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Effects of microplastics on wheat seed germination and seedling growth

LIAN Jia—pan, SHEN Mei-mei, LIU Wei-tao"

(Key Laboratory of Pollution Processes and Environmental Criteria, Ministry of Education/Tianjin Key Laboratory of Urban Ecology Envi-
ronmental Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300350, Chi-
na)

Abstract: To explore the effects of microplastics on seed germination and seedling growth of wheat ( Triticum aestivum L.), three widely de-
tected microplastics in agroecosystems Ethylene—vinyl acetate compolymer (EVA), Linear low—density polyethylene (LLDPE) and Poly
(methyl methacrylate) (PMMA) were investigated by seed germination experiments. The results showed that all microplastics inhibited
wheat seed germination at low and medium concentrations (<500 mg+ L") with inhibition rates ranging from 2.86% to 20%. At high concen-
trations (1000 mg+ L"), the microplastics substantially promoted germination compared with that of the control group.In particular, the in-
hibitory effect of microplastics on wheat seed vigor index decreased in the following order: LLDPE>EVA>PMMA. The mean germination
time of wheat seeds exposed to EVA and LLDPE at low and medium concentrations was higher than that at high concentration, and PMMA
had no significant effect on wheat seed growth aspects. Overall, microplastics had no significant effect on wheat seedling length, root length
and dry weight, but LLDPE significantly inhibited wheat bud length at 10 mg- L™ concentration.
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Figure 1 Infrared absorption spectrum(top) , scanning electron micrograph(middle) and particle size distribution of
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Table 1 Particle size distribution and Zeta potential of microplastics in suspension
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Figure 2 Changes in germination percentage(A,B,C) and germination inhibition rate(D) of wheat seed

with time under microplastics exposure
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Table 2 Influence of microplastics on growth features of wheat seedling

P w I i L
CK 0 67.5+9.6abed 13.3+1.8abc 155.5+56.7abc 2.8+0.4abc
EVA 10 70.0+14.1abed 14.9+1.1a 183.1+14.3ab 2.2+0.5¢
100 67.5+9.6abed 12.9+2.5abe 152.5+50.8abc 2.6+0.3abc
500 62.5+17.1cd 11.2+0.9¢d 118.6+13.8bc 2.5+0.5abc
1000 65.0+10.0bed 12.4+1.6abe 137.0+£27.5be 3.0+0.3a
LLDPE 10 85.0+12.9a 12.0+0.6bed 112.5+14.3¢ 2.6+0.1abc
100 82.5+9.6ab 13.5+1.6abc 173.2+28.1abe 2.3+0.3be
500 57.5+9.6d 9.6+1.0d 109.1+26.6¢ 3.0+£0.2a
1000 82.5+9.6ab 13.7+1.5abe 139.4+25.7be 2.6+0.2abe
PMMA 10 86.7+5.8a 14.1x1.9ab 204.7+78.1a 2.5+0.4abe
100 83.3+5.8ab 11.9+1.0bed 132.9+8.4be 2.8+0.4ab
500 65.0+12.9bed 11.8+1.1bed 131.9+19.2be 2.7+0.6abc
1000 80.0+14.1abc 14.4+1.3ab 156.2+27.8abc 2.5+0.5abe

T < [R5 Bl PP AN IR 7 B4R A FRTR 2 57 2 (P<0.05) .

Note: The different letters in a column indicate significant differences among different treatments at P<0.05.
S50, T LLDPE7E 100 mg- L' I B F 45 /LR T 2.5 MEERXNEFK IRKMGEEM SN
PR ZF I E] (P<0.05) /INZEWHT B 2 I 1K 3 S B EVA A LLDPE



742

URIEIRCX ity F38EF 454

W e TR R TR B (EI3 AR 4) . FEEVA A
PMMA Z 85 /N ZE KA 5 0 R M L IR e
W] A5 4k T E LLDPE 22 #5110 mg - L™ A FR N A 2
K G X RRALTA BN Se T T2% 22 57 (P<0.05) , Ud ARV FE 1)
LLDPE % &% e 3 i1 /N2 4y i Hb B35 A6 K (81 3 ATA
4). TifE LLDPE 100 mg- L™'i, ZE 4 FI K B AR HE X
W ZH 23 WG IN T 18.5% F117.3% (B G025 22 A
B2 . 5 EVA fl LLDPE A [A] A9 J2& , PMMA b B 5 4
INFE A SR B R 2 UM O (,=-0.513, P<0.05) ,
BI/INZZ B K 5 PMMA Y J3 66 1 A 6

OB R R T /N YR I 5 X IR T 8
H2E5(P>0.05) (E 4C) , L WARIBRIXT /N 2h 1 1
AR SE AL/ N, R OB B 4 500 mg -
LB /IN 22 &)y AR AR B A — 2 B AR AR T T v
J& A 1000 mg- L7 B DU R B AR 4RI /R . Hode , PMMA
XF/IN 2 Ay AR S R 2R T EVA R LLDPE 8T 5
(1.47%~23.21%) , LLDPE AXFE MR & 4y 10 mg - L™ B X
NSRRI . SRR N R K
S, M T B AL N A (TR ) TR
IR R R T AR B 2 (P>0.05) (K4 D), %
BRI /N T s AN R AR{ELAS R R
M (10 mg- L") PMMA 2258 F ,/NEZ 40 By T o e
He R, HT o Bl PMMA Y 5 9 39 0 T [ EVA
FILLDPE f¥€ 4 100 mg- LB, /N2 G 60 o i
K

3 itie

H A R it 77 5 B4R Hp e ] 1
AT S5 K A S R G0 P TS G AR DA R Ao sk
Xof S0 TG DT e ZJSPSVRI S IR 7K A A ) ) o
25NN B FL T A A BB, T AT S B A AR X i A A
BEMEROBIFGT R WLARGE , PR T 5 A S 56 g F 9T 45
AT o

Al A 2 R G0 P AR SR R LA 9 (EL i i
Z R TR AR R . RO R — B A AR
BRG, SFFEAEAE R I AR F RE R i
A 25 R GE A W 2 REE NI RE A K-, B LA I T
ARl S5 1 SR A T 2R G ARSI R AR SR AR ARk
FEEP R H AT ARSI RN 4 R 1 ATy
BE— Ak, B R R 55 5 43 BT 3 R
ST A M AE S I (AR ) 2T AN P e 4 ), A
S5 6 T B A 9 5 B T A M T 0 S
(54.91%~70.70%) , W) e e 1 )i 1Al v s Rk Y
S ARVE . SEBR I FH A B R K 28R B SR AT R T fE
TREA TR iR, Bk T3 s i 590 i ) L T4 2% 50
i) & A 755 ) Ah , SR Z R B 20 2 R H &R .
BEAN  FREE A TR S B R 4 43 SR 438 TR A S
R N R S B 0 8 B, i 2 R A i e
YU RN % 52 HoA — 2 kb R R ki As /N F 1
mm [P G}, DR AT 75 22 G 2R} o 2 e 4 A 1) €01

000 mgeL"'

PMMA

10 100 S00 1000

LLDPE

B3 WEERxNE L E KA R

Figure 3 Effect of microplastics on growth of wheat seedlings
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Figure 4 Effect of microplastics on coleoptile length , root length and biomass of wheat seedlings
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