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Effects of plant growth-promoting rhizobacteria Klebsiella
michiganensis TS8 and Lelliottia jeotgali MR2 on the growth
and cadmium uptake of Arabidopsis thaliana

under cadmium stress

CHEN Liang, BAI Yan, LIU Shuming, LIU Hongmei, CHEN Rui, XIAO Yunhua

College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, Hunan, China

Abstract: In this study, the effects of two plant growth-promoting bacteria Klebsiella michiganensis
TS8 and Lelliottia Jeotgali MR2 on the growth and cadmium (Cd) uptake of Arabidopsis thaliana under
Cd stress were explored. A wild-type Arabidopsis thaliana was selected as the experimental plant
and was planted at different Cd concentrations. MR2 and TS8 bacterial suspensions were sprayed
onto the rhizospheric soil during the planting process. The initial Cd concentration of the bought soil
was 14.17 mg/kg, which was used as the pot soil of the low-concentration Cd treatment group (LC). The
concentration of soil Cd at high-concentration Cd treatment group (HC) were 200 mg/kg higher than that
at LC group. Compared with the control group, MR2 suspension significantly promoted the growth of
A. thaliana at both low and high concentrations, while TS8 strain and MR2 TS8 mixture only exhibited
growth-promoting effect at high concentration. However, it was noteworthy that, TS8 suspension
significantly reduced the Cd content in the underground parts of A. thaliana (60% and 59%), and
significantly improved the Cd content in the aboveground parts of 4. thaliana (234% and 35%) at both
low and high concentrations. In addition, at low concentration, both single strain and mixed strains
significantly improved the transformation from reducible Cd to acid-extractable Cd in soil, promoted Cd
intake, and thereby reduced the total Cd content in soil. Therefore, the rational application of plant
growth-promoting bacteria may improve crop yield and remediate Cd contamination in soil.

Keywords: plant growth-promoting rhizobacteria; cadmium stress; Arabidopsis thaliana; transformation
and transportation
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LAV SRR AR A A . AN E IR B AL
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TR AR T AS TR i 30 DA i AR s - 4
TSR AT Klebsiella michiganensis
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MR2U' Ttk TS8 Hl MR2 AL A= PEfE R TN
REfS 72 TAA | P74 ACC IR M Ak a4, [
IR —E A . EBEFAFEIRE T, HAEES
PR . MERRR B R T, BRI O B
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Bilg) A IRAT . kR TS8 Fil MR2 £ i fk
JE BTV A, TR SR 24-48 h, WKk
JERE ARG AR, B GHES 3K,
1.3 EHAE

Ficihil LB ARG (1% NaCl, 1% JBEE
Br. 0.5% BEEREZEY), M 4 COKARHUH R
TS8 Fll MR2 7E 48 1 T A 5 45 R0 T 15 52 LA 715
fB3E5E 24 h, FMEKIFEORIEATIHEL, BRI
TN ZE B AP BRI R 1310° /g
1.4 BIFEKW

BEHE 2 AB, 414 M. -4k
M BE B AL AL (LC), 7kt AL i
et 4 DRI HIIAINE R (LC-CK).
hn TS8 WEW (LC-TS8). il MR2 B & W&
(LC-MR2). MNEA WA (LC-MT). 5 4N
e AR A AL A (HC), Zhak gL 3k
5 H 37 14200 mg/kg Cd, 4 PMEFESRHINA
TN B (HC-CK) . il TS8 B & (HC-TS8) .
B MR2 H & (HC-MR2). iR & @ &K
(HC-MT). 3t 8 AMAb3E, HAb3 3 A~ F47i
% (8 emx8 ecmx12 cm), FAEIRZAEE 70 ¢
B, VR E AR 1 g A A s
0.076 8 g Cd(NO;),-4H,0 (% T 70 mL #B4li/K),
- 5 R R U BE R T 200 mg/kg , &S 17k U
HHEWSMA 70 mL H4ik, LR ERE,
Bi7 1F 2 4 J i 2R RS B GE K . SR T A 42 3 d
FEBRB T, &7 d &R MREIA
EAERI M TS8 Ml MR2 HEWK. THEET
(23 C. 40%SE) FifE, 2 d —RMEHAK
ARV IE 2 pe K, 5 60 KTk,
1.5 TIEMERIEBLHER

M E FE L, EAIYIEE pH {HN
5.5-6.0, HHLE & & 25.8%, BB E AT 5%.
i 3 TH AR A 4 T R A A L K
11.3% , {57 1] R SRR 5 55 88 1A & S Ot i A
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WeJE N 14.17 mg/kg.
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£2)) Y% S w7 175 3 1 =+
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FEARR) T,
1.62 EYMEESENE

Vo AE Yy b BRI TS L 100 H i,
FREL 0.5 g (GOSRARECE ) RS UEF T ARl
i P H B 5 5 1 I R SFHOGIR A (ICP7200,
FEER K, ) DE A Y H R A T R 4
JE SR
1.6.3 TRBESRAIENTE

TR E BTG, B 100 Hif,
i FHl BCR 3 £z $2 By U145 3100 7 A 3984 1) 4 Ff
B, A ICP-7200 H#A7INE . AW s R
(biological concentration factor, BCF) Fll¥%iz &
K (transfer factor, TF) J& M qr A4 & 75 b
SV EEEIR, WA R, RUEY
Xt 1% 4 I A IR A R 7t 20

HAFE AR 20 R R M= MY D E 4
& &/ TP E SR SR s R R
EEESTE/MTHESR G,
1.7 ZRitFESH

W7 25 00 MR 58 A [ AL B A5 25 %) F ik
SR A B E R, FE T Tukey’s Kiga T £ 5
LLd, M PRAL RG] 2 B 22 S W R P
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2 BER504

21 EMERATERKE

N T RS TR Bk TS8 A1 MR2 X 48 1 i 52
PE, DME TR 28505, il 1 2 #k
PRI B e K 2 e, 252 L3R 1. KA BS
FRILP S BRI, TSS Al MR2 (194 K 1%
SZRENNH, H TS8 1 MR2 %@ A — & 1T 52
P£,MR2 i MTC #1524 120 mg/L, TS8 ] MTC
4 80 mg/L, MR2 X4 i 52 1 % 5 T TS8.
22 AREKESRBMBTRERSEIETE
1< HY 82

5560 K, ARV BEfR A T 45 A 3 1 4 e
FHERKEHILE 1, &AW FE ARSI | 22
SEAK o il 1 P — 2 X T A K AR AR I
SR RPN R bR . AR, fBfE . TES
Wk 45.63 cm, 4.87 cm, 2.16g. 0.39 g, MR2
AL FRL I 4351 4 55.35 cm. 8.05 cm. 3.00 g.
0.55 g, Al BEREST 21.29%. 65.41%.
38.86% 1 41.17% (F 2). AHILXTHRZL, Wit
MR2 B & AT o F R IR T A Ko (HESm
TS8 AT B TSS MR2 IR-A W &KXt
PIRGIF R KW B35 .

5560 K, mv R E T IR T A KA O
UL 3, ABUAHHLXTREAL, #in PGPR B9 3 4>
Ab FRZE B AU O bR R S O, R R
A, AERORBE Sy R 47 il 2P A K

£1 FTE4ERET TS8 1 MR2 E#BIE KR

FEARIAE , 25 R R B RAL B bR L ARG fif
B, TESHHN 4373 cm, 427 cm, 1.17 g,
0.25 g, MR2 T2k AL FEZL I 43514 52.00 cm
510 cm, 2.23 g. 0.51 g, 9l &R E
18.90%. 19.53%. 90.62%. 104.20% (/& 4). #
Fb T RRZH, 7 v R BE AR W AE T Wit MR2 B 4
W A] AR R T ARG, EOMH EE AR VR B
Fibha T, HAR RN RME R . 1TSS
A PR BRAR K Ah , HoA & TR AR AR A B 1
PR (56.50 cm). ffE (1.96 g). T (0.58 g)
3BT 29.00% ., 68.00%F1 132.00%,
MR2_TS8 R & F % W & §& = 7 4 bk 09 k5
(52.3 cm) FITHE (0.51 g), 2 H4ERH T 19.60%
F1104.00%
23 ARIKESRMETRERESIIETTS
EERNFN

R a T (& 5), MLLXTIRZ, 3
L R VEL 5 WS it R o T B A PT RE I HL R
ITHHL S FON BRI E L. o, CK.
MR2., TS8 Fll MT #% 41 tE #k b T &HB40 &= 4 & 5
A 7.18 mg/kg. 6.02 mg/kg. 2.82 mg/kg.
3.93 mg/kg. AHELXTHEZE, Wit PGPR ¥EE 0 2
TR AR R SRR Y A, HH e TS
BRSO o B3, FERRHL T AR 2 R
KT 60%. HLAN, FAMFITE A Wi P D iR
H T 2 R T A IR E A R AR
B, A T 0 A A WS B v S T

Table 1 Growth status of TS8 and MR2 strains under different cadmium concentrations

Cd (mg/L) 0 20 60 80 100 120 140
TS8 -+ ++++ + + - - -
MR2 o+ -+ +++ ++ ++ + -

Note: among them, + means colony growth under this cadmium concentration, +++++ means basically full of medium, ++++
means large growth, +++ means medium growth, ++ means few, + means only a few single colony, — means no colony growth
under this cadmium concentration.
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Figure 1  Growth of 4. thaliana in different
treatment groups under low concentration of
cadmium.
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+HERREE, Hod, XFBR4]. MR2, TS8 Il MT
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HEZH, MR2., TS8 Fll MT &-2H4> 9457 T 51%.
234%F1 114%, TS8 FRE MR E NI .
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X HEZH Hb 1343 0w 4R B il 28.02 me/kg,
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Figure 2  Effects of growth-promoting rhizobacteria on the growth of 4. thaliana under low concentration of
cadmium. The different lower case letters in the figure indicated significant difference between treatments
inoculated with or without promoting bacteria/bacterium (P<0.05), and the vertical line indicates standard

deviation.
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Figure 3  Growth of A. thaliana in different A EEAY BB
treatment groups under high concentration of & %
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Figure 4 Effects of growth-promoting rhizobacteria on the growth of A. thaliana under high concentration
of cadmium. The different lower case letters in the figure indicated significant difference between treatments
inoculated with or without promoting bacteria/bacterium (P<0.05), and the vertical line indicates standard
deviation.
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Figure 5 Effects of growth-promoting rhizobacteria on cadmium uptake in A. thaliana under low
concentration of cadmium. Figure 5A and 5B represent the underground and aboveground part, respectively.
The different lower case letters in the figure indicated significant difference between treatments inoculated
with or without promoting bacteria/bacterium (£<0.05).
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Figure 6 Effects of growth-promoting rhizobacteria on cadmium uptake in 4. thaliana under high
concentration of cadmium. Figure 6A and 6B represent the underground and aboveground part, respectively.
The different lower case letters in the figure indicated significant difference between treatments inoculated
with or without promoting bacteria/bacterium (£<0.05).
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SRR R (REE) M 67.67% (7.28 mg/kg).
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Figure 7 Effects of growth-promoting rhizobacteria on cadmium speciation transformation in soil under
low concentration of cadmium. Figure 7A represents cadmium content and Figure 7B represents percentage.
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Figure 8 Effects of growth-promoting rhizobacteria on cadmium speciation in soil under high concentration

of cadmium. Figure 8 A represents cadmium content and Figure 8B represents percentage.
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Xof HEAS ) v B il a6t ml T, ARV R MIR2
F1 TS8 = ZIRAE M AT A AR5 [ iR ] R U 4
SeAk, T R R BT ) 32 R R A R A 1) ki
B
25 BERUNEBRY

% 2 Al (IRER M BE T, AH F X R ZH BCF
FITF (0.159, 0.049), MR2. TS8 BATHAFHZH fY
WEERE (0.196, 0.203) FEFLZEL (0.089,
0.417) 153 B F (P<0.05) $2m. SEKET,
AH X BEZH BCF #1 TF (0.170, 0.361), TS84/}
REA AR S iR Y ' 5 R A (0.188) FIEE TS R AL
(1.198), {H MR2 HXIHER A5 (1.024) HA R
EHRE R . TRA WA BCRA AR
3 W

VAR, W AR AR S 2 2R 9] ) R 2 A
REfS RIRIF i, R HIEE LSRG et
T ARAEY AT R, QAT R
X i) R Wl L SR R SORI Y L . AR5
PN 4 8 15 G XA D A ) R B i AR B
AR e ELAT A AR PR BE R R A TS8
MR2, #HAEH TR m T KB, B

F2 FREEKETZLEEHR BCF 1 TF &
Table 2 BCF and TF values for each treatment
group at different cadmium concentrations

Parameter Treatment Low High

concentration

concentration

BCF CK

0.159+0.009b

0.170+0.007b

MR2 0.196+0.007a 0.146+0.004b
TS8 0.203+0.007a 0.188+0.014a
MT 0.159+0.005b 0.157+0.007b
TF CK 0.049+0.014d 0.361+0.062b
MR2 0.089+0.016¢ 1.024+0.085a
TS8 0.417+0.021a 1.198+0.108a
MT 0.188+0.032b 0.337+0.054b

Note: different lower-case letters represent the significant

differences between different groups (P<0.05).
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R BHIEA AT Enterobacter sp. FM-1 iA1] L)
& FHh SOD .POD Fil CAT i #: L &% GSH
FIPC By, FRRSAEGUE T M MDA &,
O fi T R O EE R, AT 2 = AR A O
emremPY, AR LB, TS8 MR B ek
JE R e T A SR T A AR TS B R
e R RE IS DU 2 D0 40 R I RS T AR AT
P HEVEFH o H IR 0 B S ARV B 4R e R
TS8 WA 2 BB a5 5 Z A
KB R A 2RIk, BIA R H#ER
{HORIR 3 B K, A BIFSE R N 6 T i T e
- 58 v i 1 B — RN B B R BT S S R
JI AN E AR ZE AT (Bacillus cereus) RC,
WEFEEAEA R EE N AR RN LAY RZ M,k IR
VSR I A5 T X R A 78 AR e, ik
Hb, AR KRB rE, o T A
) 4 R A AR A (] v 5 5 38 B 1 ARG R
RIS HAE AR R R R, H AR
We B LA — 2 B R AR EE RO, TR/ Sk
T P X2 A A4 TR 2 P Tl JE T M 1 e 1
v, BB EGE T HIERNBCEYIREE, KT
EREEPERT . BRI AR AT A B, AR A R B
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B34 R AR ATR P TR P B P e R Bl 1, R i
] B3 5 SR S A 33K VA e e b TR 1 T TR
BTG, B S PR RS R AT
DR AR B2 58 T 15 BOK RE 58 BRI TS8 77 4=
YER, B8 Rk T HEPRAS B i B AR AIL ] 5 2
PR T AR E AR . B R A T B
— AT SE BRI . BRI, I T A
PN R T A G DL R AR BNt IR ZH 24y, U B A
S5 36 T PP RE 98 T 4R O & $5 0 AR ) AR K AR
M, ABFEFLEIAA R R 5

ABGE RIS [F)He BE R e T, U hniE 42
A2 T MR2 5 TS FAL 1] i Ak T 1) B I 2 PR (I P
SN E AR SR, B TS8 FERIEVR AR E
T REA R R R B A A T A
Ira I k%2 85 11 (iron-regulated transporterl,
IRT1) AL Bk AL 2 5% 0E AR IR 20 v Y 32
Y E M BT R, Sk s B A
AR 20 B P A 2 2R 000 AR B A 1 i a0
1o AL FIPE R AR AR PRk i 4 i, 5 e PP |
R ZR RSO B F, 38 B 8 i 2 T R B
Zhu SRS S TR 2 KA DU RE S B 1
I, Yang SEPHGHE T EBBE K R SR, Bl
A DD TOKRE A R PR R A, R
TARRE R o JE R X A S I T A A BB 43 BRI AL
PRI A TR A AT DL MR AR, R I 2 1 ol R
B TER R MR, LT H R r s 4,
AL, PFP AR AR A B ), S A rh
IR Y N S N g Hi i 7/ POK AL T QN
MEE s T A iR e 4 . HHaE BRI
A ROZ AR R IE YA OG, BRM iR E
BL K52 ) R 3R W01 e ik — 20 SR B A9

e ARBFIE & B MR2 il TS8 A ) F + 4
rH R 0] R AT PR G R AL, 3K AT RE 5 T it o
P RRAE A —E KR, REMIEIEY, +

&: 010-64807509

e pH {HAFRIRAEGE 52 e L 4 Jm i RS sl Al 1
SEA YA R, e R A A A
R, $REMIRR ARG S . Ty ARy
RIBAFE FM-1 AE I B AR A S R AR B 1 4
) pH e gt RS R E 4. T RAhA S
HA—E Wit , e Rk N aeg e W
AR, IS RES S RAIIIRE SR, feit
FHA I -3, B LR . Ao DT
FOAHMLLE R B, TE s e B AR T T REMEAR R 2
W), A MLyt Ak E ST
HARGUNE , KA — R A AR, S
HAPLES S SMIEIN . A0 A L A
PIREWS L 2% AR T L 38 SR I L 3R o
AR A DU I AR eAh T A
A TR, AR R IR B R, R
T RENE 5 AN i A 1 A5 FA) B R L B o T A
PR [ 8 5 D A R AR T A T 5 R A LA 5 2
FACTS DRI A m v BE R D, S A Y
FI S AT 30 11 I 5 T % 200 T 14030 S T e
BT A R S 1 SR SR L . SR SRR
EVERGR, REUS WIS E AP AE, HA S A
Yo, xb SRR RN, A A T
SEIRIT o R T A S AR R B9 BARBEAR A AL
il 1 AN, AT IR AR

EAARUL, ALK, Wk MR2
TS8 fEMME MM AR K, TEANR IR R AT
Ol N e AR R s R, e — e FRIE Bl
Ao T S A A TR MT R S B R B A2 AL
AR 3 n i i B A A el R A ISR A
WL ERACNRIER, FIREYARE, dag
SRR, S R S AU R £
SIS . ASIETE AT S A P HE A A ] A
HRA LR i B SRR (A 0 Jo o o B DR —
MZ% .
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