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T 3.6.9 g+ ke (IS ZE AT B X B S AR R CA LR R IR I SIS Cd 1 R BR L RS M 45 3R (25
mg- kg CAMMET it 6 g« kg™ BT 2FFRFF 1 AT I 25 2 e B9 25 AR ZEAE Wit (P<0.05) , B AE W) A LBt — Cd A RER & T 33.6%~
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Remediation of cadmium contamination in soil by Althaea rosea—Bacillus mucilaginosus

ZHAO Yin, LONG Yue, PAN Yuan-zhi", GOU Jing, WU Qian-li, ZHOU Jiao, WU Meng—xi, LIU Shi-liang

(College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: The aim of the study was to explore the effect of Bacillus mucilaginosus on the ability of Althaea rosea to remediate Cd contamina-
tion in soil. A pot experiment was conducted to study the effects of Bacillus mucilaginosus on biomass, Cd accumulation, available Cd con-
tent in rhizosphere soil, and enzyme activities in rhizosphere soil under 25 mg- kg™ Cd stress. The results indicated that compared to treat-
ment with Cd alone, under 25 mg-kg™ Cd stress, application of 6 g-kg™ B. mucilaginosus could significantly increase root and stem biomass
(P<0.05) and increased total biomass by 33.6%~73.2%. Cd accumulation in A. rosea was 1.64, 2.89, and 1.69 times higher than that with
Cd treatment alone when applied with 3, 6, and 9 g-kg™ B. mucilaginosus, respectively. Available Cd content in rhizosphere soil increased
significantly after application of different concentrations of bacterial fertilizer (P<0.05). The aclivity of urease, invertase, and dehydroge-
nase in rhizosphere soil of A. rosea was significantly increased by application of bacterial fertilizer (P<0.05); however, the activity of poly-
phenol oxidase continued to decrease and changed significantly (P<0.05). The results showed that the application of B. mucilaginosus un-
der 25 mg- kg™ Cd treatment could effectively improve the ability of A. rosea to remediate soil Cd pollution, and the best concentration of
bacterial fertilizer was 6 g+kg™'. Remediation of Cd contamination in soil by Althaea rosea—Bacillus mucilaginosus has application potential.

Keywords: Althaea rosea; Bacillus mucilaginosus; cadmium; soil remediation
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AR (Cd) T Az fay Tl AR AT
RS TG SIAE TS T AT AR 3R X T PR B o T R
O R i e S Y R TR A8 52 H R R A T
T E SRV R VA, A R AR S (HAN
(EE= R LR & SRS 9 PR PSS
TR AR R BIFFE B, AR ] LA i 4y
AR AR A BILIR™ | 3R TR1 I M 70 A5 3 M ) o e A
A BRI h RIEA Sk Y 48 ik S
W, (] IS AR A A ) A L B R A W 18 A T 4 R AL
O R, A Y- RS B S HOR U SR A AR
YHESREENELTRZ .

e 5 ZF AT T (Bacillus mucilaginosus) VE A —Fh
MRBRAE A B, T2 0 T A SR B ) o3 A A A
Yy 2By T, BT R A AT B AT LA
E[J B 9% 3% (Brassica juncea) B 4 1 31 $2 5 H Cd Wk
5 $ 5 Brassica juncea Xt 3% W Pb  Zn  Cu B9 & %
W SR 3 s B e LIRS Y %) 2% (Althaea rosea)
JERZE R E 2 R AR E Y , R A YRR AR AR
R IR PV RE ) ok A AR R IS AR W A 2 X T 4
J& Cd \Pb HAT 88 i 52 PR, [6] I it F A0 540 Joi
A LA 2 Cd 1 s 4R S s R R 2E AT )
BN Cd R & AR, H H IS8 & 25 3 T A )
AR EERG R IENR A Z W, A5
DA% 25 il A ), SR ) A B 2 Rl 4R g 2% -
J 5 AT R A 1B 2 Cd V5 e 3O RE J1, LA N
IR CA TSR R B AR B A e

| HREE

1.1 iKIEHF Rt

BRI T IR DU Al 2 AR AR DX R 34
0~20 em 19 22 B el 4=, 4 H B T BF B3 XU AT |
BREE o 4 mm GRIRASTAE A o IR BT AR < 3RAL
A 18.9 mg-kg ™ AL 64.5 mg- kg GHAH 55.2 mg-
ke, B ML & i 21 g-kg ', Cd 75 0.06 mg- kg™, pH
6.8

LRI T 5 A AN A PR STAEA A) L Pk
K/N—F A5 P T 28 5% NaClO %5 ¥ 714 27 30 min,
R B FIKPEE . R TR IR A N BeE KR
BRI 2 45 b Pk K # B4
R o 0T 2 AT A A 3K LD AR SRl A=
8 F CEEE=50%10° CFU-g™') o
1.2 iR¥& &t

R T 2017 45 9 HJE 2 2018 4F 1 A wI7E U1l A

NN <3P - I =Y R g NG [ B R = W 5 e o
HE CAH B ] 25 mg-kg ™", M SAAEFE(FE 1), B4 b 3
3WHEL . ¥ Cd LA Hr 4l CdCL - 2.5H,0 [ (A8 K 25
S - s iR AT, B AMRE 2 (4 H AR 22
cm, IS AT A2 16 em, 8 25 em) H1 . B4 + 3 kg (L)
A A-31) , i P 30 ds
#1 REigit
Table 1 Experimental design

Cd Ve i B 5 2 FEAT BT ¥ 2
b3 . . . o
- Cd concentration/ Bacillus mucilaginosus
I'reatments o . o
mg-kg concentration/g-kg
CK 0 0
Cl1 25 0
C1J1 25 3
C1J2 25 6
C1J3 25 9

- BV A 45 oIS AT T AT B R B
T A SEAE T, 40 MIFRE 9 18 .27 g it o1 2 FLAT
FR 4% 3.6.9 g- kg HOALFRUR B 55 R 4 1 B AR 00
FES) . A AR SR FARAS 1L IX A0 AR PR - S A AR B £
L BEHRAR RS 4 300 g BAEAE 7P R B AR AN
Jii) B = 300G, PR AR AS P A1 4 v B — B AR A
F A1l 2 em. FIMSEK GRS S A GBS EA
FLIA, B 10 do IR LR AR FRAR AR N AP L 1R i —
2, KR R AR K R 60% . B G AR B 25 40
B BRI 3 Rk . AL BRI )R F B Al K A 7oK o
BERER AN AR , kb HE 70 d.o
1.3 MRIEFR R A%
1.3.1 AE9i il e

AEFE 70 d S AR AR AL G TR K a1
i, BAEAREE S0 HE  ZE RN 3364, oL T RO FR
BB EE . 2 JE 0 T 80 CHUR LT 2= 1E
Jii, PR AT A T
1.3.2 HHY)5 1 4FE i Cd & 1 A

A A FRAS RS AR A/ IO B R B
WCEEAR PR 35 . K TR A R AR b 5 SR S
238 1) 2 mm i , 1 HERE 5L R A HNOs-HCI-HC10. 4%
HAE(V:Vev=11:2)  HE AR R T HNOs—HC104 35
THAL(V:V=5:1) . FRME A AA-700 J&-F W43 6
FETF R, HAS) M2 Cd % &, 2 9% Kk 228.8
nm. A RES Cd I E 2 B] Lindsay %2R F DT-
PA(pH 7.3)i2 32 .
1.3.3 - SR 4 B 0]

- SR Gl M 2 S BEOCAR B R O i« I
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FOR T SR FH G 19 5 LU il 5, LA 24 b g e - 38 7
A= NH3=N 1 2 5 5 g 57 5 TS e il R ] 3,5-—
B KA R o, TE PR DL 24 WA 5 387 A A
PR %) 22 5 A B 5 - SR SR MR =R AR Y
R S AL I 5E | LA 24 h 4 e 8 e A = IRk
FH % ) B v o BN - 48 22 B AL TR FH 21 — B
o |, 16 PR LA 2 g v AR U R AR B
1% =& v 5 Ry LA
1.4 HiEALIE

Excel 2010 S 3800 T8l ge it 5 25 &, SPSS
24.0 AT T o BBt L SR SR 3R U7 22 3T (One—
Way ANOVA) , Duncan #5347 2 & FL %, Pearson 15 i
(R ES O =Y L

AW E R R (BCE) =R R 1 Cd 7 &/ 3

Cd &
38 2B (TF ) =H#b 38 Cd & /4 g Cd &
2 HER55

2.1 BRFMATFEXT CdimE THZEE KNI

FHR2 AT A1, 5 CK 4 AH EE , Cd b 34 it i 2 25 AR |
25 I R R AR A ELTE Cd JBlha I it A [ i
R AT 32 m B AR . AT C1 AR B, C1)2 4b
NEYEMR RS AR B RS (P<0.05),C1)3 4
PR B 5 AR L B 5 3 (P<0.05) .
22 REFHHENEHERREE CdRIKE KM

A LRI, Cd i R, C1J2 Ab PG 25 4% i B 9%
ML ZE Cd & & (P<0.05),CLJ1 M CLI3 AL FE R, %3¢
MR 25 Cd & R R AR 2 7 A s it FH TR B R 0 2 25
A Cd & &/ A s m . B2 BoR, CdFkaE it FH A [
B TR AR, B 2R 45 Cd B R B 5 R 1 (P<0.05)
HAECL2 3, B bk Cd B R AR T C1 4b 3
P 189%

&3 IR, Cd JBikaa it R Rk B2 B AR, Y]

FHE B E AR Cd i Z50(P<0.05) . HY
ClACFEAH L, C1I2 Ab P G B 46 5 T %525 Cd AE s 4k
AH(P<0.05),C1JLF CLJ3 AR &% Cd & £ R H
o EHAR

601 [ #R Root
- [ 25 Stem ﬂ}
2 501 I Leaf :
0 b
£ sof - 2
c
S 301
a=] a
>
o 20T b b
QT b a a a
a=] .
<o 101 a
NDNDND 7
07K Cl cul 12 c13
Kb P Treatments

[ R ANA ) /ING S8 3 b B R] 22 5 2. 35 (P<0.05) 5
ND: KfGth . TIA
The different lowercase letters in a series indicate significant differences
among treatments at P<0.05;ND:Not detected. The same below

| BB E X Cd e T HE Cd S BRI
Figure 1 Effects of Bacillus mucilaginosus on cadmium content of

Althaea rosea under cadmium stress

I
S

[ O Hb 136 Shoots
| O #b R  Roots
7 # bk Plant

—_
3]
]

_
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S S
T
Ay

b

W
(=}
T

Cd 1 &1t Cd accumulation/pg
[Ne]
W

NDNDND
CK cl C1J1 Cl1J2 c1J3
Kb FH Treatments
B2 BRFBAE CIME TEHZE CIREEMN I

Figure 2 Effects of Bacillus mucilaginosus on cadmium

(=)

accumulation in Althaea rosea under cadmium stress

R2 REFHTFEN CIEE THETRENSIE

Table 2 Effects of Bacillus mucilaginosus on dry weight of Althaea rosea under cadmium stress

4 Treatments # Root/g 2% Stem/g M Leaf/g SAEY)EE Total/g 5 L Root shoot ratio
CK 0.96+0.06bc 1.01+0.34ab 1.07£0.11a 3.04+0.50ab 0.48+0.08ah
C1 0.66+0.10c 0.73+0.17b 0.80+0.23a 2.20+0.49h 0.44+0.05b
Cl1J1 1.11+£0.20¢ 0.93+0.06ab 0.89+0.11a 2.94+0.31ab 0.61+0.09ab
C1]J2 1.51+£0.13a 1.28+0.17a 1.02+0.21a 3.81+£0.39a 0.66+0.05ab
C1J3 1.23+0.24ab 0.85+0.08ab 0.98+0.11a 3.05+0.29ab 0.68+0.15a

TE R S NE FREROR AL B ) 22 53 18 325 (P<0.05) .

Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05.
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2.3 RIRFAFEXT CdME T &HERPR LI CAES
sEA

FH R 4010, 5 CLARRRAR L, it FH AT IE S, 225 AR
PRt cd &8 R, HCIRAAM T B cd SR
FEAIR(P<0.05) o il FHEAIE S AR B 438 8508 Cd & i
FHEE C1ALBEE B 2% T (P<0.05) , Hip C1J2 /b #E R
BRAS Cd SR C1ANER R T 13%, Ik BI04
2.4 BBEFRFTERT Cd B8 T 8 4R br - 1 EEiE 4
Eap=Al

3 AT, 5 CK M HE, C1 Ab B R B2 b 1
bR | EEREG ESUE E  $8) 2 85 (P<0.05)
M 22 W S8 AL TG 1 B 35 14 9 (P<0.05) . Cd i T,
Wil 2 P A e P 8 ) T, R s 3 v JOR G T I
it S S 44 (5 (P<0.05) , 1T 22 By S8 Ak Bl
W55 H 25 5 2% (P<0.05) .

FH 2 S AT AT 45, %) 2% Cd B R i S ARBR - 1
JOR T 5 1 5 (2 TE AR 5 (P<0.05) , 5 e S 1 5 1
AH 2, 5 108 S0 TG 1 2 A d 3 IR A 5% (P<0.01) L H 5
Z T F AR E 1 2 0 2 A DG (P<0.05) o Z55 3R W,
B EARR - 458 vt 0 S RN 2 T S AR R X &)
SE1 Cd R R 2 B 7 i, TREWH BTG PR R ) ) 559

3 itig

) Py R I T B A8 1 AR AR, JE AR PR
ERARENGE I, PRV ERERIET,
PR AT e R AR R AR S R K], Cd

iR it A ] o G o 2 AT R A 1 T B R AR
K, RN EZEM AR SRELES. X5 L
S i S P AR G A 45 R — B, R IRE T AR AT
TR 73 WA R BTS2 I 25 3R R4 L 4 284 2 A5 B A MR
G e 2al LU R 5K AN E AR AR Y &
BRI NI i 3 5 7/ R o8 S i 2 Y/ 2 e O S o o
A SR 2 LA — 5 A A BTG | T DAk - 4
ATRLES #4434 AE g AR A A K

A E B R B s R BT S R 4R
B B35 % 8 A R BT PR AR R - T 4 )R
AE 1R AIG, 542 Z 80mT S W ) %) T 4 M b T 35
R M FEEE S BN el B B
WA R I AL 2% T Y Cd, DT
HE Cd AR AR Cd 1 & B R s, AR
B HtFH 6 g ke T ZEAURT TR B R R T B ZEAR
ECdTESHEKCAB AR, X5 Luo 7 B R
SEPSR G 25 R — 3, R R AE T AR B 4 p A 20 Cd
TR ETE . Y R AR R R E 9 g ke
B 3 e B ) e o 2 ARAT 1 5 B 5 P IR v 4 IR
o7, RECEZE YR TR, 5 T Cd R
. [, SARIK LSRR B, B/ANEPIWEGY
2 BRI IO 2 AT PR R S I A A R RS 3R R, %
5 DTPA $2 U Cd 75 70 i 35 i sl — 2 19 B4k
VERT . 7= A 25 SR A 5 04 D5 DR AT R A R A [ ) 25
LA DA TR AR AE AN [R]85 5 45 1 R AR 26 i AT AL AR A
F GRS IR i H A VLR 4R 4 A

3 REFANEY CIMETEE CIELRRY HERBHZIT

Table 3 Effects of Bacillus mucilaginosus on cadmium enrichment coefficient and transport coefficient of

Althaea rosea under cadmium stress

T H Ttems CK Cl C1J1 C1J2 C1J3
L E L RBBCE ND 0.72+0.05b 0.88+0.04b 1.21£0.14a 0.87+0.10b
id ZEUTE ND 0.21£0.03b 0.31+0.04a 0.28+0.04a 0.33+0.06a

E R T T A NE FREROR AR B 22 57 18 35 (P<0.05)

Note: Different lowercase letters in a same row indicate significant differences among treatments at P<0.05.

x4 REFAFEN CIME THERRELEL CIRAERSCISENZM

Table 4 Effects of Bacillus mucilaginosus on total cadmium and available cadmium in rhizosphere soil of

Althaea rosea under cadmium stress

i H Ttems CK cl C1J1 C1J2 C1J3
& Cd it Total Cd content/mg - kg™ ND 19.23+0.66a 16.03+0.89ab 12.55+1.18b 14.47+3.78ab
47575 Cd 5 1 Effective Cd content/mg kg™ ND 3.29+0.21b 3.45+0.35a 3.72+0.48a 3.57+0.81a
A3 Cd/E. Cd Effective Cd/Total Cd ND 0.17+0.01c 0.22+0.03be 0.30+0.04a 0.25+0.03ab

TE R T P AR NG FRER R AL B 22 53 18 35 (P<0.05) .

Note: Different lowercase letters in a same row indicate significant differences among treatments at P<0.05.
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Figure 3 Effects of Bacillus mucilaginosus on activities of soil enzymes in rhizosphere of Althaea rosea under cadmium stress

®5 HEREIEHEFESFHE CIRREEPERME(=12)

Table 5 Correlation between soil enzymes activity and cadmium accumulation in rhizosphere of Althaea rosea(n=12)

iR it iR Jit S Z A AL BFECA R it
Urease Invertase Dehydrogenase Polyphenol oxidase Cd accumulation in Althaea rosea
Ik Hf Urease 1.000
WERHER Invertase 0.898%* 1.000
i Z HfE Dehydrogenase 0.829%* 0.696* 1.000
Z T A (L} Polyphenol oxidase -0.968%* -0.884%+ 0.880* 1.000
5 CABUR 0.647% 0.365 0.769%* -0.644%* 1.000

Cd accumulation in Althaea rosea

T % A2 0.05 K CRUR ) AR .35 5 . 72 0.01 K-F CRUR ) AR .

Note: *.Significant correlation was found at 0.05 level (double tails ) ; **.Significant correlation was found at 0.01 level (double tails).
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JERP = A T S A PR B 2 AT R it
TN JBE F) T - S T AR MR R ) T 4 A R
5, R W] Cd 153 T 3P IS0 BRI FR DRI AR DL AT

P RGBT UF I X — R W SO S B F
FEAE TR, IR AT REAE T I B 2 FAT B e A
HR I R 4 22 W A 5 R e L S R E AT
AR YR AL TR E R E SRR AR,
it 5 25 FEUAT T T 2 B g b SR S M R T 1, R
A it P BT A i 40 5 AR s SR Bl A 0 R A A S
W TEAR WG SR, IR 2 W AL IS S L h 5 &
AL S VR YIBAERR , 2 1T LRI R, A
56 b A SRS [R) A9 2, Cd Wi )5 5 25 AR B
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