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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
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biodegradable MPs (polybutylene adipate terephthalate, PBAT; polybutylene succinate, PBS; polylactic acid, PLA) in soil using
maize-cultivated pot experiments. We 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 effect
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with 0.1% PS. The abbreviations are the same meanings in the following figures. Different lowercase letters indicate significant differences
among different treatments at the same incubating time, Kruskal-Wallis test, P<0.05.
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Fig. 1 Concentration of dissolved organic carbon ( DOC ) in different treatments
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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.

Kl 2 41 DOM ZE6HE

Fig. 2 Fluorescence characteristics of soil DOM
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Table 1 Molecular parameters of DOM in different treatments
‘ SE TR . B N TR
FEA et b @ ARkt @ ARIL®  BEHER@®  BIENEE Bl
Molecular NAD
Treatment M/Z 0/C H/C DBE HBAImod  AGNOSC
count 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; (3 Hydrogen-to-carbon atomic ratio; @ Double-bond equivalents;

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

) b 25
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. CHOS, k. &. AMBmITcEWLEY; CHO, &ik. AMEITENLEY; CHONS, &k, &. A. AMWITHENL
&¥1; CHON, &k, A, EMAICEMILEY ., T, Note: CHOS, compounds containing carbon, hydrogen, oxygen, and sulfur;

CHO, compounds containing carbon, hydrogen, and oxygen; CHONS, compounds containing carbon, hydrogen, oxygen, nitrogen,

and sulfur; CHON, compounds containing carbon, hydrogen, oxygen, and nitrogen. The same below.

Kl 3 £33 DOM 43FiY UpSet K LUK AFICE AL ALY DOM 43 F 00 4 e S HAE 23R F ey b kb

Fig.3 UpSet plot showing the temporal change of DOM molecules, and numbers and proportion of DOM molecules with different heteroatoms
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http://pedologica.issas.ac.cn



2 4] RS BRI TR PR R b L R i A DU L M R AE A2 ) 483

VIR b — — m e — o — -~
I Lipid,,| B o EE BOKIEEY

2.0 I-',;: H--Prcztsin- Mmeo| * Carbohydrate - 2.0
[P Y I

081 L .«

3

(W% Goldénsed hydrocdtbon _ ©

N
~

AR H/IC

02 04 06 08 1.0 02 04 06 08 1.0 02 04 06 08 1.0

N
~

| b e e e —— = - © {484 Persisted
2.0] (=25 oo s g oo
I, 1 R ! ® 7=/ Produced
@ [ Removed

1.6
1.2
0.8
0.4
0.2 0.4 0.6 0.8 1.0 02 0.4 0.6 0.8 1.0
&kt orc
b) 100 100 100 100 100 = {18 Persisted
1 — — L | L = j*/f Produced
75 ] | ]| 75) — | 75 [ L {751 [ 751 = ] [ = %Pk Removed
] 1 | ® cHO
50 — 50 50 50 — 50 2 CHON
© ] | 1 T | ] | ® CHONS
S 25 25 25 25 25 @ CHOS
g
S
S o 0 0 0 0
- ® @ ® @ o 2@ @ @ ® @ ® @ ® @ ® @ o 2@ @ @
o 100 100 100 100 100 = {5 Persisted
- == %/} Produced
I 75 75 75 75 75 == Jff Removed
ks O FHLHE Amino sugar
50 50 50 50 50 @ Wk 1bA4) Carbohydrate
(3) #HEFFF54% Cond hydrocarbon
@ AFEFE Lignin
25 25 25 25 25 ORI Liphs
© 1% Protein

0 DOBRDEOD® 0 DOBRDEHOD® 0 DOBRIDEHO©D® 0 DOBRDEOD® 0 DOBDEHO©D® ®i? Tannin
® HE Others
PBAT PBS PLA PE PS
AbFR Treatment

. ¥ DOM T4k “IRB8 (Persisted )", “7#/E (Produced )”. “ZEF& (Removed )’ =25, “I#8 ( Persisted )" F/RTEFIHE}
b 25 %k PR AL B A A 43 <7 A ( Produced )” F R AR R BZH b tH B, (ELZE XS BEAR B A okt BRAY 43F 5 “ KBk (Removed )”
FORTEWIB R FR L P e B, (B XE X IR &b B A Y B 43T . Note: The DOM molecules were categorized into three groups: Persisted,
Produced, and Removed. Persisted indicates the molecules showing in the microplastic treatments and control; Produced indicates the

molecules showing only in the microplastic treatments; Removed indicates the molecules showing only in the control.

&5 ARELLEZ H DOM 73T K224k

Fig. 5 Changes in DOM molecules among different treatment groups

MPs, flI7f PBAT. PBS F1 PLA AbHH, @A) Mi7E PE. PS AbFRZHH, 7F=4:hY CHONS K01 5k
CHONS 25437 5 He 705154 39.66% .40.78%41142.98%, AR 36.31%F1 38.03% (& 5).,

http://pedologica.issas.ac.cn



484 + %

63 %

=

3 3 ®

3.1 #E¥3t 11 DOM RIS

R I 9 (D3~D15), 3 DOC &
FE R R T ok 5 R R R T oK G 3 R B A )
B BB B IR RSB RGN . X TR T
THEP AT E SOC Wik, &L DOC
M CO, T3y, R 5 W (D30~D60 ), AFh
1 E K F) KB 20 DOC & it & it TFaE , i CK 41
() DOC 7 s REAR o 7EFPRIAL ) 10 AL BRL v, REIAR
R WYIE DOC BRIRZ —, — TR R4
A LA W0 00 16 s 4 A TR B BT, DA T A K
B 0 ) T Sl ORI A il P 6, BB XA £
WAk Y S MEEY S R, N
A S P AR fE P22, Ak, DOC 7=
AR KRR FBGRETF DOC H5+HER SOC i)
FHICFR, Y- IR R T, BRI AR R 4
W2 FIFSAE 1Y SOC KA 8 e, i T B T8+
A R K A B IR . LA RJR LR B W) B A W i
W, MR DOC B9 H R B i s e
BRI, CO, MHEBUM A Y A= Y ) 36 m &=
TR T Ur W A A B C CUNAR R 434 ), i
DOC FERIETF SOC; MY R o2k ot
AR, Hit, FEAR C X DOC BBkl
B>, B2, HHE-HYIkR T DOC MfFE1E
SOC R, S0 Y=g AL B . Bl G2k s
FAUA R [ fig A= CO, g R, 14 DOC #£ SOC
Mfe e MEfEh A EEZEN, RZIRZE RN
T M R A R R S B AR TR 9 T AR G 3 o h
MEZVER, ARMUFTEN L R R R P
DOC AY1EFH .

5 KB ML, FEERERSKZE T L DOM
(I7EEEEE, FEEIAE DOM |1 BIX Hl FI f5%
REAR , T2k W o i R R A 28 S B S 4143 €1 N C2 1)
AT 5 H S R, DOM JEfE sk R e, X 4%
RRAFAEAEYIIG , DOC BTG EREAL, SN
TP X AE—E R RO T IR R S s ok
JEE) C X148 DOM A ik . P FP LA Y0 UR 25 6 5
i DOM 4153 1zl REARUE Y XHZZE DOM 11
AL SR N R A R DOM (195 FA8 1k
HOLE, P EOKFEMLT DOM 4 F 19 Z BE 1 Al

DOM Wy4rF i, T CHO /NyrF2¥m, L
S DOM WAFRENE, FEIR T AR R F AR
FEFIRA AR (Ymet 3255 ), X2 TR
R 2 MRS F AL S Y 454 ETid DOC
MIAEfL, AT HEM7E 3R IR R, TR
BRUTRE” 300, SR AR PR P A K, #E
SIS L I RN 1 S R AR, T R A T
R T RE S SRR “HEA R, R T R4
B AR A L RSB AE, ST RE &l
ot AN Y R A, A e AR RSB TE (1 SOC ),
IR Wik, DOM AR R Tk
R, PTREREYIAR R IT A CBOR AL
B EERY, AR R R S E T DOC e
S
3.2 MEEMXLIE-EYE R DOM KN

5 CK AM L, 77 i S8Rk iy b B 40, DOC
FETE 60 RIFARREEH s , X5 Wang
PR AR AR R P ISR 2 A PE MPs BE4R &
14 DOC FHEMME —5. AR A, MBI
TGN T +-4E-HEY 1A Z ' DOM (1) J6 58 AL A
e (4-F1 H/C (EFE(R, 17 NOSC Fil Al 454K
BN )e X5l R FRFST (AnSCERI9])
$5 B O R 23 AR DOM Ji 4 AL A5 BE B 45 1 AH 2 o
ARBIFFE A X Fh 25 57 AT BE IR T A 58 P A AR R 1
AR ARBRE AR BB A, Y . 5.
A S5O Z R A AR AR 2, e
AIREIL R 2 T DOM [ 5 J& 5 b | SRS E Y )
L

ULAh, AW & BAL G 0] R kL 5 ] A
Y I it S VB R AR S I R 1R 2R 3 DOML A7 4 —
S, YRR EEE (PBAT, PBS. PLA)
BN T AR IR S AL 4y (C1 A C2) 1
AT S, 9F HAE Sy T K7 L= A T 2% CHONS
KEFITo XA THRN, XL &L T H5
Wfi , AR =Wy al A R A W 00 R IR . A
Y FH X e B F AR BCR /INGy TR, i H SR
TG S AL R S S 5 . AR = R
S FYI . DOM T 4R 38 2 B {3 98 R ah B A
T8 H/C F&K . NOSC HI AL $5%0fn, 8 DOM
485 5 Ak AR SE PRI I ; DOM 43T & JE 2 . K
b A YRR 2o T AR B AKX AT B

http://pedologica.issas.ac.cn



24 B R EORFAFL A R rp LS AT ML R AR A5 ) 485

B TR RRE I T RUZE R N R, 155 N 2K
5 F AW AR, &R RS T CHONS 28
YR, —MmE, AR T A P JE e R T
B234 0 Wi A ST I £ ) DOM. 414335 0 53 F
RS A 4y, BIVRT A W e At A AR08 ) 1T LA
P 2 2 B TR AL 43 R E 1

MLZ T, o mEeEE (PE. PS) B
WHEMT DOM (BB FE LR B, H LA ML
ARESE AR . T HALAE R T . MELAREfR
BT B A R R AR R . R, LR
Wi B AT RE R A2 . —Jr i, LA ERAFEAE T RE R
TR AR, BB AL 5 —JrE, fE
R WIIFFLE AR T, N1k T i
U T 1) RN o RIVG A 0 7 TGk R FH 9 e i
RO, BT IRBCA R BT TR 54, £ hnssxt +
BIFAFHLE (SOC) Mok, Kk, AHFseHEd
EHIEAEYIR R T, G HIERL S K Bx R A A
ISR - AR N T S T Ra e 71 3 AT e S =
HH BB TR S T RUER” MR
Bl I — W B, GO RS e AR R O A ik
TEHL AL, PVC MPs &4 D GARRTE SOC
f L 5121

ARWFFAAEAE — L R PR, 75 EAE AR R 5T
HPLIEE . B, BTN SR, ABEARRE
LA W R S 5 R DT P RO R B B T i A
o ABEFEA BB LI BT AR L RARAR L &
T 30 Bk A2 S5 H e SR8 b, R ELBES0UE T A=
Wfie 3kl (PBAT. PBS. PLA ) HYSZER S 8 2 Al
FEEE, WRREMIAMES IR (PE, PS) 76 LI R &
R T B SR Y I R . 3X — BRI (A5 ¢
FAEFMLG BT FE A AEXT DOM 3 FHRHEAR
R T AT 2 1o il ASBIFSEIN Ry Al A 4 o fi
TR R L I i 7 P VR 2 P 1 B TR, DA
MEAE T DOM M4y . /S DOM W4 Hr 4554 (4n
TAE IR S 4 4 C1 A C2 B3N ) hax — 1
ULERAE T4 1 SR, (HB = O i Y BB
AR AT Tovk 2T B A R 5 DOM AL 2 a1
ERRR ., B, R AHT ST R I R SR Y B
AR S50 5 1 DOM i i 7 BT S5 b 46
R K o 3 2ok [ 25 W I A 00 e 1) R fift s 25 FN 3 DOM
ML AR, R REAS TE ELEE . T B A M s AN ) 2%
RIS L i - RGN ZEL] . XA Bh T

ACBIF S SR A L DX vl SR A A ) B A S
IR s /B2 R e el a3y VAN e 0 ¢
JE7 ), DATIT B 4 THT 3 3 Ao R IO ) 2 S PR XS

AWFFE R R LA HE R S EORE L.
Sy FHRHE (BEERY AL R NOSC {H) A, ¥k
PIAFERIT- T DOM RS EME, X AT REXS 14
BRAL AR I AP A VR AE 2 o SR, Bl <ok
BACM Y ALY AR, AR ST R E AT RE
SUE L3 DOM WY T2 AL, Rl =i 1 & A
AR ARG TR A o XX T IR B R
ST ER 1 LR Ay Bk AAR A 3 ] R A A R
AN BT o 3k S Ry A T PPAG OB R (LA AT AR
WIRE I ) R PRBE RS, LR il 5 AH DG Y RHAE
PEHOR, SRt TORTRORL AR . RAT T T 25T
SR AN [) 28 T SRS - M- ) A 2R v i R
TS A AY R

4 45 K

ATV T - FORIKRT , BRI B i
BHG Y R A AL e, 25 R, 5
XFHRZEAR LE , (8 k AT 3G n 14 DOC & &, i+
H DOM (@ FE AL AR B FnAR e 1 5 T A= W R A A o
FRRLHE I P ok U 2R B 5 0T C 1R C2 4153 R AR X
i [FEE, ORISR R D DOM 43
Ty H/C 1, #£% NOSC #1 Al {H, /0 +1% DOM
JETEACTRRE , BRARZEEEIR . oKL R H e
Gy BRI o AESERE R O R B T - )
R Z T DOM AR AL T 7 F AL, Ik B fR
RSB RE 0 - JE -AF ) A R v A Bk o R A e £ it
THIE R

S %30 Hk ( References )

[ 1] Andrady A L, Neal M A. Applications and societal
benefits of plastics[J]. Philosophical Transactions of the
Royal Society of London Series B, Biological Sciences,
2009, 364 (1526): 1977—1984.

[ 2] GeyerR, JambeckJR, Law K L. Production, use, and
fate of all plastics ever made[J]. Science Advances,
2017, 3 (7): ¢1700782.

[ 3] ThompsonR C, Olsen Y, Mitchell R P, et al. Lost at sea:
Where is all the plastic [J]. Science, 2004, 304 (5672 ):
838.

[ 4] Peng X, Chen M, Chen S, et al. Microplastics

http://pedologica.issas.ac.cn



486 E I 63 %
contaminate the deepest part of the world’s ocean[J]. Environmental Science & Technology, 2010, 44 (24 ):
Geochemical Perspectives Letters, 2018, 9: 1—S5. 9405—9412.

[ 5] RilligMC, Leifheit E, Lehmann J. Microplastic effects [ 18 ] WuM,LiPF,LiGL,etal. The chemodiversity of paddy
on carbon cycling processes in soils[J]. PLoS Biology, soil dissolved organic matter is shaped and homogenized
2021, 19 (3): €3001130. by bacterial communities that are orchestrated by

[ 6] WhalenED, Grandy AS, Sokol N W, etal. Clarifying geographic distance and fertilizations[J]. Soil Biology
the evidence for microbial- and plant-derived soil organic and Biochemistry, 2021, 161: 108374.
matter , and the path toward a more quantitative [ 19 ] LiY, Harir M, Lucio M, etal. Proposed guidelines for
understanding[J]. Global Change Biology,2022,28( 24 ): solid phase extraction of Suwannee River dissolved
7167—7185. organic matter[J]. Analytical Chemistry, 2016, 88( 13 ):

[ 7] Fuller S, Gautam A. A procedure for measuring 6680—6688.
microplastics using pressurized fluid extraction[J]. [20] Li X M, Sun G X, Chen S C, et al. Molecular
Environmental Science & Technology, 2016, 50 ( 11 ): chemodiversity of dissolved organic matter in paddy
5774—5780. soils[J]. Environmental Science & Technology, 2018, 52

[ 8] DingY, ShiZQ, YeQT, etal. Chemodiversity of soil (3): 963—971.
dissolved organic matter[J]. Environmental Science & [ 21 ] HeYH, Cheng WX, ZhouLY, etal. Soil DOC release
Technology, 2020, 54 (10): 6174—6184. and aggregate disruption mediate rhizosphere priming

[ 9] LiuHF, Yang XM, Liang C T, et al. Interactive effects effect on soil C decomposition[J]. Soil Biology and
of microplastics and glyphosate on the dynamics of soil Biochemistry, 2020, 144: 107787.
dissolved organic matter in a Chinese loess soil[J]. [ 22 ] Finzi A C, Abramoff R Z, Spiller K S, et al. Rhizosphere
Catena, 2019, 182: 104177. processes are quantitatively important components of

[ 10 ] Shil, SunY Z, Wang X, et al. Microplastics reduce soil terrestrial carbon and nutrient cycles[J]. Global Change
microbial  network  complexity and  ecological Biology, 2015, 21 (5): 2082—2094.
deterministic selection[J]. Environmental Microbiology, [ 23 ] Blagodatskaya E, Yuyukina T, Blagodatsky S, et al.
2022, 24 (4): 2157—2169. Three-source-partitioning of microbial biomass and of

[ 11 ] Peng C, Wang J, Liu X H, et al. Differences in the CO; efflux from soil to evaluate mechanisms of priming
plastispheres of biodegradable and non-biodegradable effects[J]. Soil Biology and Biochemistry, 2011, 43( 4 ):
plastics: A mini review[J]. Frontiers in Microbiology, 778—786.

2022, 13: 849147. [ 24 ]| Moore T R, Dalva M. Some controls on the release of

[ 12 ] Narancic T, Verstichel S, Chaganti S R, et al dissolved organic carbon by plant tissues and soils[J].
Biodegradable plastic blends create new possibilities for Soil Science, 2001, 166 (1): 38—47.
end-of-life management of plastics but they are not a [ 25 ] Schmidt M WI, Torn M S, Abiven S, et al. Persistence
panacea for plastic pollution[J]. Environmental Science of soil organic matter as an ecosystem property[J].
& Technology, 2018, 52 (18): 10441—10452 Nature, 2011, 478 (7367 ): 49—356.

[ 13 ] Qin M, Chen C Y, Song B, et al. A review of [ 26 ] LiuJ,Chen XF,LiD M, et al. Variation of soil dissolved
biodegradable plastics to biodegradable microplastics: organic carbon under long-term different fertilizations
Another ecological threat to soil environments[J]. Journal and its correlation with maize yields[J]. Journal of Soils
of Cleaner Production, 2021, 312: 127816. and Sediments, 2020, 20 (7): 2761—2770.

[ 14 ] [LinkOut]J, Coffin S, Sun C L, et al. Negligible effects [ 27 ] Stedmon C A, Markager S. Tracing the production and
of microplastics on animal fitness and HOC degradation of autochthonous fractions of dissolved
bioaccumulation in earthworm Eisenia fetida in soil[J]. organic matter by fluorescence analysis[J]. Limnology
Environmental Pollution, 2019, 249: 776—784. and Oceanography, 2005, 50 (5): 1415—1426.

[ 15 ] Bao S D. Soil and agricultural chemistry analysis[M]. 3rd [ 28 ] Bradford M A, Keiser AD, Davies C A, et al. Empirical
ed. Beijing: China Agriculture Press, 2000. [fifl-{: . + evidence that soil carbon formation from plant inputs is
BELAL AT IM]. 3 IR dbat . P EAO R, 2000.] positively related to microbial growth[J].

[ 16 ] Zhang G L, Gong Z T. Soil survey laboratory Biogeochemistry, 2013, 113 (1): 271—281.
methods[M]. Beijing: Science Press, 2012. [k H F§, 3% [ 29 | Kuzyakov Y, Xu X L. Competition between roots and
T, R AELEE SV RM]. dbat: Bl microorganisms for nitrogen: Mechanisms and ecological
Ft, 2012] relevance[J]. New Phytologist, 2013, 198( 3 ): 656—669.

[ 17 ] Murphy K R, Butler K D, Spencer R G M, et al. [ 30 ] KalbitzK, Schwesig D, Schmerwitz J, et al. Changes in

Measurement of dissolved organic matter fluorescence in

aquatic environments: An interlaboratory comparison[J].

of soil-derived dissolved organic matter
Soil

properties

induced by biodegradation[J]. Biology and

http://pedologica.issas.ac.cn



2 3

B R EORFAFL A R rp LS AT ML R AR A5 )

487

[ 32 ]

Biochemistry, 2003, 35 (8): 1129—1142.

Wang F L, Wang X X, Song N N. Polyethylene microplastics
increase cadmium uptake in lettuce ( Lactuca sativa L.) by
altering the soil microenvironment[J]. Science of the Total
Environment, 2021, 784: 147133.

Malik A A, Roth V N, Hébert M, et al. Linking molecular
size, composition and carbon turnover of extractable soil
microbial compounds[J]. Soil Biology and Biochemistry,
2016, 100: 66—73.

Textor SR, Wickland K P, Podgorski D C, et al. Dissolved

organic carbon turnover in permafrost-influenced watersheds

[ 34 ]

[35]

of interior Alaska: Molecular insights and the priming effect[J].
Frontiers in Earth Science, 2019, 7: 275.

Qiu Q Y, Wu L F, Ouyang Z, et al. Effects of
plant-derived dissolved organic matter ( DOM ) on soil
CO, and N,O emissions and soil carbon and nitrogen
sequestrations[J]. Applied Soil Ecology, 2015, 96:
122—130.

HuZ E, Xiao M L, WuJ L, et al. Effects of microplastics
on photosynthesized C allocation in a rice-soil system
and its utilization by soil microbial groups[J]. Journal of
Hazardous Materials, 2024, 466: 133540.

(RERE: AHHE)

http://pedologica.issas.ac.cn



