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Effects of Bacillus megaterzum on SOll Physncochemlcal Propertles and Its Effects on the

Accumulatwn of Cd and Zn in Pl Zl 4 '/ €l

WANG ng, LI Yl man WANG Xue-jia, XU~Ya- qmng, HANG Shu sqiang, LI Qian, XU Kal li, LI Rong- hua ZHANG Zeng- qlang
(College of Natural Re%ourr’e@ and Environment, Northwest A&F Unl\ ersity Y‘mbhng 712100, China) j :
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Abstract; The, construction of a multi-organism synergistig/ system i beneficial to improve the effects 'of remedldtgon because of the complex interaction among different
organigins. M,lcrobla communmes with the advantages of fast reproductlon stro.ng adaptability, and stress tolerance, play an important role in the remediation of soil
contamihated by heaxy,-melals Bacillus megalerium and mustard [“Bfassica]u ]unc_(;a- ("L Czerniak. ] were chosen to explore the feasibility for the remediation of soil
contaninated Afith Cd and Zn. The results of the 60d indoor culture expefimment “showed that the soil pH value was significantly (P <0.05) reduced by Bacillus megaterium
compared with that in the control. The available contents of Cd and Zn were significantly (P <0.05) increased by 24%-47% and 11%-13%, respectively. Meanwhile, the
activities of soil alkaline phosphatase (ALP), sucrase (SU), and urease (UR) were improved considerably. Compared with that in the control, the addition of Bacillus
megaterium significantly (P <0.05) increased the biomass of the plant by 10%-23%. At the same time, the contents of Cd in the aboveground parts and roots of the plants
were increased by 1. 61-1.70 and 1. 05-1. 15 times than the control values and by 1.38-1. 61 and 1. 47-1. 53 times for Zn contents, respectively. The inoculation of Bacillus
megaterium significantly enhanced the activities of antioxidant enzymes in the plant. The subsequent correlation analysis suggested that soil pH was the key factor leading to
changes in the availability of heavy metals and soil enzyme activities. Catalase ( CAT) was the most significant antioxidant enzyme type that improved the resistance and growth
of the plant under the heavy metal stress. This study preliminarily confirmed the feasibility of the combination of Bacillus megaterium and mustard for the remediation of soil
contaminated with Cd and Zn.

Key words: Bacillus megaterium; mustard; heavy metals; soil enzymes; stress resistance
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Table 1  Basic characteristics of the soil and the compost sample
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(B Cd)/mg-kg’l 20.5+1.83 ND
(B Zn)/mg-kg™! 973 x11 497 3
(W) /g-kg ™! 9.28 +0.42 436 +7
(DTPA-Cd) /mg-kg ™! 11.3 £1.21 ND
(DTPA-Zn) /mg-kg ™" 264 +3 265 +7

1) ND R A H

1.2 5t
1.2.1 FEHEFRE

P AR SR AR A (12 em, AR 10
em) , B4 0.3 kg -, IFIIA 15 g(5%, Fiim %0 /Y

JEE I NEAT: it A A B AT (R I 2 R - S I e —
). ok WK R A 60% , - 5 8 0k A7 ) 42
K. 43 K 1 mL 36 & (cfu-mL ™) 2 1 x 10°
(T1) . 1x107(T2) Fl 1 x10°(T3) B E KZFERATH
JEIRF JC B /K B 22 20 mLL, 49 4) 5 T 44056 72,
DIINATE 7K B 2360 X IR (CK) . BRA-Ab 3
3WEL. B FEESAER DR RN RS E
k1 30°C. B5 I E], PR L R e Sk . B RER
3.7.15,30 F160 d RIS (15 ¢). Bk
LW R R PR 58 . — B4y LR IR AR AE 4°C VKAR
AT B v 59— B R B SR KT, B
JE i 0 | T At - PRI A A T
1.2.2  ZARAE

AR TE M N BEAT, S 60 d. KF 1.5 kg
FIEAERIEAE 12 em, HA 15 em E’\Jfﬂ?ﬂ%ﬁﬁj,
HMMA TS (5%, 5340 #HERERE SN 1
TR A B 7K Ak 28 TR K B 60% . 4 5 mL YR 1 x
10%cfumL ™ (B1) . 11x 107 cfu-mL ™" (129 FFT x10?
cfu-mL ™" (T3 ) L RZE LT 500 1 TG /K ke
100 mL, 34515305 T4 10 4 uﬁu)\ﬂﬁ@mlﬂﬁi
iﬁﬁfﬁﬂﬂﬁ(cm tj‘&ﬁ%uﬁ 3WEK. @ ST
SERI T 5% ( ARBL550) KU S i (NaClo) i
RTS8 ToAUE T Bl ke s B T
& . BRI R0 R AR R 0.5 ~ 1.0 em, Ff
WK 2 ~3 B EM S, AN 3 . 2k
i v IR % AR FE /K 43, FLRE AL 5T 45 48 235 19 67
B, R AN FRAE (B IR ) i A A K 22
S AHPCR I SR S5 B MRAE P AR R R A7, 34
WA HLA AR IR 0 -, e i R B B PR
PR G B R AR P AE S o0 b L S PR
Hb 85 B R K b S T R K ek, R
HB4FH E R 7K v Pk J5 B EDTA-2Na ¥ 0% 19 30
min, DA 22 BRAR 28 10 A9 AT 38 e 25 4 JE i 1, B
B TR e g KRR A BT
105°C A&7 30 min, A5 7E 70°C T HERfHEE, 0%
YT EE KA AR SRS | 2 B AR AR, SR A
PRAT: i (RS SR AR AR B HERE &, R B IE A R R
Ut R e IR A5 4 11 - VR AR B 1= Y IR A 385
Je 43 BB R 43, I - SR S A B 2k R R R 5
1.3 ek

1458 pH F1 EC 43 1) FH 35 355 e A i H 2 38 A3k
rE, 3R BN LR 2 2. 4
BT IR AR E s A LR &
IR AL (A ) W 5E ; 3 Cd FI Zn &
B T K- AR T, AAS I E; A S Cd
& (DTPA-Cd) FIA A Zn & & (DTPA-Zn ) K H



5800 7D 53

B 43 %

DTPA-TEA 24, AAS 35 5 2. 4 3 ml v 0 A il
(alkaline phosphatase, ALP) % HIBR R — 40 Lb a1k
Mg, T IR (sucrase, SU) R 3-5 ZAHEK
IR Eb (0 22 iﬁ%ﬂﬁiﬁﬁ(urease UR) 2R FH & Wy
o 52 MY Cd # Zn & iR HNO, -
HCIO, TH %, AAS T 5E. ifﬁ%ﬂﬂ#ﬂiﬂ%%@dmﬁ
(SOD) R A HE UM EIR J5ivk 5 i AL i (POD)
SR A A0 R -4 ok BE Rk ;A A
(CAT) SR A Wik I sz 4. Ry it 7 79
(MDA) RHHBRACEL HL 2R (TBA ) 2, 70 Y6k ik
TR I 2 R A B R TR B 32 4, 43 06l B i
FE LR UE I R A SR FH b o ) R R AT O A
sl 4 R0 ) R T SR B B 1 ) S5 43 S
GBWO07406 ( GSS-6) il GBW10046 ( GSB-24) . b Y
J 4 R 5 R i — B0 b B AT S, A S AR
PIpRiERE AL Cd [R5 92% ~ 108% il 86 % ~
102%; Zn B 1SR 4351 4 96% ~ 110% FI 88% ~
104% .

1.4 Hdisdtr f 4
Efﬁﬁﬁb‘ﬁﬁﬁﬂtﬁﬁ Microsoft E‘xcel 2010 ﬁtjﬁ[:ﬂf-a
4K R IBM; SPSS 19.0 WP, <g,65 }k/ﬂ?
xmygﬁ TRBEDr 257 Kt PR TS

19 Gt K Om-gm 2016 Hf14; ﬂilJlZvﬁﬂ ,;

2 iﬁ%‘—iﬁﬁﬁ

2.1/ Eﬁ%%@ﬂ@&}%ik& pH {EE’J%um
Pl 1 43 R IRk HE K 3 0T A 38 -5 pH

sz
CK T1 T2 T3
*n Ilnh I !
[ Whe
8.0 =3 CK me
u w BT
T2
78 H T3
= fhkt {»
bA
al
bA  baB
7.6 H 2 A
- %+ bBC %
bB T B
E3 =
74 H i
72 H
7.0
3 7 15 30 60

1d

ARIINE F B F IR 7] — B[] AN [ b B 22 i 22 5 1 35 (P <
0.05) , AR E F 5 35 7] — Kb BHAS ) I [ 2 [ 22 S 1 35
(P<0.05),FA
1 AEEHT(ZENEFNEHIAE) EXFANE
*f 13 pH EH# M
Fig. 1 Effects of Bacillus megaterium on soil pH under

the different conditions (indoor culture and pot experiment)
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Fig. 2 Effects of Bacillus megaterium on soil DTPA-Cd and DTPA-Zn

under different conditions (indoor culture and pot experiment)
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Fig. 3 Effect of Bacillus megaterium on the activities of alkaline phosphatase, sucrase,

and urease under the different conditions of indoor culture and pot experiment
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Table 2 Addition effects of Bacillus megaterium on the physiological characteristics of mustard
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Fig. 4 Effects of Bacillus megaterium on the contents of Cd and Zn in above- and underground parts of mustard
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Table 3 Effects of Bacillus megaterium on the bioconcentration

factor (BCF) and translocation factor (TF) of mustard

BCF TF
AR Cd Zn Cd Zn
CK 0.92 0.36 0. 88 0.75
T1 1.47 0.42 1. 30 0.79
T2 1.51 0.46 1.38 0. 85
T3 1.57 0.52 1.35 0. 87
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1L (SOD) | %A AL AU (CAT) | N 8 (MDA )
M2 38 1 B 5 ) UL 2. 3 7T Ah BRI S5 1N T A
POD &t (HAS [R] b Bk 3 2 ] 22 530K B 2. 5 %)
TEAH L A POD FEMEIEIN T 1. 11 ~ 1. 16 £%,T2 &b
B POD 158 B Fe KAE. A K ZE AT B, Al
Y1 SOD i =X EAY 1. 03 ~ 1. 23 %, 76 T2 Al
T3 AHE T 5 X R R 25 53 3. B rh B e TN
Yy CAT & &k, ¥4 0 5 S vk B2 BE e, IF B[]
WeFE 2 0] 22 5 3% AE T3 AP FAEY) CAT & (LU
BEF ) FHE B E KK 895 U- (gomin) ~', XA (Y
1.32 f%5. S AL BEAEHE 9 MDA &5 R F#AIG, U7 T3

s
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Fig. 5 Correlations between soil physicochemical properties under indoor culture condition and soil

physicochemical properties and plant indexes under pot experiment
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