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Impacts of plastic pollution on the stability of farmland soil aggregates

SUN Beiwen', GONG Wei*?, LI Yuefen', LIU Zhaoshun", LIU Yi*

(1. College of Earth Sciences, Jilin University, Changchun 130061, China; 2. Key Laboratory of Aquatic Botanical and Watershed Ecology,
Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China; 3. University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: To explore the effects of plastic pollution on soil aggregates in farmlands, this study was based on large—scale sampling of
plastic — contaminated soil and non-plastic—contaminated soil in pairs across China. The aggregate composition of the non—plastic—
contaminated soil was measured using both dry and wet sieving methods. The effects of plastic pollution on the stability of farmland soil
aggregates were investigated based on the differences in the soil aggregates stability index systems|percentage of aggregate destruction
(PAD), mean weight diameter (MWD), geometric mean diameter (GMD) and normalized mean weight diameter (NMWD)]. The results
showed that, in terms of aggregate composition, the proportion of >5 mm large mechanically stable aggregates in farmland soil increased,
the proportion of <0.25 mm mechanically stable aggregates was reduced, and the proportion of >2 mm large water—stable aggregates was
reduced by plastic input, which increased the proportion of <0.053 mm soil particles. Soil plastic pollution significantly increased the MWD
and GMD of mechanically stable aggregates, but did not affect the diameter of water—stable aggregates. Soil plastic pollution in farmland
significantly increased the PAD of aggregates and reduced the stability of soil structures. The results indicate that the plastic pollution of
farmland soil significantly increased the mechanical stability and slightly decreased the water stability of soil macro aggregates.

Keywords: plastic pollution; soil aggregates; soil aggregate stability; soil aggregate diameter
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Table 1 Distribution of sampling points

S G

. X Longitude/ Latitude/
Sampling point ) °)

75 REE

Number

e
Altitude/m

S1 SR VAU 11T T B 132.437  46.192 153
S2 HMAEMIENTRIE /RS WSl 124.861  45.018 161

BHIARE
S3 A KA OCIX 125.415  43.808 252
S4 TR R T T 122.752  39.777 196

S5 NS EIAK ARIETHEMLE 119306 41.908 692
S6  HTERAEE R IR X IEX. 85.859  44.302 752
T
ST HiRAEL R FIEIX B % 87.871 44338 686
ERERIREN: ]
S8 THEMEEARXEETIEEE 106292  35.641 1584
SO HRA MR E =M S 104179 35910 2143
S10 144 18N 17 L 116.160  37.271 30
Si1 AR A TN T T 118.337  37.055 148

S12 AR AR ST T A B IX 115.519  35.094 54
S13 INARAE WD T B SR EL 119.066  36.540 122
S14 LLPG A5 91 M T LB L 112783  39.388 1378
S1s FNEEE =P N (A=) 114761  34.416 73

S16 IR A M T B T
S17 BG4 BB T B
S18 TR 4 R BH T | B
S19 WAL 2 BHTIT AL AT
$20 GRAR ZNTAE B

113.046  34.455 271
107.680  35.240 1176
111.231  33.072 191
112,954  31.936 181
116.134  33.195 31

$21 Wb snCAT L X 114.525  30.493 109
S22 LA B LR IGE BIRIN 108.697  30.264 685
FlTT
$23 Wr A 2R TRk B 111.325  27.743 314
S24 WG A KT IR X 112.823 28273 111
S25 VLG B AR = 1T 115.495 28.461 88
S26 WXL VAR RIS ] 119.261  32.104 10
S27 WITLAR 58 24T 77T 120.796  30.390 54

$28 A A T A 1 X
$29 JUARAE M TR X
S30 PR X 106.458 29375 478
S31 PajiAg oo A X 105.889  32.180 892
S32 P AVAXMEHE AKX 94737 29.766 4193
S33 P AR XPLEE AT ETEER X 90.719 29928 4948
S34 A W T L 105.298 27.672 1251

119.228  26.084 213
113.380  23.189 151
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) E i H 4% (Mean weight diameter, MWD) . JLAi] -4
H 1% (Geometric mean diameter, GMD) . FrifEifb 34 &
H B 1% (Normalized mean weight diameter, NMWD) Fi
M 2 1K B IR K (Percentage of aggregate destruction,
PAD) 55 1 141 SR ARS8 V48 b IR R AT PR,
BE T I SR AR Y 22 53 R o B HTS LX) g AT R A

FaEERIRE o PRI IS 2 A0 S iy STk,
MWDITHEA .
MWD = Ex_ w; (1)

oA o IR RAR AR HAR , mm s w ok IR
TR EE T, %,
GMD A

GMD = eXp(Zwilnx_i) (2)
im1

AP HIERRAR S B AR, mmw ok 3SR
TR, %,
NMWD 8N

nuwp = MWD (3)

Imax-j =~ T'min
K s B A F B TR ALAR  mm s o R 07 119
/LA, mm,
PADITE A
DR> 025 — WR> 0.25
DR>O_25

Z—CEEF' :DR>0.25%7%:6‘$%“(’?§J‘E/‘J>0.25 mm lil%%ﬁiﬂ‘]/a\i ,%
WR-025 BT A3 H>0.25 mm I BIKA &1, %,
1.3 it s

K FH Excel 2021 1 SPSS 26 FE47 45 4 116 5% Bl 55 43
BT, R Origin 2022 23 18] . X6F 45 1l X [1] B2 45 4 X 35
2 FRRHG Yl RN A g 58 R G 4 48 ) 5 b 2 1A SR A i
AT 7 22500 6 32 SRS GL R A SRS e 1 4]
AR B AR FIRRE 1 22 S5 R P C XA i ¢ A B R A T 43
Hro R Pearson AH G 5 BON B2 S HI0R T SR AR 4H 1%
HATHHOC 53T

2 FHRE5HSMH

2.1 TEABEERK S
YA Y A SR R RS Y A 35 1) AT SR 4K

PAD = X 100% (4)

F2 TEFEBRUMER

Table 2 Main physical and chemical properties of soil

4T 75 Yt £3% Soil contaminated with plastic 75 Y £ 4 Soil not contaminated with plastic

Indicator SEH{E Mean  JG[F Range 785 AL Coefficient variation/%  “F-3{E Mean 7l Range 78 5 2 4% Coefficient variation/%

pH 6.5 4.9~8.2 15.1 6.4 4.8~8.4 16.9

TIPS/ (g kg ™) 35.9 10.5~116.9 57.1 375 11.4~80.5 44.3

BAE (g kg™) 0.7 0.3~1.0 26.4 0.7 0.3~0.9 23.4

Fiki/% 16.4 3.5~86.3 129.9 23.4 4.3~82.4 97.1

WKL/ % 43.4 7.6~85.4 41.0 41.3 5.8~72.2 38.7

kL% 40.2 2.3~73.4 51.6 353 2.0~68.0 57.8

WWW.QEs.0r9.CN
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21 A LIRS A LG 2 25 SRR IR, 4% DX P
TCRE LS AFEHLX AE>S mm HUH RS E R B A
(P<0.05) %5 2 DA 12 0.25~1 mm (P=0.004) .0.053~0.25
mm (P=0.005) ,<0.053 mm (P=0.017) 7K Fa 1k A AR %
i EAFTER 225 . ML & It A R AR ok B
(E1) A H 0 A XG0 T >5 mm AILMCRS & 1
KA R B LA T FEAR T <0.25 mm HUAK RS E 1 ]
BAKEY HL ), 3RS G XF 2~5 1~2 mm 1 0.25~1 mm
SR LIRS T SR A N B d . DK RS ]
RIKHWNATFE (K 2) , KE2EK HH 1L<0.25 mm {35 4]
RBUGE F 5,5 FAE70% L E i K A R A R AR Y
AR AR . AR AR T >2 mm A H L
BEK R R AT R AR LA, 350 T <0.053 mm 3 0k
B E A, T B8RS Y 1~2.0.25~1 mm F10.053~0.25
mm 550G A KRR M T R AKSZ ) AN R . A ]

T ERE Y13
Non-plastic-contaminated soil

Slr @63% ®15% ®10% ©10% * 2%

S2F @40% ®12% ®11% ®23% ® 13%

S3F @44% e 10% ®17% @229 * 8%

S4t @®26% @28% @20% ®17% ° 10%

S5F 2%  * 5% * 8% 031% @ 53%

S6F ®271% ®15% ®13% ®25% ® 20%

S7TFr  °* 5% ° 8% ® 9% 031% @ 46%

S8 @67% © 13% 8% ® 99 * 3%

SOF ®25% ®18% ®16% @32% ° 10%

SI0F * 3% * 3% © 2% 5% @ 87%

SIlr @43% ®21% ®18% ®16% * 3%

SI2F ®34% ©21% °®11% ©10% © 24%

SI3F @40% ©®20% ©15% ®19% * 7%

Sl4rF ® 16% ©15% ®15% ®20% @ 33%

- SI5 @52% ®15% *38% *10% ® 15%
38 SI6F * 6% ©12% ©12% ®31% @ 39%
E S17Fr @53% ®16% *7% * 8% ® 16%
z SI8F ®29% ®22% ®18% ©24% 1%
T °16% ©®18% ©15% ®35% © 16%
B o0l ®39% e 16% ©18% ®24% - 4%
21 © 16% ®23% ©18% ®33% ° 9%

S2F ®59% ©20% °12% ° 6% © 2%

S23F ®43% °* 12% °11% ©17% © 17%

S24F ®36% ©21% ©15% ©23% ° 5%

S25+ ®30% ©16% ©13% ©®26% ° 14%

S26r @57% ©18% °11% ©10% * 4%

27 @64% ® 16%  * 8% * 8% ° 4%

S28F @47% ©20% ©13% ®14% 1%

S29 * 6% ®17% ®29% @37% ° 11%

S30 13% 19% 17% 16% 35%

S31 73% 11% 5% 5% 6%

S32 41% 7% 5% 13% 33%

S33 6% 12% 15% 27% 40%

S34 69% 17% 8% 4% 2%
FiAverage f ®35% © 16% ©13% ©19% © 18%

>5 2~5 1~2 0.25~1  <0.25
TR R AT

Soil aggregate size/mm

B %dtNortheast
W &1 Central China

B 751tNorthwest
B /5 FgSoutheast

XA, B PG ARt e o 45 i X 45
R AR K |, - 35 A SR AR 32 V) 1 5 i B R
T At DX (P& 3) , 2 AU o M 1A SR AR A
22 TEARGERESH

AWFFE R MWD .GMD L4} NMWD 3§45 JC 88k}
TSP ST B R A SRR AR T4 B (K 4 8 5) .
X F T HLARAS A 1 A R AR, Rz ¥R 5 Y iy 1= 43¢ 141
R Ak MWD F1 GMD BV 48 43 1) 24 3.50 mm (0.49~
5.36 mm) F12.10 mm (0.18~4.76 mm) , 1fij 52 ¥k} 75 Yx
) 1352 [ B A4 MWD F1 GMD H9-F- {8 53 51 9 4.28 mm
(1.73~6.66 mm) #1 2.77 mm (0.40~5.76 mm) , 5t it 43
Br WA, -+ BE ML S E P 4] R AR MWD (P=0.001) Fl
GMD(P=0.002) 7EA T RHG Y R P N 2R B % . X
T 0 K RS B SRR, A 52 BRHS YL i 4 8 1A R A
MWD F1 GMD ) ~F- 4 {8 43 5 2 0.55 mm (0.06~1.45

SR e 13

Plastic-contaminated soil
Sir @76% 9% * 5% °* 8% - 2%

2t @47% e11% e12% @23% o 7%

S3F @40% e17% e 13% ®22% e 8%

S4t @28% @20% e17% @24% e 11%

S5t @56% ©15% e 10% e 13% e 6%

S6F @51% ©15% e13% e 17% « 4%

STt @40% e15% e 13% ®23% ° 9%

S8t @75% e 10% 5% ° 6% o 4%

SOF @®29% ©19% e16% ®25% e 11%

SI0F @®44% e13% e 10% e 15% ® 19%
SIIt @51% @25% e13% 9% © 2%
SI2F ®39% e20% e11% e 13% ® 18%
SI3F ®33% e11% ©15% ©20% ® 21%
Si4+r ®30% ®16% °* 11% ® 18% ® 25%

. SI5F @71% e13% 5% < 2% . 3%
8 Sl6f e 14% e13% e14% @®35% ® 23%
E S17f @50% e17% 8% °11% o 13%
Z SISt @50% ®26% e 14% 1% . 3%
T SoF @64% e 17%  ° 9% ° 7% < 3%
B 0l ®@58% e17% e 14% e 11% - 1%
21 ©21% e15% e 13% ©30% ® 20%
S0+ ®45% e17% e15% ®20% - 3%
S23F @®6Y% e 14% 7% ° 6% . 5%
24t ©19% ®29% e 16% ®26% o 10%
25+ ®53% 19% e16% e 11% - 1%
S26F @53% 2% e11% e 10% * 3%
27 @65% e16%  ° 8% ° 7% ° 5%
28+ @52% ©19% e 10% e 9% ° 10%

S29 ® 15% @24% ® 26% ® 28% * 7%

S30 18% 5% 4% 12% 62%
S31r 50% 18% 1% 14% 7%

S32 36% 18% 12% 17% 17%

S33 20% 10% 10% 38% 32%

S34 85% 6% 4% 4% 2%

P35 Average [ 46% 16% 11% 16% 11%

>5 2~5 1~2 0.25~1  <0.25
TR R AT

Soil aggregate size/mm

B “JtNorthern China
Pt 74 Southwest

| BRERNSREHT LENMRE M FAREHR

Figure 1 Composition of soil mechanically stable aggregates with or without plastic pollution
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RIS G135 WehG Y
Non-plastic-contaminated soil Plastic-contaminated soil
Slr @28 ®17% @19% e 9% ® 27% SI - e20% ®17% ® 17% ® 18% ®28%
S2 e 49 * 4% ®16% @ 20% @ 57% S2 3% * 7% ® 19% ® 6% @ 54%
S3+ 2% * 2% ® 9% @ 36% @ 51% S3 | «49% * 7% * 9% ®30% @50%
S4t+ 2% - 0% * 3% @ 9% @ 46% S4+ 1% + 1% °12% @49% @37%
S5+ < 2% * 2% °11% @ 33% @ 52% S5+ 1% * 7% ® 19% ° 12% @61%
S6 + - 1% * 2% °11% @ 21% @ 58% S6 - 5% * 4% ° 13% ° 16% @61%
ST+« 2% * 2% ° 8% o 16% @ 73% ST+ 1% © 2% ° 11% °17% @ 69%
S8+ @ 13% *5% ®18% ® 13% @ 50% S8+ 8% * 8% ° 14% ° 15% @56%
SO+ @34% ©17% @25% e 11% e 13% SO+ e27% ® 19% ® 23% ® 18% ® 14%
S10 F - 1% 0% * 2% @ 58% @ 38% SI0 - - 1% < 1% * 4% ® 18% @76%
SI1 + « 2% * 3% ®10% ® 16% 68% Sit 2% * 2% * 4% © 2% @ 90%
S12 0% 0% * 2% ° 8% 90% SI2 - 1% * 2% * 3% * 8% ®87%
SI3F 9% ° 6% ® 18% o 13% 55% SI3 | 8% * 9% ° 12%  ®26% @ 44%
S14+ - 1% © 1% © 1% @ 65% @ 2% S14 |+ < 4% * 2% * 6% ®53% ®35%
SIS+ 2% ° 4% ©10% o 12% @ 73% SIS+ 1% * 2% * 7% ° 10% @80%
E S16 ¢ 4% ® 8% 020% @ 26% @ 41% g S16 - 2% * 3% ® 9% ®19% @67%
=] S17F  + 1% © 1% * 3% e 10% @ 86% =} S17F  +5% * 2% * 4% e 10% @80%
= SI8F 7% ®19% @28% @ 22% @ 249% = SI8 ¢ 11% - 1% * 7% ®20% @ 60%
g SI9F e 14% o11% ®25% ©® 24% ® 26% g SI9 +  e20% ° 14% ® 26% ° 11%  ©28%
" S20F ®20% ©13% ©17% © 12% ® 38% " S20 8% ° 6% ° 16% ° 14%  ®56%
S21 ¢ 3% © 2% ° 6% ® 17% @ 72% S21 2% © 2% ° 7% °19% ®70%
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Figure 2 Composition of soil water—stable aggregates with or without plastic pollution
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Figure 3 Composition of soil aggregates in different regions with or without plastic pollution
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Figure 4 Geometric weight diameter and mean diameter of soil aggregates with or without plastic contamination
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Table 3 Correlation analysis between diameter parameters and soil mechanically stable aggregates

+-HEs PR - HEHLAER A2 P A1 14 Soil mechanically stable aggregates

Soil type Indicator parameters >5 mm 2~5 mm 1~2 mm 0.25~1 mm <0.25 mm

JeI kG g MWD 0.988#* 0.319 -0.250 -0.680%* -0.787*
GMD 0.947% 0.288 -0.239 -0.668%* ~0.741%%
AL 0.002 -0.057 -0.006 -0.013 0.021

ARG G MWD 0.9877 -0.101 —0.517%% ~0.834:%% -0.735%%
GMD 0.959% -0.081 ~0.478% -0.804%* -0.735%%
A LT -0.03 -0.019 -0.029 0.187 -0.032

e A8 0.01 HBIAOCHER . * 76 0.05 FOAHCHERZ . T,

Note:** At the 0.01 level, the relevance is significant. * At level 0.05, the relevance is significant. The same below.

F4 TEABEARGEEZSEBEHEXES T
Table 4 Correlation analysis of diameter parameters and soil water—stable aggregates

A3 Al TERS% KRk H HE 1A Soil water—stable aggregates

Soil type Indicator parameters >2 mm 1~2 mm 0.25~1 mm 0.053~0.25 mm <0.053 mm

JCIB RS Y MWD 0.971%% 0.6907% 0.559% -0.348%* -0.780%*
GMD 0.907+ 0.722%% 0.522%% -0.244 -0.807%
AL 0.29 0.363* 0.328 -0.06 -0.374%

RS g MWD 0.972% 0.889% 0.620%* -0.171 —0.744%%
GMD 0.888%* 0.875%* 0.636* -0.063 -0.782%%
AL 0.131 0.385% 0.739%* 0.079 -0.467%*

1% WHART]
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