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Impact of the interaction between microplastics and lithium ions on the
growth traits and antioxidant system of Triticum aestivum L.

MENG Linggin, SHEN Zheyuan, @ WANG Ning, TIAN Mingzhu, MA Caiying, ZHANG Liang,
FAN Yao, WANG Shoujing, ZHOU Xue
(School of Chemisiry and Biological Engineering, Nanjing Normal University Taizhou College, Taizhou 225300, China)

Abstract: This study used Triticum aestivum L. (Jimai 22) as the test plant to investigate the effects of single and
combined exposure to polyethylene microplastics (PE) (20 g/kg) and polybutylene adipate-terephthalate microplastics
(PBAT) (20 g/kg) with lithium (Li) (60 mg/kg) on the growth and antioxidant system of wheat. The results showed that

2% PE increased biomass, while 2% PBAT significantly
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inhibited root and stem development, both treatments

decreased the total chlorophyll content of the plant and in-

«RUREE A S0 311 752U A e S T creased carotenoid content. Li* promoted the growth of the

/N7 Rl = !
BRI A 26(2004-) | IR TS T A ASRE RS 7 ) o fm leaves, significantly increased catalase (CAT) activity, but
B AEZSE0% . (E-mail) 16220251 @ nnute.edu.cn inhibited chlorophyll synthesis and root growth, as well as

BIEE 5K 5%, (E-mail) liangzai0061 @ 126.com inhibited superoxide dismutase (SOD) activity in the roots.
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In the combined treatments, both 2% PE+Li" and 2% PBAT+Li" exacerbated the growth inhibition of the leaves and
increased the activities of peroxidase ( POD) and CAT. Among them, the PBAT+Li" group caused the most significant
decrease in fresh and dry weight and chlorophyll content of the plants. In addition, combined treatments significantly inhibited
the absorption and transport of Li" in wheat (2% PBAT>2% PE). Soil physicochemical analysis showed that 2% PE could
alleviate the inhibition of Li" on available phosphorus, while 2% PBAT and Li" synergistically increased the available
potassium content. Combined treatments significantly promoted soil invertase and urease activities. Correlation analysis
revealed a positive association between the antioxidant system and growth indicators, indicating that plants respond to pollution
stress by regulating antioxidant defense. Overall, degradable PBAT has higher ecological risks than PE, and Li" further

exacerbates the ecological toxicity of PBAT, which may be due to the differences in the interaction between PBAT and Li*

compared to PE, inducing different response mechanisms in the plant-soil system.
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ROW(PE) ¥k RO ZR-X AR ZHRT
T HE (PBAT) OB B W F A 58 rh S8 AL BHE A
BRAN ] RIARII N 106 wm, TF 2 22 /N i il
LG Z SRS F A FiAE )z EAN R
DX - RS T Y Re i ar AR K A $I9E |
SYBERE I | BURE S AP HOE SR TR
AL/ N T AR E R Ak 2 R AR e I 2
UrAZ 2200 A ILARE L= BAE PR T ) o B
RS Z N A L HGR)ZE (0~20 em) £, H 32K
AR+, IR AT AL pH = 8. 56, A RUA
T4 26. 50 mg/kg, ARBEE N 11.4 mg/kg, AIRL
PR 59. 06 mg/kg,
1.2 REEEit

8 29%PE F1 2% PBAT i 38 0} & 4 FH
Hb RS B R A B T ek R SR A SRR
60 mg/ kgL B T AL BE T, /NEZ AR K Bk
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fitf 7 4 AR K FR AR 1 52 B, XN A K 2 AR
PR B AARTIFGE 36 4% 60 mey/ ke 1488 B F 7 1
PR, ARG LR 6 ML, B AR
TINS5 Y g 3F B4 (CK) (B— PE V544 (PE &%
B4 20 g/kg) (2% PE 4 ) . ¥.— PBAT {5 4 4
(PBAT &0 20 o/kg) (2%PBAT 4) (BA— Li*i5
YL (LiT &N 60 mg/kg) (LiT4) PE il Li' &4
YL (PE A Li" % & 53 0 o8 20 mg/kg Fil 60
mg/kg) (2% PE+Li" #0) \PBAT I Li* & &5 421
(PBAT FI Li* & 439 & 20 mg/kg fl 60 mg/kg)
(2%PBAT+Li" ) , BB E 5 MEE
VERR I — B /N T, F 1. 5% IR M
(NaClO) ¥ 7 20 min, 2 K @ /K wh ik BOR 5 12
T 12 b, PGB 20 A TR SR AR A 15 3R LA, T e R
BiFRAEh 25 CHEZE 24 h BB A —BWF FRE R
E DSOS L IR e EA L Y 2 o8 Q[ IR s g E|
SRIGIAS ~9 b, I L7k J] B AL V) 460 ok 47 i A g 2>
I RG IR, ENIRERFEE20~25 C ;A4
KIAHERE ; 55 3 d Sl ARE A A 78 25 B T oK, DA
F560% ~70% e KAF K i
1.3 MEMBSNER*
KRR IO ROt A AR, a0
HEtsaRase™ , SHARAESE Y Wk
DU E 9 W (MDA) 5 & 1 Ak ) 5 AL g (SOD)
e, S %24 I il e s S ALY (POD)
*1 HEsSEBEITNEERBERAZM

Table 1 Effects of microplastics and lithium stress on wheat growth

TR A L E B (CAT) 351, LA L 48 Fr 56 T fif
FIE, K% S ek e st E S
O SRR G R A R R I S T A
SEMAR Bk, OGRS R A R
DAY SE D 1 A (TR - = AR IR R ) | IR FH L B &
45 B9 T B (1CP-MS) Pl sE ™
1.4 HESKITE5HH

IR B R F Excel2021 ,OriginPro2021 #4173
AEMZE, R SPSS19.0 1) Duncan’ s 3% 1
(IR SSlGIE i

2 HERE

21 FARMERS Li'3/hEEKERLBZM

M 1 o], SR AH H, 2% PE 4 522%PE+
Li* 41 2 30 i /N2 AR AR BE T 2% PE 20 1 234 n
INFEE T TN, 2% PE+Li" 41 35 /N A2 fif o
29%PBAT 41} 2% PBAT+Li" 41155 5 240 i /N 22 it
FAAREREE  THE, 7358, 5 2% PE+Li" 4 AH L,
29%PBAT+Li" /N2 I 7 B MRS B A T H 3%
WERRML, 5 2%PE AU EL, 2% PBAT 41 /N3 AR5
KT T 5 3 0 BEAR, X W] PBAT AJRELL PE
XN SR, 5 I [E A, 2% PBAT+Li* 41 1o
29%PBAT £H X I 5 AR &84 B2 B4 41 i) 5 BH &, i
2%PE+Li" /N 0yt KB AR BE i B AT
#5209 PE YIAHILIFC R E XS,

JUSLIES| - (em) MR JE (om) G (g) TH(g)
CK 12.22+0.45b 40.07+5.64a 0.152+0.024¢ 0.094+0.012¢
2%PE 11.67+0.77bc 20.92+1.83b 0.244+0.037ab 0.147+0.038a
2%PBAT 9.69+0.75¢ 17.72+4.25¢ 0.143+0.041bc 0.073+0.022d
Li* 13.52+0.41a 19.45+4.34bc 0.218+0.034b 0.122+0.015ab
2%PE+Li* 11.87+0.95bc 19.52+5.26bc 0.267+0.058a 0.116+0.026bc

2%PBAT+Li* 7.02+0.46d

11.88+2.61d

0.141+0.042¢ 0.063+0.021d

CK AR5 Yedy, X HEZH 5 2% PE 41 5— R 246 (PE) OB RHS Y2, PE & 128 20 g/kg; 2% PBAT 41 B — RO ZR-W R W T IR
(PBAT) B RH5 Y 2H , PBAT 540 20 g/kg; Lit4H . B—BEES 1 (LiT) {5 ¢4, Lit 44 60 mg/kg; 2%PE+Li* 4. PE il Li* A5 Y41, PE
HLi* & 853 518 20 mg/kgfl 60 mg/kg; 2% PBAT+Li* 21 : PBAT I Li* & &5 4440, PBAT 1 Li* % #4351 24 20 mg/kgHll 60 mg/kg., [F—F1% iz

JEANIR/ NG TR 3R AN R b 3] 22 57 .3 (P<0.05)

2.2 AEWEMELIIXNEEEESENE
fe)

2%PE %15 2%PBAT 4 X} /N 4% 45 W g e % 3z
RIS AE L 2255 IR 1 T g M T e— Lit

AbFE 2% PE+1Li" 41 F1 2% PBAT +Li* 2H 43 B4 i -
Li* & MK 7.0% F1 76.3% , H3 3% Lit & 8 F %
14. 6% 1 32. 5% , Herp PBAT %/ Wil K ia Lit
AN HIVE &5 T PE,
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2 a MgtER b Mg R S5 &, JUHJE 2% PBAT
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M it R a ISR R B AT T
ZRARE(P>0.05) ;15 2%PE 4IAHH,2%PE+
Li"l/NEMFhit a2 a 4R b fIF SR B
I ES S, ERAE MR (K 20)  p—4b R
4 ,2%PBAT H/NEM 26508 bR & & B

200
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N A S B (mg/kg)

29PE+Li"
Ak
W OARGER

29%PBAT+Li"

PE. R M PBAT. RO RS K W R T Zh5; Lit 4. —
Li* {544, Li* &880y 60 mg/kg; 2%PE+Li*4H . PE #1 Li* 475
Yedi  PE FI Lit & 5435124 20 mg/kgfll 60 mg/kg; 2%PBAT+Li*

. PBAT Ml i & -AV5 Y44, PBAT Al Li* & 43514 20 mg/kg

60 mg/kg, A [A /NG FRER R AN [ Ab B E] 22 5 3 (P<
0.05),

E1 #MERmEmE T MEERPHEST(LIT) S8
Fig.1 Li* content in wheat plants under microplastics and

lithium stress
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CK 29%PE  2%PBAT Li* 2%PE+Li" 2%PBAT+Li" CK 2%PE  2%PBAT Li* 2%PE+Li" 2%PBAT+Li"

Ab3 QA3

CK AU I5 Yy, W IRE 5 2% PE 4. B— R LI (PE) I AENS Y41, PE &4 20 g/kg; 2%PBAT 4. B —R O —-XR W@ T R
(PBAT)f“ﬁzﬁﬂmwﬂ PBAT &84 20 g/kg; Lit4l. Pi— Lit 7544l Li* & &0 60 mg/kg; 2%PE+Li* 41, PE Ml Li* & &5 441, PE Al Li*
AN 20 mg/ kgl 60 mg/kg; 2%PBAT+Li" 41 PBAT Al Li* B A5 44, PBAT Fl Li* =43 314 20 mg/ kel 60 me/ kg, ARIRI/ING FH:
Q%TTIDJLIEIEH%#E%(P<O. 05),
B2 ERE (L) e ThEEKPXRERESE

Fig.2 Photosynthetic pigment content in wheat plants under microplastics and lithium stress

P 2 AL X Tt bt E AL EEE P, 5 CK M L,
2%PE 4 . F 15 POD (17 42.0%) . CAT &1k,
{BARBEWAS SOD 1EVE ;2% PBAT 4 58 48 5 CAT

24 AEMERE L't hNERSUEEERRIT
TR Lit i if 35 B 1 /N A BT A AT
P, ELI R 55 ARG 09 DL A0 Al TG P A7 AR I R 22 5
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TEVEEANE] SOD W6V (B 41.3%) , HXT POD %
PETC IR 355 ) 5 B — Li* Ab B 3= CAT  POD i
PE, H B 2T SOD TR (3 CK #2159 1% ) ; A
SEFER 2% PE+LI 40 F1 2% PBAT+Li" 2 B F 4875 T
CAT F1 POD %1k, Hirp 2% PE+LIT 404 CAT 1 11k
F % KAE[733.3 U/(g - min), FW ], % CK 4255
314.3% H 2%PBAT+Li* 4 SOD 1E A BT T .

F2 WMEMS5E(L)MENNEAAREUEFENIZIE

FERR P A A B s 1 5 T, AT CK 41, 7
29%PE AbBET SOD 3G PE R E R 25. 1%, CAT 151
L EEE 20.3% ;2% PBAT AL FEE = T SOD &Pk,
MXT POD CAT 3 14 TG i & 52 el . 1717 B — Li* Ab 3
R AR (29%PE+Li* Bl 2% PBAT+Li* ) #2410
il 7 SOD W&V, I W E = T POD (CAT (6P,
1 2%PE+Li" 4 CAT iGPEE CK #2155 114. 6%,

Table 2 Effects of microplastics and lithium stress on antioxidant enzyme activities in wheat tissues

A Jitsl
gLz SOD i POD ¥EE CAT ¥tk SOD WAk POD 3k CAT ¥k

(U/g) [U/(g+ min) ] [U/(g+ min) ] (U/g) [U/(g+ min) ] [U/(g+ min) ]
CK 882.3+18.1he 13.8+1.0d 177.0+34.4e 817.2+59.9¢ 25.7+1.1d 400.0+45.6e
29%PE 901.0+29.2h 19.6+2.2¢ 237.5+22.5d 1 022.7435.5a 27.422.7cd 481.230.3d
206 PBAT 518.1240.1c 15.0+1.4d 250.0+35.3d 901.2+22.3h 24.9+2.3d 4274248 5¢
Lit 962.8+64.3a 26.5:0.8b 397.9+30.8¢ 433.7+48.0de 33.8+3.4b 568.7+57.2¢
29%PE+Li* 952.3£23.7a 27.2+0.9ab 733.3£56.7a 398.2:60.4¢ 42.1£3.7a 858.3:48.2a
2UPBAT+LI®  422.8+60.2d 29.6+3.1a 662.5:22.5h 511.4249.4d 28.9+2.9¢ 629.157.0b

SOD B E A AL ; POD - 3 AL 5 CAT - 333 A0 UG  CK ASTR TS Je 9, X IR 5 29%PE 4 . 3— R L4 (PE) OB EHG YL 4, PE & it
20 g/'kg; 2%PBAT 4 ; B —J & ZMR-X 2K ZH R T 8 (PBAT) (RS Y42, PBAT & 124 20 ¢/kg; Lit#H . f— Li*i5 Je4H , Li* & & h 60
mg/kg; 2%PE+Li* 41 . PE M Li* 47540, PE Al Li* & 84351 20 mg/kgFl 60 mg/kg; 2% PBAT+Li* 4. PBAT I Li* & &5 YL 41, PBAT I
Li* & #5354 20 mg/kgl 60 mg/kg. [Fl—FEHE 5 A Rl/ING ) 3R AN [ Ak B 0] 22 57t o 3 ( P<0. 05)

PBAT [b4%, MDA & & i 35 /A1
& 3B Bon T AS[RIALBEXT /NAZ A s P AR A

25 AEWEBRE LW /MNEHLEPRE B
(MDA) .7z ZERA (SP) & EW I

& 3A 7R TR FALBEXT /N FE MDA & i 5%
Wi, 5 CK A EE, BT A A B 20 1) f 25 186 /s 22 i
MDA 2, H 29 PBAT 2H 84 i f5 i B 3%, Lit 41
(/N2 i MDA % 5 5 29%PE 41AHIT , ¥ & 2%
F 2% PBAT 4 ; #15T 2%PE 4 ,2%PE+Li* & &4t

R, 5 CK ZHAH L, 2% PE F1 2% PBAT kb P4
R T A P 1 ) o S A 5 T L AR B A T
PEEA SR DFEST 2%PE 1 2%PBAT 4 FH 4,
EAMHET 29%PE+LITH S LiTH T IEEEASE
ERAREE KT CK,2%PBAT+Li" 41 1 % 1 &

Hff MDA & & W & TH ;2% PBAT+Li" 41 5 2% H& & W E KT 2%PBAT 41,

201 8r

A a @ B

® B
I 15t E o 2 c d b be d
£ I8
= 10F oy
bt E
& ¢ =

T d = [
1 &
< |0 =

(=)

CK 29%PE  2%PBAT Li* 2%PE+Li"~ 2%PBAT+Li" 0 CK 2%PE  2%PBAT Li® 2%PE+Li" 2%PBAT+Li*

POsE PoEE
CK AN YY), XTI ; 2% PE 4, A —F 245 (PE) BUBRHG YL, PE S0 20 o/kg; 2% PBAT 41, 38— " R-XW 2K —H IR T i
(PBAT) f# 8 BHG Y24, PBAT & 20 g/kg; Lit 4l H— Lit V5 44, Li* 50 60 mg/kg; 2%PE+Li* 4. PE M Li* & 475441, PE Al Li*
Erm R 20 mg/kgfl 60 mg/kg; 2%PBAT+Li* 4 . PBAT Fl Li* & A T5 041, PBAT Al Li* & 53900 20 mg/kgfl 60 mg/kg, ANF/NE FHE
FIR AL B R] 25 5 1 3 (P<0.05) .
B3 RERMEpETMNEEME_B AIREEASE

Fig.3 Malondialdehyde and soluble protein contents of wheat plants under microplastics and lithium stress
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2.6 AEMEHE L3 HEEA SR
ANFEEARES Lt X A M e A
E5 . W3 iR, 2%PE 418 &4 T 13 pH,
1M 2%PBAT 1A Li* 41 + 4% pH 4 HIFE = 7.61 F
7.60, B FLT X R A AL HE Y 2% PE+Li" 20 Al
2%PBAT+Li" 20 + 3¢ pH 73 HIFE 2 7. 36 F1 7. 46, &b

=3 ISR (Li) Bext £ B ARG

LT XA, 2% PE+Li" A 30580 & i B 2K T
XTHRAL, 2% PBAT+Li" 4147 8080 % & o 25 /& T %
H; CK AR & & e, oAb #4248 T
CK. 2% PBAT + Li" 4 A %0 & &2 e fIX, 0 8.48
mg/kg, 2% PBAT A A T Exm, B &S T
CK, Li" 4 A2 A & i /Il B8 T CK,

Table 3 Effects of microplastics and lithium stress on soil physical and chemical properties

Ab P ZH pH ARA S (mg/kg) AR B (mg/kg) F R i (mg/kg)
CK 7.81+0.02b 26.49+1.48b 59.05+1.97b 11.35£0.19a
2%PE 7.9320.12a 30.41+2.21ab 61.06+0.70ab 10.47+0.88bc
29%PBAT 7.6120.01c¢ 31.37%1.67a 60.0120.28ab 10.58+0.13bc
Li* 7.60+0.05¢ 24.07£3.01c¢ 60.45+0.23ab 9.05+0.32c
2%PE+Li* 7.3620.30e 26.01£3.69hc 56.89+0.48¢ 10.65+0.13b
29%PBAT+Li* 7.4620.07d 26.52+2.63hc 63.0421.05a 8.48+0.20d

CK: RGNNY5 Yy, W IR 29%PE 41, 50— 245 (PE) MUBRHS YL 24 PE &4 20 g/kg; 2%PBAT 4. i —H B —R-x % — W T g
(PBAT) fHIBRHG YL 4H , PBAT &4 20 g/kg; Lit 20 B— Lit V564 Li* &8N 60 mg/kg; 2%PE+Li* 40 . PE FI Li* B8 15044, PE FI Li* & &
31 20 me/ kgl 60 mg/kg; 2%PBAT+Li* 40 . PBAT Ml Li* B A V544, PBAT Ml Li* 434 20 mg/ kgl 60 mg/kg, [Fl—F1 G5 AR /N

R R N AN R AL ) 22 57 2 35 (P<0.05)

2%PBAT 41 + K i 7% M 45 CK 41 8 4
70% ;2%PE 20 Li" 21 A 33 W i 1% M 5 0 i 22 e o
B E AR B T R A S M, o
2%PBAT+Li" 4 i s W] i, ¢ CK A2 7 133%
(FE4A) . i Ab B 40 A -+ 338 788 1 i 005 PR 34 8% CK
BEIE, A > A 2 RN
2%PE+L AT i i, 2% PBAT+Li" 4 . F K T
29%PE+Li" 41 (& 4B) o T A7 Ab PHZE Ay Bl 1k e 1 I 0
PEY BB T CK,2%PE 41 5k i 9 T 0% 1k S A1
2%PBAT 41 % 5 ; 2% PBAT+Li* 41 /2 1 2 5 F Li*
H A B ECT 2% PBAT 41 (& 4C) . Hih, irf
JOA Li* B AL BELE AR Eb 5 — o 9 R Ak B 2 10 b 5 2
BT IR IE M | 29 PE+Li* b B4 11 1 56 1 i i
TWVER 2% PE 410 F
27 INEHEIBISRS TR ERISIRE X ED T

M 4 v i R K (LL) S50 R SOD 12
(BB i 2 YRR DG OE & A OC R AR 34 0. 939,
HRER K (RL) 5 T3S0 & 5 (SP) 5 1 35 1EAH
KL MR ECH 0.906, W CAT 36 HE 5 4 8 e A
fifg G (S-SC) &2 35 IEAC MR CAT 16 PE 5 A
POD TEPETC B 5 MO E, Ak, 4 e 1 o 1R 1l
(ALP) I PE 5 /NAZ 2 R it (Chl) S HURH G A G
FHR-0.810; - ENRES (S-UE) 1615 3 pH {4

Z LA o 2 I AR OCOC R A C R BN -0.849
TR (E 5) R, MR POD MR CAT
MR CAT "/ POD . S-SC . FW %578 B B EEA |
J5 X3, MR SOD  pH (AN Z57F Hr 43 A 7 42 T 7 X
B, RIS AL S R ARG R A AR
A FTOCHE, LB/ 1 A KR Z BT B R &
SO pH (94340 o B AR RTph ST, 5 o — s B
HEEB SOD SEAFAE— 8 JHK

3 1

ARWFFTAE LW R SR (L) XN E
ARME AR 2 5 02, BARSZ m H T —34 r
KA P A, 2%PE Bh b B A /N2 250t
A, A AR e e R T, T R A i
TR P8 200, X 5 AN &3 PE & B AR 1
TN AR e Lit A B AT (i A KT
MR R AR, vl e 5 H %z s B oL & 4 2Lt 52
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Fig.4 Effect of microplastics and lithium stress on soil enzyme activities
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Fig.5 Principal component analysis between soil physicochemical properties and wheat physiological indices under microplastics and lithi-

um treatment
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