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Isolation and identification of an acid-producing bacterium
Priestia megaterium QBS-B2 and evaluation of its activation
effect on soil cadmium
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Abstract: [Objective] To screen the microbial strains capable of efficiently activating soil
cadmium, addressing the technical bottleneck of low efficiency in cadmium-contaminated soil
remediation by hyperaccumulators. [Methods] Farmland soils with potential Cd contamination
were collected from various locations in Hunan Province. Acid-producing bacteria were initially
screened via the bromocresol purple discoloration method. The pH of the fermentation broth,
cadmium chloride tolerance, and cadmium carbonate activation capacity were compared among
strains to identify dominant strains, which were then subjected to species identification. On this
basis, bacterial strains with application potential were further screened. The desorption effect of the
selected strain on soil cadmium under different carbon and nitrogen sources was investigated
through shake flask experiments. Pot experiments were carried out to analyze the activation effect
on soil cadmium under different nutrient conditions. [Results] A total of 372 acid-producing
bacterial strains were isolated via the bromocresol purple discoloration method. Through
comprehensive screening based on the ratio of the discoloration zone diameter (D) to the colony
diameter (d) on solid plates, fermentation broth pH, cadmium chloride tolerance, and cadmium
carbonate activation assays, four elite strains, designated HT-B1, HTQ-B1, QBS-B2, and MY-B1,
were selected. They were identified as Staphylococcus epidermidis, Staphylococcus hominis,
Priestia megaterium, and Acinetobacter sp., respectively, based on molecular evidence. In
accordance with microbial fertilizer safety standards, strain QBS-B2 was prioritized for further
study. This strain exhibited a minimum fermentation broth pH of 3.65 and achieved a cadmium
carbonate activation rate of 92.27%. Culture with glucose as the carbon source and ammonium
chloride as the nitrogen source were found to be optimal for enhancing cadmium desorption from
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soil by strain QBS-B2. Under these conditions, the soluble cadmium concentration reached
170.77 pg/L, which was 66.5 times higher than that of the control group, corresponding to a soil
cadmium desorption rate of 46.21%. Furthermore, strain QBS-B2 significantly increased the
content of available cadmium and available phosphorus in the soil. The application of compound
fertilizer enhanced the cadmium activation of QBS-B2, resulting in a soil cadmium activation rate
of 17.37%. The application of organic fertilizer significantly promoted the colonization and growth
of the strain in the soil and increased the available phosphorus content by 5.9 times compared with
the control. [Conclusion] This study provides elite microbial resources for the development of
cadmium-activating microbial inoculants and bio-organic fertilizers based on P. megaterium
QBS-B2. Furthermore, it establishes a theoretical foundation and demonstrates application
potential for bio-augmented phytoextraction in the remediation of cadmium-contaminated soils.

Keywords: cadmium-contaminated soil; acid-producing bacteria; isolation and identification;

Priestia megaterium; available cadmium
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Mo B ORERAR AL, DIV B 5 0 R s 5R),
A A A R A A1 P A ik 23 1 U 26 7 R T (1 7
1 EA7 B o A2 R A B ok BRI R P PR ), ik — 2P
PR R pH AR B 7= R TR A T4 32 AR G
PRI, JA L 8 G B8 e ) i A 0
AR EAT AP, IR SR i i Ak
HOR, DU A ik ek = SR A e A e A2
TS e PR S R AR RS Al

1A

1.1 #§

T R R T 9 B 4 45 AT AE 0 15 G KU /Y
b -8, FJCTH % B4R E R IR & T4 k4
FLTRAE Thaly M SE G =, I B ORAFAE 4 °CUKAR
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mEE R RE T EE I X
(28°09'N, 113°52'E)fy#kh +35, 2By, KT
WS 5t 20 HARER, BEAAESH, HT™
PR A TS AL E 3R A /N R . AR Ts e R
PAEPERRAN T . AP 42.2 glkg, A 2.45 g/kg,
A 1.43 g/kg, 281 15.5 g/kg, BHA 231 me/kg,
AR 28.0 mg/kg, #HACH 192 mgkg, 44
3.57 mg/kg, A% 2.06 mg/kg, pH 5.4,

AHEED CFEDNIEAABRAF): FIH
A2 | A& TR A I A P i AR 2 A L
N HIEAHACPERT . AP 532.35 gkg, 4=
A 1.15 ghkg, 2 1.61 gkg, =47 1.33 gkg,
457 0.6 mg/kg, pH 7.89,

1.2 1E5xE

R AR R R 3 (L)Y 4

3.0, MM 10.0, NaCl 5.0, FfIE 20.0 (fiAEE
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FEETCUMIN), pH{H 7.240.2, 121 °CK# 30 min,

R R O AR R R S (g/L, LAk Rt
OB A 6.0, BEREE 1.0, A 1.0,
CaCO; 1.0, NaCl 0.3, KCI 0.3, MgSO4*7H,0
0.3, 1.6% P H By 3 7, Bilg 20.0, pH
7.2+0.2, 121 °CKH 20 min,

FERR T AR IR 3 (g/L) . FEIHE 6.0, TREhk:
1.0, AN 1.0, CaCO; 1.0, NaCl 0.3, KClI
0.3, MgSO4-7H,0 0.3, Bifig 20.0 (AR K; 775
JeMIR), pH 7.2+0.2, 121 °CK# 20 min,

52 4 R IO R AR RE 32 38 (/L) %) i b
10.00, Cay(POs), 5.00, (NH,),SO; 0.50,
MgS04+7H,0 0.30, NaCl 0.30, KCl 0.30,
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0.40, pH 7.0-7.5, 121 °CK# 20 min,
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14 FERAENEMEE
141 DFEIFERE
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TTACCTTGTTACGACTT-3")#47 PCR 1%, PCR
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PR AR SR A, RIL) 6.0 g/L 22
ZEHE L ORERE . RTVETREVERY . BEREE . ANER
7 TR TR AR S SR B TR i A b, R i
TR R R AR SR BN TR bR QBS-B2 Fl™ IR e AR S5
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IR R 5% 3 do KBFIAE 8 000 r/min F544
B0 10 min, W LI, 0 pH (E R Cd*

DL R R W AR 35 R 5 o Rl BEHR iRk
T3R8 r X - S o O B R Y B VR A T R
hn, arAles 2.0 g/L BB IREE . E ks . IRE .
SRR . B AR . SO TR A
FRAEPE AN 1.0 g/L R 5 1.0 g/L 21
s DAIREERE QBS-B2 HYREAH =R B R A 55 77
SLAE XTI, S 7 AN, BAREES RS D7
i AR IS, FE SR A S AR BT, e
H: pH (BT Cd* e .
1.6 AREFHT~ERME QBS-B2 xf
IRIBRE LR

FIHIR &I /NG T 7= TR 4 7 QBS-B2 X4
150 IR IS, B8 MR B, (1) X
(CK): AHATfTAbBE; (2) AHLIEALH(OF):
AHLAE 50 g/kg (AHLAEAIERIE N 4 500 kg/hm?,
% 90 000 Yi/hm?, F4¢ B8 A HLAE KL /it 5 A
FEIh SR 1 kg MR X 2 HOR A TR &,
Hm g RN ARG, TR); 3) ZENEAt
HL(CF): #in 10 ghkg 2SN RE G IEHER
I R 900 kg/hm® 188, B AL TR R 45%,
N:P,0s:K,0=18:10:12, HIRE . WmRe . Fik
B . FALE LR OB 2 R RN AL, T
[[); (4) BEIRWALIENS): K5 iR g +
98 5 3ok T e A A A YRR R0 TR R S R o 1 7 R
WARSE 5, FER RN E R, &
WA 10 mL/kg; (5) WHAIAFE(BA): 7
il 2 mL/kg #4977 BR A0 1A QBS-B2 (4 M I 1A A%
hniek 180 L/hm? 758, A% 10° CFU/mL,
T IAl; (6) W+ HLAE 4k B (BAOF): ¥ i
2 mL/kg B 7 A1 50 g/kg AHLIE; (7) WA+E G
JE &b ¥E(BACF): #shn 2 mL/kg 7 57 #1 10 g/kg
AN (8) WM+ FR M AL FHL(BANS): %3l
2 mL/kg T 7 A 10 mL/kg 5 37 W, 4 Ak 3%
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3EE ., KBEGE/NG L. TIRARKR
8.90 cmx7.12 cm, W& 4.15 cm, JEFH A /N
fL, HEREEN150g, HHERELN 3.8 cm,
JRATRE B E T 30 cCHEEIG FRAH iR 5% 7 d J5 il
SERHCHEbR . 138 pH (R UKL 105 R4
M7, A 0 B h R B R S A R H -5
PRPLHLEEIE, 3P IR QBS-B2 FYRIA
PSR I ™ B W O B B AR 2, o A R R A
Wikitsh, HIEAREERS R O =%
1. £, 1% (diethylenetriaminepentaacetic acid, DTPA)
RARFIREL, P YR B,
1.7 BIESGI iR

I B6 B4 K . WPS Office 2020 A1 SAS 8.1
A TGt oA, SR BN 35 22 5 (least
significant difference, LSD)# 47 Z & H#, RH
Origin 2017 #4461 #, H MEGA 7.0 #5444 4t
WHRRGE KB .

x1 AREFERAEE GEE D/ ERpHIF

2 BER550
2.1 TEEESBFE”ERMAE

DA TR TR 7 32 (AR 3 3 A e B e 4
Oy BT E P PR AN TR o MR 7 SR AE (Y 218 4>
- HERE S R IS 372 Bk EL A B AR G e Y 2
Wo H, D/d EERT 2.00 BEHEA 17 #%,
H D/d WAER - TREAARG T3 A T pH W3R 1.
7R 40 T R AR 6 PE AR B oK Y S T Bk MY-BI
(E 1A), 4 27.18 mm; HIKJEHE WN-B1, K
26.92 mm; H/NJERAE LK-B1, & 8.20 mm,
Horfr, Fkk MY-B1 Fl WN-B1 975 (6 J8] 7% 5 3%
T HAB . EYE A RRH R R WN-BI,
4 13.17 mm; HUOZFEK GQ-B2, 4 9.05 mm;
B/NMOERME HT-B1, & 1.98 mm. HH, HFkk
WN-B1 B3R ¥ B AR & T HALE Y. Did Ik
B R0 H Ak MY-B1, h 7.82; HIK 2R
HTQ-B1, & 7.70; H/NJEH K QBS-B4, A

Table 1 The D/d ratio of chromogenic zones and pH values of different acid-producing bacteria

Strain number D/mm d/mm D/d ratio pH

HT-B1 11.73+0.20h 1.98+0.131 5.93+0.34b 3.82+0.08ef
HTQ-B1 24.08+0.48b 3.13£0.18k 7.70+0.29a 3.69+0.13f
XT-B1 13.32+0.33¢g 6.08+0.15f 2.19+0.05gh 4.33+0.01c
0OJC-B1 15.88+0.23¢ 7.03+0.12d 2.26+0.07fgh 4.43+0.02¢
QST-B1 16.15+0.26¢ 6.63+0.03¢ 2.4340.05¢efg 4.68+0.11b
QST-B2 19.40+0.74c¢ 8.08+0.12¢ 2.40+0.08efg 3.96+0.01de
BS-B1 19.48+0.63¢c 8.13+0.08¢c 2.40+0.07efg 3.984+0.35de
BS-B2 23.40+0.58b 7.08+0.10d 3.30+0.10c¢ 4.64+0.14b
GQ-BI 18.48+0.08d 7.18+0.14d 2.57+0.06de 4.64+0.10b
GQ-B2 19.58+1.02¢ 9.05+0.20b 2.16£0.11gh 3.83+0.01ef
MTB-B1 13.07+0.13¢g 5.55+0.15¢g 2.36+0.07efg 4.43+0.02¢
WN-BI 26.92+0.38a 13.17+0.29a 2.04+0.03h 5.09+0.03a
LK-B1 8.20+0.26j 4.05+0.401 2.04+0.21h 4.13+0.01d
QBS-B2 14.72+0.10f 5.37+0.10g 2.74+0.03d 4.03+0.02d
QBS-B4 12.70+0.44¢g 6.37+0.23f 2.00+0.06h 4.94+0.17a
ML-B3 11.00+0.50i 4.37+0.13h 2.52+0.04def 4.13+0.01d
MY-B1 27.18+0.10a 3.48+0.20j 7.82+0.46a 3.20+0.03g

Values are means+SE (n=3); Different lowercase letters after data in the same column indicate significant differences among

treatments (P<0.05). The same below.
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D/d ratio
(OS]
=

Bl FERAEAY ) B R R BRI AT
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o
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R=0.433 3
b . P<0.01

3.00 4.00 5.00

Figure 1 Isolation, screening and acid production characteristics of acid-producing bacteria. A: Chromogenic

circle produced by strain MY-B1 on acid-producing screening solid medium; B: Linear correlation between the

D/d ratio and fermentation broth pH of different acid-producing bacteria.

2.00, Hrf, Hitk MY-B1 Fil HTQ-B1 (1) D/d It
{2 THAN R . 7 PR P A R Y pH LA
kR MY-B1 4%, 3.20; YRAKAY 2510 bk
HTQ-B1. HT-B1 1 GQ-B2, 4354 3.69, 3.82
F13.83, H, HEHk MY-Bl KA pH %
PR A TR R o A (] 7 2 40 T 22 o 380 7 PR T YA
B FRELIS , HORTEMR pH -5 767 R T 07 16 [ 44
FR R 0 D/d AR SR 35 2R A 5 (P<0.01,
K 1B), Ui B AT AR e B AR S TR BRI
D/d FAB K RAE 7™ B2 41 TR 1 7R BE ST, PRtk
KA pH KT 4.20 19 9 K77 FR 41 B T J& Tiid 4%
JE 8
2.2 EFEEG LR AU $R e
FERR AN B AE AR R] CA™ MR B 2 1 R AR K
WULZE 2, 7F 10 mg/L CA* ¥ E 41 F, H bk
GQ-B2 1 LK-B1 A= Kk s a4, Johd @i
B 1M S mg/L CA™ ¥R AT IX 2 B b ¥ Rk 58
A4, PO 5 me/L CA* M MiX 2 BR T Y i
MRS . 7E 15 mg/L CA>WRIE 41T, Hitk
QST-B2. BS-Bl WA= K 5e a4, JohA Wi
B 7% 1M 10 mg/L CA* B X 2 BRI AW 5E
S, FTRL 10 mg/L CA Ve B i 2 WRTE 1Y
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AR . 7E 20 mg/L CA*" W FE 4410 F . Bikk
HT-B1. QBS-B2. ML-B3 fil MY-B1 A4k Kok 58
LA, JCEA R AYBETE ;s T 15 mg/L Cd> vk EE I
X 4 BRI RS, L 15 mg/L Cd* ik
JE R 4 R BRI S5 e Ak B . 7R R TR] Cd™ ik
JEAAETR, BERE HTQ-B1 (4 K32 B8/
FETEAXT AR . EEUE 10 mg/L Cd* Wi 6440 F
AIIEH AR 7 MR- IRAN B, PR TR =
5 5 i PR ) T A BCRATE 9 o
2.3 FEEQYHE X RAER = $5 5 kS SR AYE
LR

7 TR 20 B T TR — A 55 A T e 1 3 A B SR
WK 3. TERGWMIHBER AR TR, R
pH Fe I R bk MY-B1, Jy 4.32; HKZHE
Pk QST-B2, A 4.94, BEHE MY-B1 & K pH
B E R T HAL FE AR . PAR {H % 1Y & MY-BI,
H17.13%; HkJE QST-B2, A 7.18%, Itk
MY-B1 X} BEfE =45 () PAR {i % 2 & T H i
Mo TES BRI - R WSS R, &
P pH AR 2R E MY-B1, 2 3.30; Hikie
itk QBS-B2 #il HTQ-B1, 434k 3.65 F1 3.68,
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R2 FPEARESERKREFRGTHEKER
Table 2 The CIR and growth status of acid-producing bacteria under different cadmium concentration conditions
Strain 5 mg/L 10 mg/L 15 mg/L 20 mg/L
number CIR/% Growth CIR/% Growth  CIR/% Growth  CIR/% Growth
status status status status
HT-B1 26.76+1.29d +++ 48.61£1.66¢ +++ 73.24+1.08d  ++ 100.00+0.00a -
HTQ-B1 1.86+0.67¢g -+ 5.51+0.61f -+ 8.33+£1.08f  ++++ 17.39+1.84b -+
QST-B2 87.37+0.54b + 94.09+0.09b + 100.00+£0.00a - 100.00+0.00a -
BS-B1 92.36+0.08a + 95.79+0.31b + 100.00+£0.00a - 100.00+0.00a -
GQ-B2 87.32+0.95b + 100.00+0.00a - 100.00+0.00a - 100.00+0.00a -
LK-B1 76.63+0.48¢ + 100.00+0.00a - 100.00+0.00a - 100.00+0.00a -
QBS-B2 4.48+0.53f -+ 32.00+£2.29¢ +++ 76.11+£0.63c 100.00+0.00a -
ML-B3 27.71+£0.51d +++ 35.71+0.11d +++ 87.88+0.22b 100.00£0.00a -
MY-B1 16.72+0.22¢ - 48.20+0.06¢ ++ 69.44+1.28e¢ ++ 100.00+0.00a -

The growth of the strain is indicated by the CIR value, ++++ indicates 0<SCIR<25%; +++ indicates 25%<CIR<50%; ++ indicates
50%<CIR<75%; + indicates 75%<CIR<100%; — indicates CIR=100%.

xR3 FRAREAEIEAFEFHTRERERAE
EEES

Table 3  Phosphorus solubilization rate and cadmium
activation rate of acid-producing bacteria under

different culture media conditions

Number Inorganic medium Cd-containing medium

pH PAR/% pH CAR/%
CK 7.11£0.01b  0.00+0.00g 6.76+0.10a 9.57+1.38f
HT-B1  5.2840.15de 2.13+0.02¢ 4.84+0.08c 86.37+6.23b

HTQ-B1 7.21+0.03a
QST-B2 4.94+0.01g
BS-B1  5.19+0.03ef

0.66+0.01f 3.68+0.03f 95.75+2.19a
7.18+0.02b 6.11+0.07b 35.58+4.55¢
5.2840.05¢ 4.15+0.03e 48.11+2.73d
QBS-B2 5.30+0.01d  4.33+0.10d 3.654+0.09f 92.27+1.85ab
ML-B3 6.47+0.03c  0.57+0.01f 4.52+0.03d 58.93+4.70c
MY-B1 4.32+0.02h 17.13+0.43a 3.30+0.06g 96.50+1.76a

FBE MY-B1 1 & B pH 35 1% T o Ath B
CAR {H I I Z K MY-B1, 5 96.50%; Hik
JEH Pk HTQ-B1 1 QBS-B2, 434k 95.75% #il
92.27%, Wtk MY-B1. HTQ-B1 Fil QBS-B2
CARHAHZEA W, EATH R E & T HMEE
I, BEHL CAR {HE T 85.00% A9 4 Bk~ 2 4
PREAT IR AN S o RIS, N7 T Wl R N R
5 pH BYACHE(E 2), HAPEBER S pH BYAHC

RN y=-4.134 5x+28.111 (R*=0.633, P<0.01),
TR pH MAHKE T FE N y=-22.478x+172.524
(R*=0.700, P<0.01). F=FRHNEHIGHER | IH R
5 pH S48 3 R D6(P<0.01), UBH = RR 4N
PR 7 IR i 55 (B pHL e 1) 2 HE TG B % AR B T 1Y
24 FRAFEMNEHEE

PR 16S rRNA JE[H 7 51 i A F| NCBI
B 2 P AT BLAST AU HE XS 404, $RA5 P
PR FRE S, WER 4. HEHk HT-B1 FIE
% HTQ-B1 J& T Bk | , M 2 [RFH Bk
W, EAMEURE, AR L
S FERE QBS-B2 J& T AT IR, M
[CPHMEFF IR, REOETE BZEFHRB AR R BR S, A
FI T IRAEFIBUR B HI 4 7] WAk MY-B1 J&
TAITHE, I EBAERRFT R, JE 505
Wb, IF HIERMRAE AR RM M RE S IET, A
FITRAE. R H Pk BLAST AL HE X B A
Bl A= W MR I i 28 A VRN BRIk QBS-B2
ke R A H bR R BE o DL PR QBS-B2 1Y
16S rRNA F K 77 51 [6] Y5 o S il DA &5 21
PRI 11 BRELA QM 09 B R (L X P B4 Ry
1 261-1 497 bp, HH E ¥k Streptomyces fradiae
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Figure 2  Correlation between phosphorus activation rate and cadmium activation rate of the acid-producing

bacteria and pH. A: Correlation between phosphorus activation rate and pH; B: Correlation between cadmium

activation rate and pH.

T4 TERYAERIBLASTEEXZE R

Table 4 BLAST alignment results of different acid-producing bacteria

Strain number

Length of 16S rRNA gene sequence/bp

The species with the highest BLAST similarity

HT-BI 1455
HTQ-BI 1453
QBS-B2 1454
MY-B1 1443

Staphylococcus epidermidis
Staphylococcus hominis
Priestia megaterium

Acinetobacter sp.

A3 FEMSMIFREE), K MEGA 7.0 B H 2%
P R ) R 88 & B W (bootstrap FEZ AN 1 000 ¥KX).
[ Bk QBS-B2 1Y 38t 1% A 5 28 14T 18 Jm /Y B
B, S5 CME M Priestia megaterium L36
(KU179342.1) H1  Priestia
(MK318796.1) 4k T — A i /NaY 73 3, [A] P ik
] 100% (11 3), 7T LABHE B#i bk QBS-B2 K
- BT RR EC BRI (Priestia megaterium) .

FE bR QBS-B2 Hfh 2 4= A 2 R [ 485
Fedk b, 78 30 °CARMF TSR 3 d IRy Al 57
P& 4A . 4B)H AN FAFAE: W NI 0,
T, AEW, KT RFES, %
AR, g2 RGOS, BT WER
IR QBS-B2 WA R IE S, R @A,
FEAR, RumBl, sl 2 e, KA

megaterium DK2
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(1.2-1.5) umx(2.0-4.0) um, ZEMMFEIE, 4
2.5 A ERERIRSZH T =ERZAE QBS-B2
Xt T IE SRRV R IR R

AR IS 7= FR AN TR QBS-B2 LR pH M
AR SR B I AN SA TR . R AR
P, RERELE LTI pH F (K, b 5.48, REME4
R pH o A T HAR LI (P<0.05); 22200k
A4 pH k2, FWNE pH fies. Mt
S 1 0 WSO A3 AT o R 2L i TR R P R
FEfeim, N 72.84 ng/L, HORTERUGRIR Y 3%
T HAB AL FE(P<0.05), # CK 427} 32.41 1%, X
T AR R 19.53%; HEBEAIRZ, K
WA 63.66 ng/L, ¢ CK #2 71 28.20 1,
IR 17.06%, BERER 2 A WER A vk B eIk
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39

48

98

- Bacillus subtilis LAT6-4 (MG890616.1)
Bacillus subtilis BAB-1 (JQ916087.1)
Bacillus licheniformis SBNN1 (LC814576.1)

Bacillus amyloliquefaciens P7 (LC739181.1)

89

56
97

Bacillus velezensis PS-09 (LC778307.1)

Bacillus velezensis YW417 (LC666720.1)
Bacillus cereus ST26 (LC599495.1)

Strain QBS-B2

Priestia megaterium 1.36 (KU179342.1)

Priestia megaterium DK2 (MK318796.1)

0.020

Streptomyces fradiae A3 (OR074398.1)

E3 E#HRQBS-B2ET16S rRNAEEFFIMBM ARG L B
Figure 3 Phylogenetic tree based on the 16S rRNA gene sequence of QBS-B2.

El4 EPRQBS-B2HYE & FE AN SHHE

‘}ﬁv,
w”‘*

\ M"b

Py

Figure 4 Colonial and cellular morphology of strain QBS-B2. A: Colonial morphology of strain QBS-B2; B:

Observation under light microscope with oil immersion (1 000x).

ARV IR XS B R QBS-B2 & B pH &%ﬁﬁ@
WA A2 A& SB TR . AHEIR T, fRR
B R P pH B fiG, o~ 4.43, HETEW pH &
FAR T HAb A H(P<0.05); SAALER 4 K BEWR pH
W2, IREMLEE pH fem . 5 Y
MR EoR, BB EBEREEE R, N
170.77 ng/L, H & a3 m T H A b P

(P<0.05), % CK #£7F 66.50 f%, 1470
FHh 46.21%; R, HEBRFIRE
k13448 pg/L, 8 CK #&FF 52.15 £i5, fd %N
36.22%, PRZFAR TR AR B R ik

gi Lk, TEAMRIRE AT, A
A QBS-B2 i - 1 7 110 fife W R0 S LA ] 2 40 A e
I8 FAECH R IER I AL
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2.6 FEESYME QBS-B2 X HIEBAIEL
S

AR AL ZEAT T P IR A A QBS-B2 X 1545
FIE AR ILER 5. 1) pH DA BANS 1%,
Jg 5.46; HRE CK, N 6.06; il OF Al
BAOF, 7351 7.53 F17.36, 1R F=RRANE 1)
¥l BAOF W%, 4 3.7x10" CFU/g, Hik
& BANS, & 1.4x107 CFU/g, /b J& CK, X

2 T HAb AL I (P<0.05), BANS 77 R4
B W2 5 T BAOF By i Ab 3, g
W fr i L BAOF Ay, A 143.75 mg/kg; H
W J& BACF., OF 1 CF, 244 116.24, 116.01
A1 110.61 mg/kg; A2 NS, 4 21.12 mg/kg.
Hrfr, BAOF WA &5 & it i 2 = T H AL HE
5 CK ML AT ERS T 59 1%
BACF. OF Il CF WARBE SRR RZE, |
148 255 T Bk BAOF [ A4 #(P<0.05). +1E

0.3x10° CFU/g. M1, BAOF /=Ml ss A& =L BACF Nk, 4 2.47 mgkg;

A
10.00 CJpH [ Water-soluble cadmium | 100 ’(_g 11.001 — pH @ Water-soluble cadmium 1240 QE\
£ 1000} £
9.00 lgo 2 2
a a S 9.00 1180 s
8.00 | g 8.00F R
160 £ ' £
T 7.00F 3 R 700 1120 §
140 © L ¢ 2
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Figure 5 Desorption of soil cadmium by the acid-producing bacterium QBS-B2 under different carbon (A) and
nitrogen (B) source conditions. Different lowercase letters above the bars indicate significant differences in pH

among treatments (P<0.05), while different uppercase letters above the bars indicate significant differences in

water-soluble cadmium concentrations among treatments (P<0.05).

R"S FERAEQBS-B2X HIRBEAEL R

Table 5 Activation effect of acid-producing bacterium QBS-B2 on soil phosphorus and cadmium

Treatments pH Acid-producing bacteria/  Available phosphorus/ Available cadmium/  CAR/%
(x10° CFU/g) (mg/L) (mg/kg)

CK 6.06+0.04de 0.03£0.02d 24.28+0.71cd 1.85+0.05f -

OF 7.53+0.08a 0.13£0.04d 116.01£8.05b 1.89+0.05¢ef 1.25
CF 6.20+0.07d 0.09+0.03d 110.61£1.39b 1.99+0.03de 3.69
NS 5.9540.07¢ 0.27+0.04d 21.12+0.68d 2.0540.04cd 5.62
BA 6.17+0.04d 3.03£0.57cd 30.31£1.10¢ 1.99+0.03de 3.80
BAOF 7.36+0.11b 37.00+4.58a 143.75+12.95a 2.1240.05bc 7.62
BACF 6.48+0.08c 4.47+0.57¢ 116.24+1.91b 2.47+0.16a 17.37
BANS 5.46+0.10f 14.00+4.36b 33.13£1.29¢ 2.22+0.02b 10.38
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HIKE BANS, 4222 mgkg; ®AEE CK, K
1.85 mg/kg, Hf, BACF (AR &R LES
T HAb AL #(P<0.05). +3E# CAR {H L) BACF
R, A 17.37%; Kk BANS Fil BAOF,
4390 10.38% ., 7.62%. IRIGEEERM, TEHRTS
YLy + HErP I QBS-B2 B AIALitA HLIE A F
FALHE - TR A R A A K B0, Bl QBS-B2 7
B it 52 5 A S5 AT 1) 1 v 7 1 A 87 X6 - SR iy
A &

3 Wib54#

E YNIEY S YA A=E N3/
R R A S LS | ORBERR 48 4 1 ) o
filt, B(CHVE N —FimBHESE TR, BA5
T . RctEsR . SR E ENR S, RaE
Bl I P T AR ™ e A S )
- S 0 A W B AN AR T g SR Y B A
5 HAE e Ak 2R TR 3 SR W R
Ko MG Tessier 4323k, HIETHMILFIE
BRI IR AS . BRI
siaE . AHEAE . s, HFERS
R R B HAYARERN 2275 Z81EY
X Cd MR 5 8 b SR S RS AR i
B IEASER Hop, Al sg s Cd ml %
AR, TRRIRER S A A . B ALY S
BEEYEES Cd B TIBrEAME, TR ER
PE R AT A T A s o PRk 08 XBa
PHAEDOISE 15 A 3RS B 00, RRTEZ Cd
B34 o5 FUAR IR R« ] 840 285.(43.36%) > ik ik &
45 75(26.54%) >R 45 (18.75%) >k i A AL W 45
HET32%)>A WA E4.02%). Hr, nfz
13 Cd YA SRR, e CR H
BRI Cd EEAERFAM TR AL
Wigh 4 Cd BRI A LB R ff, I FELR18
BN Cd ST & hchfaE, WAk
PR TRRIRERSS A28 Cd e HEA B
ENGARWE Ty, AR ] SR S A, R
S YA I CRE ARG AR B A) 1 k. 5T

LW, T pH A5 M B A 40 A 1Y O S A
To AL SRRBEEGE Cd BAEET
WA RE, HJE#EW S pH 28 bk AT
ek, 4t HE pH<5.0 I 5 B Ak ml 22 4 25
Cd™*2, S FRRIR L4547 Cd A pH 5 BE i
B, PRI YRR PR pH J2 15 1k 1 3350
A RERTE . ABFFE R FHIR T 28 (BCP) 45 71 7
i 6 15 97 (pH<5.2 78 48) , D\ - 48 v o 1] i ik
ARG — PR = P R4 E QBS-B2. ZMEE, %
W Ak N P megaterium, H: i & i Cd* ik E N
15 mg/L. KEESCH R, QBS-B2 7 & B2 —
B B B PR A 1) 5 7 B b R pHL 23 I & 5.30
F13.65, XNLIITERER N 5.28%, FiGILAR L
92.27%. X BELW] ™ R4 A QBS-B2 F #id i 7)
WATR M) ot (ELAAS 3 b far A s T L P 40 S A 7
T IR pH,  ITXSBER =45 . Bk
MRemIE T ARG L. X —25 R 5 KREfs st
—F, HE R AR Yy aT A o W Ny A LR
R AIC PR 45 pHL, IR M 3 A8 0 i Ak oy BT i
AT TR 25 SR 0 B 1 1 W B 6 CdCOs;
T, KIBHVAFTR(Enterobacter cloacae).
A B KT i (Acinetobacter sp.). KM % # KA
(Escherichia coli). % 1B ¥ 7 (Pseudomonas
Sfluorescens). i A K (Klebsiella sp.)%f CdCOs;
(35 fL RE JI 305k, WA TE 27.65-38.23 mg/L
ZIa), 6 RIE 70.89%-98.02%., S5 Z ML,
AR QBS-B2 JEHLH T #530T fie i 7K1
G ALEE 17(92.27%). HoAEZE, QBS-B2
J& TR VR 2R IAT I, AL B aRdRE
R o> P BUR TR, HAERC G & R A AT
- G Jm RS AR R T T E A S S ]
W

TEE & BT geny R, — 3 A
MR A DTTE S DT SRR I AR A
Rk, TG smTs gy s — 8o ik A= M s 4R
WEHRER AR . OR . FriER . LIRS
ZMFANLR, ¥ T LR EnEYa
FEPERA I HoR A E e A L TSRS
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FHAR o 88 AR 6T Cd> il R e DT 3k 3 25 4%
RSB BN, AT AR
ST R, DGR TE (P. fluorescens) WK 5EHi
EIFEIR AT CACOs WA TI s 1L, MiEtb3h
42.4%, MG AL ZE AT B8 (Bacillus cereus) 8 5~
A VSR R A OB TR o BAE Ak BT TG BT (Listeria
denitrificans) . ¥R ZE T 18 (Bacillus circulans)
IS B EC 2R 4 IR B (Listeria grayi)RENS 73 W 5L
M. WA, SRR FREAVLIER, X
RIS 1 R4 Cd A AR, ek
TENEESFSERTE 4R Cd iyl 2R AR
PAE DB EZ AR E(-COOH), i R H 1
BYERAHE, ARS8 nh
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FA, i P R 52 ) 4 S S - I IR, RIS L
iR B 5 1T 5 T 4 s BH S IR iR e 45 A
PN $2 5 A m AR A R A A R, A
HLIR A v] LAREAR 3T i i e it e 0y, i =
G VIR A R, HINMBE R AR, R
WA, DN e s AR A 1 A ) it R
P SR AR A AR AOR,
FEBRECR I I, pbah, e A kR
TN P 7)o o - 8 v Y i 4 e e B A T AR
o W36 1 1 4 s A 2 ook 2oy 7 454
LI RESRE A S CA B BT IR R4 A4, 5
T 4 A 00 R LA BE 0 R A iYL Ak
Al B TR A 7 R R AR T A [R) 45 5 2R AR R 1
B3R Hy 22.0%-48.3%0, i AE e A= 37 S L e £F
(Starmerella bombicola)y™ M= i3 T M 5 0T 1138
(R 25k 83.6%07 . I, AT AR
HACH = Y3t - @ w2k, B
AR A R TR RS, ASTERL
TWRIEY, A L S TR AT YR HT
THELA ) R R I &

- 198 o 4 T A Y SR A D i A A R R
A=y A Bt A A T A B SR A W AT B
B, XTI THRZ AR
ARPS AR ek ey . e iR A
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