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Isolation, screening and identification of plant growth promoting
rhizobacteria to enrich cadmium accumulation in Solanum
nigrum L.

JIANG Miao ZHANG Dan ZHI Yue-E Waulan-Entemake ZHOU Pei’
School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: [Background] Plant-microbial remediation becomes prevailing in the remediation of soil heavy
metal pollution. The key to achieve this is to obtain microorganisms which can interact with
hyperaccumulator effectively. Solanum nigrum L. is widely used in the remediation of cadmium pollution
of farmland. [Objective] To screen cadmium tolerant plant growth promoting rhizobacteria (PGPR) which
can promote the growth and cadmium accumulation of Solanum nigrum L. [Methods] Cadmium tolerant
strains with good growth promoting characteristics were isolated and screened from rhizosphere soil of
Solanum nigrum L. The effects of cadmium stress on plant growth and cadmium accumulation ability were
investigated under hydroponic culture, and microorganism which can promote growth and cadmium
accumulation of Solanum nigrum L. was determined. The strain was identified by its physiological and
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biochemical characteristics and the analysis of its 16S rRNA gene sequence. [Results] Four PGPR strains,
NTI1, AXY1, AW2 and AWI, were isolated from Solanum nigrum L., which were identified as
Lysinibacillus sp., Beijerinckia fluminensis, Achromobacter animicus and Herbaspirillum huttiense. The
growth of Solanum nigrum L., was enhanced by four strains, as the increase of height, dry matter
accumulation and the cadmium accumulation of the aboveground part. Strain NT1 increased height by
31.33%, and increased the dry weight of the aboveground part by 62.65%. Strain AW2 increased the
cadmium accumulation by 37.29%. [Conclusion] Screening of strains can provide a practical basis when it
comes to improving the efficiency of plant remediation. It can also help to prepare the ecologically
functional bacteria and be used for the microorganism and Solanum nigrum L. combination in situ

remediation in the cadmium polluted farmland.

Keywords: Solanum nigrum L., Plant growth promoting rhizobacteria (PGPR), Soil cadmium pollution,

Plant-microbial remediation
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1.1 BFRE. FERXFIFNEE

LB #5574 . PAF #5570k, DF }idR:. ADF
BRIRHE . IR IR . ALEEEE SRS . CAS K
IR IS R [22-24]

Salkowski 10 . FHEAPLE A . AR
INFIEE B E 255 Fi AR A R A BbR
1 B BioTek 24 w5 HLBGHEG 55 B IR 56
W AR A A BRSO E
g RS AR A |l s PCR AL MR {U% B
Applied Biosystem A H]

1.2 #iXHERE

USSR+, FHAEYEACRAE , B4ttt [
gy, RERMAREI RS AL, FHRBFRHMRERE L em A
IR PR T il RO T DR B AE v, 77 (] S % BT 4 °C
TRAE, 2d N Tz
1.3 i} Cd EFkiFiE

i} Cd BRI 2 B il 4 . PRI S g +4F,
TABEAT BB BR A 50 mL JCTR K A4 TR
37 °C. 200 r/min #E¥% 1537 30 min,

M Cd 2 FL A P 0 32 e e B i 4 = IS 50 T A
MK T 80 °C /KB H R EF 10 min,

SraEC 10 mL MR EH 25 A 100 mL
LB-Cd (Cd*"& 10 mg/L, %1 CACL i) iAk
KSR RLMAETE L, 37 °C. 200 r/min }55% 24 h,
Tl WIIh S R IR . I G & AR 1557 10 mL,
PR PRS2 3K, BRI A E R TR I
RAFERFRABS TG R, B 107,
10710 H B 4% 200 pL 473 F LB .LB-Cd (Cd**
it 10 mg/L)APA, B8 T 37 °C fHiREE SR,
T A Hh B 22 PR TR P ) AR R v 5 PR TR VR P
A U SR AN TR] 9 B BRT V0T 7 [ A1 i il 2k
afifl, i ECH R 80 °C PR AF .

1.4 {REFHMEHR
141 = IAA BEHEMEENE
EEME . KA Salkowski’s N FLAR EE 4

W, Z% Loper P51, ¥543 B8 BTk 14 bk 2y
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FEEIGE « S B P E S T R N, SR
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Al VAZEIB AR B TR S WA Ry xof BRI
Kol 10, 20, 30, 40 F1 50 mg/L HIARIE TAA BiE
VS, DIE 530 nm WOGME, fEARAEITZR, THATH
TR TAA W B,

1.4.2 MBI EMEENE

FEPEME « I 10 nL VLS 3 AE OB . A
LB AR R R b, FIEERE R4 30 °C Bl
3-5d, MEREE LR,

FETEIE . KRR T LB Hi5R 4L, 30 °C.
200 r/min 3557 24 h, WHC 1 mL 3R T ICHLEE . A
WLERE 3R 3, 28 °C., 200 r/min }53% 7d, R
PO R0 R AT i e 1 2
143 FHEHAEHEENE

SEPERINSY, SR CAS Ak, R4 s
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FARESR , P s R T AR R BN 7E 18 &5 T8 BRI B A v
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RE1 .

SE R . 4 22 B Rl AP I R D T
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I s 0 2 W (L B R 25 L AEL(AY)

1.44 7 ACC R EESRESINE

PREUTR L T AR AR, A 50 mL PAF Rt
t, 28 °C. 200 r/min JR % 1575 24 h )5, WAL 1 mL
PR 2 50 mL DF #5573EH, 28 °C. 200 r/min

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2234 A 2 A

Microbiol. China

PR 24 he MRS T, DF Kifrlifts = 4
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W, 28 °C fHIERE TR, FPUgE KM,
1.5 WMEY-REEEKERE

B R 25 R 7, THERILIG, Tk 4 M,
TEICK S B — B0 e 28 4h i KRR, KEE
W%k Hoagland B3R, MBI CACL, 4bFR
WeRE 4 mg/L, fR/EW T LB RIAEE SR, 28 °C.
200 r/min JRFHEEFE 24 h, IIAKESR N OKEHR A
B K20 1x107 CFU/mL), 4 5d Hif—k
IR TR, BRI E INGE SR FR 8 . R E A
TR A N B 25 3 X BE(CK) L 8 S i i X B
(CK-Cd).
1.5.1  BFEAEKIEFRNE

BRBUREBHIEZE, FE R E IR K
R, NEMWE I IEEMR ., 250 o 3 #HamT
KA G SIRRE, A B B2 405+, 105 °C
AT 10 min, 70 °C#tTZfEE, WEMPFE
T,
152 ZECdEENE

PUEPIRE AR . 25, 455 ¢ A4 F 20 mmol/L
Na,EDTA % 2 15 min, SRJ5HEE Tk
Ve, ERREEWMNESE. KRR A,
105 °C A% 10 min, 70 °C #tT {0, MEHY
FEG T EE , BT 5 SRy 055 o A
A HNO;-H,0, (3:1, AR AL, T B

x1 EREMNELSR
Table 1 The results of qualitative determination of strains

i R FOKFRE, SR ICP-AES L2 5 N
Cd &,
1.6 E#k 16S rRNA EEFFHHEE

IR LB 855700 fk, 28 °C. 200 r/min i
PRESE 24 h JG T LB Aok Zk, 28 °C fH
ISR 24 hm, ik BIGSJE AR R bl i
17 16S rRNA &R R 46
1.7 HUEALIE

{81 ] Excel 2017 #1 SPSS 20 &t 444 #0471 442
AL,

2 ZER545H0
2.1 T Cd EHkiFiESRESFENE
RAEFETEE . TR . B S AR 3
R, 75 10 mg/L Cd™ WHaAbFE T, W10k i52it
Z Cd RRE 13 Bk, #F—24 80 °C LbHIARF N =
T TR 9 Bk, X HAR AR TR I, ANk 1
PR, TRESATY 9 BRI HA ™ IAA fE )y, H,
S BRI IEAPLEE, 7 MRATVSRRICHLEE, S MREA ™
PR ST, 4 REA ™ ACC A RE
22.1 FIAABDEENE
TAA 25 e A T Y B bR 2 — , AT A
PR R MARFIA AR A K, SEEMYERERE .
HRPERAE R ™ TAA BBT1, Z5RWE 1
Fim o A HMREIA T TAA i JT, AW1 77 TAA fig
Jifcam, Ak 51.34 mg/L; HKJE QT3 & WT4,

il A Bk

IR

WS 5 77 TAA _ i PR 7= ACC [ &

Strain number TIAA production phosphgé%:(?lfbilizing phosplf;(;ffi?;;ilizing Siderophores ACC deaminase
QT3 + - + - -
NT1 + 4+ 4+ + =
WTS5 + + + + —
WT4 4 1 4 F =
NCT2 + + + - -
AXY1 + 4+ 4+ + +
ANT2 A = = A A
AW2 A = = = A
AW1 4 = 4 = F

T +: BBRAAINARPE: — BBECATRAFE,

Note: +: Strain has the related capacity; —: Strain does not have the related capacity.
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Figure 1 Quantitative determination of IAA production of
strain
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Figure 2 Quantitative determination of phosphate-
solubilizing of strain
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Figure 3  Quantitative determination of siderophores
production of strain
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WT4 =R EABR™ ACC B E BN A e 4 451k
NT1 ff JCHLBERE F1 Bk , WT4 AT BB RE 15
23 WEPENEEE SR
2301 WEDIER L EE KIERAE

i 4 FE 5 frs, 16 4 mg/L 8 A T CK-Cd
5 CK M, Hpkm AR K IE e E25%, #h &
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Y A% ; NT1. ANT2 F1 AW1 AbFRR, ARFR
Cd FraE B ETHe, (An] BRI Cd &,

% 2 [, NT1, WT4, AXY1, AW2 A
AW ARFR O ZE il bR AR & 4R & W 3, AW2
Ab PR b ERE e R R, BN 37.29%; QT3.
NCT2 Hl ANT2 AbFE T Hb b3 4 B B A%
NT1 ] A% 2 3 s L350 & 3B E i, 4
BRI 28.63%F1 66.32%; QT3 Rl i & Pk |
S H R R A, A BRI 19.22%F1 77.76%
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Figure 4 Effect of microbial treatment on root length and plant height of Solanum nigrum L.

T

INE TR ZER R P<0.05; RETHHUERZER T P<0.01.

Note: The lowercase letters indicate the significant difference at 5% level and the capital letters indicate the significant difference at

1% level.
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Figure 5 Effect of microbial treatment on dry weight in aboveground part and underground part of Solanum nigrum L.

1 NEFRURE R B E P<0.05; REFRARERLEE P<0.01.

Note: The lowercase letters indicate the significant difference at 5% level and the capital letters indicate the significant difference
at 1% level.
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Figure 6 Effect of microbial treatment on cadmium concentration in root, stem and leaf of Solanum nigrum L.
W % ZREFE P<0.05; **. ZRWEE P<0.01.

Note: *: Significant difference at 5% level; **: Significant difference at 1% level.
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Table 2 Cadmium accumulation of Solanum nigrum L. in microbe treatment

o - s A

b e A

ﬁé‘*ﬂ?éﬁ% Cadmium accumulation in aboveground part =~ Cadmium accumulation in underground part . /_:E%%%gﬁ

Strain No. (i) (sl Biological transfer factor
CK-Cd 213.53+18.42 24.50+0.69 2.533
QT3 172.50+13.02** 5.454+0.29%* 4.767
NT1 274.42+10.12%* 40.56+5.51** 1.375
WT5 207.60£16.99 16.02+0.81** 2.886
WT4 255.53+8.66** 15.39+0.24** 2.631
NCT2 187.47+11.64* 13.28+0.92** 3.247
AXY1 267.32£11.50%* 10.90+0.86** 4.006
ANT2 165.73£5.17** 25.27+1.47 1.484
AW2 293.15+15.96%* 22.64+2.31 1.936
AW1 235.35+0.89** 22.64+0.79 1.622

T % R P<0.05; **: B E P<0.01; £ RECIBTF)=H ¥ E 48 & it (mg/kg)/ T 48 & it (mg/kg).
Note: *: Significant difference at 5% level; **: Significant difference at 5% level; Biological transfer factor®® (BTF)=Concentration of
heavy metal in underground part (mg/kg)/Concentration of heavy metal in underground part (mg/kg).

2.4 Bk 16S rRNA EEFFIDEE

ZE b, NT1., AXY1, AW2 Fll AW1 HEikEA
RAFRIFE A FRE , R IE T 4] i 25 15 Jp 25 ik
AR R R b BT R R R AR
P E . HET, REAREREIAN, 4
16S rRNA [ F AU ST 97%H 5 & T[]
— Py, G5 WA FRAECREFR 16S rRNA
R F 5176 GenBank H A4 R Kt HE 23008 01 |
I % E NT1 (GenBank %558 MH559628) 1
¥RJE T Lysinibacillus sp., AXY1 (GenBank % 55
& MK064217) i #£J& T Beijerinckia fluminensis,
AW2 (GenBank % 3% 5 MKO064218) [tk )& T
Achromobacter animicus, AW1 (GenBank %354
MK064226) 7% £ J& T Herbaspirillum huttiense.
3 ik

PR IR AL T RE R 3 AT : (1) i
AR R R AR SRR R AR A
Yg W s (2) il i 57 A4 K 2 (Indole-3-acetic
acid, TAA). 7% % (Gibberellins acid, GA). 40}
43542 (Cytokinins, CTK)EY ACC JIit 2 B 514 35 A
WK (3) @iyt R . WISFINE 20 B

AR ER

ARWFFE EEH R G E R RIFERK EE
FHOGHY 4 TR bR, 8 PR il o TR ARl | 7kt
. 7= IAA FI7= ACC & WERE ST, 153 9 BRiEE
PER AP R AR . AR - e 35 K 350 = 1
BRI A R BT B R Y AT R R R U e s e BT
PR R, Horp 4 RAT Rk AR K, TR
TERTAS T AR R 24 R IR AR A

R L R R s Y I SR
Ji PR WO R S A 1 [ GRS
T 4 e AR R M AR B AR 1 AR
Pro PRAETE TR BERE Y AR, T B e Y-
G J A A - R0 A EL AR RS R R L
BMERESE, Wity iEeE SR %
A=W - e 25 K 5 R 0 75 B8 TR R X 35 AR R Y R
M), A BN TR A B AR PR e 35 i B R 50 i
K, EMRAEY SESJREAE, SUE TR HE4E
& RS A R o 45 R 3R B AT TR AR S P AR
AR e 28 2500 S i, B AXY 1 R AW2 X 4 2
TCi R Ak, A TRIAR S AT i 2 BRI 4 B i

HEARTE NT1, AXY1, AW2 Fl AW PY#k5H
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T35 B SRR AR T, 285 410 Lysinibacillus
sp.. Beijerinckia fluminensis. Achromobacter animicus
Al Herbaspirillum huttiense, 4 £k 24 1 B L
ARtk ATAEEE R ZE AR R A K T AR, NT1
PEARCR IR AT 4 BRI T b b AR s AR 4
AW2 HE PO BT NT1, AW2 il AW AbFE
H AR SR AN, SR R AN, XAl RE R
TR AE T T AR b PR B T4
) EARIERS , (AR A AR, AT
JEXI e AR B R . AXY 1 AbFREE RS R AU
R, AR S T TC B TR, 1K) BE R D i
SRR HE T R ) e 2 b SRS (RN RE AR i e
ZEH T IR AR

AR 43 15 e S T ARA T TR S iR
PR BB R, R i A
MY 5L TAEYRAE, BEa] fRkk Rk, X%
B e i B AR Y, AR 1 A5 1 T R
A BRI AR, AR RE AT s A 25
W, MR THEM AR EE . T RMAEY-
JeBEERA EE A Cd 53, il HR AR
HRERE I ZLE T FEA

AWFTEATE5E T AR Y- ZE AR /K B R X
JeZE R ARG O & AR RE T RS2, (TR SE R g
SRR A Y- e 2 BAR LS Rz Z RN AR
Wi o ASTF] L3RS R R AR 1 R iR
S5 R NG Wy R T AT AN TR) A [ R e -+ 38 2%
IR 2R, W2 AEY) - e 50K
1B R RCR o Jm SEMT 58 A P A2 a6 1R FH 356 ik
— B GRS AL - R B N B AR e 25 AR
IFEFHRCR .

REFERENCES

[1] Kirkham MB. Cadmium in plants on polluted soils: effects of soil
factors, hyperaccumulation, and amendments[J]. Geoderma,
2006, 137(1/2): 19-32

[2] Holmgren GGS, Meyer MW, Chaney RL, et al. Cadmium, lead,
zine, copper, and nickel in agricultural soils of the United States
of America[J]. Journal of Environmental Quality, 1993, 22(2):
335-348

[3] Wang KR. Current status of cadmium pollution in farmland in

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

China and its countermeasures[J]. Journal of Agro-Environment
Science, 1997, 16(6): 274-278 (in Chinese)

TR, T E AR M7 R IR S A BRI R[], Al 35E
{1471, 1997, 16(6): 274-278

Liu CD, Wang Q, Yu B, et al. Characteristics and control
countermeasures of heavy metal pollution in farmland[J].
Agricultural Technology Service, 2008, 25(7): 118-119 (in
Chinese)

XVGTE, Fuk, T, 5. 4 H 1388 4 )8 75 YL i Fr s a2
ST, AT RS, 2008, 25(7): 118-119

Tang X, Li Q, Wu M, et al. Review of remediation practices
regarding cadmium-enriched farmland soil with particular
reference to China[J]. Journal of Environmental Management,
2016, 181: 646-662

Wuana RA, Okieimen FE. Heavy metals in contaminated soils: a
review of sources, chemistry, risks and best available strategies
for remediation[J]. ISRN Ecology, 2011, 2011: 402647

Zhang X, Zhou AG, Gan YQ, et al. Advances in bioremediation
technologies of contaminated soils by heavy metal in metallic
mines[J]. Environmental Science & Technology, 2010, 33(3):
106-112 (in Chinese)

SRR, TR, O, . SRTTIL T R R IS A s
EWIFTHERE]. FERE SR, 2010, 33(3): 106-112

Kumar PNAN, Dushenkov V, Motto H, et al. Phytoextraction: the
use of plants to remove heavy metals from soils[J].
Environmental Science & Technology, 1995, 29(5): 1232-1238
Ali H, Khan E, Sajad MA. Phytoremediation of heavy
metals—concepts and applications[J]. Chemosphere, 2013, 91(7):
869-881

Glick BR. Using soil bacteria to facilitate phytoremediation[J].
Biotechnology Advances, 2010, 28(3): 367-374

Lugtenberg B, Kamilova F.  Plant-growth-promoting
rhizobacteria[J]. Annual Review of Microbiology, 2009, 63:
541-556

Ansari MI, Malik A. Biosorption of nickel and cadmium by metal
resistant bacterial isolates from agricultural soil irrigated with
industrial wastewater[J]. Bioresource Technology, 2007, 98(16):
3149-3153

Nies DH. Microbial heavy-metal resistance[J].
Microbiology and Biotechnology, 1999, 51(6): 730-750
Roane TM, Kellogg ST. Characterization
communities in heavy metal contaminated soils[J]. Canadian
Journal of Microbiology, 1996, 42(6): 593-603

Niu ZX, Sun LN, Sun TH. Plant-microorganism combined

Applied

of  Dbacterial

remediation of heavy metals-contaminated soils: Its research
progress[J]. Chinese Journal of Ecology, 2009, 28(11): 2366-2373
(in Chinese)

IR, PNEIE, PIERHT. E 4 JE TS Y LA AE - DA R
HBEWITIRI]. £, 2009, 28(11): 2366-2373
Yang XE, Long XX, Ye HB, et al. Cadmium tolerance and
hyperaccumulation in a new Zn-hyperaccumulating plant species
(Sedum alfredii Hance)[J]. Plant and Soil, 2004, 259(1/2):
181-189

Sun RL, Zhou QX, Jin CX. Cadmium accumulation in relation to
organic acids in leaves of Solanum nigrum L. as a newly found

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2240

TEY I8

Microbiol. China

[18

[19

[20

[21

[22

[23

[24

]

]

]

]

—

—

[}

cadmium hyperaccumulator[J]. Plant and Soil, 2006, 285(1/2):
125-134

Xu J, Sun JH, Du LG, et al. Comparative transcriptome analysis
of cadmium responses in Solanum nigrum and Solanum
torvum[J]. New Phytologist, 2012, 196(1): 110-124

Liu LH, Liu SJ, Chen FM, et al. Effect of endophytic bacteria
inoculation on cadmium uptake in Solanum nigrum L.[J]. Acta
Scientiae Circumstantiae, 2013, 33(12): 3368-3375 (in Chinese)
XA, XVBR, BRtmi, 5. ey A A s e 2l i R
R[], HEERLE2ENR, 2013, 33(12): 3368-3375

Zhang YJ, Ma CC, Guo JK, et al. The effect of inoculating
Burkholderia sp. D54 on cadmium uptake and accumulation in
Sedum alfredii Hance[J]. Journal of Agro-Environment Science,
2017, 36(3): 449-457 (in Chinese)

WALLE, DA, SSTERE, S5 PFMATLICE DS AARHIEA
W E AR Cd B[] RALIREERLA AR, 2017, 36(3):
449-457

He LY, Li Y, Liu T, et al. Isolation and characterization of
cadmium-resistant endophytic and rhizobacteria from Solanum
nigrum in Orefield[J]. Journal of Ecology and Rural Environment,
2011, 27(6): 83-88 (in Chinese)

OB, S, X, 45 JpSERRBRAI S Cd FOPEANTE T
F LY. A S S RAT RS 244, 2011, 27(6): 83-88
Wei X. Study on phosphate solubilizing characteristics of Bacillus
megaterium NCT-2[D]. Shanghai: Master’s Thesis of Shanghai
Jiao Tong University, 2015 (in Chinese)

TR BRI NCT2 MBBHEEOISDL. i i
SR LA, 2015

Schwyn B, Neilands JB. Universal chemical assay for the
detection and determination of siderophores[J].
Biochemistry, 1987, 160(1): 47-56

Zhao LF, Xu YJ, Chang JL, et al. Screening, resistance and

Analytical

growth-promoting effect of endophytic bacteria with ACC
deaminase activity isolated from soybean nodules[J]. Acta
Microbiologica Sinica, 2016, 56(6): 1009-1021 (in Chinese)
RO, IRIEAE, W, 55 ACC IBURRHE MR A
AT RIORRE | Pk AR EAE ). BRZEAR, 2016, 56(6):
1009-1021

(25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Loper JE, Schroth MN. Influence of bacterial sources of
indole-3-acetic acid on root elongation of sugar beet[J].
Phytopathology, 1986, 76(4): 386-389

Gyaneshwar P, Kumar GN, Parekh LJ, et al. Role of soil
microorganisms in improving P nutrition of plants[J]. Plant and
Soil, 2002, 245(1): 83-93

Glick BR, Todorovic B, Czarny J, et al. Promotion of plant
growth by bacterial ACC deaminase[J]. Critical Reviews in Plant
Sciences, 2007, 26(5/6): 227-242

Pan YH, Wang HB, Gu ZP, et al. Accumulation and translocation
of heavy metals by macrophytes[J]. Acta Ecologica Sinica, 2010,
30(23): 6430-6441 (in Chinese)

WX, B2, AR, & RAUKAEEYN E LR N %
SRR, A 2524R, 2010, 30(23): 6430-6441

Vandamme P, Pot B, Gillis M, et al. Polyphasic taxonomy, a
consensus approach to bacterial systematics[J]. Microbiological
Reviews, 1996, 60(2): 407-438

Kolbert CP, Persing DH. Ribosomal DNA sequencing as a tool for
identification of bacterial pathogens[J]. Current Opinion in
Microbiology, 1999, 2(3): 299-305

Goswami D, Thakker JN, Dhandhukia PC. Portraying mechanics
of plant growth promoting rhizobacteria (PGPR): A review[J].
Cogent Food & Agriculture, 2016, 2(1): 1127500

Vessey JK. Plant growth promoting rhizobacteria as
biofertilizers[J]. Plant and Soil, 2003, 255(2): 571-586
Martinez-Viveros O, Jorquera MA, Crowley DE, et al.
Mechanisms and practical considerations involved in plant
growth promotion by rhizobacteria[J]. Journal of Soil Science and
Plant Nutrition, 2010, 10(3): 293-319

Burd GI, Dixon DG, Glick BR. Plant growth-promoting bacteria
that decrease heavy metal toxicity in plants[J]. Canadian Journal
of Microbiology, 2000, 46(3): 237-245

Wu S. Phytoremediation of Zn-Cd contaminated soil by
intercropping system consisted of Sedum plumbizincicola and
cash crops and post-treatment of the harvested plant biomass[D].
Hangzhou: Master’s Thesis of Zhejiang A&F University, 2018 (in
Chinese)

I PR RS ST AR PR G s Y I S
R A B E AR [D]. BUM : WL ARR R 22 0 2= 038 3,
2018

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



