 5, A 3 & it T &
S EXHYINEE
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