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Abstract: The effects of polystyrene microplastics ( PS-MPs) with mass fractions of 0.0% (CK), 0.5%,
1.0%, and 2.5% (based on dry mass of sediment) on the growth traits, leaf chlorophyll contents, and
antioxidant system of Myriophyllum wverticillatum Linn., as well as rhizosphere and sediment bacterial
communities were analyzed by a greenhouse control experiment. The results show that PS-MPs
significantly inhibit (p<0.05) plant height, root length, dry mass per plant, and chlorophyll content of
M. verticillatum in general, and the inhibitory effect intensifies with the increase of mass fractions. PS-
MPs have the effect of low mass fraction promotion and high mass fraction inhibition on the antioxidant
enzyme activities of M. wverticillatum leaves: compared with the CK group, the activities of superoxide
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dismutase, peroxidase, and catalase in the 0.5% (mass fraction) PS-MPs treatment group increase by
7.52% , 11.43%, and 12.36% , respectively, while those in the 2.5% (mass fraction) PS-MPs treatment
group decrease by 16.30%, 16.14% , and 35.44% , respectively. Malondialdehyde content increases with

the increase of mass fractions of PS-MPs, indicating aggravated membrane lipid peroxidation damage. The

addition of PS-MPs alters the rhizosphere bacterial community structure of M. werticillatum, but exerts

minor effects on sediment bacterial community structure. Compared with the CK group, the proportion of

Actinomycetota in the rhizosphere bacterial community of M. verticillatum decreases in PS-MPs treatment
groups,, whereas the proportion of Pseudomonadota increases and becomes the most dominant phylum. In
conclusion, PS-MPs significantly inhibit the growth of M. werticillatum by changing its physiological
characteristics ; meanwhile, the effects of PS-MPs on bacterial community structures of M. verticillatum
rhizosphere may indirectly interfere with the physiological metabolism of M. wverticillatum.

Key words: polystyrene microplastics ( PS-MPs) ; Myriophyllum verticillatum Linn. ; growth; chlorophyll

content; antioxidant enzyme activity ; bacterial community
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F1 TERESHH PS-MPs L EXHINER £ KMERFIT F TR ESENFIG(XSD) !
Table 1 Effects of different mass fractions of PS-MPs treatments on growth traits and chlorophyll content in leaves of Myriophyllum verticillatum

Linn. (X+SD)"

PS-MPs Jii i /4 %
Mass fraction of PS-MPs

HRE/em
Root length

R/ cm
Plant height

BAURR TR mg
Dry mass per plant

Mk o fit/ (mg - g7')
Chlorophyll @ content

MR b &R/ (mg - g™
Chlorophyll b content

0.0 29.30+0.72a 23.60+1.11a 58.33+2.52a 0.81+0.04a 0.36+0.02a
0.5 28.17+0.25b 21.07+1.10b 52.33+3.06b 0.72+0.03b 0.34+0.03a
1.0 27.27+0.50bc 17.73£0.50¢ 44.67+3.51c¢ 0.66+0.02bc 0.31£0.07ab
2.5 26.53+0.35¢ 15.27+0.21d 35.33+1.53d 0.61+0.06¢ 0.25+0.04b

D[ 5 R [ NE TR R 22 57 8.3 (p<0.05) Different lowercases in the same column indicate the significant differences (p<0.05).

2.2 PS-MPs 3 IMEEM A AWt RSN
ZEI(F2) BoR . B PS-MPs JFi & /507
IR st b A AL S PR3 55 B THE TRER
543 %% 0.0% PS-MPs ( CK) 2041 H, i &+ 40 %X
0.5%PS—MPs 2b 320 1) 8 A A 50 AL i 2o S Ak g
Al S Ak S 25 T (p<0.05) |, 3l 8 CK 20
TH 7.52% 11.43% 1 12.36% ; 111} J5 5 53 8% 1.0% il
2.5%PS-MPs ZbFRZH 3 BRSP4 0 2 REAR, H AR
HOM B 2.5%PS-MPs Kb HZH [ 2 5%, /3 5% CK 4
F#AIK 16.30% ,16.14% 1 35.44% , TN - &b PS-
MPs JF 43 B0 T i 25 1, R 4 410 0.5%

1.0%F1 2.5% PS - MPs b ¥ 41 43 3] % CK 417t &
15.24% .41.03%F1 67.29%
2.3 PS-MPs X 5 4R BR A0 70 AR 490 40 B R¥ T Y
A

50 (B 1) 3R] IS INAS[R] BT 2 73 50 PS—MPs 2k
ST AN AR R 20 TR B 4 R ARG U R AN T BT
SRS AL . TEAN SRR PR TR VR b, 2% Ak 3
HH TR ] ( Actinomycetota ) 15 b BARBH PS—MPs
Jo A3 BT R T /S 5 (BB BT ) ( Pseudomonadota )
5 HH R T 4341 0.0% PS—MPs (CK) 41, B Uik
LT TSR], ARV AR5 D e
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Table 2  Effects of different mass fractions of PS-MPs treatments on the antioxidant system of leaves of Myriophyllum verticillatum Linn.

(X£SD)V

PS—-MPs Ji #5050/ %

. -1 . -1 . -1 . -1
Mass fraction of PS-MPs Asop/(U - g™) Apop/(U - g™) Acar/(U = g70) wypy/ (nmol + g7 )
0.0 201.07+0.47b 182.20+0.26b 55.03+0.31b 8.53+0.21d
0.5 216.20+0.30a 203.03+0.21a 61.83+0.59a 9.83+0.15¢
1.0 186.70+0.40¢ 164.60+0.26¢ 48.20+0.66¢ 12.03+0.57b
2.5 168.30+0.46d 152.80+0.82d 35.53+0.31d 14.27+0.35a

D Agop : A APy s A il e Superoxide dismutase activity; Apgp : A ALY TE P Peroxidase activity; Acap: AL A G Catalase activity ;
wypy : % T Malondialdehyde content. [A]%1] HAS [6) /N5 5 R R OR 22 53 {2 3 (p<0.05) Different lowercases in the same column indicate the

significant differences (p<0.05).
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MP0.5
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CK: JFiim43%L 0.0%PS—MPs Mass fraction of 0.0% PS-MPs; MP0.5: Jit
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340 0.5%PS-MPs Mass fraction of 0.5% PS-MPs; MP1.0; i 434X 1.0%
s Mass fraction of 2.5% PS-MPs.

B 1 AERESE PS-MPs A EXIMERRIR (A) FLERY (B) HE B ZEEHRN
Fig. 1 Effects of different mass fractions of PS-MPs treatments on the bacterial community structure of rhizosphere of
Myriophyllum verticillatum Linn. (A) and sediment (B)

115 LuBE PS-MPs i it 53 800 s Bk

2% 3 0 UL A IR AR o A o B T, 45 A B
ZH 1) Sobs F8%% . Shannon 8% . Chao 648 . Ace 18515
CK HAHL I TC W 3% 22 5%, B PS—-MPs Jit &2 53 5+
1, IR B AR o 40 B B 75 119 Sobs $5 41, Chao 8 RN
Ace T8 SEBEAR S T PR AR A Fa 35 (H IR T
CK 41 ; 1fii Shannon $8 £ 5 56 T i J B A F5- T i 11
B FEER 0.5% 1.0% 2.5%PS—-MPs AbFi4H TR
YU T 7% 1Y Sobs 45 %X, Shannon 5%k, Chao 54K
Ace TR XL T CK 4, EULRY 4T fE 95 Bl
PS—-MPs JFi e 40 B0t i, 4 48 B0 B0 e RS T

ks Hor AU i 43 $00.5%PS - MPs Ab 3 41 ()
Sobs 6 % . Chao #5844 . Ace 850 B F MK T (p<0.05)
CK 2.
24 PS-MPs RESHSIMERE K, £ EERE
HIHE XM T

ZER (£ 4) R . PS-MPs R0 50502 ek
KAEPR (bR AR K MR T i) R o T,
B A GRS B AL B G Ak R AR A S
it ) 3 M S B A OE (p<0.01) , SP& R b S
EREAMKIL (p<0.05), 5N S = 2N P EIE
HHE,
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Table 3 Effects of different mass fractions of PS-MPs treatments on
verticillatum Linn. and sediment (X+SD) ")

a-diversity indices of bacterial communities of rhizosphere of Myriophyllum

PS-MPs it 534/ % Sobs $8%L Shannon 51 Chao $5%X Ace $BEL
Mass fraction of PS-MPs Sobs index Shannon index Chao index Ace index
IR FEARBRAN A FEYE M. verticillatum rhizosphere bacterial community
0.0 1 792.0+440.5a 4.73+0.15a 2 101.3+639.6a 2 136.2+692.3a
0.5 1 150.3+359.1a 4.90+0.75a 1 248.3+441.0a 1 240.0+448.9a
1.0 1 627.7+438.8a 4.59+0.86a 1 978.7£696.7a 2 005.4+740.5a
2.5 1 112.3+814.1a 4.98+0.41a 1307.4+1 101.3a 1321.7+1 131.3a
VIR AN BV Sediment bacterial community
0.0 2 963.7+72.8a 6.07+0.16a 3 628.1+98.5a 3 699.0£92.4a
0.5 2 650.3+93.1b 5.87+0.19a 3242.2+143.9b 3 341.0+118.8b
1.0 2 752.7+6.8ab 5.80+0.13a 3 379.4+12.9ab 3 467.0+44.3ab
2.5 2 781.0+200.4ab 5.82+0.31a 3 462.0+180.4ab 3 566.1+146.9ab

D [Rl— 4B BETE [R5 s AN R /NS E 6 7R 22 55 5.3 (p<0.05) Different lowercases in the same column of the same bacterial community indicate the

significant differences (p<0.05).
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*4 PS-MPs RESHSIMERLEK EEERENHEXE
Table 4 Correlations between mass fractions of PS-MPs and growth
and physiological indices of Myriophyllum verticillatum Linn.

b FR
Index orrelation
coefficient!
¥R 7 Plant height -0.950 =
HE K Root length -0.972 ==
HLPkT i Dry mass per plant -0.923 =
4% 2 a 12 Chlorophyll @ content =0.919 ==
452 b & & Chlorophyll b content -0.681 =
R AP AL RGP Superoxide dismutase activity =0.777 ==
W PR P Peroxidase activity =0.720 =
ARG Catalase activity =0.741 =
9 &% & Malondialdehyde content 0.979 =

D s p<0.05; #% ; p<0.01.
307 #

3.1 PS-MPs MMMERERKEMHAFHEESENE
AL

PS-MPs A4bHLIg 2 (p<0.05) IR FAY A1,
R AR AR AR T BT E PS-MPs it 43
BT R, 5 PS-MPs J5i 5405054 5535 7 A0
K(p<0.01) , RFR HIEHfh PS-MPs, PS-MPs 1] I
B T AR Rl A1 3R AR B, MRS 3% 181 2 X AR 2R 8 L
AN, PS—MPs 38 23 5% SEAR 2% K7 200 i 1] Bt S 7K
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Yy A5 5 A BB A 1) 2 fin e R BT A A i
BEAR ) BRI R L3 K o3 R IR A b4 e A T30
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M2 o SRR b L EERR AR,
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MPs 53 TG PE A (ROS ) PR IR i SRR i 25 4 | &
GRS EFREY ) SMEET R HSRER o &

BEA R B PS-MPs AbFH T 44745 5543 %1 0.0%
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7350 0.5% 1 1.0%PS-MPs ZbFE T B F#R(H 5 CK 4
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B, AT e g R Aa e MR b F R AR
O 2.5%PS-MPs AP T CK 41 3 TR, X il
RE DA Sy i 44K 2.5% PS—MPs #3910 38 (0 T 32 g
J1o B ARG R MRFLLREAL, 155 TOLAEM, A
BRI AL A A LS e R b, S B AR K Ak
1o S R T I I R 2 B
3.2 PS-MPs XIMEERM AN RGEHIERILFI

W% PS-MPs i /0 5Ht i IR 30T b 84k
il % 4 2 S T I AR R A IR A B PS—
MPs REITE IR SEPL A R G0, X B 97 22 2111 oy
X SRR BT R R R PS-MPs #TE
FREERPUAAL B TS M — 20, W% PS—-MPs it 73 4K
FHE, ROS A B A 1 P L R I BRAE T, 1
B ZR G R A SR TG, B E MR TR, AN,
P TR AR A 1T B RIS A A R BRAE TR T R (P
AR 5 1) B A G A ) AR 20 ) 55
ke )y, A it Shca btk
FAA L, TN SR PS-MPs R0 50T = 2
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