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Effects of Microplastics on the Growth, Phygi-ollogy* and Bipéi}ﬂnical
Characteristics of Wheat (Triticum aestivum) i

LIAO Yuan- chen' Nazygul - Jahitbek' LI Mel1 2.* : WANG Xiao-lin"?, JIANG leJuan 2 i
(1. State Key Laboratory of Pollution Conitrol, and lipsoureé Reuse, School of En“\/n'onment ijjmg University, Nanjing 210023

China; 2. State E‘xpenmental Teaching Demonétratlon Centre Afor Environmental Smence and Engineering, School of EnVlronment r
Nanjing Univergity , Nanjing 210023, China) ' a ' o ;
Abstract; The toxmo]ogl( al effects of mlLI‘Opl‘ithCb in the/soil enyironment have grddudlly attracted widespread attention, while less is
knowi about the infldence of microplastics on plant% The growth of wheat, photosynthetic pigment comtent, soluble protein content,
and the ant10x1dap( enzyme activities of leaves were -'investlgate.d to explore the toxic effects of microplastics on wheat ( Triticum
aestiyuni ) J/Tn this study, 100 nm and 5 pm polystyrene* mlcroplabtlcs (PS-MPs) were used for soil culture treatment combined with
hydroponi¢ growth. The results showed that in hydroponic experiment, high concentrations (200 mg-L~") of PS-MPs significantly
inhibited the elongation of wheat roots and stems, and 5 wm PS-MPs showed a greater toxicity effect than 100 nm PS-MPs. Roots and
stem length inhibition rates were 67.15% and 56.45% , respectively. In the soil culture tests, 10 mg-kg™' PS-MPs had the most
significant effect on wheat growth. Within the test content range (0-100 mg-kg™") , with an increase in PS-MPs exposure, the content
of photosynthetic pigment and soluble protein in wheat leaves increased first and then decreased. This indicated that PS-MPs damaged
the photosynthetic pathway of wheat leaves and inhibited protein synthesis. SOD activity decreased, and CAT decreased first and then
increased, indicating that the possible mechanism of toxicity to wheat involves oxidative stress. The results provide a basis for the
ecological risk assessment of microplastics in the soil environment.

Key words ; microplastics; terrestrial plant; wheat ( Triticum aestivum) ; growth; photosynthetic pigments; enzyme activity
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1.1 Ak

INZZ (Triticum aestivum L. ) W B AL i H1i47,
FERLILT , AR AR,

K 4 M 9¢ 6 BR (fluorescent  polystyrene
microspheres , PS-MPs) Il [ K L 117 3t 44 35 43 R I &
Hts, RiARZM 914 100 nm F15 wm. 100 mg BHZ
ORI RAE 10 mL 58 F/K-C B (1: 1, KAL)
FLMOB R, S8 1% (REWKE), T 4°C K5
o FF.
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mg-L™") ) PS-MPs & 10 mL. RJ5 & T 25°C .
80% IR . WIS 12 h/12 h, )KHETPS(XX)leﬁﬁjﬁm
THIRIEIRAE PR 6 d, tﬂ%ﬁé%}iﬂs’tﬁam
AELFREE B 3 AEAT. FWT
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SR R 5T A B2 15 Y B L TR AL Hi#ﬁ?F
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RO 107, B mEE IR S
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(D) TEEARAR I E o050 Tk 5 56 6
d 110 d, FHECK RO & /N2 K . R85 4T
A | ZE KRR
)EEBREERMME Tl 10 d, &
B 200 mg LIEFAF TR/ NE M, WA,
JIA 25 mL 80% R, B0 (4800 remin~', 10
min) J5 I VS, F RS AR A 2 663 nm (M4 E
a) . 645 nm( M4 b) M1 470 nm (KW M R) I
KTEMWCEME HALHELEAR ST &
(mg-L™"):
Chla = 12.21 x Ay — 2. 81 X Ag,s
Chlb = 20.13 x Ags — 5.03 x Ay,
Car = (1000 x A,, —3.27 x Chla -
104 x Chlb) /229
A Hr, Chla, Chlb F1 Car 43 HIE/RMHF4EZ a, b fIZE
A NRAIMREE. Aggs « Agus B Ao 3 501 0 AH I i 4
TG EE AR
(3) BREHE TE EE A SR E B AR
WRMEE R L35/ N Fr, #ed i (g) AR (mL)
= 1: 9 LI A 9 AT A4 BEER K HI/E 109% 4141
A1 B0 (3500 remin ', 10 min) 5B EiEWR, H
THEREE( AMS ) 5 SIAGIN. 55 BUR BN R I ) ek
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+ R /NEMF ) I PBS(0.1 mol-L™", pH N7 ~7.4)  /RACFRL S XFIRLAFAE B %255, R Origin 2017

Hil 4% 10% 5% 19% L1513, B0 (3500 remin =", 10
min) 5 BB W, FH TR /N 22 i R ask S A0 A
(POD) | MY ALEF(SOD) | AL S B CAT)
WAREME A R AR & T ok
A FE st Y TREFSET.
1.3 BdEgit 550

FIH Excel 2013 F1 SPSS 19. 0 04 HE47 5045 43
B, I BE L + prifEdR 25 (SD) #o, IFH
7722531 (ANOVA) TSR IR, P <0.05 I}, 3

214
2 HR5ITR

2.1 PS-MPs F£AF

3t TEM #1 DLS X} PS-MPs #E{7AH R AE | 45
RanE 1 R, A% T 100 nm A5 pum PS-MPs
AR P R BRIR, PR 2 51 99. 94 nm Al
5.04 pm, HEHERAR R A BN IAL], SRR
R
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2.2 P3PS mfziteeﬁ% W | ; ) )Y

220 PRsE | p

DK | R g 2 ke PSMP”"
Xt/ i*ﬁk%ﬂxﬁé’wﬂﬁﬂn% 1 7%, 100 nm PS-
MPs X /N2 A K B 44 6 B R vR L AR (0 ~ 50
mg-L ") ZR 88 B AR K B i, 25 KA LS T
;200 mg-L ™' PS-MPs %8 T AR FIZE K B 14 i 3%

T XML (P <0.05), 735K T 9.25% H0
13.71%. 4 PS-MPs AbBEYE 4 50 mg-L~" 1}, /)

2 R RN ZE K H IR 31 e KA

XFF 5 pm PS-MPs i 75, Fifi b ¥ v B 0 384 i,
XA L, /N AR 2R A B B R I
200 mg-L ™" PS-MPs &b FHAL rfr | AR A5 43 5l B
11 67. 15% F156. 45% , BLAF/NAZHR | ZE )i 32 3]

(a)100 nm PS MPs TEM & ; (b)S p.m P& Pb’;E'M [E] (¢)100 nm PS- MPs, DLS-FE] (d)s pm PS MPs DLS r§1
z‘i%&*mﬂzﬁ,zﬁw:&aﬁr@ﬁﬁ ] £ —
F1g l TEM 1m§ges and DLS results of PS N? ;*\ i

5000 10000
BifEnm

i), o L
100 1000 1 000
Hifmm

- | i

.: =

[E=iNH gP <0.05) 5 100 nm PS-MPs #H I:E’ 5

~'pm PS-MPs 2 3t B0 F PR KA IR, 5 Jiang

ST BRI 4 AR — S
2.2.2 Rk

2 arH, 8%, 100 nm PS-MPs X
/N AR A RIRR i A 5 R AT VE . Bl 3 R o
BK, BRKEREEF ke EREmBRE, B
£ 10 mg-kg ™' B R BRI e/ IME AR = e R AEL, 43
SRR IR A 91. 509% F11105. 75% .

5 wm PS-MPs ZbFE T, /NAZ A AR RN 5 24 52
el e TR EHLAE 10 mg-kg ™ B4 SR B F A1
fH, SXTHAALL, & FEIRT 15.91% F15.94%. 4
FEE A EIE 100 mg-kg B, PS-MPs Xf/NE K
JeE M (P >0.05).

F1 KEEFUHTREZHENMKERENNERSEROREY

Table 1  Effects of PS-MPs on the morphology index of wheat ( treated with water)
PS-MPs ¢ & 100 nm 5 pm
/mg+L~! M/ em ZK/em K/ em ZK/em
0 4.11 £0.79b 3.72 £0. 84a 4.11 £0.79a 3.72 +0. 84a
10 4.14 £0.47b 3.10 0. 38b 4.10 £0. 83a 3.47 £0. 54a
20 4.13 £0.74b 3.32 +0. 60b 4.05 0. 63a 3.75 0. 65a
50 4.67 £0.8la 3.73 £0. 62a 3.79 0. 67a 3.47 0. 64a
100 4.51 £0.87a 3.56 £0. 70ab 2.68 +0. 69b 3.21 +0.79b
200 3.73 £0.81c¢ 3.21 +0. 68b 1.35 0. 50¢ 1.62 0. 63¢

1) [RIFVECE JG AN IR 3R AN R b B A 2 (] 77 4 . %5 22 5 (P <0.05) , TRl
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Table 2 Effects of PS-MPs on the morphology index of wheat (treated with soil )

PS-MPs % 100 nm 5 pm
/mg-kg’1 R/ em A/ em B /em HRE/em
0 13.89 +1.58a 20. 87 +4.29b 13.89 +1.58a 20. 87 +4.29a
13. 12 + 1. 80ab 20. 89 +2.53b 13.42 +£1.90ab 21.90 +3. 14a
10 12.71 +£2.44b 22.07 £2.42a 11.68 £2.02¢ 19.63 £3.49b
50 12.77 +2.44b 21. 12 +3.08ab 12.70 £ 1. 16b 20. 17 4. 35a
100 13. 08 +3. 06ab 17.93 1. 63¢ 13.81 1. 82a 20.35 +1.65a

FHARI SRR, 9K (100 nm) KK
(5 wm) RPN A K I R g A AN TR, o o
(100 mg-kg™ ") BF& T, 100 nm PS-MPs %k i il 5%
M BT (H AR I N 10 mg-kg ™' PS-MPs % 2% i
FIHIAR A

SR, PS-MPs R #E X /NEAK B A —&
MEER, X5 Qi & MmFREE R —5L Qi &k
BIR 245 FIURT A 40 8 i b B 1) Y L5 BB /N2 1Y
AR TR R, JSU, R RE I T
SRR M X /NS R T R SR, SR R T k)
b 5 VR SN (15 000 mg-kg ™) W S0 1 /N 22 2 A
ﬁ%@k,Mhﬁ%ﬁi%mAﬁ%%mww T
ﬁﬁ%%ﬁ%ﬁﬁmkﬁfﬂwi E$ %ﬁ
ﬁﬁ%ﬁﬁﬁﬁ.ﬁ%ﬂﬁ¢Psw@ﬁ¢§%i
ﬁMﬁ%%ﬁ?iﬂ,%%$%#mE% L
AL B OTHE AL TR AT %@ﬁw@ PS- |

MPS 'ﬁ/}\i?ﬁ%%ﬁﬂﬁjﬁﬁﬁ Eﬁi%ﬁﬁﬂﬁ 7

m,@ﬁﬂfmﬂﬁ$%T%m%W%Tﬁ%ﬁi
HEARIIR P, THAR RN Al 2 A
AN REFLIN L S ~ 50 nm, PR SF 4K (1 S8R0k
Bk 40 BE L R A AR B W A T AR AN
Kaltikova % (UBFFE L L, 30 ~600 wm B 2515
BRAT DA i MU BHLIT 25 R T P AR R A
MK B 2440 F & e B PS-MPs 7] G818 43 WK fff 76 /N2
T2 Bz olAR R AN RE LI, PRl T b7 ulAR R %
KAy EFRRIEE W EGEE i, W S BN K
AN R A R A A A AL
AR, Xt TR ot — A AT A A 58 TAE.
2.3 L HHRE PS-MPs X /N OGA 0 R R

N R T BN Z /DR MY A R i
551 RIERIAE | ARIE 25 i PS-MPs AbHEXT + 15/
FIFR ARG EEMARE 2 fis. 537
10 dJ&, INEMREMEEE a, MERE b IS
D 2 g Rt A PR R 3 K SR BT RS TR
s, HZE N RBMRER K. S5xF B4
I, 2 Fpki 42 PS-MPs 7E 7, ik & & (0 ~ 50
mg-kg ™) RTEH R AR EAEP G A @R SRR (P
<0.05), 7 10 mg-keg b H O RS EIRK

(a) Chla [ J100nm ZZ] 5 um
1.0 . e *E
T ik
(=]
(=]
E 08F 1 1 **
= a7
4o
=
| |—X—%
0.4 //
0 10 50 100
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