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Abstract: Dinitroaniline herbicides are a class of highly efficient pre-emergence herbicides, with broad
spectrum and wide application. Microbial catabolism plays the most important role in the dissipation of the
dinitroanilines in the environment. Isolating highly efficient herbicides-degrading microorganisms,
studying the metabolic pathways, and elucidating the degradation mechanisms will provide the theoretical
basis and degrading resources for the study on the transformation mechanism and ecological security of
the herbicides in the environment, and for the microbial remediation of the herbicides residual
contamination in the environment. This paper summarizes the research progress on microbial degradation
of dinitroaniline herbicides, including degrading bacteria, metabolic pathways, and the genes/enzymes
involved in the degrading progress. The aim of this review is to provide theoretical basis and resources for
the bioremediation of dinitroaniline herbicides residual contamination in environment.
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Figure 1 Chemical structures of the major products of dinitroaniline herbicides
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Table 1 The reported dinitroaniline herbicides-degrading microorganisms

e fige PRI Fee gt e ) U
Degrading strains Degrading substrates References
M4 Bacteria Pseudomonas sp. Trifluralin [37-38]
Bacteroides ruminicola subsp. brevis GA-33 Trifluralin [39]
Azotobacter vinelandii Pendimethalin [40]
Alcaligenes sp. T-a Trifluralin [41]
Moraxella sp. T-b
Azotobacter chroococcum Pendimethalin [42]
Bacillus megaterium Pendimethalin [43]
Pseudomonas sp.
Rhizoctinia sp.
Rhizoctinia bataticola
Pyricularia oryzae Cav
Herbaspirillum sp. Trifluralin [44]
Bacillus sp.
Klebsiella sp.
Bacillus sp. HB-7 Pendimethalin [45]
Bacillus circulans Pendimethalin [46]
Pseudomonas aeruginosa Pendimethalin [47]
Bacillus mycoides
Bacillus cereus
Bacillus megaterium E22 Pendimethalin [48]
Pseudomonas putida E15 Pendimethalin [49]
Bacillus lehensis XJU Pendimethalin [50]
Shewanella marisflavi EP1 Pendimethalin [51]
Leucobacter sp. FJ-01 Trifluralin [52]
Bacillus subtilis Y3 Pendimethalin, Trifluralin, Butralin, Oryzalin [53-54]
Pseudomonas resinovorans E20 Pendimethalin [55]
Bacillus simplex Trifluralin [34]
Bacillus muralis
Micrococcus luteus
Micrococcus yunnanensis
Clostridium tetani
Bacillus safensis FO-36b Pendimethalin [56]
Bacullus subilis subsp. inaquosorum KCTC13429
Bacillus cereus ATCC14579
Bacillus sp. D8 Trifluralin [57]
Serratia sp. JY-2 Pendimethalin [58-59]
Pseudomonas sp. JY-5
Bacillus cereus Pendimethalin [60]
Asaccharospora irregularis
Paracoccum sp. P13 Pendimethalin [61]
JiZk A Actinomycetes Actinomycetes sp. 42 Pendimethalin [43]
(G
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H T Fungi Aspergillus niger

Lachnospira multiparus D-32
Paecilomyces sp.
Candida sp.

Aspergillus carneus
Fusarium oxysporum
Trichoderma viride
Aspergillus flavus
Aspergillus terreus
Fusarium solani

Fusarium oxysporum
Penicillium citrinum
Penicillium simplicissimum
Fusarium oxysporum

Paecilomyces variotii
Rhizoctonia bataticola
Aspergillus niger 2012
Fusarium oxysporum
Paecilomyces variotii
Aspergillus terreus YF-209
Monilochaetes sp. YF-212
Aspergillus furnigatus YF-216

Fusarium oxysporum
Aspergillus oryzae

Lentinula edodes

Penicillium brevicompactum
Lecanicillium saksenae
Phanerochaete chrysosporium
Aspergillus tubingensis Qsun-6
Penicillium thrichoderma
Penicillium simplicissimum
Penicillium talaromyces
Metacordyceps chlamydosporia
Stachybotrys chartarum
Alternia alternata

Lentinula edodes EL1

Clavispora lusitaniae YC2

(83 1)
Trifluralin [62]
Trifluralin [39]
[63-64]
Trifluralin [65]
Trifluralin [66]

Trifluralin, Butralin

Pendimethalin [67]

Pendimethalin [68]

Pendimethalin [43]

Pendimethalin [69]

Pendimethalin [70]

Pendimethalin [71]
Pendimethalin [72]
Trifluralin [34]

Pendimethalin [35]
Pendimethalin [73]
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Figure 2 Proposed metabolic pathways of pendimethalin by pure isolates
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Figure 3 Proposed metabolic pathways of trifluralin by pure isolates
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Figure 6 Nitroreduction of pendimethalin, trifluralin, butralin, and oryzalin by PNR®4
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