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The promoting effect of phosphorus—solubilizing bacteria on remediation of cadmium—contaminated saline soil
by Suaeda salsa

LIN Xin', WANG Li-li', YANG Ping', LI Qu-sheng", XU Zhi-min'?, WEI Jia', ZHOU Ting'

(1.School of Environment, Jinan University, Guangzhou 510632, China; 2.School of Life Science and Technology, Jinan University,
Guangzhou 510632, China)

Abstract: In order to improve the efficiency of phytoremediation on cadmium—contaminated saline soil and to explore the effect of phospho—
rus—solubilizing bacteria on plant growth and cadmium uptake in contaminated soil, root exudates of Suaeda salsa were collected from a
sterile hydroponic (with 2% NaCl) culture. Five cadmium— and phosphorus—solubilizing isolates were cultivated using the exudates as a
unique carbon source in medium. Their growth curves were obtained by determining their OD values. Escherichia grew faster and had
stronger cadmium— and phosphorus—solubilizing abilities than the rest of the isolates(P<0.05). Herein, its changes in ability to solubilize P
and Cd from Ca;(PO,), and CdCO;, respectively, and in its metabolic products in three concentrations of NaCl medium (0.3, 6, 12 g- L")
were studied using a shaking flask experiment. A pot experiment was also conducted in sewage—irrigated garden soil(1.37 mg-kg™ Cd) pre—

treated with three concentrations of NaCl(0, 4, 8 g+kg™). The promoting effect of Escherichia on remediation of cadmium-contaminat—
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ed saline soil by Suaeda salsa was investigated. The results showed that Escherichia produced 80.19, 78.79 mg- L™, and 77.54 mg- L™ dis—

solved phosphorus and 17.84, 17.30 mg-L™, and 19.73 mg- L™ dissolved cadmium, respectively, with the 0.3, 6 g+L™, and 12 g+L™ salt
concentration treatments. This shows that an increasing concentration of salt had no effect on P release and promoted Cd release. There was
obvious change in the composition of metabolites of Escherichia under the different salt treatments. With the 0.3, 6 g-L™, and 12 g-L™' salt
treatments, 5, 10 kinds, and 13 kinds of organic acids and 4, 8 kinds, and 8 kinds of amino acids were released, respectively. The valine
content increased significantly with increasing salt(P<0.05). In the pot experiment, biomass and Cd content in the rhizosphere soil solution
of Suaeda salsa with bacterial inoculation treatment increased significantly compared with the control (P<0.05), with 4 g-kg™ salt treatment.
The total mobilized Cd in the rhizosphere soil increased by 3.17—fold. The average enrichment coefficient of the total and DTPA —extractable

Cd increased by 260%. These results suggest that Escherichia grew normally and promoted the accumulation of Cd in Suaeda salsa under

salt stress. This study provides some useful information regarding remediation of cadmium—contaminated saline soil.

Keywords: phosphorus—solubilizing bacteria; Suaeda salsa; root exudates; saline soil; Cd; remediation
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Table 1 Quantitative and qualitative result of root exudates of

Suaeda salsa

L) B B[] W /mmol - L7 RV /mg- L7
LR 8.817 0.025+0.002 0.900+0.072
IEZS 8.824 0.008+0.003 0.960+0.360
LR 9.450 0.058+0.005 1.392+0.120
FR 11.592 0.12220.007 2.928+0.168
AR 14.350 0.112+0.007 6.720+0.420
JR%E 15.242 0.093+0.008 1.116+0.096
TN 14.799 0.052+0.002 1.248+0.048
EERC 16.300 1.741£0.008  62.67620.288
TR 17.056 0.160+0.008 3.848+0.192
bR 17.861 0.029+0.008 1.030+0.288
TR 18.345 0.050+0.005 2.3900.235
25 18.710 0.182+0.007 6.547+0.252
IR 19.411 0.112+0.008 5.359+0.384
FIRR 22.112 0.015+0.004 0.725+0.192
KRERR 22.890 0.038+0.003 1.837+0.144
AR 26.725 0.00720.002 0.637+0.192

T BB 3 WE R AP I{E S hRER

Note : Values are given as mean+SD from triplicate determinations.
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B 15 #BABEERRS DS FE P EK L
Figure 1 The growth curve of five phosphate—solubilizing bacteria

in culture solution with root exudates of Suaeda salsa
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b Cd 3 8 151 (P<0.05 ), 2o e A kb B 7] v
HAAZE 2.0~2.4 1%, 164k Cd B AHZE 4.5~12 i . IRF
Y 3 AN AP R RE ) e X HE (IR A T
X BRAE ) 43591 4980.19 . 78.79 . 77.54 mg - L, SE- ¥ 4 % ik
b Cd 4R H 17.84.17.30.19.73 mg- L, 25 [ iR,
I SBAIGA IR MR R IABEAITE 1L Cd RE

ANTa] R 4340 BT 35 A i i) A A E B
2550, Q038 3 7R, TR A-Z AL TR e AR A
AR R R EIR FRHIRTE 0.3 g+ L7 #h/rab 3~
R F], WTE 6,12 g+ L 540 4b BT 405 461

R 2 5 HREBEEABAEN Cd KIRE
Table 2 The ability of dissolved phosphorus and mobilized cadmium of five phosphate—solubilizing bacteria

i H AN KA IR AT i LRET BT IR ZF FAT IR
2 X R /mg - L 70.815+2.375b 80.193+3.595a 54.612+4.494¢ 3.186+0.224d 2.573+0.142d
#3154k Cd H/mg- L 18.013+0.494b 17.844+0.085b 23.204+0.704a 4.545+0.403¢ 2.541£0.243d
T R APORRD NG FRERIR A R VA B 1 ) 22 57 135 (P<0.05 ).
Note: Different lower case letters represent the different phosphate—solubilizing bacteria was significant(P<0.05).
50 140
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_4or el Ab Aa
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CIRfem B W

ANRARGFEAAFAF R T AR A2 5 035, A R/NE T BRI L 2 T AR R Ah 822 53 12 25 (P<0.05)

Different capital letters represent the different treatments under same salinity gradients was significant, different lower case letters represent

the same treatments under different salinity gradients was significant(P<0.05)

2 KIS AFENMEEKWER

Figure 2 Salinity tolerant of Escherichia
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Table 3 The metabolites of Escherichia under different salt treatments
VAT A/X 10°
YRR REEE/min YRARK

03 ¢g-L7' CK 6 gL CK 12 gL' CK 03 gL 6 gL 12 g-L™
AL 11.697 R ND ND ND 0.923+0.075b  1.877+0.030a  1.033+0.095h

24.233 ARIELIR ND ND ND 2.165+0.116 ND ND
20.058 TR ND ND ND ND 0.692+0.073a  0.59120.030b
21.165 A-FIET R ND ND ND ND 0.940£0.062a  0.654x0.031b

21.511 AR ND ND ND ND 1.756+0.184 ND
24.058 SN RS ND ND ND ND ND 1.613£0.210
25.325 X LA R ND ND ND ND ND 0.46420.017
26.298 R ND ND ND ND ND 0.44020.037
28.565 UL ND ND ND ND ND 0.804:0.065
18.095 KRR ND ND ND ND ND 1.295+0.057
FILR 14.239 ETERY i ND ND ND 9.227+0.569b  15.097+0.865ab 20.950+1.991a
16.661 SRR ND ND ND 9.015+4.585a  6.490+1.068a  1.204+0.104b
17.459 NN ND ND ND 1.049£0.369ab  1.387+0.101a  0.950+0.098b
12.218 R ND ND ND ND 1.744+0.091a  0.97120.135b
22.308 BERER ND ND ND ND 0.77220.060b  0.908+0.058a
22.691 HER ND ND ND ND 2.248+0.056a  2.553+0.065a
31.917 KA ND ND ND ND 2.171x0.251a  1.865+0.300b
25.229 FIEN R ND ND ND 1.870£0.602c  9.923+0.833a  8.124x0.361b

HoAth 20.37 i ND ND ND ND 2.200+0.155 ND
8.737 B ND ND ND ND ND 1.640+0.075
34.045 FRAER ND ND ND ND 0.634+0.056b  0.890+0.095a
15.443 JR%E ND ND ND 2.507+¢0.232a  1.569+0.080b  1.295+0.054b
17.898 FR s ND ND ND 7.085£0.514c  16.053x1.331a 12.951x1.554b

T AR NE FRACEA R RS N ARRIAL B2 5 2 2 (P<0.05)

Note: Different lower case letters represent the same treatments under different salinity gradients was significant(P<0.05).
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Different capital letters represent the different treatments under

same salinity gradients was significant, different lower case letters

represent the same treatments under different salinity gradients

was significant(P<0.05 ). The same below
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Figure 3 Aboveground biomass of Suaeda salsa under

different treatments
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Figure 4 The Cd concentration in rhizosphere soil solution of

Suaeda salsa under different treatments
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8 g-kg! FhAMALEE L IR S Ab PR I E 3 (P<0.05, &
5)0 3R AT B SRR AL FRIAAR T Cd 7
BB EES . NERATT 3 &0 R
Cd oA 3525 5 (P<0.05),4 .8 g- kg™ £h4y 544
T, HHAAFRZEM Cd &8 8 55 T A H A
(P<0.05). 4 g-kg' £h 45 FHEEFE AL FRAGAR (ZEH-Cd
SR A AP AR L A R AR AL F ) 1.02~4
FEFD 1.01~4.18 5,

ZE L IR Cd B 2255320 Cd BMRILE
AEEFRAIAEAE 2257 A3 4 FoR 3ok TRt
Cd )& 5  (HAEA R AR A0 451 T, 32 B A Bl ) P i
T Cd &5, 4g-kg! KN, RPN 45
Cd EERBERK, L 5 RS R 5 225
(P<0.05), Cd 1 3ty st MU S A RS
K AEARRAREE R e T R 2 e 3
T HE YA NES , SRS T DTPA 25U Cd s
B ZH, RIS A Cd 15 4 BB A =71

R4 FRARSLETHE FEE C EERMEHRERN

Table 4 Accumulation and transfer factor of Suaeda salsa under the different treatments

UL g kg HRHOL Cd Bih it /pg- Srh Cd HHER DTPA $2IUE Cd &4E R
0 T 0.625+0.048Ac 0.391+0.027Ac 0.941+0.064Ac
0 el 0.766+0.081Ac 0.351+0.079Ab 0.844+0.190Ab
4 T 2.149+0.198Bb 0.565+0.039Bb 1.357+0.094Bb
4 el 6.815+0.290Aa 1.469+0.044Aa 3.530+0.108Aa
8 G 4.791+0.372Aa 1.138+0.029Ba 2.737+0.069Ba
8 el 4.830+0.400Ab 1.403+0.026Aa 3.372+0.062Aa

T RPARRIRE FRAUFAAF L2 T AR 22 5 B3, AR/ NS TR AR F AR AL 22 5 2 35 (P<0.05)

Note : Different capital letters represent the different treatments under same salinity gradients was significant, different lower case letters represent the

same treatments under different salinity gradients was significant(P<0.05).
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Figure 5 The Cd concentration in Suaeda salsa under different treatments
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X Na*fgWgie, T NaCl ¥ B oo v D) 25 388 i K% 75 i 1Y)
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