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WANG Tle-]un SU_Nan-nan, LEI Peng QIU Mlng yang, CHEN Zhao—]ln YAO Lun-guang, HAN Hui®
(Colldbordtlvé Innovatlon Center of Water* Seeurlty for Wate‘r Souree Region of Mid-route Project of South-North Water Diversion of
Henan' Province ,“School of Agricultural Engineering, Nanyang Normal University, Nanyang 473061, China)

Abstract: To investigate the diversity of culturable bacteria and heavy metal-immobilizing bacteria in vegetable rhizosphere soil with
high concentrations of heavy metals and explore these microbial resources, two samples of Italian lettuce rhizosphere soil with high
heavy metal concentration ( HY) and low heavy metal concentration ( DK) were collected from Xinxiang, Henan Province. The
diversity of culturable bacteria and heavy metal-immobilizing bacteria in the rhizosphere soil of lettuce was compared by culturable
separation technology and a solution adsorption experiment. The enhancement of Cd and Pb immobilization and lettuce growth by the
strains was also investigated in a hydroponic experiment. The results showed that 400 strains belonging to 3 phyla and 14 genera were
isolated from the HY sample, with B-Proteobacteria being the dominant phylum. Meanwhile, 400 strains belonging to 4 phyla and 30
genera were isolated from the DK sample, with Firmicutes being the dominant phylum. A total of 146 strains had a strong ability to
immobilize heavy metal and the Cd and Pb removal rates were greater than 80% in the HY sample; Brevundimonas, Serratia,
Arthrobacter, and Pseudarthrobacter were the main genera. However, 44 strains had a strong ability to immobilize heavy metal and the
Cd and Pb removal rates were greater than 80% in the DK sample, with Bacillus being the main genus. Compared with the control,
inoculation with Serratia liquefaciens HY-22 , Bacillus thuringiensis HY-53 , and Acinetobacter lwoffii HY-157 significantly increased the
dry weight of roots (7.5%-77.6% ) and shoots (15.4%-67.2% ) of the Ttalian lettuce and cauliflower lettuce and reduced the
contents of Cd (38.7%-66.6% ) and Pb (34.7% -62.5% ) in roots and shoots of Italian lettuce. In addition, the contents of Cd and
Pb in the fresh shoots of Italian lettuce and cauliflower lettuce in the presence of Bacillus thuringiensis HY-53 were lower than the Cd
and Pb limits set by national food safety standards. Thus, the results provided strain resources and a theoretical basis for the
remediation of Cd-and Pb-contaminated farmlands for the safe production of crops.

Key words: heavy metal-immobilizing bacteria; lettuce; community structure; immobilization; absorb
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Table 1 ~ Main physical and chemical properties of soil samples
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2.2 N[ROSR B A AT % R Al A
EI& 1520

S IFRECHY F1T DK A4 0.5 ¢ A A 50 mL
LW EBE T KW =MEN, &diRg iR, K5
M FEIRATTE LB A4 |, 15 9% 3 d R KR v
KN GRS T8 AR PR IE LR T, IR
HY F1 DK P42 |45 BRI 400 B %, 9K )5 i
Frrfh e, 25 R 1 Fis. HY #8400
NN HRET 3 1114 J§. H B-Proteobacteria J& 11
07, 5 # 51%, 1M Actinobacteria 5 32% ,

Firmicutes 55 17%. Acinetobacter. Brevundimonas .

Serratia , Arthrobacter #1 Pseudarthrobacter L& ,
PR R B RE AR I 40 . T DK AR SR P 400 N
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Table 2 Growth promotion characteristics and heavy metal resistance of the heavy metal-immobilizing bacteria
itk P Bk ACC R s e
HY-4 24. 45 + + + 450 1 800
HY-12 25.12 ++ + + 300 1900
HY-22 65.34 ++ 4+ + + + 800 2400
HY-53 71.65 + 4+ 4+ + 4 + 750 2300
HY-67 54.23 + 4+ + 400 2100
HY-72 28.67 ++ + + 350 2000
HY-83 29.13 + + + + 400 1600
HY-102 34.57 + + + 450 1400
HY-111 32.65 + 4+ + + 400 1500
HY-123 41.36 + + + + 450 1400
HY-153 48. 46 + + + 350 1 800
HY-157 79.63 + 4+ 4+ + 4+ + 800 2400
HY-161 20. 35 + + + + 450 1600
HY-162 37.46 ++ + + 300 1 400
DK-8 31.65 + 4+ + + 450 _.1-"5'00
DK-42 49.56 + o+ + ~, 300 7 g
DK-123 45.26 R + “ 500 I A 400
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hnpE 4 P 3R, M 4(a) FTR, ARG s RiEHED @ ()
JRANETR A HE 6 R AL, B 3 Bl 1 2 Lo

AEFMCARIPhAAF F 43S 8 T H/e

CK HY-22 HY-53 HY-157

25
W HREERF A O # EOERR AR

" MR 43) G st B (AEn H358)
o+ 20 (b a a
*
= s b
pr= TR
- i
5
EE
&
Pl
E
=
51

CK HY-22 HY-53 HY-157
ANR/NG FhE R R B A &2 5 (P <0.05)
4 FRESERETESEEEHENEX
BERATENZM
Fig. 4 Effects of heavy metal-immobilizing bacteria on the
tissue dry weight of lettuce on the different levels

of Cd and Pb-contaminated solution
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AR FEB Cd & 0.62 mg-kg™', Pb N
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Bacillus thuringensis HY-53 i 3 K F) A4 32 i [ 358
Cd &= R 0.25 mg-kg_1 , Pb Rl N 3
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fifi A= S B Cd B &= N R3] 0.38 mg-kg !,
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B2 EZARE-E Y P s Y R (GB 2762-

2017) 1) B e SRR SR Cd Y B B AR
0.2 mg-kg™', Pb (YRR EFRMESE 0.3 mg-kg ™", 1M
W Bk Serratia liquefaciens HY- 22 Fl  Bacillus
thuringensis HY-53 Y] 8 {ff 2 K F) A= S v Cd
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65.2% ) W& &k, HAEM AESREEnt b Cd A1 P Y
IR A E R R

£3 HECAA1Img-L'FMPb A3 mg-L'EUHTESEETHEMNEXRZAL CAF P SEMNHMEY ]
Table 3 Effects of heavy metal-immobilizing bacteria on the Cd and Pb concentration in lettuce in Cd (1 mg+L~") and Pb (3"[;g'L7.1 )
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hb 3 e Hi 1 e, o
Cd Ph Cd | Ph cd J Ph cd  JS =P
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(T B BRI . TEARHIFSE R, HY BR S (R
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3.2 4 S A0 R B AR SR i 4

T VA R 9 A
JRAR-L S SR | 7 T T
25, ETHAR AR, AT R AR X A
e S DB Iete ) MR A 15 4 L
e T 398 ) Wk 5 AT e SR 5 A0 1 ok

FCaV i LCd2 | IEFI5E T Wbk v et 7 o 7 4

TR, 2 5 Pk A X 4 T 1
OB R, Chen 2517 MR 5 5 L4547 8 X
TER 1 MRE SR B EYNE Neorhizobium huautlense
T1-17, REGSMEAAUR L Cd #1 Ph & & A TE
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(38.7% ~66.6% ) F Ph(34.7% ~62.5% ) [ ik,
H B # Serratia liquefaciens HY- 22 Fl Bacillus
thuringensis HY-53 AERE i 72 KA A S 356 Cd A
Pb 1Y & i3k ) B 8 1 i 2 A br . T 43 R [ E 4
WA LA F S AR RE R R | SRR Eh 4% G B
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