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Abstract: The fungicide pydiflumetofen 3-(difluoromethyl)-N-methyl-N-[1-methyl-2-(2,4,6-
trichlorophenyl) ethyl]-1H-pyrazole-4-carboxamide, is a novel succinate dehydrogenase inhibitor
(SDHI) . In order to determine thepotential application of this novel fungicide for the control of wheat
head blight in China, the baseline sensitivities of Fusarium graminearum to pydiflumetofen cross-
resistance analysis and the field trail were determined. Toxicities of the pydiflumetofen on mycelium
growth, conidial germination of 106 strains form six regions in Hubei Province were determined, the
cross-resistance between carbendazim and phenamacril fungicides and the control efficacy was
evaluated. The ECs, value of pydiflumetofen against the mycelial growth of 106 strains of F.
graminearum was 0.018 0-0.209 0 mg/mL and the average value was (0.072 8 £ 0.025 9) mg/mL. The
EC;, value of pydiflumetofen against conidium germination was 0.052 7-0.473 2 mg/mL and the
average value was (0.176 0 + 0.059 6) mg/mL. The ECs, values distribution of 106 strains measured by
mycelial growth assay or by conidium germination assay exhibited as a unimodal curve and could be
used for detecting any sensitivity changes of F. graminearum to pydiflumetofen in the future. The
results of cross-resistance analysis indicated that there was no positive or negative cross-resistance
between pydiflumetofen and carbendazim or phenamacril. In field trials, pydiflumetofen at 200 g a.i./hm’
provided > 90% control efficacy which was significantly higher than that of phenamacril at 600 g a.i./hm’
and significantly raised the plot yield by 127%-135% (P < 0.05) compared with the untreated controls.
In conclusion, pydiflumetofen had very high activity against F. graminearum in vitro and excellent
efficacy for the control of fusarium head blight (FHB) . Therefore it could be used to manage
carbendazim-resistant F. graminearum population in the field.

Keywords: Fusarium graminearum; pydiflumetofen; sensitivity; control efficacy; succinate

dehydrogenase inhibitors; wheat head blight; deoxynivalenol
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No. 4 e HL Y55 : TR A5 0 T X 0 ek o T SR 58 2 ) Sl S 24371 B T 977 2% 447

1 RS

1.1 RIERR

ANFE SR B EE 35 (RUBAR A SRR Btk
B R RWAE Rk F IR

B X 15 EAEBURE R GREUE RS
PRI Fusarium graminearum) H AL AR
B AR OR T RE I 0BT 20 B3R 150, FE B AR R &
2577 YAk 15 B i P R BRI B BR S Bk, 4 i
45 R1. R2. R3. R4 AR5, HEZHAHMEK
i A6 a8 AV A 2 B A OR - BEAFE ST B >R £ 1 [A]
FARPIPERE R, 0l %08 Js449. Js462. Js484.
18506 F1 Js519011,

106 FREFA= B IR, HIIIALE RO RF 2= B A IR
RERIE 5 BT MBI /N 22 2 7= X B8 PH . BB BEJH
FIPN S VOPERTETLEE 6 AN HLIX 20 2 3R 15

24555): 99% ML TR Bt F2 i (pydiflumetofen) Jii
24 £ v RO R 2R TR B S G S AR 200 /L
S T I B A (SC) HaE b SE Bk AR (R4
HIRA T AL, KR 257 25% S H#iE (phenamacril)
SC HVLIME R AT T AR A PR A = A2

PDA Biyedk: SRRE 20%. H &b (R
2% BEAEMT 1.5%~1.8% A4 1.7%~2.0% K&
1 000 mL ZE1E7K .

CMC }i7dt: MR 4E RN 15 g FEERHREN
¥1g. NHNO; 1 g. KH,PO, 1 g. MgSO,-7H,0
0.5 g & 1000 mL Z&18%/K.

1.2 R

I T 2016-2017 FAEW LA LV AL B ik
I kAT, WG RO R A, AR A,
R, RE L (0~20 cm) RAHRN:
pH=7.1, HHUR. EEM LS E 55N 26.02.
1.63 } 0.35 g/kg, A BRI S & =0 50N
5.33 g/kg 1 59.71 mg/kg.

1.3 REHE

1.3.1  RAGRIE *T 77 W BE A L 09 GO P 2
13.1.1 @&y BROMEERNE RARZE
R 22 B N A ] TR 2 M iR 24 Y A O
BCil % 1 x 10* mg/L IR . 7EBURIRIEAE -,
FH R B BEBUR AR R 4 1. 0.25. 0.062 5 F1
0.015 625 mg/L W RAN T EIK LW, FEIMA
PDA FiFe 5k, il i 24 7 i 4 ot =0k B2 23 ) R
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Fig. 1 Sensitivity distribution of 106 isolates of F. graminearum to pydiflumetofen
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Table 1 Field efficacy of pydiflumetofen EC against fusarium head blight
A BiR , N, T - T L 1 7
Funzzviz:ide Dosage, Control Ear lzmri:h/cm Kefﬁﬁ?ﬁ%ers 1000 Kemel Plot /Ji\ellzd;(k?/hmz) WA 7
& a.i./(g/hm?) efficacy/% g weight/g y g DON contents/(mg/kg)
200 g/L F5UE B Bk I e 125 67.66+6.64c 8.73+0.15a 39.57+0.90ab 39.22+1.86a 4243 +351a 3.51+038b
BV
200 g/L pydiflumetofen
EC 150 7791+6.50b 8.87+0.21a 40.10+1.25ab 40.20+0.50 a 4868 +304a 3.88+0.46b
175 84.83+498ab 8.77+0.12a 41.03+1.76a 40.25+0.54a 5159+260a 2.73+£0.18¢
200 90.51+2.85a 8.77+0.25a 41.53+0.85a 41.03+0.23a 5322+227a 3.24+£0.12 be
25% I T i B 600 78.00£6.07b 8.90+0.10a 40.33+091ab 39.61+0.85a 4827+243a 2.65+0.47 ¢
25% phenamacril EC
CK - 853+£0.25a 38.13+1.0l1b 35.16+0.96b 2267+315b 6.08+0.29 a

TE: RPBIROTEE £ bRERZE . [RIFVEIR G AR 78RR 2 Duncan [RGB R ZEAGIGIE P < 0.05 KFZREE.

Note: Control efficacy was expressed as mean + SE. Different letters in the same column indicated significant difference at P < 0.05 level by Duncan’s

new multiple range test.

A B

1.0 a 2 r . . 0 L .
# E N =
&5 y=23590x+23420 * B3
2% o5 [0~ : 2E 1} y=17580x-18167
EF R=02448 = g R2=-00209
28 =
ge O . ‘ ge 0

= - om o . L]
mw & " a % s =l (_)8 . - ‘.
®mm 05 & ] iE[ o *
N .t =3
-1.0 N R .
“14 -13 -12 -1.1 -1.0 09 0.8 ~14 -13 -12 -1.1 1.0 0.9 0.8

T BRI I EC, B IR 4L
LgEC;, of pydiflumetofen

T BRI EC, {5 IR 4L
LgEC;, of pydiflumetofen

2 AMEMERSZER (A) MEHEER B) WX ERHGME
Fig. 2 Cross-resistance patterns between pydiflumetofen and carbendazim (A) and phenamacril (B)

—0.020 9 (] 2B). KW /N2 78595 B 0T M4 e T
P21 5 UG TR R AN 2 T R R AAFEAEAS T

3 g5

M TR T 2 i 8 T B FH R B AL e A ) R
(SDHI) KA, & N-FEH:-CR I 238 - ik me
e WA B 5 — AN 51 . Hou S5 A
TR, UM BRI N SR E F. asiaticum
FR A B A bR (1) B 22 A KA o AR R R 3 B A
BORIIINRIER, ARG RE T HPLE
2 e R AR 6 AN X TR 106 #R K7 B it
B B 22 4 K135 ECs {28 (0.072 8 £ 0.025 9)
mg/mL, KT Chen <515 i 50 T 6 0T R 24 At
B [1)°F) ECs {8 (0.110 0 = 0.025 9) mg/mL!"",
A S A T R PR B 0 1 B 3 v T B U T iR . e
BRI 9% 72 Jig 41 1) o3 2B 7 85 R 143 EC 5o 1H N
(0.176 0 £ 0.059 6) mg/mL, 5 BH 1% 27t v 58 5
i AT R, 5 Avenot SEUTISE T ML B
T 32 Jie A FH T 05 D 30 A 2 R Ak LT IR IR B 1 45 12

—He MR R A R e A SR AT DA,
AP BRI Nt - AT R T Rt B R I
IR, DRI 24 700 1 456 A B P I /N 32 75 82
W IRIR G, HBARE T — P oo T T
P EREAT I 2 o AN IT ECs 18 M 28 1748 573
BRI, AR I 25 M R, BN, %
93 B BT A X R M B T 2 M AT S T U A, T
¥ FT 1S P38 ECso EAF N BURMEILLL, H T HE
IR A e L T TR T T e 24 A R

BT Y% )5 IR IR A B 2 A 1
%4 SdhA. SdhB. SdhC A1 SdhD 4 N, H.
SdhB. SdhC & SdhD H AN MFFE [ s RAF B H
JUAN IV 55 [ B SR AR 48] T 3¢ RRCAR A5 5 B A PRI
HiZ4 Mk, AWK T RSB X SDHI 28
AT AGUHEALE] IR TR . AT A Bk
UNERACEe S I E A B A e U RAN i e
95 TR AR X RN T TR S G S AN R I . (HE T A
B 70 BT 52 11 22 B R AN UG T IS BT AR B
A, BRI E SIS TR kAR, 3 — P



450 g 7

Y
==

7ok Vol. 20

2 I8 BAELEAS Btk

H T4 ™= Epiia /N2 AR & 2imd, 2-5
R TR0 T2 T 2 2% A1 791 S T I 1 97 380 3 B
PEUF, I AR OO O AT 257, PR AR 72
DL 1 Be A A5 B 270 AR IR, A
)5 G A T T M b T 5 i W 2 PR /N 2 AR B
FIkA,  H 200 g/hm? KB B R0 E) 90.51%,
T 25% FUA B e BT R 600 g/hm? [ 4b
B, gk — D B RO T R R M L TR
PG . Olaya SEURIE, HUME B L FR X /N2 1
PO S B B AR B . BRI, 7R /N2 SE bR
A7 o e P S A R A M, BV RT DA RIS B /S
AWM BRI, B8 C—B 2
IR

AW TR, KHEMEBER AR, /N
TR I A S R R ) B A EE (DON) SRR
BFAK, 1X15 Peter ZEPOIRE T 45 R — 2. (HE T
WA TR Tt 2 fi A B4 A T /32 AR F i B DON ¢
FIIF=A, 3 2 it A e B T ¥ 1 5 ER T 3 O
BMIMLE4F DON R S ®EFK, EA/FE—D
W5t

g LRI, ASHIE ST B T gR0ME T I R AN
X /N AR B A L 1) B TR 7 YA AR, 1 HLRE S
BEAC/NZFF R R DON BRI & & LI m /N E =
&, BT DUE N A= B va /N 22 7 8500 1 B AR
R #2070, [FR AT DL R R AR D va HE /N 2 A
B N 22 B R PR B AR

SE L (Reference):

[ 1] FRIGURN, 56303, £IBR, %5, ME TG NEM]. FIAT: LR H
AR HRAL, 2012: 281-282.

CHENG S H, GUO W S, WANG L J, et al. Wheat in southern
China[M]. Nanjing: Jiangsu Science and Technology Press, 2012:
281-282.

SESCH, MISLEE, 1, 4R N AR ERNRAT XU ) BUR A SR
AR IHTI]. AR EE SR, 2011, 41(5): 486-494.

SHI W Q, YANG L J, FENG J, et al. Analysis on the population
structure of Fusarium pathogenic spp. and its mycoto xin chemotypes
in Fusarium head blight epidemic region[J]. Acta Phytopathologica
Sinica,, 2011, 41(5): 486-494.

SBXZE, MSL7E, LUk, 5. 2013 AEWIALE AN E AR B O £ 18
FOMN MR PR B[], AR 2524244, 2014, 16(5): 610-613.

GONG S J, YANG L J, XIANG L B, et al. Sensitivity of Fusarium

graminearum to carbendazim and tebuconazole in Hubei Province[J].

Chin J Pestic Sci, 2014, 16(5): 610-613.

LART, FA, FOCE, 5. /N B o 2 T LR e 1) Uk
PE[T]. SN AR RL 2, 2016, 44(1): 66-67.

MA D F, HUANG S, HUANG W D, et al. Sensitivity of Fusarium

[4

—_—

graminearum to carbendazim and prochloraz[J]. Guizhou Agric Sci,
2016, 44(1): 66-67.

WK, Bl BURE, 45 DN RBINE 2 W R BUERHART 5K
AR I W ——22 T B0 R R R 7 B R AL 2 T A S A 2 1A
I PET]. AR 2557574, 2013, 15(3): 279-285.

DAID K, JIA X J, WU D X, et al. Analysis of diffusion path of

[5

[a—

carbendazim-resistance population of Fusarium head blight-based on
Fusarium species, mycotoxin chemotype and resistance timing[J].
Chin J Pestic Sci, 2013, 15(3): 279-285.

E, AT, B, S NS R AR RS S B R
HZGFI]. B R K 244, 2002, 25(1): 43-47.

WANG J X, ZHOU M G, LU Y J, et al. Dynamics of resistant

[6

[—

population of Fusarium graminearum to carbendazim and
substitutable fungicide screening[J]. J Nanjing Agric Univ, 2002,
25(1): 43-47.

BVRH, 26T, B IR AR, 5. 23 HICE AR 2 - 20 BOROBUMRE I 8 3
VIR € 1% v D00 5 1 TN vl 9 M R TR B Bk B (D], AT AR A AR
2017, 36(10): 1265-1268.

ZHI S W, LI X H, ZHAO E C, et al. Determination of pydiflumetofen

[7

[—

residues in watermelon by high performance liquid chromatography
with dispersive solid-phase extraction and dispersive liquid-liquid
microextraction[J]. J InstrumAnal, 2017, 36(10): 1265-1268.

[8

[—

DUBOS T, PASQUALI M, POGODA F, et al. Differences between
the succinate dehydrogenase sequences of isopyrazam sensitive
Zymoseptoria tritici and insensitive Fusarium graminearum strains[J].
PesticBiochem Physiol, 2013, 105(1): 28-35.

PRI, FANE 2. 3% IR 1t M0 ) 775 T R O R JE (DY)
PARAR 24, 2014, 13(6): 1-7.

QIU S S, BAI Y L. Progress on research and development of

[9

[—

succinate dehydrogenase inhibitor fungicides (I) [J]. Mod Agrochem,
2014, 13(6): 1-7.

PURNE, FEZ . BRIAFR I 2 B 57 K% B RO BT A e (1) (0]
PARAZ, 2015, 14(1): 1-7.

[10]

QIU S S, BAI Y L. Progress on research and development of
succinate dehydrogenase inhibitor fungicides (II) [J]. Mod Agrochem,
2015, 14(1): 1-7.

LR, A, SCHE, 55 - A By- B R SR IAIAE SRR I T
ZHE R P IER D] PEARLRE, 2015, 48(4): 695-704.

ZENGF S, YIN H X, SHI W Q, et al. Function analysis of f;-tub and

[11]

Pa-tub in resistance of Gibberella zeae to carbendazim[J]. Scientia
Agricultura Sinica, 2015, 48(4): 695-704.
[12] GONG S J, HAOJJ, XIA Y Y, et al. Inhibitory effect of bionic
fungicide 2-allylphenol on Botrytis cinerea[J]. Pest Manag Sci, 2009,
65(12): 1337-1343.

[13] R 24 i) 252800 a e ) 35 1550 45 A R IR Ve N 2 A 8290 : NY/T



No. 4 e HL Y55 : TR A5 0 T X 0 ek o T SR 58 2 ) Sl S 24371 B T 977 2% 451

1464-2007[S]. Fb5t: o E Aol i Rt 2008. molecular mechanisms and evolution of resistance to succinate

Guidelines on efficacy evaluation of pesticides fungicides part 15: dehydrogenase inhibiting (SDHI) fungicides in phytopathogenic

against fusarium head blight of wheat: NY/T 1464-2007[S]. Beijing: fungi[J]. Crop Prot, 2010, 29(7): 643-651.

China Agricultural Press, 2008. [18] STAMMLER G, REHFUS A, PROCHNOW J, et al. New findings on
[14] & fhaERbrdE &5 A S ) 56 L 2 B AT A the development of insensitive isolates of Pyrenophora teres towards

P : GB 5009.111-2016[S]. AL 5T o FE bRk AL, 2017, SDHI fungicides[J]. Julius-Kithn-Archiv, 2014, 447: 568.

National food safety standards, determination of deoxynivalenol and [19] OLAYA G, LINLEY R, EDLEBECK K, et al. ADEPIDYNTM

its acetylated derivatives in foods: GB 5009.111-2016[S]Beijing: fungicide: cross resistance patterns in Alternaria solani. APS Annual

Standards Press of China, 2017. Meeting, Fungicide Resistance, 61-O[EB/OL]. [2018-04-10]
[15] HOU Y P, MAO X W, WANG J X, et al. Sensitivity of Fusarium https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/

asiaticum to a novel succinate dehydrogenase inhibitor fungicide aps2016_619.htm.

pydiflumetofen[J]. Crop Prot, 2007, 96: 237-244. [20] PETER D, COQUERON P-Y, WETCHOLOWSKY I. Use of
[16] CHEN Y, LI H K, CHEN C J, et al. Sensitivity of Fusarium pydiflumetofen for the reduction of mycotoxin contamination in

graminearum to fungicide JS399-19: in vitro determination of plants: PCT/EP2016/074109[EB/OL]. [2018-04-10]. https://

baseline sensitivity and the risk of developing fungicide resistance[J]. patentscope.wipo.int/search/en/detail.jsf?docld=W02017060499

Phytoparasitica, 2008, 36(4): 326-337.
[17] AVENOT H F, MICHAILIDES T J. Progress in understanding (’ﬁ"f%%]ﬁ-: JE %)

T N T T T N T N O T NN T NN OO N NN N O NN ET O NN N O NEN NN N E TN EN MO NN O N EN O NN NETNEN NN N E TN EN MO NN E NN SN NEN NN NSO NN ST NEN RO NSNS N O

MOMITIE 2019 & (RAFFR)

CREFEARD) Rl EAVRET I ERIMATFRITHR LA EARMT], S “ R E A AT
CrE RS SARMBAT] A SORS S S AR BITI NSO B AR TR B B PR R AR AT« E RO 8
)7 R E RS SRR RO O AT B S NG IIR 7 AR BRG] SOER B P K& “RCCSE HE L
FARMT(A)” o FEE ARG RS LRI TAEE K RERRITAE, BRI A HEHRE R 255 % 5 3 FHA GG
PERIBOITIE TR 54 AR, R R MG O S p A R A, 2 T R R 2 ST T B A Y ER AR [l b

ATME 3 AMEH: T ELEIR. BRSO . FTRRIIR LT T ARAZITE 5 38, FEEHE
EMEMBKR. AP ERT . RESHI. ERAVLETITE. 50T RS,

AR EHEE (%30, CAY « HE (Fh¥idst, ZR) MHA “RHEHARRMNER (hE) Mk E”
(JSTChina) % [E br HE ZR RHIGE: FIRE (PERHESI SCEIRE) %2 5KIE W E 240 E 1R IE T .

CRZGFHIRY) P A4 TR, AT, £2EG—MECERT (RS 2-949) , EPFEMA 30 o/, 44 6 Wit
180 JGo 1 RIS MR = 1T 7, AT B R B AT g 50 1T 1 (1999~2018 S HUAT), AgniEilicA & E
17, MBELRIEF)

SCEctbhl: Ak nUEE X R BA I P 2 5 b B RO R B PR X B 2E B 340 = CRZTEZARD FdE
i %%: 100193 22} 1E: 010-62733003 E-mail: nyxuebao@263.net

REHEAG ! REATHE ! REF|H S £


https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://www.apsnet.org/meetings/Documents/2016_meeting_abstracts/aps2016_619.htm
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2017060499

