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and high selectivity, have been widely used for controlling annual and perennial broad-leaved
weeds in soybean and peanut fields. The continuous use of these herbicides for years may lead
to significant accumulation in the soil environments. In this paper, we briefed the basic
structures of diphenyl ether herbicides and their impacts on organisms, summarized the
microbial species capable of degrading diphenyl ether herbicides, degradation pathways, and the
key enzymes and genes involved in the degradation of diphenyl ether herbicides, and analyzed
the factors affecting the microbial degradation. Finally, the future research trends in microbial
degradation of diphenyl ether herbicides were presented. This paper aims to provide references
for further research on the biodegradation of diphenyl ether herbicides.

Keywords: diphenyl ether herbicides; microbial degradation; degradation pathway; degrading

microbial system; residual accumulation
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Figure 1 Basic structure of diphenyl ether herbicides.
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Table 1  Statistics of microbial degradation resources of diphenyl ether herbicides
Ve B b VIR BRI AR R W PRI R kD
Degrading strains Name of degradable Concentration Handling Degradation Degradation References
herbicide (mg/L) time mechanism rate (%)
M # Bacteria
Pseudomonas mendocina Fomesafen 500 96 h Mineralization  86.75 [41]
Pseudomonas sp. Fomesafen 10 36h Co-metabolism 71.60 [33]
Fomesafen 10 72 h Co-metabolism  96.00
Pseudomonas sp. Fluoroglycofen 200 7d Mineralization ~ 80.00 [42]
Pseudomonas citronellolis Acifluorfen 100 120 h Mineralization  97.20 [43]
Lysinibacillus sp. Fomesafen 50 7d Mineralization  81.32 [44]
Lactofen 50 7d Mineralization  60.40
Fluoroglycofen 50 7d Mineralization  86.40
Bacillus sp. Fomesafen 0.50, 1, 10 14 h Mineralization ~ 82.90 [45]
Bacillus sp. Lactofen 50 4d Co-metabolism  94.80 [46]
Klebsiella sp. Fomesafen 100 2d Mineralization ~ 80.00 [47]
Klebsiella sp. Fomesafen 500 96 h Mineralization 25.12, 88.32 [4]
Shigella sp. Fomesafen 500 96 h Mineralization 81.25, 86.75 [4]
Senotrophomonas acidaminiphila Fomesafen 100 5d Mineralization  80.00 [48]
Azotobacter chroococcum Oxyfluorfen 240 7d Mineralization  60.00 [49]
Snorhizobium sp. Fomesafen 5 7d Mineralization  69.00 [50]
H Fungi
Aspergillus niger Fomesafen 100 5d Mineralization — [51]
Aspergillus flavus Fomesafen 40 5d Mineralization  92.13 [52]
Aspergillus flavus Fomesafen 10 5d Co-metabolism 92.50 [53]
Phlebia brevispora Chlornitrofen 10 000, 1 000, 100 7 d Mineralization  80.00 [54]
Aspergillus jensenii Fomesafen 600 7d Mineralization 21.03 [55]
Penicillium dipodomyicola Fomesafen 600 7d Mineralization 15.74 [55]
Rhizopus oryzae Fomesafen 600 7d Mineralization 11.88 [55]
TR A Actinomycetes
Mycabacterium sp. Fluoroglycofen 100 32h Mineralization 51.90 [56]
Fluoroglycofen 100 96 h Mineralization 91.60
Mycobacterium phocaicum Fluoroglycofen 100 72 h Mineralization — [57]

—: SCHRHORES % AR R

—: The degradation rate of the strain was not given in the literature.
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Jhie 5 Bk [ it %8 4 80.00%; Chakraborty %:1491/3

[ | I 7 N 7 % A W (Azotobacter

chroococcum), % B ¥ LA 2 48 i 5 ok A A fE—
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PIXT ¥ BE N 5 mg/L B JRURE iz B0 ik % i 2R
69.00% , HIZ Wk B U E R SR h oy
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Figure 2 The metabolic pathway of strain R-21 degradating oxyfluorfen.
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Figure 3 The metabolic pathway of strain BY-1 degrading fomesafen.
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Figure 4 The metabolic pathway of strain DK-3 degrading acifluorfen.

O
OC,H;
SO
| :
F,C J\)\Cl N
|
(0]

Ether bond cleavage

COOH

(6]

B 5 HE#k KS-1BEBIESERINREHRE

(0]
Decarboxylate /@i @\
EEE— -
F,C cl NO,

Figure 5 The metabolic pathway of strain KS-1 degrading fluoroglycofen.
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Figure 6 The metabolic pathway of strain Za degrading lactofen.
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