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Study of Two Microbes Combined to Remediate Field Soil Cadmium Pollution
LIU Yuechang, LI Baozhen, WANG Tao, WANG Lan

(College of Life Sciences» Shanxi University . Taiyuan 030006)

Abstract: This research used the potted plant approach, BCR four steps work, flame atomic absorption
method, and the method of dilution coated tablet to study the joint action of Rhodopseudanonas palustris
and Bacillus subtilis, as well as the efficacy and safety, for remediation of cadmium pollution in farmland
soil by Chinese cabbage in order to explore its effectiveness and to provide theoretical basis for application of
the new type bio-bacterial manure. The results showed that either R. palustris or B. subtilis alone, or their
combination could enhance the fixation of the metal in soil by increasing insoluble state cadmium and decreasing
cadmium bioavailability. The combination of two bacteria significantly reduced cadmium bioavailability by
32.70%. All bacteria treatments showed significant influence on the number of soil microorganisms (P <
0.05), and the amount of bacteria reached 10° CFU/g. The treatments with various microorganisms all
increased the plant height and fresh weight of cabbage, the content of chlorophyll a and b, and the ratio of
chlorophyll a/b, meanwhile reduced the content of cadmium in the root and stem of cabbage with removal
rate of 58.06% ~71.37% and 73.66% ~76.70%, respectively. The combination treatment group had the
highest remediating effect with the biomass of Chinese cabbage increased by 18.13% ~69.55%. The results
demonstrated that the combination of R. spalustris and B. subtilis had a strong ability to remove cadmium
from contaminated soil, could significantly promote the growth of Chinese cabbage, and showed the potential
for remediation of heavy metal pollution in farmland soil.
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SR R e g AR AT L AR A AR SR Y B —
Fofr ) P e 2 ST BRIV 96 20 AR S0 TR R P T B
SR T - R 4w v Y i I o I D A EE RES T
BTG A ST X A T 3 4 R AR Y T 4 BUIR L A
B PR B (Rhodo pseudanonas palustris) Fl
Hili 55 2R AT B ( Bacillus subtilis) B4 AE 48 52 4
P S 40 14 BIF 90 5L AT i 1 B T SORI N I
1 AR5k
1.1 X5 #f

/N 32 (Brassica cam pestris L. ssp. chinensis
Makino) it Fft Sy “ i ¢ /N 37 1~ T - L PG 45 AR
Bt 5 T P £ AR B0 B R B2 F R I ok R T
tPE K265 MU =
1.2 R FI=E

W) SRS O3 A 4D R R (3 Bl = 4 B
AR E . 307 EALE i dra) R R )
ez iR IR A H

{80 - KM T IR O 5 4 CVARTAN, AA240FS
WD) LI HEEEFR L (SpectraMax, M5 ) |15 &3 % 55 .0
HL(Eppendorf, 5804R %) | i 5Jj 5] $ X (FLUKO, F6/10
T FEL HVIE 15K 8 58 (Eppendorf , HHS A1) %% |
1.3 RWHE
1.3.1 ##EHR T R. palustris Fl B, subtilis F&

Bilt 3 75 B0 B Bl — S A 1 48 B A I 1 R A B
W12 ODEN 1.2,48 5 000 r/min B.0043 5 30
min, 35 1V A S5 a8 4l K ) B B TR R (8.0 X
104 /mL) , % ..
1.3.2 3EHEHE  HHEHCA LPE A K E NS
X Jp KA (112°35717.7' N, 37°47°2.1"E) 4 M Ak 3%
JZ2(0—20 cm) T3, IR SE 56 5 0k i, B LTS
ML RS EA N 12 mg/
kg, 2B VBRI B4 51298 100,80,100 mg/ kg, 1
SR 15 KL H.
1.3.3 &%t WKET 2018 4F 12 [ 6 H = 2019 4F
2 J 26 HAELLIVE A K5 L vg K2 an Bl 22 B 6 2

BT, RGN, 33 N RHE A (EAE 20 em,
= 25 em) s RRAEAE 2 kg KT B, /NESERRFIR A
IR SIFE TR A B AR 5 bR, R AR = Sb
HAOET AR, 1T RK BEHE I OR-5 13 K 432y HH 1]
Rk 60% ., IRIGBEE 3 MO, AP S E
3 AN EERREE B 50,100,200 mL, 44 3 AN FAT, [FIEF
BCE 1 AASES T AT 3 ) % B 2H (e oy CKO L TE 3 X
MRZH GG CTO MALFR A4 T (453 T1.T2.T3,
T4, T5.T6.T7.T8. T, 3 11 N (FE D,

®1 2FRBHIRARANHSRLESA

NI RS 3 ans

ikl Cd B/ WM/

(mg+ kg ) mL
CT 0 EPS
T1 12 R. palustris 50
T2 12 R. palustris 100
T3 12 R. palustris 200
T4 12 B. subtilis 50
T5 12 B. subtilis 100
T6 12 B. subtilis 200
T7 12 R. palustris 5 B. subtilis 1+ 1 1R4 50
T8 12 R. palustris 5 B. subtilis 1+ 1 &4 100
T9 12 R. palustris 5§ B. subtilis 1+ 114 200
CK 12 CRS

1.3.4 A ksqam g DNEERERHEE R 20
em [ B RGN & /N AR R ER T L RO
1.3.5 My rEFHmL T HMYHERRH
HNO, —HCIO, @ 4 i, L h & B 8 &
R BCR U5 k0 HEAT 4y w5 2 . A4 A0+ 1
T 77 0 22 3 i Ak B S 2R FH A Dt W e i i A
T

1.3.6 ALt gx e F eyl BUH a0 RO A BT
b, T 20T RN /b S ik R A AE B L B0 R R T B K
663,645 nm I WO AR 20 2R E

1.3.7 EBEFPHRAMA LKL BTONE R
SRR AT I A 0 A B TR AT R 7R 48 h iR
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1.3.8 # ¥ K H Excel 841 SPSS 18.0 #k
5%t T 3R A AR AT e 40 HT 45 A TR B0 R AT B R 3R
72581 (One-way ANOVA) 3£ i ] Duncan ¥ H
A5 b FH 2 TN R ] 9 22 S L A TE) OS] B RO 22
S8 (P<<0.05),
2 iR 5HM
21 RBETAREERMNTERESSENEZIT
B 2 ATA U T 5 AL A IR B R & &
R NRES ST IBRE ST AAES>RES.
S BB PR L 595 Y R AL (CRO 46 T6 45 2
HAHL SR ER SR (TOLOBEARESHTET
W 46.21 %0 , FLAth b B 20 AR {6 R | 3 (P =>0.05),
W R. palustris (T2) 4b B2 ] if JR 25 F Al & AL &
oA E b RIS (T7.T8) &b # 21
AT AL A B AR 3 (P <<0.05) . .=k JE B.
subtilis MW EEBCA B (T4, T6.,T9) kb #5545

SR ETF 59.77%,51.17 % F1 93.36 % .
k2 AAEERMTERESSENTN
A7 . mg/kg
b3 (AT A JR A LE:R &S SR
CT 1.471+0.27a  0.84+0.41a 0.17+0.17a  0.82+0.02a
Tl 6.16+1.42bc 4.5440.29bc 3.3140.13bc  3.7240.12bc
T2 6.84+2.07bc 5.334+0.64c  3.0840.02b  3.5940.11bc
T3  5.6440.65bc 4.3840.25b  3.134+0.44bc 2.59+0.71b
T4 7.484+2.05bc 4.4840.04bc 3.2640.09bc 4.0941.65¢d
T5  5.48+2.30bc 4.0240.59b  3.1840.11bc  3.6940.34bc
T6 5.30%+2.32bc  4.00+0.47b  3.30+£0.17bc  3.8740.46¢cd
T7  6.71+2.29bc 3.964+0.07b  2.9540.15b  3.4440.04bc
T8  5.93+1.49bc 4.4840.83bc 3.0540.22b  3.6440.83bc
T9  4.61+1.58b 4.524+0.26bc 4.00+0.47d  4.95+0.22d
CK  8.574+1.87¢ 4.0240.48b  3.6340.52¢d  2.560.74b
W B A AR E 2 EE B =3 I ARRNE F
BN £ W) 25 573 3 (P<<0.05), T,
30 . *
K1 ] .4
e w h { {
& H K o S |
215 L HH o S = s
e -] 4 © silE 1]
-] ] ] LA b -]
] ] 5 il =4 [
5 EE ot ] |7
o LK 5 o % CKE L KEN

22 BMETAREERMN TEMEVRZHZIMD

X SR AR AR R A S AT B U AT P AR A 5 45 A
B AR T R B AR e . S5 R BoR R AL
FRZH X+ A R B 22 5 B 3 (P <<0.05) , JF
HARLLANTE i 2 X L3, i Wik 2 B D A
MR E ) 10° CFU /g3 {15 CK 414 L, T9 &b Fi4l
20 P R ] R AR 67 96, H b Ak B A AE AR OR B

TR TR LT BORE TG S P 25 S (P =>0.05) (3R 3),
3 AAEERMTEMEYER ZRNOF M
YT / &/ HE/

Ak 3 ) .

(10° CFU « g ')(10* CFU » g ')(10* CFU » g ")
CT 2.39£1.02ab 1.724+0.10a  0.3940.19abc
T1 5.384+2.00abed 2.9440.84ab 1.944-0.42d
T2 8.61+0.10d 2.50+0.17ab 1.33+1.30bcd
T3 5.78+£2.83bed 1.56+0.42a  0.50+0.17abc
T4 7.564+0.25cd 1.7840.42a 0.44=+0.1abc
T5 4,9443.37abed 5.6745.95ab  0.3340ab
T6 7.06+1.44cd 3.284+1.67ab 0.61+0.63abc
T7 6.69+2.55¢cd 1.6740.17a 0.6740.33abc
T8 3.90+£1.15abc  2.61+0.19ab 1.39+0.84cd
T9 2.004+0.29a 1.9440.25a 0.28+0.25a
CK 6.08+2.92bcd 2.22+0.54ab 0.39+0.19abc
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24 WHMETAREERLEN/NEXHEREE
A

AFEERLEMES CTHMIERELESR, 5

P A H g, + FoR P<<0.05,
TEHERLET/IMEKREKER
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Eb om D E o, 4 42.31%, 46.15%
T5.T8.T9 AbHEAH XF /NS 2 R G AR Ak i 3, )
BN 49.30%,49.30%,83.10% ., T9 kb B 20 i 4
Ha/b AR REEEGE D,

*4 FAAHERLEMNNEOXHEZAENEM

M2 a/ MaE b/ B ER/
ab B a/b

(mg+g ') (mgeg (mg+g™ H
CT 0.6440.08 0.31£0.02 2.044+0.12 0.95+0.10
T1 0.57£0.09 0.29£0.04 2.00£0.12 0.85£0.12
T2 0.6340.01 0.31£0 2.03+0.02 0.94£0.01
T3 0.51£0.04 0.27+0.07 2.02+0.64 0.77+0.03
T4 0.5340.24 0.2740.08 1.9040.28 0.794£0.33
T5 0.69+0.16 0.37£0.04"  1.90+0.58 1.064+0.12"
T6 0.6340.07 0.3340.03 1.93£0.23 0.9640.08
T7 0.56+0.11 0.30£0.03 1.9040.24 0.86+0.14
T8 0.73£0.16"  0.33£0.06 2.19+0.09 1.064+0.21"
T9 0.93£0.15"  0.38+0.06" 2.5040.43° 1.30£0.20"
CK 0.45+0.08 0.2640.02 1.7140.37 0.71£0.06

U« 22 R P B 2 L T n =35 5 E 6 PR
B, 2 RR P<0.05; 5540t AL AR, » #oR P<C0.05,

25 EHETAREERLENMNEEREEEXN

H & 5 L A £ B A F Y CK 20/ 1138
ROZEPEEEY RS, HR MR KT PE
T, 5 CK 4 L, 8 i Bl B FEAR T /b
M ZE 4R A RO T AL TR A HE PR T b B AN
SEM R O R AR W, 4 I B IK 58.06 %0 ~
71.37 % F 73.66 % ~76.70% . Ik4 B Ab BH 20 5% 7% X
T (TF) B E R, B B B R AIK T /1 11 38K 0
b T S 1) Ml B A B B A AE /D S R
D /N LS 1SR AR L R T AR . S
CTHME . B HAAHEA/NAFR . EhREEL
BEXES HNEHMAZ N ZRBE, HE 1A,
I A AT A B2 /0N 1 S bR o 25 R o I R )
138 AR SR L/ 1SR 25 v i e A I A
A AT D B AR /N SRR L 2R R 4 JE e L
e /N SR AE K
3 Wi

R. palustris TEAERKE SR D, Al HHE A &
B2 IO R N S R I A B SRR L e R A
RS LS G E & A A AR RN L I AR BN T
K ) 4 R B AL W T 4 B Ak A 38 A 0 R A [ A
F EHEHEEZ LA L AS B0 9 W e v 20 o Ak AR
FEP 75 e s DT 3k B8 2 A T 4 B 15 B iR .
EHAR S Y ARMRE ST B £,
R. palustris 7] LAEE S HE Y1 06A 7 L 38 & V80 1)
FE s B R T, B P R R S A A RS 3R
ARDE k3% LA W e 7% DNA P9I 40 . B.

subtilis | {253 A 75 1 56 K8 Wi A ALY b AR AL
12 7 IR AR e T ELAE 75 7K Ak B R AR I S T v Y
BHWAH S 2 & —Fh Z IR R Y. B, 22
eI | I I AR BF 9 2R B L Bk A i 32 EL Y 4R
MW B S bR, R R. palustris F1 B. subtilis
Y REWEAE S B0 i i 3 A R I ] T8 S A 1 e
SRR L L

x5 TRESRLEN/NEXFESENZM

e B HE A4 TF/
(mg * kg ") (mg kg ) %
CT 7.46+2.26a 17.0740.04a  44740.04abc
T1 23.654+3.87b 33.4340.04d 7140.04ef
T2 22.9340.69b 32.3540.16cd  7140.16ef
T3 26.31+4.89b 45.40£5.49ef  58E5.49de
T4 21.5142.09b 28.88+0.63ch  7540.63f
TS 26.4741.47b 47.17+3.141 56+3.14cd
T6 25.88+1.19b 41.70+1.27e 62+ 1.27def
T7 10.2240.53a 27.35+2.02b 37+2.02ab
T8 9.4640.27a 29.93+1.33cbd 32#+1.33a
T9 9.0440.19a 18.674+1.12a  49+1.12bcd
CK 38.80+5.03c 65.27+4.12¢g 60+4.12de

VE L 2 OBUIRIY T B0+ b 2% L T LB 0 = 35 90K RN

FR &AL ) 22 57 1 35 (P <C0.05)

WiE—MaFEYERKREFTNAEITER, o fxf
MPERKEE AR EE, LIEPNES SR
BRI X 1 4 T5 Y oK P Y S R L (H
ANBE I S B 3 iz s 2 A A BT LA B
4R A SR Y R SR A
FEIE A N TR, Ho o o AR W B M E S R AR R
U, He R R RS — oy vl 38 ik
BEFKED RIRER S EE AP EL S
B ABAIRAE% . BCR L RIS % 58
it Ry B R A AR AR 43 vk K A R IE A o 4
P, B BRVEZS ATIR RS RS GRES . RES
4 JE 25 Ty PR W T T A RS R R AR S R
BARG WY . AR RWHLR. palus-
tris T - 9 v R A ) VA A R A AL TR T O A
WRAEEAE NP I R T E L E 4R
FRAETE R g 5 mTAE, 5 A 45 A B A 4
H AR NIE SR AR IES > 18 A >0 R
R > TR A Ul B AR I - 4 R v 25 T A B
SR AT R MR R s TR SRS L AT AL A R AR A S
JoT it 3 B U B A v A v R TR S R hE
15 o 7E Fb 353 1 R Mk A 3 LA % 338 24 1 R 5% 4% 16 °F 7T LA
M R . B R BB . 5 CK A& P
BRI, T4.T6.,T9 Ab B4 5% 2558 4> W b7+
59.77%,51.17% F1 93.36 %, T9 4b P 20 MR 1A 75 4 &
iR 46,2106, Uk BN B A AT LR e - g
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XoF 4 B4 [ 2, (2 2 A 0 9 AT A Il X VA S
1k IR R AR A A Rl X5 AR AR
FEA R AL AL 7] RE 2 T AR CH W i i S Ak
W G RS E R E SR T E 4 E i
IR KA AR 5w HAE S 0 R WA v A
117 Ak 3 A BEAE

A W 2 4 1 A A R G v s BN ) 0y 4R
A3 B I B A A AN AT DL R b e
e i A B 0 ML eT DL Sl b A B T A Y AR
R, 3R 3 nH AN A A R R AL PR R A
R RO 25 5 3 (P <<0.05) , JF FLAEB LA AN B
o7 26 X0 LB R T IR 2 EL T A D A T Y AR A F
10° CFU/g, 5 CK ZHAH L, T9 Ak B 20 41 1 45 it ]
i AR, FLAR AL PR A TC 1 2 AR Ak, AT R R AN SR TUE W
A 2 PR ) Z ) A7 5 4 G &% BRAR T 4 i B
TR T L R T 3 R 22 e U0 TR T R Ak
X - IR A R L A R TR

RGN BF IS UE B2 L R, palustris F1 B. subtilis
Bty A K B AR E . AR5 b 80 # B
MRS B T AR AR, 5 CK A ML,
T1.T3. T4 Al T7 &b HLZH & 3 1IN T /)N F1 30 bk & F
ZETE 3X AT RE A PR R BN TR TR AR AR T A g
B LR WA O S G AT A A B P R Y R M, AT
fEHE /NSRRI AR . T AL XS /N 34 R B
4R a/b W HEZL R E UL R. palustris T
B. subtilis WA AEFIEE & T/ F S8 M 3% 7 &, fdT A
YOt& v FH 1S s L 42 3 48 W0 0 N A ALY 09 & s 2R T
i/ SR A R R FER I, AT, e R SRR
R ERNTERRZ —., HEE a/b Lt
H W TR R BRI S R R BRI S 1R
B, H4 R a/b Y B (E B, O 1 ) R s
I 2R FR a/b Y EE A B8 3 i, 350 T 4% hn T R VR Ak B
XA ) B 2 06 SR AR 00 R A R AP AE . R R
5 A, AN WAL H G /N SRAR 2R E
P10 5 REAIC L T R R O i R A JE e iR o B
PUHE 4 LA, LA A BB 43 W0 H AH OC A 4 BT CUn i L B
FBT A DILIR 55 ) o 3 o 40 it 5 A 38 375 1 L % B 4 )8 T
FR I HE B 7 20 M A o 2 5 1) 52 i Ak 5 45 ), 1 L g
NGRS B IRAS  BEARFLAE R W A3 T 5
e B 4 A 7E A I - B v B 2R WA Rk R ARE A R T
A B A= B v B R L U800 /DN 1SR AR B W, AT AR
HENESRMA K, H G R AR AR
R, /DAFEAE KRG, 7T AW R. palustris
B. subtilis WA VE R T 5875 gL 4 I+ HE ] o 2 R AR
B B AR AR O S R ATORE ) T A T I e R Y W i,
R AERKET . A RIFNBRESCR.

4 #w

(DWW R. palustris Fl B. subtilis WA, 5
FUE TR A ERIE A A A A T SRR
VRS A S AL . RS T AL PR A B AT AR B
SRR CHTIN T A8 A [ L A A T R R R AR A
ROk R AR 2 32.7 04

()W R. palustris M B. subtilis W2 W, ¥
REfEHE /N FI SRR AR, B 2 Bl G A b BSOR T
F. G5 YT IR AL (CKO ARG, 1567 T b B 20 /D 1 35
A G N 18.13%6 ~69.55% , LI 4% a M4 % b,
M-2gzRa/b B RIS R B A —E =R,
/NFZEAR R TR R 2 R AR 2 O 58.06 06 ~71.37 00 il
73.66%~76.70%,

(WM R. palustris ¥ B. subtilis T2 W5
TSR W R AR A TR R 2 R R R TR
LD ) Kl 22 5 3 OF HLAR T o5 4 X IR i A
WZ B/ AR RO A F] 10° CFU/g. 5 CK
ZH A L 0 TR R LR ) B R AN
SE K
[1] Parnian A, Chorom M, Fard N J H. A potential meth-

od for remediation of Cadmium pollution in aquatic me-
dium by hydrophyte, Ceratophyllum demersum 1.[]].
Majallah-i ab va Khak.2017,30(6):1918-1929.

(2] HE®R RS, HEE, S L85 Y e 5 07k m o
Fe kLT AR AR A B . 2019, 738(4) : 162-163,167.

(3] HEXFHEm Wz, %. E5E RS REYE LN
G R ] A% 5 A T, 2013,8(2) : 23-25.

(4] v AV FERBE L EESEAENMEMIT] I
FA 6408 ,2018,513(21) : 180-181.

(5] =0, Rl SC, BR AR 55 JR I v e Rk e KHqR
POTIELRIR L) ] LR 2141, 2015, 21(24) 1 104-107.

[6] Zhou N, Chen H G, Xi] T, et al. Biochars with excel-
lent Pb (II) adsorption property produced from fresh
and dehydrated banana peels via hydrothermal carboni-
zation[ ] ].Bioresource Technology,2017,232:204-210.

[7] Zhang Y L, XuX]J, Chen A M, et al. Maternal urinary
cadmium levels during pregnancy associated with risk of sex-
dependent birth outcomes from an e-waste pollution site in
China[ J].Reproductive Toxicology »2018,75:49-55.

(8] Wk#r =, 3K % £, JL AR Ot & 4 7 19 3 AL 5¢ E ). DNA-
NDA [al Y80 534 (7. 0 1 5 PR 858 A2 ) 2241 . 1996, 2(1)
84-89.

(9] W38, 722 5 M, 55— BN B 2F 6 FF TR B 9% Sk K B
FrAAF B ARLT ] B R R, 2017,42(1) £ 23-28.

(107 oM AL, SRR, 45 300 12 TH A K M Jat - I g vk

EW T EETEREEMY &R E AL .
i 561 4 M. 2016,36(8) 1 2625-2628.
(11 SRR A X 158 SC . B #0, 48. Tessier ¥ Mk BCR %



#
e
&

XUBLMA S - 2 BRSBTS 15 e T Y

369

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

P UM N #0598 )5 B b Cd st e AR ST () ). B T
#£.,2019.37(5) :34-38.

RS £ 5T E & R SR B R[],
A (54 8@, 2019(7) :222-223.

TR IS, W AERL, T on L, S5 OB B IR I R
B IOV Y 3 R Mk B ()] ROl Bl 2, 2018, 35 (8)
1965-1974.

A TRAE TS AR et , 258 A6 MUK T - M fil 7k W B0t
TRt 305 P X A 0 R e 1 e g (], P8 b o ARORE B R 2
]RCHAPBERR 22020,48(4) :89-96.

fEHAZS 5 S 0R A8 A, 25 6 A 40 T TR R0 R VR B AR
BB TR X S 8 K R SR B 3R AN AR W A R Y R
(). K2R 24,2019, 15(1) : 31-41.

MR, HLLIE L ST T M OB A Al Xt e Cd B4
s [J] AL T4 AR 5TF % ,2011,40(3) :43-45.
FIEL0R . 4 ARMR, BT 07 ROk & 4l B 0 20 % 52 b Pb.Cd
KW FRE Yo i g (1] v B 38 5 0 kL, 2013 (2)
94-99.

FILLIE G A 4l B Cd P Bk i P+ 75 Y + HE 04 1
A YA DNA JF 51 Z R AT 58 (1. 30 5505 3L 5 B
1,2011,33(11) :24-28.

2% 156 B . A R 25 A0 KT B 0T A8 A i R BB Y B i AL S A 5T
(D13 : IRV K2 QLR A Ol B £ B ik 8 )
2013.

T T o A B 2 R 2 AR TR R AR T AR B
L =B S s g R LTI RO B 4%, 2016, 44
(5):526-529.

Dixit R, Wasiullah, Malaviya D, et al. Bioremediation
of heavy metals from soil and aquatic environment: An

overview of principles and criteria of fundamental

(EB%F 269 B)

[23]

[24]

[25]

[26]

Geng A, Wang X, Wu L. et al. Silicon improves
growth and alleviates oxidative stress in rice seedlings
(Oryza sativa 1.) by strengthening antioxidant de-
fense and enhancing protein metabolism under arsanil-
ic acid exposure[ J ]. Ecotoxicology and Environmental
Safety,2018,158:266-273.

FIEH R BE Ml AE X A R SR 2
PR FAR T S A R 52 g [T ) AR = 4R
2016,42(3) :437-445.

2T N G AN N I 2R = i S I e
JKF,2006(6) :106-106.

JAE W P AR, S A ) B 38 it P e A K R R

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[27]

[28]

[29]

processes[ J].Sustainability,2015,7(2) : 2189-2212,
Paz-Ferreiro J. Lu H, Fu S, et al. Use of phytoremed-
iation and biochar to remediate heavy metal polluted
soils: A review[ ] ].Solid Earth,2014,5(1) :65-75.

& SCHE IV AR P R/ TR b e R AE R AL
PEFTA Wy W) R e BIE Y R R (] PR AR AR R
2019,13(8):1775-1790.

W3t 6 AR 0 A 0 SR AT 9 A 3518 5230 B A T
eI AL LA HE,2019(3) 1 192-193.

AL L B AL, AR S BRI A R L QT X
AR 5 S BT A ) i RN [T ). N T 5 B A A i
#%,2018,24(4):901-907.

Jiang Q Y, Zhuo F, Long S H, et al. Can arbuscular
mycorrhizal fungi reduce Cd uptake and alleviate Cd
toxicity of Lonicera japonica grown in Cd-added soils?
[J].Scientific Reports,2016,6(1):21805.

Chai L Y, Huang S H, Yang Z H, et al. Cr (VD) re-
mediation by indigenous bacteria in soils contaminated
by chromium-containing slag[J].Journal of Hazardous
Materials,2009.,167(1/3) :516-522.

XuJ B, Feng Y Z, Wang Y L. et al. Effect of Rhi-
zobacterium Rhodopseudomonas palustris inoculation
on stevia rebaudiana plant growth and soil microbial
community[ J |.Pedosphere,2018,28(5) :793-803.

Cao S M, Wang W K, Wang F, et al. Drought-tolerant
Streptomyces pactum Actl2 assist phytoremediation of
cadmium-contaminated soil by Amaranthus hypochon-
driacus: Great potential application in arid/semi-arid
areas | J ]. Environmental Science and Pollution Re-

search,2016,23(15) :14898-14907.

PRk Kk 0 5 o [ 1 BF A 5 B8 2001(3) : 25-
27.

A 2L, XS 2 B L At e IR X Y P 143
P R[] A 38K A . 2017.32(4) :51-53.
Kekulandara D S, Sirisena D N, Bandaranayake P C
G, et al. Variation in grain yield, and nitrogen. phos-
phorus and potassium nutrition of irrigated rice culti-
vars grown at fertile and low-fertile soils[ J].Plant and
Soil,2019,434:107-123.

R P fg 47 ARG, SF L SRS AR A R i B
X AN ) R RCE KRR B M AR K B s [ .
K R, 2017,31(6) 1 199-206,259.



