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Preparation of bacterial heavy metal-immobilizing agents and their effects on reducing Cd and Pb uptake in
lettuce

KOU Fenglian', ZHENG Jinwei’, ZHENG Yingmin', HE Zhuo', SHENG Xiafang', HE Linyan'

(1. College of Life Sciences /Key Laboratory of Agricultural and Environmental Microbiology, Ministry of Agriculture and Rural Affairs,
Nanjing Agricultural University, Nanjing 210095, China; 2. College of Resources and Environmental Sciences, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract: To ensure the safe production of vegetables and improve the ecological environment of farmland, it is necessary to expand the
screening of safe and efficient heavy metal immobilization agents. In this study, single—factor experiments, Plackett—Burman design,
steepest climbing test, and response surface analysis were used to optimize the spore formation medium of Bacillus megaterium H3. Sepiolite
(C1) and biochar(C2) were selected as carriers to promote the survival of Bacillus megaterium H3. Field plot experiments were used to
evaluate their effects on the growth and Cd and Pb contents in Italian lettuce (Lactuca sativa 1..), and the characteristics of heavy metal—

contaminated soils. The results showed that the optimized fermentation medium was molasses 3.8 g+ L', soybean meal 9.25 g- L, calcium
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carbonate 9.5 g+ L. The maximum number of spores was 5.9x10° CFU - mL™", which was 156% higher than that in the initial fermentation

medium. Biochar was a suitable carrier for the preparation of B. megaterium H3 microbial inoculants. B. megaterium H3 fermentation

liquid, biochar, and solid agent C2 could increase the biomass and Ve content in Italian lettuce, reduce the content of Cd and Pb, and

reduce the content of available Cd and Pb in the soils, while increasing the activities of urease and invertase. The solid agent C2 was found

to be more effective than the B. megaterium H3 fermentation liquid and biochar single treatment. This study confirms that solid agent C2

can be a vital immobilization agent that can be used successfully to remediate heavy metal—polluted soils.

Keywords : medium optimization; microbial remediation agent; heavy metal—contaminated soil; biochar; lettuce; cadmium; lead
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Hi B3 Cd S . B S AR Bacillus velezensis B9
il /N P13 E 5 Cd A Ph 5 2t HAS 42 1A X R 43031 4
AR T 24% F133% , B. velezensis B25 i 1 M- 55 B Hb
R Cd I Ph F A 2 T A IR ) 2 AR T
33% F135% A T 4o i A W AE - 3 v 0 A7 T 2R R
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FH [) /)N DX 35 B0 240 B 3K 5 T 90 FE A8 ik 5 I
BRABUCRI A RS2 P & i SRS B S A . R IR
S8R AR 2 o 5206 % oF & B R A 1 T R
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A

KRR HL LB BE R W BB 5.0 o B T R
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TR BRERE Bk (I T2 R I & il A PR
A WEE (W F) Y M T & VS E A IR AR |
FERRR AR K by (I T 22 oM 2 I 2 b AT BR
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HE AR A e (W F 77 0 R Be A= W0 RHE A B
O3] ) R B AR S A5 IR ST AR W e  ORE B N
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FRAYPHA BRTHEA D) I RIRIEH A, 225y
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ik i A5

AL 58 - = K H) A 32 (Lactuca sativa L. var. ra-
mosa Hort.) W F VLI AR B BEFR -2k
1.2 iR A&
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FHEERP AR MR B BRER 3 IR &, BRI 24T 40
mL B fif LB A 8% 9% 56 19 250 mL = A, 30 °C .
160 r*min™ P37 5557 20 h.
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Table 1 Plackett—Burman design factor level of strain H3 medium

composition(g*L™")

1356 K F Factor
KA — — -
Level Fitr Kby TR 45
Molasses Soybean meal CaCO;
- 25 5.0 5.0
1 3.8 7.5 75

&2 HOARRITEERAKFE (g L)

Table 2 Factor level of central composite design(g-L™")

I 7K Level
Factor -1.4 -1 0 1 1.4
pNER ) 6.8 7.6 9.5 11.4 12.2
TRy 6.8 7.6 9.5 11.4 12.2

1% WHART]
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h, FEAE 50 CTE T4, A5 AR ), 5 AR A7 6
MNA . SIRCRRMAEYHE R (GB 20287—2006) H
U K6 0 1 390 H A 550 R B AR BB K G A
FlpH,
1.2.5 [ A TR 550 BH 2 A5 S i P Cd 350

FEVL IR e 5t TG 3 DX A A T ) /) DX
55, PR A B s A2 38 Ph (Cd B FE . 3
FEAHALPE BT : pH (6.92+0.03) , A HL % &
(22.50+1.20) g kg™, &1 Cd 7% 5 (1.83£0.10) mg kg™,
BUPh 1 (256.12+12.30) mg-kg'o £k N TBRHE
Bt Bt T R R0 - SRR F S R OB X 38
A3 12 A /N X, AN XY 4 m? (2 mx2
m) ,/INX Z 8] (8] % 20 emo REE IS B CK  H3 & A
WOHE 15 mL-m™) AP x(HE15g-m?) AW
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P43 7 ) B B 2 ANOVA, P<0.05 7R 25 5 8 2
Plackett—Burman A6 18056 A1+ 0 41 A 10060 1501 5 45
3% F Minitab 17 27044,

2 GHRESH
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T H3 ZE A R NIT A S RS F KRR
W UH A T A AR R . DU N B R A B 7 3k ep
PARE H3 7E 48 h ik B i K 21948 4.0x10° CFU *mL™'

R T A S TR A 2 B S RN B R
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Figure 1 Effects of different carbon sources, nitrogen sources and

inorganic ions on the spores number of strain H3
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& 3 Plackett — Burman i858 &t 54 R
Table 3 Design matrix and experimental results of Plackett—
Burman design

BT HF4 5 Factor symbol
Run order A B C

ZF 1855 The number of
sp()res/( x10° CFU*mL™)

1 1 -1 39
-1 1 -1 4.0
1 -1 1 5.5
1 -1 -1 4.4
5.5
-1 1 1 6.0
1 1 -1 39
-1 1 1 6.0
-1 -1 -1 2.0
5.7
2.0
2.8

O 0 N N R W N =
—_
|
—_

___
N o= O
-
LooL
o
_ = =
R
L

& 4 Plackett—Burman iXI& % it E A ER

Table 4 Regression analysis by Plackett—Burman test design

W= (SRECY 1 S OV i N U & (] P{H

Factor symbol DF SS MS F-value  P-value

[ )5 Regression 3 18.18 6.06 8.53 0.007%*
A 1 3.10 3.10 4.36 0.070

B 1 4.44 4.44 6.25 0.037*

C 1 10.64 10.64 14.97 0.005%*

1 (Note) : * P<0.05, *#P<0.01,

RS REERHKIREIRITIER

Table 5 Test design and results of steepest ascent path

1 52 ¥ Factor AL The
Group FE R RS numl())er of sportzs/
Soybean meal/(g‘L") CaCOg/(g'L") (x10° CFU-mL™)
1 7.5 7.5 2.01
2 8.5 8.5 5.00
3 9.5 9.5 6.20
4 10.5 10.5 2.40
5 11.5 11.5 2.30
6 12.5 12.5 2.80

R 5 d5 BE TE B R 56 45 SR , 2R FH Miinitab 17 04 3F
Bl RO A B, e B E RN
ke BUHAPrEE R IR 6. MK F Al A 5 2
A B R A [ )7 BN - ¥=6.140-0.485X, —
0.012X>,-1.907X,~1.157X,2~0.000X X, (¥ N Zf ff ¥4k,
XK ER, X WARIRES ) o X BRI IEA T 7 22 9%
Mr, 25 L3 6. AU FAE M 13.97, Z 00 E 2B

1% WHART]

Fo FOAARKEIZITEEASTER
Table 6 Regression analysis based on central composite design

Ak Forfn o5 FIH PAH

HRIE Source DF ss MS  F-value  P-value
TR Model 5 33.04 6.61 13.97 0.002
X, 1 1.88 1.88 3.98 0.086
X 1 0.00 0.00 0.00 0.962
XX, 1 2531 2531 5351 0.000
XaX, 1 9.32 9.32 19.70 0.003
XXs 1 0.00 0.00 0.00 1.000

R*=0.908 9, B AU & BE A o B RL (%) P=0.002,
BT R 4005 W S, B S 8 [T 0 O R RE AR S 36 58
KEHFIRKIRES 2 R R Z B KL FR . SR Minitab
17 A o A e Ak (1 2) , 25 R R K
SN 9.25 ¢ L7 BRERES 9.50 g+ L7, Wi IO R ik 3] 4
KAE

23t 5 RIS TR I8 , H3 7 fe fl & BE 15 3R 3L R B
A HLECE Y R 5.9%10° CFU - mL™", 5 F A 45 H
WA, 2 B 2R R H AR e R R i . Ak
AT (2.3%10° CFU - mL™) 2 51 156% , 71  1) H3 e At &
P 4% % A4 3.80 ¢ - L', K E M 9.25 ¢+ L7, R IR
5950 g L7,

WA
o oo O

(x10° CFU-mL™)
—
o o

7y

9
kg L 10 T '
oybean meal/(,g-L") %Lw

ZEF1%E The number of spores/

B2 A &5 e R A L B
Figure 2 Response surface optimization diagram of central

composite design

2.2 BEEEFIIEFRNELS R
CAR FHAE I 70) (GB 20287—2006) 77 i 45 A
RARH AR B8 R R P B R R PR 6 N H U
RO BB SR 1K 5] 2.0x10° CFU g7, 2R T# K<20% , K
I3<35% , 4T 80% , pH 5 I 7E 5.5~8.5 JL I N .
% R EA WAL A LI T REAFAE I T 42 )8 L
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A A RIS YR, BURLIR A HLIE 5 T BIRA R 5)
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W SRR C1LC2 FI C3 B4 B HB T4 Bk, G2
C3 A RGE R pH 24 B K 3 Y3k B bR e, B
C2 A 3G W = T C3, 22 R B KT C3. A RE
TR ESCR AE  T RAGI ) E B R A AR AR T
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43T i 89.9% M1 44.9%[ €1 3(A) ], I Ak H3 5 A9 )k
PrEEAVE B B o 3 A Ab BRI A 2% Ve 75 i FL X R

AN 19.1%~39.5% , H3 T 0 A2 32 Ve & &4
BCRAF T A e R TR 77 C2[ & 3(B)1(P<0.05) .
2.3.2 N[FAb A S AT £ AR A3 Cd i Ph 1% S (152

L4 T A TR A R BE R A 3 T & R o)
Cd.Pb i, 4FRAbFRAGAESE VT @ B Cd & & &
P A C2<4: W) % <H3<CK, Pb 5 & £ Pl C2<H3</:
Yo <CKo Hodpr, BARTE I C2 kA2 Cd A Ph 5 2
(R S5 g, 5 06 BEAH HE , AR 2% AT & FH R 43 Cd Al P
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2.3.3 AN[RJAbFEXT 4364 G Cd (Ph 1% 2 A G 2 1Y
Al
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T A TR 7 C2 341 S 2 14 I A SR M s - 198 IR Ity A1 7
WBEE L[] 5(C) (& 5(D) ], Hor A B 7] C2 4b Y
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Table 7 Determination of microbial agent index

B ARG AL RS HRE Koy
Sample Effective number of viable bacteria/(x10*CFU-g™") Contamination rate/% Fineness/% Moisture/%
Cl 1.3+0.1¢ 8.80+0.20a 27.1+0.8a 98.1+0.7a 18.8+0.4a
C2 3.8+0.1a 8.41+0.02b 5.6+0.3¢ 88.2+1.1¢c 18.4+0.3a
3 2.4+0.2b 8.43+0.01b 18.9+0.2b 91.3+0.9b 17.4£0.1b

TE B R B HE2E (n=3) o AR TR FIR AR A7 35 P28 53 (P<0.05) .

Note: The data are represented as mean + standard deviation(n=3) ; different letters indicate significant differences among samples (P<0.05).
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Figure 3 Effects of H3 fermentation broth, biochar, solid bacteria agent C2 treatment on the biomass and V¢ content

in fresh edible tissue of lettuce
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Figure 4 Effects of H3 fermentation broth,biochar, solid bacteria agent C2 treatment on Cd and Pb content in fresh edible tissue of lettuce
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Figure 5 Effects of H3 fermentation broth, biochar, solid bacteria agent C2 treatment on the DTPA extractable of Cd and Pb,urease activity

and invertase activity in lettuce rhizosphere soils
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