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Abstract: [Objective] Microplastics and herbicides are ubiquitous contaminants in agricultural soils; however, their combined

impact on soil carbon cycling and dissolved organic matter (DOM) remains underexplored. [ Method] In this study, polylactic

acid (PLA) microplastics and fomesafen were used as model contaminants to investigate their effects on soil carbon dioxide (CO2)

emission and characteristics of DOM through soil incubation experiments as well as ultraviolet/fluorescence spectroscopy

techniques. [Result] The results revealed that both PLA microplastics and fomesafen enhanced the CO: emission rates in

Mollisols and red soil during the 7-45 day incubation period. However, by the 60th day, individual treatment of fomesafen reduced

the CO2 emission rate in red soil by 14.8% to 21.6%. Notably, the combined presence of fomesafen and PLA microplastics exhibited

a synergistic effect, further suppressing the CO2 emission rate in red soil by 54.3% to 79.7%. The addition of 0.1% and 1% PLA

microplastics increased the DOM content in both soil types. Ultraviolet/fluorescence spectroscopy analyses indicated that PLA

microplastics enhanced the DOM humification and aromaticity of Mollisols. Also, the high level of combined contamination

accelerated the transformation of organic matter in red soil. PARAFAC analysis identified three fluorescent components: terrestrial

humic-like, short-wave humic, and fulvic acid-like substances. Polylactic acid microplastics significantly increased the content of

these components in Mollisols, whereas the combined contamination did not markedly alter the DOM composition in red soil.
[ Conclusion] This study provides critical scientific data and insights into the effects of microplastics and herbicides on soil
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carbon cycling, contributing to a deeper understanding of soil ecological health and informing management strategies.
Key words: Polylactic acid microplastics; Fomesafen; Soil respiration; Dissolved organic matter; Spectral characteristic
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Table 1 Basic physicochemical properties of the soils in this study

ek oamm PRI e am am o mE pRoBR BB,
it P SOM cEC ™ TP TK e Sand St Clay oo
Soil type l(g-kg™) I cmol kg1) lg-kg™ /Ngkg™) /(gkg!) CIN 1% 1% 1%
Wi
”".i 541 150.01 42.33 8.12 2.60 11.02 1849 2372 5848 17.80 *ﬁﬁ/
Mollisols gt
i B
Red soil 4.63 15.60 18.31 0.85 0.34 9.48 1835 8.86 4566 4548 P

CO, HIRESIME: (BT 3. 7. 14, 30, 45, 60 KIN RS, B 2ef8% 75 10 00w i U s
KALEE 5 min, PATEBRIE A AR Ak Bl J5 RV S 28 WBS FR I FR Fh L 30 mL SARFEAS, FEFERE 12 aTHh
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DOC ik 201, SUVA 0 REF/K & &, 5 5758 DOM £ 260 nm AL Wt 2 B LA DOC iRk .
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I 10 mL & 1% ER I LG 7E 25°C2A4F T LA 220 rrmin ' #&3% 1 he #R% )5, A 4 g MgSO4 Al
1 g NaCl, FRUIAMRSEIR 15 mine. &5, W 1 mL B3SRBS 0.22 pm JERR . £ H &0 &
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E: CK, AN F, | mgkg FIANKREEBMCS YA Fy, 5 mgke ! FRRIKEEMTS S0 3 P, 0.1%PLA UBRMIRARINALEE: Py,
1%PLA IR 7R AL s FriPr, | mgrkg ' S REE 5 0.1% OB A 15 Y Ab B FriPy, | mg-kg SRUBIEREIE 55 1 %i R G5 Ak 1
FitPi, 5 mg-kg ' FEIZERES 0.1%MB R L AT5Q4EH; FytPy, 5 mg-kg ! TIBIGERES 1%0ERE G158, AR FRERORFE —+
398 R — SRAERS [ AR R AL CO, HEBGE R Z 7 5.3 (P<0.05). KA. Note: CK, blank control; F;, 1 mg-kg™! fomesafen low-pollution treatment; Fp,,5
mg kg™ fomesafen low-pollution treatment; P, 0.1% PLA microplastics low addition treatment; Py, 1% PLA microplastics high addition treatment; F+P,,
combined pollution treatment of 1 mg-kg™" fomesafen and 0.1% PLA microplastics; Fi+Py, combined pollution treatment of 1 mg kg™ fomesafen and 1%
PLA microplastics; Fh+Pl, combined pollution treatment of 5 mg-kg™" fomesafen and 0.1% PLA microplastics; Fy+Pp, combined pollution treatment of 5
mg-kg™' fomesafen and 1% PLA microplastics; different lowercase letters indicate the significance of differences in CO, emission rates between treatments
for the same soil at the same sampling time (P<0.05). The same as below.

K1 A b 3 CO HFEF A (a: A, b: 20
Fig. 1 Dynamics of soil CO2 emission rate in different treatments (a: Mollisols, b: Red soil)
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SRS HBEINT 15.06 mgkg™ 1 9.07 mg-kg™';s 1%PLA HOERIACHE -3, HBARLIE DOM &5
AN T 20.54 mg-kg ' F113.69 mg-kg'. B4 DOM [ E S T4, —J5mENE R+ PLA 7>
RSP, BEREUH EZ ) DOM, 51— 7S AR A % —fRimiE, RamrAEy s
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—BHIEY F BN COr HEBZ KR =B B2 Yu SEP8IE T AL PLA HAEV PR 2 e A
HEEALL (C/ND RSN . AR Tt BRI CN (18.49) Wgwy T403% (18.35), X FHUR
o PLA ORI E BE SR . (H2, AHELT 0.1%PLA SRR, 1%PLA GEERHR AL #
DOM K& &I kA RAEEUE K, KU PLA WA BT 513 DOM 1. He S50 K DR E LR
CIGTEBRLRE W I8 I SR AE IR EVE AT RE, SRR R L AZIEE ) DOC, HPFRRATREmRK S, 5
CLIEAREL, RRAEARRAN S B m, BRELFIA PLA SR VRN ] Bt i oA R4S N g i A s
AR RA UG R, A3 38 1 DOM I8 & i T 403
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Fig. 2 Soil dissolved organic carbon content in different treatments (a: Mollisols, b: Red soil)

MR LA = 4E 5 — P TR AR BORERAE DOM IR S LR ER GR 2).
SUVAss Fl SUVA2e0 737137~ DOM W5 & ERBKPER > & & . 45 SRR AN PLA B R B4
DOM )75 B A i, (HLIE K AL DOM 75 & VEIS A 4K . FI A 3RAE DOM fIRIE, FI>1.9 4%
RUMEDIE N T, FI<L4 WEPAMERA GEIED TS KiFF, BEMZIER FI 550 T
1.62~1.67 A1 1.19~1.53 2 [a], RUIR L AHEEAHEYIEN DOM, AT RAYME YUK DOM, 413
Hi) DOM PMEVIE A F (R 2). BIX A/ RAE DOM 1) FH A JRRFIE, BIX>0.8 %7~ DOM )5 il FE B 45
r¥l, Bt DOM f BIX ¥/ 0.8 HALHZ [AIZRAE AN, TZ03E DOM ) BIX #J°KT 0.8, RHILL
ek DOM )7 AR FEBEARAL T R . 2038, T VS DU B - P R B2 60 b BE 381 BIX
TRBUROR, 2R I i VS 0 R B - S R A2 55 e Sl R A, RIS B LB 70 A, X 5 R
TR FAR . HIX R ROR RSB bR, HIX (M, AR BR, 4 AIZHE DOM fy
HIX B 737109 4.10~4.58 F1 1.01~0.71. ZREH R LK DOM FEEAMR RS, HrimikE PLA
BLE LR T LH DOM (B SELALAE . BB T DB RIS B o AR 258, W RE LRI,
T (30 SR ALE0, IR, 7 T2 0 B 2 5 B b 95 7 MR 1 53 R () 2Kk
WA B mMEAL, WINEERENEY), Rm13E DOM K77 &EERY. IR RIS Ml
SR RS HUBRAS E N, X PRR RO R [N, PR IR s M IR LR 5 Y5
ghd, WORPIRIRGEMARENE, TR BE b R H RS A HLS A>3, 204 DOM 1) HIX fR#U8 /M T
1.5, Jf AR AR BRI RN AR HIX $540 RO AER BRI AR T-203% DOM HIJE 5L .
XA R T AR A LR S BRUD, R SRR R T R IR T BB B O B AR
JETEACRERE . Bltn, FERRIEA FRAIEOLT , A RENS 70 i a5t LR EUIT /5 1O & FR P B34, DL b 4%
5 SUVAss54 H1 SUVAe0 HI 3 Hr 45 FAH —EL.
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Table 2 Ultraviolet-fluorescence index of soil dissolved organic matter in different treatments

et £ it A3 FICIREL SESEER JETEAL TR EL
Soil type Treatments SUVAxss SUVA 0 FI BIX HIX
EA4 CK 1.96+0.16 1.69+0.07 1.65+0.02 0.64+0.01 4.30+0.75
Mollisols Fi 1.97+0.07 1.76+0.25 1.66+£0.01 0.66+£0.01 4.33+0.50
Fr+Pi 2.07+0.04 1.97+£0.56 1.63+£0.02 0.65+0.02 4.10+0.44
FitPi 2.24+0.16 1.87+£0.36 1.63+£0.01 0.62+0.02 4.58+0.68
Fn 1.50+0.15 1.55+0.16 1.62+0.01 0.63+£0.01 4.43+0.39
FntP1 1.97+0.26 1.80+0.36 1.64+0.01 0.65+0.01 4.18+0.46
FntPn 2.19+0.25 2.22+0.26 1.62+0.01 0.62+0.01 4.31+0.44
P 2.03£0.03 1.72+0.17 1.67+£0.01 0.65+0.03 4.414+0.33
Pn 2.15+0.35 2.20+0.35 1.67+£0.02 0.65+0.02 4.52+0.55
4135 CK 0.494+0.19 0.47+0.04 1.37+£0.29 1.0940.11 1.0140.11
Red soil Fi 0.37+0.10 0.3840.10 1.25+0.02 1.1040.16 0.8140.26
Fr+Pi 0.3240.04 0.33+0.04 1.53+0.03 1.0640.09 0.9840.2
FutPi 0.33+0.04 0.33+0.07 1.39+0.23 1.0540.11 0.8140.03
Fn 0.37+0.07 0.38+0.05 1.50+0.28 1.1240.16 0.8740.22
FntP1 0.42+0.16 0.37+0.09 1.19+0.05 1.1940.09 0.85#0.11
FntPn 0.49+0.12 0.45+0.22 1.37+0.02 1.2040.03 0.8940.03
P 0.36:£0.07 0.36+0.03 1.30+0.18 1.1440.07 0.75#0.10
Pn 0.35+0.02 0.35+0.02 1.37+0.05 1.1240.03 0.71+40.18

1%PLA IR AR INAE ;. FriPr, | mgkg ' S RERE 55 0.1% R A 15 Y Ab B FriPy, | mg-kg SRR 55 1 %l R s Ak 1
FutP, 5 mgkg ! FUIZEEES 0.1%WOBE R 75 Q4B FtP,, 5 mgkg™ FUISIEREES 1%MBRE &5 343 . FH. Note: CK, blank
control; Fj, 1 mg-kg™! fomesafen low-pollution treatment; Fy,5 mg-kg ! fomesafen low-pollution treatment; Py, 0.1% PLA microplastics low addition treatment;
Py, 1% PLA microplastics high addition treatment; Fi+P;, combined pollution treatment of 1 mg-kg ™' fomesafen and 0.1% PLA microplastics; Fi+Py, combined
pollution treatment of 1 mg-kg™ fomesafen and 1% PLA microplastics; Fh+Pl, combined pollution treatment of 5 mg-kg™ fomesafen and 0.1% PLA
microplastics; Fy+Pp, combined pollution treatment of 5 mg-kg™' fomesafen and 1% PLA microplastics. The same as below.
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nm/280~330 nm) L FEE & R ; I (ExEm, 220~250 nm/330~380 nm) fLF A2 B ; I (Ex/Em,
220~250 nm/380~450 nm) fRFRE HEYIF: IV (Ex/Em, 250~400 nm/280~380 nm) X nl &Mk
YIRIF=Y); V (Ex/Em, 250~400 nm/380~500 nm) fRFRISEHBIRYFE P, HE 3 ml51, 5EAT5YH
Eb, B4 BRI PLA fOERLE Z 158 7 I XA V XA 65REE . £03 R SR IN PLA TRl
BRIV X P IERR R, T SR SRR -PLA R T A G R B IO TV X G IR
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