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Research progress in microbial degradation of dicarboximide
fungicides
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Abstract: Dicarboximide fungicides with high efficacy and a broad antifungal spectrum have
strong control effects on a variety of fungal diseases attacking fruits and vegetables. However,
they have long half-lives and the effects of endocrine disruptors, with the residues bringing
serious harm to ecosystems and food safety. Degrading fungicide residues in agricultural
products and the environment by microorganisms and their enzymes is an effective method. This
paper summarizes the basic properties, hazards, and residue status in agricultural products of
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dicarboximide fungicides. Furthermore, this paper reviews the research progress in microbial
degradation of dicarboximide fungicides, with focuses on the microbial species and pathways
of degradation. Finally, this paper prospects the research directions of the application of
enzyme and genetic engineering to remove dicarboximide fungicides from food products,
aiming to provide research ideas for the pollution prevention and control of dicarboximide

fungicides.

Keywords: fungicide; residue; biodegradation; degradation pathway; hydrolase

REFEARE—E R EBRE T, BRER
FUAT Y Dt AT s i AR A R AR 24, T
FHT AR AR ) LA ) LT ke, 24 7 0
BLTIAT 43 S D4 M 8 T R RGP AR TR RN T
TR i 25 A% TR (dicarboximide  fungicides,
DF)2— R PERT N, BHA &R Tk,
Pem . (RER SRS, FEAFAEER
(procymidone) . 5 [ JIk (iprodione) . B #%
(dimetachlone)Fl 2,4 I % F] (vinclozalin) &5,
g & 3,5- AR,

T 2 ARG ER ], DF 72457 i
3 gl B o DF 5% B S LR AR T DA
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REAYESE, mEAE AR SIRMEE, Fan,
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AR, ZRIAR T A W R A TV 25 R TR R Y
W HE R, B IR TR AR A P A S e R
it . mea, MTRIHE RN TREEAREE
TR B 2SR B R AT S T T EAT T R
DA Ay — FH I8 T e 24 3% 1 701 ) 9 % By 4 4 Rt
IE IR

1 #r
1.1 ZHEBRTEEREFEN

DF HAMREMEIbr:, XHKH%f(Botrytis
cinerea)l”! . %% 5 & (Sclerotinia) s A4k A% 1 )&
(Alternaria)® 45 I1 1 5 | S 5 5 HL A I 25 19 B
BRCER, Horp, X E R UL . DF i@
TR F B R WAL 4 R PR S Ael,
51 IR AR AR A R BT SR A R
B, AR R A
2z KRB R AN Y R T A
TR B I 14 J BA B U T B I o 4 DF B
fRPEF AN 1 fion. Hb, &AM 00
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R S IRG K YA XA, AE IR
B BRI RS s, Byl 48 R A
Hi T 7K I HE 2 K Fh P2 DF 78 38 F1 K 5 v
BRER, A IEFEAR AR Y0t e, T
ek e NN e )2
1.2 DF &4

VEZIERZRY], DF SHHEEFR AP AZE B
AVEAERIRFRRPES | B R ERY | O AR
WA T HEAE IR, HHEAT A a2
BEMEPY SR AR L B REEC S, Ak,
B A BEE S i LR DY, R3O R LA A
TR R T . N AT A S A . Pk
Ui BRI SEALA Y, LA R AP RR )L B §1ET)
MFPEREARPEEHFR, KINRET
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Table 1 Some of the physical-chemical properties of dicarboximide fungicides

Item gl S5 TR IR A AR RA
Procymidone Iprodione Dimetachlone Vinclozalin

CAS & 32809-16-8 36734-19-7 24096-53-5 50471-44-8

CAS Number

5 C13H11CL12NO2 C13H13C12N303 C10H7C12NO2 C12HoC12NOs3

Molecular formula

(0) O,

Zify 2 cl 0 O\/—\ cl -2
Structural formula DI\;& Cl N, N._O N Cl N\m
WQ’ T Ao
cl 0 NS ¢

o}
ST

Molecular weight
T
Half-life in soil (d)
IR R A 2.46 6.8
Water solubility

(20 °C, mg/L)

o1 7K B 33 0.43
Groundwater ubiquity score

(GUS)

TE R K I3 L R L 3.3 2.99

Octanol-water partition

284.14

14.3-24.1018)

coefficient
Y 378 700

Sorption potential

330.17

7.8-12.2019

0 cl

244.08 286.11

8.2-14.621 9-1621

1630 3.4

- 1.98

1.4 3.02

- 300

GORBR AR SRR s — TSR T IR .

Source: Pesticide Properties Database; —: No relevant data; The same below.

L1 B FRE A5 AH G 1400 04878005 1 R AR S i i
EHFI o AT RE R BUE Y, T AR T Al
AR R MR TR RN B DNA A4
W FHNARN D WERL . L RETEERIE
RAATR A PN 7 % 552 43 A 1421455
1.3 DF AR mHPrIG%E

DF i KAk 15 KHER . TR KI5
IWARIEAIREE, FEAey= it . 3R K A 546]
W N2 S0 S sk I T7E 3 o8 IR I 7/
RS h i GEAG N 2] DF, 4055 BEIR . 16
X g A 7 S EA T AR 25 5% B R, AR
PR i (R 2), b, 7EdESE bR RER
B iA 11.270 mg/kg, i T EZEHER

R B R AR UE(S mg/kg)o BRILZ AN, ZERIATTY
SRS = i - Lamatli RN 2l Sl E S wR li DA A

2 Y4 DF W4

W ARG R B R AR B R
WSk DF B F205 X, MMEYEREARE . A
BLAMIGAAE) Jo 00 s b 455 e AR Ve T 1
R R A S A G RIORT SO I ) T B
TSl ), fERTBEf# DF A9
(£ 3), HHEIA 5w KR e ot R s 2
DI K ¥, 35754 8 (Arthrobacter )1 |
T B J8 (Microbacterium)!®® | 2E 0 4T 1 J&
(Bacillus)!! . JG & kT 7 & (Achromobacter)!7! |
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Table 2 Residues of procymidone in some agricultural products in China

FEmZEAL  RAFHL A K i HRORGR S ECRE SRR 275 S0k
Sample type Sampling site Detection  Maximum Number of Residue limit  Reference
rate (%) residual amount samples standard
(mg/kg) (mg/kg)
E|Ed i) 23.0 0.350 13 5 [49]
Leek Shaanxi province
INARERETH 20.4 11.270 64 [50]
Tai’an city, Shandong province
Wim K b 11.0 3.030 690 [51]
Changsha city, Hunan province
W R4S £ T 32.7 3.853 452 [52]
Cities in Henan province
g b & 25.0 5.391 8 5 [53]
Celery Cities in Hebei province
;R 29.9 - 144 [54]
Chongqing
FLAE WVLA BN T 88.3 1.090 77 10 [55]
Strawberry ~ Hangzhou city, Zhejiang province
dbm &K 23.1 0.458 459 [56]
Changping district, Beijing
P T A WA axtemn 52.5 - 40 5 [57]
Tomato Jinhua city, Zhejiang province
iR LA & 30.9 0.875 97 5 [58]
Eggplant Cities in Zhejiang province
K R & T 10.3 0.060 68 5 [52]
Cucumber Cities in Henan province
BB Ol R 8.25 0.625 303 5 [59]
Chili pepper Guizhou province
Gk T~ 2R 1L T g X 63.3 - 30 5 [60]

Grape Chancheng district, Foshan city,

Guangdong province

BRVGAE QAR LR K P, XS REH . R B B RAR 10 T ERTITALRE AL L TN B
JEM L AR, AR Y R w9 AR SN ST ST BT RSO B B AR

PR T2 T

Shaanxi province includes 10 cities: Hanzhong, Ankang, Shangluo, Xi’an, Baoji, Xianyang, Weinan, Tongchuan, Yan’an and

Yulin; Chongqing includes nine districts and counties of Zhongxian, Wanzhou, Liangping, Kaizhou, Wushan, Wuxi, Fengjie,

Liangping and Yunyang; Guizhou province includes Guiyang city, Zunyi city, Bijie city, Qianxinan prefecture, Qiannan

prefecture, Qiandongnan prefecture, Tongren city and Anshun city.

K54 14 )& (Paenarthrobacter)"* | & 14 &
(Ochrobactrum)™®!, {747 & (Pseudar throbacter) !
T [ 26 M2 1 8 (Azospirillum) 78145 | vk 2 [ i
JE BRI R R A, 2 .
Zhang ZFE-SOp\ Az 5 Yk - 1 b i i 4 0 H 0T EG
% 5 3 T (Providencia stuartii) JD A i 1L

%5 Y% A & (Brevundimonas  naejangsanensis)
13, BH5E LB, X 2 R A K43 DF HHA
R R FRRE ST, TR TD I I3 Ef50E 2514 T 1S
F¢ 7d )5, Al 50 me/L WAZE ., SR RIRAIE R
F )£ BRR A5 5 82.91%F1 80.83% . 79.77%
1 81.32%. 80.78%7il 80.76%. Zhang ZF[4/)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VEWF 45 | RAEY R — B R U I S % B R T 7t 2949

*3 MoEE_PRITEERAIFOMED

Table 3 Microorganisms that partially degrade dicarboximide fungicides

127 MR R FEIRmIE] RIS GaiiES R =X HHRIE  ZE 0k
Substrate ik Strain Incubation  Substrate Degradation Degradation Source of  Reference
Microbial time (d) concentration rate (%) manner strain
species
SRR i) AR
Iprodione Bacteria  Arthrobacter
Arthrobacter sp. 4.67 100 mg/L 100 w1k + 1 [66]
CQH Mineralization  Soil
Arthrobacter sp. 7 9.9 mg/L 86.7 WAk + 3 [67]
MAG6 Mineralization  Soil
Arthrobacter sp. 10 60 mmol/L 100 FEACE 4 [68]
Cl Co-metabolism Soil
AT R
Microbacterium
Microbacterium 0.5 100 mg/L 100 ik +3 [69]
sp. Y-20 Mineralization  Soil
Microbacterium
sp. Y-29
Microbacterium
sp. Y-32
Microbacterium 4 100 mg/L 100 Wk +3 [70]
sp. CQH-1 Mineralization  Soil
Microbacterium 1 100 mg/L 100 Wik HEETR  [71]
sp. YIN-G Mineralization ~ Activated
sludge
AT RS
Bacillus
Bacillus sp. 7 25 mg/L 41.4 Wik +1E [72]
KMS-1 Mineralization  Soil
ToOF i
Achromobacter
Achromobacter 10 60 mmol/L 100 FEAR 14 [73]
sp. C2 Co-metabolism  Soil
FKATHHIE
Paenarthrobacter
Paenarthrobacter 3.3 l.5mmol/L 95 Wk +3E [74]
sp. YIN-5 Mineralization ~ Soil
P. nicotinovorans  0.583 100 mg/L 100 w4k ot [75]
Y-19 Mineralization  Soil
THHHE
Ochrobactrum
Ochrobactrumsp. — - - vtk +1E [76]
YJINI-1 Mineralization  Soil
BT AT &
Pseudarthrobacter
(#50)
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JEEY) G/ I L7 S FigRmb) R GSiES R )7 =X WHRIE S50k
Substrate LIS Strain Incubation  Substrate Degradation Degradation Source of  Reference
Microbial time (d) concentration rate (%) manner strain
species
Pseudarthrobacter 3 300 mg/L 96.71 Wik K [77]
sp. Y-5 Mineralization =~ Wastewater
Ifi] VIR T4
Azospirillum
Azospirillumsp. 45 27.96 mg/L 50.80 Wik +1E [78]
Al-3 Mineralization — Soil
2 R
Providencia
P. stuartii JD 7 50 mg/L 80.83 Wik +4 [79]
Mineralization  Soil
S AL TR R
Brevundimonas
B. nagjangsanensis 7 50 mg/L 80.78 Wik +4 [79]
J3 Mineralization  Soil
[EE 0N
Pseudomonas
P. fluorescens 1 8.25 mg/L 100 Wik + 4 [80]
Pseudomonas sp. Mineralization  Soil
P. paucimobilis
LA AR
Fungi Zygosaccharomyces
Z rouxii DBVPG 9 1 mg/L 100 - - [81]
6399
JEEEE A i) SRR
Procymidone Bacteria Providencia
P. stuartii JD 7 50 mg/L 79.77 ik +4 [79]
Mineralization  Soil
LBz B R
Brevundimonas
B. nagjangsanensis 7 50 mg/L 80.76 Wik +1E [79]
13 Mineralization  Soil
LT )
Methylobacterium
Methylobacterium 20 300 mg/L 66.40 ik +1 [82]
sp. T32-2 Mineralization ~ Soil
Methylobacterium 14 300 mg/L 77.20 Ak 135 [83]
sp. T32-1 Mineralization  Soil
LA MR
Fungi Penicillium
Penicillium sp. 20 300 mg/L 77.20 Ak 115 [82]
T31-4-5 Mineralization  Soil
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JEEY) (G717 FigRmbim) R GaiES Rt )7 =X [l 3 = TN
Substrate LIS Strain Incubation  Substrate Degradation Degradation Source of  Reference
Microbial time (d) concentration rate (%) manner strain
species
B ) W2 e
Dimetachlone Bacteria Providencia
P. stuartii JD 7 50 mg/L 82.91 WAk +3 [79]
Mineralization  Soil
S B AT TR
Brevundimonas
B. nagjangsanensis 7 50 mg/L 81.32 w1k + 1 [79]
J3 Mineralization  Soil
F R
Paenarthrobacter
Paenarthrobacter 3 300 mg/L 98.53 ik WHEe  [84]
sp. JH-1 Mineralization ~ Activated
sludge

Bl -MEESRAERE R A
(Paenarthrobacter) sp. JH-1, 1%tk E ] FH = vk
JE R A E A ME— B R TR, 7E 3 d N
XF 300 mg/L TR A% i ) B A 26 R 98.53% I 1,
A B 5% R T 78 52 56 5 AR AT 0 40 B S R
PEAT T BER S S , WAL kB b AR ZF A
(B. licheniformis) B-11" KA B 2 A AT 5 (B. subtilis)
JFUSSIGT s 25 M) LA S m B RRRE 5 AR B-1
K JF FERGE 2 TR 3% 5 d vl ffi 50 mg/L %
FIRIREAR AR 4> B 5] 85.30%F1 91.09%., 1% 2 #k
X DF [ R A 68 1 88 TRk — 2 5T

W kB0, BRI, ARF R AR
A M%f# DF e IR . A1 Zadra Z5B153 5
— Bk & K 4 4 B £} (Zygosaccharomyces rouxii)
DBVPG 6399, MiXFKE T 1 mg/L 5K
FIEEFR IR REFR 9 d JT, BB S TR IR 58 4 A o
e Do B2 DA 37 4 245 75 Y 1 % S R 1 398 v i
1 B B8 K A 3 55 R 19 7 & 18 (Penicillium sp.)
T31-4-5, ZWAERIGE AT, 420 d BEE3R0]
AR R F 550 300 me/L 18 5 F) T K& 3
100 mg/L AT, FEf#EFIAF] 77.2%

MRz, M TFEAHARAENFEEZ

PR AR TG R, RPN E/EF C B 4 DF
FEFRSCR A RGRARY . Zhang S5 LI,
A T4 307 R 2 B I TD R i 2 1
J3 HUIREE SR, B 2 AR IS IR BEG SEXT DF (1)
REFRASCR s B 43 VR L Ak ID AN I3 BB {4
WS-l 6x10° CFU/mL, DL 1:1 285355 d 55,
B R 50 mg/L WY BAREE . S oA IR RN 5 25
R A 23 A 3] 85.56% . 83.44%7F1 84.68%,
7 d JE BRI LRI A S DF JEY), LRk
B FRARAT T 1 d VA EL A, SdrE st
4 H BL AT 5 (Methylobacterium sp.) T32-1, T32-2
HEE T31-4-5 WIEHRBIRAGER T, &
PUAE eI 251 T 1537 8 dJ , B RE T3 %F 300 mg/L
J R R 55 90%, Tk T32-1 ks
FEmy 1.165 1%

3 DF ByB0E W P AL

3.1 DF BIEYIEFRIRE

EPIXT DF B AR 53 WA 4 2 - i
ERAAR 2 o WA SN 45 A T 2 O M P
it B 43 0 19 B AN L A oA 2 o R R A
fiEAEA L . B, KEMERLSE . AEREE O
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SE AR A W o A R R AR 2 AP IR IR Y ik
FE s A2 e, NI R 25 R g, 48
W ACAVE AL, Forb, R R i
ANHE LR Z54F Jy M — B B DR RN RE R, 75 8 DA H:
b &b AR R IR0 Ve A
HEHRAERERIKY, 2R BT
LY. CO, Fll H,O 2501

WL R B, AEYXT DF AR 2 R b
PR, LGRS T3 DF AOKAR . AR
N, R R LA R Y e B (—CO-N=,
£ 45 K5 —CO-NH-) & £ K fif, 3,5- S KBk
(3,5-dichloroanilin, 3,5-DCA)J&4%E#1Cisf DF
B FEZ 0, 3.5-DCA H ARG S Tk &
g dEbE, LR AR AHE H B AR i 2,
QXK B LDso (29 M &A1 10 £ .

HAl, RFRUEYREE DF R KEZiE
15 P A A ik DT 07 08 D AR A R Pk S5 T, R R
HLEREEAT 5 /2 . Zhang ST IR, ik
YR fie )8 B R R B K . RS — R IR
I 58 B, An7E B FGAS 2 6 B i TD i e i B A
I3 IR AT, R AR SR, A
A H I Tk M S 4 R A K AR U AR AR AR AR
2-(3,5- AL A I H IR R)-1,2- — H EL IR e
R, SRIGHE— oK E R 3,5-DCA FIvRERY
1,2-“HIIEIRNBE R R, 4 3,5-DCA FFfiF
JARBy , W e A O E R (] 1A).
Zhang SFPRMEAF LRI, Bt T R
JH-1 "h R AR A2, B A% 4 iE 2 W 2
TS R SV [N 3,5-DCA FIBEHARZ (& 1B).
AR, SRR TR PR A A% 32 22
A 2 MR8 10), BARTE S TAHET,
5 TR IR DY 3% LK iR ARl 3,5-DCA Flad St H
R, MBI HRERAETERESER
DBVPG 6399 H1, H MR 2212,
3.2 DF HF&fRER

EARFMET, WUEWRIN S Z A5 4%
PERIRR S, AHEZ R, R i LA g Y T

FERRACR . R, 76 I I R 1 77
o, AU S B R B 8 4 R A 5% B 43 R el
FIEAT T #iB . Campos 53 A ok i 7K i b AE
S TR IR S R AR VE L TR T BB S K A
FITBERE AL S 9 C—N I 77 A AR N FR R 1Y, 7E
ALHE 8 HURITE N SNIE A 5 ) AR b Hog
YEHPS!, Donoso-Pifiol 258 M Ab H A 24 (1) A= )
YAk F 48 Hh i 3% G 5 T T (Arthrobacter sp.)
Cl, Wtk C1 WA 445 MU SRR Y H B4R
R FRIB OV R, PR RELE 5 DA IIRRE A
R E—EME . Yang ST 5515 31— PR S
UK [ i T 25 15 4T 1 (Paenarthrobacter sp.) YIN-5,
FEXTHIAT T %08 s, TEIRm L 4
FEAE—FIK 1 410 bp. Zit 469 42 FE R 1t
Jie /K L R i pah; iZ/K I Tpah &4 = AR ST
AOfEAL = 3K IAK Ser-Ser-Lys, o7 Mk YIN-5 157
PR RGP AR AR E I KAl S TR IDR I N-1 e
AR N-(3,5- R I)-2,4- A AKMELE . Zhang
PN B I RAE T 50— YIN-D, %8
PRELA S5 YIN-5 A0 R A9 5 3 IR s 42
FETER R YIN-D H S8 i £ Mkl 2: Y ddaH
DL KoK iR R duaH, ddaH 71 5% 24 N-(3,5-
TR ER)-2,4- AR K IR GE (Y TN TR TR A
duaH 171 57 27 (3,5- AR SENR) 4 R 1 JR 2K Ml
BEreA: 3,5-DCA. X865 B IR AR 32 (R 43 A1 78
PR YIN-5 19 3 ANk b, FF HZERW KR YIN-5
FYIN-D Z [al = BE R, 3R] AR 2 5 IR
AR SEFR LN . S, Zhang U2y )
IR KA i 43 B A5 31— ik S TR AR A A BT A
P (Pseudarthrobacter sp.) Y-5, F| YAk 4
BRI ST 12 S TR IR B4 A B P4 76 i pah 2%
PRI B 2R AR R P i e Ah ik, Mgk TR
TREE WB800-ipah; #F— s KM, Hk
Y-5 F1 WB800-ipaH HHETE 9 d PTHER T3
90% Lk 1% 5 mg/kg (15 R K ; AHAR F R #E Y-5,
F Pk WB800-ipah HA S s REMTE, Jf Hik
Pl el TR RR Y-5, HA E AR RS
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AR C: SRS RE .

Figure 1 Microbial degradation pathways of some dicarboximide fungicides. A: Procymidone microbial
metabolic pathway; B: Dimetachlone microbial metabolic pathway; C: Iprodione microbial metabolic

pathway.
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4 HiE5REZE

DF [R5k B ™ 5 g o 21 8 i 2 4 AR
@, AW RERRAE R BR AR 2575 YL i 3T B
Z—, CTEEPRAE RN H. HETX DF
a5 figk TRT 10 07 3 B AE W A ads 72 2 AR DR IE 9
e T — e ALK AR DF MR RE, JFRE T
#h45> DF M AE IR ffRR AT, F 2t K
AALE— RGN TER . HX] DF A H AR
W B VE LB, RRREAH S AR . i
ARHL | il 55 O THD IR AE IS S W0 2
ACHE TURR 57 DA R e i 17 v S8 7 17 A S o fi I
WL A, BRI T A BE &8t DF
FRFE i A EE DL, FEf% DF PRI KRZ R A
PR IS YL ) -, AR LIRS, R
07 1 R TR A v A5 R A 1

B X i WK fi DF 0 BAR > T ML i A
THAESFEE, ARRETFE : (1) Tiikaeae maE
fi#% DF MO0 bk, o H 22 SOR IR R 5 (2)
T R v R it TR R A QI IR AR 1 2 BT L B IR
1A 7 35 % A it R 43 A7 56 1A 5 (3) A B
W WA B dm S, 2k
il Ao A i R ) g S G G A R, DT I A R
fEALT 5 (4) 4566 A S G0 E W% T 5
SEREER , M T aE R K B S N T AR B RIS
ZH i , AT B A 250 A A A 5 A i b ik
¥ 1) DF,

YE# Tk F

VEF: BRE SR, WM. RES. 3K
S NS N S S S R AR T S
kg 3.
Y& F 220 RAFF A

55 7 0 4 AT T Bl 20 B 0 A S 74 2%
TAERERZAF R AR,
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