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Effects of polypropylene microplastics on the growth and ecophysiological characteristics of soybean (Glycine
max) and peanut (Arachis hypogaea L.)

JTANG Juntao"?, CHEN Hongwei', YAN Xinzhu®, DENG Jiaojiao’, WEI Zhanbo™*, ZHOU Wangming’, ZHOU Li*, YU Dapao’, WANG Qingwei*"
(1. College of Life Science and Bioengineering, Shenyang University, Shenyang 110044, China; 2. CAS Key Laboratory of Forest Ecology
and Management, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 3. Northeastern University at
Qinhuangdao, Qinhuangdao 066001, China; 4. Engineering Laboratory for Green Fertilizer, Chinese Academy of Sciences, Shenyang
110016, China)

Abstract: Although microplastic pollution of farmland has significant effects on crop growth, data regarding the responses of the
physiological and ecological characteristics, yield, and quality of different functional types of crops to soil microplastics are limited.
Therefore, we selected two major crop species, Glycine max (aboveground—bearing) and Arachis hypogaea L. (belowground—bearing), as
the plant materials and carried out an in situ addition experiment of polypropylene microplastics (0%, 0.4% addition). Our results
demonstrated that the interaction between microplastics and crop type had a significant impact on the growth and physiological and

ecological characteristics of the crops, especially on the morphological structure of the whole plant, biomass accumulation and distribution,
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and grain quality. The addition of polypropylene microplastics significantly reduced the total biomass, aboveground biomass, relative

growth rate, and 100—grain weight of both crops, with soybean decreasing by 13.61%, 14.07%, 13.23%, and 7.84% respectively, and

peanut decreasing by 17.10%, 18.64%, 16.12%, and 11.98%, respectively. Moreover, the addition of polypropylene microplastics clearly

reduced the belowground biomass and the soluble sugar content of peanut, and the chlorophyll content of soybean by 15.77%, 25.51%, and

5.74%, respectively. On the contrary, the addition of polypropylene microplastics increased the leaf area ratio and soluble sugar content of

soybean by 28.07% and 25.82%, respectively. It can be seen that the addition of polypropylene microplastics had major adverse effects on

the growth and yield of both crops, but especially on peanut. This study provides key data supporting the impact of soil microplastic

pollution on crop yield and quality, and also provides a theoretical basis for future breeding of superior varieties.

Keywords : polypropylene microplastic; bearing type; functional trait; biomass accumulation; physiological response; grain quality
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Table 1 Response of functional traits of soybean and peanut to the polypropylene microplastics addition

I3k Fo b Tk Microplastic (M) YIFh Specy(S) ZHAER MxS
Category Index X P X P X P

(L7 ¥k Plant height 0.42 0.52 6463.91 <0.01 4.80 0.03

Plant morphology #7% Basal diameter 0.02 0.90 906.86 <001 333 007

I FL L Specific leaf area 5.04 0.03 0.02 0.90 4.47 0.03

HERE5AEYRRER Hi_b- A=) Aboveground biomass 12.43 <0.01 696.70 <0.01 3.12 0.08

Gopilt aundl omesg H R 2E M1 Belowground biomass 14.57 <0.01 1513.19 <0.01 1454 <001

accumulation

H7E H Root—shoot ratio 0.47 0.49 717.74 <0.01 0.30 0.58

SN Total biomass 17.34 <0.01 276.31 <0.01 0.72 0.40

X K #E R Relative growth rate 34.22 <0.01 303.42 <0.01 0.56 0.46

HERA AL, Fv/Fm 1.82 0.18 0.03 0.87 1.16 0.28

Physiology and biochemistry Y(I) 242 0.12 2.15 0.14 186 0.17

2% % Chlorophyll 1.23 0.27 601.47 <0.01 9.03 <0.01

J5 T Flavonoid 0.86 0.35 15.00 <0.01 2.82 0.09

i it T KIE 100—grain weight 33.37 <0.01 470.38 <0.01 5.50 0.02

Qireliy; AL Soluble sugar .73 0.19 269.02 <001 4183 <001

JEH) Starch 3.82 0.05 9.36 <0.01 1.20 0.27

HIZE 1 Crude protein 2.87 0.09 630.03 <0.01 1.56 0.21

TE X, FERIS IO S BRAE W) & R RE st 5 0B

Note: x*, compare the degree of coincidence or goodness of fit between the theoretical frequency and the actual frequency.
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Figure 1 Morphological response of soybean and peanut to the polypropylene microplastic addition
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Figure 2 Response of growth and biomass allocation of soybean and peanut to the polypropylene microplastic addition
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Figure 3 Response of physiological and biochemical traits of soybean and peanut to the polypropylene microplastic addition
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Figure 4 Response of grain quality of soybean and peanut to the polypropylene microplastic addit
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H, plant height; D, basal diameter; SLA, specific leaf area; AB,
aboveground biomass; BB, belowground biomass; R/T, root—shoot ratio;
TB, total biomass; RGR, relative growth rate; Chl, chlorophyll; Flav,
flavonoid; W, 100 — grain weight; SS, soluble sugar; St, starch; Pr, crude
protein. GM , Glycine max ; AH , Arachis hypogaea.
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Figure 5 PCA among responses of crop functional traits to the

polypropylene microplastic addition

3 iFig

3.1 PP-MPsRMN¥t KSR 4 & K FER ST
sEA

PP-MPs s i@ 52 AR A K R LR L
KMAEMRIE AR IR (R 1B S) o ARWFGE (8 i
Pl V9 70 AR Az s R R AR e L R T R B —
2, 3 0 AR (8 20 K 2E) , % 45 UEs: T4 M +
ST RIS G BB A XA ) A A AR — o Y ARUTHT
WS, H o 32 AV P MLER AT BE 2 i T s Y
PP-MPs i 5 7 VE 4 4 5 4 1) 22 180, BH ZEVE 0 1) 4t
LR FLAIR , LRS- 400 % 7K 3 038 55 40 Jo e WA A % e
& W A o R SR A A ) A K R A ) R
2 (HSVE 2, PP-MPs {8 78 I i S5 R AR A8 AR 1Y
R A (E R SR R AR TR R X
— 2SR AT R SR R 45 SR RIAT G, PP-MPs
AR B AE K MR, H AT LS4 78 48 A8 A AR AR 5t
Ak, T AR B S S AR A R A ERY) AR R A+
8 v W K 43 R R ) 5T D RERY, TR otk 5 K T A
E , PP—MPs ¥ i X A6 A A 5 A K B B 1 b F 38 43 ]
B A= 5™ 2 A B ZEAE A, AT 30 PP-MPs B i
XA T AR W R B B PR e ., X —

1% WHART]

LRI S EZESEAEIAR LL , T 25 SE R PR
Sy 3 B IO R B o BT E AT SRR
XHAE ) E B R B A A RE M A T AR X 3D, A DAL
PHFT 2T Z M I S 58 Sl g uE s .
FERARRTE A7 T, SBRHS e ()5 W FEAE 4 23 Al
] L B B G o SRR . S0 BR A HE , PP-MPs %
TR AR A B PR S R 2.64% , 1 K G R TR L
{8 582 10 28.07% (& 1A (& 1C) , 3% 358 B A [) 45 52
FEIUAVE D) A AR TR 25 X6 T RS Y i AN [R] . R
A BEIE A R T RO BSR4 DG SR R T L 7R
M AP A BRI SR R R 0 T B Bk
AR TE Z G AR IR B B0 IR TA B KR i
TR AE AR B} 1 72 T 52 ]
3.2 PP-MPsiRmM KE L EEEENZME
MR EENSHSNEERREENARZ — H
T LB EY R OE A RE IR, Lian S5
RIMESE L ER a, MR b RIS S N R M
HHEN A T B AL, BRRRRR S0 & B RS & O ko
W BE BN, Ks i Fr & AR VR AR, DT 386 R B TR
FMER 2 B (IR BRLH) o ARHF5T &% 3 PP-MPs
BTSN BRARR S i E & (K 3C) , 5
IR AE R —F, X AT RE R TR e 5 S
b EESARG R AR AR R, R AR R
T8, DT b B TR R A I 2 28 1 BRI SR
PP—-MPs 7SI AL A 7 (4 25 1 fR 0 i 2 52 )
O] BB T 45 S B A8 A A 2 B AR fR
Al REIE A A SRR AR S AR E , FARPLIE
s E—HR5E . LAh, M R DG RENS HHak a3
S B A AL 3 X6 A 4 A BRR 0 B R R AR 5T
PP—MPs IS I K AL A M g P/ F Y CIL) TG
TR BN A S B i e R AR
WFFE 25—, 3X AT RS2 AR 5256 BT ik FH i Sk
Y RS B X6 R A AR ) i e i
3.3 PP-MPs#HRnxt K EFEE=E 5 MR
PP-MPs %8 In T, K &2 FE AR B B ORLEE 23 31 AR
7.84% 1 11.98% , K G AAEA: KRG AT 2 82 52 352
Wil (P 4A) o K E R A FE TR A A0 Az AR A6 5 T A i
N 25 55, F2 B KGRI AE A R A AR AR R SR S A v
4y i 1o AL AN T o R T A 1) AT T B T
2 2 B BRI ] T 6 A i IR CRS 2B IR By
BN A FE B Bk /D T T4 Jo ) K SRR A 3 B R
BLPT XFTAEAE T & AEAE ISR A KR B R AEAE AT
R SR R RN e AR A IR A K T B E
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Iy I B AR AN S SR IL [ ER A (E A 228 SR o L g
WREEIETE A ATIR IS, PP-MPs R4 76 46 A2 (1 1 T 358
G, BELAE A A ISR 8 SR 0 St R R A, a0 v 41 ] e
A, T T AR KPR Y TR FE AT

BN OB RS QRS U AR R R ah IR,
BN RPRLAY P PR S i . PP-MPs BESIN B2
e b T R AR AL R R A B R (25.82%) L {H.
FELE R AT o i R PR 25.51% (1 4B) . Al i
PEBEVE AR R B E ", sk T SRS I
XHEREE B G S Gs S ™o X T b b4 st
AR EL FEREREAS IS, BAR 7 5 CErki e ) 2 2l
] (5L 2 ey TR LU RE S 4R R LR RE
LG b IR A 03B M g AR XS 5 6 14 o Rl
SO G TERFRIAR R o AR TS T, 0 Pk, J
HO TR 45 SRR AR B AR B 52 AR PR RO RL AR Y
SN AW 14 BELIE A PR i A A Xk 7 23 A8 TR W0 o
RS I a i, 5 SR B B = R RS I AR A 11
Jea Py N R SRS RS B, HE R AR
SUR RS RIS U R/ R TN RE W RS s S X L
HEFIHRTE

4 it

(1) B N1 0 B (PP-MPs ) 78 % K &2 F 78 2E
B A R AR B e LR EA R IR HE TAVE A

(2)PP-MPs 7R K G0 4R & 8 i 3%
FAIK 5.74% ABXT A6 A (1) i 2 32 % 2 0 i & 52 ) ()
FER G RAEAER FUF, Y CID) K RS et TG 2
Ak

(3)PP=MPs AT A G AIAE A= A FRE ) R T 5
M) — 35, (XK S AR A KR 0 R 3 P 5 e
SRAHI o
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