FARF=WIRF5E 5 FF & Nat Prod Res Dev 2022 ,34:1930-1938

W\

BENBAENEEEREZAREKRELEESE TZNFITE
F5H.E MR ZEE R K

TPy A TR B, T 404120

H E RGO A LN 5 T AR AR 2R AR SR B L b G R AR R A AR, I AR N TR
MO E RTS8 % N AR, DFI0 T 78 KRR S R AN [ A A B384 7 0o YL o
HRZE R AR PR 3 rhoR (Hg) B (Cd) VET(Ph) B (Cr) (il (As)S P R A% B B A2 . 55 %0 IRZH (CK ) A
FO  BERD AN TR) ff A BILBI 2 T 0 L e AR 2 S 5T v S o o 65 J 2 B s e & S A ], X B8 R Ph B A AR B
2, Horp =F0 & ( Bacillus mycoides . B. wiedmannii . B. proteolyticus ) 18 & AP ZH (S7 2H) XHE & #4848 118 & U &
o BEAL, BAIE YR KRN MR 15 L 58 ORI, BR B. mycoides - PRZH (1) - A7 75 15 e XU LA AR, HeAw b B2 3% 3%
PG Ko TR ,S A G i o0 3R 7R I F AR ZE AR v 09 5 AR RE 1 A AR, 5 R 80ROl Cd, /ol Cr, ST
L AR 2R TP B R AR RE AR RN o ASCHEZ HT R B I E R AR ZE AN TR P Y Hg F1 Pb ST R B B IEAHSC (P <
0.05) ,AHICR KB 0.761 0. 811 £5 b, HeRh A7 HLI 2 1 RE 06 A7 R4 P AR VA 3 R AR 25 B U v Hg (Pb T Cr JT
ROy, b ST IR IO B A

SRR LA AR DU AN TR s G R 5 W AR R AL

E 4 %2 . R282. 2 SCERFRIRAD : A TEHE.1001-6880(2022) 11-1930-09
DOI:10. 16333/j.1001-6880.2022. 11. 014

Effects of organophosphate-degradation bacteria on heavy metal
elements in Paris polyphylla var. yunnanensis rhizomes,
fibrous roots and rhizosphere soils

LI Zhuo-wei, YUAN Lin, YE Ming-yan, LAN Guo-xin* ,ZHOU Nong "

College of Food and Biology Engineering ,Chongqing Three Gorges University , Chongqing 404120 ,China

Abstract:To explore the change rule of heavy metal residues in rhizomes, fibrous roots and rhizosphere soils of Paris
polyphylla var. yunnanensis inoculated with different organophosphate-degradation bacteria (OPDB) ,which provides a refer-
ence for heavy metal pollution remediation during artificial planting of Paris polyphylla var. yunnanensis. Through indoor pot
plant inoculation experiments ,the effects of residues of inoculating different OPDB on mercury (Hg) , cadmium ( Cd) ,lead
(Pb) ,chromium (Cr) ,and arsenic ( As) heavy metals in rhizomes, fibrous roots and rhizosphere soils of Paris polyphylla
var. yunnanensis were studies. Compared with the control group,inoculation with different OPDB had different differences in
the residues of five heavy metals in rhizomes and fibrous roots of Paris polyphylla var. yunnanensis,and the restoration effect
on the heavy metal Pb was the most obvious. The S7 group ( Bacillus mycoides , B. wiedmannii , B. proteolyticus) has the most
obvious repair effect on heavy metals. In addition, the Single pollution index and the Nemerow pollution index showed that, ex-
cept for the soil in the B. mycoides treatment group,which had a risk of contamination, the rest of the treatment groups reached
a clean level. At the same time, the enrichment abilities of the five heavy metal elements in rhizomes and fibrous roots of Paris
polyphylla var. yunnanensis were different,with the maximum enrichment coefficient was Cd, and the minimum was Cr. The
enrichment capacity in the rhizomes of Paris polyphylla var. yunnanensis in ST group was relatively small. The correlation a-

nalysis showed that Hg and Pb elements in rhizomes and fibrous roots of Paris polyphylla var. yunnanensis were significantly
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positively correlated (P <0.05) ,and the correlation coefficients were 0.761 and 0. 811 ,respectively. It can be seen that the

content of Hg,Pb and Cr in the rhizomes and fibrous roots of Paris polyphylla var. yunnanensis can be effectively reduced by

inoculation with OPDB,and the S7 group has the best effect.

Key words : Paris polyphylla var. yunnanensis ; organophosphate-degradation bacteria;heavy metal ; enrichment coefficients
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Fig. 1  Effects of inoculation with organophosphate-degradation bacteria on the contents

of five heavy metals in the rhizomes of Paris polyphylla var. yunnanensis
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Fig. 2 Effects of inoculation with organophosphate-degradation bacteria on
the contents of five heavy metals in fibrous roots of Paris polyphylla var. yunnanensis
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Fig. 3 Effects of inoculation with organophosphate-degradation bacteria on the contents of five
heavy metals in the rhizosphere soil of Paris polyphylla var. yunnanensis
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Table 2 Evaluation of heavy metal pollution in the rhizosphere soil of Paris polyphylla var. yunnanensis
4151 Pi TR
Group Hg cd Pb Cr As Pn Pollution level
CK 0.379 0.338 0.063 0.288 0.094 0.315 b
S1 0.609 0.910 0.093 0.370 0.094 0.707 1 T
S2 0.653 0.834 0.083 0.372 0.099 0.656 T
S3 0.746 0.831 0.101 0.443 0.094 0.666 T
4 0.456 0.359 0.081 0.245 0.092 0.366 EIE
S5 0.309 0.368 0.075 0.355 0.123 0.313 Hik
S6 0.469 0.645 0.088 0.342 0.087 0.511 T
S7 0.566 0.723 0.093 0.359 0.096 0.573 EiE
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Table 3 Enrichment coefficients of rhizomes and fibrous roots of Paris polyphylla var. yunnanensis

21531 HRZE/ 14 Rhizome/soil Z5iM/ 43 Fibrous root/soil

Group Hg cd Ph Cr As Hg cd Pb Cr As
CK 0.115 0.845 0.527 0.038 0.384 0.286 0.501 0.889 0.051 0.484
sl 0.112 0.824 0.200 0.024 0.512 0.238 4.395 0.477 0.018 0.366
S 0.113 0.448 0.514 0.032 0.394 0.234 0.677 1.149 0.039 0.241
$3 0.083 0.640 0.344 0.019 0.472 0.175 1.414 0.465 0.037 0.303
4 0.110 0.740 0.245 0.022 0.371 0.075 0.045 0.185 0.060 0.275
S5 0.060 0.043 0.057 0.037 0.387 0.177 0.940 0.249 0.040 0.386
S6 0.080 0.540 0.114 0.011 0.239 0.138 1.138 0.483 0.029 0.254
s7 0.067 0.212 0.185 0.010 0.103 0.126 2.212 0.322 0.015 0.179
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0.771;Pb JUR B G ZE L BFHIEMC, 51 7N, SRR CK 41A] LE, S50 il A DLk
s W TR OE AR OC R K00 0y 0. 758 H1-0. 7505 AR, BMA L RERE R 5 RE AR ZE AN i i) B
MRZE LR Y He A1 Ph JUR B R F IEASC, MHSC R a i, xb Ph oo & i i (R A 1 fe o 1 35, LD
TR 0. 761 K1 0. 811 MRZH Ay He A1 Cd oo PRURSAT HLBARAR 1 ol LASEAL H 38R i Ph JCR i
R FIEARE, MR LN 0.807 ;=2 AY &) Ph diil s B SR TR IR AIE S, BRI
CroCH SAURMHY As JUH R BELEMC AR HAYARE™ N> T EE B Ph T H
B 0.822 AR5 As TR S P Cd ooR BRI XF Heg F Cr ST R & BEWAT BRI E,

18I ARG HIG R KO 0. 747, HiRA AL B T 2 Fp Ab B, S6 1 ST 41 A4 3%
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Table 4  Correlation analysis of heavy metal contents in rhizomes, fibrous roots and rhizosphere soils of Paris polyphylla var. yunnanensis

Fe b H2Z2% Rhizome Z5#R Fibrous root + 4 soil
Index Hg Cd Pb Cr As Hg Cd Pb Cr As Hg Cd Pb Cr As
=5 Hg 1.000
Rhizome

cd 0.807 % 1.000
Ph 0.761 % 0.503 1.000
Cr 0.012 ©0.123 0.242 1.000
As 0443 0.457 0.208 0.585 1.000
ik Hg 0.550 0.519 0.672 0.461 0.604 1.000
Fibrous ool 10103 0.394 -0.292 0.182 0.350 0.319 1.000
Ph 0.491 0.2750.758 % 0.370 0.252 0.811 % -0.131 1.000
Cr 0.197 0.007 0.430 0.629 0.338 0.066 -0.707 0.154 1.000
As  0.070 0.153 0.0440.822 % 0.639 0.478 0.178 0.163 0.404 1.000
e Hg 0.771 % 0.553 0.602 -0.208 0.360 0.379 0.123 0.216 0.100 -0.298 1.000
Soil Cd  0.518 0.430 0.162 0.164 0.747 + 0.582 0.689 0.195 -0.213 0.183 0.604 1.000
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e ARZE P — L b 34 TR (% P A Cr WS AT H A
Y ZTTAR Hp R0 B 4 i L s R i, LR
AT B TR R I AA A R AR B, AN RE B 4% 0%
W -3 i 25 TR P, T BB AR K Y
A AR, DTS KT - e 0 2 p el fig 1 1
THE AR PR b SRR LB AN IR S, R Y
FEEEEEA R, DA A& 45
15 Y AR FE bR i) (GB15618-2018) Sy &%, T Ay
b PR + 456 35 A8 H T R PR A o i A A
BRI AR FIEY (HI/T166-2004 ) A ¥EH A5 i, BT
A7 AL S Y RIS Y FE B3 < L, Bk ST L i
BIENRT 0.7, L3588 F 78 T KOV AF7E TS Y X
B LAAN oA ab 3 1) + X ik B0E i K. R
ARE T R S I E AR S R e S
FEbRAE , ELARP AT HUBE AN T8 e 1 A X 4 398 5 A
TR T 4 S8 V5 e IRV, AT abb o L o A% Aok 42 o f
A HLBE AN B IR0 2 A 5K

HE R &R RPN E S B Y RN R
AT TR bR, O T B W T A % LA PR A 1
BB EERT . —HCRU AEYNESENE
B8 ZBORR /N, V) 3 BH LR A o 4 i R e T B2 X T
TR SR A BT PR T KRR Cd B
VE RS , AR PR K RS 2o A o DU 5 22 1 A - 4 A

Firh Cd Bk B e xs Cd 1o B R 2 8O0k
i Cd B AT S 5 AR ™ ABESE
PR R AT AL 20 T, R AR ZE FIATUAR XS Heg |
Cd.Pb Cr As 5 FiE 4 J& JC K 09 & 4L RE 1 & AN A
], e, Cr DGR 10 & 4R BE 1 & T 5 2133 AL, i xd
Cd JTER AW RAWE AR, (5. 25 1 T e 4
H I TS AR (1 000 mg/kg)  JARAY B 4 R AL
RTHRZE IR AR AL J2H 1) ' S AR ) 58 T B He il
ARBRAL PRI, A2 R T EE RE AR AR O 245 TR AL
] 25 SRR RCR B A X PR b Ak BT 5 A D A W
e A RN i YN L s u e A NTT] A
TCTERE 2 AT G 15 e KUK, T A4 J X i A7 L
2R T MR ER R R A R s g v, WA 5B X Cd
JLRAEATIE

FAAE I HIT R I, 32 P ik A MLBAR A0 11 ), He A
Ph JUE Z ] AR SRR, oM T2 (AR S AR 2
BUIN, RN A DU AN R, LA AR P 1 1
H Hg A1 Pb JCER 09 WS B A 8 25 1 B [ 4 A otk
S RZE SRS R 38 TR PR 8, R =L
[f) AR 22 H) LA SRR 25 55 2R 22 [ 14 T 43 JB U R &
AR RGER . R, 7645 B R A
7 [ Fif 2% AR 25 5 2R =2 1] LA K Hg Al Pb JEER Z
[ (4 B[R] 2 IV T



Vol. 34

RS AT DUBRZN R B FE A 28 TR MR B - S o S T 3R e 1937

25 F A Be MO [R) AT DLB A0 1 5802 5 7, RiE
AR AR ZE R Hg (Pb Fll Cr JTER &
e, DT AR UL R 24 T < i 5 B s XL , i
A N B AR R - 9 5 R S e RS R
AP R RY, 3 Fh IR S H R LLR S HeFh
Bk B. wiedmannii F1 B. proteolyticus 3X P J5 2 X
T E R RS I RO B A, R, AlREX PR i A AL
IR Uil Ve YR VAR REAG ) N DL I B U 5
o, WNITTOE RN TR fE b S B is e
=%,

S 30k

1 Gu WC,Zhao SX,Yang M, et al. Simultaneous determination
of amino acids in Paris polyphylla var. yunnanensis fibril from
different habitats by UPLC[ J]. Nat Prod Res Dev( K&K =H)
WFE 59 % ) ,2020,32:1562-1575.

2 Yang M,Zhang J,Shen YX, et al. Effects of symbiosis of Par-
is Polyphylla var. yunnanensis with arbuscular mycorrhizal
fungi on absorption of heavy metals ( Cd, Hg, As, Cu, Pb)
[J]. Environ Chem( 3 351k2%) ,2018,37 :860-870.

3 Zhou N,Xu LF, Yang M, et al. Effect of different dosage of
potassium-dissolving bacteria on growth and development of
Paris polyphylla var. yunnanensis[ J]. Nat Prod Res Dev( K
RIS S ) ,2021,33:1548-1557.

4 Li HL,Gu WC,Zhao SX,et al. Comparison of 6 heavy metal
contents in Paris polyphylla Smith var. yunnanensis medicine
and their rhizosphere soils from different geographical areas
[J]. Environ Chem ( 3551k2#) ,2021,40:2179-2192.

5 Wang C,Liu C,Hu Q,et al. Pollution status of heavy metals
in herbal medicine and their traceability & control in the
whole chain production process[ J]. Chin J Environ Eng( ¥
B TRE2A4R) ,2021,15 :3789-3800.

6 Zuo TT. Refined assessment of heavy metal-associated health
risk due to the consumption of traditional animal medicines
in humans. [ J]. Environ Monit Assess,2019,191.171.

7 Qin LJ,Yang YZ,Yang XY. Advances in mechanisms of soil
phosphorus solubilization and dissolution by phosphate solu-
bilizing microorganisms[ J . Life Sci Res ( 4=y FF#4157) ,
2019,23:59-64.

8 Li YB. Application of phosphorus resolving bacteria in impro-
ving typical heavy metal contaminated soil[ D]. Beijing: Gen-
eral Research Institute for Nonferrous Metals (b 514 (0.4 )8
WHFEEBE) ,2018.

9 Chi JL.,Hao M, Wang ZX, et al. Advances in research and
application of phosphorus-solubilizing microorganism [ J ]. J

Microbiol ( {4 ¥ 2%) ,2021 ,41:1-7.

10 Shen JJ,Hou XG,Wang EQ, et al. Organic phosphate-solubi-
lizing bacteria screening in the rhizosphere of Paeonia ostii
and study on their phosphate-solubilizing capabilities [ J].
Biotechnol Bull ( A= ¥4 Ai@#R ) ,2022,38:157-165.

11 Shen MC, Li JG,Dong YH, et al. Profiling of plant growth-
promoting metabolites by phosphate-solubilizing bacteria in
maize rhizosphere[ J . Plants( Basel ) ,2021,10:1071-1071.

12 Wang YM, Peng S,Hua QQ, et al. The long-term effects of u-
sing phosphate-solubilizing bacteria and photosynthetic bac-
teria as biofertilizers on peanut yield and soil bacteria com-
munity[ J]. Front Microbiol ,2021,12:693535-693535.

13 Li RS, Yuan HQ,Zhao FY,et al. Determination and analysis
of heavy metals of Paridis Rhizoma from different localities
and pieces[ J]. Chin J Exp Tradit Med Form ( H7 [& 5256 J5 7
#7%),2019,25:30-36.

14 Du HH,Zhu FR, Yang M, et al. Isolation and identification of
phosphatolytic bacteria in Paris polyphylla var. yunnanensi
[J]. China J Chin Mater Med (  [E 25 2% ) ,2021,46:
915-922.

15 Lan QJ. Study on the migration and transformation mecha-
nism of typical heavy metals in the sediments of the fluctua-
ting zone of the Three Gorges Reservoir area [ D ].
Chongqing : Chongqing Three Gorges University ( 5 P =%
B) ,2019.

16 Huang XL,He XF,Zhou XD, et al. Determination and analy-
sis of 22 elements in Lycopus lucidus var. hirtus Regel from
different habitats [ J ]. Food Ferment Ind (& 5 5 & % T
k) ,2020,46 :229-235.

17 Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’ s Republic of China; Vol T (H4g A K 3L A0 [E 24
M. % — &) [ M]. Beijing: China Medical Science Press,
2020:260.

18 GB 2762—2017, National food safety standard-limit of con-
taminants in food ( £ % 42 [F SR B At 5 e MU BR 4t )
[ S]. Beijing: China Standards Press,2017.

19 GB15618—2018, Soil environmental quality agricultural soil
pollution risk control standard ( + 38 ¥1 35 it & 4« B + 375
U6 & PE AR ) [ S]. Beijing: China Standards Press,
2018.

20 Mu MJ,Zhou XQ,Guo DQ, et al. Effect of growth years to the
soil enzyme activities and heavy metal residue of Fritillaria
taipaiensis P. Y. Li[ J]. Environ Chem ( 335 {k.%%) ,2019,
38.1966-1972.

21 Mei GL,Wang XX,Sun YZ,et al. Determination and correla-
tion analysis of selenium and heavy metal elements in Polyg-

onum cuspidatum and its rhizosphere soil in Shitai County,

China[ J]. J Anhui Univ Chin Med ( ¢} i 5 25 K272



1938

KIRF=YIBE R 5T K

Vol. 34

22

23

24

25

42) ,2017,36:81-85.

Li ZW ,Luo LZ,Lang JQ,et al. Effect of organophosphate-sol-
ubilizing bacteria on photosynthesis, physiology, and bio-
chemistry of Paris polyphylla var. yunnanensis [ J]. Chin ]
Exp Tradit Med Form ( P [E 5256 77 #] 2 4= 7 ) ,2022,28 .
165-171.

Li ZW,Lang JQ,Meng Q,et al. Effect of inoculation with or-
ganophosphate solubilizing bacteria on quality and soil fertili-
ty of Paris polyphylla var. yunnanensis[ J]. Chin J Exp Tradit
Med Form ( H B SZ56 7 #2744 ) ,2022,28 :156-164.

Yao Q. Study on the passivation effect and mechanism of
phosphorus-solubilizing bacteria on soil lead pollution[ D ].
Shanxi ; Northwest University ( PGt k2% ) ,2017.

Teng ZD. Study on the remediation effect and mechanism of

phosphorus-solubilizing bacteria and iron-based materials on

26

27

28

lead-contaminated soil[ D ]. Beijing; Beijing Forestry Univer-
sity (JbatAfoll k=) ,2020.

Li ZW, Gu WC, Xu LF, et al. Characteristics of nitrogen,
phosphorus and potassium contents in the rhizome, fibrous
root and rhizospheric soil of Paris polyphylla var. yunnanensis
from different regions [ J]. Chin J Soil Sei ( + i@ R ),
2022 ,53 .445-455.

Zeng LP,Qin JH,Dong SY , et al. Accumulation of heavy met-
als copper, zinc, and cadmium in cassava varieties and the
associated human health risk[ J ]. J Agro-Environ Sci ( f&)l
WiERL AR ) ,2017,36:1044-1052.

Chen C,Chen XH,Shen GX,et al. Accumulation characteris-
tics and food safety of five heavy metals in rice[ J]. Asian J

Ecotoxicol (4= ST HI2£4R ) ,2021 ,16:347-357.

(RAFNHREFE) BEHES

BERE(UBRENAF)

Members

EEAR=S

WANG Hongbing
RIS

SUN Haopeng
AB &

MU Wanmeng
547

YI Huaxi
=B

GAO Huimin

LAN Weiqing

XA

GE Huiming
PNEE R

SUN Guibo

S AR K

ZHANG Binghuo
Eal

LUO Yinggang
=il

TANG Jinshan
BR

LIAO Chenzhong

FNE

YIN Wenbing
FRA

LI Liangcheng
SRIE R
ZHANG Dewu
B X
ZHOU Wen
EYii
HUANG Shengxiong
BEKR

XUE Yongbo

F M

YIN Sheng
FEK

LI Guoyou

B a5 42
CHEN Yihua
AR

HU Youcai
BEY

HAN Xiuzhen

8 Jk#k

LYU Zhaolin
L i

QIU Li
HER

LIN Changjun
= Ok
YUAN Tao

S PiE

HAN Shuyan

RUEE!

LIU Xiangguo
PSR
WANG Haibo
BR FE 7R
OUYANG Jie
B KR

XIA Yonggang
HR

ZENG Kewu






