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Influence and Regulatory Mechanism of Typical Soil Active Components on Microbial

Degradation of Nicosulfuron
GAO Zhengyuan'?, GU Chenggang'**, FAN Xiuli"?, SHEN Lezu'?, BIAN Yongrong'? YANG Xinglun'?, WANG Fang'?,
JIANG Xin'?

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This study investigated the impact and regulatory mechanisms of soil active components—montmorillonite (MMT),
humic acid (HA), and their composite (MMT-HA) on the microbial degradation of nicosulfuron using the highly efficient
degradation fungus Talaromyces flavus LZM1. Advanced analytical techniques, including scanning electron microscopy coupled
with X-ray energy-dispersive spectroscopy (SEM-EDS) and liquid chromatography—quadrupole time-of-flight mass spectrometry
(LC-QTOF), were employed to systematically characterize the degradation process. The results demonstrated that individual or
composite soil components (MMT, HA, or MMT-HA) enhanced microbial degradation activity by providing microbial
colonization surfaces or energy metabolism substrates, which altered fungal hyphal morphology and shifted nicosulfuron
degradation kinetics from first-order to zero-order. This not only enhanced microbial adaptability to high-pollution stress but also
reduced the phase-transport potential and secondary toxicity of key degradation products such as 2-amino-4,6-
dimethoxypyrimidine (ADMP). Furthermore, interactions between soil active components and microorganisms led to changes in
nicosulfuron degradation pathways and product profiles. The results revealed that soil components stimulated microbial
production of antioxidative metabolites (e.g., orsellinic acid) to counteract oxidative stress, while the formation of orsellinic acid

conjugates further reduced ADMP accumulation. Comparatively, MMT significantly inhibited hydroxylation product generation,
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whereas HA promoted alcoholysis product formation. These findings deepen the mechanistic understanding of nicosulfuron

biodegradation and provide a scientific basis for optimizing microbial degradation technologies in agricultural soils contaminated

with sulfonylurea herbicides.

Key words: Nicosulfuron; Microbial degradation; Soil active components; Degraded product composition; Regulatory mechanism
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SEMH& F

(E) HA-LZM]1
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(RF AR il ORISR MMT, KEXEARE HA, 86 KRR R AR 2 1)
1 FBREMBA). BHRMB®B). MEMLEO). KRE-MEVLED). AYR-BEVLEE). KREL-AY
B MALE(F)A SEM BBE . TREAREMBE. SiTESH. AITESH. CAEZSHURBRERA
Fig. 1 SEM images, superimposed images of element distribution, Si, Al, C element distribution, and false-color images for montmorillonite

control (A), humic acid control (B), microbial treatment (C), montmorillonite-microbial treatment (D), humic acid-microbial treatment (E), and
montmorillonite-humic acid-microbial treatment (F)

%1 SEM-EDS MEMTREMRRE & LL(%)
Table 1 Elemental concentrations of samples by SEM-EDS

Qb3 C o Al Si N P S K Ca

MMT 12.06 49.03 12.29 21.66 0 0.21 0.16 4.49 0.09

HA 55.15 33.48 3.34 2.93 2.14 0.21 0.79 0.05 1.92
LZMI 54.85 35.98 0 0 7.82 0.79 0.56 0 0
MMT-LZM1 36.41 36.46 5.6 16.55 2.74 0.16 0.15 1.93 0

HA-LZM1 52.13 37.31 1.08 1.08 6.83 0.27 0.51 0.05 0.75

MMT-HA-LZM1 49.17 31.47 3.52 9.86 3.88 0.26 0.37 1.25 0.23

ADMP Hil ASDM ¥ FESATN; #HELZ T, 7E MMT-HA  F, 6 h P fHR% & 3 : MMT. HA Fl MMT-HA
TRA R R PR R 1)/ 0 K T MMT L HA — SRR ms s B 0 B i KRB 4 lis 2,22, 0.11 I
KZ, YIRS MMT-HA 8 MMT & HA AlfE 2.26 mg/g, {ELEM I IA] Y TCREM = A6 i ; MMT .,

3 3o ot A A ik I P R L A PRI EE T B 2 25 HA R MMIT-HA % ADMP AR 55 KW B3 501
R, TERIERYRIE 0.12 mmol/L, pH=6 F130 CZ&{F  5.04. 1.17 1 7.64 mg/g, X ASDM HYMEFff 4351
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Fig.2 Dynamic changes of nicosulfuron and its main degradation products (ADMP and ASDM)
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Table 2 Kinetic fitting parameters for concentration changes of nicosulfuron

Qb FHFSEBE R ko (107 mmol/(L-h)) —HFH WA R ki (107 0™
MMT 0.866 7 4.699 0.5183 1.811
HA 0.864 6 5.366 0.8814 2.357
MMT-HA 0.943 8 9.860 0.918 4 5.513
LZMI 0.919 6 21.44 0.983 9 24.79
MMT-LZM1 0.997 0 19.08 0.940 6 15.66
HA-LZM1 0.9817 19.66 0.967 4 15.73
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