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Effect of cadmium—tolerant and immobilizing bacteria on cadmium uptake in different wheat cultivars

SUN Le-ni', GUO Ying—xue', HOU Xue—ting', ZHUANG Jie', YANG Zhang-ze', CHEN Zhao—jin*', TIAN Wei’

(1.School of Life Science, Anhui Agricultural University, Hefei 230036, China; 2.School of Agricultural Engineering, Nanyang Normal
University , Nanyang 473061, China; 3.Institute of Environmental Sciences , Ministry of Ecology and Environment, Nanjing 210042, China)
Abstract : In order to explore the effect of heavy metal-tolerant and —immobilizing bacteria on heavy metal accumulation in wheat ,
Cd-tolerant and —immobilizing bacteria were screened from rhizosphere soil. The adsorption characteristics and effect of inoculation with
the strain on cadmium content, bioaccumulation, and transfer factor in two wheat cultivars were assessed. The results showed Cd—tolerant
and —immobilizing bacleria strain YM4, which was identified as Pseudomonas sp. YM4, could grow at high Cd** concentration(225 mg-L™")
and reduce the concentrations of water—soluble Cd in the solution by 58.9%. Extracellular adsorption was the main mode for Cd removal.
Infrared spectrum analysis showed that the functional groups involved in the biosorption process mainly included —OH,—NH, carboxyl

groups, and —PO,. In the pot experiment, YM4 significantly reduced the accumulation of Cd (11.31%~46.05%, 10.12%~42.22%) in the
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upper parts of the wheat (straw and husk) , especially the grains (red wheat: 26.79%~62.24% and white wheat: 25.27%~28.99%). YM4

significantly reduced the accumulation coefficients of the straw, grain, and husk as well as the transfer coefficients of the grain in the two

wheat varieties. In summary, Cd—tolerant and —immobilizing bacteria Pseudomonas sp. YM4 can reduce the content of Cd in wheat grain,

prevent its accumulation in wheat , and provide important bacterial resources for safe crop production in moderately and mildly

Cd—contaminated soil.

Keywords : cadmium—tolerant and —immobilizing bacteria; adsorption; cadmium accumulation; wheat
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Figure 4 FTIR spectrum of YM4 before and after adsorption of Cd**



FNTUE 6 HTPE 5 5 208 0 5 LR R ) /2 R LR 3 1883

071 A. #2 Root a 0251 B. 22 Straw a
~06F = b ~ b b
Tep B oo 0.20 I c L
=057 d . . de e d ol d d

i 2 o4t i g 0151 ef o
o [fg gh g g g
SE03r S £ oa0fh,
Soaf g
Sort 3 0057
0
Cd0  C€d0.3 €d0.6| Cd0  €d0.3  Cdo.6 O Cd0 03 Cdo6] Cdo  Cdo3  Cdo6
EES aF EES L
0.201 C. #5% Hull 0.251 D. #-k7 Grain a a
a P
= = L i
S 0.15f b T % 020 T
= 2 e 4 e d i 2 0.15f )
<m¥5 0.10 f 1 b . Fa
S 8 S E 010 i Fa—rg d
=
S 005f S : f f
3 < 005 ﬂ_x_‘
0
cdo €d0.3 C€do.6| cdo  €do3  Cdo.6 O Cd0 cdos CdO.é‘ €Cd0  €do.3  Cdo.6
EES 215 EES 215

Ock Ovym4
NG FREFIR AR PR A 35 25 57 (P<0.05)

Different lowercase letters indicate significant difference at 0.05 level

B 5 YM4XF/NERED ZM ZEFFITFRA CdEEMFE
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BH2 1 22 2T 22 Wi Cd, PR /N2 &8 4 A = B T WL F AL N FE 0t R CAd E AR
FER FIE . AF = V5 G i 2 (B B, YM4 WA 3 B0 0 Bt 2 AINIE VA I . JBE P8y 84 T o S = AR AT, T
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Table 1 Effects of YM4 on Cd bioaccumulation factor and transfer factor in soil-wheat system

s Al (O Re735°2 Ab & 4 Z$ Bioaccumulation factor %% ZB Transfer factor

Varieties  Cd™ content/mg kg™ Treatments A+ bt kRt fehyt EMAR ESEMR RFPRR
EE3 0 CK 1.10a 0.37h 0.32a 0.22¢ 0.35d 0.29d 0.20e

YM4 1.09a 0.22f 0.21c 0.16d 0.22¢g 0.19f 0.14i

0.3 CK 0.76¢ 0.27d 0.18d 0.12e 0.39¢ 0.24e 0.16h

YM4 0.73¢ 0.22f 0.14f 0.09f 0.32e 0.19f 0.12

0.6 CK 0.65¢f 0.23ef 0.16e 0.12e 0.35de 0.25¢ 0.18f

YM4 0.53g 0.15g 0.10g 0.09f 0.29f 0.20f 0.17g

a3 0 CK 1.00b 0.44a 0.35a 0.35a 0.44ab 0.34a 0.34c
YM4 0.98b 0.36h 0.25h 0.25b 0.37cd 0.26e 0.26d

0.3 CK 0.72cd 0.32¢ 0.25h 0.34a 0.44a 0.35a 0.48a

YM4 0.69de 0.26d 0.21c 0.13e 0.38cd 0.31be 0.19ef

0.6 CK 0.62f 0.25de 0.19d 0.24he 0.40bc 0.30cd 0.38b

YM4 0.50g 0.22f 0.16e 0.13e 0.45a 0.33b 0.26d

AR RVING RN [F]— 51 B 2 1) 22 57 .25 (P<0.05) o

Note: Different lowercase letters in a row indicate significant differences (P<0.05).
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RBAR . FEARBE X B P HL A/ INGE R
&2 KL Cd B 5 R R B 4L & B R AR
8.00%~15.91% F1 37.14%~64.71% (P<0.05) , [1# 2%
M 2 5E FFRLH Cd 5 88 R 053 T bl 21 27 b 2 B AR
12.33%~18.57% . 14.73%~31.25% F 41.74%~66.97%
(P<0.05) , W 2 X Cd 1Y & 4 ks Re 1/ 40
&, B TR ERL G A, R YM4 S5, 78 3 FIOR TRk
BE CA AbFER, 422 1 Ab B 35 B S 5 A IR O b /N 27 25
- KPR RN 22 78 B 4R R E(P<0.05) , LUK FRAIG 1 22 25
M PRI ZZ 5C Cd # 78 R BRI L A2 PR CA B4 78 R AL
(P<0.05), H7E0.0.3 mg-kg™" Cd> &b PR, 42 14 4b 341
o, 4 25 IR 22 25 F 2 e i 78 R 8 (P<0.05) o &L
2 ARG Cd B & 5 Rz e IR F a0 42, 32
Ab FRRE AR AR Cd 1 B 4R FEIsfE ST .

3 iFig

JE AL B A B S H R 1 G 4 R IS e L
AOIARE R BOR . BRI Y A IE SR R E 5
BRI E YOG . HETE & B BE W R i
& R AR ) 2 2R R (Bacillus)"™  JC @4
W J& (Achromobacter) 5 P} 4 J& (Pseudomonas )™
Y K JE (Serratia)™ . 17 ¥1 1 J& (Enterobacter )"
T FF B TR R (Stenotrophomonas)™ ., iX Ee i AL W) fig
T voy Ve B 10 B 4 J PR R A A, I R TCTE
W 5 2 Aoy e AR X AR 5 g LIRS
SR SR . — LU A AT L g 240 i 4 T i B
B 1 B DAL B A1 3 A 0y ke VR RS T R R g S
SISOV 58 21 () — KK Pseudomonas sp.  ZXH23 7
P Cd™ 50 mg - L' LB K5 73 He v X Cd 19 LB = Hy
33.7%. XuZEPOHF9E 2B, Enterobacter cloacae TU {E
Cd ¥R FZRT 20 mg- L7 i, Xof Cd 19 25 B 7 X ARSI
BF 3, ELBE Cd MR 5 n , BE A0 i B 2 228 38 o, 2L
N R L TPAAE . Huang 75T & I, Bacillus
cereus RC—1 TE H 4 JR W FBE KT 20 mg - LI, LBR 7
ot UM S B S T, (EL R i SRz B 2 A1, i P B 2R
UL Zn P Fl Cd Wk BEHS A — & 9B . ABEE
i & 2| f4) 7 ¥k Pseudomonas sp. YM4 7E 7% Cd 50 mg
L™ LB i 3 BL X Cd (19 £ BR#4H 58.9% , 1% 1 LA ML Sb
W B S =07 =X Bl G R B2 0, Y A1 A% 6 7 A VR
WO RR R B S 2 G A0 TR A L A I B A P AR R 2
S AN Rl A My A 2 R Rl S KR TR R Y
o281

INEBEERE ML RCFZ T, W

AT R H 22 A b 2 Bl A 5 AV /N 22 o 4 T 5 i 0 B
A3 — B RO, A AR 22 Bl Ak ) 59 4 9 2o 8 it ] AT
REZx T - ks gy, i - PR B, B
RS R GUGALR AR R T 4 R [ 4 T Y
BB R H R E 5 57 . Rajkumar S5 i
B9 Ni 4 [ 22 40 B Bacillus megaterium SR28C i Fr=¢
RS b N 5 R AR T 52% A1 15% . Han 6
1 B B9 T 42 )@ (8 5 40 T8 Bacillus megaterium N3 1
Serratia liquefaciens H12 fifi F 3¢ M35 Cd 75 & FF A
76.5%~79.7% , Pb 5 t [ {1k 76.3%~83.5% . A5 i
e B 1 B 4 )R 6 E 4 R Pseudomonas sp. YM4 {7
INAERPRL CA & B R R R RBRAIG, Ho Cd i
PRALPRAFFRL Cd 15 TR T BRI /N £ e A Y PR
R, 4E T AN, AT RS R
IFi] 7 200 TR 1Y) 7 37 A2 — R DR A5 BEL 428 A 0 Wi i o 4
JER PP RE TR 2o 4 g [ 5 4N T R FH 4% 48 4 %o
4w RSOz, — 7 T -5 20 1 18 S 200 i R i
8 SN I TE S R [ T AR
ARCEE &R S8 A KO, 5 —Ir e S
Z ) K A= S 2% 0 EAEAE L IR AE ) B L T R A T A 4
A PN R 6 ) R PR ) 0k, DA T itk 7228 o 453 iR T A
YA ez s A PP, Khanna %)
B 5 B35 a2 o oo 24 T {152 B0 B AT o A /R
T AR T Cd B am AHOCHE PR 3238, 3/ 1 X Cd i i
R R 5 /N2 B BAEWESE, BSR4 1% /)
A Cd iz MR OCT BE Ik R 3K A 52 ), A7 B2 1) A BB
Py BELAE /N2 W Cd 4 53 5 HILBR, Ry DR B b 2 A ) 42
S iRt E R A

T AR XS /N AZ AN [ TR R BE 7 b ol ) 7 1B T 5
B RTE, A R A [ A3 IR IR SETE Cd V5 2 1
SRR Z2 /N2 R JE XN RERL Cd B AR BE )
Lo CAWRMSCRE A1 73 #r ik H P54 979 J& Tk Cd R
an Al o XA B SEPSR FH KRG ik DL B3 Cd B R 4
NI EAEAR B 25 /N SRR 23y Cd s P AR 3
TR R, Hoh 4722 158 B0 E S CA IR R BL i b
AW LA i IR R BN 22 8 g e 979 F1
P22 158 I PHAXMRL BT 50 K BAE ] — CAMRBE R, A
TR HE R 2H BN HE TR OO BREH, 1152 (P44 979) FFRLIY Cd
TR RO E R BAR T L (4
158) , #E— 2 UESE 142 (VUK 979) ik Cd BB/
iR, AHESE TR 2L kR CA LR RE ) B B A L X
5 X040 BH 2P v 47 22 158 O CAIRFR BRI A 4518 R
[, 43 B7 AT g Jat R HoR FH K RG0S F T
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K SE OIS R L 1% 4 MR 1% A W) e b 2R
AEAT SR A 2 379 kXt Cd FOFR R BEIE X 56.47 %
1 38.89% 22 S B 475 46 Wl NS A it 4 K Ak 3L
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(1) 9 26 3 19 Cd i 1 [ %€ B Bk Pseudomonas sp.
Y M4 ] 3 Ao i 4 P AR SR A B Cd, B
P AR oA =

(2)#EFh YM4 7€ 3 Fl Cd #e B2 T #8 8 BHLA%E W5 4~/
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T R B & 4 E R PR A
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