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Study on the mitigation of cadmium stress in rice by cadmium-resistant Bacillus aryabhattai

FAN Mei-yu', LI Ni%, JIA Yu-tian', ZHANG Chao’, WANG Wei-ping”, YANG Zhi-wei"

(1.College of Life Sciences, Capital Normal University, Beijing 100048, China; 2.State Key Laboratory of Hybrid Rice, Hunan Hybrid Rice
Research Center, Changsha 410125, China)

Abstract: In order to explore the efficacy of Bacillus aryabhattai T61 in mitigating cadmium stress on rice, the Cd tolerance, removal rate,
and plant growth promotion traits of T61 bacteria were determined using 96—well plate assays, inductively coupled plasma mass
spectrometry, and colorimetric methods. A T61-eGFP strain was used to observe the colonization of T61 in rice plants. The T61 inoculum
was applied using the dipping root method, to observe its effect of reducing Cd accumulation in rice grains. Results showed that T61 had a
maximum Cd* tolerance concentration of up to 500 pmol - L'. The Cd** removal rate of T61 was more than 50% after being cultured in
liquid medium containing Cd* for 24 hours. T61 could synthesize plant growth promoting substances, such as indoleacetic acid (6.2 g -
mL™") and siderophore (46.6 wmol - 1."), and had the ability to dissolve inorganic phosphate (37.1 g+ mL™). It was confirmed that T61
could colonize rice roots and shoots. Under field conditions, the application of T61 inoculum could reduce malondialdehyde content and the
activities of antioxidant enzymes in rice shoots in the vegetative stage and decrease the Cd content in 728B and NX1B grains by 13.5% and
11.2%, respectively. Therefore, Bacillus aryabhattai T61 is a Cd—tolerant bacterium with plant growth promoting traits, which can alleviate
Cd stress in some rice cultivars, and has application prospects in the microbial remediation of Cd—contaminated paddy fields.
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TR R W R A R T R 2 — L 4 2014 A5
PRI R AP i ] e B 4 ) s R Ol e
AN SR, R EA b A AR R R 19.4%, F TG Y
Yyl B R TR R A 2 IO R E . Hop
R ER RN FENESRIGRIURZ —, H A
L AR K 7.0%, 6L T AR E SR ICRZ
B KRR G T A H R AR, oK
R N R FEEORIE . PR, R
KRB RIS PRIEAR 2 42 7 Y E ST U7 [h] o

R, B X0 8 4 Ja 1 e A H B il A s S HOoR &
BEALEE 3T WUE Y R AL B AL A A R
16 S BLA B Bl A= 0 5 3 R B R 7)) 3k 5 18
P H A IR AL A R R B A B LR
SR G TR R Y Oy = e OVE IR W A S
2O -3 vh i) B 4 J EA T [ BB BR L DLIK BV E 3
BEry H e,

A BTG , A A AR OR AT DU E K R Y
A AR i R PR R YRR 9 K B 2 AL A
J& (Bacillus)"™® H AL 988 & )& (Neorhizobium )™ 3 /R 45
FETR & (Delftia)® " AR J& (Pseudomonas)!"" . 5%
# 1 J& (Cupriavidus )" 37 % 18 J& (Stenotroph-
omonas )4 J& I AR , LA R AR T 57 EM7 IR A
Pwi R CIY! IS (9 4n i 8 42 Ja B R ZF A A 147 (Bacil-
lus megaterium) H3 F 7 H2 I8 18 ( Neorhizobium huaut-
lense) T1—=17 AJ LA AR s 43 pH T , I 51 240 g B
RIS AR SR A S A TFRAR T AR PR 13 g m]
ACHAERR R . BN EETRR H3 R0 T1-17 A) LA /K A
MR HL B2 AR K P RS Y B ST
(Cupriavidus taiwanensis) KKU2500-3 7] D¢ HE AR B
A, I B A 7R AR A0 B AR A Y ) B b T e
AL CACLFe Ak D Joas B9 AN 1 CdS, BELIT A0k 2>
) R W) M bR R m R AR K RS R ORL 68 &
57.749%""1 ARZGHR M (Pseudomonas aeruginosa) |
W& R 5 47 B 18 (Stenotrophomonas acidaminiphila) Fl
#8558 HH 8 /R 48 58 8 (Delftia tsuruhatensis ) 41 ) 2 A
TR AT KRS ARG 7 PR 32,691 DL EBIFSE s
SRR TR T HMOE 21 B RE YT LA KA
FERL TR R S KR A BT

M) AAE T IR T, A R R R
SR AN 5 R R, LT DA s P
PR, R A 4 e v e T B A2 Rl ) & Jre iy St
3T RN ZF AR R A R R B R AR B A
(PGPR) , HA7 A MUK A AR5 e £, R (TAA) B

1% WHART]

I ELAT VBRSSP, T DA O B 4w o A
SO SR IS & s 13 D O e B B g 1)
JEA AEAR RIS IR 43 BR , T LK 22 2R F A 56 iF
11, KRERE R o AT L — BT e S5 A 1R
58 M 52 Pk B B EG ZF A AT B (Bacillus aryabhattai)
TO1" S i 55 A1 kL, 24T T H Bk 4 Cd> i) 25 Bk
RO AE P WAL AE K REAEL IR 1 19 2 B XK
GERE e OR (NI S =R U N RN ol i )
T61 T X T 22 fiff 7K Fed 5 1 38 LA R o AR 5 FRL R
PRI o

1 MBR5EFE

1.1 #F#t

B G 28 F4F 18 (Bacillus aryabhattai) T61 Jy A 5L
I3 Ay B ARAETY, T61-eGFP R 7 5206 % M 1l , R
FH -G PCR Y J7 3K 18 T 34 I i AKRSG3 3% K 1 )i
3 X5 eGFP 9ttt JE K il &, #4) 2 58 B 2% 8.5
HeHE 1 (eGFP) FRICHFE™.

IKFE (Oryza sativa L.) F - H ] 7 2% 58 K R ot 52
Hb EARE AR BRI b, H A & SRR
A, 728 B SR % O B AR XTI AR AR B2 A AR A
WA 1B & 5| I A AR A SR 5 D, 1 B FIER 95B
AT E AR AR R AR LA, 2 K B 100~112 d.
1.2 $EFE

TGY ¥ (1 L) JREE IR S o, IERRE Y 3 ¢,
AR g Kingd55R3E(1 L) EHMFE 20 g, Bl 15
mL, MgSO.-7H,0 1.5 g, K:HPO, 1.15 g, MKB 3 57 5t
(1L):BEARILR S ¢, K.HPO, 2.5 g, MgS0, - 7TH,0
2.5 g, Hih 15 mL. PKO JoAUBEREFRIE( L) oK 10 ¢,
MgS0,-7H,0 0.1 g, (NH,),80, 0.1 g,NaCl 0.5 g, Cas(PO.),
3.0 g, KC1 0.2 g, MnSO,-H,0 0.03 g, FeSO0, 0.03 g, [ £}
FEI 0.5 g0 VAb AR IR ZL S N 2% Biihg -

1.3 Fi&
1.3.1 1Cs MIC F1 MTC f 0 72

EHBEUE (1Cs0) 4 TRAKRAE 5 mL TGY K SLrp
30°C 55 % 2 XU (0Dew=0.3~0.4) o 768185 o
A 10 mmol - L' ) CdCL, fiff Cd* LR/ 0.5. 10,
20.40.80.100 pmol - L™, 5535 24 h J5 I %E ODsoo, ODeoo
28 A (AN CACL,) — -1 BT %6 17 (1) CACL & B
1Cso0 BEANURBEM 34 FATHE

e /N R B (MIC) 4% B8 Wiegand 552 1 Jy 3
HEAT o AN TR MR B B TGY +CdCL Y W 43 9 3 JG 1
i) 96 FLAR 1, 55 1~9 LI TGY +CACL ¥ W , 55 1L 50
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pL, 55 11400 100 WL TGY (FAVEXS B& ) , 56 12 FLJ 50
L TGY. 5 AH 2 T 0.5 22 [T Lb 3 Ar o 79 BT (1%
10°~2x10° CFU-mL™") , 2 TGY K532 5L 1: 100 7 BE 5
] 55 1~10 FL A1 12 L 41 50 L, {4555 1~10 1L
CdCL £ 4k B 43 51 5,10, 20,40, 80, 160, 320,
640 .1 280 .2 560 pmol - L™, 55 12 FL A B #R A= K A FH
PEXF IR . 30 CHEFF 16~20 h 5 FIWr s 5 . S HCRE WL
S B TR VRO D5 T 2 A AR AR T L, MIC ic A e A i
AR B/ CACLYR B . BRI 341 1HE .

e KT 52 W B (MTC) < #id 4 MIC A, % 4 3K 96
FLAR T CACL YR B, £ FLEL 100 pL &, W A T A
TEERE T TCY Pk, WA AW T HGE
WL B TR AR R K, I FLZE RS 5 Tk VR B
M b WEEAS B TR I AR A 3 — i BRIV A e KTt 32 vk
BE o BENUBEI 3 A THE
1.3.2 T61 Xt CA> W it e il 52

2 M8 Zhou S 7 vk o BEADLMN e T e L AR T
JUFLRE B4 2.5.5.10 umol - L' CACL TGY 1535
W, I Ee I A AR A (AR R A AR MR 1.0 -
L7 ISR 9 TGY 35 97 3 25 UM RE . 7E 30 C
120 r-min™ (Y PE L3S F2A0 PR 5 9%, 7£2.10.24 h
i, 23 U T 25 °C, 7 000 1+ min™ 5.0 10 min, B
FUEWL 0.45 pm BEIE, FH RSG5 45 25 AR BTk A
(ICP-MS) WM& e h a1y Cd™ & it o TR 4R T
Cd™ 1y 2 Brag
1.3.3 TAAZ3 I 2

2 8 Glickmann S 715, 78 King K% 7% 2 b
ANTEO W, 30 °C . 180 romin' 3535 7 d. L 3
WHE S, DAY King J 7R3 25 (AN IR, 24 h
B— R B5 32,4 °C .7 000 r+min™ 2.0 10 min, W HL
W 1 mL, 15 FH] SaLkowski ¥, W /1 1 mL S2 . £3,
W, 7EBE G 4518 F 5 30 min, Il %E ODsy, DL 5~25
pg-mL™ A TAA FIVERRIERIZK
1.3.4 BREUAR S W R

Z: 8 Alexander 5 ) 1, 76 MKB 85 7% 5 b
ARHECOA A TR 7, 30 °C . 180 r-min™ 1537 8 d. F4Hi%
3WEL, LI MKB 55 35 55 M 25 AN IR . 46
24 hBU—IRB5 37,4 °C .7 000 1+ min™ B0 10 min, Y&
£ RIS, RIS S CAS W5 k6 A BUR A
28 CIKH 6~12 h, M 5E ODeoo LA 2~10 pmoL« L7 i)
TR 2= i (DFOM) thIVEFR M 25 .

1.3.5 EmERIE
Z: IBIN PG 78, 76 PKO JoHLBE B 37 3 v bz

ASFBOH E W, 30 °C . 180 remin ' 15359 d, F4H % 3 Ik
B, B 24 h B IREEFRM, LL 4 °C.7 000 r-min™ &
L 10 min, DB F I 5~10 mL T 50 mL 2523,
dHO #i B 22930 mL. LA 2~3 % 2, 6- Al 5L 2K By
F8/R 7, 31 FH 10% NaOH B 5% Fii b7 B2 1 15 5 0 2 M1
WA, A S mL A BT B aR, $E 5, K E %
Z50mL, fEFEI20 CLLESMT,CE 30 min Joill
FE ODnoo MR HEPRMERN T3 BB . DL 0.1~0.5
mg - L W2 — U0 ] 25 A A v A MR RV PR v R R
1.3.6 BAR T61 LE/KRIHE IR b 1) FE a6

DUKERS H A 5 FUR RS 15 B A bk, 308 BCE 36 g Aol
FF 5% NaClO ¥ 33 10 min {5 35 , FHZE 18 K ok 3~5
K, TE 30 CHEFRAE H IS A0 2F 24 he Z 5 ¥ Fh %%
B 2HIAWIETCHEIRAC . HAR 9 em MRTFRILA, & T
JEHE 14 h/SR I 10 h, J638 3 000 Ix, 6 28 °C/20 °C,
T 70% W6 BB BSR40 R K5 7R 15 o K 4 I
JH T61-eGFP ¥ (10° CFU-mL™") 12 #9AR %B 30 min, Fifi
Je B A B R B AR (L mg- kg ) PSR Ay BIE
5515 dFI30 d U AR PR IE VETE BE o AR RN ZE G\ )
RZ0 0T O e = 7 0 O 2 N R A 2 G b 0
TAER
1.3.7 T4 B R oG bl 38 T /KRS 1 i & Al i AR
) 5 ]

B H A I R 7 1.3.6 10 7 ¥k 0 2 AT UE L 1
30 CHEFRA6 P IR AL A ZE 12 ho B0 AL 20 B4 25
12 h (7K R b % B 28 B EC ZE AR B8 T6 1 A% 1 A B
FI(10° CFU - mL™") H i A0 2 Bl 12 h 23 P06 BE 2
JEZE 12 h (9 Fh T2k 22 16 30 CHs 3546 s b ik B 12
he 22 JE K Ab PR R BEZH (0 b5 B 2 A P2 G
IR A2 9 em S IR LA, A 10 mL A ) 4k
) CACL A, 5B E 4 0.10,20,40 .80 wmol - L', Jf:
B CIIE A G AR AR AR 1.3.6,

B4 AR R R, UZERERFIF R ER
— AR R TR UE, KR =R R BB R
o AR E 14 dBSREESTOKFFE S, FE R 28
LB Z gl f T A, R h 2R, I AR AR B 4y
SRR B AR K, e SR
1.3.8 Tiif 4 P Ik 2% A /K R et ol 1) K FH X 6

20184 4—10 H , 4 /KA SbFP 728B . 7 1B 1
B IR 95B £ i B 42 58 /K R BIF 5 v 0 18 s ik gk A 7
HHE o Z M X A A B AL M TN pH 6.5, L R
198.7 uS-em™, 3 /K& 51.2%, AHLE 5 & 3.2%,
MRS 13.7 g-kg', BA 2.8 g- kg, WAL 14.2
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mg kg™, HALH 181.9 mg-keg ', NHi=N 220.6 mg-kg ',
NO;-N 0.4 mg-ke, T4 R 5 B AL A FDET (975 &=
70.9.69.0.53.4.28.8 mg-kg ' F152.1 mg-kg', Ml
] % A 9 B 05 J5 A P - 3 7 e RS 45 s s o
(iR77)) (GB 15618—2018) , 12 Hth [X 47 7K - A 1k XU
T (H

A2 FH 43 A% 30 4 X 2H (200 emx60 em) , X422
AR 40 em , BEANX AL 3471, 341 107, B0 2 8, /¢
[ 20 eme /K RERLET K 2 R — OB KRR
YLEHIAIT61 E ] (10°CFU-mL ™) H 30 min J5E i, %F
TR AR I AT . R RS HE L A 7 70 Ak P 4514
INHEHLIX TS . SR FTCTS YK HERE , i AT 2 Hh )
R N &= L Vg VS S 3 B 1615 ) N e 2
VR HE . AN HRCHE , AN UG A2 A5 I 225 kg, FR
J& 5 d NI TS — UGB IE, A A AE 225 kg JRE
75 kgo

MK FETE A K 30 dCE FRAE RN fr60 d(4E
AR B AR RS X AL K R ZE AR B A
34, R IR N BHER A= R AR A BR 2 m i 3R] &
72 B b TN W (MDA) FlEE U fb 78 AR g (SOD) 3
A ALY (POD) (i %8 A AU (CAT) 3 Bt A Ak Bl 15
1o FERCAICIR KRG R FRL, R FH L B & 55 8 1
PRSI (ICP-MS) X J37E A FRL CREK ) 8 75 F A il
SE BRI E 34 TR

2 HER5HH

2.1 BHRTO1 3T Cd* BT 52 14 50 IR B P

B B ZE AT B ( Bacillus aryabhattai)T61 DI N
SEI 43 B O Z A ha A5 CER MR ST v -S4k VR
AeaE ) HAT BR BT R AR . ARBFGE XS To1 1T T
CA™ Ptk %5 2, 45 S R BZ B R X Cd> 19 1Cs K 15
umol- L™, MIC k80 umol-L™",MTC 500 umol- L™,

XTEERR TO1 X Cd™ ) KBRS Il , 76 2.5.5.10
umol - L™ CACLAFAERT, A T61 7 2 h i, X Cd* 2Bk
AR 28.8% .20.3% F1 15.0%; 7 10 h i, X} Cd* 1Y
E AR 51K 90.3% . 55.9% F 37.9%; 1E 24 h i, %f
CA*FIERRZE N 56.9%.50.6% F154.0% (& 1),
2.2 E#RTO1 HIHEYIR & 14

XTTRIPR TO 1 BAE PR A A T L 25 R DL IR 2,
T61 TE55 1 d I /™ IAA f /0 IS B T, i
TAA P74 6.2 ng-mL' s T61 7E4H 2 d I 4 Y Bk A
I, N 46.6 pmol - L7, W5 7= B W A T6 1 7E
HI S d B A%, SV B E T FESE 8 d ik E]

1% WHART]

100

80

60

-0~ 2.5 pmol - L

Cd 5% Removal rate/%
N
S

20 + -O- 5 pmol - L'
=~ 10 pmol - L™
OL‘ 1 1 1 1
0 5 10 15 20 25
I 1] Time/h

B 1 EHRTOl X CA R ERRE
Figure 1 Removal rate of Cd** by T61 strain
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Figure 2 Determination of the plant growth promotion traits

of T61 strain
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K, H37.1 pge mL7,
2.3 Bk TOl TEKFEEK L REE

R R 056 TE FIARIC 1 TR Bk T61 (& 3A) f= 4
IKAEAR , G5 5 F W T 1 AT 7E H A G R B P> 7K e i
FRERAERR N A RS . To1 I HEARALBR 15 d )5 , b
TC AR BR T61 AT DL 58 e /K A AR &R (141 3B FTET 3b) .
AP 30 d I, FE/KAESI 2538 0 Hh S s R AR 4 o L e
BN GG ERIC I TR (B 3CFIE 3¢) o X —45 5
T TO EAZ AR YR , AT 8 2 0 B )2 240 i )
B AR R I T4 R RGN M R By, R A Bk b
N ER S b ER R B R
2.4 HHRTO1 XK FEFF 5 & B2

T61 XF KRG A0 K B2 an &l 4 i . 2551 4%
B, 24 CACL ¥ i 7 10~80 pmol - L' {5, H A 5 Fh 1Y
Wi K R IGHE 90% L) F, T61 B Ab B4 X il K R A
PR R, BEE CARER R KRR A K Z
) 5 B, (A AE TO 1 T 7 AL FEZ v, AR 34 K F X
REZH , UL H] T61 TR I 22 i 1 R B XK R 4l i AR AR K
PRI R o i n o 6 25 K B B R .

A:T61-eGFP(JIK 4001%) B .b: B H Gk 10047%)
C.c: HAKEZEHOICKR 10015)
A:T61-eGFP(400x) B,b:BB root(100x) C,c:RBQ shoot(100x)
B3 HEEBMENRTOl-eGFPEKISEE FMERER

Figure 3 Observation of the colonization of T61-eGFP inside rice

by fluorescent inverted microscope

2.5 $ERTO1 XH/KFEZEM MDA ML E L EEE RSN
4 b 38 0T 3% S 40 B T A TR A R
(ROS) , 5 | 2 20 Jfa ™= A S AL SR N, R T P A R 31
Jiti 1 2% i 7K A A2 4 W38 B9V D, X 4 S K R B
728B. N7 1B 18 B FITE 95B #h |25 M35 EA 7 4R
A0 R 754 MDA AT A Tt TP 00
TEEFRARKI , T6l BRI , MDA K- Fldit
A TE R R R R RS (EIS) . A EL XA, 25
H % MDA ZKF R T 12.6%~50.8% . MDA 75 &
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The different lowercase letters indicate significant differences among
treatments ( P<0.05). The same below
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Figure 4 Effect of T61 inoculum on seed germination
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under Cd stress
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TRET 4.1%~32.5% ;% 728B A, oAt 3 4N KA i A 22
Y SOD 1 NI T 24.1%~58.5% , - JC B i T [
B 4 S IK R Rl ZE R POD TS T B 25.2%~
44.6%, % S95B Z Ab, oAt 3 4~ s Fp it o POD 6 4
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Figure 6 Effects of T61 inoculum on Cd accumulation in rice

grains of different cultivars
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Figure 5 Effects of T61 inoculum on MDA content and antioxidant enzyme activity in rice at vegelative stage

1% WHART]



JUIE R, A5 T4 ] [CZF FRAT 1 Ak K R 32 4 D3 i E 5 285

&5, H 20 B R v %) KSR M RNl B R LA S ISR &4
(EPS) 0] DL 25 & s Wi It 3 4 g 3 7, A WF e
T8 BT G 2 AT 1 MCC3374 76 3 il 43 35 e rp 5 55 24~
36 h i AT A2 B 419% 19 As (V) Fl1 26% ) As (1T )P,
AT 5 2 BB EG 2 AT T8 TO1 16 & 5 i AR B = Sk vp
Rigt 24 h g, B 3 19 Cd® R % 50%, 16 BH T61 T
PR LA Cd? = A= W i AN SV . il 2ot E A
FRic, gE— 2 UF ST AR T61 AT LUE 5 T /K REAR B A 2E
S 240 i P 240 R B, AT AT R LA %k G R4 5 R B
A 22, 90 CA™ U ARE Y 4 e 7= e e . 1
T61 FE /K AF AR 19 3 A FE B R 9 AS BB, w0 75
K qPCR SF A, 5 18 4317 T61 FE K Fe AR PR 45 5B 43
BIZERE , DARRIT bR S AN S5 A A o 4 )R
e R B M 3 1Y) DG AR

VFZWUEY B M e R ol LA R TAA VB
AR ACC L2 , I HA VAl A R A TS R mT
DA 2o 2 AR A A K % i 4 e e BT R 2 A
FFEA TO1 AT LLA B TAA FERZRAA , IF HLAT VB 6 1
B— A HAA Z R A Ve B R . FERRE T,
T61 B 71 Ab BEZH 15 %F BRALAH L, KRR AR KA 2%
PEm, ULBI el il IR dEaE it N KRR R &, Il
INEEXIARAE R AR . L HREE ZEHLFT A DBMU
B R 25 6 FF T Al 5L 2F A8 R BTV BT G 2 AT TR
MCC3374 HAG AN R A A A 4, ZE 3l 2500~ &
PET UE Y K SRR

4 T LA AR AR N 77 42 ROS, DA T 44t
FRAE AN AT — SRS RE T A ) RT A R
AR 20 P T A A T T 1 D X 4 b AR
BN, 24 Cd>#e BE h 2.5 mmol - L™, FAf [G 24 46 4T
MCC3374 7] D442 & K 75 (Oryza sativa L. var. Swarna
masuri MTU7029) 41 ¥ i SOD FI CAT iF 4>, 765 —
WHFE R, 24 Cd> ¥ B 4 0.3 mmol - L7 B, 28 401 14
PbSP6 F1 AsSPO HI A T /K #& (Oryza sativa var. Satab-
di) 415 (9 MDA 2 5 F SOD J& P, Rtk , 45 i 7%
JEEE O A 700 o 28 X AN (] AR i e A2 A T T 2 79 2 i)
EAEZESE o ARWFFE 8 1 it il TO 1 181 751, 76 15 B il o
KR AR5 YL (0.9 mg-kg ) BT, MEL RN & 554
A 4 7K AF AP ZE 0T A MDA 5 5 F1SOD L CAT.,
POD I A AN [T R E 1Y B, 4 A L L A AT R 435 LA
TILAN 5 - (1)T61 AT LA E 5 7E 7K R AR A 25 10 41 i
V1) B, 30 3 7 ) 40 A o G A W o 7 7 D
A Cd™ E A KRS 20 B, DA T A 240 i MDA 4T 44k il
T PR A i ARG (2) T AL 3RS O (R K R 5 R

MDA FIHT A A 5 A T 22 53¢, 3 ] E -5 7K At i Aol
AR TO1 ESH A o NI, 7 2 — 2P R
P AR ) A DT SRR B TR G R (3) 5B TR
AR EE , TR R) Ak B A= B A 4 A0 MDA R S Ak
BRI P A S R o I 7 i S e ARk A
IKFEPR N T61 32 ok A L et A= ¥y 5a 4 i £ A
SRR B 520, S 208 SR AR RO AR A A K
RLARIAR A TO 1 A4 51 5 H B Ak, B8 1 1150 B A
FRCR . —SEWH TR, VF 2 3 AL I A A A
RN R4 195 I 1] 52 3] - 398 Gl A= 0 A0 i A QIS 2l 19
SO DR, 1 TR AR S N A TR E AR R DN ) 2
BRI AT AL 3008 T 1 BRSO K RS O ARG &R L IR
o TR R 7R 2 P KA 52 D A R F 0

4 ZEig

(1) BAT EC ZEAOAF P To 1 HLAT 05 1 AP 1t A i
BRHEE , X6F Cd> 18 d5e RN 32 9 B2 A 500 pmol « L1524 h i
IRBE IR 5 X CA™ B 22 BRFTE 50% LA I o

(2) Bi] FG 25 A FF 18 To 1 HAT by vy ma o 18 A= 1k
ATLAE I IAA R, A sk

(3) Bl FG 25 KT 1 T6 1 1T L) R B 78 7K R AR ik P4
BB, ZEFP 1 & A AT DU AR 9 A 4, 28 R e rh
Al LLZE fif 7K R 8 9% 01 3 B0 Ak i 3, IR RRAIR
728B FIN A 1B A K 0 F 5 i

S 3

(1] BR T, BB, 3K, 45 . A F 3 o 4 I ¥ e B TR Pk s 5 X 3R
] L HE4R, 2018, 55(2) :261-272.  CHEN Wei-ping, YANG
Yang, XIE Tian, et al. Challenges and countermeasures for heavy metal
pollution control in farmlands of China[J]. Acta Pedologica Sinica,
2018, 55(2):261-272.

[2] Hu Y, Cheng H, Tao S. The Challenges and solutions for cadmium-con-
taminated rice in China: A critical review|]]. Environment International,
2016, 92/93:515-532.

[3] Sarwar N, Imran M, Shaheen M R, et al. Phytoremediation strategies for
soils contaminated with heavy metals: Modifications and future per-
spectives|J]. Chemosphere, 2017, 171:710-721.

[4] Sobariu D L, Fertu D I T, Diaconu M, et al. Rhizobacteria and plant
symbiosis in heavy metal uptake and its implications for soil bioremedi-
ation[]J]. New Biotechnology, 2017, 39(Pt A) : 125-134.

[5] Liu W, Zuo Q, Zhao C, et al. Effects of Bacillus subtilis and nanohy-
droxyapatite on the metal accumulation and microbial diversity of rape-
seed (Brassica campestris 1..) for the remediation of cadmium—contami-
nated soil[J]. Environmental Science and Pollution Research, 2018, 25
(25):25217-25226.

[6] Etesami H. Bacterial mediated alleviation of heavy metal stress and

WWW.Qes.019.CN




a3 2

URETR Rt Y F 4055 2

decreased accumulation of metals in plant tissues: Mechanisms and
future prospects[J]. Ecotoxicology and Environmental Safety, 2018,
147:175-191.

[7] Treesubsuntorn C, Dhurakit P, Khaksar G, et al. Effect of microorgan-
isms on reducing cadmium uptake and toxicity in rice(Oryza sativa L.)[J].
Environmental Science and Pollution Research, 2018, 25(26) : 25690—
25701.

[8] Li Y, Pang H D, He L Y, et al. Cd immobilization and reduced tissue
Cd accumulation of rice (Oryza sativa wuyun—23) in the presence of
heavy metal-resistant bacteria[J]. Ecotoxicology and Environmental
Safety, 2017, 138:56-63.

[9] Liu Y, Tie B, Li Y, et al. Inoculation of soil with cadmium-resistant
bacterium Delfiia sp. B9 reduces cadmium accumulation in rice (Oryza
sativa L.) grains[J]. Ecotoxicology and Environmental Safety, 2018,
163:223-229.

[10] Lin X, Mou R, Cao Z, et al. Characterization of cadmium-resistant
bacteria and their potential for reducing accumulation of cadmium in
rice grains|J]. Science of the Total Environment, 2016, 569/570: 97—
104.

[11] Punjee P, Siripornadulsil W, Siripornadulsil S. Reduction of cadmium
uptake in rice endophytically colonized with the cadmium-—tolerant
bacterium Cupriavidus taiwanensis KKU2500-3[J]. Canadian Journal
of Microbiology, 2018, 64(2) : 131-145.

[12] Siripornadulsil S, Siripornadulsil W. Cadmium—tolerant bacteria
reduce the uptake of cadmium in rice : Potential for microbial bioreme-
diation[J]. Ecotoxicology and Environmental Safety, 2013, 94:94-103.

[13] 5K A%, MR, T3, 55 . 0 Ak JIE 5 A 0 R 700 X /K R R s B 22
ARSI Al PR 2R, 2016, 35(4) :627-633. ZHANG
Miao, YE Chang—cheng, YU Li, et al. Effects of mineral silicon fertil-
izer and microbial agent on uptake and accumulation of cadmium by
rice[]]. Journal of Agro—Environment Science, 2016, 35(4) :627-633.

[14] AR ZNI, U&7 A, SR 55 . 2P AT e 2 LT 4w A5 Y iy

] 7 A4 B, 2016, 43(1) :73-78.

HE Shu-ya, ZENG Run-ying, et al. Research progress in remediation

5T 3k YU Jin—cong,
of cadmium contaminated soil with Bacillus[]]. Guangdong Agricultur-
al Sciences, 2016, 43(1) : 73-78.

[15] Ma Y, Prasad M N, Rajkumar M, et al. Plant growth promoting rhizo-
bacteria and endophytes accelerate phytoremediation of metalliferous
soils[J]. Biotechnology Advances, 2011, 29(2) : 248-258.

[16] RO, FI3E, PROCHL, 55 . A4 AR PR IE A B (PGPR) X 22 fif /K i 32
R A A L) RO IR R 2R, 2012, 31(1) 1 67-74.
CHEN Fo -=bao, BO Jun, LIN Qing—qi, et al. Application of plant
growth — promoting rhizobacteria (PGPR) for reducing zinc stress on
paddy rice[J]. Journal of Agricultural Environmental Science, 2012, 31
(1):67-74.

[17] 26, 5K35, SR, S5 . 00 R 408 o i 4 S ) [ 2R AT 1 Te 1 1Y
0 R E )] U W22 38 4R, 2016, 43 (3) : 488-494. FENG
Wei, ZHANG Lei, XUAN Hui-juan, et al. Isolation and identification

1% WHART]

of radiation resistant Bacillus aryabhattai T61 from Tibetan soil[J].
Microbiology Bulletin, 2016, 43(3) : 488-494.

[18] Yan Y, Zhang L., Yu M Y, et al. The genome of Bacillus aryabhattai
T61 reveals its adaptation to Tibetan Plateau environment[J]. Genes &
Genomics, 2016, 38(3) :293-301.

[19] VB . B [ 2R AT DA 12— 30 it 5 DXL UV 8 S5 i 17 22 )i 20+
SAHTID]. 5 B #RITE KA, 2015:48-49. FENG Wei. UV Re-
sponse and promoter analysis of an aldo—keto reductase gene from Ba-
cillus aryabhattai]D]. Beijing: Capital Normal University, 2015: 48~
49.

[20] Wiegand I, Hilpert K, Hancock R E. Agar and broth dilution methods
to determine the minimal inhibitory concentration (MIC) of antimicro-
bial substances[J]. Nature Protocols, 2008, 3(2) : 163-175.

[21] Zhou W, Zhang H, Ma Y, et al. Bio—removal of cadmium by growing
deep—sea bacterium Pseudoalteromonas sp. SCSE709-6[J]. Extremo-
philes, 2013, 17(5) : 723-731.

[22] Glickmann E, Dessaux Y. A critical examination of the specificity of
the Salkowski reagent for indolic compounds produced by phytopatho-
genic bacterialJ]. Applied and Environmental Microbiology, 1995, 61
(2):793-796

[23] Alexander D B, Zuberer D A. Use of chrome azurol S reagents to eval-
uate siderophore production by rhizosphere bacterial]|. Biology and
Fertility of Soils, 1991, 12(1) :39-45.

[24] PN . 7 B (3l A 0 T R ) T 6 B 4L BRI PR E (D). R
He: R HER 2, 2006:6-10. SUN Ya—kai. The screen of the func-
tional microbial strains and the study on activities of microbial combi-
nation communities[D]. Tianjing: Tianjing University, 2006:6-10.

[25] Wei X, Fang L, Cai P, et al. Influence of extracellular polymeric sub-
stances (EPS) on Cd adsorption by bacteria[J]. Environmental Pollu-
tion, 2011, 159(5) : 1369-1374.

[26] Ghosh P K, Maiti T K, Pramanik K, et al. The role of arsenic resistant
Bacillus aryabhattai MCC3374 in promotion of rice seedlings growth
and alleviation of arsenic phytotoxicity[J]. Chemosphere, 2018, 211:
407-419.

[27] Shah K, Kumar R G, Verma S, et al. Effect of cadmium on lipid perox-
idation, superoxide anion generation and activities of antioxidant
enzymes in growing rice seedlings[J]. Plant Science, 2001, 161 (6) :
1135-1144.

[28] Islam F, Yasmeen T, Ali Q, et al. Influence of Pseudomonas aerugino-
sa as PGPR on oxidative stress tolerance in wheat under Zn stress[J].
Ecotoxicology and Environmental Safety, 2014, 104:285-293.

[29] Pandey S, Ghosh P K, Ghosh S, et al. Role of heavy metal resistant
Ochrobactrum sp. and Bacillus spp. strains in bioremediation of a rice
cultivar and their PGPR like activities[J]. Journal of Microbiology,
2013, 51(1):11-17

[30] Truyens S, Weyens N, Cuypers A, et al. Bacterial seed endophytes:
Genera, vertical transmission and interaction with plants[J]. Environ-

mental Microbiology Reports, 2015, 7(1) :40-50.



