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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 um-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
um) 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 um)is 1.2 times higher than that of 48 pm 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 ]It 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.

Key words: Microplastics; Content; Particle size; Soil physical property
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A H RS T KBS DA L 3R BERARIF A e Al
RS A R PR R S
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1.1 ke

M HE<100 pm. 100~300 pm. 300~1 000 um .
1 000~3 000 pm DU/ REAR G [, BE#E 48 150, 550,
1700 pm 9 GO RHBURL ) (A8 R . IO UKL I
F AR5 RaLIBb 2888 (P ET 2R ), % 0.91 grem 2,
SRR, FERANEL 1 R, SEOCREE BT
Mr, R iR ZERIA I 10%.

* 9

48 um 150 um 550 pm 1700 um

BT SR AR R T 3R L AR TR

Fig. 1 Polyethylene microplastics used in the test
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1 JE, B e e . USRS R R, IR
BYE KPR 25%, A ZLB300 BUEE X H
FEIEARBL, 4 - RHE & Y S E A4S 2.5 mm
PR, DAL A R A R i 2, FLREAE S
PALBR A A B —Ak, A B TAE MEVEAS SR T+
ey B R I 0 RS o KT LA B R AR E T
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Table 1 Design table for soil column experiment

[Ee A TR e e TR E jEe e T RPRAE ek TR E
Test A: Microplastic B: Microplastic C: Soil Test A: Microplastic B: Microplastic C: Soil
number particle size/um content/% depth/cm number particle size/pum content/% depth/cm
1 48 0.1 5 17 48 0.5 25
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 22 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 0.25 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 0.25 25
16 48 0.25 25 32 1700 1 5

) TR BE AR 22 SR AL B, A iy T R 2R K

Wl DRI 2 WEEHIEIT; 3 s
WBEERRES; 6 ¥k, Note: 1. Marshallows bottle; 2. Flow

control valves; 3. Drip irrigation pipes; 4. Mulch; 5. Temperature

;4 MBI S IR

and humidity sensor; 6. Microplastics.

K2 A A

Fig.2 Schematic diagram of the experimental soil column
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BD:Mdry (1)
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( ﬁwﬁ%g")] (4)

K, w A EHERFRR A RIAN EE (g); x H
T HR A EAE (mm ).
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?‘a 25 ¥
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I} E] Time/h

20

H:oa) 5em BJRBREEAZESH; b) 15 em HEEEHESHT; ¢) 25 em +J2HE H 3157, Note: a) Diurnal dynamic

analysis of 5 c¢m soil temperature; b) Diurnal dynamic analysis of soil temperature in 15 cm layer; ¢ ) Diurnal dynamic analysis of soil

=

temperature in 25 cm soil.

B3 IR S

Fig. 3 Diurnal dynamic analysis of soil temperature
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T4 [8] Drying period/h (8] Drying period/h
022 - 022
® 550 ym-0.1% ©) = 1700 um-0.1% 9
. 0200, ® 550 1m-0.25% . 0207, © 1700 um-0.25%
S oasf i, A 550 um-0.5% S oasf i 4 1700 pm-0.5%
£ 3 v 550 um-1% g S v 1700 pm-1%
Eo016F it & CK S 016 e, ¢ CK
2 . 2 1.
2 014t : 2 014f v e
g 012t g2 o2} Y.
= = .
2 010} Z010f e
M L B L e
£ o8 £ o0
ﬁé 0.06 - E{% 0.06 - T
3 o004} 2 004l T T
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0.02 | 0.02 e,
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T4 18] Drying period/h T4 6] Drying period/h

e oa) 48 pm AR H TR BN S M2k s b) 150 pm HEETERROKZ =ML ©) 550 pm 3T HRIOK BN 122k d)
1700 pm 340K 3l F1 24126 . 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; c¢) Dynamic curves of soil drying and water loss under 550 pm treatment; d) Dynamic

curves of soil drying and water loss under 1 700 pm treatment.

K4 R[ERARAR BT 3R kK 3 )y 2k

Fig. 4 Dynamic curves of soil drying and water loss under different particle size treatments
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5 15 25

2 Soil depth/cm

SIS R NEIT RSy (SR S 0 (]

Fig. 5 Bulk density distribution of soil under different microplastic treatments after incubation
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Rk S Microplastic particle size/um
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Ko Hiaaiqn AR B9 1388 FLBRE 731

Fig. 6 Distribution of total soil porosity under different microplastics treatments after incubation

BO0.1%40 7 (45.08% ) 42T+ 7.0%, FHPH & it
o E B A 2 252 LR I 45 K% At 9 e - 4 9 A T
filBE F Uk >k A FE P peAh, FLBREE B - JE TR
Mo s, FEAZUZE IR IR,
25 REMX T ERARKREMNZID

558 S5 AR XA [F) Ab BEZH A+ SRR RE 1 [
R BTN E , KT M PE-MPs Xf +
P RIRLE M A BT A BRI AR T CK
MR ERFATRARBI R (>0.2 mm ) B, X
i T ARARIEEE (=1 700 pm ) 3 5o 2% 1 W FHE
FHTE BRL 42 38 Ky + 8- T 8 kL 2 A R K
f#>0.2 mm A RAK LA 83.22% (55 48 pm AL FR4R

T+93% ), MWD 5 GMD %34l i% 3.70 mm #12.34 mm.
THCRL ik Y 1 0 23 412 2 ORLAR 1A SR AR T 1
A 0.1%34 % 0.5%0F, 48 um ZbHEZH>0.2 mm
PR LT 50% ( 33.18%IE I 49.76% ), M
Tl S Ak 3 A8 7 L 20 23 A - T 260 B O L o) A 1A 2R
PREER o BRI PERE 2 MRS, )2
5 MWD ,GMD LK KT 5 mm PRI B3 0 7 20K
BRI, S5/NT 025 mm HRKW BT /FRE
IEAERR, SHAMEPRAIA LB B ATHIEER

XoF 45 b BEZH SRR R AR TR BRI F DL K 5 2
AT, R 2. F MWD, GMD DI K KT
5 mm FI/NTF 0.25 mm PSR4 S0 5] AY 1 38 A R 1A

#2 HBEARREXRBEEAMIRARKSIHEZMEREREY

Table 2 Effects and significance of experimental factors and their interactions on soil aggregates distribution

FAHE AR

VA 2R AT il S L B

Formation and properties of aggregates

Factors and interactions

MWD GMD >5 mm 5~2 mm 2~0.2 mm <0.25mm
Hif% Particle size 632.87%%%  703,03%%* 649.37%%% 47.20%%* 1.30 1263.08%**
T 38 k55 B Microplastic content 11.83%* 21.35%%* 13.26%* 0.37%%* 0.10 31.15%*
A x PR
0.27 10.70%* 0.03 0.89 0.20 0.28

Particle size x Microplastic content
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>5 mm A fii*R >5 mm retention rate
S5 E R 4 Mean weight diameter
JUAA P-4 E A Geometric mean diameter
FLER EE Porosity

2-5 mmfAfii#R 2-5mm retention rate 1
+ 4 L E Specific gravity of soil

H - #7756} Daily mean temperature 0
H i f5e/IMEMinimum daily temperature
H R K fEMaximum daily temperature

ll 0.2-2 mm A5 0.2-2mm retention rate

H L 25 {8 Daily temperature difference

| <0.2 mmF i <0.2 mm retention rate
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Fig. 7 Correlation analysis matrix of different soil indexes
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