‘ > 2 V2 Y
ﬁ& | ;4%“} £s @’I& J B M R R

\GRO-ENVIRONMENT SCIENCE
fRtk: http://www.aes.org.cn

MM 58 EEE X NERFRFERE W

TEWeds, BB, E I, sk <8, AR, B Xk

SIHASL:

Thedh, BB, W, kAR, R, B, RS 5 LHE G X NER & ZERE )] 4l R4, 2023,
42(2): 263-273.

TELR R View online: https:/doi.org/10.11654/jaes.2022-0473

FETT BRI HAB S

Articles you may be interested in

TR VR S A R K R b 118 2% 1) S i

FVRRIE, 5%, 208, (VAR AR, BAYERR, YO IERL, 200k

LAV IABTRL 2447, 2021, 40(1): 44-53  hitps://doi.org/10.11654/jaes.2020-0560
TR /N2 R 2 25 B g i AR K B B2

HEINEE, TRECEL, YE

L FREERLF2441E. 2019, 38(4): 737745 https://doi.org/10.11654/jaes.2018-0948
R LIRS O B4l i B0,

TRRET, ()22, SRERGE, WU, PRiR-F, 2520, S

N PR 2021, 40(5): 926-933  https://doi.org/10.11654/jaes.2020~1473
ANl A A R TR SRR S 5 e SR RE IS

EHIEAG, HIE R, WS, W, T, MRET AR

FFREE R4 2021, 40(10): 2106-2113  https://doi.org/10.11654/jaes.2021-0161

R LI TIIB RS AL 20y SRS S A PRI 1

SRFOE, XU, SRIRAL, 250A, B/NIE, £I500, RT T
LV FRBE R3] 2022, 41(7): 1400-1407  htips:/doi.org/10.11654/jaes.2021-1446

KEMAG AT, PAFHEZFENEE


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2022-0473
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0560
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0948
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1473
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0161
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-1446

2023,42(2):263-273 xR W F OB R F F R 20234F2 H

® Journal of Agro-Environment Science @&

FWRAh, R, W, SE L OB R L AR N RN TR 2 R RE L], AR PR R A, 2023, 42(2) : 263-273.
WANG X J, YANG Y Z, CAO Y, et al. Effect of microplastics, cadmium, and their combination on wheat seed germination[J]. Journal of
Agro—Environment Science, 2023, 42(2) : 263-273.

FEiRL 08I

MRl SmEAEEESX/NEMFLZFHEN
Ewedh!, BB, Fm, KAA, RAR!, BRE"

(1. VYA ARABI A R PR IR IR 2 B, R RAR PG Y E S5 SR A TS 9002, BRVG R 7121005 2. % 05 24 #F 15T
SN Y TAER, VE4E 710000)

W OE N TR SRR — M A5 YRR RGN e ZE RNy e AR A S 3 IR Ml M sl A A B PR RO R SR
i (mPS) R H 247 (mPVC) ,0.,100.500 mg- L' Al 1 000 mg- L] FH 4 JE47 (Cd,0.2.10 mg- L H 50 mg- L™) HI/NEZ FpF Hyiat 50
XFG AR T R ZEIRE . 25 SRR B — O RIG YR, mPS F1 mPV C X /N Rl K 2E R 5 0 B A e BN I B (e o o i o
JEAA], Forh mPVC XN TP B R 2R 50 R 28 3 P38 O 2 R A e AR T, mPS X /INAZ B AR A (2 A T 5 B — R M if
XN BT 2 A S A R BN AIRVR B (2 mg - L) AR HER 2, s VR BE (10 mg» L7150 mg - L) & 28, % /N2 2 S AR 5
M AR 6 B AR A s I R o (OB R S5 T i o, 55 0T B2 AH LG, IRV BE A (2 mg - L) — OB A2 6 3 e il /N 22 o
TR R AT Y IUTF XN RN & 2ETCR2 ) AR BE 1 mPV C 5 88 5 5 %/ N2 R R 2R 4850 06 14 8 P 3 K 2
JE R A A E K AR SR P RE T . PSR, 5 BTG YA AR LL, BROBR -0 52 5 15 e X/ N R 7 R 2R 3 S TR R
KAy B E M BEAR R IO RSO, B3 A —E R ERRAR 7 S — 15 0B d

KEBEIR /N OB R BT Y s R R s A AR K

MESES X173 XERED:A XEHS:1672-2043(2023)02-0263-11  doi:10.11654/jaes.2022-0473

Effect of microplastics, cadmium, and their combination on wheat seed germination

WANG Xiaojing', YANG Yizhe?, CAO Yang', ZHANG Dongming', DAI Yunchao', LU Jialong"

(1.College of Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and the Agro—Environment in
Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China; 2. Cultivated Land Quality and Agricultural
Environment Protection Workstation of Shaanxi Province, Xi’an 710000, China)

Abstract: To understand the effects of microplastics, cadmium, and their combination on germination and growth of hydroponic wheat, two
common microplastics [ polystyrene(mPS) and polyvinyl chloride(mPVC) (0, 100, 500 mg- L', and 1 000 mg-L™"), heavy metal cadmium
(Cd) (0, 2, 10 mg-L™", and 50 mg-L™"), and wheat seeds in agricultural soil were selected for seed germination testing. The results showed
that overall, mPS and mPVC promoted wheat seed germination at low concentrations, but inhibited wheat seed germination at medium and
high concentrations. mPVC promoted the germination index, germination potential, and average germination rate of wheat seeds, whereas,
mPS promoted wheat biomass. Cd promoted wheat seed germination at a low concentration (2 mg + L"), but inhibited wheat seed

germination at medium and high concentrations (10 mg+ L™ and 50 mg-L™"). The effect on wheat buds and roots followed the rule of low
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promotion and high inhibition. When the combined effect of microplastics and cadmium was tested, compared with the control group, low

concentration of Cd(2 mg+L™") —microplastic inhibited wheat seed germination, but had almost no effect on wheat seed germination. Low

concentration of mPVC combined with Cd had synergistic effects on wheat seed germination index, vigor index, average germination rate,

root bud growth, and water content. In summary, the combined microplastic—cadmium pollution had antagonistic effects on wheat seed

germination potential, vigor index, bud length, and biomass, thereby indicating that the combination of the two pollutants had a reduced

toxicity compared to that of either pollutant.

Keywords : wheat; microplastics; cadmium; compound pollution; seed germination; seedling growth
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Figure 1 Germination rate of wheat seeds under a single microplastic pollution
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Table 1 Effects of single MPs(mPS,mPVC) and Cd on the growth characteristics of wheat seeds
b3 g & i RZFH CPAE =R R R EE R
Treatment Concentration/(mg- L") Germination index Germination viability/% Vigor index Mean germination speed/d

CK 0 19.42+0.56ahc 86.67+6.67a 142.56+14.14abc 4.72+0.05ab
mPS 100 19.49+0.64ahc 80.00+6.67ab 109.25+19.56hed 4.72+0.08ab
500 17.93+2.34bc 73.33+17.64ab 124.14+18.49abcd 4.77+0.13ab
1 000 18.66+1.89ahc 75.56+13.88ab 99.86+32.11cd 4.76+0.12ab
mPVC 100 21.45+1.18a 91.11+3.85a 157.67+20.30a 4.61+0.06b
500 20.06+1.06abe 88.89+3.85a 114.42+12.24abed 4.64+0.04ab
1 000 20.60+1.33ab 88.89+7.70a 126.40+19.99abe 4.66+0.08ab
Cd 2 19.55+1.31abe 84.44+3.85a 136.97+30.36abe 4.73+0.04ab
10 18.49+2.35ahc 75.56+7.70ab 148.38+24.19ab 4.72+0.09ab
50 16.95+2.86¢ 64.44+13.88b 82.08+24.76d 4.79+0.15a

1 VR G B AN 6] B 3 R Ah B ) 25 5 i 35 (P<0.05) . T AL,

Note: The different letters in the same column indicate significant differences among treatments at P<0.05. The same below.
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Figure 2 Effects of single MPs(mPS,mPVC) and Cd on seedling growth of wheat
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Different lowercase letters indicated significant differences among different treatments (P<0.05).
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Figure 3 Effects of single MPs(mPS, mPVC) and Cd on root length, bud length, biomass, and water content of wheat
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Figure 4 Combined effects of MPs—Cd on seed germination rate of wheat
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Table 2 Combined effects of MPs and Cd on growth characteristics of wheat seeds

BIREE WK iy g vy, | HBFER el il pcipieac o
Concc‘nfrallon Concentration Germination  Germination {ﬁj]?abﬁ[ M-can- RIEFEEL ﬁ%?‘;“ T %Zii]}k%@@f
of Ld{ of MPf/ - viability/% Vigor index germinalion  Germination Germination Vieor index Mean germination
(mg-L™) (mg-L7) speed/d index viability ° speed
CK 19.42+0.56a 86.67+6.67a 142.56x14.14abc  4.72+0.05a
2 mPS 100 20.76+1.06a 88.89+7.70a 129.85+11.98abc  4.61+0.02a i SR E(EA i
mPVC 100 20.16+0.92a 82.22+3.85a  105.46210.29c  4.6320.06a Gl I G| I3[
mPS 500  19.45+1.61a 84.44+10.18a 151.00+10.17ab  4.64+0.08a T SR ERENN E(EA
mPVC 500 20.05+0.70a 84.44+3.85a 139.78+20.5labec  4.65+0.11a B3] 5[] ETREN 3 [7)
10 mPS 100 2047+1.32a 93.33+6.67a  170.6315.19a  4.68+0.03a R EEi E[EN E[EN
mPVC 100 19.12+1.16a 86.67+6.67a 132.53+19.60abc  4.74x0.07a [ipI] it 5[] 3 [7)
mPS 500  20.42+1.06a 88.89+3.85a  156.22+31.72a  4.67+0.02a T it EEN A
mPVC 500 18.35+2.4la 84.44+3.85a 111.76238.52bc  4.7320.16a INE] it ] 31
V' s 500 mg-],‘ .
; mPVC 500 my;-Ll. .’
Cd2 mg-L™" Cd 10 mg-L™"
B5 WEBNESREEANE T/ MNESEEKE
Figure 5 Combined effects of MPs—Cd on seedling growth of wheat
3 REH-REATFTEMNNEHHEKNZEER
Table 3 Combined effects of MPs and Cd on interaction of wheat seedling growth
AR TR Rl e AW R 22 HAEFAZER Type of interaction
Concentration Concentration of fiic i Biomass/ BRSNS K R H W kR
of Cd/(mg-L™") MPs/(mg-L™) Root length/em Bud length/cm (mg-FL™) Water content/% Root length  Bud length  Biomass Water content
CK 10.95+2.92ab  7.34+0.72ab  27.41+5.82a  81.42+5.49ab
2 mPS 100 8.78+0.56b  6.25+0.37bc  30.13+10.42a  78.69+4.39h e I N 3[R
mPVC 100 8.29+0.51b  5.23+0.36c  30.99+10.41a  77.57+4.48b ZG| 5[] RN 3]
mPS 500 1443+2.81a  7.77+024ab  28.33+6.73a  87.41+3.03a EE ErEin R i
mPVC 500  11.13+3.09ab 6.98+1.07abc  26.06+6.46a  83.76+2.04ab HEHL i G| EiEi
10 mPS 100 11.71+1.66ab  8.33+0.38a  25.86+6.71a  87.00x1.59a e ETREN 5[] EEA
mPVC 100 11.54+2.91ab  6.96x1.13abc  27.76£10.75a  82.23+4.46ab I3 [ ZE! g 3 [+
mPS 500 11.01+3.08ab  7.62+1.22ab  25.84+291a  85.76x1.26a 3E] bt I G|
mPVC 500 8.24+0.65b  6.08+1.77bc  29.21+8.12a  81.57+3.04ab Pl Gl EREi R

1% WHART]
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