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Abstract: The dinitroaniline herbicide pendimethalin, as a pre-emergent herbicide, is widely
employed for weed control in cotton fields across Xinjiang. Characterized by chemical stability,
prolonged residual activity, bioaccumulative potential, and biomagnification, it is extensively
applied in agricultural practice, leading to increased risks to soil ecosystems. Accordingly, the
removal of pendimethalin residues has garnered increasing attention. [Objective] To enrich the
microbial consortia with pendimethalin-degrading ability, study succession characteristics of
microbial consortia during the enrichment culture process under pendimethalin stress, and identify
the key microorganisms involved in pendimethalin degradation. [Methods] The cotton field soil
under long-term pendimethalin stress was inoculated into MSM media with pendimethalin at 0, 1.2,
and 12 mg/L, respectively. The succession of the microbial consortium structure under pendimethalin
stress was investigated by high-throughput sequencing. [Results] Two microbial consortia capable
of degrading pendimethalin were enriched. Among them, L4 (low-concentration group) achieved a
degradation rate of 100% for 1.2 mg/L pendimethalin within 11 days, while H4 (high concentration
group) showed a degradation rate of 37.2% for 12 mg/L pendimethalin over the same period. The
alpha diversity of microbial consortia was considerably decreased by pendimethalin stress, and the
bacteria responded to the stress more strongly than fungi. The microbial consortium structure
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varied with different concentrations of pendimethalin. The network stability, complexity, and
modularity were diminished by pendimethalin stress. Linear discriminant analysis effect size
(LEfSe) results showed that the specific bacterial taxa in the high concentration group were
Achromobacter, Leifsonia, Candidatus Nucleicultrix, Enterobacter, and Chryseobacterium. The
specific bacterial taxa in the low concentration group were Methyloversatilis, Pseudoxanthomonas,
Ancylobacter, Methylorubrum, Thermomonas, and Pseudoflavitalea. Talaromyces, Trichoderma,
Paracremonium, Scedosporium, and Sarocladium were the specific fungal taxa. The PICRUSt2
analysis showed the pendimethalin stress significantly enriched the pathways related to
degradation. The correlation analysis between microbial genera and pendimethalin degradation
showed that Methylorubrum, Hyphomicrobium, Microbacterium, Rhodopseudomonas, and Fusarium
had positive correlations with pendimethalin degradation in the low concentration group.
Hyphomicrobium, Leifsonia, Rhodopseudomonas, Talaromyces, and Trichoderma were positively
correlated with pendimethalin degradation in the high concentration group. [Conclusion] Two
microbial consortia capable of degrading pendimethalin were successfully obtained through
enrichment culture under varying concentrations of pendimethalin. Leveraging high-throughput
sequencing, this study systematically explored the succession patterns of microbial consortia under
pendimethalin stress. Key functional microorganisms associated with pendimethalin degradation
were preliminarily identified. The findings provide a theoretical basis for the targeted screening of
efficient microbial strains dedicated to pendimethalin degradation.

Keywords: pendimethalin; microbial consortium; pollutant degradation
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Table 1 Physicochemical properties of cotton soil
Items Results

pH 6.3%0.1

SOM (g/kg) 11.242.9

AN (g/kg) 0.8+0.1

TK (mg/kg) 229.0+16.7

TP (mg/kg) 26.9+1.0

Results are presented as the mean+SD (n=3).
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Figure 1

Degradation rate of herbicide pendimethalin during enrichment and culture. A: Pendimethalin

degradation rate of L group in each period during enrichment and culture; B: Pendimethalin degradation rate in

each period of enrichment and culture in group H. Different small letters indicate significant differences at

P<0.05.
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Figure 2  Microbial alpha diversity succession under pendimethalin stress. A: Succession of bacterial
community alpha diversity under different concentrations of pendimethalin stress during cultivation; B:
Succession of fungal community alpha diversity under different concentrations of pendimethalin stress during
cultivation, community diversity is indicated by the Shannon index and community richness is indicated by the
Chaol index; C: Differences in bacterial community alpha diversity at different cultivation stages; D: Differences

in fungal community alpha diversity at different cultivation stages. Different small letters indicate significant

differences at P<0.05.
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Figure 3 PCoA analysis based on Bray-Curtis distance was performed for all groups during the incubation.

A: The succession of community structure under different concentrations of pendimethalin stress during bacterial

culture; B: Succession of bacterial community structure in all groups at different culture periods; C: Succession of

community structure under different concentrations of pendimethalin stress during fungal culture; D: Succession

of fungal community structure in all groups at different culture periods.
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Figure 4 The relative abundances of microbial taxa at the phylum and genus levels were quantified during
enrichment subculturing (the display value was three parallel mean values), and the successional dynamics of
dominant microbial taxa across cultivation stages. A: The relative abundance of the top 20 bacterial phyla; B: The
relative abundance of the top 20 dominating bacterial genera; C: Fungal phyla relative abundance; D: The relative
abundance of the top 20 fungal genera; E: Temporal shifts in dominant bacterial phyla; F: Temporal shifts in
dominant bacterial genera; G: Temporal shifts in dominant fungal phyla; H: Temporal shifts in dominant bacterial

genera across subculture stages.
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Figure 5 Under varying concentrations of pendimethalin stress, microbial markers with significant differences

in genus levels among groups were identified using LEfSe analysis (LDA>4, P<0.05). A: LDA score of different

species at bacterial genus level; B: LDA score of different species at fungal genus level; C: Abundance changes of

different species at the bacterial genus level; D: Changes in the abundance of different species at the fungal genus
level. The asterisk indicates a significant difference, *: P<0.05; **: P<0.01; ***: P<0.001
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Figure 6 The function of bacterial community under different concentrations of pendimethalin stress. A: Based

on the Bray-Curtis distance, PCoA analysis of the function of bacterial community in each group under different
concentrations of pendimethalin stress; B: PCoA analysis of bacterial community function at different culture
periods of enrichment culture based on Bray-Curtis distance; C: The heat map of the degradation pathway
affected by pendimethalin stress in the P1; D: The heat map of the degradation pathway affected by
pendimethalin stress in the P4.
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Figure 7 The co-occurrence network of bacterial community and fungal community in the early stage of

enrichment (P1, P2) based on correlation analysis. A: The network diagram of each group of bacteria; B: The

network diagram of each group of fungi. N represents the network node, L represents the network link. Nodes are

colored according to different gate levels, and the size of each node is proportional to the node degree. The color

of the connection represents the interaction between nodes.
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Figure 8 The co-occurrence network of bacterial community and fungal community in the late stage of
enrichment (P3, P4) based on correlation analysis. A: The network diagram of each group of bacteria; B: The
network diagram of each group of fungi. N represents the network node, L represents the network link. Nodes are
colored according to different phylum level, and the size of each node is proportional to the node degree. The

color of the connection represents the interaction between nodes.
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Table 2 Topological properties of co-occurring networks

Network Groups Nodes Edges Degree Modularity Density

Bacteria NI-N2 826 2 862 6.930 0.942 0.008
L1-L2 536 2919 10.892 0.892 0.020
H1-H2 240 1907 15.892 0.645 0.006
N3-N4 153 143 1.869 0.757 0.012
L3-L4 152 162 2.132 0.912 0.014
H3-H4 79 19 0.481 0.848 0.006

Fungi NI-N2 72 46 1.278 0.811 0.018
L1-L2 69 13 0.377 0.888 0.006
H1-H2 71 31 0.873 0.855 0.012
N3-N4 33 6 0.364 0.667 0.011
L3-L4 36 11 0.611 0.661 0.017
H3-H4 33 1 0.061 0.000 0.002

Filter ASVs (amplicon sequence variants) with a Spearman correlation coefficient (p)>0.6 and a P<0.001 at the phylum level

between bacteria or fungi, and with a relative abundance>0.01% (for fungi, relative abundance>0.001%) for network construction.
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Figure 9 Correlation analysis between dominant genera and pendimethalin degradation during the enrichment

phase. *: P<0.05; **: P<0.01.
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