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(HBPHE B 2B, %80 U 233100)

WE. N THEFEAFERE T2 R A FRZEHR A —— AR BRI ( Fusarium graminearum) 5 111972846
T L B 0 16 A 2 8 BRI 0 R 2 7 B e LV TR I 8 4 & SR B 22 B KO R INE T 6 Rk R E 7 i
TEH SEFUAT I ( Bacillus amyloliquefaciens) gfi-4 7% T _L 35 W L B Ak 2 2% B 77 5 % B L 335 Y0160 TR G 391 % 6 oK 25 I8 0
F—— R ARG e, 2553, 6 P b R BEAIXS R A Sl A0l B B 224 K 1 B8 ) B RER BE T B 5, 20
C I 6 FP AL 25 28 B 0 A T 10 PR T 555, T7 30 °C I TG P f5e ik, 6 Al % TR0 s T PO 335 2 ok
BRI TG IR Tk BRI 2 T 2 T TR R AR 9 0L, JEL vl 1 T S b 2R A R A T A 0 R e L 20
C I EC,, 5% 0. 041 pg/ml,26 °CI ECy, 9 0. 057 peg/ml,30 CHf ECy, 9 0. 141 g/ ml ; 48 3 XUk 1 Ao i 500
B2 ,20 CHF EC, M 6. 152 pg/ml, 26 CHY EC,, > 8. 830 wg/ml,30 CH ECy, N 8.924 wg/ml, 2GR A
I AR AR T A TR R BE 7 5 ) R FR RS B/ IR UK g I AR T TR I G e R i PR PR | 2 TR R RN AR 3
W, FRTERS SEAFT I ofj-4 & BE B IHHOW ERZEIERETE Y EC, N 62.23 pl/ml(R*=0.98) , 6 Fifb2 RN EE7H] S ofj-4
K L ERREOE S EH B, P TN S ofi-4 K EBIREC LGN 6 « 4 BFBEPE kK, R 1. 335 mk
P R R ofj-4 KT LIS LA ¢ 9 BFERIE Hak gk, 43 Bk 1. 32 il 1. 40; I RIBR S ofj-4 K18 L TSR
RS o SRR, 0 1.36; ZW A S gfj-4 K LIEWECH 9 « 1 13« 7 BEEME LUK, 35920 1. 27 iR SE
5 ofi-4 K FIEWIC M6 « 4 BV R R, 1. 23,
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Inhibitory activity of six fungicides to Fusarium graminearum maize stalk
rot at different temperatures and mixture screening with antagonistic bac-
teria fermentation supernatant
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Abstract: To investigate the changes of fungicides toxicity on the pathogen of the maize stalk rot at different temperatures

and screen the new mixture of fungicide and fermentation supernatant, the inhibitory activity of six chemical fungicides, Bacillus

W7 5. 2017-07-27 amyloliquefaciens fermentation supernatant and their mixture
BATE 2808 HE T E A0 H (KJ2015A238 KJ2017A512) 5 ke to Fusartum graminearum were determined by mycelial
HEAATT H (ZRC2012326) s KWy (47 T 5 2 R 22 2091 growth rate method. The results showed that the toxicity of six
( AKZDXK2015C04) ; [ 5% 2% e 2 & 1 357 Ul 5 3% 5 B chemical fungicides on the growth of F. graminearum hyphae
(201710879070) increased with the decrease of temperature. Six fungicides all
VEERA - B (1982-) , B INRSEBAA, T+, Bl 202, 15N had the highest antifungal activity at 20 °C, and had the low-
AT 5 N AR TISE . (Tel) 18269896581 ; ( E-mail ) est antifungal activity at 30 °C. Six fungicides on the inhibito-

duanhm@ ahstu.edu.cn ry activity of pathogen from large to small followed by the flu-
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dioxonil, tebuconazole, difenoconazole, carbendazim, myclobutanil and thiram. The effect of fludioxonil on F. graminearum was
the most effective, ECy, at 20 C was 0. 041 pg/ml, ECj, at 26 °C was 0. 057 pg/ml, ECy at 30 °C was 0. 141 pg/ml. The inhib-
itory effect of thiram on F. graminearum was the worst, ECy, at 20 °C was 6. 152 pg/ml, ECy at 26 °C was 8. 830 pg/ml, ECy,

at 30 °C was 8.924 pg/ml. The effect of temperature changes on the toxicity of the fungicide from large to small followed by tebu-

conazole, fludioxonil, myclobutanil, difenoconazole, carbendazim and thiram. The ECy, of B. amyloliquefaciens gfj-4 fermentation

supernatant was 62.23 pl/ml(R*=0.98). Among them, the fermentation supernatant of B. amyloliquefaciens gfj-4 had an univer-

sal synergistic effect on the tested fungicides, fludioxonil and fermentation supernatant with a ratio of 6 : 4 to the toxicity ratio of

1.33, tebuconazole and difenoconazole mixed with the fermentation supernatant at a ratio of 1 : 9 all reached the toxicity ratio of

1.32 and 1. 40, myclobutanil and fermentation supernatant with a ratio of 5 : 5 to the toxicity ratio of 1. 36, carbendazim and fer-

mentation supernatant with a ratio of 9 : 1 and 3 : 7 to the toxicity ratio of 1.27, thiram and fermentation supernatant with a ratio

of 6 : 4 to the toxicity ratio of 1.23.
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Bl A5 AR BE T 6 Ml A2y 3% TR 70 X 25K 2RI 11 P 0 005 1 5 A 7 T R R 43

P3390 PR VT 952 R R T T A B A AR R 7
A 245 2R FH PR T i, o) 5500 FH 2 B 7K i, T okl 1.0x
10° pe/mlEHRCE T 4 COKFA P RAF 2

.12 A#  FKRZEEWRE—RF WA H (Fu-
sarium graminearum ) P62 AR b B2 B Al 4 f 3
WEFE i LG A V€ B 2F FFF B (B, amyloliquefa-
ciens ) gfj-4 7 25 FIHEAG TR A AR 52, T 2014 45 9 J 24
H R8T AL EE 2 ) A48 h 0 (CCTCC NO: M
2014444)

1.1.3 33454 DREHAMLR(PDA) Ki Rt .
LA BE 000. 0 g, Hi%IHE 18.0 g, TE 15.0 g, =BT
K 1.0 L, EFRBUIE(NA) Ji -4k HE R 5.0 g, 2F
PR 3.0 o, BERET 1.0 g, #4505 10.0 g, 3k
15.0 g,pH 7.0, NA FEFIAMBAGE A EFR N7
F1 RERET 6 FLEREARERE

Table 1 Concentrations of six fungicides at three different temperatures

(NB) 5383, REER: L. £ 77 200.0 g, 45 0
18.0 g, MRHE 1.0 o, BRFREL 1.0 g, IR — B 0.6
g, ZETIK1.0L,

1.2 RBFH*E

121 AEBRETAEZFAANSEREBRE—
RBoGRF0E e drdl E w2 SRR 22 KR
TR A I S AN AL E A AT S R R | A Tk
FH IR 2P R G DA s A S8 XL 6 A 27 2% 1 7%
FORZEEI W— R AR E I HIEE (R 1),
FERSEEL IS BT 20 °C (26 °C #1130 °C By EIRE IR G 55
R, 96 h 5 FH 538 SR R UE ELAR, FILH
SPSS13.0 B4 3K AN [R] A BRI AEAS R T Y
)R EC,, (5 .95% EAG PR R*, L 30 C I
YR EC, E R HEME TR RS54,

BRI ( g/ ml)

R4 LEE(C)
I I v v Vi
) 30 0.025 0.050 0.100 0.200 0.400 0.600
26 0.010 0.025 0.050 0.100 0.200 0.400
20 0.010 0.025 0.050 0.100 0.200 0.400
e 30 0.10 0.50 1.00 2.00 4.00 6.00
26 0.10 0.25 0.50 1.00 2.00 4.00
20 0.10 0.25 0.50 1.00 2.00 4.00
24 ik P ER 30 0.25 0.50 1.00 2.00 4.00 8.00
26 0.25 0.50 1.00 2.00 4.00 8.00
20 0.25 0.50 1.00 2.00 4.00 8.00
ZWR 30 0.25 0.50 0.60 0.80 1.00 2.00
26 0.25 0.40 0.50 0.80 1.00 2.00
20 0.25 0.50 0.60 0.80 1.00 2.00
i TR 30 0.25 0.50 1.00 2.00 4.00 6.00
26 0.25 0.50 1.00 2.00 4.00 6.00
20 0.25 0.50 1.00 2.00 4.00 6.00
e 30 1.0 2.5 5.0 8.0 10.0 20.0
26 1.0 2.5 5.0 8.0 10.0 20.0
20 1.0 2.5 5.0 8.0 10.0 20.0

122 FREEF IO ofj-4 KB LR & i
TEMS SEFUFT I ofj-4 76 NA B33t IR F5E 48 h, Bk
HUCATR 75 TR & 7 B N NB TR B 32 367,33 °C 120
v/min} 3% 12 h, SRJ5 LA 10% (IRFRA 850 B4 i 422
T NB AR 3250 33 °C 180 /mink 3% 8 h, 3K
PRI L 0.5% (AR50 B4 i 270 2 100
ml KRR AR5 BT 33 °C 140 o/ min 1 H T

LIRS 84 h, 11 180 g 4 “C 5.0 20 min, K I
THWEZE 0. 22 pm JERGTIESS R T 4 CUKFERH

1.2.3 FRR MBS G L EFRYERZR B
B—— R HRIOE ey dp ks em & B S R
L IE R —E L SR E] 50 CC /AT PDA $55%
FFIMIRA], A5 & B W WA & 4 R 50.0
pul/ml 62.5 wl/ml.71.4 pl/ml 100.0 wl/ml 125.0
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uwl/mlFl 166. 7 wl/ml, ARG 1ESF-HH e Ah 1ok 2E
FERE T, ik B AL TR 3 I, A 3 U, BAmA
FHIRAFR A K R K R 6t BE L 4557 96 h J5 R 5
A& SCEN TR 7 B, R SPSS 13,0 BT &
P 15 WO B K ZE IR TR EC1H.,
1.2.4 ZHAFHARA G ERE L ENZE R
i AR R T R R ofj-4 K SRR
AR FIRBCRLS , DR BE LI AR R 2 2R
FIFE 26 C I X T K ZE S T (1) EC, Ry HE il $5H:
EC B = L F) 43 & 0: 10,1 :9.2: 83
74:65:56:4.7:38:29:1.10:0311
AL, 53 R TC PR K AL Rt B SR FH P 22 A K
PO A T L R I B R, BEME L R R A X
T SRR B R = [ (O IR UE B - A PR TRV B
7))/ (O B EETE AR - EAR) 1x100% , FRISH B
F=[ AW EC, PR FExA TERC He e o5 19 1
Bi+B 1 ECy, S5 PR30 E 3 x B 76T L b i o5 1y L
1] x100% , B Vi bb 28 = 52 bR 4 7 238/ B8 1 5 58
GREVE RS 1, IR E ] BEPE LU R <1, S A iR
8RO 1 A2 AR EH
1.3 EES A E

IREEIE R ' EXCEL2007 F1 SPSS13.0 4% {4 ik

FEHAT
2 ZER50

21 AEBRET6MUERAFNNERZER
BE—ARARBENS AR

I 2R 2 AT, 6 Ak 2 3% TR o AR 4 S 40 T TR
22 K RE ) IR BT R 2 4R R, 20 CC T 6
ol 2% A 06T 9 A 1 0 A 1 B s T 301 °C M BRI
PEIAR . 6 A% BRI T 400 1 3% 4 P R 3/
YR WS TR SR AR T PR BRI | 22 TR R N T W
A 9 0L, L F g i ) R A S A T )40 S8R B
5,20 CHF EC4 4 0.041 pg/ml, 26 CHF EC, K
0.057 pg/ml,30 CH} EC,, M 0. 141 pg/ml; £ 3E W
X5 A R A AR B 25, 20 °C B ECy, R 6. 152
pg/ml, 26 CH} EC, 2k 8. 830 pg/ml,30 CH} ECy, 2k
8.924 pg/ml, L5 GBI R I, il BEAZ AR R
TR0 ) S I Y H R 3/ IRV Ay T e e 6 I i
TRIMAE RTE TP PRI | 22 T SR AR S XL, JHG R 13 s e
5 e K, 30 °C BF Y EC, {5 20 C i} EC,, 1Y
5.5 4% R RE AR Ak X A 58 XL 2 W Fe /N, 30 °C Y
EC {4 20 CHY EC, {61 1. 45 £%,

F2 AEBET6HUEREFNERZERF-RARAERLERKNEN

Table 2 Toxicity determination of six fungicides to Fusarium graminearum at different temperatures

AHH HE(C) B R RE ECs(pg/ml) 95% AR (pg/ml) BEIIMGEL
% TRl 30 Y=1.08+1.27x 0.141 0.123~0.162 1.00
26 Y=2.30+1.86x 0.057 0.052~0.064 2.46
20 Y=2.02+1.46x 0.041 0.033~0.050 3.42
iy 30 Y=-0.29+0.58x 1.653 1.422~1.934 1.00
26 Y=0.69+0.66x 0.350 0.303~0.415 4.71
20 Y=0.67+1.30x 0.302 0.252~0.357 5.50
2Rk R A 30 Y=-0.24+1.22x 1.561 1.342~1.836 1.00
26 Y=0.09+0.93x 0.792 0.632~0.975 1.97
20 Y=0.04+1.31x 0.704 0.642~0.946 2.23
ZWR 30 Y=0.05+3.68x 0.971 0.918~1.030 1.00
26 Y= 0.54+5.35x 0.796 0.747~0.841 1.23
20 Y=1.04+3.28x 0.482 0.442~0.520 2.01
i AT 36 Y=-0.53+1.43x 2.352 2.048~2.735 1.00
26 Y=-0.15+1.69x 1.225 1.104~1.358 1.92
20 Y=0.05+2.10x 0.950 0.820~1.096 2.48
LEESPAS 30 Y=-1.56+1.65x 8.924 7.802~10.104 1.00
26 Y=-1.21+1.27x 8.830 5.192~13.513 1.01
20 Y=-1.24+1.56x 6.152 5.424~7.006 1.45
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22 AAHBREHNBENFATEAR LER
MEKEFRE—RSFRREMNHEE

HH 3R 3 AT UL ff Ve B 2 FUAT TR ofj-4 R I L35
A BE M 50. 0 wl/mld & 166. 7 pl/mlit, 7E 26 C
fE 7 [E I B 2R A h 5 3R 96 h B, X B K 25 R
P—— R B TR A 40 1 32 46. 0%3 2 65. 3%,
R WO B ZE G R Y EC5y°h 62.23 pl/ml
(R*=0.98) , 5XF BAH Hede v] LAk B0, 28 U by 2F
FORT TR 2 T L 3 TR AD B ) R A4 i 10 O T 2 8 R %
1 SAH A KRBT, w0 R B W LA AT
W22 O (A,

#3 AAHBEHNBENFATEABRLERNEXRZEREA
B H 1 2=
Table 3  Inhibition rate of different dilution times of Bacillus

amyloliquefaciens fermentation supernatant to F. gra-

minearum

TR K b VRO e
(pl/ml) (%)

6 166.7 65.30.5
8 125.0 62.4+0.3
10 100.0 57.3x1.2
14 71.4 52.6+1.1
16 62.5 50.2+1.0
20 50.0 46.0+0.7

23 6 MUFERAFEREMFRITHE ofj 4 L8
L ERRBRNEEL

AR R RNIE WIS ofi-4 LB LG
ARG L AR I A B S i M R, BE R EE
SPARTE 1,13 & 1.33 Z ], Hh g e i 5 A W L7
WIREC LU 6« 4 BFEEME e K (1.33) , BRI AL
YEHIERSR (R 4)

3R 5~ 7 Al UL, 3 Fh =M 2 2K TR 55 A ofj-4
RE b ORI A K 22 B0 L AR SR B B
EWAAE R . IMEE Y ofj-4 K FE LT WROIR T
M)A BC LB PE L R T 1, U ofj-4 A L3S
YRR T3 Mo e ) A0 TR 23 A e 1 B VR
ool 9 mpEEME LA RO 1,32, Mk 3R w5
efj-4 KW LI WIREC AL, BR 179 1 Bf &tk
Fo/NTF 1 A, H At LY ] 35 28 30 B4 80PE F, H

129 MR L EE M L e K (1.40) , 39 801 A B ik
GRS ofj-4 AT L VE WOR LM 9 A LB v B
PRI R T 1, B ofj-4 K M L 8 W80OGT G B sk 174 11
WA T B A ) 328 e S s 2 5 i
BEPEL K (1. 36)

F4 BEBESHENFAMR A4 EABLERBERNERESE
fRE R E ML
Table 4 Toxicity ratio between fludioxonil and B. amyloliquefaciens

gfj-4 fermentation supernatant to F. graminearum

S 2 AT

pug  IRIIRE S RERE e
10:0 55.6 55.6 1.00
9:1 64.6 55.6 1.16
8:2 68.5 55.5 1.23
7:3 72.7 55.5 1.31
6:4 73.9 55.5 1.33
5:5 73.0 55.5 1.32
4:6 72.7 55.4 1.31
3:7 66.8 55.4 1.21
2:8 62.6 55.4 1.13
1:9 62.3 55.3 1.13
0:10 55.3 55.3 1.00

R5 KMESREMTATE 4 RBELERRERNERER
fRE RS L
Table 5 Toxicity ratio between tebuconazole and B. amyloliquefa-

ciens gfj-4 fermentation supernatant to F. graminearum

SRR BB R

R (%) (%) L
10:0 54.52 54.52 1.00
9:1 61.50 54.73 1.12
8:2 58.66 54.94 1.07
7:3 70.03 55.14 1.27
6:4 64.08 55.35 1.16
5:5 62.53 55.56 1.13
4:6 61.76 55.76 1.11
3:7 66.15 55.97 1.18
2:8 62.79 56.18 1.12
1:9 74.16 56.38 1.32
0:10 56.59 56.59 1.00
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Table 6 Toxicity ratio between difenoconazole and B. amyloliquefa- Table 8 Toxicity ratio between carbendazim and B. amyloliquefa-
ciens gfj-4 fermentation supernatant to F. graminearum ciens gfj-4 fermentation supernatant to F. graminearum
SEFRAN A R piibroeilI I p . SRR PSR
AL L . SEBR AT WA e
(%) (%) BE AL (%) (%) L
10:0 57.32 57.32 1.00 10:0 58.82 58.82 1.00
901 >1.92 5743 0.90 9:1 74.32 58.67 1.27
8§:2 65.96 57.54 1.15 3:2 70.93 5353 1.21
7:3 66.23 57.64 1.15
7:3 72.63 58.38 1.24
6:4 70.02 57.75 1.21
6:4 71.17 58.24 1.22
5:5 71.91 57.86 1.24
5:5 69.48 58.09 1.20
4:6 71.64 57.97 1.24
4:6 65.12 57.95 1.12
3:7 76.77 58.08 1.32
3:7 73.35 57.80 1.27
2:8 77.58 58.18 1.33
2:8 69.72 57.66 1.21
1:9 81.36 58.29 1.40
1:9 68.99 57.51 1.20
0:10 58.40 58.40 1.00
0:10 57.36 57.36 1.00

*7 BEMSMENFANR 4 ABLERBERNERESE
REMEEL HR 9 AT L AR A ofj-4 KT HIERIR LY
Table 7 Toxicity ratio between myclobutanil and B. amyloliquefa- Fﬁ,ﬁ @E H Xd‘ _:E}K% );fp%: ﬁ% E/‘J %:ri H. &i@ﬁﬂ: 1 , U‘é
i fj-4 fermentation rnatant to F. grami N s - e . s
W) fj4 X A 3 L 0 8 A LA 253 1
mpge  CIREREIEE SRR, b BCHO6 ¢ 4 BEEEPE LR, W 1,23,

(%) (%) " o
RV S5 A H e 58

10:0 57.13 57.13 1.00
9:1 60.34 56.99 1.06 R BEVNSMEMFANTE ofjid XBLERRENERER

fRE KL
8:2 72.13 56.86 1.27 .. . . . .

Table 9 Toxicity ratio between thiram and B. amyloliquefaciens
7:3 76.42 56.73 1.35 gfj-4 fermentation supernatant to F. graminearum
6:4 75.35 56.59 1.33 R SR R BLib7oeiIEEes EVEH
A %% %

5:5 76.96 56.46 1.36 (% o

10:0 54.66 54.66 1.00
4:6 69.19 56.32 1.23

9:1 63.48 55.04 1.15
3:7 75.08 56.19 1.34

8:2 65.24 55.42 1.18
2:8 74.81 56.06 1.33

7:3 65.49 55.79 1.17
b9 7401 55.92 1.32 6:4 69.27 56.17 1.23
0:10 35.79 3579 1.00 5:5 68.26 56.55 1.21

4:6 68.89 56.93 1.21
ZHRG gfj-4 KR BT B BT A IC He B934 3T 69.02 5730 120

HEHIRT 1, BT gfj-4 %288 100 2 18 R 0 2 .2 e
AR, 0 ¢ 113 £ 7 RC L e s smee Lo

WEREILRA, 90 1. 27, MIMEALIE TR (R 8) 00 s 844 100
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RN 37.420 pg/ml, 76 5 °C TN 0.984 pg/ml, i 1
$w 1 37 48, SR B IZE BTG PETE 5 °C R4 25
CHER T 5 A%, XUEE A" i I X A% Ak A A
335 B8 ( Colletotrichum gloeosporioides ) H 2 7t Bl fia &
T o5 T TR AT, 76 22 °C 28 C Al 34 °C R, o
¥) EC{H 5754 1.30 pg/ml 2. 02 pg/mlfll 9. 34
peg/ml, 22 CH 34 C M B HE3R E T 6.2 £, 17
TERFEZESR , ARUFEI B 6 Tl 2R w5 7E AR
(20 C) Z A FIEAEHIG R IL R B TR Y
TR AR ARAT S AL B A 0 1 T R B B
1 BEPEEE 20 °C 458 30 °C I B TG PR B R 4.5
5o ARG A AL i R B 75 ) B IR
AR A 5 T i — 20 REGEHETE, HAT, G EoK
2RI R 24 77 2 T R T AR R FE R B A, A
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