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Comparison of Inhibitory Effects of Sixteen Fungicides on Mycelial Growth and Spore
Germination of Monilinia fructicola

SONG Huawen, XU Nana, GAO Deliang, HU Zunji, ZHUANG Zhiguo, LIU Yu, WU Xibao, ZHUANG Zhanxing"
(Shandong Academy of Pesticides Sciences, Key Laboratory for Chemical Pesticide of Shandong Province, Ji'nan 250033,
China)

Abstract: In order to compare the indoor toxicities of sixteen fungicides belonging to eight categories on mycelial
growth and spore germination of Monilinia fructicola, and screen out the effective fungicides and discuss the use
characteristics of various types of fungicides. The inhibitory activities of 16 fungicides on mycelial growth and spore
germination were determined by mycelial growth rate method and spore germination method. Results showed that the ECj,
values of 16 fungicides inhibiting mycelial growth ranged from 0.018 4 to 61.530 5 mg/L. Prochloraz, tetramycin,
fenbuconazole and fludioxonil had strong inhibitory activities on mycelial growth, and their ECy, values were 0.018 4,
0.045 6, 0.053 1 and 0.081 4 mg/L, respectively, significantly lower than those of other 12 fungicides. The ECs, values of
16 fungicides inhibiting spore germination ranged from 0.008 4 to 189.393 8 mg/L. Tetramycin and chlorothalonil had
strong inhibitory activities on mycelial growth, and their ECs, values were 0.008 4 and 0.037 8 mg/L, respectively,
significantly lower than those of other 14 fungicides. In sumarry, the 16 fungicides had great value in preventing and
controlling peach brown rot. Benzimidazoles, diformimides and ergosterol inhibitors had good inhibitory activities on

mycelial growth. Strobilurins, succinate dehydrogenase inhibitors and multiple-site protective fungicides had good
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inhibitory activities on spore germination. The agricultural antibiotics tetramycin, phenazine-1-carboxylic acid and pyrrole

fungicide fludioxonil had good inhibitory activities on mycelial growth and spore germination.

Key words: Monilinia fructicola; mycelial growth; spore germination; fungicides; toxicity; inhibitory activities
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Mancozeb 80%
Chlorothalonil 75%
Carbendazim 80%
Fenbuconazole 24%
Tebuconazole 50%
Difenoconazole 40%
Prochloraz 15%
Iprodione 500 g/L
Procymidone 50%
Fludioxoni 50%
Azoxystrobin 25%
Pyraclostrobin 30%
Boscalid 25%
Fluopyram 41.7%
Tetramycin 0.3%
Phenazine-1-carboxylic acid 1%
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5~8 3mL 5d
25 mL WA 30 mL 4
9 cm PDA o 25C 12h
o 5d
1.2.3 5
5 mm 1
/%= - x 100 1
1.2.4 25°C 10h 20 h,
PDA 25°C 12h
7d 200
12
[e]
10°~10° /mL, o 2.3
100 pL WA o
/%= x 100 2
/%= - x 100 3
1.2.5 o 4 °
DPS o ECs 4
X ECS()
Y 2
y=a+bx ECs
ECs, 2.1 16
16 ECs, 16
1.00
2 16
ECy /Amg-LY) 95% /(mg-L")
y=8.3833+1.948 9 x 0.018 4 0.0156~0.021 6 0.989 6 3344.05
y=7.790 6+2.080 2 x 0.045 6 0.040 6~0.051 1 0.994 7 1 349.35
y=7.4416+1.914 8 x 0.053 1 0.0452~0.062 3 0.990 5 1158.77
y=7.148 6+1.972 3 x 0.081 4 0.069 4~0.095 4 0.9899 755.90
y=5.661 5+1.5953 x 0.3849 0.3594~0412'1 0.998 1 159.86
v=5.140 6+1.880 4 x 0.8418 0.7122~0.995 1 0.988 8 73.09
v=4.920 8+1.915 1 x 1.099 9 0.964 0~1.2549 0.993 1 55.94
v=4.558 5+1.929 7 x 1.693 5 1.5304~1.874 0 0.996 0 36.33
v=4.503 7+1.836 8 x 1.863 0 1.703 9~2.036 9 0.996 8 33.03
1=3.967 6+1.883 8 x 3.5323 3.150 7~3.960 2 0.994 8 17.42
v=3.7017+1.574 4 x 6.677 8 5.627 6~7.923 9 0.988 7 9.21
y=3.0442+1.900 1 x 10.698 6 9.001 3~12.7158 0.9890 5.75
v=2.7379+1.819 7 x 17.501 0 15.263 0~20.067 3 0.992 6 3.52
y=2.5318+1.754 1 x 25.5326 20.894 0~31.201 0 0.9850 241
v=2.5824+1.6410x 29.732'1 26.6854~33.126 6 0.9957 2.07
v=1.4947+1.959 3 x 61.5305 54.117 7~69.958 7 0.993 4 1.00
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2 16 ECy 0.1 mg/L N N N
0.0184~61.530 5 mg/L N N N N 7
4 ECy 189.393 8.
ECy 0.018 4.0.045 6.0.053 1 0.081 4 143.422 1.96.639 3.90.332 0.77.296 7.44.750 8
mg/L 0.1 mg/L . . 31.774 3 mg/L 10 mg/L,
4 23 8
ECs 61.530 5.29.732 1.,25.532 6 8
17.501 0 mg/L 10 mg/L. 4, .
22 16
16 N
3 3 16
ECs 0.008 4~189.393 8 mg/L
2
ECs 0.008 4 0.037 8 mg/L o
3 16
ECs /(mg-L™) 95% /(mg-L™)
y=8.5327+1.701 0 x 0.008 4 0.007 1~0.009 9 0.988 6 22 546.88
y=8.138 1+2.206 3 x 0.037 8 0.0350~0.040 2 0.998 5 5010.42
y=6.8622+2.171 1 x 0.138 8 0.128 5~0.1499 0.997 6 1364.51
y=6.731 5+2.053 8 x 0.143 5 0.128 7~0.160 0 0.9957 1319.82
y=6.3558+1.7819 x 0.173 4 0.158 9~0.189 3 0.9970 1092.24
y=6.1604+1.942 7 x 0.2527 0.216 5~0.295 0 0.990 9 749.48
y=5.989 1+1.892 8 x 0.300 2 0.271 5~0.3319 0.996 5 630.89
y=5.047 0+2.093 8 x 0.949 7 0.849 6~1.061 5 0.9951 199.42
y=4.232 1+1.687 5 x 2.8512 2.5976~3.1295 0.996 9 66.43
y=2.0963+1.933 1 x 31.774 3 27.016 7~37.369 7 0.990 0 5.96
y=2.018 9+1.8059 x 44.750 8 38.799 2~51.6153 0.9919 423
y=1.209 3+2.007 6 x 77.296 7 65.1957~91.643 7 0.988 4 2.45
y=1.4552+1.8124 x 90.332 0 77.307 4~105.550 9 0.990 4 2.10
y=1.124 4419523 x 96.639 3 85.7850~108.867 0 0.994 5 1.96
y=1.128 0+1.7954 x 143.422 1 131.807 4~156.060 3 0.997 1 1.32
y=0.303 9+2.062 1 x 189.393 8 167.551 7~214.083 2 0.994 1 1.00
4 8
ECy /(mg-L) ECy /(mg-L™)
MBCs 1.863 0 77.296 7
0.053 1 96.639 3
0.841 8 189.393 8
SBIs
0.3849 143.422 1
0.018 4 90.3320
3.5323 44.750 8
DCFs
1.693 5 31.774 3
255326 0.949 7
Qols
17.501 0 0.2527
6.677 8 0.143 5
SDHIs
10.698 6 0.300 2
61.530 5 2.8512
29.732 1 0.037 8
0.045 6 0.008 4
1.099 9 0.138 8

0.081 4 0.173 4




2020 12 16

53
ATP o (6]
3
MBCs °
SBIs o
DCFs 100 mg/L
o 3 SHAM
40~100 mg/L
o Qols
SDHIs el 60 mg/L
3
PDA WA
16
o 2
2 o o
“« 2]
Monilinia fructicola
3 3 0
o 2 2

Qols



54

19 6

[11] , , ,
0. 2013, 52(10): 771-772; 779.

0] o ..
1. ,2019, 46(4): 869-878. [3]. ,2013, 42(5): 95-97.
2] , ) [91. ,2009, 35(2): [13] , , - 25%
134-139. [J]. ,2017(4): 15-16.
(3] . [I1. , [14] s s , (Monilinia fructicola) 3
2017, 47(2): 145-153. 1. , 2006, 32(3): 25-28.
[4] , , , [15] HONG C X, THEMIS J M. Mycelial growth, sporulation, and sur-
[7]. ,2019, 51(3): 40-42. vival of Monilinia fructicola in relation to osmotic potential and
[5] 19 [J]. ,2011, 50 temperature[J]. Mycologia, 2019, 91(5): 871-876.
(11): 853-854. [16] LIU C, YIN X H, WANG Q G, PENG Y, et al. Antagonistic activi-
[6] , , (Monilinia fructicola) ties of volatiles produced by two Bacillus strains against Monilinia
[J]. ,2010, 27(4): 561-565. fructicola in peach fruit[J]. Journal of the Science of Food and A-
(7] , , griculture, 2018, 98(15): 5756-5763.
[cy/ ) 2009 [17] HRUSTI J, MIHAJLOVI M, GRAHOVAC M, et al. Fungicide
,2009: 679. sensitivity, growth rate, aggressiveness and frost hardiness of
[8] , , Monilinia fructicola and Monilinia laxa isolates[J]. European
[J]. ,2009, 36(3): 251-256. Journal of Plant Pathology, 2018, 151(2): 389-400.
[9] . DMI [D]. [18] PRIMIANO I V, MOLINA P E, MIO L L, et al. Reduced sensitivity
,2017. to azoxystrobin is stable in Monilinia fructicola isolates[J]. Scientia
[10] , , . [ Agricola, 2017, 74(2): 169-173.
,2014(5): 151. ( )
( 26 ) [y Iw, DL, CA, .A-
Alkoxy-1,2,4-triazolo[1,5-c]pyrimidine-2-sulfonamides, process for N- : CN,
their preparation and intermediates: EP, 0343752[P]. 1989-05-24. 1216040A[P]. 1997-11-13.
[9] ORVIK J A, SHIANG D L. 5-alkoxy-1,2,4-triazolo [4,3-c] pyrimi- [12] , , , : CN,
dine-3(2H)-thione compounds and their use in the preparation of 103509027A[P]. 2013-10-30.
5-alkoxy[1,2,4]triazolo[1,5-c] pyrimidine-2-(3H)thione and 3- [13] , , , 5 [J].
hydrocarbylthio-5-alkoxy-1,2,4-triazolo[4,3-c]pyrimidine compounds: ,2013,30(1): 54-56; 59.
WO, 9512595[P]. 1994-10-31. [14] .5- [J]. , 1995, 26(1):
[10] PEARSON D L, ADAWAY T J. Preparation of N-arylarylsul- 9-11; 27.
fon-amide compounds: WO, 9937650A1[P]. 1999-01-25. ( )
( 48 ) [15] , , .. BH21
[J]. ,2015,25(2): 169-172. [J]. ,2018, 51(5): 883-892.
[12] CAUAGLIERI L, ORLANDO J, RODRIGUEZ M I, et al. Biocontrol (e} ., SHB114
of Bacillus subtilis against Fusarium verticillioides in vitro and at . ,2014, 30(1):
the maize root level[J]. Research in Microbiology, 2005, 156(5): 113-120.
748-754. [17] , , ,
[13] . [J]. 1. ,2017,33(36): 145-151.
,2015, 38(6): 46-50. [18] , s s NKG-1
[14] 5 s s WEF-3 [J1. , 2018, 34(23):
[J]. ,2018, 34 104-109.
(5): 722-728. ( : )



2020

POWERBLOX™ Filmer—17

’

)

€

.1
.16
1(10)
;20
., 26
. 2312)

. 2(16)

.3
.3

, 4
, 4®)

6 (1)

. 61D

1(14)
1(21)

)

“—S=N—CN"

Tolpyralate

HBERC1684
broflanilide

3'4'5"- -2-
chlorantraniliprole

51%

4%

28%

25%

16%

. 1(24)
. 22D
. 229
o
. 320
. 406
. 4019

4(23)
. 5(15)
5(20)
. 6(22)

, 1(28)

,  1(32)
,  1(35)

2(34)
3 (48)

. 3(53)



) ; ,  4(20)
, , » 6034
, ; ,  4(30) UPLC-MS/MS
30% . e , , . 6(40)

, ., 504 4% 2 4 sC
42% o 1 (50)
) , 5(28) 11% . OD
......... , , . 1(53)

; ; . 2(49)

- , , . 2(52)
) , , 1(40) (Nosema locustae)
HPLC-MS/MS
, , ,  1(44) 10

) ) , L6

, ; , 2037
, , ,  2(@4D 5
- , , ,  4(56)
, , , 2(45) - ’

QuEChERS - 5(52)
......... s 4(42) BMF04

......... s s s 6(45)

- , , . 6(49)



