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Synergistic toxicity and field control effects of metconazole mixed with
four fungicides against Fusarium graminearum on wheat
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Abstract Toxicities of metconazole, prochloraz, tebuconazole, prothioconazole, fluazinam and their mixtures to
Fusarium graminearum in wheat were detected by mycelial growth assay in vitro, and the control efficacy of
mixtures to wheat head blight disease was evaluated in the field. The results showed that the ECs, values for
metconazole, prochloraz, tebuconazole, prothioconazole and fluazinam were 0. 016 3—0.038 3, 0.014 7, 0.280 7,
0.094 5 and 0.230 0 pg/mL. respectively. The mixtures of metconazole and prochloraz with the ratio of 1:2, and met-
conazole and tebuconazole with the ratio of 1:1 demonstrated synergistic inhibition effect, with the synergy ratio of
1.540 5 and 1.515 3, respectively. 30% metconazole and prochloraz emulsion in water and 20% metconazole and tebu-
conazole suspension concentrates were prepared at this proportion in field trials. The results showed that field control
effects of the two compound agents were positively correlated with the dosage, with the efficacy over 65% . These fungi-
cides were safe to wheat at the used dosages. The above results indicated that metconazole mixed with prochloraz or tebu-
conazole can be used to defer the resistance of wheat head blight disease, which provides the basis for comprehensive con-
trol and resistance management, and has good market development prospects.

Key words metconazole; prochloraz; tebuconazole; synergistic toxicity; field control efficacy

NSRS I ARSI Fusarivon graminearwn— WEIEIN R A GBI B ET YR . /N AR 1 K
SRR R E R F . AR, Z B R AN 0T 8 P B R N
MV B2 55 DR 3R R R I o /N2 IR 9 A AR AR B R X N R 8™ b » 8 B 24 i o

WimBHE: 2019-04-24 f&iTHHE: 2019-06-10

HEESWMHE: EZRESWEIT018YFD0200500,2018YFD0200505)
% H{E4E#  E-mail:johnbright1300@163. com




46 B2 4 W

XUFRRRSE MR 4 TR B

52 PE X /N2 AR ) 2 1 B Bl « 249 -

D /N e 7 2 4 M A R i iU 4 A B T LY
aE 2z A BRI R e R T
P di b o LA L LA2Y 500 B 36 O 5 83 10 £5 A B R 7
o AEUIA AR A 15 B AR DU A R K Ak
PR TR IR B 2 25— R [ R L A 27 245 )
PyRIE BT iR/ NE AR ER I L . HATRIIA /N
TRERII R IE DL Z W RO T T 2 4R iE 4k
(o O ] LA R kT 1 B R A ) 3R U L
Tt DB AR TR S BRI T AR 24 700 sl
SEBCTETEEME . H AR E AR A 2550 S
760 o R | TS PR | DK RO L . R
P i T 2R = R R R L LA AL B AR b 22 A
B A ) LR C-14 6 R B A T 0 1) 590 Xy 5
16 Gl 6 R B T A 51 A 0 T B A e
T AR T2 T PR 5 T A AR B T RS IR TR (E 5 I T
WA PR PR A BRI 22 00 DR Y s TR 2R O
BRI B T A A A RS i A
JO » X0 T AT 2 R B 45 5 ) A AR A Y Bl
R o TRNE R T T I 2R T R R L R S A
AR AL A IR R) » Xof 22 b LT 3 B AT Bt (Y Bl ¥
FORIT

AHWFTER T B 22 A4 R ARE I SE 1 I B e 5 7
T R PR I G R S i A0 T3 e e 4 T L AN [ e bE 52
HC TR X AR AT B9t 14 3 P IBR 75 7  O7 10  A H AO
SRRV A I8 ) 3 4% 52 I5C 770
INZE FREEIA IR B8 X AN G e 28 2450 (R Bk )
AR E T & PR AR . o B G /N 22 o i 1 4 B
Z BRI 25

1 #MRETE

RN
PR A5 B 2R A Bl 16 77 Pk bl V954
O BE2= BEAE D PR A BT At

RAPRALEE SR L) S 3 N 257150k ] PDA 1
FRIE THEREE 200. 0 g, HIAIHE 10. 0 g, Biifli 20. 0 g,
7k 1000 mL, pH A%k,

95 %4 M- (metconazole) JiE 24 , 98 %4 WK 4 i (pro-
chloraz) 5 2} , YL A= W AR B 0y A RS W) A2 775
98 % I FiEE ( tebuconazole) JFL 24 , VT I8 Je kT A2 B
A 595 Y0 PR T 1 (prothioconazole) JEL 24 , 111 4 1
IR T B2 W) Az 775 98 %6 e i (fluazinam) J5
24 B R LR BRI A BR A 7 A7 o 4 & 2457510 FH

1.1

il 10 mg/ml BRIV A FH . 3026 i P « mk
ff K LA H i TR e 1020, WK f8E i 20265 20 20 1
PRI o [ ARV 30, I M N MR A 75 1000, LA
PR A BC 2R A o S e A B A TR
1.2 REAHE
1.2.1 2550 3 R A4k oh & 4 Il €

SRR 22 KL L 43 DA I B e | ok i
R JSG A TE | DRI AT A I Y ) BE VAR O B 22—
FEMREE . B 1 mL 2595 9 mL PDA 5535 JEAE 35
FRILTR AT il & RINES U FE 25 71 PDA #5557
Fk o R L JRURE JH | PR B JHe 7 1% 24 PDA B SRSk
I R BB BEHR BE A 0. 006 25.0. 012 5.0. 025.0. 05,
0.1,0.2,0. 4 pg/mL, PN B B PR I P P2 A 55 25
PDA 3535 9 R 5 BE M B S 0. 012 5.0. 025,
0.05.,0.1.,0.2.,0.4.,0. 8 pg/mL, M- EEMEFI 4 Fl 255
MYSEBCTE 5 25 PDA K557 3 vh () R 51 B B2 vk B2 Oy
0.009 375,0.018 75,0.037 5,0.075,0.15,0. 3,
0.6 pg/mL, & 25500 554 2 A5 06 BER BRI 7 1R BE
PITC7K A 0 R 25 A B EE AT 3 Ik, E ik
4 Tl 245 390 1 BE R TC LU 4 ) s P T R e DY L A
(3:1.2:1. 151,152, 1:3) I T M s LI e (32 1,22 1,
1:1.1:2.1:3,1:5), M Rime s DR Al (121,122,123,
1:4.1:5) i pmes e mepEe(2:1.3:2.1:1,2:3,1:2),

A ) B A A B LA [ e e 45 B3 1 A
SRXFEL (In) s AR 26 LBy v, MR BBE Y B SR 04K
o, HHERE S B TR ISR AR 2 50 S L
(1 ECso o AR4E Wadley i35 TSR B (14 AH L
YEM . LA3ask 280 (synergistic ratio, SRMEFHTIR
BLI AR o

ECsowm = (a+0)/[a/ECs (A)+b/ECs, (B) 3

SR=EC; (m) /ECSO(ob) o

Hrb ECso o HERAE . AB 43R P A 24
RN 5 a0 I £ A 50 7208 ) b 5 & 1Y b
ECso oy AT FRMELAE , SR<C0. 5, IR A Hi/EH
SR=0. 5~1. 5, i&FIA MAIVEH ; SR=1. 5, WE
AHHAEN
1.2.2 W %8R 5
1.2.2.1 K& EHRL

RER T 2017 4F 4 H —6 HAETL I8 R BB ik
B Hh /N7 N AT /N AR CUERZ 33 5
CRUBIREENT) » U AF R R 0 FHH /N2 AR B R A 3R
R0 H R 4 AL E A IR KA



+ 250 -

5 4Ly

2020

PR B LA T
1.2.2.2 GRE%

TN AT/ N2 2 s T B P R
 1X10°AS/ml) 42, 2 d iy, 1R85 5 MAEHE,
GYIR 3026 B e« BRfeE i K 7L 7] 600,750 g/hm’,
20 26 EA o I ME EEELVE A 600,750 g/hm?, I 7K
YEhas FR IR A B A 3 U, 2R 15 S/ NIXL /)
X FA 20 m® o /N AR T, BEHLIX L HES
1.2.2.3 £RAZ 554

24 e 30 d WA /INZZ o R s 1) A A O » I A
J7iE R B /N XX B S a5 (R A 50 F, 3R 250
D, 3 GbRUE DL SCER AL B 7 12 B L 3R AR 2 K
SE TS 1A 24 HH (1] 2380 B v ) )
1.2.2.4 Z4AMKAEE

iz )E 1.3.7 d B2 At 24 500 Ak B s /)

22 L L L K 7 4B DL A5 A JC2Y FAEAR

2 ERE5HM
2.1 HEMS4MREAEENRERANERN
FHWE

N BRI R A 22 4E K HORIE I T L 45
IR (G 1~4) TR s IR A frde | PS8 52 L PR T e
FIFRUE e 4 IR A3 4l 9 1 ECso 43 31 k0. 016 3~
0.038 3.0. 014 7.0. 280 7.0.094 5.0.230 0 yg/mL,
JHL v e e R DR i Xof AR A e A T 22 A K 1 0 o)
TR, R A R B RITR BCS AR 2
(SROFIKF 0. 5. R PTG IRAITHEEB/ER , Hrp
I P A 5 DR A A T EE Sy 1 20 P s 5 3 s e e L
1 1R R B0 BIM 1. 540 5.1, 515 3. ¥k F
1.5, RBUAHAAE .

F1 HEAMSRERELRAIXNRSRENSIHNNESR

Table 1 Toxicity of metconazole and prochloraz against Fusarium graminearum
I R = R i AP AR R ECs0/ 95 % B IR MR 2 P B ET
metconazole: prochloraz Slope=+=SE pg e mL ! 95% confidence interval X SR
1:0 0. 881 3+0. 053 8 0.017 6 0.014 3~0.021 7 0.122 3 0.999 7 -
0:1 0. 757 27£0. 074 6 0.014 7 0.010 3~0.021 0 0.197 2 0.999 1 -
1:1 0.817 1£0.052 3 0.014 1 0.010 8~0.018 6 0.098 3 0.999 8 1.133 7
1:2 0. 769 540. 040 3 0.010 1 0. 007 9~0. 013 0 0. 058 6 0.999 9 1.540 5
1:3 0. 746 5+0. 042 3 0.013 9 0.010 9~0.017 7 0. 069 8 0.999 9 1.102 6
1:4 0.727 470. 044 6 0.014 1 0.010 9~0.018 3 0.072 6 0.999 9 1.078 8
1:5 0. 746 7£0.059 6 0.016 6 0.012 1~0. 022 9 0. 147 5 0. 999 6 0. 908 5
R2 HERSXUERERFANRARANSNNESER
Table 2 Toxicity of metconazole and tebuconazole against Fusarium graminearum
T R« 3G A BER EhRMER ECso/ 95% B MR , p B e
metconazole: tebuconazole Slope®SE pg s mL ! 95% confidence interval X SR
1:0 0. 942 0=40.077 3 0.016 3 0.012 2~0.021 7 0.173 7 0.999 4 -
0:1 1.071 9+0. 034 2 0. 280 7 0. 251 9~0. 312 8 0.032 4 0.999 9 -
2:1 0. 938 4£0. 049 9 0.022 6 0.018 7~0. 027 4 0. 076 6 0.999 9 1.049 0
3:2 0. 923 940. 046 5 0.021 9 0.018 3~0.026 3 0. 060 0 0.999 9 1.191 4
1:1 0.796 940.036 3 0.020 3 0.017 1~0.024 1 0.048 2 0.999 9 1.515 3
2:3 0. 983 3+0.062 9 0.035 2 0. 028 9~0. 043 0 0.138 4 0. 999 6 1. 063 3
1:2 1. 027 340. 053 9 0. 045 2 0. 038 9~0. 052 6 0.099 9 0.999 8 0. 968 4
®3 HEARERHHEAMEERFANASRAHNSNNEESER
Table 3 Toxicity of metconazole and prothioconazole against Fusarium graminearum
T G = PR, P A RER AR ELR EGso/ 95% B {HHR 7 S HERA R
metconazole: prothioconazole Slope+ SE pg e mlL ! 95% confidence interval X r SR
1:0 0.928 740.054 9 0.023 1 0.019 3~0. 027 8 0.143 9 0. 999 6 —
0:1 1.413 240. 121 8 0.094 5 0.074 8~0.119 5 0. 620 6 0.987 0 —
3:1 1. 000 7+0. 061 6 0.024 0 0.019 4~0.029 8 0.158 2 0.999 5 1. 187 4
2:1 0.999 8+0.072 7 0.030 8 0. 024 4~0. 039 0 0. 230 6 0.998 7 1. 003 1
1:1 1. 069 3+0. 080 3 0.028 1 0. 021 9~0. 036 1 0.269 2 0.998 2 1.322 1
1:2 1. 138 540. 094 0 0.039 4 0. 030 8~0. 050 5 0. 359 3 0. 996 4 1.182 2
1:3 1.163 2+0. 099 7 0.045 3 0.035 4~0.058 1 0.417 8 0. 998 4 1.178 0
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Table 4 Toxicity of metconazole and fluazinam against Fusarium graminearum

I R < SRUIE R T FRIEDR ECso/ 95% B HR 5 p FAREL
metconazole: fluazinam Slope=+SE pg e mL ! 95% confidence interval x SR

1:0 1. 120 9+0. 058 9 0.038 3 0.033 5~0. 044 8 0.137 4 0. 999 6
0:1 0.978 240. 063 4 0.2300 0. 181 7~0. 308 4 0.138 0 0. 999 6
3:1 1. 033 740. 055 4 0.057 8 0. 049 7~0. 066 9 0.125 3 0.999 7 0.837 0
2:1 1. 240 7+0. 058 7 0.062 4 0. 055 6~0. 072 1 0.136 4 0.999 7 0.849 9
1:1 1. 064 5+0. 044 3 0.091 6 0. 081 9~0. 102 9 0.077 1 0.999 9 0.716 9
1:2 1. 190 940. 035 7 0.137 8 0.126 6~0. 151 3 0.052 8 0.999 9 0. 625 5
1:3 0.796 370. 045 4 0.171 5 0. 142 0~0. 203 7 0. 087 5 0.999 9 0.595 7
1:5 0.792 3+0.021 6 0.210 8 0. 192 0~0. 230 9 0.017 0 0.999 9 0.594 9
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Table 5 Control efficacy of metconazole mixed with two fungicides against wheat head blight disease in field

o Mlt/g- b | A/ A RIWIRR BRAROR
Fungicide Dosage Incidence Disease index Control efficacy
30 % Bk « Bk EW metconazole « prochloraz 30% EW 600 21.2 8.9 68.9 b
750 14 6.5 77.3 a
20 YoM « EEE SC metconazole » tebuconazole 20% SC 600 14. 8 8.1 71.7 ab
750 10. 4 4.7 83.6 a
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