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Abstract: [ Objective ] This study aimed to investigate the absorption and transport characteristics and mechanism of
microplastics of different concentrations and particle sizes in maize seeds and seedlings. [ Method ] Maize was used as the test

material and fluorescent-labelled polystyrene microplastics (PS-MPs) microspheres were added to the seeds during germination
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and to the seedlings during hydroponic exposure. This platform quantified growth-suppressive impacts of the test compound on
germinative capacity and early seedling establishment, and clarified its mechanism of action. [ Result ] The effects of microplastics
on the germination of maize seeds and the growth of seedlings exhibited significant dependence on concentration and particle size. At
the seed germination stage, when examined using laser confocal electron microscopy, it was found that PS-MPs fluorescent
microspheres were enriched at the position of the root hairs on the embryonic root. Furthermore, some of the microspheres
penetrated the root epidermis and entered the cortical tissue, ultimately reaching the xylem vessels that are responsible for transporting
water and nutrients. Their presence in these critical conductive tissues disrupted the seed germination process and induced oxidative
damage. This experiment demonstrated that low concentrations (20 mg'L™") of fluorescent PS-MPs promoted germination,
whereas medium-to-high concentrations (50 and 100 mg-L™") inhibited it. [ Conclusion ] This study verified the internalization and
shootward translocation of microplastics in maize plants and provided preliminary insights into the absorption and translocation
characteristics of microplastics within maize plants. It also sheded light on the toxic mechanisms of microplastics on maize,
providing a vital experimental basis for understanding the migration and transformation patterns of microplastics within plants,

thus providing scientific evidence with which to assess the impact of microplastics on agricultural ecosystems and food safety.

Key words: Microplastics; Fluorescent labelling; Concentration/particle size effect; Absorption translocation

WA, MY Sk (MPs) AHBLVE FHHL
il A AR 2 SR A A, TR s
Y4 o £ 52 ST AR AR X R R 4 W A
HRAR e SRR AR AR ER 0 P45 O T A
VR WEFE R, R4 aTaE At i R PURIAR 2R
W R, AR A2 | R AR S e 3 e B
A5 - 39 G0 A o R TR 2 B i A ) R s R B A
Wyt B ] s 2 AL 3 S MR A A O R R
R 2EHBA 2025 AEWFFTIESE , RAPR ZHR G —
fEfg (PET) MR CM (PS) SEHOBKHiEE <
FLiEAM B, FAMERETER R4S HE IR
THEEH, B (ABA) AbBEHSAUE, Wik
HORATFEAL 86%%, BFAMAA o, #E KM R
PO R B 3 TR E SR, HAN2m Rk
B TR AR B, 2 I G R B S R A ) SRR K
STGYAKCE L M A KR S iR AR R 2 A
K, EE L AT RS B 3T T K G R R
ARECE BT, EEER kR,
H R TR B ) T T AR R 2 R 0 M ) R s R R A
Wik N . BFFE OB, GOKRHREERL (<100 nm)
5y BN R AMRE , WROKRHBRL (1~10 pm) £
B TR B AL AR . Rl RO
s, Liv SUVRES R KR MPs BT
W, TEKFEGE AR . 2RI rp &2 BT MPs fiiBk
AN, Nizzetto ZEBHREFR, SERPFELE 2.17 pm K
/NEY MPs, BE N FPAFAE 1.51 um K/NEY MPs., I
Gh, BF5E O R IS TR R 4 %o AR SR A W WA fE T AR AR

BERS, B, NERRXIELME (PE) BUEK
AR BORAY 2.3 £, XSRAS WY (nfd
HLIR ) Ph7Ae ol B T L AT AT

AR A P R MR R &8
5, FESMEF AR Z PSR AR LI 21 5 2R
NFEThesz Hapmal', HRME R AL A 2L
FEAE PR OB, ORI BOB R AT A
RN ORBLT XA TEPEE T, 59Kk
FEABL, A R T 40 ) A R AR e
MPs % 42 5 PR8N AE R AY 7 FE Wy, 38 DDA 2
RADTFEBOER E YR R, XA BY T4
Xt B A 25 XU Rk A AR, e i SE A D 3 58
AN R AR AR . I, ARFFERHTE R
SEARL, I O BUS ARG A R A,
TR TR R P RDK B R ER SR, RERIETOLIRIC
PS-MPs 75 ¥ &£ -7 4% XUPR 5~ 9 5T A A 49 W A i
1o Feis W Koy T HLH], RGO R i A
Ay AR T BRI VE T, I B R A B

1 e IHE

1.1 Iedf#t

HELFEKR B “ILH 167 ( Zea mays L. ), F
TR HHA AR BB 50k K KRR
BN 4RI (G B AR AT 60 IR 20 0 G M ER
(PS-MPs ), HAZDYBAASEANT « R/ &5
K510 620 nm/680 nm, FiAE AR LTS 100, 500,

http://pedologica.issas.ac.cn



594 + b1

63 %

=

1 000 2 5000 nm, % i 1.05 g-cm ;53R LA 25 g-kg !
RS R T R FRIRR, i 1.60, 48
FSEB (CV) 3%~5%, R THEE 1.46x10° g
(3.64x10" mL™"), T 4%C~8°CIEHBEARAEA B K
T4T 124104,
1.2 REHE

R — AT KRR T ARG, IR (0,
20,50, 100 mg-L ™", kif& @ 2 100 nm ) 5445 ( 100,
500, 1 000, 5 000 nm, ¥R @ 100 mg L") Ay
PS-MPs % GHER T Fh W & B B WA | a8 A
B EE L o SCE R AR AR . BTN 40
gkg 'NaClO £ KF 5, T 5 mL PS-MPs &7
AYEEFRIL ( 25°CARIESRAT) TIEFE 5d, DX &
FHRRT 90% N IEEIE, Rl 23 (GP).,
KR K,

R = D= — O BRI A4, 55
AN AR AR AN TR s i 7 X rY PS-MPs 2% 6 i 3k 7
100 mg-L~" ¢ B 2% A1 X 2y i W e A 74 Bk R s 32
FHEMERDI . YIS B AR EREES
PS-MPs fZ#% % ( Hoagland ) B 357k, B & Ak
BRI (0. 100+5 000, 100, 5000nm )
B, RRACER 3 WREL, HEFEEI 14 d (B 7 K
EIRW), A8 HDER (14hd”, 300 pmol'm %s™'),
M (25C£2°C) KB (60%~70% ).
1.3 IEWRlE R E
1.3.1 PS-MPs “CIMIRTE £ AFD+FL i iy ik
WSz R ORI RERR S, KK
VEIRAR . FORARZE NI T o BT ff IRAR AR 22 S AR
2O, B AIRIEFBEAESIE 5 mm /)
B, 7F 60 gkg ' HAETHAMLET 4°CA UL, B
Je il AR s U0 A ML 80 um Ay B, B RS
i OB A i8S (LCSM, TCSSP8, R, 74
B W, wEOE (Fk 620 nm/& T 680 nm )
585t (k& 488 nm/& 4T 518 nm ) XUl iE 26K
W, BAFEMER 5K, BB Z LASAF 8F5)
M B
1.3.2 W kA8 FARFP W A AR AR KT
ST 2mm, BHICRESEIEZER, 5dFZ IR
5o it &R ( GP=K 25U 8 80x100% ), I MR
KoK, KRFERUE R TR T RoKAL, TR
Kars

1.3.3 PrEfLEaEHE RN RS e AR
R AT, &I H Solarbio A .
Horp, i EALERE (CAT) X A5 BC0200,
ALY EALEE (SOD) i BCO170, & fb¥i
(POD) & BC0090, N _fi¥ (MDA ) & BC0020,
T2 A T ) B PR A T s ST 1R D ] A K
H A w50 R AE S 4°C

1.3.4 MRS RENINE BOUKIEFMFE T AKN
FEAR, PEEA: RS — BN AT R, FHZEIE K of
VET G, FUBARM T 3R1E K 43 MERRFRER 0.1 g ff
B, BT 10 mL #.08H, A 10 mL KRR A
20 1 BEH A PR - £ BETR G R EUR L, TR E IR
B 24 h, HEMN 2B, LI 758 gke ' WENE R
Ve B R T, 3066 EE 1T ( Lambda
950+Refle, 32 ) 435l & #2 BORAE 663 nm Fl 645
nm ﬂfiﬁﬂ‘ﬂ‘]mﬁ‘f}fﬁ ( A3 il Agus ), Ett%-gﬂ@fﬁ
( Lambert-Beer ) E &5 .

v

it e/ (mgg ) = (12.7% gy — 2.69% Agys ) x

1000xw

(1)

4542/ (mg-g' ) = (22.9% 4, —4.68x A r )X ——
R (mgg ) ( Asts ) 1000 w
(2)

AMEEE /mg g = (8.02x A +20.21x x—2Y
PR g =( 663 A 1000x w
(3)

Arf, VORRBURIAR (10 mL ), W AL FE (0.1
g), HPAHFRARLL meg ! SRR RN . A
PHEE AN A, RIS 2 = R E R (R R M

1.3.5 AR ENIE  BUKE: R
RUEE R PRI 0.2 g A, BYREEAIA 10 mL 2508
K, BEBOE B KY 10 min, YIS 5000 g B0
10 min, W EEREBEBE R KEESOLER, 598 L
WAERZE 10mL, B 1 mL A 1 mL B 28R 2B
K5 mL RERIR 5, IRSE T 485 nm b, [F2D
DUREEbR 2T BT iR R S i (meg ' BT
i), DTREFE MR- B0 alifb B it RN
W OR A S B P

1.3.6 HEAHE TS RMLENE A NEY

http://pedologica.issas.ac.cn



2 BT IR LR TR E TR 17 -5 4 A I A v i W e i e i K 7 T LA 595

ffi FH Solarbio A Al I &, HiEAM T (0,)
A& RSN BCI1290, AL A (H0,) K&
254 BC3595 5 1871 By TE il 55 DR A7 1 7™ % 42 BR )
SV EAE, RAFIREEYN 4°C,
1.4 BESKITSHH

AR5 KA Excel 2017 AT RUR 3 591 4 4
it; SPSS 20.0 ¥ {F#EAT K R Jr 2243 Hr ( One
Way-ANOVE ) Flig/Ni 325 75 (LSD ) £ i
GYHT, KRRV RTRLAR ) PS-MPs 2GR}
XEKMFIHEMGTEREENZES; HHH
Origin Pro 2021 {4 5¢ W = i il 7E .

2 4 R

2.1 ARIREIHAIZR PS-MPs BITEFRIRIT E K

FE R B 34 M

WK 1a i, TEARIMRE R PS-MPs (100 nm )
PRI T, FORMARMRAR BT B, b
# PS-MPs “GCHUERIEBE 38, AR o i 9 i
JER WG . 24 PS-MPs ZEOGMERMEE H 20 mg L'
B, POLESHS, HEBELMMATHRZENRE;
50 mg'L ' R, PS-MPs 7GR I R 2
RE SR EX @& EEE, I R4 ST
PR Y s 100 mg-L" FRER 2 98 'G5 B 1k ok B AR
WE(E, EARFRFE

W 16 s, 78 100 mg L ¥R EE &4, A
KA PS-MPs 5 ok bl AR W 5 1) i B HLoe
R EE S ] B 2% 5 . PS-MPs 4 W W A% Ot
JE Bt AR /N T B AN, HAS [RDRAR A SR AR AR 1Y
ENAFEES R 225, BER AW/, TR T
PS-MPs % HRER AW 22, X R (1 2G5 5
Hom, Hor, 500 nm ARk FEE R TR B X,
11 1 000 nm A4 Gk W) 22 73 A5 AR AR B 5 3R R AL

WE 1c. K 1d B, PUITEMRE B, AFE
WeSEFIRIAR ) PS-MPs 96 iR 7E K IRAR (1) 43
A5 RN 2G50 S A7 AE 25 5 o PS-MPs ZEOGIMER AR
W R Z W E SR A FEEE . 7E 20,
50mg-L"' B, PS-MPs mIR T )Z2; WEHAZE
100 mg-L ™" A, ATHEAA AL, 78 500 nm A 4% i AT £
KRR IF A BB IE; 1000 nm RAR I 32 2R
RPN, TTREA WAL,

22 EARMFHEEREARBRESHAEN

PS-MPs 5% SEiEK A0 22 T i i B2

2 84k T 100 nm Rife PS-MPs ¢ Y IER i) ik
JEREEE K 100 mg- L' ¥ N A[EAi{2 PS-MPs Xf
KA T KBS . W 2a, 20 mg L' M X & 2
IR, 1 50 A1 100 mg L' e I H &
2R, A R AL B W RARAR K, H SO mgL!
RN R R 3 R K 7T, 50 A 100 mg L™ i
FMRIZER, T 20 mg L %2R T W E .

mE 2b, FEAFRAZLIT, 5 000 nm [
PS-MPs Z BRI & 28 5, HoAlokiAs 5 % id
BB EEES, (R LR ZERG TR, A,
R AL ) 1 2 R ARAR K R 2R
2.3 PS-MPs 3HFBRI ERFFE MR

& 3a F4E T R4 100 nm ) PS-MPs 26 Ek
FE 0 3 2 R T 6 EORFP T H Ll R 48l —
[ (MDA ) Emsgm ., 455 %W, CAT 5 POD
T P35 R S VR B RO, LIRS PS-MPs
Ab B 5L B IR A 96, SOD i T, 20 mg L
205 IR A TG i 25 25 5 i AE 50 A1 100 mg L' 4 v,
SOD {43 B 4 = T 78.26% 1 38.49%. MDA
FRAE 20 mg L AR SR IRALC A R, (HAE
50 1 100 mg-L ™" b3 F 2 245k, Hrp 50 mgL!
T E AR T MDA &, 1 100 mgL ™' )@ E 45
T MDA & &,

K 3b 5K 4a JB/R T 100 mg L' FIET, £k
& PS-MPs 2GRS & 1) F K P70 & 30 ZE4h i
A K B Be b S AL B P ] ) 3 R 9 . MDA g it
AALERIE, Hr & 3b R, SoRifE PS-MPs( 5 000 nm )
% SOD ., POD Hh[E B AL, i /NRi4E (100 nm )
Fi S RGO CAT W BRACE, BO IRZHIE I 61.68%,
5 000 nm W FUAFECTE M ; Hh/IvRif2 (100, 500, 1 000 nm )
i B AR  A AR R, 3 MDA 2FL, 5 000 nm
Ab PR 5 IR TC 1 3 25 5 K da TR X T R OK4)
B, ARG 68 B SOD FE 4, Hrh
LA 100 nm L HET SOD I My, Boxt B4 i
Tt 94.63%; RS 100 nm Al 5 000 nm i, SOD
i 5 PR B AR N 5 000 nm 2380 14.77% 5 fir g Ab B
PR ERALT CAT B§IGTE; POD RS PE7E LA N
100 nm 2H H ik B 5wl , B BRAT N 23.43%; 1R
AU 100 nm A 5 000 nm Bf, POD & [AkE

http://pedologica.issas.ac.cn



596 + b1 2 e 63 %

200 um 200 pm 200 um 200 pm 200 pm 200 pm
p— == — 3

200 um 200 um 200 um 200 pm 200 pm ) 200 um

200 pm 200 um 200 pm 200 pm

200 um

200 pm

200 pm

200 pm

200 pm

200 pm
7

TE: Fa), Blc)d 1~3 20 mg L' HAWIY BIMMER . TOUES 0 KA E A G 4~6 24 50 mg' L™ AW
PO E Y R E ST AL 7~ 98 100 mg L A SOLMESRBL. B b), E d) T 1~3 % 500 nm K24l %
HANEZEEL; 4~6 24 1000 nm RARL L 5O ESEGR; 7~9 28 5000 nm B2 B . 26 E & K% . Note: In figures
a) and ¢ ), images 1-3 show the bright field, fluorescence, and overlap images of the 20 mg-L™' group, images 4-6 show the bright field,
fluorescence, and overlap images of the 50 mg-L™' group, and images 7-9 show the bright field, fluorescence, and overlap images of the 100
mg-L™" group. In figures b )and d ), 1-3 show the bright field, fluorescence, and overlap images for the 500 nm particle size group, 4-6 show

the images for the 1 000 nm group, and 7-9 show the images for the 5 000 nm group.

B 1 FEARFWEE (20, 50, 100 mg:L™) FURFEKAR (500, 1000, 5000 nm) HHKZKEHIBEL (PS-MPs ) %Gkt
S dJm, MARARREE DA DI RO R BB (LCSM) ElR

Fig. 1 Laser confocal scanning microscope ( LCSM ) images of transverse and longitudinal sections of hypocotyl root tips after five days of
treatment with polystyrene microplastics ( PS-MPs ) fluorescent microspheres at different concentrations (20, 50, and 100 mg-L™") and sizes
(500, 1000 and 5000 nm )
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Fig. 2 Size-selective response characteristics of maize seed germination to a gradient exposure of PS-MPs ( a. Disruption of maize seed

germination by a gradient of PS-MP doses; b. Response of maize seeds to PS-MPs of different sizes )
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Fig. 4 Effects of multi-size PS-MPs( 0, 100 + 5, 000, 100, and 5, 000 nm )on SOD, CAT, POD activity, and MDA content in maize seedlings

(a) and the accumulation levels of hydrogen peroxide ( H,O, ) and superoxide anion ( O, ) (b)

3 3 ®

TERTFE RS R T PR MR I, B A 2R
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ZFAREE PS-MPs ZEGHUBR IR E 14 54 40 il 4 1%

58, PS-MPs %¢ B A2 A X Bl & 2 B4 il 7
FHHESE , PS-MPs KAz /N1 i 8 s g5t ext
FORB T K (U REM0 T, ARSI & AN RV B Rk A4
f) PS-MPs 2 GIHERFEILH R FAVER . 20 mg-L ' ik
WP B R WE TR W &, T 50 5100 mg- Lt
FEW S A& 2F (B 2a). JE DK AT RE 2 Hh s vk B flosk
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[ 1~3: RAE 100 nm+5 000 nm {1 &4 A2 B LA A 4L . SO0 5 0 M BILE LRSI 4~6: f#HT 100 nm
% TR R 3 M & TS5 7~9: 2B 5000 nm 272 /Y37 | 9t K &K% Note: 1-3 : Bright-field microscopic
configuration, fluorescence signal distribution and colocalisation composite view, characterising the exposure group of mixed particles with

sizes ranging 100 nm+5 000 nm; 4-6: Analysis of bright-field topology, fluorescence intensity field and overlay visualisation images, under

an exposure of 100 nm; 7-9: Presentation of bright-field, fluorescence and overlay maps, for an exposure of 5 000 nm.

B 5 AL RBET 100 mg L' AFEKAL PS-MPs DGR 14 d J5ARPAY LCSM B4

Fig. 5 LCSM images of maize root tips after 14 days of exposure to fluorescent microspheres of 100 mg-L ' PS-MPs with varying particle sizes
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= 4 b b {% ol
2 -
0 0 100+5 000 100 5 000 0 0 100+5 000 100 5000
PS-MPs}if% PS-MPs particle size/nm PS-MPs}i4% PS-MPs particle size /nm

e SEGR 2 R [ — 8 bR A R/ NE FRE R R Hofe P<0.05 /K77 75 i 35 22 5 . Note: Different lowercase letters on the bars of
the same indicator in the experimental results indicate significant differences at the 0.05 level of significance.

K6 AIFKLAE PS-MPs (0. 100+5 000, 100, 5000 nm) 5% N X FARLE M RAB (a) AR S & (b) 8
B
Al
Fig. 6 The effects of exposure to PS-MPs of different sizes( 0, 100+5 000, 100, 5 000 nm )on the metabolism of chlorophyll( a )and the content

of soluble sugars (b ) in maize seedlings
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TEA TS 45 I B B (5 7 R, LR RHLAR K
Oy R B R T RS, A S & skl
ANFPRLAE Y PS-MPs 9 IR X & 2F 32 AT 5,
X BB A H RORIAR (5 000 nm ) R & ZFEHRA B F
HRAVER (B 2b). XA RESR T FORLAR T S Xt
Tt 71 & o i ) A B S BELRS B K . R SR IR S
TSR Rk 3 3 W 22 U VR T O S W B T A 3R
B MR EMREX, BNz EEmEsZ". A
SR T RERE VR 5 Z k1% PS-MPs %GR XS &
KA R R AR A R 18 38 238 R Rl K v S 3 B e
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SRR T 1 & Fgh i A K .
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B, 20 mg-L ' fY PS-MPs G HER X E KR SOD
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EHINT SOD E§IG M, H SOD Ik ki &34 K ifi
waag (1 3a, B 3b). 3] HEE B A b v EE T
SRHE T, FYRN A AN, SOD 1R it
AP R G — T PR RS P FE AN R e
AR, FORARAR ) POD I CAT 61 Sk L 1E
G, BEEWER T E s (K 3a); ZEARR
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PERRLAR 36 K midE58E (&l 3b), X5 Zhang %)
SR ZE I —E, SOD 1 PEA CAT 1% 1 Bifi S 8 e e 22
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B noRas, (Rt n 2 Re R4 B i 7 17 5 40
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