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Effects of Combined Pollution of Microplastics and Cadmium on Microbial Community
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Abstract: The combined pollution of microplastics and heavy metals can potentially interact. This may have an important impact on the growth and development of plants and
the rhizosphere microbial community and function. In this study, the effects of heavy metal cadmium combined with different types of microplastics(MPs, PE, and PS),
different particle sizes(13 wm and 550 pm), and different concentrations(0. 1% and 1% ) on Pennisetum hydridum growth were studied under pot conditions. The results
showed that the effects of the combined pollution of MPs and Cd on plant dry weight and Cd accumulation varied with different types, concentrations, and particle sizes of MPs,
and the combined pollution stress increased, whereas the Cd content and Cd accumulation decreased. Metagenomic analysis showed that the combined contamination of MPs
and Cd could change the composition of the bacterial community and reduce bacterial diversity, among which the ACE index and Chaol index in the 550 pm 0. 1% PE +Cd
treatment group were the most significant. Metagenomic analysis of microbial species function showed that the main functional groups were metabolism, amino acid transport
and metabolism, energy generation and conversion, and signal transduction mechanisms. Compared with that under single Cd pollution, the addition of MPs could change the
gene abundance of functional groups such as metabolism, amino acid transport and metabolism, and energy generation and conversion, and the effects of different MPs types,
concentrations, and particle sizes varied. In this study, metagenomics and amplification sequencing were used to analyze the effects of the combined pollution of MPs and Cd
on the bacterial community and function in P. hydridum in order to provide basic data and scientific basis for the ecotoxicological effects of the combined heavy metal pollution
of MPs and its biological remediation.
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Table 1  Design of experiments

SU A MPs Fli 2 MPs fifz ®(MPs)/% 0(Cd)/mg-kg™"
X HRZH (CK) JG MPs JG 0 0
H— Cd 5441 (Cd) JC MPs Ja 0 10
13 pm Kif20.1% PE +Cd 47544 (13 pm 0. 1% PE +Cd) PE 13 0.1 10
13 wm 42 1% PE + Cd EA7544(13 pm 1% PE +Cd) PE 13 1 10
550 pm 072 0. 1% PE + Cd EA754 (550 wm 0. 1% PE +Cd) PE 550 0.1 10
550 wm $if8 1% PE + Cd 24154 (550 um 1% PE +Cd) PE 550 1 10
13 wm A48 0. 1% PS + Cd EAT544(13 pm 0. 1% PS +Cd) PS 13 0.1 10
13 wm Kt 1% PS + Cd BAT54L(13 pm 1% PS +Cd) pPS 13 1 10

2 1) JFLE I FIFH Fastp (v0. 20. 0) X EEAF 51 HE 4T
JEdE, BRI /N T 50bp F1SF X5 3 2K T
20 LIS NGB P 91, B 5 Y, RS IR 4
JF41. R MEGAHIT v1. 1. 2 A XHEA T 51 i 47
41251 ffi F MetaGene Xt B2 45 5% b () 52 5 F F
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Fig. 1

2.2 REFAEN Cd FE, HRBEMES R

FHZE 2 Al A0, H— Cd Ab PR Hb b3 A T 50
w(Cd) 439 3. 595 mg-kg ' F12. 888 mg-kg ™', AN
[i] MPs Fll Cd 2 & 75 YL Ab FRA M 355 Cd ST
[ FRELLAI N 16.31% ~84.05% . MPs Fil Cd &
VS YA PEL M R EB Cd S S AL, TR L
4 5. 83% ~71.26% . MPs 1 Cd & 4575 s kb FH2H
113 wm 1% PE + Cd 4bFRZH Cd &3 A
TR R AR ,550 wm 1% PE + Cd AbFHZH Cd &1
yop 4N

5 — Cd AL PR Hb - F AT Cd FLR &
FAEL, AN[A] MPs Fil Cd 24575 Y A S 2E db 368 i

Dry weight of above-ground part and underground part of different treatments of Pennisetum hydridum

THE Cd R a A BTN B, T L ok
23.34% ~ 84.82% F19.35% ~ 67.94% . MPs F1 Cd
BTG YA FEZH F1 550 wm 1% PE + Cd ZbFHZ M |
B Cd LR HF 4 5.082 mgepot ', 13 wm 1% PE
+ Cd b PR AL R cd AR dE, o 1,217
mg-pot .

AR PR REXT A ) R AL (TF) P2 AR5, 5
— Cd AbBRA (5532 2280 1. 25 M EE 550 wm 1% PE
+ Cd AbFRALEERS R BCA s in, 1. 348 6, 3400 T
7.89% ; FLAAL PR e is B BEAR, KK EL 51
7.42% ~55.73%,13 um 0. 1% PS + Cd 4bHi4H 5%z
AEUAL, 0. 553 3.

*2 REESHELCIMEE, RESEMEBLRYY

Table 2 Content, accumulation, and transfer factor of Cd in different parts of Pennisetum hydridum

i B w(Cd) HF B w(Cd)

M Cd PR &= R Cd R &

St /mg-kg'l /mg-kg'] /mg-pnt'] /mg-pot'l HEARH

Cd 3.595 +0.32a 2.888 +0.18a 6.6289 £1.11a 1.3424 +0.48a 1.2500 +0.386ab
13 pm 0.1% PE + Cd 1.102 £0.33¢ 1.102 +0. 14¢ 1.6518 £0.54¢ 0.4679 0. 13¢ 1.0351 +£0.413ab
13 wm 1% PE +Cd 0.625 £0.09¢ 0.830 +0. 15¢ 1.1877 £0.31¢ 0.4303 +0.02¢ 0.778 0 £0.237abc
550 wm 0.1% PE + Cd 0.728 £0.02b 1.545 +0.82be 1.0059 +£0.18¢ 0.602 3 +0.35bc 0.564 2 +0.274bc
550 wm 1% PE + Cd 3.008 +0.029b 2.298 +0.39ab 5.0819 +£0.65b 1.037 6 +0.40abc 1.348 6 +0.352¢
13 wm 0.1% PS +Cd 0.763 £0.26¢ 1.668 +1.04bc 1.1990 £0.37¢ 0.9100 £0. 58abc 0.5533 £0.278a
13 wm 1% PS + Cd 3.158 £0.56b 2.720 £0.33a 5.0299 £1.01b 1.216 8 £0. 18ab 1.1572 £0. 164c¢

1) ARG F R IR R — 51 A B2 8] B35 225+ P <0.05
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A v Y

1%, 2 BIREAR T 9. 62% H1 10. 62%; ACE 5%t H
13 wm 0.1% PS + Cd AbBEAAE I, B4 /n T 2. 06%,
A b PR S REAR, 43 BIFEAR T 5. 11%., 8.81%,
9.90% . 1.52% H1 6. 43% , H:H 550 wm 0. 1% PE +
Cd 4b PR 2 K £ £ ; Shannon 8 EXALHEZH 13 wm
0.1% PE +Cd, 550 um 1% PE + Cd 113 um 1%
PE + Cd #411,13 pwm 1% PE + Cd. 550 wm 0. 1%
PE + Cd #1 13 pm 0. 1% PS + Cd [&AIX.
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Table 3 Estimation of soil bacterial community diversity in different samples

AL ACE 5% Chaol F5%k Shannon F§%% Simpson 754X Sobs F5 4L
Cd 4798 +168ab 4796 £152a 6.515 0. 057ab 0.004 6 £0. 001ab 3364 +108a
13 um 0. 1% PE + Cd 4553 +29bed 4506 +50bc 6.691 £0. 069a 0. 004 3 £0. 000b 3354 £95a
13 wm 1% PE +Cd 4376 £193d 4401 £ 125b¢ 6.597 0. 079ab 0.005 0 £0. 001ab 3114 +166bc
550 wm 0. 1% PE + Cd 4323 £228d 4334 £211¢ 6.551 0. 109ab 0.005 1 £0. 001ab 3007 £169¢
550 pm 1% PE + Cd 4725 +139abc 4677 +£197ab 6.674 £0.018ab 0.004 3 £0. 000b 3339 +87a
13 um 0. 1% PS +Cd 4897 +270a 4458 +137bc 6.509 £0. 099b 0.006 1 +0. 001ab 3047 +100c
13 wm 1% PS +Cd 4490 +70bed 4482 +114bc 6. 688 £0.052a 0.004 3 £0. 000b 3289 +55ab

1) ARVINE SRR R — 5 WAL B Z A7 25 5 P <0. 05

2.3.2 AT

RETE Ao Hr R W AR R HOAR BRAATE R 41 A1)
976 @A M. K L FEFBIRATE]
( Proteobacteria,22. 29% ~ 26. 35%, i H., T 6]) . X
ZRFF R 1] ( Actinobacteriota, 18. 52% ~ 26.51% ) . 1
PEAEE 1] ( Acidobacteriota, 12. 06% ~ 22.15% ) | &
2574 1] ( Chloroflexi, 9. 03% ~ 11.76% ) . JEEE T ]
( Firmicutes, 6.83% ~ 10.27% ). # & 40 & ']
( Patescibacteria, 3.60% ~ 4.53% ) HI #5 ¥ ]
( Cyanobacteria, 3. 12% ~4.05% ) S A0H G, i 4
EBIFIAY 90% ~96% (Kl 2) . SxTRE4 CK Mk, Cd
REFEZH 13 pm 0. 1% PE +Cd ., 13 pm 1% PE + Cd |
550 pm 0. 1% PE +Cd #1113 pm 0. 1% PS + Cd AbF

HR = %

1 2 3 4 5

YT e

AT T B, 2K T 6.75%.,
18.64% . 16.66% ., 12.25 Fl 14.32%; Cd kb HH |
13 pum 1% PE + Cd, 550 pm 0.1% PE + Cd #l 13
pm 0. 1% PS + Cd A3 P AT 3 11 B3, 43
AT 4.06% . 5. 17% ., 8. 66% F18. 83% . J& /K
AT # B ( Bacillus ,4.91% ~7.77% ) . [RAH
J& (norank _f _norank _ o _ Vicinamibacteralesnorank ,
3.42% ~ 6.98% ) . 5 I LML & ( Sphingomonas,
3.27 ~4.42% ) 15 2% o [ 2K W & (norank _f_
Vicinamibacteraceae , 1. 95% ~ 4. 47% ) S50 %V i Jg 2H
B, AT RS 50% ~60% . 5 CK A, 13 um
0.1% PS + Cd AbBREH 2540 AT p J = BE S, 354K T
4.44%; 13 pm 0. 1% PE +Cd, 550 pm 1% PE +Cd

B Proteobacteria

B Actinobacteriota

B Acidobacteriota

M Chloroflexi

B Firmicutes

W Myxococcota
Gemmatimonadota

W Bacteroidota
Patescibacteria

m Cyanobacteria

W Methylomirabilota

M Planctomycetota

W others

6 7 8

1.CK, 2.Cd, 3.13 pm 0. 1% PE +Cd, 4.13 pm 1% PE +Cd, 5.550 pm 0. 1% PE + Cd, 6.550 pm 1% PE +Cd, 7.13 um 0. 1% PS +Cd,
8.13 wm 1% PS + Cd; Myxococcota: K ER B ], Gemmatimonadota: 25 B4 ifd 7 ], Bacteroidota: 8L #T B ], Cyanobacteria; % % &l [

Methylomirabilota

E2 [19EKFLAFFEEEANFEEST

Fig. 2 Relative abundance of sequences at the phylum level of the bacterial community
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transduction mechanisms ) &A1 X} = B AT 3 #) T HE
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WEERRZEZ, 15 H. KA FE R MPs Fp 2 F1 5
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ANUIRE A 7E 35 22 5 A Az B . 4 I AN
Mo 522 5. AP R Y MPs JT & 43 50R
RARARR] (HFP AR SR 10 e as Fn AR, 15
S AL AR AL A P2 T AE 9 AN TREALAF
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HIRMAME R TR E R U LSRR RS
15 YR TR] MPs Sh R AR RN R B8 fE i
Wi A 8 B AR s - BN BT A D

]

450 000
[k
[ cd
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= 250000 |-
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Fig. 3 COG functional annotation of Pennisetum hydridum rhizosphere bacteria in different treatments
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Table 4  Differences in COG functional groups of bacteria in Pennisetum hydridum rhizosphere soil

13 pm 0. 1% 550 pm 0. 1% 13 pm 0. 1% 13 um 0. 1%

1B3um1% 13 pm0.1% 13 pm 1%

COG Trted PE+CdY PE+Cd5 PS+CdY PE+Cd5 PE+CdY5 PE+Cd5 PE+Cd5
He= Bpuml% 550 pm 1% 13 pm 1% 550 pm 0. 1% 550 pm 1% 13 pm 0. 1% 13 pm 1%
PE + Cd PE + Cd PS + Cd PE + Cd PE + Cd PS + Cd PS + Cd
FHR 1Y F5 32 MR (amino acid transport and s . s s . e .
metabolism )
— B EE T ( general function prediction only) * EEE] sk sk otk
1555 FHLHI (signal transduction mechanisms ) Hkk sk ok Hkok ok
RETRAE F=AIF44% (energy production and conversion ) ko ok sk ®
" A 1 g L
oK 4k & W 0 iz A AR ( carbohydrate s s s . o
transport and metabolism)
AR BE/AN O S/ B A ) R Ceell wall . . . -
membrane/ envelope biogenesis)
& 5 3 B A lipid transport and metabolism) ek seofok sestesk sesfesk
TeHL S F %38 A (inorganic ion transport and - s y e
metabolism)
B . A% B AR 45 4 A A B & A (ranslation - s
ribosomal structure and biogenesis)
| %5 W ¥ 32 A% B ( coenzyme transport and e - - s s s
metabolism)
B R &M, 0 B, fE R E A
( posttranslational modification, protein turnover, ok * sk Hkok ook
chaperones )
FH7% (transcription ) Kok # ETTS fxk
Sl 4] M 1& & (replication, recombination - - s s s
and repair)
B AL ( defense mechanisms) * ook ® ke skok ks
YA AR W B A A L B R A AR
('secondary metabolites biosynthesis, transport and ok * HkE EEE
catabolism)
%1 R %% 12 AR ( nucleotide transport and - . -
metabolism)
A1 (function unknown ) ok Hkk sk
4 iz wh t Y iz % (intrac c
A N 3B L 4 I RN B 3L 32 i (intracellular e o . e
trafficking, secretion, and vesicular transport)
SIS A5 e A el cyele
control, cell division, chromosome partitioning)
ML RE B (cell motility) sk o sk .
- e e .

% 3h . JBWE B K, 5% T ( mobilome: e e e s
prophages, transposons )
A A5 H (extracellular structures ) *k sk ek ® st
I HeH 42 ( cytoskeleton) s
RNA il 1. Fl f& i ( RNA processing and - .
modification )
Yy (e 5% 45 ¥4 F1 8 1 % ( chromatin structure and . . -
dynamics )

1) * FR P<0.05, # %R P<0.01, #xx R P<0.001, K HH BELES

3.1 Cd 5 MPs EAT5 YR ERA KA Cd LR
MPs FIHE 43 & 75 1 458 v BBl A7 A o) 38 2o 52 1)
T eI PR T | AR L A T 38 AT S e A )
AP MPs R 4R 2 A A AE T, MPs HAT #5
KA L A, v LAAE SR T Y W A0 280 i e 2 4 )
FOREE" ) AR T 5% X6 AR R A ) e ) D 8 R R

B, B A5 Je b PR S 13 wm 0. 1% PS + Cd 4, Hb
T EB A 3 H R 0. 82% ~ 28. 42% il 3. 60%
~21. 14% , Bt S 30 AT Y Tl 30 15 in 4 35 x|
ZRARIEIRRGE T R LA IR 6k T % 2E R B
SO P8 R CN SO R 4 75 5 AR R TR
S EURDIRASC RAREUIN | BB RO s oA )
PETT REBSE . ASHIFZE X LA BT PE + Cd & A5 4
AR 550 wm Hb b ERANHL A Y BT 13 pm,



12 34 B BHAT . SR AN S 5 15 Y xRS AR P - G AR N i S K A S BE A 52 ) 533

FH MPs FIH 42 8 52 4 15 Y Il 428 B /N 58 A 35 e
FEPEROR.

A WS R FIEH MPs X Cd 1% B} it 71
BA 2SS BRI B0 80 Cd BB 68 1 AN [H]
PR HERT MPs 5 Cd BE5AE R R 09 4 AL 1 22
SRR MPs 1 2 AR E 4 o - S Y 3 B
PERAE YA B0 A A K R 4 TR A R AR
M) ASHIF G X AR R e T 4 S 7 i R R ) 3 B
MPs + Cd B & T5 Y Ab BRE b3 FI T30 Cd & &
BIR B, 43 90 16. 31% ~ 84. 05% F1 5. 83% ~
71.26% . MPs + Cd 5475 4L kb PR b b 348 F0 T
i Cd LRI T FRE, T R 15 510 23. 34%
~84.82% F19.35% ~ 67.94% . W55 £ +
(1) MPs 38 1 4 BRI B A LT R | BB R I 2 4 58
s | MRFREL S G A MR S M 45 & 38 WA
LA G XERVE SN E & )8 72 R i A=
VoA SCPE RN A RS R DT B R R 4 4 s i FR
AP AN AR T 4 R R SR R T B S MPs TR
T - 4 v 22 S P A AR R K A WAL S TR R i K
b Cd AR A
3.2 Cd 5 MPs & A 75 4452 MR 8 HoAR b A 3 A v
BEIE RNy hE

R B sk A P BE L3 2 5 R 5% e k) 1) 2 P A
P, - EIAEE A AR Ab B 2 BB ) B B A W VR 4
FFIZNEE . Feng 2528 HIF5E 260 , MPs X3 W 1k
R R MR = A T fom s, H N &R
FEE R MPs YZEAVRIT & 53 40 AP 9R SR 45 R %
W52 —%(,MPs H 4 J8 & 51594 Chaol 5 %A
Sobs TEELIIREAR , R L A AL B2 %F T A A HETR
FEAR IR AR AR, AT YRR AR A0 T 2 R
K MPs FS | b0 BORURE AR R[] 4 FF 22 5. Feng
SRR T — A R TS5 U, MPs 330
+ MR (pH, DOC, NH,” -NAINO, -N) A HUAS &
4:J& ( DTPA-Pb Hl DTPA-Zn) 5 4= W e V% 2 RE 1k
FIZH At 35 B AH G . AR SEBG AN [R] MPs S A
AR BT S 43 B0 1 3984 A5G 4 AR T 4
(R SEI A AT A |, 5 B2/ INLADE | 53 AS[5) MPs
HH kAR RN HEE SR NS HAER
XoF A A T A A )

FETE 4 JE A MPs S8 b3 2508 T, HA AH R i 52
e E DA DU AR KDY R 4L B, MPs 5
Cd EA15 5 L LIASTEAT R | AT, R
PEANTR ], SR TR ] AR RE TR ] S5 L 3 v T T 4Lk,
ISR SAER [T 12 A A H A 4 A MPs 15 %4 £+
e B2 R AR RF I VR ) T 48 A MPs kT
PR Y E S A5 e P LB AR LIS T T8 B KR

b ZEAT R | BEAR TR R | v =2 on [CRER T
e A AR R 4, HE 2 AT T R RN S A T
J& R CGEME S BN, ) 2 A AR E
G g e PP A B MPs BTSN MPs RE % i
SO W PR AR A 2R RAT R R B SR TR
S MPs KA YR A B 224 B, 76 MPs [ i )
HEAE .

MPs 5 Cd & 6575 3« S BUW U YRV A2 46 T
eSS T AR A Z B, Feng 2515 R 1S T
WF454 PICRUS® DIRETI 43 B 22 B MPs 3§ /in T
AR R 6 5 AT RRACHE, w2 R
Ak A AR 5 55 T e FE PR 3 B [HIE 4n Feng 208l
fi th 1) PICRUSK2 T RE T 70 AT A — € 1Y SR FR P |, 5
LG % BE LA I P 5 TR E R 1Y B R H AR MPs
SRR 224k, B A2 B4 TE MPs 5 Cd
AT YL N R A 5 a7 35 R 4 B &
B — Cd T YA L, AR MPs RS | 5T 50 450Fn
WA EY) MPs U INRESE =B RIS | s MR iy 5% 1s
AR, T A RN e 40 55 Tl R 4 ) B R = B 52
A A A F A 2257, 1X 5 Fei 557 41 19 PE
A PVC W N BE 42 & I 4% i2 8 H ( membrane
transporters ) FIf5 555 G 5 LA R 4518 AL A
[FIRE S DI e 320 22 5 40 B, e L 28 B 1 1 g s AR
WTERTE A Z M R E 227 (P <0.05), %
SMNBE S M 55 5 LR RR IR A 7 L
| oK AL G ) iz B AR SRR R 25 0 AR
DL ThBe sy 2 R FLA A 5T 5 0 B 1 MPs V5 4+
HErp U E Moy 2 B, FEUE YT 32 MPs il
4 Jm 5 Y rhon] i ) AR ST B AR
F AN AL I AR PR A S i A M A Pl g e AR
2E5 A 2R S AR AR 1 E 42 R AN MPs
A T5 AL 8 BESE R A ) Z FEPE R R ) BE.

5 #ig

(1) ANFEFNSE 042 AN BT 43 409 MPs 11 Cd
EETHIRERAEY &R, Cd FRt MR E
SN | HE AR AT AT Y e ) R A

(2)MPs Fll Cd & & 15 YL fig s R B2 w A by 4
SRS L AR

(3) AR AP | b4 AT 5 43 50 MPs 1 Cd
EAATG Yo T AN R VR 7 R aa | BRI 24
P S0 R ALA R R T 22 53

(4) BEEERA R 55— Cd 5 YA I, A
7] MPs fbFfr | b 42 F1 5T 8 43 000 MPs 5 I RE 42 =
B FIERR A 5 i AR, A A nUR s 4
ETIREL L B, B R AR R B AR PR 1 140
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