DOI: 10.11766/trxb202507200354 CSTR: 32215.14.trxb202507200354

i, 2025,
LU Lijia, DUAN Zhuoran, SUN Yuanze, JI Jianghao, SONG Ruiping, WANG Jie. Effects of Microplastics on the Characteristics

of Soil Dissolved Organic Matter Components in Maize Cropping Systems[J]. Acta Pedologica Sinica, 2025,

MEZBRLT R ARIMEAS R LIRAFE RN
GRAR SN DA

EWE, BEA, INRE Y, B, KmET, £ A
(1. PRI AEGRIREER, JER 100193; 2. HIBE HOKEAERTH0RT, @RI 14105)

B OE: HERACEE (MPs) EERIL, REFNTIEN MPs ZBENIFEER 4 15~23 5. Hit, X
H MPs WELEI PR BN PG AN 20 . MPs AE N —Fhak B ARTRIE, Foor L 3-AE Y0 & S A HLs
(DOM) [FISEMA RIS AS B . AW FIRRUE SR OH (PE) « KM (PS) Kl AW i 2 O oxt
FOHERT S (PBAT) « BT T —Efs (PBS) MEAMR (PLA) , JFREAMMMA ALK, W
SEMA MPs JGfk R B EA NI (DOC) ¥KE. DOM R IEHHE LK DOM 2> T4s S b2k, 453t
], RGN 13E DOC & &8 & DOM IR AR EVE: [N, R LR Y1k & DOM
ST H/IC (A REAERR . AR EYME A RES FIMEN &8, HIRmAESEIES (aromaticity index,
AD . WAr#EEALA (nominal oxidation state of carbon, NOSC) {H. % FATIR, ABFAER T A EZRA MPs
Xf LIE-MEYI AR R DOM 45 1IREM, AT MPs FREE R A R S BUR Mf e fe 4t 7 B8t
St

EBEIR: WTAEIRERREERL AN SR, UER, BORRN

hESES: X53 XHEARERD: A

Effects of Microplastics on the Characteristics of Soil Dissolved Organic Matter
Components in Maize Cropping Systems
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Abstract: [Objective] Soil serves as a significant sink for microplastics (MPs), with the annual influx of MPs into
soil being 4 to 23 times greater than that entering the ocean. Therefore, the assessment of the potential environmental
effects of soil MPs cannot be ignored. As a non-natural carbon source, the precise impact of MPs on dissolved
organic matter (DOM) in soil-crop systems remains unclear. [Method] This study investigated the behavior of
conventional MPs (polyethylene, PE; polystyrene, PS) and biodegradable MPs (polybutylene adipate terephthalate,
PBAT; polybutylene succinate, PBS; polylactic acid, PLA) in soil using maize-cultivated pot experiments. We
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measured dissolved organic carbon (DOC) concentration, DOM fluorescence characteristics, and DOM molecular
composition and properties in the system after MPs addition. [Result] The results showed that MPs increased soil
DOC content, as well as the humification degree and stability of DOM. Simultaneously, MPs decreased the H/C
ratio of DOM molecules and the relative content of amino acid, carbohydrate, and protein-like molecules in the soil-
plant system, while increasing the aromaticity index (AI) and nominal oxidation state of carbon (NOSC) values.
[ Conclusion] Overall, this study reveals the impact of different types of MPs on DOM components in soil-crop
systems, providing an important theoretical basis for the comprehensive assessment of the environmental risks of
MPs and the formulation of plastic control policies.
Key words: Biodegradable plastics; Dissolved organic carbon; Humic-like substances; Mineralization; Priming
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AT A 3R AR B R E RO R R ES S (40°14'40.917°N, 116°19'17.94"E) , %%
IR YR S . MCRRE A 0~15 em ARUSCEE 5 M EIRE DS I HIERE S, IBRE N 1 4
HAFEN, SRR IR AT TAb 3, FEid 2 mm JR 2B A SRR R B,
AR HIEEAEIME R SANEK 13.8 02 mgg!, &% 1.64+£0.12 mg-g™,
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[ AHAEHL (AEHUFET S Agilent Bond Elut PPL (500 mg, 6 mL) ) . SPE [EIAHASHL 1) HAk
BRI (1D A 1mol-L' EHRMRUATIFEM pH 2 2.0 (2) fEREAHARDGE bt dety
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PPL FEZEME NN — 5 SAES, EFER AR T, WAL 2mL-min!, AR
IF DOC B4Rk Z K 50%, 1615 &5 #4815 2] DOM A MK S EL9 100 mg- L' (4) F
AL AN 18 mL 0.01 mol- L ZhERWRGEAE T, DABRZ:#h4r: (5 B TIRMET, AEH
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K1 RFEAEE A+ DOC &84k
Fig. 1 Concentration of dissolved organic carbon (DOC) in different treatments

i EEM-PARAFAC 7p#fr, 3E3RA5 5 FOOGH Y, 70y 2 FEYI IR
JEFEBA S (C1 A C2) 1 Rl TRIEEB 4L (C3) M2 PR g 4l (C4
M5, EFEBREPYI B 3~15 R , PIMRAEYRIER SR 45 (C1 /1 C2)
(5 E e, AndE CK AR B oA 59.37%~65.32%; AR, FERE TR I Ab 4,
PRFRZE 53 FRIAEDO & BB PR, TESS 60 K 5 HUANCH 35.15%~52.83%. i 70 TR AR 40 4

(C3) MY TE A 7y (C5) NIRBLHE AR S RIS, BEAE FOKMAEI [ B30, FAHXS
SERBHTNE (K24 . OHFet—2 08 7 AR DOM 4175 DOM G Hasie [/ #AH%
KER (El2e) o WMAEVBEBARIZIRITE A C2 M HIX REEZFIEMIGLR, HE5MHIE



RIGFEFH 5y C5 BRARK R m 0 FIREFER C3 5 BIX Al FI R 2 B#E AR R,
IXEH C3 2FlVE DOM ) F TRk .
B EECK BEPrPBAT EEPBS EErPLA WMPE PS

0'53 1'03 adg a aa a dada
a) b b s b b) : 1 s lilli
><O4 i 2 aab aa : b 3a,, é 0.8
[0] b 132 - 0
o s
w £ : £
3 =03 JT ¢ 06
=g = 2
i"H — = m
20.2 I oo 04
T3 & g
o 0.1 5 0.2
I
0.0 0.0 .

SRS DS SHIYS PR IV ALY ALY SRS FHITP FUEYS FUEYS ALEY YN AL
BRI [f] Time (d) JE 7R [ Time (d)

c)

Bhbbb

aga 2az
a a ||‘ a
0.0 o

S FURYP TLEYP ALY TULY PR GRS
K FR0LA] Time (d)

o
o2}

9 CTR

Fluorescence index
o -
N

I C1mmC2 C3 mm C4 W C5 ca cs c4 BIX FI HX  C2 o
d ) 100 e) c3 ~0.90 | -0.95
9‘\0 0.8
[(}] | -0.94 | -0.98 06
8 80 05
© 04
ge]
g 5 60
- Q
- o
= Q401
oo .= -02
£ 35
g o (EIE]
¥ 204 -05
- - EEE
o4

PLORG PMUERE TWERG MMORE VAORS YWORE VMRS

' EEEED |
KB CK PBATPBS PLA PE PS

VE: BIX, DOM HZEJEIES; HIX, DOM M LIES:; FI, DOM %tiE#; C1, DOM %t 1; C2, DOM w414y
2; C3, DOM %645 3: C4, DOM %6205y 4; C5, DOM YOG4T 5. A F/ING - RACSERA B AbER AL AH R B R R) S (1 2
EZ5R, Kruskal-Wallis f56, P <0.05. Note: BIX, biological index of DOM; HIX, humification index of DOM; FI, fluorescence

index of DOM; Cl1, fluorescent component 1 of DOM; C2, fluorescent component 2 of DOM; C3, fluorescent component 3 of DOM; C4,
fluorescent component 4 of DOM; C5, fluorescent component 5 of DOM. Different lowercase letters indicate significant differences
among different treatments at the same incubating time, Kruskal-Wallis test, P < 0.05.
2 L3 DOM FEIHRHE
Fig. 2 Fluorescence characteristics of soil DOM
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K17 FEEA M/Zs EREERRAII AL B4 H, DOM 7) 7 1) NOSC. DBE A1 Al {71 ;
H/C 1 MLBL F#fIK, RUIBEERN N T - Y1k 2 DOM 70 7 HIE IR . thst,
ANH] BRI RL PE AT PS AbFEZH Y, AL, NOSC LAK O/C {1 ] BB R b F R 4.,
KRBT AR S, A TR RE T RE 2 g n -k R b i e tt. & 3
NENAEEHE DOM 73 7 H B RF], LA T e A&l 7 A [F 2R DOM 730 5B i
HIELp] . HIR-EYIR R 1 DOM 70§ 5 AFHE LK 1) DOM 70 FAFAEBCKZ 5+ - 5 CK AN
R AC PN LE, KB ARG R DOM 70 FHUE R % . AIAEYIBEARI) PBAT ALHEAL A E;
HHIDOM 73 §F®%, H 276 . W DOM 7 FHITCRMAREME, TKEM | HIE- 1Y)
fE#&H DOM 731 CHO K7rFHIMXS ], 5 CK A, BEEREK T CHON AN
CHO K7y FHMx . Mo FHMER, —MRENERZ, 5 CK A RMaHEER4
FHEG, PR AER A EEAL b & A S 2 9) 7 (CHONS. CHON Ml CHOS) HUsAilxt 3
%, IXARES R YO E YR ShIR B T R R MR K.
* 1 TEAIEES DOM 53 FHIFFIE
Table 1 Molecular parameters of DOM in different treatments

F A ST HE FAEO HBREO ARG WHEHBEH BIEFEF BRERER S TAR

Treatment ~ Molecular ~ M/Z o/C H/C @DBE 6 &6 TUHO
count Almod NOSC MLB.

KB 5764 414 0.552 0.983 0.976 0.389 0.344 0.049

CK 4700 397 0.573 0.942 0.998 0.424 0.419 0.065

PBAT 5061 384 0.573 0.921 1.160 0.435 0.446 0.053

PBS 4717 400 0.572 0.909 1.261 0.444 0.456 0.041

PLA 4692 397 0.565 0.917 1.330 0.442 0.442 0.042

PE 4391 393 0.573 0.904 1.334 0.450 0.469 0.043

PS 4475 397 0.576 0.898 1.312 0.453 0.477 0.041

(D Mass-to-charge ratio;@ Oxygen-to-carbon atomic ratio; Hydrogen-to-carbon atomic ratio;@ Double-bond equivalents;®

Modified aromaticity index;@® Nominal oxidation state of carbon;(@ Molecular lability boundary
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