REIRIE RS 2025,45(2): 1036~1044 China Environmental Science

A B PR A B A R AT B35 R 2L X s e AR E R O RN E T [7]. vh EPRISERL 2, 2025,45(2):1036-1044.
Lai C X, Lin H, Liu Z H, et al. The driving effect of Bacillus megaterium-Celosia argentea L. combination on the succession of microbial communities in
cadmium-contaminated soil [J]. China Environmental Science, 2025,45(2):1036-1044.

EXFRTE SHEESNRERIIEMENEI T RERIE
ER

AR AR A VB S R ) A AT Y (LR T ) PR TS e R S R T
S0P OFERK 541006: 2 FERREE T A, v K K 35 ezl 15 K 2 A (R BB A B3 0, ) 75 FEAK 5410065 3K bKER T
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The driving effect of Bacillus megaterium-Celosia argentea L. combination on the succession of microbial communities in
cadmium-contaminated soil. LAI Cai-xing', LIN Hua'**, LIU Ze-hui', DONG Zi-han', LIU Jie', YU Guo"* (1.Guangxi Key Laboratory
of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541006, China; 2.Guangxi
Collaborative Innovation Center for Water Pollution Control and water safety in Karst Area, Guilin University of Technology, Guilin 541006,
China; 3.Guangxi Modern Industry College of Ecology and Environmental Protection, Guilin University of Technology, Guilin 541006,
China; 4.Center for Water and Ecology, Tsinghua University, Beijing 100084, China). China Environmental Science, 2025,45(2): 1036~1044
Abstract: This study focused on the plant-microbe combined remediation system involving Bacillus megaterium and Celosia
argentea L., to explore the impact of Bacillus megaterium on the succession of the rhizosphere microbial community and its role in
the remediation of cadmium-contaminated soil. High-throughput sequencing analysis was conducted to examine the structural
changes in the rhizosphere microbiota of Celosia argentea at different time points (7th, 21st, and 50th days). The results indicated
that in the treatment group, inoculated with B. megaterium, the number of OTUs, diversity indices (Shannon, Simpson), and richness
indices (Chaol, Ace) of the microbial community were all higher than those in the control group by the 50th day; the Acidobacteriota,
Chloroflexi, Proteobacteria, and Bacteroidetes were the core groups within the microbial community; B. megaterium was able to
dominate the rhizosphere microbial community in the early stages but its relative abundance gradually declined from 12.01% to
1.17% over the 50days; Functional prediction of the soil microbial community showed that B. megaterium mainly promoted the C
and N cycle within the microbial community, potentially exerting a positive influence on the functionality and stability of the
microbial community; B. megaterium significantly increased the cadmium content in the leaves of C. argentea and the bioavailable
cadmium content in the rhizosphere soil by 40.3% and 17.6%, respectively. This study provides a theoretical foundation and
empirical data support for optimizing plant-microbe combined remediation techniques and understanding the succession patterns of
microbial communities in plant-microbe combined remediation systems.

Key words: phytoremediation; Bacillus megaterium; Celosia argentea; cadmium contamination; community succession
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Table 1 The composition of the modified Hoagland’s solution

By LA Hl
Ca(NO;), mmol/L 5.00
KNO; mmol/L 5.00
K>HPO4 mmol/L 0.20
KClI mmol/L 0.15
MgSO4TH,O mmol/L 1.00
H;BO; pmol/L 20.00
MnCl,-4H,O pmol/L 9.00
ZnSO4 TH,O pmol/L 2.00
CuSO45H,0 pmol/L 1.00
Na,MoO, pmol/L 0.40

C[oH]zFeNzNaOs p.mol/L 20.00
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1.1.2 bl Al geR | AR BH 3 B
PSR — Ab 255 G () A R4 0~20em iR
(A 2 I I B AR T fE i 10 H i, 2:F%
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ek — 5 BERE I 2mm 57 3 0% S i 35 T
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A 7K T T A B S R PR A S
T AR K B % i% AL (ICP-OES, PerkinElmer Avio
500Max)ill & T3 5 Cd 75K DTPA(—. &M —
[t 1L LR EAHEE N E TIEA A Cd & R
A T I S T v R B S A B g ) Rk
A3 AR 33 A R A AL 5 L 2, 88001 LA
BIEbr e Z e IR (n=3).
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) v <L A 0 P DR A 0 O R R
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Table 2 Physicochemical properties of tested soil

ZH LA Rl
pH {H — 6.06£0.19
A mg/kg 9.22+1.25
il mg/kg 145.26+12.61
ETA mg/kg 16.02+1.77
AR % 1.77+0.26
BI85 T A Mt cmol/kg 9.86+0.42
& Cd mg/kg 4.90+0.73
HHMA Cd mg/kg 2.11+0.07
1.2 L%

ARSI RN ARSI, AR T K T 4 T
YA Y& ARG FE b (35 5= M 8R4 T(2023 4F 6 H
27 A ). SERR TR T2 MBS s i T B
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T AT T A VAR, T T FELZEL ) 35 4 UG8 S0mL R JG TR K.
KFENTAIZ % T Jeong 25, Li &0 e 3h 4 &
A 0 A4 KPR N T A e sh AR I R 05 7ds 5
21d. 5 50d, 73 m FEALIZE AL BEZUFIN FRZL A K] 4 426
T, KA BR AL CRAE G A T4k SR b EAT 1 A=
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SR B SRR Cd BB L SRR B A RS
Cd P AR ) Ao - 3 3 /K R AR A () K
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1.3 FES R AR K e 772

B UCR AR B3 A AF B, /N O b ¥ 75 1 2k
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R A 0 2 A5 8 B R AR o T Aok G T o
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B Jo JCE T T oK B 2 N S AR R A R
A A AT HUCED 2 RS 3 1 05 WAR B A A
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A5 A 3G 7= ) (B 38 el P e S ) e
CPE, ] Tllumina MiSeq PE300 #E47 i 38 &0 /3> 1
P 3RBURH  J 4A o (Raw Reads) 2 Ji, 285 — &
1 1R A4k A 3,45 2 1R B0 b AT 0T B (Effective

Tags). 2 1A U7 SN BEAT HAF 73 K5I8 (0TUs) + &
Zivl, 343 OTUs MF LR OTUs K7 I T
OTUs J¥4I. =S5, A 3518 B Omicsmart 21
£ (https://www.omicsmart.com) JT JE M) FlA- B W)Fh
AT FRYIR b o ZFREEDHT. B 24
23 BT RO ) e Tt

TEEE 50d WORTEPIIS KM 70 i, 250 nf
R JEAT AL BB 2l K AR R B R B
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B A 7K e, DA 25 I R B A0 AR AR 3R T 4 L 2
R ) 58 F bk ph g e T AR L B A E K
ORI VR R PR AR 105C R R T
30min,75°C '~ #t 1 4 15 5 (48h). ¥ 52 & 4 T )5 1)
R ZE 23 SR B, HE PR EDORD B 1) AR A0 K
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T EREA I AR TR AR REA 1 Rl
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1.4 BB 2 by

i F§ Microsoft Excel 2019 #4745 48 H
SPSS 27 LR 3 T 25 (ANOVA) Rl i /N i 25 2250
1E(LSD)#EAT 22 5 Y 2% 43 1 (P<0.05). Bl K - Origin
2021 2.
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211 o ZFEMESHT AR LR ST i
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Table 3 Indices of microbial diversity and richness in rhizosphere soil at different stages

ZAEEIR B

L

217 OTUs B
Shannon Simpson Chaol Ace
Control D7 2598 8.5977 0.9923 2402.8134 2467.7770 0.9917
Control_D21 2324 8.4334 0.9899 2340.5368 2417.5962 0.9907
Control_D50 2403 8.4690 0.9854 2302.8587 2375.0086 0.9897
Inoculated_D7 2404 7.9014 0.9704 2330.5645 2400.9971 0.9902
Inoculated D21 2280 8.6651 0.9910 2154.2351 2220.7291 0.9844
Inoculated D50 2790 8.4886 0.9877 2502.2194 2568.7558 0.9906
212 B ZREHEAHT  EAERSHT(PCOAN T H— Contol D7
e He A W T AT, B 5 S b P Y m | shemmeen
IR EREE B 2 AR ) A B 1), , ¢ Inoculated_D21
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F(P<0.05).7E PCoA &1, ¥ A S5 110 43 A 1L 48 g™ . L
N T REAS ) R B ) R v A 2 e 0 IR e A 2 02 g
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N Sl —, 0 X /‘ (S O -
43 B LA MG I DI 0 46 T AR B L%@/ -
PP DR T 0 I A AR S T Ak B A R A 0.2
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) 2 U EE g 00k T AL AN [ ) AR 9 5 A 3 0 B R
AT TR PR MO AR B B A ™ A2 T — s IR 5%
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] S A 57 (14 26.43%,3&% — L9 i T PCol Hli7EM
SR S A O e I TR PCol il
(73 B R B WY A B )l A R g Ok TR 2 AT
PR AT B 0 B, 25 6 o Z2FEPE S0 AT, 3X 0T g s
TR AR BN L S S A RV 45 e R A
H;JDZ]'

-0.2 0 0.2 0.4
PCo1(26.43%)

Bl 1 KT OTUs A% E B PCoA 43 #T

Fig.1 PCoA analysis based on the relative abundance of
bacterial OTUs
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Fig.3 Bacterial community structure at the genus level in

rhizosphere soil
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Fig.4 Functional prediction of soil microbial community
based on PICRUSt2 (Level 2)

Kl 5 =I5 T FAPROTAX [+ =Mt 5 Th
RETIUIN. &5 51 S 7 A IS TR 44 51 W B B M 9 1
DIRe R W25 M Eh A28 50d I bR 4k
ReSae. WAL IR . MR LI IR AL A R Ak
ST IR Th RS R B v T IR 4L(P<0.05), 11
A OB FIB A4 R W (9 B 2E P BV T R P AT
53 22 7 (P>0.05). 5 N BIF 5T 10 P AL g 57 97 1%



1042 A 45 %

PRI I O3 i L SR AT WU R TR TR
TR, B TR & W TRAFEIRIT
BN IR B0 34 I R TR PR e 1 b e A R N T 48
I T AT R it U SR R A R AR AT A
PEN R = AR &, 18— D HES) TR R IR
(FEN et = W S NEDNE R (DY N e 2
w1 Cdy Zn Y5 YRR DR R B IR i 1)
I, I AL FR) 3 PR 58 R AR A B b A
A5 0 3R K AR A o R R T e E A A A R
BEFR I A AR

B i %
fe B | | B T
- B (Lt
N
B B L}
Ll B e 0
| R 1
_ Bl | seaan
aa B B T
BRI
vl B N T
l  RE
Qj”%fi”%,?’fafj%?”%f “%,
> Yy ?'o)o\'oj/o\'o%

5 T FAPROTAX (¥ -3 LM HEVA L g Tt
Fig.5 Functional prediction of soil microbial community
based on FAPROTAX

454y PICRUSE2 Hil FAPROTAX i+ 354
T U8 Dy Re 100N, A I RUBE SR 42 Pl K 2 0 1
FFARHE T 53 R A1) IR R SRk T R
A AR R0 AR RGN I RE AR
SEVES A T R BT A R R e T
et 3.
2.5  FEORZFARAT BN R0 Cd 2 DL AR PR
HHEA KA Cd R

TEAF T AL B F MR . 22 A Cd (1)
SRR 21.2,39.1,110.6mg/ kg, AH LE xR ZH
S RIEINT 5.4%. 2.9%K1 40.3%(&l 6(a)). B K21
FFB A Frp ) Cd i B3 FTHP<0.05) 48 =
THEFIZE ) Cd B (H AR DL 58 35 0] R R A B A 1
iz ZB(TF) 2 304 5.81 Al 7.06,i% R WA X Cd
75 9 AT M L8 B8 ), e Vs Cd V5 e 22

o B, s S Cd v g R R R AR,
3% 5k Uk TR Al A 5L

lan

Lo 2 i
I
100 |
) b
2 st
)
g
I 60 -
41
=
o) a
40 - a
a a
20 = 7
0 N\
Control Inoculated

N IR Ak B0 4 & R ALCd 5 B (KM

(b)
3.0

Control

Inoculated a

st %

g
o
T

Cd & (mg/kg)

—_
(=]
T

0.5

X

0.0

Control Inoculated

AN I Ak B R e L B AR Cd B 2 (R 5 )
Bl 6 () AN [FIALEEXT A 45 3B Cd 7 1 (152 5 (b) AN [F] Ak
BN AR 1A s Cd S R
Fig.6 Effects of different treatments on Cd content in various
parts of C. argentea.(a) and effects of different treatments on

bioavailable Cd content in rhizospheric soil (b)
NG FREFR IR AR A HLT R — 7 1) 7 5 1. 35 (P<0.05)

AN A EEAIAR bR LI A od S ER
2.61mg/keg AHE T X AR T 17.6%, L HA 23
P22 5 (P<0.01)(B 6(b)). X5 H 525 C2 b T H K2
FUFF R AEAS RIS SORIE S Cd VAR
IR R, RIS N 5x10%cfukeg LK
MR G LA NS Cd SERAT RN T
15.0%~45.0%. T #A5P0V BL EOR ZE AT it 5 4R
A Cd A Zn S PGS Cd B T
18.7%~28.1%, 5 A S50 25 FAHW) & IX — I G v] fg )
DR R AT T (A I 3 e 15 75 A AR B A 85
KRBT T MR R WY h A WL
O BE TR T AR e AT S Cd SR



2 34 WA A EOEF AR 5 A AL A0 BT e b R MR R KB A T 1043

3 Hit

31 o ZFEMER B 2R TR WL ANE B KL
FEREHETE T AR B L S A= W 1 22 Bk Fn 3= i, L
XIRR BRI A I VR S5 R B — e AR .

32 TEIVKF R BRAEIT. ST TR E R
e R B 9 TP IR A0 B R A S A ) JERRE TR T AH
o = B 2 T A (P<0.05), 5 A TR HE 3R
B PR KA A AR

3.3 TEJEAKT A S I P A R 2 AR B
PEFABEHE, 28 AT B 8 70 1 30 o 4 3 o B s 3L
AR ERE M 12.01%E 8T NFEAR 1.17%. A0 B AR
FrE AW B Flavisolibacter WARNT = B &2 w4
HRAL(P<0.05), A T2 5E Cd V54 145,

3.4 J:T PICRUSt2 Al FAPROTAX -t 3t 4
T V& DI BE TO0I 2 B K 2 A RF B0 3 A 1)
RUF DI RERIE T & SR~ T K, Jf F 2
P T 3R R A R IE.

3.5 P E REFAAT B o] DU 2 B TR by g
AR CA =T MM IS Cd & #(P<0.05),
HAWE 350 40.3%H1 17.6%.

SE 3k

(1] ZEUE AL R A8 AR HUB AR S5 R MR I L 39 48 7 3
W [J]. O EFRRRE, 2023,43(5):2413-2422.

Li K Q, Wu J L, Chen Z, et al. Effects of natural organic acids on
cadmium uptake by Sedum plumbizincicola from the soil [J]. China
Environmental Science, 2023,43(5):2413-2422.

(2] RZEPEARIER g, A5 04 v 0 3 2 e A AR P A R R
SR (7], PR ERERRRE, 2023,43(3):1386-1396.

Song L P, Xu X Y, Hong W Y, et al. Effect of cadmium-tolerant
bacteria on Lolium perenne growth and its cadmium enrichment [J].
China Environmental Science, 2023,43(3):1386-1396.

[3] Wei S H, Zhou Q X. Phytoremediation of cadmium-contaminated
soils by Rorippa globosa using two—phase planting [J]. Environmental
Science and Pollution Research, 2006,13(3):151-155.

[4] EFESRIK  B5 AR A b [ R P L 3 v Gt S 55 A P % i 2
R[], b E R R, 2021,41(8):3878-3886.

Cui X F, Zhang Q, Tian S L, et al. Status of paddy soil Cd pollution
and probabilistic health risk via agricultural contact in China [J]. China
Environmental Science, 2021,41(8):3878-3886.

[5] AU A S0, LM T, A R R GG S T R L 3 A2k
ML R A0 (7], E IR, 2024,44(6):3289-3300.
Xu SY, Zhu J H, Wang D R, et al. Effect of plant intercropping system
on remediation of cadmium contaminated farmland soil—A case study

on the southern Jiangsu province area [J]. China Environmental

Science, 2024,44(6):3289-3300.

[6]  TU5 WL ARBK XAl S5 AT B M1 Sl BT BB S s e 1

BEHLEL [J]. [ EREERL, 2018,38(12):4625-4630.
Yu FM, Yu QP, Liu K H, et al. Improvement of cadmium-
contaminated soil phytoremediation by Centella asiatica L. through
bioaugmentation of Enterobacter sp. FM~—1 [J]. China Environmental
Science, 2018,38(12):4625-4630.

[71 LiJ T, Gurajala H K, Wu L H, et al. Hyperaccumulator plants from
China: A synthesis of the current state of knowledge [J].
Environmental Science & Technology, 2018,52(21):11980-11994.

[8] Liu J, Mo L, Zhang X, et al. Simultaneous hyperaccumulation of
cadmium and manganese in Celosia argentea Linn [J]. International
Journal of Phytoremediation, 2018,20(11):1106-1112.

[9] Liu J, Zhang X, Mo L, et al. Decapitation improves the efficiency of
Cd phytoextraction by Celosia argentea Linn [J]. Chemosphere, 2017,
181:382-389.

[10] Yu G LiuJ, Long Y, et al. Phytoextraction of cadmium-contaminated
soils: comparison of plant species and low molecular weight organic
acids [J]. International Journal of Phytoremediation, 2020,22(4):
383-391.

[11] Yu G, Jiang P, Fu X, et al. Phytoextraction of cadmium-contaminated
soil by Celosia argentea Linn.: A long-term field study [J].
Environmental Pollution, 2020,266:115408.

[12] 5k vkl 2800, A5 EOR AT B S AR IR I 5 s AL T A £
SETE R LRI (7], ARNIREERIE %R, 2021,40(3):552-561.
Zhang B, Liu J, Jiang P P, et al. Bacillus megaterium and citric acid
enhanced the remediation of Cd-contaminated soil by Celosia
argentea Linn [J]. Journal of Agro-Environment Science, 2021,40(3):
552-561.

[13] Zhang Y, Gao X, Shen Z, et al. Pre—colonization of PGPR triggers
rhizosphere microbiota succession associated with crop yield
enhancement [J]. Plant and Soil, 2019,439(1/2):553-567.

[14] Jeong S, Moon H S, Shin D, et al. Survival of introduced phosphate—
solubilizing bacteria (PSB) and their impact on microbial community
structure during the phytoextraction of Cd-contaminated soil [J].
Journal of Hazardous Materials, 2013,263:441-449.

[15] fiese,al 25, 6 M 55 sk T A 18 S Vs e Lo AT R R it 1Y

75 RARAGRIEE B FT [7]. 13, 2020,52(1):153-159.
Fu X F, Liu J, Long Y M, et al. Experimental study on optimization of
citric acid application method for remediation of cadmium-
contaminated soil by Celosia argentea Linn [J]. Soils, 2020,52(1):
153-159.

[16] Li L, Wang S, Li X, et al. Effects of Pseudomonas chenduensis and
biochar on cadmium availability and microbial community in the
paddy soil [J]. Science of the Total Environment, 2018,640-641:1034—
1043.

[17] e, ar 2R hier 5, A8 AN ) 25 R iR A A 18 S IS e
BN ] R T AR AEAR, 2019,50(11):2443-2449.
Jiang P P, Yu G, Yao S Y, et al. Remediation effects on cadmium
contaminated soil by different chelating agents enhanced Celosia
argentea Linn [J]. Journal of Southern Agriculture, 2019,50(11):
2443-2449.

[18] 755 B, i o2, o 2t [ AR B st o vh 4 SR A 7 VR (KT Ut e



1044

o[ F

ST
5%

B

45 %%

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[J]. N ARA2%4R, 2000,(3):477-480.

SuB L, Han S J, Wang J G et al. Advance in soil sampling methods in
rhizosphere microzone study [J]. Chinese Journal of Applied Ecology,
2000,(3):477-480.

Li C, Wang X, Huang H, et al. Effect of multiple heavy metals
pollution to bacterial diversity and community structure in farmland
soils [J]. Human and Ecological Risk Assessment, 2021,27(3):724~
741.

Zhang S, Pei L, Zhao Y, et al. Effects of microplastics and nitrogen
deposition on soil multifunctionality, particularly C and N cycling [J].
Journal of Hazardous Materials, 2023,451:131152.

Zhu Q, Zhou J, Sun M, et al. A newly isolated Bacillus megaterium
0Q560352 promotes maize growth in saline soils by altering
rhizosphere microbial communities and organic phosphorus utilization
[J]. Rhizosphere, 2023,27:100746.

Jin J, Wang C, Liu R, et al. Soil microbial community compositions
and metabolite profiles of Achnatherum inebrians  affect
phytoremediation potential in Cd contaminated soil [J]. Journal of
Hazardous Materials, 2023,459:132280.

Zeng X, Li S, Leng Y, et al. Structural and functional responses of
bacterial and fungal communities to multiple heavy metal exposure in
arid loess [J]. Science of the Total Environment, 2020,723:138081.

Liu H, Wang C, Xie Y, et al. Ecological responses of soil microbial
abundance and diversity to cadmium and soil properties in farmland
around an enterprise—intensive region [J]. Journal of Hazardous
Materials, 2020,392:122478.

Ward N L, Challacombe J F, Janssen P H, et al. Three genomes from
the phylum Acidobacteria provide insight into the lifestyles of these
microorganisms in soils [J]. Applied and Environmental Microbiology,
2009,75(7):2046-2056.

Barns S M, Takala s L, Kuske C R. Wide distribution and diversity of
members of the bacterial kingdom Acidobacterium in the environment
[J]. Applied and Environmental Microbiology, 1999,65(4):1731-1737.
Yao R, Yang J, Wang X, et al. Response of soil characteristics and
bacterial communities to nitrogen fertilization gradients in a coastal
salt—affected agroecosystem [J]. Land Degradation & Development,
2021,32(1):338-353.

Lee S M, Kong H G, Song G C, et al. Disruption of firmicutes and
actinobacteria abundance in tomato rhizosphere causes the incidence
of bacterial wilt disease [J]. ISME Journal, 2021,15(1):330-347.
Janssen P H. Identifying the dominant soil bacterial taxa in libraries of
16S rRNA and 16S rRNA genes [J]. Applied and Environmental
Microbiology, 2006,72(3):1719-1728.

Waigi M G, Sun K, Gao Y. Sphingomonads in microbe-assisted
phytoremediation: Tackling soil pollution [J]. Trends in Biotechnology,
2017,35(9):883-899.

Li X, Li B, Zheng Y, et al. Physiological and rhizospheric response
characteristics to cadmium of a newly identified cadmium accumulator

Coreopsis grandiflora Hogg. (Asteraceae) [J]. Ecotoxicology and

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

Environmental Safety, 2022,241:113739.

He T, Xu Z M, Wang J F, et al. Inoculation of Escherichia coli
enriched the key functional bacteria that intensified cadmium
accumulation by halophyte Suaeda salsa in saline soils [J]. Journal of
Hazardous Materials, 2023,458:131922.

Gralka M, Szabo R, Stocker R, et al. Trophic Interactions and the
Drivers of Microbial Community Assembly [J]. Current Biology,
2020,30(19):R1176-R1188.

A E R, AE LA K i B VTR AR A5 R
YIREIE SERIRIThEE [J]. AR, 2021,41(20):7989-8002.

Wu X H, Wang R, Gao C Q, et al. Variations of soil properties effect
on microbial community structure and functional structure under land
uses [J]. Acta Ecologica Sinica, 2021,41(20):7989-8002.

W ORI, B AT R ER L EE IS e SO (0], BRI
Mol RH, 2022,50(5):116-122.

Yang L, Fan M C, Shangguan Z P, et al. An overview of the research in
soil nitrogen cycling in rhizosphere [J]. Shaanxi Forest Science and
Technology, 2022,50(5):116-122.

£ 8 BT BT E N L B R
SEAREEIIRE [J]. IRBEREE, 2022,43(12):5798-5807.

Wang P, Li Y M, Wang X J, et al. Effects of Bacillus megaterium on
soil physicochemical properties and its effects on the accumulation of
Cd and Zn in plant [J]. Environmental Science, 2022,43(12):5798~
5807.

Sansupa C, Wahdan S F M, Hossen S, et al. Can we use functional
annotation of prokaryotic taxa (FAPROTAX) to assign the ecological
functions of soil bacteria? [J]. Applied Sciences—Basel, 2021,11(2):
688.

Zhao C, He X, Dan X, et al. Soil dissolved organic matters mediate
bacterial taxa to enhance nitrification rates under wheat cultivation [J].
Science of the Total Environment, 2022,828:154418.

PUPEEHN- leE RS NED N S UE R PRI RIS R ON 3 =R T /i3
SRR (0], B ZEZS244R, 2020,31(9):3111-3118.
Deng Y Q, Cao X Y, Tan C Y, et al. Strengthening the effect of
Bacillus megaterium on remediation of Cd-contaminated farmland
soil by Sedum plumbizincicola [J]. Chinese Journal of Applied
Ecology, 2020,31(9):3111-3118.

Yu G Ullah H, Wang X, et al. Integrated transcriptome and
metabolome analysis reveals the mechanism of tolerance to
manganese and cadmium toxicity in the Mn/Cd hyperaccumulator
Celosia argentea Linn [J]. Journal of Hazardous Materials, 2023,443:
130206.

Bao Y, Guo A, Ma J, et al. Citric acid and glycine reduce the uptake
and accumulation of Fe,O; nanoparticles and oxytetracycline in rice
seedlings upon individual and combined exposure [J]. Science of the

Total Environment, 2019,695:133859.

YEBET I A S (1997-), 95,17 70 755 A PR K27 L5 28,
N - 4 v YLy FE S T 7T Jaicaixing@glut.edu.cn.



