24 5 Vol.24 No.5

2025 10 Modern Agrochemicals Oct. 2025
L 2 L 2
1.2 1.2 12 12 12 12 1,2%
L. 471023 2. 471023

(Fusarium pseudograminearum)

: . ECs 0.038 7 pg/mL.0.021 7 pg/mL .,
0.021 4 pg/mL. 281 ECy 0.005 8~0.056 6 pg/mL,
(0.020 2+ 0.009 4) pg/mL . . . . ,
i 0.72~531, ,
1:5 .
:S481*%.3 A doi: 10.3969/;.issn.1671-5284.2025.05.015

Inhibitory activity of pydiflumetofen and its mixtures against Fusarium pseudograminearum
and its control efficacy on Fusarium crown rot
DUAN Xuelian'?, ZHANG Yikai'?, LI Huiming'?, HAO Tongyu'?, JIANG Jia'?, QIAN Le'?, LIU Shengming**

(1. College of Horticulture and Plant Protection, Henan University of Science and Technology, Henan Luoyang 471023,
China; 2. Henan Province Engineering Technology Research Center of Green Plant Protection, Henan Luoyang 471023,
China)

Abstract: Fusarium crown rot (FCR), caused by Fusarium pseudograminearum, is one of the most important destructive
diseases in wheat. In this study, the inhibitory activities of pydiflumetofen and its mixtures against F. pseudograminearum
isolates were evaluated, and the indoor control efficacies were determined. The results showed that pydiflumetofen had
significant inhibitory effects on the different developmental stages of F. pseudograminearum, with the ECs, values of 0.038 7
pg/mL against sporulation, 0.021 7 wg/mL against mycelium growth, and 0.021 4 pwg/mL against conidial germination, res-
pectively. The ECj, values of pydiflumetofen against 281 strains of F. pseudograminearum ranged from 0.005 8 to 0.056 6
pg/mL, with an average ECs, value of (0.020 2 = 0.009 4) wg/mL. The synergistic ratios (SR) of the mixtures of pydiflume-
tofen with prothioconazole, fludioxonil, metconazole, carbendazim, phenamacril were 0.72-5.31, indicating additive or
synergistic effects. The results of indoor control efficacy showed that the mixtures of pydiflumetofen and phenamacril at
the mass ratio of 1 : 5 had better control efficacy compared to single fungicides. The research could provide theoretical
basis and technical support for the prevention and control of FCR.
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3 d o Nt N
3 3 1 o
1 % 1.2.2
1.2.1 8 281
N ECSO [20-21]0 o ECSO 6
Dx-D, ECs,
I 0/ — CK tox 1 1
DCK cm D1 o
cm, 1.2.3 5
100 mL
10 25°C 150 r/min.12 h .
/12 h 5d. N N N N 6
0.005.0.015. 5
0.045.0.135.0.405 pg/mL 5:13:1.1:1.1:3.1:5
o 2d KF2208 o KF2208
50 mL 6 000 r/min 10 YBA
min o 1 YBA
o 3 ,25C 3d
R 2 - ECs
5 DPS ECs o 3 ECs
2 Exp 4 SR . SR
1 x10° /mL 1.5 0.5~1.5
100 pL o 0.5 23
WA 0.006 25.
ECs Exp = atb 3
0.012 5.0.025.0.05.0.1 pg/mL WA a + b
WA . 25C  8h ECo A ECo B
o 2 o SRZAECSO Ex 4
EC50 Obs
DPS EC50 [e) A 2 b A
B a. .B
-0, — Nc=Nt
Rl/%_TC x 100 2 ECSO Exp
Ri Nc . pg/mL ECs Obs pg/mL,
1 5
/(mg/L)
YBA 0.005 0 0.0150 0.045 0 0.1350 0.405 0
PSA 0.0050 0.0150 0.045 0 0.1350 0.405 0
PSA 0.400 0 0.800 0 1.200 0 1.400 0 2.000 0
YBA 0.010 0 0.020 0 0.030 0 0.040 0 0.050 0
YBA 0.300 0 0.500 0 0.700 0 0.900 0 1.100 0
YBA 0.006 3 0.012 5 0.0250 0.050 0 0.100 0
YBA 0.1000 0.200 0 0.300 0 0.400 0 0.500 0
501 0.0250 0.050 0 0.100 0 0.200 0 0.400 0
PSA 31 0.0250 0.050 0 0.100 0 0.200 0 0.400 0
1:1 0.0250 0.050 0 0.100 0 0.200 0 0.400 0
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( 1)
/(mg/L)
1:3 0.0250 0.050 0 0.100 0 0.200 0 0.400 0
PSA 1:5 0.050 0 0.100 0 0.200 0 0.400 0 0.800 0
501 0.002 0 0.004 0 0.008 0 0.016 0 0.0320
301 0.002 0 0.004 0 0.008 0 0.016 0 0.0320
1:1 0.002 0 0.002 0 0.004 0 0.008 0 0.016 0
YBA
1:3 0.004 0 0.008 0 0.016 0 0.0320 0.064 0
1:5 0.004 0 0.008 0 0.016 0 0.0320 0.064 0
501 0.006 3 0.012 5 0.025 0 0.050 0 0.100 0
3:1 0.006 3 0.0125 0.0250 0.050 0 0.1000
1:1 0.006 3 0.0125 0.0250 0.050 0 0.100 0
YBA
1:3 0.006 3 0.0125 0.0250 0.050 0 0.100 0
1:5 0.006 3 0.0125 0.025 0 0.050 0 0.100 0
501 0.006 3 0.0125 0.0250 0.050 0 0.100 0
301 0.006 3 0.0125 0.025 0 0.050 0 0.100 0
1:1 0.006 3 0.0125 0.0250 0.050 0 0.100 0
YBA
1:3 0.006 3 0.012 5 0.0250 0.050 0 0.100 0
1:5 0.006 3 0.0125 0.025 0 0.050 0 0.100 0
501 0.004 0 0.008 0 0.016 0 0.0320 0.064 0
301 0.004 0 0.008 0 0.016 0 0.0320 0.064 0
1:1 0.006 3 0.0125 0.0250 0.050 0 0.100 0
YBA
1:3 0.006 3 0.0125 0.0250 0.050 0 0.100 0
1:5 0.006 3 0.012 5 0.025 0 0.050 0 0.100 0
1.2.4
6 ECs 0.0214
N N pg/mL.0.021 7 pg/mL.0.038 7 pg/mL,
24
° 1001
1.2.1 o
80F
12 h /12 h
—~ S 60
3d 2~3 cm i
° 2 d E 40+ —e— M T4 EC5=0.038 7 pg/mL
3 I-LL 3 3 —— F K EC5=0.021 7 pg/mL
° 20" W EC5=0.021 4 pg/mL
o 2 °
O L L L 1
13 0.1 0.2 03 0.4
DPS s JREERE/ (pg/mL)
N r EC5() 1
Least-significant difference
LSD P<0.05 o 2.2
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2.1 2 ECs
0.005 8~0.056 6 pg/mL 9.76
1 ECs 0.020 2 £0.009 4 pg/mL
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o 2
0.020 2 +£0.009 4 pg/mL
, ECsy/(ng/mL)
o 2 -
40 0.005 8~0.055 8 0.016 8 £0.009 2b
38 0.008 0~0.056 6 0.022 5+0.012 3a
ECs 0.016 8 £0.009 2
37 0.009 7~0.042 9 0.020 1 £0.008 0ab
wg/mL ECs
0.023 3 +0.008 7 pg/mLo 28 0.007 9~0.053 8 0.020 2 +0.008 9ab
EC,, 962 42 0.010 0~0.043 4 0.023 3+0.008 7a
29 0.008 3~0.045 5 0.022 0 +0.009 2a
ECs 322 o 25 0.006 4~0.035 5 0.017 0£0.008 Ob
60- 33 0.010 0~0.032 2 0.017 2£0.005 8b
N=281#k
soL ECs TH{E= (0.020 24:0.009 4) pg/mL LSD P<0.05
- ECs5p40.005 8~0.056 6 pg/mL R
= 2.3
g 30
% 3 N
" . . . . 6
0~001 0.01~0.02 0.02~0.03 0.03~0.04 0.04~0.05 0.05~0.06 KF2208 ECs 0.021 7~0.792 5 pg/mL.
ECso38 Fl/(g/mL) 6
2 281 ECy, o
3
r ECs/(pg/mL) ECs/(pg/mL) SR
YBA y=7.220 0+1.334 8x 0.985 6 0.021 7
PSA y=6.123 1+0.815 6x 0.966 2 0.042 0
PSA v=5.237 4+2.349 9x 0.998 9 0.792 5
YBA v=8.571 6+2.353 4x 0.988 2 0.030 4
YBA v=6.386 6+5.144 8x 0.910 6 0.5376
YBA v=7.598 9+1.668 2x 0.983 6 0.027 7
YBA y=6.786 7+2.931 8x 0.976 2 0.245 8
5:1 y=6.477 2+1.230 7x 0.976 7 0.063 1 0.049 9 0.79
301 v=6.327 3+1.185 7x 0.964 9 0.076 0 0.0550 0.72
PSA 1:1 v=6.058 2+1.023 9x 0.993 7 0.092 6 0.079 8 0.86
1:3 v=6.120 6+1.142 5x 0.992 1 0.104 5 0.1450 1.39
1:5 y=5.864 5+1.154 5x 0.989 6 0.178 3 0.199 2 1.12
501 y=8.391 5+1.481 8x 0.977 5 0.005 1 0.022 8 4.47
3:1 y=9.322 5+1.899 6x 0.9816 0.005 3 0.023 4 441
YBA 101 y=7.3804-+1.182 3x 0.983 0 0.009 7 0.0253 2.61
1:3 v=8.4317-+1.752 6x 0.958 6 0.0110 0.027 6 2.51
1:5 v=7.464 1+1.252 7x 0.991 6 0.010 8 0.028 5 2.64
5:1 y=8.423 8+1.637 1x 0.990 4 0.008 1 0.025 8 3.19
301 y=8.385 5+1.650 9x 0.996 0 0.008 9 0.028 5 3.21
YBA 1:1 y=8.9222+2.175 7x 0.994 2 0.0157 0.0417 2.66
1:3 v=8.429 0+2.183 Ox 0.966 0 0.026 9 0.077 4 2.88
1:5 y=7.6723+1.932 5x 0.984 7 0.041 4 0.108 3 2.62
YBA 501 y=7.2729+1.190 7x 0.996 4 0.0123 0.022 5 1.83
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( 3)
r ECs/(ng/mL) ECs/(pg/mL) SR
301 v=9.137 4+2.231 7x 0.987 0 0.014 0 0.0229 1.64
VBA 1:1 v=9.234 6-+2.327 5x 0.9833 0.0152 0.024 3 1.60
1:3 y=8.598 4+2.164 Ox 0.976 5 0.0217 0.0259 1.19
1:5 y=7.929 7+1.923 Ox 0.9855 0.0300 0.026 5 0.88
501 y=9.249 14+2.2723x  0.998 5 0.0135 0.025 8 1.91
301 v=8.928 2+2.015 2x 0.992 9 0.0112 0.028 5 2.55
YBA 1:1 v=9.758 0+2.492 6x 0.990 8 0.0123 0.0399 3.24
1:3 y=8.690 1+1.965 2x 0.954 1 0.0133 0.068 6 5.16
1:5 y=8.4122+1.929 5x 0.976 4 0.0170 0.090 3 5.31
N N N o
\ 1:5 o
0.72~5.31 N 160 pg/mL
° N 95.94% 97.76% 9 pg/mL
1:5 SR 5.31 o 1:5
2.4 100%. 4
5
4 0.086 3 pg/mL > 0.145 1 pg/mL >
24.486 3 pg/mL > 25.784 1 pg/mL .
4 4
/(ng/mL) % /(ng/mL) 1% /(g/mL) % /(g/mL) 1%
20 34.90d 20 40.10d 0.1 37.54d 0.1 42.20d
40 60.39¢ 40 67.75¢ 0.3 61.79¢ 0.3 69.05¢
60 74.51b 60 77.84b 1.0 77.64b 1.0 81.98b
80 87.23a 80 92.75a 3.0 94.74a 3.0 95.48a
160 95.94a 160 97.76a 9.0 98.69a 9.0 100.00a
LSD P<0.05 o N 1:5
5 4
r ECsy/(pg/mL) a b
y=1.864 1+2.221 9x 0.993 5 25.784 1 1.864 1 22219
y=1.526 0+2.501 2x 0.987 0 24.486 3 1.526 0 2.5012
y=6.151 7+1.082 3x 0.979 8 0.086 3 6.1517 1.082 3
y=6.790 3+2.135 9x 0.873 5 0.145 1 6.790 3 2.1359
3
o
SDHI N
N o
ECy 0.021 4 wg/mL.0.021 7 pg/mL. o
0.038 7 pg/mL,
- 78 -

HFEFI https://www. cnki. net



H LR oA

2025 10

[26] [27]
o

6 106
ECs,
0.072 8 £0.025 9

[28]

0.018 0~0.209 0 mg/L
mg/L ECs - Hou
5 116
ECs 0.019 0~0.208 4
mg/mL 0.074 5 +0.036 7 mg/mL ECjy
8 ECs
0.005 8 ~0.056 6 pg/mL ECs, 0.020 2 =

0.009 4 Mg/mL EC50 o EC5O

ECs
0.0202£0.009 4 pg/mL

SDHI

FRAC

o SDHI

[30]

15:1
243, 1

1.98, B2l

3.73 o

[1] KAZAN K, GARD INER D M. Fusarium crown rot caused by
Fusarium pseudograminearum in cereal crops: recent progress and
future prospects[J]. Molecular Plant Pathology, 2018, 19(7): 1547-
1562.

[2] YANG X, PANY, SINGH P K, et al. Investigation and genome-wide
association study for Fusarium crown rot resistance in Chinese
common wheat[J]. BMC Plant Biology, 2019, 19: 1-14.

[3] PAULITZ T C, SMILEY R W, COOK R J. Insights into the prevalence
and management of soilborne cereal pathogens under direct seeding
in the Pacific Northwest, USA[J]. Canadian Journal of Plant Patho-
logy, 2002, 24(4): 416-428.

[4] MOYA-ELIZONDO E A, REW L J, JACOBSEN B 1, et al.
Distribution and prevalence of Fusarium crown rot and common
root rot pathogens of wheat in Montana[J]. Plant Disease, 2011, 95
(9): 1099-1108.

[5] ZHOU H F, HE X L, WANG S, et al. Diversity of the Fusarium
pathogens associated with crown rot in the Huanghuai wheat-growing
region of China[J]. Environmental Microbiology, 2019, 21(8):
2740-2754.

[6] WEIJ Q, GUO X H, JIANG J, et al. Resistance risk assessment of
Fusarium pseudograminearum from wheat to prothioconazole [J].
Pesticide Biochemistry and Physiology, 2023, 191: 105346.

[71 LI H L, YUAN H X, FU B, et al. First report of Fusarium
pseudograminearum causing crown rot of wheat in Henan, China
[J]. Plant Disease, 2012, 96(7): 1065.

[8] BECHER R, WIRSEL S G. Fungal cytochrome P450 sterol 14a-
demethylase (CYP51) and azole resistance in plant and human
pathogens[J]. Applied Microbiology and Biotechnology, 2012, 95:
825-840.

[9] SCHERM B, BALMAS V, SPANU F, et al. Fusarium culmorum:
causal agent of foot and root rot and head blight on wheat [J].
Molecular Plant Pathology, 2013, 14(4): 323-341.

[10] SMILEY R W, PATTERSON L M. Pathogenic fungi associated

- 79 -

https://www. cnki. net



24 5

H LR oA

with Fusarium foot rot of winter wheat in the semiarid Pacific
Northwest[J]. Phytopathology, 1996, 86: 1273-1279.

[11] CHEN W C, WEI L L, ZHAO W C, et al. Resistance risk
assessment for a novel succinate dehydrogenase inhibitor pydiflu-
metofen in Fusarium asiaticum[J]. Pest Management Science, 2021,
77(1): 538-547.

[12] ZHOU F, JIAO Y, HAN A H, et al. Survey of prothioconazole
sensitivity in Fusarium pseudograminearum isolates from Henan
Province, China, and characterization of resistant laboratory
mutants[J]. BMC Plant Biology, 2024, 24(1): 29.

[13] LIU C J, OGBONNAYA F C. Resistance to Fusarium crown rot in
wheat and barley: areview[J]. Plant Breeding, 2015, 134(4): 365-372.

[14] ARENA M, AUTERI D, BRANCATO A, et al. Peer review of the
pesticide risk assessment of the active substance pydiflumetofen[J].
EFSA Journal, 2019, 17(10): e05821.

[15] AVENOT H F, MICHAILIDES T J. Progress in understanding
molecular mechanisms and evolution of resistance to succinate
dehydrogenase inhibiting (SDHI) fungicides in phytopathogenic
fungi[J]. Crop Protection, 2010, 29(7): 643-651.

[16] DURING P C. Structural and computational analysis of the
quinone-binding site of complex (succinate-ubiquinone oxidore-
ductase)[J]. Journal of Biological Chemistry, 2006, 281(11): 7309-
7316.

[17] POPKOJR J T, SANG H, LEE J, et al. Resistance of Sclerotinia
homoeocarpa field isolates to succinate dehydrogenase inhibitor

fungicides[J]. Plant Disease, 2018, 102(12): 2625-2631.

effective concentrations of chemicals with bioluminescent bacteria
[J]. Bulletin of Environmental Contamination and Toxicology,
1996, 56: 446-452.

[21]LIU SM, FUL'Y, CHEN J P, et al. Baseline sensitivity and control
efficacy of epoxiconazole against Fusarium graminearum in Henan
Province, China[J]. European Journal of Plant Pathology, 2020, 157:
825-833.

[22] , ;

[J]. ,2007, 9(3): 235-239.
[23] , s
[J]. , 2023, 25(4):
946-953.

[24] WU LY, WU Z W, ZHAO F F, et al. Activity and cell toxicology
of fluazinam on Fusarium graminearum[J]. Pesticide Biochemistry
and Physiology, 2022, 188: 105253.

[25] TANG Q Y, ZHANG C X. Data processing system (DPS) software
with experimental design, statistical analysis and data mining
developed for use in entomological research[J]. Insect Science, 2013,
20(2): 254-260.

[26] , . ,

[J]. ,2023,25(2): 474-478.

[27] , ; ,

[J]. ,2018,20(4): 445-451.

[28] HOU Y P, MAO X W, WANG J X, et al. Sensitivity of Fusarium
asiaticum to a novel succinate dehydrogenase inhibitor fungicide

pydiflumetofen[J]. Crop Protection, 2017, 96: 237-244.

[18] FERNANDEZ-ORTUNO D, PEREZ-GARCIA A, CHAMORRO [29] s R , . SDHI

M, et al. Resistance to the SDHI fungicides boscalid, fluopyram, [J7]. ,2022, 61(6): 391-395.

fluxapyroxad, and penthiopyrad in Botrytis cinerea from commer- [30] R , s

cial strawberry fields in Spain[J]. Plant Disease, 2017, 101(7): 1306- [J1. , 2024, 33(2): 287-291.

1313. [31] R , s
[19] LIU S M, FU L Y, HAI F, et al. Sensitivity to boscalid in field [J]. , 2020, 36(13): 136-139.

isolates of Sclerotinia sclerotiorum from rapeseed in Henan [32] s s N

Province, China[J]. Journal of Biological Chemistry, 2018, 166(4): [J1. s

227-232. 2024, 26(3): 540-548.
[20] THOMULKA K, ABBAS C, YOUNG D, et al. Evaluating median ( )
( 72 ) [9]. ,2023(6): 1-3.

933-936. [11] , ,
[8] . 76 [J]. ,2017(1): 15-18.

: NY/T 1464.76—2018[S]. [12] s s . —
,2018. [I]. ,2022,43(6): 1-8.
[9] , , , [13] , . [J1.
[J1. ,2011(24): 202; 207. ,2017(12): 127-128.
[10] s s , .4 ( )
- 80 -
https://www. cnki. net



