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Xinjiang, Alar 843300, China)

Abstract: [Objective] The extensive use of plastic film in Xinjiang has led to the accumulation of a large amount of
microplastics (MPs) in farmland soil, causing changes in soil physical and chemical properties and affecting crop yields.

[ Method] In this study, the interaction effect of the particle size and content of polyethylene microplastics (PE-MPs) on soil
physical properties was systematically investigated by simulating the residual environment of microplastics in farmland. By
designing different microplastic content and particle size treatment test groups and comparing their indicators with the blank
control group, the impact of microplastics on soil physical properties was evaluated. [Result] The results showed that
PE-MPs significantly changed soil thermal dynamics, structural stability and water transport characteristics through
size-content synergism: In terms of temperature control, microplastics reduce thermal conductivity by increasing surface
roughness and porosity, and increase the daily average temperature of 5 cm soil layer by 0.97 °C (1 700 pm-1% treatment),
and the thermal effect decreases with depth (0.67-0.93 °C decrease with 25 cm). In terms of structural remodeling, the
treatments of large particle size (=550 pm) and high content (=0.25%) significantly reduced the bulk density, increased the
porosity (55.62%-59.41% in the 1 700 pm treatment group), and promoted the formation of large aggregates (>0.2 mm) by
physical adsorption (93% increase in proportion, mean weight diameter up to 3.70 mm); The water transport characteristics
show that the water loss rate of large particle size microplastics (=550 pm) is 1.2 times higher than that of 48 pum treatment
due to the formation of millimeter cracks at low content (0.1%-0.25%), and the particle size effect is covered at high content
(1%). Correlation analysis further revealed the nonlinear coupling mechanism of soil parameters. Correlation analysis further
reveals the nonlinear coupling mechanism of soil parameters, with a highly significant positive correlation between the
proportion of large aggregates and average particle size, and a negative correlation between bulk density and porosity.

[ Conclusion] 1t is pointed out that when the particle size is >550 pm and the content is >0.25%, microplastics may lead to
ecological risks such as soil erosion resistance degradation and hydrothermal coupling imbalance by reconstructing pore
network and aggregate bridging structure. In the future, it is necessary to combine microbial function and crop physiology
studies to quantify the cascade effect of microplastic pollution, and provide cross-scale theoretical support for farmland
pollution control and risk assessment.
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091 grem?, ZEMERIR, FERWE 1 PR, SEOCRE ST, FiRIRZA BT 10%.
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Fig. 1 Polyethylene microplastics used in the test
B T 2023 4F 4 R BOBaE A e @ s A — BT h R -G, RO, R
LI A ORI, AR R R RTRERL S B N 78.1% 18.5% M 5.4% . RAFIRFE 70~
90 cm, K F A EUREE A TEURE, 25 B 88 IR K 4 0 5 AR AZ FE QR EEAR Ry [ S0 = . 3B AH
(R G AT AT, e T E Al 2 mm M, JESFES CK ffH. X HIERY)
PEPERTHEAT R, AR IR HE . SLBRE A 1.35 grem®, 211 grem™y 35.97%.
1.2 i3t
TR SRR (A WERERE (B) o RIBERE (O =/NHE KA B2 Box-Behnken
witmnR 1, WRIGRECH 32 k. HEBIIARARAKF: 48, 150, 5504 1 700 um; PUANROERLS &
KF: 0.1%. 0.25% 0.5% 1%; = ATIERE: 5. 15, 25 cm.
=1 THRERITE

Table 1 Design table for soil column experiment

s Bk MRS R RIERE | RS MRk AR WOERE R REERE

Test A: Microplastic ~ B: Microplastic C: Soil Test A: Microplastic ~ B: Microplastic C: Soil
number  particle size/pm content/% depth/cm | number  particle size/um content/% depth/cm
1 48 0.1 5 17 48 0.5 25
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2 150 0.1 5 18 1700 1 25

3 150 0.25 5 19 48 0.1 5

4 150 1 5 20 48 0.25 15

5 550 0.25 5 21 48 0.5 5

6 550 1 5 2 48 1 15

7 1700 0.25 5 23 150 0.1 15

8 1700 0.5 5 24 550 0.1 25

9 150 0.25 15 25 1700 0.1 25

10 150 0.5 15 26 48 0.5 15

11 550 0.25 15 27 150 0.5 25

12 1700 0.25 15 28 550 025 25

13 1700 0.25 15 29 550 1 25

14 550 0.1 25 30 1700 0.5 25

15 1700 0.1 25 31 150 025 25

16 48 0.25 25 32 1700 1 5
R A FPRAR I 3R I R RHE AR R L S TRl B R & G IREARIMEM R

100 r-min" IIEHEHE 10 min PAB; (RGO RME SR R Al . BHR AR A TR GY E7KE R 20%
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FRERG, BIREWE /KR E 25%, HN ZLB300 B e 0P R hifl, B 18- rhE &4

JEH B EAR 2.5 mm HZRAE, DB B AR SR O A2, B R0 SEALRR 73 A0 i3 — 4k, A BT

FEE VT A T ZE BT 3B 3 S P 8 B o R T 25 T AR B T 25 cCIEIR AR IRAF 48 h, o
RARR PR KK FEIFRL.

I ITNE TR B AL, B2 20 em, &% 40 cm, LAEOITHIAERS 5 om & R ALE
FEIRES, T A K OB IERUK . AR A8 A L bR A P B G BE RN, . KR & 4%
1.35 grem® A E B 4, 0~10. 10~20. 20~30 cm 2 2 (A1 AR B MRE I 5 E iR
F 5 BRI 3% AR AT, FREVE IR 3K & A, O IR BKE LR 20%, ik
B ME 2 fioR.

V1 S 2 EEHIRCT 3 R, 4 ME, 5 RIEE RS 6 kL. Note: 1. Marshallows bottle; 2. Flow control valves;
3. Drip irrigation pipes; 4. Mulch; 5. Temperature and humidity sensor; 6. Microplastics.
B 2 e A ]

Fig. 2 Schematic diagram of the experimental soil column
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AR E A K. MEERRRAS 5 & B e R A EREER, 5 em £E9 1 700 pm-1%4b
HREL 48 um-0.1% AL BT BEHR T 0.75 °C, FAE FIAUHIIE T AL AR JI0RE 1S 0 - 398 55 ThORE A 2 g 11 555
B — KA, RN EHR A FLRR SR TR bR #)=,  BRAIC : 2R BUR BE T
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1 Soil temperature/*C

;
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s
o0

16 20 24 16
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B ] Time/h B 1) Time/h

H: @) 5cm HEREHZIZSHG b) 15 em HZEEHZIEMG © 25 em /2R HEh#&0 . Note: a) Diurnal dynamic analysis
of 5 cm soil temperature; b) Diurnal dynamic analysis of soil temperature in 15 cm layer; ¢) Diurnal dynamic analysis of soil temperature in
25 cm soil.

K3 LR HEES
Fig. 3 Diurnal dynamic analysis of soil temperature
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T4 18] Drying period/h T4 18] Drying period/h

TE: a) 48 pm AT T LR K 12 LR b) 150 pm L3RRS 1 ER: ©) 550 pm TEFRKEN T2 2R d) 1700 pm
TR KB F12 2. Note: a) Dynamic curves of soil drying and water loss under 48 pm treatment; b) Dynamic curves of soil drying
and water loss under 150 pm treatment; ¢) Dynamic curves of soil drying and water loss under 550 pm treatment; ) Dynamic curves of soil
drying and water loss under 1 700 pm treatment.

Kl 4 AFEPRARACHE T 3 kK 3 71 2% ih 2%
Fig. 4 Dynamic curves of soil drying and water loss under different particle size treatments
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Fig. 5 Bulk density distribution of soil under different microplastic treatments after incubation
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B 6 35 8 45 K5 AN R Bk 3 1) 39 LR P 43 A
Fig. 6 Distribution of total soil porosity under different microplastics treatments after incubation
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XA T RRARIERL (=1 700 pm) 8 2R T W AR TR BORE A% 5K 19 8- kL A SR A4
8>0.2 mm H AR LLFIE 83.22% (4% 48 pm AL EEEE T 93%) , MWD 5 GMD 43 Ji% 3.70 mm il 2.34
mme R B 3G Nt 2 (3 KR AR BUERAR T A, 245 & 0.1%38 22 0.5%K , 48 pm 4bFHZH>0.2
mm F AR LB 50% (33.18%H N2 49.76%) , 3 BT R} 8 3o 47 #3208 45 1 55t 0 286 B XU = L 1)
ARG . IR R M R R T RS, HERES MWD, GMD LLCKT 5 mm [F15E
R TH 2 R 2R, 5T 025 mm AREMEITHE 2R 2 IEMKR, SHAMTERH
KR R R,

Xof 5 AL B 2H e A R AR SR AR ) FAE DA E MR T T, S5 LEK 2. /£ MWD, GMD Ll K
T 5 mm F/NT 0.25 mm SRRSO B T35 A Rk b, ROBRbRAR . RS B RS HAEH A
L e

%2 REEEREXEERN LEFARGSHEMEEE SN
Table 2 Effects and significance of experimental factors and their interactions on soil aggregates distribution

BRI L HLA R

Rl 2 FIAH HAE . .
Formation and properties of aggregates
Factors and interactions
MWD GMD >5 mm 5~2 mm 2~0.2 mm <0.25mm
HifE Particle size 632.87***  703.03*** 649.37%** 47.20%** 1.30 1263.08%**
¥ kL & Microplastic content 11.83%* 21.35%%* 13.26%* 0.37%%* 0.10 31.15%%*
i X OB
0.27 10.70%** 0.03 0.89 0.20 0.28

Particle size X Microplastic content
2.6 MEBRI S TAFAERT HIRIR M B AVt RS20

B 7 SRR RS T ROER TR 3R M R P R AR L . K B R AR EL ) 5 A 35 ks
£ (MWD. GMD) SMEZE ML (P <0.001) , 3% ESFLEERGAERAABEAXR
(P<0.001) o FH¥EEHEE SRR RSB IR OBEBEE: KRNAREER (=550 pm)
R B P2 TE>0.2 mm FIRAKELGIE 83.22%, 1 MWD 4 3.70 mm (5 CK #27F
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>5 mmEZ % >5 mm retention rate
448 & H 12 Mean weight diameter
JUA 34 H 12 Geometric mean diameter

FLIRE Porosity

2-5 mmEB JFZR 2-5mm retention rate 1

1 3EbL B Specific gravity of soil 0.5
H 448 & Daily mean temperature 0

B & f/JMEMinimum daily temperature -0.5

Hif & i K{EMaximum daily temperature
0.2-2 mmfZ§#=R 0.2-2mm retention rate

B & Z{&Daily temperature difference
05 <0.2 mmBZ HZR <0.2 mm retention rate

1378 % Soil bulk density

e *FRIRAE 0.05 KT CRID EAREZZAASG: #RIRTE 0. 01 K GBI EARRZFAADG: #oekIRTE 0. 001 KT (D AR E
#H3%. Note: * indicates a highly significant correlation at the 0.05 level (two-tailed); ** indicates a highly significant correlation at the 0.01
level (two-tailed); *** indicates a highly significant correlation at the 0.001 level (two-tailed).

K7 AR AR A I

Fig. 7 Correlation analysis matrix of different soil indexes
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