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Physiological response of cucumber seedlings to microplastics and cadmium

LI Zhen—xia"?, LI Qing—fei'?, LI Rui—jing', ZHAO Ya—fei', GENG Jia—hui', SUN Yong—dong'?, ZHOU Jun—guo'?, WANG Guang—yin'?
(1.College of Horticulture and Landscape, Henan Institute of Science and Technology, Xinxiang 453003, China; 2.Henan Province Engi-
neering Research Center of Horticultural Plant Resource Utilization and Germplasm Enhancement, Xinxiang 453003, China)

Abstract: To investigate the physiological effects of microplastic and cadmium pollution in the soil, the physiological characteristics of the
roots and leaves of cucumber( Cucumis sativus L..) seedlings were examined after treatment with two different sizes of polyvinyl chloride par-
ticles (A, particle size:<18 wm and B, particle size: 18~150 wm) and a dose of cadmium (20 mg-kg™). The results showed that microplas-
tics A and B alleviated the effect of cadmium on root activity. Microplastic A significantly reduced the total root length, but had no signifi-
cant effect on the root diameter of the cucumber seedlings. Pollution by the combination of microplastics A and B and cadmium had no su-
perposition effect on the superoxide diamutase (SOD) activity and H»O. content of the leaves. Instead, it showed a neutralization effect. Mi-
croplastic B mitigated the effect of cadmium on malondialdehyde (MDA ) content. The different microplastic particle sizes had different ef-
fects on the photosynthetic pigments and fluorescence parameters. Microplastic A significantly reduced the effect of cadmium on the carot-
enoids of cucumber leaves. The light absorption and dissipation capacity of cucumber leaves treated with microplastic B was higher than

that of leaves treated with microplastic A. Pollution by the combination of microplastic B and cadmium reduced the light dissipation ability
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of cucumber leaves but improved their light capture ability. A gray correlation analysis showed that the effects of microplastics A and B on

the physiological indices differed from that of cadmium. The cadmium treatment had a greater correlation with H.O. content, whereas the

treatments with microplastics A and B had greater correlations with photosynthetic indices. This study provides insights useful in the eco-

logical risk assessment of microplastic and cadmium pollution in farmland.

Keywords : microplastic; cadmium; cucumber; physiological indices
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activity of cucumber

22 MEHMETENERBRKMNREZHNZNE
FH [ 3a AT A1, Cd20 FIFCERL B X 5 JTVHRE 3R B AR
KT 500, (H AR A B TR AR T 8 TEAR K
A+Cd20 F1B+Cd20 5 A . B A1 CA20 #F L i % 22 7, i
PN RPRLAR AN [R], %oF ¥ JTAR R S AR A A 52 i A []
P85 2 72 41 P 5% & R AR 0.2 pum [ 3R OK LA TR
RE M A SRR R W% 32 B M 3, 1 1 pum TOBR AN BE
Bl MR 2R W W 32 3 Hb B Jiang SFF 5E & B 100
nm KR LIRHERATER G PR 8 H HAT I B
PE 5 AT AL A B RLARVE Bl 55 TR Ao
PR BLRAR I ] . I GCRE A rh 3 2 FoURL AT g
SR WU s R B TR R TN, TR B A RE B 1
JIHR Ao TRk A X AR R TE A 520 1] BE -5 #0 K



976

URIEIRCX ity F39655H

R ZR X LSRR RN L A2 O, an SR kL A v
7 # JTORS R WAL , AN RETRGER 532 B 1358, it S5 7EAR
PR HER R TS EIR R LT

FH &1 3b AT, Cd20 i 5 H9H 1 3 A AR BLAR
TLHRE A FB X AR B4R TG R 355 . A+Cd20 1 B+
Cd20 5 A B Fll Cd20 22 5 #f A 8 2, {H B+Cd20 5 CK
5B, A+Cd20 5 CK Z 548 B3, Bon ik
SR8 A 15 Y AR AR A S e DR AR S R R A AN (]
MA 25
2.3 MEBRANET R ERH F MDA £E/ %

MDA J2 5 g 2k 8040 1 7= 47, 2 40 b RS R e 1k 1Y
FRaayres, K 4 AT 40, Cd20 Ab PR iR 45 T B
7 MDA & . (8988 A F B ) MDA & CK TG i
FRM . A+Cd20 % A . Cd20.CK 2 S B % s B+
Cd205 Cd20 =5 3% HFI B L CK ERARE ., Ul
AL A D B A (2 35 52 i 9 I e MDA 75 525 (1)
A s (A BOERE B AT LAk 4 5 ekt v I B MDA
BRI o HEN 5 GO R B A TE S 2540 O, B 1 ]
A TIOBRL B B REAR R S5 A A, AL B RS AU R
DU P LT O A SR 28544 W BB T A1 54 1 T
B 151 R BE 775 T 1Rk A, DT AT DA S 2 oAt 4 15
Xof 5 JIH - MDA BS540

1600 1 (a)

a

1400 @
00 —E— —I— ab ab

+

[E—
S N
(=]
[N ]
o
©
=

800 -
600 -
400
200 [

SR Total root length/cm

CK A B Cd20
AbFE Treatments

A+Cd20 B+Cd20

0451 ()

a

0.40f ab
b o
035 b Ea S ab K3

0.301
0251
0.20
0.15F
0.10F
0.05F

ML B4 Root diameter/mm

CK A B Cd20
AL FE Treatments

B3 WEAMET AN ERSRKARERH I

Figure 3 Effect of microplastics and cadmium on total root length

A+Cd20 B+Cd20

and root diameter of cucumber

141
121 ab kS |
ab

Z0r ab *I* B3 b
W ol
E
2 o
=
= 4

2+

0

CK A B Cd20  A+Cd20 B+Cd20

Ab 3 Treatments
B4 HEERFES R EINM F MDA & 28T
Figure 4 Effect of microplastics and cadmium on MDA content

of cucumber leaves

2.4 HEERIFNERT R E M F SOD 1 H.0, B3 i

i & 5a T 20, SO RE A LB AT Cd20 #B{d SOD 1 4
i E AR H A+Cd20 F1 B+Cd20 5 i8R A B F
Cd20 1 SOD ¥ P JC ik 25 22 5 o U6 P BB RE RN AR 415 T
DI 2R 5 I A Y SOD WM, —E R A5 Y
X SOD 16 PETC B MU , A7 B AFAE IR, o 3X 1]
Al 55 OB RHE - TSR AR A0 AT O, 3% Horton 255
5% 2R W A - SEFRBE 1 SO B S8 S HRAS Je 5 1
AL A3 (A BAE T A SS HTE S AT L
TP FLS S YRR KRR A, KR
4 W2 o6 B8 [ 5 e T, S B S AR AR A AR ARG, I
T B RN

FH &1 5b AT, Cd20 & & 1 B R Ha0. 11
T, R A B B R HO0) F . A+
Cd20 F1 B+Cd20 i F HL.0, 5 5458 A I B B 6
Fh i, A+Cd20 55 Cd20 A5 B B AR , (H 22 R AR A i
o ORI AR I AT e X Ha O, A5 T 2 v A
25 MERMESEANLERESENTM

F1 &l 6a Fl1IE 6b AT AT, fHZE KL A (B Fil Cd20 4b B X}
M-28 K a MM SRR b & A 0B E 50 . A+Cd20 FI
B+Cd20 Zb B[ 2% 2K a FINF 48 K b 5 48 A (B I
Cd20 2 SH A H 2, {H A+Cd20 I B+Cd20 Z [i1] £ &
B2 PR RPRAR AR, 55 A T5 Y R
it 2 a RIS 2 b A2 AN [

FKHE b RASEEEMNEI AR Wi
U T HEDPUAA RS EZ R, AT LR E
W SRS GO AV R AKE B AR 6 i IR Hp K 45 o
BERP, B 6c v AT, OB R A F1 B A FEER AT LA
AR 288 DR & X 5 BRI
SR CRIAE 100 nm A1 5 um) X /NG 288 8 B



25 U4 R X OB R R T5 ey B 977

2501 (a)
200t T a a
—1
= ab
= 1s0f %_ ab
=
= 100
£ b
195}
w-{
0K A B Cd20 A+Cd20 B+Cd20
b FE Treatments
87 (h) a a
7 B —t—
6 ab | ab
- = d
WSl b
< 3t
=
= 2F
‘l -
0K A B Cd20  A+Cd20 B+Cd20

A3 Treatments
B5 MERERTRS &N A SOD A H.0.M %00
Figure 5 Effect of microplastics and cadmium on SOD and H,0,

of cucumber leaves

F A ELAT — B0 s XA R R R S R SR
FRE N ERS R, Cd20d ] LB 35 AR Ay
KA N RS, A+CA20 FI B+Cd20 i 8 b £
TR AMIB R A FI B 22 5 AR 2% H A+Cd20 £ Cd20
2R E . HORBOER A AT LU 2 O A TS Y i
NGNS iRl il
2.6 MEBRIFE S A HEE RS HNEZN
2.6.1 XEEADEE S R R

Folt e 250 T (PS T ) Js o7 o0 Ak F 58 4 FF st
M . B Ta AT, BORE A FiT Cd20 B R
KT Fo,fB A+Cd20 () Fot A R Cd20 i £ 22 57 .
SR B 1Y Fokd CK JG i 3 25 7 5 B+Cd20 2 Cd20 o i
FES HEBAREZESR. 1M H A+Cd20 F1 B+Cd20
22503 UL Fo 32 O RPRLAR i 52, T8
RS HE A5 U Fo R ORI AN R T A 22 5% .

Fo o2 PSR W ot itk F 58 4= 56 P B 1Y) 26 6 7
. I Th AT, GOERLA B A Cd20 X F, 0 B 5
M, A+Cd20 %8 A Fll Cd20 25 SR A i 35 5 {H B+Cd20
HMBACA20 25 83 . WoRHUBE BN E A1
Y n] DL SO R B AR I R R RZ I

FJF. 2 PS TR IOt 7k, i PS 1T

[ (a)

o
o
T

ab

ab
ab ab

=+
}

}
—+

S L 2 ¢
B~ L o
L—

S 9
- o

2432 a Chlorophyll a/mg-g™' FW
o &

CK A B Cd20  A+Cd20 B+Cd20

AL FE Treatments

067 (b
051 ab ab 1

04t M b
03t
02f

0.1p

M£¢Z b Chlorophyll b/mg- g™ FW

CK A B Cd20  A+Cd20 B+Cd20

AP Treatments

0121 (o)
mm-%
0.08 b

0.06 f be
0.04 .

0.02
0

CK A B Cd20
AL F Treatments

Elo MERMESTEANENMFELERRISENZM

Figure 6 Effect of microplastics and cadmium on photosynthetic

ZKHHE [ ZK Carotenoid/mg- g™ FW

A+Cd20 B+Cd20

pigment contents of cucumber leaves

N G N B RBEF I AOR . A BFR R B RO
SRR FAEAE I E 5T AR AR N R Z PR AR
K AR a8 200 R R ARl Te
ALHL, SO A LB I CA20 X Fu/F, G E 0 . A+
Cd20 % A F1 Cd20 ot % 2 5 . {H B+Cd20 % B A i
FHREF . WoR BRI AT YA DLSGE B X B
MR FJFL 2R X5 RS —300 .
Pl PS T AW RE Ry SE Al M REFR 5. th
B 7d ol AL OB R A FB Y PR CK TG B 3552 10
A+Cd20 FIB+Cd20 5 A B F1 Cd20 Z ¥ A B3, H
TR A B 22 53 3, SR IO RE R AR AN [R) X8I



978

URIEIRCX ity F39655H

R 1) PLySETRAN A

25 FTR  WORE A B R4 SB35 0 v I
2% R DTS ELF M PLL AR AL GO R B AR R &2
B 75 Y] DL Rk S O B X FL R FLF. 5500
2.6.2 X REE LSS

ABS/RC J2& PS 1T HLAz e by v O W W) DG RE L Dlo/
RC 2 PS [T BA e iy O AEBUR G RE . E] 8a Fil 8
AL, SR A LB I Cd20 %t ABS/RC F1 DIo/RC JG . %
som o (HGREE A B Z 0] 22 57 B 2, B AL PR Y ABS/
RC 1 DIo/RC 8275 T A Rb R, $2/K B AMFEXS YL REMY
WS FIFEHURE S #k T A 4b ¥, {H B+Cd20 4 DIo/RC
WELT B, /R B SR E A5 YL BEAR T iR
XIERE R FEHRE

TRo/RC 72 PS 11 357 J b HC i AR St Rg . Fi &
8c A1, IR A LB Al Cd20 4 FE TRo/RC %5 CK #5 TG
WEEF ., A+Cd20 Fl1 B+Cd20 B 6k A . B F1 Cd20
WL EEES . (HA+CA20 Fl B+Cd20 Z 0] 2% 7 i
Fo BORBHBME AT PRI R T A
WA

ETo/RC & PS T JA3 S5 1 H0 FHF HE A5 38 1
At K 8d AT A1, AL HE ETo/RC 2 18] JC B 3 £ 5% .

8001 (4)
700 ¢

_i_ be _I_ be —a]:b—
600 e —E ¢
500

< 4001
300
200

100

CK A B Cd20
Qb Treatments

A+Cd20 B+Cd20

097 ((:%) ab b ab b e
08F 2 . S

0.7
0.6
051
0471
03r
02r
0.1r

F.IF.,

CK A B Cd20
Ab P Treatments

A+Cd20 B+Cd20

REo/RC & PS 1 545 [z i H Do A& 33 31 PST G RE .
&l 8e AT %, Cd20 B ER#AK T REo/RC, KL AR B Y
BEH R A5 YRt REo/RC JG 4520

L5 TR, OB R B X E I R G RE 1 M FFE
AR T 5% R s T ORL A TR B SRR A
15 YL RRAI T B B X R RE R RERLRE ) (A3 & T H
X EREM AR BE T -
27 MEBRFELENEREBIERNKEXEE
S

FH 2% 1 AT, 55 Ak B DG IRE 2R B0 K 2R B R A
B HaOo0 T W4 J00 38 1 510 T 065 R 48038 I, iy
A K HL0. R B, i — 205 R At A= BRAE bR 1 22 4k
ESRORE A I ZR B K 1 A B BR 2 PP, HR
MR b AL . UOBAOERL A B 55 DA o
A A il A9 BE 8 5L PLo. (RS , (T 5 R T2 2 b
T e s R A B AR AR . 5K
SR B SCBE R B KB 5 N HEFRIE ETo/RC R R 1%
41 .TRo/RC . ABS/RC #1 REo/RC , 3% 5 M & kr A 4 1
#BE I R RE R AN A . ULRH R B f de st
FRE RIS 2 Bl S EORAR 2296 71 78 Ak, i 5 i
A= BRER BR AR 1k

35001 (1) a
), B b b i_ =
IS LR
2500
2000
.
1500
1000
500
0
CK A B Cd20 A+Cd20 B+Cd20
Kb FH Treatments
257 () ab
a
ab
20 E3 ab ab
b =
st
=
s W
1.0
0.5
0
CK A B Cd20 A+Cd20 B+Cd20
AL PR Treatments

E7 MERMETENMHERREM TS HHIZIT

Figure 7 Effect of microplastics and cadmium on chlorophyll basal fluorescence parameters



202045 B ZEUTE A5 U8 NG T R AL R T Y 1) A B R 979
30r (a) b 0.7 (b)
ab a ab L ab a
R N T I I S 00 S
I . _]:_ ab
§ ‘%:3 04r
& 151 3
E% 03
1.01 02k
0.5t o1k
0 0
CK A B Cd20 A+Cd20 B+Cd20 CK A B Cd20 A+Cd20 B+Cd20
AP Treatments KEFH Treatments
2570 (o) a L2r )
ab ab a a a a a
z-o-ﬁ,;br++_bk+ S e S B e B T I
0.8
s :
E E 0.6
=~ 10F =
0.4}
0.5 0.2
0 CK A B Cd20 A+Cd20 B+Cd20 0 CK A B Cd20 A+Cd20 B+Cd20
AP Treatments Kb FH Treatments
04sp (&) ,
040 —E ab _a:[)_ b b
b
035F & EX = ER
0.30
20251
5 020}
s+
0.15}
0.10}
0.05}
0
CK A B Cd20 A+Cd20 B+Cd20
Kb Treatments

8 WERFRTRXIEERIISH

sEAl|

Figure 8 Effect of microplastics and cadmium on energy flow parameters
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Table 1 Grey correlation degree analysis of physiological index with cadmium and microplastic of cucumber

4% cadmium

%KL A Microplastic A

Tk B Microplastic B
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