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Toxicity of four fungicides and their mixtures to Botrytis
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Abstract Toxicities of fludioxonil, fluazinam, boscalid and difenoconazole, and their mixtures to Botrytis cinerea
from tomato were detected by the method of mycelial growth assay in vitro. The results showed that the ECs, val-
ues for fludioxonil, fluazinam, boscalid and difenoconazole were 0.018 0 g/mL, 0.018 1 pg/mL, 1.896 8 pg/
mL, and 2.087 4 pg/mL, respectively. The mixtures of the fungicides boscalid and difenoconazole with the ratio
of 1:5, 1:3, 1:1 and 3:1, fludioxonil and difenoconazole with the ratio of 1:5 and 1:3, fludioxonil and fluazinam
with the ratio of 1:3, and boscalid and fludioxonil with the ratio of 5:1 demonstrated synergistic inhibition effect,
with the synergy ratio ranged from 1.5 to 4.05. Among them, the mixture of boscalid and difenoconazole (1:5)
had the strongest inhibition against B. cinerea with the synergy ratio of 4. 05, indicating synergistic inhibition,
while the synergy ratio of other mixtures was 0.5 - 1.46, indicating additive inhibition. The above results indica-
ted that fludioxonil, fluazinam, boscalid and difenoconazole, and their mixtures can be used alternately in control-
ling the gray mold disease caused by B. cinerea .

Key words grey mould disease; Botrytis cinerea; fungicide; mixture

i JK 5 % 461 Botrytis cinerea Pers. ex Fr.,JG AL I ZEFER ST AR L SE AR Y 1 R

PR Botryotinia fuckeliana (de Bary) Whetz 5|z P N S N 35 T 2 = 0,78 e - G
KA 2 200 ZRVEY) , WHGF AR RFIMN T4 KAWL Z il ™ 8 & A0 BB 1 WL A AL «
PR DA SRR A A KR L B L e PPRIRSEEUE, s 500 LA B, v m

*

oot

qulﬁJa 2016 - 04 -12 &iTHER: 2016-04-25

EE&WMH: HEEAREAESEFRAHEA (31301688) s A28 ATl RO BHF£ 151 (201303023) 5 T i 44 H ARk 73 4 (162300410079) ; i)
MR K= TR 253 43 (09001589)

W{E1E#  E-mail:liushengmingzb@163. com

pilllg

&



43 55 2 W

X3 A8 - 4 ol 23 ) B LA TR0 2 i K 0 T F) 75 ) « 231 -

IRBER TR A 20 28 70 4R FF b, AR 7=
B AT IRIRAE | R e 2 | A R R S
TR e e g e 28 2% T 790 X IR B B A7 AL 24 B 3 » 1.
P T K A0 T LA B PR A TR K A A A
S PRI v 1 P V)35 B S8 R A A 5 %o it FH 1 5%
B0 7= A 0 2 1, 3 BOH () B 9 AR R R ek
RN 2 0 RS S 1 4 S < B A
T 243 T R e ke i i 24 2% TR 10t 245 U 501 it 245 2 ) AS
W3, FR VAR TR L L AR bR R 77 A R 4
WELT PR T, B L PR A K N
HE[H. 10-12, 15-17] . 2010 ﬁ“: Sun :J:F[lz] Eﬁ%iﬁﬂlﬂ:ﬁ%\
A T R B T 0K 05 T FH BT 6 24 750 4 5 ke
EF N D DU R e~ i) p R =
FF PR TR 2 A% TR 791 £ e R R A e e i W 24 1% 1 71 W
JHe () UL BT IR HE 9120 5910 Ky 51, 6 Y00 52. 8 %65 IR
R 975 DA X U 24 2% B 790 A9 DU T B B R 10094,
2016 4F Liu S5V B3 & BT G 44 0K B0 1 % U 2
TR ) DY B R Bk E A 68. 1%, ST B SY 2R
B 96 TR VT FE PR 2R I DRt | — PR IV e 288 L 2
BEH R 2RI e B g e A Bl A 24 70 & 287 A T8
BBt . O T BRI SR BB 2 P i — 2
TR o FEE 2455750 P4 65 FH 5 i 17 A 2 326 P 6 338 1) R T
BT IH KB -

SR AR R FHAIL A 17 2% B 791 38 8 o 52 A 1
S BHL 1 B8 4E 2 975 5 B B 24 0 0F — 25 e i R R
W . DRI AR 9T SR A 22 4 R 3k 8 T 9%
B I W T A AT T PR BRI 4 B OAS [ 1 AL
Tl Ay 2% T 7] 851 e SH v e A R X 7 5 K e T Y
BE ) KA 25 B K A i TR 25 4 B b T 24
HABREMITSE L.

1 #R57EZ%

L1 fHtEk

PR AR O S 28 DR AT Y 22 540 70 B 1) 8 K
BRI .
L2 #HAzh3

97. 9 YoMg TN I 24, e 1E Ik Crp D A R W] 42
16597 D0 UV I 24 YL I3 A Al A A BR A R R AL 5
95. Ao Rk VPR e JEL2Y L S8 1E A (p D A PR 2 Fl 2
b bk 3 M2 T R O Al 10" pe/mlL
BRR. 96, 200 BERE B 524 Tk (D AT RS
Al SEAE, P T AR O AR 10" g/ mL AURH

1.3 #ifiERE

PDA B3¢0k D88 5 200 g, # 4 0 20 g. Blis
15~20 g, inzZ&if7k 2 1 000 mL,
L4 4FREFNESANE

R AT 22 4K 3R 3 00 5 TS R g  WE Tt
TR T Y A Xof 2 A1 K 25009 T 1) B AR T .
W DRI  FE Jie  WE T T e AR AR ik FHY B el -3 s By
FRINVHREE , Fc B — 7 1 L A8 23 S i A 380 T A ¥
AE 50 CAEAT Yy PDA 3532 3 b, il L & 91 vk B (3%
D5 25 PDA SRR UASINZS 7 6 B B
5 mmfFTFLER . 7E 25 CRRIEZRAF T 3557 3 d MK
95 T TR VR I AT AL 285 TRDF SR I A AP AT R
O 53 A2 5 W R S G I e T A Tk
g Z B FE ) PDA SPAR b, #&-FAR & T 1E IR
BRI 25 C RRMEA5F F R 3 L T il A
HHR, S0P 3 RELARER 3 K. WK
B PR CEAS [R) e B2 24 0 Ml b iy e AR R R i
GA M S v B2 24 R0 D B 1 A A R 2% B DPS 42
THRMFEAT AR B, 5K & 25501 ECs, .

F1 AMRAEFENNERE
Table 1 Concentrations of four fungicides used for

determination of their toxicity to Botrytis cinerea

EN il I/ pg » mL !
Fungicide Fungicide concentration
W T i 0, 0.003 125, 0. 006 25,
Fludioxonil 0.012 5, 0. 025, 0.1, 0.4
E M 0, 0.031 25, 0.062 5,
Fluazinam 0.125, 0.25, 0.5, 1
T T
LTI 0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2
Boscalid
i ik FH P
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Table 2 Concentrations of fungicides mixtures used for determination of their toxicity to Botrytis cinerea

S HE 255 L 4] 25/ g « mL !

Mixture Fungicide proportion Fungicide concentration
I TR G = U 5: 0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05, 0.1
fludioxonil: fluazinam 0, 0.003 125, 0. 006 25, 0.012 5, 0.025, 0.05, 0.1
0, 0.003 125, 0. 006 25, 0.012 5, 0. 025, 0. 05, 0.1
0, 0.003 125, 0.006 25, 0.012 5, 0.025, 0.05, 0.1
0, 0.003 125, 0.006 25, 0.012 5, 0.025, 0.05, 0.1
W T = AR e Y B e 0, 0.003 125, 0. 006 25, 0.012 5, 0.025, 0.05, 0.1
fludioxonil: difenoconazole 0, 0.003 125, 0. 006 25, 0.012 5, 0.025, 0.05, 0.1

0, 0.005, 0.01, 0.02, 0.04, 0.08, 0. 16
0, 0.012 5, 0. 025, 0.05, 0.1, 0.2, 0.4
0, 0.012 5, 0. 025, 0.05, 0.1, 0.2, 0.4

TUE M = AR it P A e

fluazinam? difenoconazole

=
-

0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05,

0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05,
0, 0.005, 0.01, 0.02, 0.04, 0.08, 0. 16
0, 0.012 5, 0. 025, 0.05, 0.1, 0.2, 0.4
0, 0.012 5, 0. 025, 0.05, 0.1, 0.2, 0.4

=
—

WGE P T J = A ik P B et

boscalid: difenoconazole

0,0.1, 0.2, 0.4, 0.8, 1.6, 3.2
0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2
0, 0.156 25, 0.312 5, 0.625, 1. 25, 2.5, 5
0, 0.312 5, 0.625, 1.25, 2.5, 5, 10
0, 0.312 5, 0.625, 1.25, 2.5, 5, 10

IE BBk P i < S T i
boscalid: fludioxonil

0,0.1, 0.2, 0.4, 0.8, 1.6, —
0, 0.05, 0.1, 0.2, 0.4, 0.8, —
0, 0.031 25, 0.062 5, 0.125, 0.25, 0.5, —
0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05, 0.1
0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05, 0.1

IGE PBf s i = UDE JH
boscalid: fluazinam
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0, 0.05, 0.1, 0.2, 0.4, 0.8, —

0, 0.05, 0.1, 0.2, 0.4, 0.8, —

0, 0.05, 0.1, 0.2, 0.4, 0.8, —
0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05, 0.1
0, 0.003 125, 0.006 25, 0.012 5, 0. 025, 0. 05, 0.1
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Table 3 Toxicities of four fungicides against Botrytis cinerea based on mycelial growth in vitro
AT B 7 [BF AR R/ pg + mL! HHIEFR KK
Fungicide Toxicity regression equation ECso Correlation coefficient

& i fludioxonil Y=7.435 3-+1.396 5X 0.018 0 0.975 2

FIENE fluazinam Y=6.822 0+1. 453 0X 0.018 1 0. 980 6

BERERA % boscalid Y=4.852 2+0.531 5X 1. 896 8 0.979 8

ik FH 2R difenoconazole Y=4.893 4+0. 336 0X 2.087 4 0.997 1

x4 AREBRFNEMRKEFRENEN
Table 4 Toxicities of mixtures of fungicides against Botrytis cinerea based on mycelial growth in vitro
S il ‘H:.WU Eﬁ)‘] Eﬂﬂﬁﬁ *Ej&?éﬂ( %ﬁéiﬂ!ﬂi?ﬂl%ﬂi ‘ IEWL’ETW%UEP?
Mixture Fungicide Toxicity regression Correlation ~ H¥K R /pg » mL ™! W/ pg « mL! SR
proportion equation coefficient ECs0 (Obs) ECs (Exp)

W S+ L 5:1 Y=7.650 3+1.506 6X  0.965 5 0.017 4 0.018 0 1.03
fludioxonil fluazinam 3:1 Y=7.624 8+1.621 5X 0.970 6 0.024 1 0.018 0 0.75
1:1 Y=8.150 5+1. 848 1X 0.986 8 0.019 7 0.018 0 0.91
1:3 Y=7.642 2+1.500 5X 0.973 5 0.017 3 0.036 1 2.09
1:5 Y=7.904 3+1.602 7X 0.984 5 0.015 4 0.018 1 1.18
W I + S T e 5:1 Y=7.569 2+1.848 6X  0.9428 0.042 8 0.021 6 0. 50
fludioxonil : difenoconazole 3:1 Y=7.678 6+1.755 9X 0.954 7 0.029 8 0.023 9 0. 80
1:1 Y=6.837 6+1.139 1X 0.993 0 0.024 4 0.035 7 1. 46
1:3 Y=6.472 2+1.053 1X 0.987 8 0.040 0 0. 070 2 1.76
1:5 Y=5.914 4+0. 659 1X 0.954 3 0.041 0 0.103 5 20 B2
SR g ¢ ATk EE BRI 5:1 Y=7.788 7+1.750 7X 0.978 0 0. 025 5 0.021 7 0. 85
fluazinam: difenoconazole 3:1 Y=7.476 8+1. 507 3X 0. 986 6 0.022 7 0.024 1 1. 06
1:1 Y=7.499 1+1. 677 1X 0.993 0 0.032 3 0.035 9 1. 11
1:3 Y=6.769 3+1.572 9X 0.987 8 0.0750 0. 070 6 0. 94
1:5 Y=6.516 3+1.617 4X 0.976 9 0.115 4 0.104 1 0. 90
W e + KTk PP B 5:1 Y=4.771 940.643 1X  0.992 8 2.262 9 1.926 1 0.85
boscalid: difenoconazole 3:1 Y=4.847 8+0. 639 7X 0.996 0 1.290 0 1.941 1 1. 50
1:1 Y=5.186 4+0. 754 2X 0.997 7 0.566 0 1.985 0 &, Bl
1:3 Y=5.172 4+0. 633 3X 0.984 3 0.534 3 2.036 2 3. 81
1:5 Y=5. 206 8+0. 700 3X 0. 959 6 0. 506 7 2.05 08 4. 05
W B e 1 501 Y=6.420 2+1.206 1X  0.994 4 0. 066 4 0.103 1 1.55
boscalid: fludioxonil 3:1 Y=6.544 1+1. 226 7X 0.972 5 0. 054 1 0. 070 0 1. 29
1:1 Y=6.803 1+1.179 3X 0.908 9 0. 029 6 0.035 7 1. 21
1:3 Y=6.853 9+1.123 8X 0. 988 4 0.044 0 0.023 9 0. 54
1:5 Y=6.923 3+1. 143 4X 0. 985 0 0.020 8 0.021 6 1.04
I T T g + G i 5:1 Y=6.218 8+1.634 1X 0. 986 9 0.179 5 0.103 7 0. 58
boscalid: fluazinam 3:1 Y=6.699 5+1. 992 4X 0.985 9 0.140 3 0. 070 4 0. 50
1:1 Y=6.711 4+1.195 8X 0.991 3 0.037 0 0.035 9 0. 97
1:3 Y="7.547 2+1. 614 5X 0.990 1 0. 026 4 0.024 1 0. 91
1:5 Y=38.189 3+1. 930 1X 0. 958 4 0.022 3 0.021 7 0. 97
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