563 % 55 M + I E W Vol. 63, No. 5
2026 4F 9 1 ACTA PEDOLOGICA SINICA Sep., 2026

DOI: 10.11766/trxb202508030376 CSTR: 32215.14.trxb202508030376
MR, XM, 20, Rdiie, BERR, fIKSE, ROEME, WOTHR. —BRAFBEANTE 25 B IA IR P SRR B A AR AR I BN S AL ]
+HEER, 2026, 63 (5): 1622-1634

FU Liyuan, LIU Meijing, LI Yang, HE Jianhua, LIANG Xinran, HE Yongmei, WU Longhua, ZHAN Fangdong. Mechanism of a Cadmium-Lead
Tolerant Phosphorus-Solubilizing Bacterium, Bacillus sp. PSB32, in Metal Removal and Plant Growth Promotion in Contaminated Systems[J].

Acta Pedologica Sinica, 2026, 63 (5): 1622-1634.

—IRFRER A & A PR IS M P 1R A0 36 A (e SHAE 4 A K BYRURT
SHLEI

mwg', xEn, £ om, R, BHag, mAE, Rh4,
i o7 AT

(1. =R RERE S, B 650051; 2. fPEBARER Rt HIEVIST AT, BERl 211135)

# E: f##NE (Phosphorus-solubilizing bacteria, PSB) EilifFE FEARIGY AT, (HCT PSB X 144 A EwA K
M TAE R, RA—RE A o R R TR 248 (Cd). 4% (Pb) BISRBAIE—2F A (Bacillus sp. ) PSB32, 5
XA Cd. P AR RIS I TR (Zea mays L) AERAFEM SIS, 4555, 7 Cd M Pb WA T, PSB32 XA
h Cd YRR ERVRERTITE (200d Cd BB 43.7%H1 43.2% ) S, MOONEIEH (5 Cd BRI 13.0% ); X
VAR Pb AYZSBRLAR I (5.6 Pb EBRALN 53.2% ) M, RIMTUERMIN ZPONA (705)k 5 Pb EEREEAY 28.8%F1 18.0% ).
BRI, BRI Cd A1 Pb A T PSB32 TRIASRHIE BURRRITTRY), X AT % AR ITIEYI N Cds (POy) 5.

Pbs (PO, ) 5CI Fil Pbs (PO4) ;OH; RSN ABL, -COOH, -OH. -NH, 2 REHIHI PO; | SOF 45FH B IS SRk
X Cd 1 Pb MERIEZS &5 ki, PSB32 SEUNENGYVIRRE 148 (T5uH ., 2™, B ) FRIEZS Cd HHileEr 5.90%~
9.43%, FIIRIRZS Pb HUBIRRR 7.2%~18.8%; AR S EHEIN 3.00%~18.7%; JEsE T ARSI 25.7%~82.2%, T5ULRTIAE
TR KRN Cd SR 61.90%F1 32.91%, Tl FFKRIRAR Cd. Pb &t g 365%H135.3%. B2, SRR
AR IR, N5 Cd AR E SR ) EZSTIRE, A AR TS Y E B S S AR B R TR

SRR HERANTE; FAUFTE AR BERRERUINE; fRAEAUN

HESERS: X53 XEARERD: A

Mechanism of a Cadmium-Lead Tolerant Phosphorus-Solubilizing Bacterium,
Bacillus sp. PSB32, in Metal Removal and Plant Growth Promotion in
Contaminated Systems

FU Liyuan', LIU Meijing', LI Yang', HE Jianhua', LIANG Xinran', HE Yongmei', WU Longhua’, ZHAN

* 202401AS070087 42267002
2025AM340006 Supported by the Natural Science Foundation of Yunnan Province China No.
202401AS070087  the National Natural Science Foundation of China No. 42267002 and the Heavy Metal Pollution and Ecological
Restoration in Lanping Lead-Zinc Mining Area Observation and Research Station of Yunnan Pronvince China No. 2025AM340006
+ WiAE#H Corresponding author E-mail zfd97@ynau.edu.cn
YEZ R 2001— E-mail 2739124582@qq.com
ks H Y1 2025-08-03; W HMEEcks HIM: 2025-10-27; M & H (www.cnkinet): 2025-12-22

http://pedologica.issas.ac.cn



53] (AR 55 — R R0 T 25 BRI TP R R B AR A 2 K 28R 5 L 1623

Fangdong'"
(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650051, China; 2. Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 211135, China)

Abstract: [ Objective ] Phosphorus-solubilizing bacteria (PSB) are ubiquitous in heavy metal-contaminated soils; however, their
impacts on soil heavy metals and crop growth remain inadequately understood. [ Method JThis study investigated the mechanisms
and efficacy of Bacillus sp. PSB32, a Cd- and Pb-tolerant PSB strain isolated from the maize rhizosphere in the Yunnan Plateau,
in removing aqueous Cd and Pb and influencing maize (Zea mays L.) growth in contaminated soils. [ Result ] Under Cd and Pb
stress, strain PSB32 primarily removed Cd via intracellular accumulation (43.7%) and surface precipitation (43.2%), with
biosorption playing a secondary role (13.0%). In contrast, Pb removal was dominated by surface adsorption (53.2%), followed by
surface precipitation (28.8%) and intracellular accumulation (18.0%). Scanning electron microscopy (SEM) revealed the
formation of granular precipitates on the bacterial cell surface, which were identified by X-ray diffraction (XRD) as Cd;(POy),,
Pbs(PO4);Cl (Pyromorphite), and Pbs(PO4);OH. Fourier transform infrared(FTIR)spectroscopy confirmed the involvement of
functional groups (e.g., -COOH, -OH, -NH,) and anionic groups (e.g., PO,*, SO4*) in the surface complexation of Cd and Pb. In
the pot experiments, the amendment of PSB32 across the three differentially contaminated soils (contaminated farmland, tailings,
and slag) led to a consistent increase of 5.90%-9.43% in the residual fraction of Cd, alongside a decrease of 7.20%-18.8% in the
reducible fraction of Pb. Concurrently, the soil available phosphorus content was enhanced by 3.00%-18.7%, which contributed to
a substantial promotion of maize biomass, ranging from 25.7% to 82.2%. Notably, PSB32 also increased the Cd content in maize
shoots by 61.9% and 32.9% in the farmland and tailings soils, respectively, and significantly enhanced the accumulation of Cd
and Pb in the roots by 365% and 35.3% in the slag soil. [ Conclusion ] In conclusion, Bacillus sp. PSB32 demonstrates a dual
ecological function: effectively removing aqueous Cd and Pb through multiple mechanisms, and enhancing plant tolerance in
contaminated soils by altering metal speciation and improving phosphorus nutrition. This strain presents a promising microbial
resource for the bioremediation of heavy metal-contaminated soils.

Key words: Phosphorus-solubilizing bacteria; Bacillus; Biosorption; Phosphate precipitation; Plant growth-promoting effect
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1.1 HiXAE. BEREERERE
HBHATERR PSB32 4385 VAR b B i s X oK
MBR 3, £ 16S DNA J:[FH V3~V4 X (5%
341F/805R )PCR 9 ¥4 5 Illumina MiSeq PE250 =i 1l
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Z T.H (NCBI BLAST ) XJ b fil R4 & & W 2 #r
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AR FR M AL5r R (g L'): HAHE 10,
Z4k4h 0.3, MgSO,-7H,0 0.3, MnSO44H,0 0.03,
(NH4) ,SO4 0.5, KCl 0.3, FeSO47H,0 0.03, Cas
(PO, ), 10, pH 7.0~7.5, [EALSE IR ILA SN N 15~
18 g #ifig.
1.2 E#E PSB32 Xtiai& Cd/Pb HIEBRIXIE
PERDVAN AR Cd. Pb BRI .
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mays L.) fhFh o =5 319,

FARIRITE = P L AL KA (25.1351°N,
102.7559°E ) ##47. EIGYRE 1%, By Iy
LT 3 PG YA RS PSB32 HER R AN R
XTHE (CK) PAAERH, B4R 4 R, 424 4.
RAEZEKEE 1.5 kg (FERSF: BAE 93mm. T4&
65mm, 75 189 mm ), FEEHERN 3 AR 1 FOKFIF,
HRENE | AR, SRR N 20 mL BEW (1x10°
CFU-mL "), XHRLLM NS5 K M a4 10 X
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Table 1 Basic chemical properties of potted soil

it 1 49 som/ TN/ TP/ TK/ AN/ AP/ AK/ Cd/ Pb/

Tested soils (gkg') (gkg') (gkg') (gkg') (mgkg') (mgkg') (mgkg') (mgkg!) (mgkg™)

T YA H 4.56b 8.52¢ 0.44b 2.77a 22.5b 14.7b 45.9¢ 1.17¢ 3.32¢ 173¢
i%xli

BH 1Y 563  19.67b  0.48b 1.68b 29.3a 16.4b 78.7b 4.25b 10.5b 1 065b

BIERY 5.84a  28.28a 1.59a 1.65b 21.0b 110a 110a 7.49a 19.5a 1 679a

T RPEAR M (n=3), F—SEARE/NE FRRR A R AU LR 2252 3% (P <0.05). SOM: LA HLET, TN: 4
A, TP: 2, TK: 28, AN: BifFA, AP: AW, AK: #2(. T, Note: Data are averages ( n=3), different lowercase letters
in the same column indicate significant differences ( P <0.05 ) . SOM: Soil organic matter, TN: Total N, TP: Total P, TK: Total K,
AN: Alkali-hydrolyzable N, AP: Available P, AK: Available K. The same below. (DContaminated farmland soil, @Tailings soil, @Slag.
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(ICP-MS ) g, [ Fef 76 000 s Ao 8 vl Y R e o
Yt (GBW10014 ) S4TSR 95%.
1.8 HESH

KA Excel 2021 #4784 483150, Origin
2024 HIK, R SPSS 26 #EfTHIN R )T £ Hr
( ANOVA ) KA, /N2 (LSD ),
X1 RH e 223 ( Duncan ) #4741 1R 10 2 F LR
K MEGAS. 1 W RGE L EW -

2 4 R

2.1 MRBMAEITARR. FERYREEZNEE

fift WA A PSB32 XA Cd. Pb YRR 45
M 59.5%~93.5%F 17.7%~75.0%, fE 10 mgL"
Cd. 50 mg'L™"' Pb WtiR . REVREET &, KER%EE
FREAR (P<0.05), 7E 80 mg-L ' Cd #1400 mg-L™' Pb
M, Cd. Pb Y EBRFR AR 59.5%F1 17.7%,
PSB32 JEHL A Ay Cd. Pb i 52 PE (] 1a, B 1b ).

F£ 10 gL' TCP Ry, Ccd 1 Pb %
W3 %I 35 85.4%1 69.1%, TCP 4% 15 L', Pb
EBRFBETER 65.2%. 5 TCP T Cd KRR
AET Pb (A L),

S9MRYE (pH 5~6) A F T Cd LFx (pH 5 B
Cd B 81.5% ), 1 pH 6~8 B 4] F Pb [ E(
1d). il JFEREEFRILTLL 20 mg L' Cd Al
100 mg:-L ' Pb, 10 gL' TCP ik &1 .
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R =454 ) Ca,(PO,), concentration/(mg-L™)

o R ARFR/NG FHRR 25 B3 (P <0.05); PSB32: 4#Fh PSB32 B& W . F[F. Note: Different lowercase letters in the figure
indicate significant differences ( P <0.05); PSB32: Inoculate the PSB32 bacterial suspension. The same below.

El 1 AEIHEERER Cd (a), Pb (b) AR =45 (c) K& pH (d) XZEMIFTE PSB32 A9 Cd. Pb EERFR N

Fig. 1

Effects of different concentration gradients of Cd (a ), Pb (b), tricalcium phosphate concentration ( ¢ ) and pH ( d ) on the removal rates

of Cd and Pb by Bacillus PSB32

22 PEEKKR. FERIIETE

TE 0~60 h JEFEMIME], ODgo B4 LFF, pH
fJEkE (48 h 3 TR ) (18 2a), PSB32 A i
2 5L PR () B D RRAE . 0~24 h S XEE , 24~
36 h #RIFLE, 36 h Gt AfEi . pH SiFa 2
A (R*=0.83), pH BN (4~7) BF, W#EEMN
350 mg'L ' [ % 150 mg' L' (& 2b),

Cd. Pb KBRREimFAIFELE BT, fa bR (&
1H 88.3% ) fm THI LR (A1H 75.4% ) (Kl 2¢),
24 h 5 RBEERM, SEHKARK . pH T RERE B
A PMF] . ODgoo MR TSI 540 . T LB R 2N
FIEAE (P<0.01), pH SiEwie KEEE LpR%
A (1 2d ),

23 B, BEARESIDLMSH

PSB32 il N ULTE FIZR T BT Cd 7 & 23 il
8.47 mg-L' (43.7% ) F11 8.41 mg-L' (43.2%) %
= PSB32 fili4h Cd UidE s (2.51 mgL™, 13.0%),
FUAX Cd T T g AT B (& 3). 7E Pb
FB5 T, PSB32 LA ( 53.2 mg L', 53.2%)
h BB BRI 2= R, s TR
W BRI N B B S (Cd ) 326 1 W B+ I A1 DT v
(Pb) "HYIEFRIE R E NS, IF5 (K 2c) ME5 A
I
24 B, $HRESHHE THEH PSB32 HHMEER

TLEHERK

SEM M5 (K 4) /R, FHRTEER&MFF R
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) n 8§ b Tj) 400 o AWt Dissolved P
5| mo--m-—-mTT R 6 g — HIA 4k Fitted line
g W pH LN Z 3500 @ = 95%E (51 95% CI
a o . = .
3 4} DOD, Eem ], £ 95%TLMAT 95% PI
& N 2 300 ®
LRI - Ei
WM 278 ¥ g
bl 2 250
® 2 0 2
= S 200 ¢
1 2 i
g 3= -78.68x+672.81
. ) g PO R-083
0 4 8 12 24 36 48 60 < 4 5 6 7
i) Time/h pH
¢) 100 d)
8 -Cd 1 -0:84 | 096 | 093 | 096 =
? o0 ®-Pb a &miﬂ\ Pearson
3 !
M-é %a b b 1 ) “ -0:84 | -0.72 | -0.86 8-2
SR et .
< = U S
%g 80 - 8§
E £ ¢ o9 3 090 | 0.94 0.
4 = 1 + ______ a -02
BE 7ot a0 a 4 0.97 o4
E & by : -0.6
-0.8
5 . ¢ ¢ -1
= 60f 5
d
1 2 3 4 5 6 7 1 2 3 4 5

Af1E) Time/h

TE: B d PR ARAR A BT AR TR FEHOE 60 b INZAZARIIARSCHE, 1: ODeo, 2: pH, 3: W, 4: WERE, 5. HrEERR,
*P<0.05, **P<0.01, I [A]. Note: Figure d displays correlation coefficients among different parameters during the 60-hour period, 1: ODsgp,
2: pH, 3: Amount of dissolved phosphorus, 4: Cd removal efficiency, and 5: Pb removal efficiency. *P < 0.05, **P <0.01. The same
below.

K2 ZFAEFTEE PSB32 WA K15 pH S84k (a). pH XHABERYIKEIALN (b)), HaE BRI TR (c) FIATCHER
A (d)
Fig.2 Growth of Bacillus PSB32 and dynamic changes in pH (a), the driving effect of pH on phosphorus solubilization (b ), the temporal

sequence of heavy metal removal (¢ ), and the correlation heatmap (d)

2 S E I
3 60 | %t Cd content : o H T Pb content b Z | ppy =
s ~
D osol | I 2 | 28.78% 5321%
580 | A&
= o &
i 2 40 - : =R
NS b EE
M 8 30 L | ‘l’ E =
&3 | b 23
- ! %5
s 205 | 2 ¢ 4322%
5 =g
L 10 a a I (=}
e
0 ===l E 1 1 1 1 1
S E 1 S E I =0 20 40 60 80 100
PSB324I 1 [X J, PSB32 cellular region T4k Percentage/%

W S: 4ifum, E. 40Md4h, 1. 4EMUN. Note: S: cell surface, E: extracellular, and I: intracellular.

K3 ZRMUFTRE PSB32 AR EGE & (a) Kbtk (b)
Fig.3 The content (a) and the proportion (b ) of heavy metals in different parts of Bacillus PSB32
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a) PSB32g#

N p

d) PSB32 Il Viep Sum Spectum ¢) PSB32+Cd. Pb 1l Vap Sum Spectum

JL#E  Weight% Atomic/% JEE  Weight%y  Atomic/%

c 56.41 64.62 C 50.45 | 71.8
9.29 9.12 N 4.75 4.92
27.78 23.89 0 19.92 18.06
472 2.10 P 102 1 a7

0.00
1.22

0.00
0.08

Cd 0.83 T 0.11
Pb 4.85 4 0.34

pb!|pbl b b E{ Pb! |/|Ca Pb
(R (| | _L\\\" ] | e

TE: K a) Jy PSB32 76 Cd. Pb Ml FEIROMIEZ; 8 b). K1) ¢ 4 PSB32 #£ Cd, Pb -G T BIHMIEZ; 18 d WA
JC Cd. Pb it T AYAETE, & e) MANTETE Cd, Pb R T AREIG I (181 Weight: Bith [ 43 1L; Atomic: JETFH ML), ZLAFF LK
NAHEAEE A Cd. Pb 8 FAHELJE Cd . Pb Jili8 B &8 & 43 Eb 19724k . Note: Figure a )shows the micromorphology of strain PSB32 without
Cd and Pb stress; Figuresb) and ¢ ) show the micromorphology of PSB32 under the combined stress of Cd and Pb; Figure d ) presents the
energy spectrum of PSB32 without Cd and Pb stress; Figure e ) presents the energy spectrum of PSB32 under Cd and Pb combined stress
( where "Weight" in the figures refers to mass percentage and "Atomic" refers to atomic percentage ), The red arrows denote changes in the
bacterial mass percentage when exposed to combined Cd and Pb stress versus no stress.

Kl 4 ZFFFTER PSB32 78 Cd. Pb &AL BEANAETE /34T ( SEM-EDS )
Fig. 4 Scanning electron microscopy and energy-dispersive X-ray spectroscopy( SEM-EDS )analysis of Bacillus PSB32 under combined Cd and
Pb stress

P ) SRR IR R A, A s . 2R
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DY EZ ik (C). A (N), & (0). # (P)
J Cd., Pb EILRAM .
25 R, HRESMETEM PSB32 WREEEH

iEY Rk

FTIR 4341 (& 5a) s, Cd. Pb [l FEik#E
T B AE A WS AR 4L . 3 400~3 200 cm ' ZbAY-OH
-NH, FI=NH %% , 3 000~2 850~ cm ' Ab4JL4R
BhGERAr, DL BERG: T4 (1 680~1 630 cm™') £l
WERE L4 (1 570~1 515 cm™') $RAFIEN RS, K9]
EHFRAERD T R AW GRS 1 248 om ™' AbBER
M (P=0. P-OR) 1 500~1 000 cm " [X. &) i B2 J&
AR AR CIESE T-COOH . -OH ., -NH, 11 PO; |

SO; Z5 %25 Cd M Pb IR E4% 4 .

XRD Kl (Kl 5b) #F—2 %% Cd; (PO,)
(ICDD 00-022-1072 ) @549 (Pbs (PO4) 5Cl1)
R FEBEIR AT (Pbs ( POy ) s0H ) BYTR G AHAT S I,
FE WY 2 FhE 4 R B R R UTvE . (321)
F(410) fhfiESEIES T Cd/Pb R & 1T
TEILAE
2.6 MRBMHEXITHTIEAYBMNE. HESH

72

PSB32 JEI ) W& ROV B0, H X A AR
TR e (A ORI 18.7% ), FET5 YLk HI I
B 3R 32T 5.37%5 3.00% (& 6 ).

PSB32 AbHUA MRS T 5 £3Eh Cd e
b5 Po AARMEMBEAL (& 7). BARRI . —F
FETAFRER Cd R E8A (9.43. 7.04. 5.90
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TE: B a) ARBUE KRR E PSB32 75 Cd-Pb Z -G WHA RIS FTIR SGik b 2 20F GE I (9 REAE 006 4 8 (0 DX 0 iz
-OH MY Aa iRl 5 i 0 DX kX . C-H BRI M 4R R 30 5 Tk €0 X A0 & I e 107 ( 228 phy IR SEE v C=0 R4k sh ok ) ANmEE 104 (I
T N-HE 5 C-NMFRWHI GR35 1% 5 6 X B 35 P=0 AXIFR i 47 % 3 F1 P-O-C {1 45 4% 31 . Note : In figure a ), the differently colored
regions represent characteristic absorption bands of major functional groups in the Fourier-transform infrared ( FTIR ) spectra of Bacillus sp.
PSB32 before and after Cd-Pb stress: the light yellow region corresponds to O-H stretching vibrations; the light green region is assigned to
C-H stretching vibrations; the light pink region includes amide I band ( primarily due to C=0 stretching of peptide bonds ) and amide IT band
( resulting from coupled N-H bending and C-N stretching vibrations ); and the light purple region encompasses asymmetric P=0 stretching

and P-O-C stretching vibrations.

s . ZYaa Rl e 2EEFT B PSB32 B HLMF LM (FTIR) K (a) KAREYINE G 2EfFT B PSB32 [ X ST
(XRD) & (b)
Fig. 5 Fourier-IR ( FTIR ) spectra of Bacillus PSB32 before and after cadmium and lead stress (a), and X-ray diffraction ( XRD ) pattern of
Bacillus PSB32 after cadmium and lead stress (b )

il . mmosverss o FLLHI (BEIRIS 116, 18.8. 720 NE M), I
2T ; S s vedan BOIE T FIRIEIUS Pb.

s 2ol | | 27 WRMEEMEREKRE. HRANEM
=yl i ; PSB32 i T T K AE 15 e 3L o eh 1 A
R i<7<>; (% 2), BUKRI D W% SR AR
tul o | Ye N Bt DR (PRI 38.4% ) BISE| SR T
< 6 | ! PSB32 AT HE Cd. Pb HYMLIL S B A

CK PSB32 CK PSB32 CK PSB32

Kb¥ Treatment ﬁu%ﬁ”@i*%% (K 8): E/ﬁ%iﬁﬂﬂ%%ﬁfﬁjﬁ%
P RO HREE N, @ RPN, @ g Cd I EFGE (B Cd Sl 61.9% ),
Ji; CK: XM, PSB32: #:Fh &M . FIA. Note: In the figure ¥H Pb SrAikk SR FEWE T INGR J19K 5 Cd. Pb FEAR

(D: Contaminated farmland soil, @: Tailings soil, ®: Slag; %T# ( ﬁ[ﬂﬁ% Cd %%%i{( 3.6 1% )o
CK: Control, PSB32: Inoculated with PSB32 bacterial suspension.

The same below.

3 ¥ e
6 ZFAUFFIR PSB32 X AR5 YL e B L AT Sl &5 B 1Y
E’:/; ] e e
. e | 31 REAEMESBERLH
Fig. 6 The influence of Bacillus PSB32 on the available phosphorus » = . X ~
content in soils with different levels of pollution 1@@55%1%5&1‘ ﬂfE JJEZIK N %ﬁﬁﬁ} 5 T{E:ﬂi

J& 15 YR B rh £ 32 T . AL T PSB32
ANES D) FRE, PSB32 BEMML T AliA5A Pb X Cd Ml Pb MILBRACR, A 10 mg L' Cd Al
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14 5% M

Fig. 7 The influence of Bacillus PSB32 on the Cd (a) and Pb (b ) forms in the soil

R2 FHETEPSBR NERKS. £MEIMHEES

E} ul‘]

Table 2  Effects of Bacillus PSB32 on maize plant height, biomass, and chlorophyll content

b H 7= Yy LR
Treatment Plant height/cm Biomass/ ( g-plant ') Chlorophyll content/ ( mg-L™")

T5 e I L4 CK 95.50+3.74a 25.06+2.65b 36.66+0.45b

Contaminated PSB32 93.40+3.04a 31.51%1.70a 38.330.50a
farmland soil

W 1 CK 76.83+2.42b 14.13+0.69b 36.06=1.05b

Tailings soil PSB32 91.13+3.67a 25.74+2.52a 40.13+1.07a

Wit 5L CK 40.23+2.99b 5.40+1.23b 21.16+1.76b

Slag PSB32 55.66+5.67a 7.13+0.60a 28.10+0.81a

T Rl — L ek

of the same soil indicate significant differences ( P<0.05) .

50 mg'L ™' Pb 4 N LBRECRAF (F 1a, Kl 1b),

Sy o 4 R W B AR W M 2 TR B AP
TEEHW BT EN, E&RE T 5MERmEs S0
FAL T AT R TS R R 21T, R 2
Xof AR AS AR 2 W R . SR, B A VR EE T
F . XFOET ST, HU0 Diaconu ZEPA K SE
Bk, M Cr Ml Cd # A% 30~300 mg- L' B,
FEWMHRIBED AR, SAMR T EREAER (E
1b) —%(, PSB32 7 80 mg:.L ' Cd. 400 mg-L"' Pb
FAFTANRFE—E W EBREES (B 1b), XRIH

HEF) AN E) /NG FhEFR R 22 53 5.3 ( P<0.05 ). Note: In the table, different lowercase letters in the same column

HAMWZHLH, TaeSemEs . Afuid ) L Em
B S R

PSB32 W& R i ) 5 H MR R B A G .
53U PR A AL IV TR Il T 7 M B PO IR, Mk
4B AR R lye Y RS PSB32 A W it 3k
S R RIS Pb He] T (B’ 7b), ATRE SRR
T 2 Wy B A AT 56 , 1 XRD I 52 ] 1 J il 5040
W a2 eI K 5b ). #E Cd/Pb SEAE 54, PSB32
X Cd LA3R T W BiE~ B P s A2 5, X Pb L3k
T W bt~ B A oigE " (&l 3a, Bl 3b). XFF Pb
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Fig. 8 The influence of Bacillus PSB32 on the cadmium and lead contents and accumulation levels in maize
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Ab B A 2% 5 B 3 ( P<0.05 ). Note:

indicate significant differences between treatments ( P <0.05) .
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5%, TESEATHIN Pb & R0l B s Pb #EA T 48
LS, LA ) 5 IR AR AT T A Rl i AR
TRt — LRk, AL, MISNREY (EPS) 1R
e LR W AEEZAYYEM . Priyadarshanee
Fl Das® 5 1, EPS il E A4 Pb (11) F40
JUBESRTH , FHIEAEEFBE 2 A, MimiEis
4 R AT R E .

HALTE R RN S Cd KBrigJr.
Pseudomonas sp. K32 7 Cd pia T A4E ¥ BFUSCR A
90.0% , JF4r WL T S Ml 4 B B A8 AR P
Klebsiella michiganensis. S8 i i }d P4 43 [] 52 B AL
B 73.0%~97.0%) Cd FBRP7. X LLALEHIH - T 1%
A SR BRI
32 MBMHEENSTELTEFEREREREEERR

A

PSB32 il ik A= Wy e B . SRRV 6 55 2 R LI
ZhHEEgR AR, HRWEH TR TESBES,
SEM A YA RE SRR . BAn, SRR R R T
SO0 g R AR 7 B 3l e R T SR N ) S L
PSB32 %} Cd Ml Pb BT 2554 4k S FKR MR B 75
YW R R AR . X Cd RGeS
55 1R 2 UGS e 471 942 f R fie (&l 7a); X Pb
R B [ 7, R I S80S AR i 1) i v A e b
(I 7b). PSB32 ¥ fie ik F oK xf Cd By, fHe
AETRAL A - BRI AN 555 X Pb AR i A/ L
AR EEABR (Kl 7a, B 7b). AR BYHF5E N R 45
TR, JFREAFREE Bis (Rt
vs AP ) AN TR] IR AY, AT HERY | o
AR R -

MR R, REREA X E 4R R m
A RAREE S, P R BRI B, i m]
S AL SO TAE D4R BN AT 9 & BHL PSB32 J&
Tl ERFEFEKRAERKMFERN, EHRPRE Cd If
R Hom b s, e B RE, Bos i HTE
A B 52 A i i TS 07 o ST Po 19 5 42 52 1)
BEE5, R X AN A E 4 i s WL AR 25 5%

4 & ik

RN R PSB32 RE i i A= Wy W b 5 Ak 2 e e Pl
Rl LB Ey Cd f1 P, FHIE BRa & s R £h

Y1 (Cd; (PO4) , 5 Pbs (PO4) ;Cl), 718,
PSB32 i idififk Cd JFfe#t FoRAEK, WERTT
FoRXF Cd BHREUCE . X MREE 48 15 YL IR b
) B B8 52 5 AR 4 IO Ak 1T 35 B R A
HIW 7.
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