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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 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
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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
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o, JRAIJET 485nm b, [FP DLRERERRE M2 H AN S B (mg gt B ED . P
PRAFEPIRATRE. EOaith KB AR, SRR

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica
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VIEE R, BEFE PS-MPs Gk FERIE N,  RAR Hr (5 Gom BEZ MG 58 . 24 PS-MPs %
FEERIKEE R 20 mg-L* B, RHAE58ES, HEESMATEEMKE; 50 mg-L* #izd
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e &l a). & o) 1~3 Jy 20 mg- LTI WIS M 5. SIS S A Bt A ALK 4~6 2 50 mg-L LA WImIn . %
e8I F BB RS 7~9 8 100 mg-LT AL WG, IR ESR K. K b). B d)f 1~3 4 500 nm KR4 5. %
YeFEZEG: 4~6 25 1000 nm REHMIAG . M EZEE: 7~9 5000 nm KAAMIAY). #EFESEIE. Note: In

figures a) and c), 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.
Bl L fEARFIRAE (200 50, 100 mg-L™Y) FUA[KIAZE (500, 1000, 5000 nm) ZER LM HIEEL (PS-
MPs) ZIGTMERALEE 5.d f5, MEARARIHE DI AT I SO R RIS (LCSMD EIfR

Fig. 1Laser 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, 1 000 and 5 000 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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mg-Lt &3 AT MDA &, 1fif 100 mg-L1 U & #4517 MDA & &.
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5000 nm HIE N 14.77%; P ALEEEE) 8 EFRK T CAT BihtE; POD BEPELE(LAS I 100 nm

Hrpals B e, BB ZH 0 23.43%; JE-A¥S I 100 nm A1 5 000 nm i, POD ¥& 14 [l #+
SR, MDA S EEAAIN 100 nm AHE R ey, BOM IRALIE N 40.82%; VRSN 100
nm 11 5000 nm i}, MDA & &t 5 25 T X R4 .

Bl 4b 73315878 T PS-MPs 2 GIMERRT R oK &I i v A B - (O ) Al 4 AL A (H202)
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WEIENN 79.32%; 100 nm+5 000 nm VR A& ZH 1 Oz & &5 5000 nm Fi—AbH4H o W 35 22 7 o
X H0: 1 5 BT A A FEIfE Ho0, & iR m (P<0.05), H AN 100 nm PS-MPs
i, HOp &k, BRI T 36.96%; AV 100 nm+5 000 nm i, H.0, & &4
EE B8 11 5 000 nm PS-MPs 41381 7 9%.
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nm) (b) & T E KM EM Y EALEE (SOD). WA MWARE (CAT). WHE Ll (POD) &M KA
Z% (MDA) &[5
Fig. 3 Effects of different PS-MP concentrations (0, 20, 50, 100 mg-L™) (a) and different PS-MP particle sizes (0, 100, 500, 1
000, and 5 000 nm) (b) exposure on the activity of superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) and the

content of malondialdehyde (MDA) in maize radicle
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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 (H202) and superoxide anion (O2°) (b)

2.4 ERENEXT PS-MPs RAHEBKAYIRULFNEE 15

K 5 JEor TAEARRIRINTI T, ANERIAE PS-MPs 586 MERTE T K401 AR 2881 T 143
G (EFTA RLBRZ HR ) n SR BILL A58 615 5, 7E 100 nm PS-MPs # & T, KR EIA
PIEAE, IR RS R RF IR FE F; 1M 100 5 5 000 nm Fife 2 58 i B
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A, FOLETREMIRTIREM, JHEARMSE 5 RZHEEHS; 15 000 nm 4%
JefE S EES, R AR ERAE B X 5

(B A (ol
E: 1~3: RAE 100 nm+5 000 nm iR SRR R EAL I B R . YOUE 500 LILE S E; 4~6: fi#HT 100 nm £
NI PO M E S A% 7~9: S 5000 nm RFERI . %ot K E &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 5000 nm.
K 5 k457 T 100 mg-Lt A FRL#E PS-MPs 96 1Ek 14 d JE MR LCSM E1%
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

2.5 PS-MPs TR IT ER LB ZEZR P SAA M HES SR

Kl6affi7n, PS-MPsWtiEkEeE)q, FARMH G Rad BEEA RGN TR
5% FFF (P<0.05) , 3¥IE5 5 937.64%. 124.44%. 43.55%, HH[EZREE, H4EbY
F-100 nmEB & T 47 1 8 85.07% (P<0.05) , H AT R E 5. H4E B E1E100 nm
55000 nmAbFE R ERFA (P<0.05) , AR A . Kebit— LR, nliEMEE
EET100 nm#FE 23 FFH44.81% (P<0.05)
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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

3 e

TERF FUI R B S I, 30 R SN B AR S, AR, 3¢
O PR EEZR S PS-MPs 58 JGTERIR BE 13 I/ 1G58,  PS-MPs 2 RBR kIR R
X b R ZE (A FERGER,  PS-MPs RLAZ N U415 B F7 R 5061, 7556 K Fp-F 85 R 5
Wi 7 T, ASHIE 72 R BAS R FE ARLAR (1) PS-MPs 28 6 ERE B AR /E R : 20 mg- LMKk
FE BT EERORWIR, 1 50 5 100 mg-Lt HHER EENmHI R (K 2a). JRFATRE R
WP IERTEA IR T T BB o5 7 BRIE, BEEPHASK 0 M B TR T R4, AT
B R AN REFEEIT, AFERLAZ I PS-MPs S IMER0T & 2F 20 5omi, 5556 B2 AH LR R A2
(5000 nm) & AHEHEADEMHER (B 2b). XA BER T IR TR F 1 A
PR A G B BHAS B K . W FUIESE, ARk i ik 3 vk 2 W S B 1 FH OO0 S IR B e 73R 2
JRIR KRB X, L EREE 208, AW 7R TR R 5 2 ke PS-MPs 7% ik
Xof Kb AR R A A K IR R % IRl e 11 S5 25 BEL A 0N o J RS PS-MIPs 5% sk K %2
A RAE P IEARRIAR B IR TH, 52T 7K 2 BIMRICIRT 7K 3 A - i R RN i A K 10 DG
2R, KA SZ B SR 2 3 I o1 R i R RIS T (AR K

FAL I AP B 50 B AN 22§75 e A 25 AU 3 ek 2R 200, REW N T R R R
PRI EAIB S, KN SOD. CAT 2 POD % 1t 141E 5 F H 305 i Rk pe S IEAH G, Mo
VKT AT ARy AL A0 S 5 5 ) O HE AR bR B FEAHIEFE R R I, 20 mg-Lt ) PS-
MPs O HERG F KRR SOD #&PEJC R /M, 1 50 F1 100 mg-L™* (kb3 35 &2 248
T SOD figi% %, H SOD iG PRk /234 Kmigss (K 3a, B 3b). 1XA[fg e R NTE ik
WEBRHHAN , AR A 7= A AL R, SOD 1E NP A AL B 2R 55 (15— 1 B B i 22
FEARFIRFEAFE T, T KIEHLN POD Al CAT 31t S5 B S IE MO, FfiE W 1 T v i 184
(F 3a); ERFRZRATE T, CAT iGMERERAR A KT B, POD ii% 1t Fif b 42 f 48 K iy 184
58 (& 3b). X4 Zhang L5164 B —5r, SOD W& AT CAT % PR B RN B 6 1 T 5

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

iM%, MDA &2 5iEEA (ROS) K THEE B, BRI R 2 il 7% H0.
SR (K 4b) I, KR0S POD 5 CAT I RITER B, HInME 3 R E R
FALROEGR EERAR N . H A5 RS Jiang SRR S5 R — 2, HENIATRE R TP LB R 5
s, T B SR EIE .

TR e 7 75 SR T SR e A R IR A I R BRSNS 20U R A I A FH 5
Hm R E SRR RS | B0, BERWOGRRRSE, 2 ORI
A HURS B AE bR E), ARFFCIE N, PS-MPs % GhR i b 5 75 0 T K4l 4 &
AOUHIE RS ™ B3 T T A BB AR R4 a W RREWE A mHaR b s
FALALE 100 nm R 2R RIS E A & AE S — 731 200 nm 5 5 000 nm
TRERRLK A% R B3 Thmr, IRESVSIN 100 nm+5 000 nm AR FEG HTE B E e (K& 6a).
DIFEBRL AT BRI AR R 6 A AR AR DCHLE, AT B Sk & 2 nIIREREE iz i
WFTHRZ TR, AT R AR ZS BORRE s R A H ] 2 RF R4 58 PR~ 17 5 240 P 8 ) ) s s 128
AHFFAESE, {UAE 100 nm PS-MPs 7 HER 2 #5264, FORGIT nl i Ve & & 200 350
3 (E 6b), ZIRRHGPOREEEE A EY e, Rt E R A A RS
A B8R BRI R KRG i AR I R = A4E 4. 37 & PS-NPs (100 mg-L™ )
EAESEE P R T PERE L, TR R T BT v M R A T

4 45 i

PS-MPs it KT R G B A R PR RO, S DL 35 IR BE S5 RAR AR A . LCSM 73 At
UESKE, FETOKM 7 HT A, PS-MPs ZOGRERE A e T IMRIRE X, M kiieEs R T
BERZHLR, DG PRARFESE: ZREFE K5I SR 0lEE, i
FEIGIR LT RKT W RS2 P SR I R B T /KRR R I R EE 5L 45 & LCSM R,
FERARGEE B, PS-MPs 5 Ghric ik i 28 s Z8 W11 F 7 A= s /195l , - SEBLHTRR & [
EHRNEZER, AT AN s R, RS IERer T, RAE 3L
KRG SRR 28 EATIE, R TR 5 K EOR G A I Em f& 2 J5 T (1, L
PRIESE S0 St et I NI R S A7 O - 2B = X (S R SN /NI B 7 R AW i pUR - A
JriHl e EIRFENR] B 20 TR AR AR B A AR, sk A Rk, #H 2
SEARRTE RS AL A S R G TR RC I, R R EU N 68 i R el /Dl B A B o
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