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Effects of Combined Pollutlon of Mlcroplastlcs and Cadmlum on Mlcroblal Commumty
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Strueture and Function of Penmsetum hydrldum Rhlzosphere Soil
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Abstract ; The commbinigd pollution of microplastics and heayy metalséan poten‘ﬁa]l_y_.lnféract This may have an important impact on lhe growth and development of plants and
the thizospher microbial community and function. In this study, the effedis"of heavy metal cadmium combined with different types of microplastics (PE and PS), different
particle sizqs( 13 pm and 550 pm) , and different concentrations(0. 1% and 1% ) on Pennisetum hydridum growth were studied under pot conditions. The results showed that
the effectsof 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 um 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.

Key words ; microplastics( MPs) ; cadmium(Cd) ; Pennisetum hydridum; metagenome; community structure and function
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Table 1  Design of experiments

SCU A MPs Fli 2 MPs fifz ®(MPs)/% ®(Cd)/mg-kg!
X HRZH (CK) TG MPs G 0 0
H— Cd {544l (Cd) JC MPs Ta 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 7% 0. 1% PE + Cd EA154L (550 wm 0. 1% PE + Cd) PE 550 0.1 10
550 pm FifE 1% PE +Cd 5754 (550 pm 1% PE +Cd) PE 550 1 10
13 pm A48 0. 1% PS + Cd EAT5Y4(13 pm 0. 1% PS +Cd) PS 13 0.1 10
13 wm kit 1% PS + Cd BAT544(13 pm 1% PS +Cd) PS 13 1 10

B JE4R 750 ) FH Fastp (v0. 20. 0) #E47 B4, Bk
KEE/NT 50bp FF- 268 B s E AT 20 LA & N
Bl Y e 81, 25 Bk A TS Y, IRAS 1 8. SR
MEGAHIT v1. 1. 2 #PEXF AL 7 5 E A7 2 1) fi
FH MetaGene X Pf3245 B i g F S0 736 K fai
PEPEAZ IR =100bp BY5E DR B3 0 LR 7

5. 1 CD-HIT v4. 6. 1 BFCPF X5 BT A T 45 R 047 2R
F(HHRIE =90% ML T3 =90% ) , B U K Y
B AE AR T A, A AR TU A R AR T
SOAPaligner(v2. 21) 73 BIPRE B4 il Y o S5 4 471
AR TUARE ST LXT (AHLE =95% ) , Gt
PRITE XS A i v 0 = B2 A R PR BB vk
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A Rl Ak B AL

o
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Mml% PS + €l KH“%%%?@FL@ZI@%E%%;: P20.05)

2 ZERE5HH
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& 1 AT, S5X R4 CK A E, MPs 1 Cd &
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TEIE N, B0 A 7. 62% , A4y 5 4L B ) BRI
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Hisk 2 T, B — Cd uﬂéﬂiﬂztiﬁ%mﬂﬁiﬁ
w(Cd) 7514 3.595 mg-kg ™' #12. 888 mg-kg™', A
[W] MPs fil Cd & V5 Y Ab PR3 3 ¢d & 8T
W W Ry 16. 31% ~ 84.05% . MPs #l Cd 475
ARER AL MR R Cd B S e A AL, BRI
5.83%~171.26% . MPs fil Cd Z4&75 Y hb B2 v 13
pm 1% PE + Cd ZbBRZ Cd 2 1 T 350R 350y
FEA%,550 wm 1% PE + Cd AbFRZH Cd 2 bb [ 35
yoprdi

L — Cd Zh B b B AL R ER Cd B 2R
AL, AR MPs F1 Cd & 475 G 4b 30 40 M |3

.r'

Dry wc1ght of above-ground parl dnd underglound part of different treatments of Pennisetum hydridum

T & cd BRI BT R, R 5N
23.34% ~ 84.82% M 9.35% ~ 67.94% . MPs I
Cd E4T5 b P4 550 pm 1% PE + Cd Ab¥E
i EH Cd R R FE, 5.082 mgepot™', 13
pwm 1% PE + Cd 4b P2 1 F 3 Cd L B i i

1.217 mg-pot

AR PR REXT A e B R AL (TF) P2 AR 52, 5
— Cd AbBREA (5532 2250 1. 25 AL ,550 wm 1% PE
+ Cd AbFRAEERS R BCA s in, 1. 348 6, 4 0m T
7.89%; Hoax ab B2 iE R B BEAR, B BR N
7. 42% ~55. 73%,13 pm 0. 1% PS + Cd Zb¥EH %45z
AEUAK, 0. 553 3.

*2 REEESHBECIMEE. REEMEBRYY

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 B 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 £0.31c¢ 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¢ 0.6023 +£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¢
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1) NEVING TR A — 3 WAL B2 [81 4 B 225 (P <0.05)
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Table 3 Estimation of soil bacterial community diversity in different samples

S b P ACE #8541 Chaol F8%% Shannon F§%% Simpson FE4% Sobs 84X
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1) RIRNG 50 3R 7] — 9 P b 822 7 5 595 5 (P <005, | o= |\ 4 f-* =

|'._F"
2.3.2 WS
REAURS TR za%amrgfﬂ@ EH s
B 976 (IR K. 11K P I A %
( PIcteobactemr'éé 9% ~26.35% e /o)_ﬁ,
Qﬂ%ﬂ:ﬁll‘] ( Aictlnoltgcterlota 18.52% ’f%éfl%r) u

?QIH} H.(Aimdq?acterlota 12.06% ~J"‘2%, 15_,1% " i("

%ﬁl]féhl?ﬂem 9503% ~ 1. 96%5 Eﬁ*‘
éﬂiﬁﬁ/

(Fu’chgfé 6.83% ~ 10.27%) . bon

(Patesé‘lbacterla 3.60% ~ 4.53%) FN #5 ¥ [
( Cyanobacteria, 3. 12% ~4.05% ) SFARH G, 4
FRIFH 90% ~96% (&1 2) . SX R4 CK # L, Cd
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Fig. 2 Relative abundance of sequences at the phylum level of the bacterial community
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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
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