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Abstract: [ Objective] The enrichment of microplastics in terrestrial ecosystems has gained widespread attention in recent
years. In farmland soils, microplastics gradually age over time, thereby affecting soil quality. Intensive vegetable fields face a
high risk of microplastic accumulation and are rich in soil aggregates. However, the impact of natural microplastic aging on
the stability of soil aggregates and the distribution of soil organic carbon (SOC) and total nitrogen (TN) in vegetable soils
remains unclear.[ Method ]In this study, a two-year pot experiment with vegetable cultivation was conducted. Two polyethylene
(PE) addition rates (0.1% and 2%, w/w) were set. Soil samples were collected before PE addition (0 MA) and after 2, 12, and
24 months of aging (2 MA, 12 MA, 24 MA). The contents of aggregate size fractions (>2 mm, 2-0.25 mm, 0.25-0.053 mm,
<0.053 mm), water-stable macroaggregate content (W:>0.25), mean weight diameter (MWD), geometric mean diameter (GMD),
and fractal dimension (FD) were measured to identify the key factors through which microplastic aging influences soil
aggregate stability and the distribution of carbon and nitrogen in vegetable soils. [ Result] The results showed that PE
microplastic aging had a significant dynamic effect on the stability of soil aggregates. Compared with the initial stage (0 MA),
at 12 months of aging (12 MA), the content of macroaggregates (>0.25 mm) significantly increased, with the >2 mm fraction
increasing by 122.3%, while the content of the 0.25-0.053 mm fraction decreased by 66.7%. Meanwhile, SOC and TN in this
fraction increased by 66.2% and 10.5%, respectively, and the aggregate stability indicators (Wi>0.25, MWD, GMD) reached their
peak values (81.2%, 1.22 mm, 0.93 mm). However, at 24 months of aging (24 MA), the content of <0.053 mm microaggregates
significantly increased by 305.2%, and the fractal dimension (FD) reached its peak (2.75), indicating a marked decline in
structural stability. Moreover, compared with the low-concentration (0.1%) PE treatment, the high-concentration (2%) PE
treatment more significantly affected soil aggregate stability and particle size distribution in the vegetable soil, and the pattern
of effects was consistent. Redundancy analysis and random forest analysis further revealed that TN content in the <0.053 mm
fraction was the primary driving factor through which microplastic aging influenced soil aggregate stability in the vegetable
field, contributing more than 13% to each aggregate stability indicator. [ Conclusion] The effect of PE microplastic aging on
soil aggregate stability in vegetable fields is non-linear and dynamic: short-term (12 months) aging promotes macroaggregate
formation and enhances stability, whereas long-term (24 months) aging leads to increased fragmentation of macroaggregates,
with the effect being more pronounced at the 2% PE concentration. This study provides a theoretical basis for assessing the
impact of microplastic aging on soil structural stability and its carbon-nitrogen coupling characteristics in farmland soils.
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Fig. 1 The changes of aggregate content with time under 0.1% PE (a) and 2% PE (b) treatments
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Fig. 2 The changes of soil organic carbon (a) and total nitrogen (b) content with time under 0.1% PE and 2% PE treatments
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Fig. 3 The changes of organic carbon content in aggregates with time under 0.1 % PE (a) and 2 % PE (b) treatments
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Fig. 4 The changes of total nitrogen content in aggregates with time under 0.1% PE (a) and 2% PE (b) treatments
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Table 1 Stability of aggregates under different treatments in vegetable soil

Kb Wi=0.25 MWD
Treatment OMA 2MA 12MA 24MA OMA 2MA 12MA 24MA
01%PE  534+0.04b 54.7+0.06b 67.7%0.0la 47.4+0.07b 0.79£0.05bc  0.83+0.08b  0.96£0.0la  0.71+0.06¢
2%PE 53440.04b  52.0£0.03c  81.2+0.04a  39.1£0.03c 0.79£0.05b  0.81£0.04b  1.2240.09a  0.59+0.03c
MA seskok seskok
TC n.s. n.s.
MAXTC dk dskk
e GMD FD
Treatment OMA 2MA 12MA 24MA OMA 2MA 12MA 24MA
01%PE  042+0.05b 0.39+0.09b 0.70£0.09a  0.30+0.05b 247£0.05b  2.58+0.09ab  2.30£0.13¢  2.65+0.04a
2%PE 0.42+0.05b  0.33£0.03c  0.93+0.05a  0.21+0.02d 247£0.05¢  2.66£0.02b  2.10£0.06d  2.75+0.02a
MA dskk dskk
TC n.s. n.s.

VE: AFE/NBFRERIRE— PE ALBRIRE A F AN A F 27 BE (P<0.05) o *, #floe B R E ZEHF 0.05. 0.01 A10.001

AP R, nsARKICEZE RN . Note: Different lowercase letters indicate significant differences among different treatment times at the same

PE concentration (P<0.05). In the two-way analysis, *, **, and *** denoted significant effects at the 0.05, 0.01, and 0.001 levels, respectively, while ns
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indicates no significant effect.
2.5 ETF 2 ERHF SR AR AR E M 0E &

5 MRS E, Y MWD 5 0.25~0.053 mm kgt B4k SOC & 8% FEM% (P<0.05) .
We=025» MWD Al GMD ¥4 0.25~0.053 mm ¥ 2l A1 544k TN 28 EFIEAK (P<0.05) , 5<0.053 mm
g A AR TN 2B 7AHSE (P<0.01) , FD{H5 0.25~0.053 mm F7 4 H]Rk TN 24K 5 3% fk

x (P<0.01) , 5<0.053 mm FiZ R AK TN EHEZ IEFSE (P<0.01)

0.99
<0.053 mm SOC [
0.25~0.053 mm SOC * 0.60

2~0.25 mm SOC
>2 mm SOC o2
<0.053 mm TN
- -0.17
0.25~0.053 mm TN
2~0.25mm TN 0
>2mm TN
-0.94
o a) a
s % b= &
A Q

e x

40 REE 0.05+ 0.01 /KPR 2 . Note: * and ** indicate significant effects at the 0.05 and 0.01 levels, respectively.

5 LRI R TN SOC 5% 5E MEARFR AR S LR

Fig. 5 The correlation heat map of TN, SOC, and stability index of soil aggregates at different particle sizes

a) W25 b) MWD

2-025mm TN f1.53[_| ot <0.053mm SOCH 92 | Ho60

<0.053 mm SOC | Joos P<0.01 2-025mm TN} 0,08 P<0.01
>2 mm TN | Jiss 2~0.25 mm SOC | J2si
2~0.25 mm SOC :lg,m >2mm TN 3.79
0.25-0.053 mm SOC | e 0.25~0.053 mm SOC | sser
S N —T R S —
0.250.053 mm TN | s 0.25-0.053 mm TN | s
<0.033 mm TN I [T <0.053 mm TN i
-4 0 4 8 12 16 20 -4 0 4 8 12 16 20
5977 B2 (K910 Increase in MSE/% 977 2 (K140 Increase in MSE/%
c) GMD d) FD

<0.053mm SOC| 09 | K064 2-025mm TN} -0.33| K058

2025mmTN| 024 P<0.01 0.25-0.053 mm SOC kS P00

>2 mm TN | Jaas <0.053 mm SOC D
2~0.25 mm SOC :l 434 >2mm TN :|4_14
0.25-0.053 mm SOC | sase 2~0.25 mm SOC e
2 mm SOC | earx 2 mm SOC L s
0.25~0.053 mm TN | sa 0.25~0.053 mm TN | lrese
<0.053 mm TN 15,03+ <0.053 mm TN I | T
—4 0 4 8 12 16 20 —4 0 4 8 12 16 20

975152 (11 Increase in MSE/%

o=

Y7513 % 1) Increase in MSE/%

6 TIRPAIIRAE SOC [z TN & B A1 SRR E MEAR b IO REALARAR 23 H7
Fig. 6 Random forests analysis of aggregate SOC and TN content affecting aggregate stability index
BENLARMA AL R B, <0.053 mm KL TN & A BIER MA@ s e br i i 2R3N H -,
DT AE SRR R B 13% (&1 6, P<0.01) . 0.25~0.053 mm K 2% A 5B TN &8 A1>2 mm kg
SOC 5 & AE 2 AR M A2 E PEAR b o BRI B X F 2 . B4, 0.25~0.053 mm i 2% 1 A SOC
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T BAE Weo2s» MWD Fll GMD A —E/EH (TIBRE 4.4%~5.6%, P<0.05) , 1fj FD | F %%
2~0.25 mm KL g A F R SOC & =AM (TTkFE 6.7%, P<0.05) .

TR AT (B 7D 205 Hr st IR SR AR AR AR AR AR O R, AT PRl R THARRE T 91.0%
FIREIEPr2E R (RDA1: 89.6%; RDA2: 1.5%) , [FIHS K F 5245 U B Bk 36 PP Al 2% P 5 48 S 1
DUAREE (3R 2) o Hirr, <0.053 mm Ri 4% ] ZR AR TN s ks 2 B0m A B R -1 e 70.0%, P<0.01),
4+ TN Al 2~0.25mm i 2f [ 54k SOC R IRz, =335 FD B3 IEMH R (P<0.05) , 5 Weo2ss
MWD Al GMD & # 5% (P<0.05) . 4k, 0.25~0.053 mm %72 SOC 5 Wis025.» MWD 1 GMD
BFEIEAMR (P<0.05) , R 7 HMBIREREHERGHRER, BEEN 7.8%.

<) ® 0MA < 0.1%PE
- ® 2MA O 2%PE
. 0.25~0.053 mm SOC 1IMA
2~0.25 mm SOC j,~0-053 mm SOC @ A
™
SOC
? >2 mm SOC.
N * MWD
\q_o FD
S’ . E———
4————’—4—7 =
™ s, S—— ° 0.25~0.053 mm TN GMD
<0.05
g mT ® )
&3 °
* ®
.
.
P 2~0.25 mm TN
oo
<
-1.0 RDA 1 (89.55%) 1.0

B 7 4t R ARG A TR TN SOC A Fa i AR bR L 42 40
Fig. 7 Redundancy analysis of TN and SOC in bulk soil and aggregate size fractions, and aggregate stability indexes
*2 PRIFEREFSARFREMEFNTR IS

Table 2 Redundancy analysis parameters of different environmental factors and aggregate stability indexes

145 A T R ik Pecudo.F »
Response variable Environmental factor Explanation rate/% Contribution rate/%
<0.053 mm TN 70.0 76.6 51.3 0.002%*
MR i fe e AR AR
TN 7.7 8.4 7.2 0.006**
(Wr=025» MWD,
0.25~0.053 mm SOC 7.8 8.6 10.8 0.006**
GMD. FD)
2~0.25 mm SOC 25 2.7 4.0 0.044*

e e RR 0.05. 0.01 KPR 3% . Note: * and ** indicated significant effects at the 0.05 and 0.01 levels, respectively.

30

3.1 MERZA R HIEFAR AR 2 RIRE RSN

TEAEFEE LR 35 R, PE IR 2 A T 0] TSR R o A S FsE e 2 AR R B S .
Zi 124N A (2MA) B, KRR (5025 mm) 48 MWD Fl GMD XA 2ig(E, BIR A E
e Z 24 ANH (24MA) B, R (<0.053mm) & &M FD BE 75, LS mnim,
EMETRE (R, B . HERZEEELADSEE R . BHEMZ. KBS K, HHERE
AT AN IEAR R B i S B O RBURR28), RS2 AR (12 N A WD . PE R RS AR AE A
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g0, HERMANGR SRR, RIS E FEB S P EINI®E T PE RT21k, fHFIHAE 124
H i I 2 sk 3 P R AR R R B0, XS BT 24k PE R AT IR B AL kL. SR T, EE
24 N A B, PE BURLEE— DR, AR MR 5 4E IR ALER, W LRI A 4%, R COf
IR BIRARDS,  HAE A m AR B AR 2 R, X PP BB AR F T RE RO, it
Ah, AREEFH 24MA B 2%PE AbEE F<0.053 mm R gl & B OMA B0 305.2% (B 1b) , KHEIEMA
SELE T, TMKKE 0.1%PE A FELE 24MA I [F#E1#<0.053 mm FiZe & B OMA BN 156.0%
(K 1a) o VLERIBENE T AW RS, B PE (RSt 25 2 A 8] A8 K 1 PR 1 4% ]
R ENME, HiXFemfs B 5HIERIRE BRI . WHERRMTER, Z4EE (MA) XA R
H RS EIAE MR ZERLM (P<0.001) , PERE (TC) {UWB/MNILE BEFELM, —HZHK
NiXF<0.053 mm FiREEMAR R (P<0.001) o X5 FRoHESERIVE B K G FiE TR R I T 1%
FE TR M S5 e R R, X — 28 5 T B S R G o 1 IR B A RN IR 03 S R A O,
TR AR R B RIS R 531,

1E B R R e i ) 12MA BB, B 2%PE AP R 0.25~0.053 mm K% A1 54& SOC Al
TN & &5 05 OMA &M 66.2%F1 10.5% (& 3b #1 4b) , Mi>2 mm ¥ g A%k SOC A A F+
B X IR RS RN S EAINE 5N A A k. AL A E
TIERE R AR, WEHEEARERD, PE MEBRA G SIERE (4 90%) , HIERIEFRE
NANIEBRE - Ak PE SR B & %0 E fe ] nT R B nl i A HLAK (DOC) FHEAR BS - (NH4H) 2429,
IXEEIG Y iR E T BERE PE BURGERS B RN R AT, SECEH HIRFR AR E A E R .
bh, BIEBEA 12MA IR AT 0.25~0.053 mm Rigl, X EER BT 0.25~0.053 mm F1<0.053
mm Fi 2% B R A B E KRR, % DOC F1 NH [ R 6E /17 T K BIR K82,

AR, BT 12MA B 0.25~0.053 mm FiZe & & OMA B2 T (B 1D, HiZRgN T
SOC 1 TN & &EAEE LA (K 3b. B 4b) , 454 FH>2 mm Fl 2~0.25 mm Lg% A FAAK 5 LU &
FZHRIE (B D), SR NS 0.25~0.053 mm K2 U 5E R BCE K BSR4, 1R 4 76 %R
b ORI R B T B 2 BB, SRR AR T, TR 0.1%PE Ab3AE 12MA B 3R
AN A R i 5, B<0.053 mm Figk TN 5 OMA 535 F44% 13.0% (K 4a) o XA AE S PR MRk
% PE St B W B [ R R D 8055, AR R 25 A~ , 24k PE R HIBL/K PR AT R 1wV
FIRRE3 X HARRE T NI FE AR BT SR AR AR B SR IR (Wis025 M\ 53.4% 2 67.7%) 1%
TEIREALE (FHE 81.2%) -

3.2 WEBRIY 53t IR F B E M A0 S b R E T T

BENLARAR TR BT, <0.053 mm FIZE) TN & &2 A IR SR Efabs I O T R,
TR AR AR PR T 13%, T HAR 2% A SOC 88 TN (B 6) » RDA 434t — BIR, <0.053
mm fiZ TN PR R IS 70.0% (P<0.01) , HH5 FD 2RFIEMAX, 5 Weo2ss» MWD, GMD
SERZFFMAR (B 7, £2) o X500 7R 0 St A S fe e 1 10 7 i A
EARSCRA TR (>0.25 mm) AH IR ZFE b 5200 5 ARe e 1 1) 8 R 7 R s A — 3.
JE BRI AT 2 DX T ool R4, B8 HIE AR A (<0.053 mm) A RN Rext F R At e
PERA AR, X0 RS e S BRI N SRR O R R B A7 A 5B,

TEAE G TR RIS T, GRS E B GEFIC . (HEART A EL 1 S 1 3,
T K mEEARRN, T3 C/N HRK, 205 0T RN BR ) 1458 SR A R 1t ) B e &« h4h,
IR (<0.053mm) HFHIGERERKR. WAL SFEE, & TP R R R EIMEAES. 45
HIRAT TN S8 mn, waeild D@ R SRt —J7, il B B A = n] it
BT A A B L IR R TR S . BEEE 2 AN RS T, BN R IR, (R R - ORL I 43K
N B T SR AR AR e O, T A SRR E N BRI B 4R X, I P00 s 1Y) NH R B T R B [ S A i
PERRZ O R R . FESRHAE TR B 24 T, XM Rl Ae s BER, SH—TH, mAN
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BN, PE SR el R B RUE IR S50, SN2 A5 AR Eh3E SR g (nirS) HIZE
BRI FERE, gE— DR A RS T 1) 43 WA2035 . <0.053 mm A2 g R R I 5k o, H
T PR 2 PN S RV f e, 0P AR FRIRERARAE (i PE A0 R pH UEEN . BSOS A
UG, RIS PE UKL 2 AU TR AT A AN Ab « AR, ZE R BROR G AR SR R0,
PRV ] LR R, 119<0.053 mm iR O RLS 381 70 A EAT F Bl R i) [X 35
Rlt, <0.053 mm FiZ TN B RE W MU S R HME T 38 R A AT 22L&

BEAk, AHFFURI>2 mm Hig SOC Xt HIZREFE A B2 vk (K 6 , HHEITIERT
<0.053 mm 2% TN. XK, fEKY PE ZALI=ct 3 s, dify H R PBIRAAR e PR 3 & R )
REA “REIVRMARR” 5o “REIRAR” « AUTtiat, KINGEEERPRa T, Tk ditak
AR, JFRIUHEN YRR, WA LRI B OCEEE PG 5, X AT R bR A LR
VIREIE IEAEIE ORI 26 AF IR 3 T R PRI AR (R, 2 KBS AR R R B R A5
M = OB T AT Sl P SR A PR 0 00 R AR BB A 5 Wi 5 R A R I S B R 3

PE f¥RIE F AL 12 A H B T K BIR AR (>0.25 mm) & B 58 1 HIE B RAKF EME (W05,
MWD, GMD) ; TMi&KiHEM (24 M) R4 LBEMMBIRML (F5<0.053 mm Fidl Ltk S5 FD
B, M TN &, HEiRE (2%) PE BIRUNIRE K TR (0.1%) « KBIZI T, 2%PE
A T 5 2 B AR B AR (>0.053 mm) ) SOC &, 1M 0.1%PE ALEE N FEAIE 7 >2 mm FZR AR TN.
ZR TR, <0.053 mm R TN A2 U4 FER A e s BRI R T, fan TRt R g
RNFIEE R & £ 44F T, DIRMPIRAR E g i fmiis e . A7 RRET
W 2 SRR AR ) SEPR AR AP AE 22 57, AR EIEINE PE AL AR o 1 3R T B R 2810 K A=
ML 27, VPAS TR a9 A 2 XU 06 25025 R KA AL RN
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