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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 (CO,)
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 CO, 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 CO, 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 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
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pH SOM CEC TN TK i Texture
Soil type C/N  Sand /% Silt/% Clay /%
/(gkg') /( cmolkg") /(gkg") /(gkg') /(gkg')
B Kb
541 150.01 42.33 8.12 2.60 11.02 18.49  23.72 58.48 17.80
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AR iRt
4.63 15.60 18.31 0.85 0.34 9.48 18.35 8.86 45.66 4548
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MEEFEE I 30 mL ARREAS, 5658 2 HEniTdh
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AbE s R [R NG TR 2R ] — 1 3 W] — SRR AR [ AL B CO, HEUH R £ 57 3% (P<0.05), R, Note: CK, blank control; F, 1
mg-kg™' fomesafen low-pollution treatment; F,, 5 mgkg ' 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 mgkg ! fomesafen and 0.1% PLA microplastics; Fy+P,, combined pollution treatment of 5 mgkg ! 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.

B AFEAEBE 5 CO HFE RS (a: Bt be Z1HE)

Fig. 1 Dynamics of soil CO, emission rate in different treatments (a: Mollisols, b: Red soil )
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Fig. 2 Soil dissolved organic carbon content in different treatments (a: Mollisols, b: Red soil )
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P %6, RIS, 8 B 1 A i 285 R4 iF 3 A

PR S6 ¥ R4, Bomd BIks Wiaert, i
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£1 4 DOM 19 5 1k o 3 ] BB 2 i F a3 vp A L
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Table 2 Ultraviolet-fluorescence index of soil dissolved organic matter in different treatments

4R b3 TIAREL A A= JHE % JE B AL B
SUVA,s, SUVA0
Soil type Treatments FI BIX HIX
M.+ Mollisols CK 1.96+0.16 1.69+0.07 1.65+0.02 0.64+0.01 4.30+0.75
F, 1.97+0.07 1.76+0.25 1.66+0.01 0.66+0.01 4.33+0.50
Fr+P, 2.07+0.04 1.97+0.56 1.63+0.02 0.65+0.02 4.10+0.44
Fy+P, 2.24+0.16 1.87+0.36 1.63+0.01 0.62+0.02 4.58+0.68
F 1.50+0.15 1.55+0.16 1.62+0.01 0.63+0.01 4.43+0.39
Fy+P, 1.97+0.26 1.80+0.36 1.64+0.01 0.65+0.01 4.18+0.46
FytPy 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 4.4140.33
P, 2.15+0.35 2.20+0.35 1.67+0.02 0.650.02 4.5240.55
213 CK 0.49+0.19 0.47+0.04 1.37+0.29 1.09+0.11 1.01£0.11
Red soil F, 0.37+0.10 0.38+0.10 1.25+0.02 1.10£0.16 0.81+0.26
F+P, 0.32+0.04 0.33+0.04 1.53+0.03 1.06+0.09 0.98+0.2
FytPy 0.33+0.04 0.33+0.07 1.39+0.23 1.05+0.11 0.81+0.03
Fy 0.37+0.07 0.38+0.05 1.50+0.28 1.1240.16 0.87+0.22
FytPy 0.42+0.16 0.37+0.09 1.19+0.05 1.19+0.09 0.85+0.11
FytPy 0.49+0.12 0.45+0.22 1.37+0.02 1.20+0.03 0.89+0.03
P, 0.36+0.07 0.36+0.03 1.30+0.18 1.14+0.07 0.75+0.10
P, 0.35+0.02 0.35+0.02 1.37+0.05 1.1240.03 0.71+0.18

TE: CK, &AM F, 1 mgkg™ B REBHMTIS 4 B Fry, 5 mgkg ™ SUBHIE R EEIR S A0 3 P, 0.1%PLA SO RHRES N
ShFR; Py, 1%PLA SOPEN R BN IE; FrPy, 1 mgkg ' UM REES 0.1%MOBRIE G5 YA IR, PPy, 1 mgkg ' SRS FMEY 1%
ERE GG Y b B FotP, S mekg B S 0. 1% M EE 15 Y0 B ; FiytPy, 5 mgkg ' USRS 1%k 475 Y
A FIAl, Note: CK, blank control; Fj, 1 mg-kg’l fomesafen low-pollution treatment; Fy, 5 mg~kgl 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 mgkg' fomesafen and 0.1% PLA microplastics; Fi+P,, combined pollution treatment of 1 mgkg' fomesafen and 1% PLA
microplastics; Fh+Pl, combined pollution treatment of 5 mg-kg ' fomesafen and 0.1% PLA microplastics; Fy+P,, combined pollution

treatment of 5 mg-kg ' fomesafen and 1% PLA microplastics. The same as below.
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Fig. 3 Three-dimensional fluorescence spectral composition of soil dissolved organic matter in different treatments ( a: Mollisols, b: Red soil )
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Fig. 4 Three fluorescent components in dissolved organic matter were identified based on PARAFAC
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Fig. 5 Intensity of three fluorescent components of soil dissolved organic matter in different treatments (a: Mollisols, b: Red soil )
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Fig. 6 Dissipation ratio of fomesafen in soils of different treatments (a: Mollisols, b: Red soil )
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