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Abstract To explore the effects of soil microplastics on the physiology and ecology of wild plants, 150 ym
polyethylene microplastics (PE-MPs) were used in this study. Control groups (CK) and different exposure
groups were established to simulate the effects of MP pollution in the soil on plant physiological and ecological
indicators and their soil physicochemical indicators, respectively. The results indicated that the effect of
exposure to low concentrations of PE-MPs on Viola philippica was not significant enough; however, exposure
to high concentrations had significant inhibition effects on plant physiological indices. When the exposure
concentration of PE-MPs exceeded 500 mg/kg, significant changes were observed in the various physiological
and ecological indices of Viola philippica. Some indicators reached their lowest values at the highest PE-
MP concentration of 1 500 mg/kg. Compared with the CK group, root activity, chlorophyll a, chlorophyll b,
and total chlorophyll were significantly decreased by 55.2%, 27.9%, 23.3%, and 26.7%, respectively, at 1 500
mg/kg. Antioxidant enzyme activity indicators such as superoxide dismutase (SOD), peroxidase (POD), and
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catalase (CAT) were significantly reduced by 55.2%, 35.1%, and 35.5%, respectively. Chlorophyll fluorescence
parameters F, and F, were significantly decreased by 27.1% and 17.8%, respectively. Further, NPQ ,; reached
its lowest level at 500 mg/kg; 1-Qp ss increased with increase in exposure concentrations of PE-MPs and
reached its highest level at 1 000 mg/kg. Fluorescence imaging results indicated that the leaf activity of Viola
philippica significantly decreased at exposure concentrations of 1 000 or 1 500 mg/kg of PE-MPs. Fluorescence
imaging indicated that the leaf activity of Viola philippica significantly reduced at 1 000 or 1 500 mg/kg. The soil
pH value and fast-acting potassium increased with increase in exposure concentration of PE-MPs. However,
the contents of effective phosphorus and alkaline nitrogen significantly decreased with exposure to the lowest
effective phosphorus concentration of 500 mg/kg PE-MPs and lowest alkaline nitrogen at 1 500 mg/kg. The
study also indicated that various physiological indices of Viola philippica were significantly inhibited when the
exposure concentration of PE-MPs exceeded 500 mg/kg. Meanwhile, several indicators, such as root vigor,
total chlorophyll, SOD, F,, F,, 1-Qp ss, and QY,,,,, significantly correlated with soil alkaline dissolved nitrogen.
Overall, the changes in physiological and ecological characteristics of V. philippica were not significant at lower
concentrations of PE-MPs (below 100 mg/kg) in the soil environment, while the antioxidant enzyme system and
PSII photosynthetic system of the plants were significantly disrupted at higher PE-MPs exposures, and their
tolerable PE-MPs exposure ranged from about 100 to 500 mg/kg.
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Table 1 Basic physical and chemical properties of the tested soil
) B - i 448 A% A 2% R LA R,
LI AR Organic r;;atter Total Total Total nitrogen Available Available  Alkali hydrolyzed H
Soil property (%M/ kg") phosphorus potassium (TN/g k 91) phosphorus potassium nitrogen P
99 (TPIg kg™ (TK/g kg™ 9kg (AP/mgkg")  (AKimgkg™)  (AN/mgkg”)
# 1 Concentration 51.16 1.53 2.43 1.66 4.77 5885 196.56 5.4
AR RIS H

1 AR A %P2 0 T B: 150 pm PE-MPsHUEEH 1

Fig. 1 The tested materials. A: Indoor potted Viola philippica; B: SEM
of 150 ym PE-MPs.
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ST E i, PE-MPsANAII B B 85 T84 T ik o
Z4 1l (photosystem Il complex, PSID & K& F =% QY .

800

I A AR, D8 AR T X B K& T 72 QY oy 1
WO R QY ol i, GONIK. FEE PE-MPs 2 55 IR JE 18K,
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Fig. 2 Changes in root activity (A) and chlorophyll content (B) of

Exposure of PE-MPs (w/mg kg™)

R, S EPARFENS T RER R A AR R 25 (P<0.05, N=6).
Viola philippica under different concentrations of PE-MPs exposure.

Different lowercase letters in the same figure indicate significant difference among different groups (P < 0.05, N = 6).
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Fig. 3 Changes in SOD (A), POD (B), and CAT (C) in Viola philippica under different exposure concentrations of PE-MPs. Different
lowercase letters in the same figure indicate significant difference among different groups (P < 0.05, N = 6).
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Fig. 4 Changes in chlorophyll fluorescence parameters of Viola philippica under different exposure concentrations of PE-MPs. Different
lowercase letters in the same figure indicate significant difference among different groups (P < 0.05, N = 6).
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Fig. 5 Changes in chlorophyll fluorescence parameters QY,,., (A) and fluorescence imaging (B) of Viola philippica under different
concentrations of PE-MPs exposure. Different lowercase letters in Fig. 5A indicate significant differences among different groups (P < 0.05, N = 6).
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Table 2 Changes in soil physicochemical properties under exposure to different concentrations of PE-MPs

-+ iR bR Soil property
A Available

PE-MPs/mg kg #HLJF Organic H %% Available B fif % Alkali hydrolyzed

matter (OM/g kg”")  phosphorus (AP/mg kg™) potassium (AK/mg kg™) nitrogen (AN/mg kg™) PH
0 51.16 + 1.74ab 4,77 £0.09a 53.55 +2.84d 196.56 + 3.82a 5.4+0.01c
50 42.89 £ 5.59b 4.64 +0.24a 85.15 + 5.56a 151.69 £ 3.02b 5.7 £0.02b
100 43.10 £ 5.57ab 3.39+£0.17b 69.23 + 1.03bc 137.45 + 5.54b 5.9+0.03a
500 46.69 + 1.52ab 2.18 £ 0.03c 77.06 £7.23ab 95.05 £ 7.74¢c 5.9 +0.05a
1000 52.61 £ 0.71ab 3.46£0.17b 59.73 £ 4.76cd 79.79 £ 5.46¢ 5.9+0.03a
1500 56.16 + 3.35a 3.13+£0.06b 83.18 £ 1.71ab 80.58 £ 2.06¢c 5.9 £0.03ab

F SR Jo A F /NG RO AR AR 2 7 2% (P<0.05, N=6).
Different lowercase letters after data in the same column indicate significant difference among different groups (P < 0.05, N=6) .

R3 FNEIRBEPE-MPs &% TEY SRR S TIRIBUIEFrE A HE X 1%
Table 3 Correlation between plant indicators and soil physicochemical indicators under different concentrations of PE-MPs exposure

PE-MPsikJ¥ R R /1

Injlﬁc)gor PE-MPs Root Ct CAT POD SOD Fo Fo NPQ o 1-Qy s QYpa  PH OM AP AK
concentration activity

RARIET -

Root activity ~0.976

Ct -0.974" 0.999"

CAT -0.917 0.846" 0.853

POD -0.907" 0.965" 0.9717 0.746

SOD -0.990" 0.982" 0.9817 0.927" 0.911

Fo -0.949" 0.964" 0.959” 0.769 0.955 0.920"

F. -0.951" 0.968 0.9637 0.768 0.957  0.924" 1.000"

NPQ . -0.312 0.461 0.437 -0.073 0.523 0.299 0.260 0.535

1-Q, 1 -0.828 0.874 0.864 0.583 0.826° 0.828° 0.840° 0.854 0.668

QY o 0.826° -0.860° -0.843" -0.539 -0.827 -0.790 -0.902° -0.910" -0.732 -0.954"

pH 0.459 -0.503 -0.464 -0.164 -0.390 -0.442 -0.508 -0.523 -0.764 -0.776 0.792

oM 0.794 0.643 -0.792 -0.848 -0.801 -0.795 -0.736 -0.731 0.066 -0.473  0.447 -0.141

AP -0.508 -0.764 0643 0.219 0664 0.551 0.594 0.610 0.871° 0.821 -0.752 -0.771 -0.132

AK 0.245 0.657 -0.182 -0.270 -0.015 -0.275 -0.136 -0.140 -0.132 -0.188 0.177 0.536 -0.246 -0.290

AN -0.840 0.875 0.852° 0.576 0.811 0.816 0.895 0.903° 0.730 0.936" -0.978 -0.838 -0.396 0.785 -0.369

OM: A Bl : AP: 20 : AK: R AN: Bl i %
OM: Organic matter; AP: Available phosphorus; AK: Available potassium; AN: Alkali hydrolyzed nitrogen.
**P<0.01;* P<0.05.
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FIEMx, 5HEEIRS B2 ZENMX, POD5SSODE
WFEIEMK, 5F Fa2 R FIEA R, 5QY a2 03 7
% Fo5F 2B EEME, 51-Q, . WMFA R EEIEM
K, HQY a2 BE AR F51-Q, Lo TRAE R REEM
s HQY o BE MK NPQ o 1-Q, o5 IR A TR
BEIEA: 1-Qp 1o’ T QY max & 5235 FUHIE, SR 24 5
FIEA I QY o 500 %02 T35 UG T A5 SODE &
FAEAHSC, 25 LHEpH R B35 FAH 5¢; R da bR R 0 . 35 41 5%
.
3 g
3.1 PE-MPsRERBX &M T R RF NN

MR 235 17 KN 5 B AR R A A 05 B 50 3 s AR e B0 A
gk ], ST H T EPE-MPs 2 52 WK [ 7950 mg/kgitf,
FRIG JIWS A T, AT RE A Ry — 8 R R BRI T
B, FH S REREAENN, XA THYR R T
% R, AR R AEKPY, WS IR R /. #FPE-MPs &
T W Z T 100 mg/kght, 1R RTE /RN, FEmKE
(1 500 mg/kg) FHR RiE 15, FEAKT52.2%, 7] Ge /& PE-
MPsHEPIIRA B AR, 5 SARPR AR T 83 285, 410
BEH AR Tk AR 8, T RE 43 B B 5 R, 4B 4 M KR, &
S HL T M Z0% SR A, [FI B KalikovaZe it ot 45 %
W BB ) 2 WA b 453 5 V7 AR 3 Y 25 2 o AR 40 i R 1 i
M. BEAl, Dong % AT 7t 45 S 3% B BRG] o 28 A 0 AR R
AR R AR G 3 R S A, 32 s - L AT U
WAk, S AR bR IR FR AL J1 2 & A A B, R3gh it
7N T R At PE-MPs B f# 2 K A2 4, T3 J1H BT 2 4L
AT R 422 5 AR AR RIG JIBRAR, AR R Fr gk — 2Dt 9.
3.2 PE-MPs&EX £ T MR EAI5

M4 R & LD R A 1E RS, 7R R R
PE-MPs#:# T, M4 zalkm 2R &= b 5 52 2520, 1IX 5Ren
SR A4 RO — 5 MRS BAEAR K EPE-MPs &5
(AL, 5B 50 R 25 AR 7 46 RO R — Stk IR R
FFERHENE M g Ka, Kb E BN, Sk R
At Ra. MM RbS &, AFRE R B RIEH T Eik
FE N> 500 mg/kgh, 43 7 25 0 R LE 535 B AIG, Ui
VR B U R B I SRR AL A BRI E, Y
e ARG, PEOCAER SR TR, Lig @it T &
TR 2 O R AR L 5 1 52 3 I (Cucumis sativus) '
SEFOTAE, I BT SR ER B S5 MR e th 32 B BIOR, St & E 2
FIARF M L, IR AN £ A I G KA
7, BRI SRR G0, SEEDeRe R A & 1ER
FEAK.
3.3 PE-MPsEBZX &M T i EH BRI

T4 40 M P4 77 76 R B B PG i R 48, inSOD. POD
FICATE LA L E, 7T LA 2 b b 18 TG M4 (reactive
oxygen species, ROS) Xf & i1, SODJE VAN
L —iERBE I ET (O MIHTEILES, 7K O, # i NH,0,
I EREE ISR K ER R, FPE-MPs£# ik
JZ 550 mg/kg#k Pk T, SODIF MR A LTt X 2 SODIF N
T IRRAR AN a8 55 5 08 DL DROSHT &R, (R #E Ptk &
GiafE. WA AN NSODFEMEF &, 5% M 5 a1
i} 52 M 95, PE-MPs%:# ¥k > 100 mg/kglt}, SODiF
SBEFEAR, ATRE R K VROSH & 81, # it S BER 1 R 4

HIIG BREE ST, IWTIHIH SODEPE. AW 9t 45 R 5 2 35 & 1 it
Fe R BB 5 PVCURL A8 N & T, K (Glycine max) %)
T AR P BT AABEEE T T R 45 R T 22 S, IX AT e 2 R
YA B iE BRI T B AR 2 R, HPTE L R Gt
ANTR] 3 ey i o7 B H) A7 A 25 ST 5 B 45 R

PODE N AE Y i BRI Al 2 —, fe il M ai i b i
H,0,, B IEH,O, i g Y. mik ¥ 5 % FPODIE M i %
FEAK, XEXNBREM AR ENZRIRGRELETERY
(Vicia faba) 411iPODIAZ ka4 — 5. S8 T Hadk
TG 1 1) S T v /2 5% PE-MPs 2% 2 75 3 IR HA A8 49 /e N,
T3 P A U2 6 Y ) 5 R T R R, LR S Bl A2 B B
510, AU Bl A S 2 AR A S e TR AE T X PE-MPsf
A S B

CAT R —Fl B % 112 1t H,O 30\ 3l 43 il 8 73 - S AK (1 g 25
TERRT, 5 SODREYFMERTE RO, FIH,0,, i8> OH )
A R, A AR e 32 B VR Y. IR JE PE-MPs 2t #2 {2 i2E 48 7E
T A N CATYVE 1, 9802% - OH AR 3, ZZ il PE-MPs %
6 R 35 AE . PE-MPs 2 22 K £ > 500 mg/kghs, CAT
P AR, LI CATIE M52 B AR R LI, RIKSE
PE-MPs/Ab# T S48 1T M Fr H JUFR A A 3R 1 10 P AR AL I
Tk S I 0, R B S AE M TR A B N A S, AT LAY R
B RMROS; Hf%PE-MPs% 5 ik & Th, $ua b iR
FIRIBHREER, A 40 i 52 3™ 5 0 i AL B s, §3SOoD.
PODFICAT ¥ 2 Z B& K, MM ‘T EROSTEAEY) & P i 5 A7
2, MWRIPUEAAR T YL 2 B Al 45457
3.4 PE-MPsERZEXEEMT HRREASHNE

M4 RS O S A AR A (n T 5 R E A
B RS MR, B89 B B2 58] B M U B A O R 4 AR EDR
WY HERT G Fo Rt R (PSIDD fz it ib T 58 4 JF
TR 176 6 7= 1, A 0 I 3 BT I = 1) fe N e ik . #EPE-
MPs 5 5 ik 3 — 5 SR FE I, SACH T M 10 e A WL 8 3 —
SE L A, PE-MPs £ 85 ¥ 41 000-1 500 mg/kgF,
Fol% 8 5 ik, MRS B EFEM B EMFM, XTaE 5
GRS R . LIRS A B A B IR I, A
TR R G RE 2 500 2 N B R 2D, DAFA
AR TE BRI N, F, 2 PSIL N A0 A T 5845 5%
BHI (7 7= &, Al e el i PSR L AL 38 1510 PE-MPs
R IREZETLE> 500 mg/kght, F @& BEAE. VP& SR
R F o 3 25 FRAR, U B P ST H 74 2 71 B 57 [ 51 52 21 6 410
ILZEIJ[EZ].

NPQ | 7 /R PSSR H st R AR £ 2 WIS 1 AAHE
77. BEEPE-MPs& IR LI R, NPQ | (SIS )E &,
YLIHEAE M T 72 PE-MPs 52 55 ¥R B Y0 1Bl P, 3 3 )i 3l S 94
FE BB F 4 37 WL 81 R AR B R R PSR R 1k 1) E F7 28 TR AR
TR B RRY, MM FNPQ 25 A%, AN
T3 B LA 32 2058 e e IR, LIRS B B 23t
PAAFE B 2 AEY. 1-Q, (PSR B0 6 L
1-Q, ook, PSILR LGP/, Bt %5 PE-MPs % 5 i
WK, 1-Q, Lo BT BHIPE-MPs S5 #2645y T H F PSTTH
AR A2, Homh A Y REFRIH 7 Be o038 AHIE 9 45 3R I
W PE-MPs AL P2 B SR A PSS N A0y, B BT H 744 356 38
&2, FEHH A et i .
3.5 PE-MPsR&E T £ T MR R R AR IFHIS M

QY o & PSR BT P2 8, FF R e 1 A8 18 1 e K
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A fERE 4

A RE T, HBOE AR AT B €6 A T AR R K, ABA (9 16Ok
BEHE AL ZE QY o, R %, IS 3 5 e AR ot S W 1 R B R
XPSILHIHE, %t g R YIHKAEH T 52 FIPE-MPs FF& 11,
W B i o AR A, HH SRR S EHE — 8
AEFAE, X LI PSIS R 052 B PSR BT 15 8 4
ZRIWE, RV B G Re R A T S B R 2500
L. 7EPE-MPsI % 91 00011 500 mg/kght, 76 M T
RIS P SZ AR, A R i SN AR S A G AE . Rk, B
FPE-MPs % % N A0 T I 1 2¢ ' id% o A 2 8 1 T AR IR
g, MG TR B R, BT O AR
RTEM AL N B3, X5 1K R ST 70 3R K L0 i Xt 2 g
(Hydrilla verticillate) 117 B AR 7t 45 045 BT A [, AT fig
BT PRI 45 8 S AR IR R AR, i — b

z3

Jt.
3.6 PE-MPsZZ Xt TIRIB LM AV

A BEIE R DL 5y T B4 oot 3R 70 5 A W BRI AR
H, £ S8t B 10 MR 5 7. ik, LA AR B
A ET B 5 RS 398 P B RO AR BT A P A . Rk
RO B b TR B R RO R R A AR AL, 45 A1
Sy UATKAS , T B IR 0 70 25 (KRR Y. SR T Yang A\ R B s
i P (20 grkg) FA i a5 i 58 20 R P SR 2R 0 BB TR A T
3 e R R BE Y, X S IRATAE AT R g AL
AT g 2 T MPs 25 0 A0 B 10 22 S . A B 52 2000k
Bl, ARIMPsAbBE £ 52 5 4 p pHAE, 5 R i 7 B itk — 4
WEFE. SRT, TEA AR PE-MPs 5 55 T -1 39 il i S8 vk B2 4 5
ZR A BF I 9 Rk s oA 9 LR R i 3%
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