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Screening of fungicides and sensitivity of Bipolaris maydis to
tebuconazole and azoxystrobin in Hainan Province
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Abstract To clear the effect of 7 fungicides to Bipolaris maydis CM-4 and the sensitivities of B. maydis to tebu-
conazole and azoxystrobin, toxicity of 7 fungicides to CM-4 were determined according to the rates of the mycelial
growth of B. maydis in media containing the fungicides, the sensitivities of B. maydis to tebuconazole and azoxys-
trobin were determined using 36 isolates collected from 8 counties of Hainan Province. The results showed that the
inhibitory efficacy of tebuconazole 430 g/L SC and azoxystrobin 250 g/L. SC to CM-4 was better, while that of
thiophanate 70% WP and carbendazim 5% WP was lower. In the sensitivity test, the EC;, value of tebuconazole
430 g/L SC was 7. 389 2 pg/mL,and the sensitivity frequency distribution showed two obvious peaks. Further
analysis revealed that there exist low resistant sub-colony to tebuconazole. The sensitivity frequency distribution of
isolates to azoxystrobin 250 g/L SC showed a single continuous curve and followed normal distribution. The EC;,
value of azoxystrobin was 5.699 5 prg/mL, which could be used as a sensitive baseline for azoxystrobin. The estab-
lishment of a sensitivity baseline provides a data basis for the study and monitoring of pathogen resistance, mean-
while guiding the fungicide application in practice.
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1.1 #ikEkk

2013—2017 AE NGB O R AR 7. =
G 8 0 I v 46 i DX R 4 HL A LIRS K /N ERE s iE
ARAGFEIARA 72 £y, R AL L5585 3 4 B T - 48
Z R ARG R R B R AT B4R 53 25, 28 0 PR
E I FEARAT 36 Ak TR /INBES B TR B, PDA A3} i £
T —4Cukih 4.
1.2 k%R

VERE 7 FIORBAF] AR BRI 245 R S
PDA 1557 R C i B 2R 51 43 2005 5 vk B 1) 1% 2574l
%M.
50 VoMK ik AR WP FEHAE R 24 5] (h ED
AR w5 25 B 25 5700 A 8500 =R BE Dl 50. 00,
16.67.5.56.,1. 85.0. 67 pg/mL, 10% % ik A 31 ms
WG, JeiEik GRHD EW IR I BR S | L 25 245 P A 2y
KA RT IR H 12, 5.6. 25,3, 13,1, 56.0. 78 pg/ml,
250 WHme ik PR i EEC, £ [ B 3 e O D B4 A A
B AN A BT R E Ry 31, 25,20, 83,15. 63,
12.50,10. 42 pg/mlL, 70% W EGE R WP, 115
KTA 2 A BN s 15 24 7 A 24 700 000 o vk B
350. 00,175. 00,116, 67,87. 50,70. 00 pg/mL, 430 g/L
PR SC, [ BRI B RHE A IRA L & 257
AR MRS N 43, 00,10, 75,2, 68.,0. 67.,0. 17
pg/mL, 5002 W R WP, FIgTHHAL TABRA R . &
AR 2 AT ST R R S 250. 00,125, 00,83 33,

62.50.50. 00 pg/mL, 250 g/L WEEHg SC, 56 1F ik
IR VER R A BR 2 7] 55 257 A 24 0 %0 =
W N 25. 00,2, 50,0. 25,0. 025,0. 002 5 pg/ml,
1.3 HENEREHES
1L3.1 7HAFEAMEXRNEREH CM-A & A
SR BR 22 15 A R 7 R RN K
INBERG TR CM-4 IIITEAE O . HF FR /NI & T
PDA 555k | 25 CH 5% 6 4. JHINAE 5 mm (94T fL
wr TR G B T DR T3 R 90 Joit 2 VR B2 AR A )
1) PDA B b oo, R LBCE 1 AT DF T AL PR iR
B3R LA INZS (%) PDA AR A X ], 25°C
THEREE TR P R 8 d, T8 Ok B 75 AR
(mm) , T TE AR BB 22 4 KA =5, &
22 KA R = O B TR B2 — B TE 58/
O BT AR —0. 5)1X100% , Bt 24 7 vk 5
FHM K 2 A DPS v 16. 05 #4347\ g it i
TN e 5 258l 2 v s e v A= I L3 E
GYHT s HEST I A TR ARARAE OC R B - A ECs .
1.3.2  FR/ASERHEE A 430 g/L ek 8 SCAn 250 g/L
MBS SC A EUR N E REUR &
FIFH L3, 1 kST 36 #k FOK/NBERRTE 5
430 g/L JmefiE SC.250 g/L M fig SC Z [ Y5 11
BIE 7 3R - F ECs, o AR A 8 A08%00 J A
(A 225 00 0 SR A O TE 2 0 A DR o 3 T
BEAXT 257001 ECs 2] 40 AR X 0] et ECs fE45
ANDX[E) P S A B R AT R L DL ECs, Ay Ak A, LUAH
o7 TR A HE 3R 49 451 2% R G\ A Bk, FIH Microsoft Excel
2010 432zl 430 g/L g Mg SC.250 g/ L W I g
SC AR 51 232 53 A [ S B0 M B 4. R
SPSS 19. 0 Fff K—S 337 FR/INERT R 430 g/L
P SCL250 g/ L M5 P IR SC USR5 48 43 1 1Y
IESPERS . 2 PR T & 7KE « 0. 05) I £ 5
ES A RZAFFEIES .

2 HBRESH

2.1 7 HRAEFNERNMERE CM-4 5N
7RG X FR/INRER R CVE4 3 I TRSCR
IR 250 g/ L MR fis SC,ECs, 24 0. 227 8 pg/ml,
R 430 g/ L Mgz SCLECs 0 2. 763 6 pg/ml,
IVRERCR I ZE & 70 % LR R WP fl1 50 % £
R WP, EC;, 435120 193. 699 1 F1 150. 781 8 pg/ml.,
7RI REAR CM-4 SR B ) 22 KL EG A
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0.227 8 pg/mL F] 193. 699 1 pg/mL. 42 849 £, MRS SC Fl 430 g/L M FE SC HE4T F K /N B
T 70 % AT R WP Fl 5002 R WP 1) ECs, AT A S 0
KT 150 pg/ml, A48 245 500900 0 25 2R 1645 250 g/L

xR 1 THREFRNERNRE CM4HWERNSH
Table 1 Indoor toxicity of 7 fungicides to Bipolaris maydis CM-4
257 24 R BT A AR ZEL () ECs/
Fungicide Toxicity regression equation — Correlation coefficient g « mL™!

50 Yo bR fief Jiie 4 £ WP prochloraz-manganese chloride complex 50% WP y=1.122 5x+4.239 8 0.986 8 4,832 1
10 % ik B 2Amk WG difenoconazole 10% WG y=1. 384 0x+4.006 2 0.988 7 5.224 9
25% MMk ETE EC pyraclostrobin 25% EC y=1.858 1x+2.616 9 0.932 0 19. 168 9
70% F 57 % WP thiophanate-methyl 70% WP y=1.623 62+1.286 6 0.930 3 193.699 1
430 g/L kM SC tebuconazole 430 g/I. SC y=0. 980 4x+4. 567 2 0.980 3 2.763 6
50% £ B3 WP carbendazim 50% WP y=1.515 4z+1. 698 9 0.922 5 150. 781 8
250 g/L W5 E g SC azoxystrobin 250 g/1. SC y=0. 601 2x+5. 386 2 0. 989 8 0.227 8

2.2 E%Kl]\ﬁirw 430 g/L ¥ MeEE SC, 250 g/L
B BE SC SR E

Klﬁlﬂéﬁﬂ’aaﬁéd\ﬁffﬁﬁ 430 g/L Ji M fig
SC.250 g/L WEEfig SC M USRI AF 17— 22 5% (R
2),430 g/L &M SC (1) ECs, 43 A 7E 0. 218 4~
69. 311 7 pg/mL.FIJ{H 7. 389 2 pg/ml. 257 i
TR 7 B A ECs, A2 28 7 B0 R T R
317.36 %, Horp, ok B ilm s AR S ) LG1-2 T AR SRR
VeSS SR PR S 1 LD-5 B Ak UM 511 ok
H % ﬁ IR VR = B B R USSR AR N B v I 4y

xr2

BA 2,215 4.1.775 9 F1 10. 477 7 pg/mL, 250 g/
L W5 g SC 19 ECs 4R TE 0. 227 8~25. 929 3 pg/
mL,FIE 5. 699 5pug/mlL, 24550 BB AR Y B K
HEECs, J2: 24 7 SO i R AR A 113, 82 A, Hivhok
FEIK A1) CM-4 RO E e ok BUARARTES
() LD-5 TR MR AR Ok 1 2 e i 10 0 = A9 R
PRIGURAE FE X 4R ob s 4 23 591 Ry 5. 528 0,2, 864 Fl
7.816 3 pg/ml, B 2 FHZG5R H, 250 g/ L W
P SC By ECso AR/ - AR LD-5 X5 PiAH 24751 i)
TEPER R AR

FERDMBEREXT 430 g/L K MEE SC.250 g/L BEE B SC KSR

Table 2  Sensitivity of Bipolaris maydis to tebuconazole 430 g/L SC and azoxystrobin 250 g/L SC

430 g/L [ mefE SC  tebuconazole 430 g/1. SC

250 g/L W5 EE SC - azoxystrobin 250 g/1. SC

ik gp S
S‘iiﬁgg Slli:fi;c'ifin By [l LIESY () ECso/ B ) H HRZRE (D ECso/
Toxicity regression equation Correlation coefficient pg+ mL~!  Toxicity regression equation Correlation coefficient g » mL~!

LGl-2 IEBEARTE  y=0.672 22+5.444 1 0.958 5 0.218 4 y=0. 342 0x+5. 043 2 0.995 9 0.747 6
LG35 I BARTE  y=0.698 8x+4.589 1 0.989 0 3.873 2 y=0. 326 2x+4.762 7 0.989 5 5.341 3
LG10-2  Ifips BARDE4L  y=0.648 8x+4.517 8 0.985 7 5.537 1 y=0. 329 7Tx+4.747 8 0.997 0 5.819 1
LG13-1 g ELIGsEE  y=0. 550 4x-+4. 466 6 0.913 5 9.316 3 y=0. 336 5x+4. 734 4 0.997 5 6.153 8
LG17-5 i BilsksE  y=0.716 5x+5.387 4 0.968 3 0.287 9 y=0. 302 22+4. 920 5 0.990 3 1.832 9
YL25  mREAER  y=0.726 0x+4.432 1 0.972 3 6.056 2 y=0. 332 8x+4. 762 5 0. 996 2 5.173 3
YL3-7  mEEESEAT  y=0.555 32+5.011 6 0.972 5 0.952 8 y=0. 336 9x+4.763 8 0.993 3 5.022 6
YL3-9  mEfALAT y=0.415 22+4.588 6 0.980 6 9.789 6 y=0. 334 5x+4. 730 6 0.997 5 6.388 1
CMI-1  EHEAR4E  y=0.948 1o+5.166 5 0.996 7 0.667 5 y=0. 297 6x+4. 906 9 0.993 1 2.054 7
CM2-3 B KPEH  y=0.509 8x+4.849 5 0.957 3 1.973 2 y=0. 369 4x+4. 780 5 0.992 6 3.928 3
CM3-5 B KEH  y=0.575 2x+4. 778 4 0.950 8 2,427 4 y=0. 342 8x+4. 783 7 0. 986 3 4.2755
CM3-7  WHiEHKRE  y=0.567 0x+4.707 8 0.935 1 3.275 3 y=0. 334 3x14.777 4 0.991 4 4,633 3
CM-4  BIHAKEE  y=0.980 4o+4.567 2 0. 980 3 2.763 6 y=0. 601 2x+5. 386 2 0.989 8 0.227 8
CM5-3 WK AEM  y=0.638 2x+4.783 3 0.988 7 2.185 3 y=0. 373 3x+4.782 5 0.980 7 3.825 0
LD1  RAHJUIE  y=0.546 0x+4.397 7 0. 953 4 12.678 0 y=0. 252 3x+4. 756 9 0.998 2 9.189 6
LD2-5 ARAEJUPME y=0.551 6214.363 8 0. 956 8 14. 236 5 y=0. 243 1z+4.739 5 0.998 7 11.794 8
LDA7  RAEMBE  y=0.559 8x+4.434 8 0.961 7 10. 225 1 y=0. 336 4x+4.734 7 0.996 5 6.144 9
LD5  REEMBE y=0.547 50+3.992 1 0.955 7 69.311 7 y=0. 310 52+4. 561 1 0.997 2 25.929 3
HKI-3  #AMEILKX  y=0.422 5x+4. 887 7 0.972 8 1.843 8 y=0. 312 22+4. 838 9 0. 998 4 3.2823
HK2-2  #OWEILK  y=0.738 7o+5. 455 9 0. 960 0 0.2415 y=0. 334 6x+4. 999 4 0.993 1 1. 004 4
HK25 WOWHEILK  y=0.612 9x+4.933 7 0.994 0 1.282 7 y=0. 290 5x+4. 890 4 0.992 7 2.383 6
HK2-7  #OWEILNK  y=0.582 9x+4. 735 3 0.955 0 2.8455 y=0. 345 9x+4. 807 2 0.993 0 3.705 9
HK4-3  #OdBILX y=0.826 0x+4. 648 2 0.999 6 2. 666 2 y=0.572 2x14. 778 2 0.980 3 3.943 8
DF-1  ZAW/\Frf  y=0.929 92+5. 257 2 0. 988 4 0.528 9 y=0. 298 4x+4. 909 0 0. 993 4 2.018 0
DF-2  ZRuH/AidL  y=0.546 1la+4.429 9 0.961 7 11. 063 4 y=0. 329 5x+4. 704 3 0.998 4 7.895 0
DF2-3 KA/ y=0.489 0x+4.562 4 0.851 6 7.851 1 y=0. 354 2x+4. 752 0 0.971 9 5.014 1
DF25  ZAFH/FHE  y=0.400 1x+4. 882 2 0.943 0 1.969 6 y=0. 312 52+4. 825 3 0.997 0 3.622 8
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475K 2 Table 2(Continued)
" . . 430 g/L [ mefE SC  tebuconazole 430 g/1. SC 250 g/L W5 EHE SC - azoxystrobin 250 g/1. SC
Mtkgis  FEMORIR e S - " —
Strain code  Strain origin - ﬁﬁ@uﬂﬁﬁ ) *Hf:%’}ﬁ((ﬂ. ; EGso/ - 7/ @93.7:7*35 _ *Hﬁ'%%?ﬁl(ﬁ_ _ ECs0/
Toxicity regression equation Correlation coefficient pg+ mL—!  Toxicity regression equation Correlation coefficient g » mL—!
DA1-2  ERHMEPER  y=0.559 9x+4. 368 4 0.959 7 13.427 7 y=0. 249 7x+4.750 0 0.999 5 10. 026 6
DAl4  ERHMPER  y=0.451 52+4.715 0 0.929 8 4,277 4 y=0. 336 0x+4.778 8 0.997 9 4.543 3
DA2-3  ERHMEPER  y=0.433 0x+4.682 8 0.918 0 5.401 6 y=0. 328 5x+4.757 0 0. 998 6 5.491 4
DA3-4  FEZEMVER  y=0.462 7x+4.700 1 0. 935 4 4,448 7 y=0. 334 5x+4. 775 6 0.997 9 4.688 1
SY1-4  =WiliZAiakf y=0.515 0x+4.457 8 0.918 5 11.291 3 y=0. 322 1z-+4. 704 2 0. 996 7 8.286 1
SY1-5 =Wiligikiakf y=0.538 la+4. 465 8 0. 920 6 9.835 7 y=0. 327 8x+4.715 3 0.997 0 7.389 5
SY2-1 =il y=0. 531 8x+4.471 0 0.935 3 9.879 6 y=0.327 7Tx+4.715 8 0.997 1 7.365 0
SY2-3  =WiikEMRR y=0.530 5x1+4.468 5 0.9315 10. 043 5 y=0. 327 6x+4.717 3 0.996 5 7.293 3
SY8-6  =IFTHAEMMT  y=0.563 5x+4.405 8 0. 956 0 11. 338 3 y=0. 325 7x+4.693 2 0. 996 0 8.747 5
2.3 ER/IBIFERT 430 g/L KMEE SCBEME  ECE0N 9 . DA B i A5, LB AR
5= 0f= v PRI YNAR R - N7 TR RR T 250 g/ L M TR SC
FERUBHE S EIEIN 4G 430 /L JRMems SC 1Y (OISR 1 (7 2) . i1 2 1, ok

ECs0 885374 9 By LAEASE 50 B AR AR o ATRTAR S
PRI R PN AR AR, S AR XS 430 g/ L it SC
ABUBMEAR A A P (B D, f 1 T, OR/NBE
R 430 g/ L e SC BRI tR BT 2 A LA
A 5 e, TRTAR LR ARG 5 1 MRy EGs Yy
0.218 4~7.851 1 pg/mlL, Ftk L IR 63. 89%%, 46
AN EC, I 9. 316 3~14. 236 5 pg/ml, B
PR B Ny 33, 33% . 7E SPSS 19. 0 i fF ke
(1) ECs i 17 K-S IEA MRSk S 1% Z=1. 597, i i
LN P=0. 012(/NF 0. 05), 321 36 #f T K /NBE
Jod DR R XS 430 g/ L M it SC R SRR A 43 A1 A3 2%
AFFGIER A LT HUBHE T B A4
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Fig. 1 Sensitivity frequency distribution of 36 strains of
Bipolaris maydis to tebuconazole 430 g/L. SC

2.4 FRKPIBFEXT 250 g/ L BEE AR SC SRR
ZHEL
TERBUEAE T ATEE A K 250 /1 BT SC 1Y

TS 250 /1 BETRTR SC A4 SUBME I A 70 A 5L 3%
SeE I 2 AT 9 SRR L ECs Y
A4.543 3~5.819 1 pg/ml. 7E SPSS 19. 0 # 4+
XA 1) ECs, #E AT K-S IE R0 fi K 3, 7 Z =
0. 957 .t S P=0. 318K T 0. 05) . Bt
B 250 g/ L BERTR SC A BUBMEBR AT &

TEZS M I iR ECs A4 {E 5. 699 5 pg/ml
PR R TR/ NBERG X 250 /L W I SC A
SRR TR S MR 24

301

25t

[~
(=3

Wbk B/ %
Frequency
5‘ O

L

=}

EC,X[f/pg - mL~!
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2 36 BRER/NBIRE X 250 g/L BEE S SC Y
Fig. 2 Sensitivity frequency distribution of 36 strains of

Bipolaris maydis to azoxystrobin 250 g/L SC
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AW SIS 0 DN 7 R TR AR e 3 )
XiF oK /INBES G B CM-4 B R e i 1) 430 /L I
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WA IR SC BB E D 2 . 430 g/L e e SC 1Y
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ECs, tHEE 2 A4~ FL A B A 06, 565 1 0610 EC 13
HR 2. 764 1p g/mL, 55 2 IR ECs, V- B{E Ny
15.572 1 pg/mL, 55 2 MR BB 5 1 N0
5. 63 %, 2 I UF I AU B R A0 MR R A IE S
A1 s W TR/ NBERT XS 430 g/ L Jemepi SC i EE 1
TRURPE T BRI REIR . 250 g/L M5 TR SC 1Y EG, &
PR — S M 2R, S B0 U AT R A A A I
A3 ECs, V-2 5. 699 5 pg/mL AT /EN 250 g/L
WA i SC RSk FE 2R BT H R B 2 M RE AR 1
W AN ) b PR 5 oK/ NBERS B X 430 g/ L %
M SC F1 250 g/ L ME TR SC Bk 22 40Kk
K B R R X 430 g/L g SC il 250 g/L
W TR SC A U 34 5 e, T IR Z 0 Ok B AR AR Y
RN 430 g/L e msis SC Fi1 250 g/ 1 BT 1 SC 1Y
BURPERI AR, =Rz, Hodok A AR AR 1 LD-5
BRRRXT 2 B2 5] i USRI ARG U R 4 Bk
INBESGRT 2 Tl 25 A AE — 28 B Be v AU, iU 4
7 A BEAS A FH 245 501 B 1 B HE 2 T Bk 7 AR
ALY

A T R A i A A R 2 R AR R OK A
FH R BB S5 450 8 K /NG TR X 97. 2260 1%
AR L I 24 1 B R T o 1) S AR A R A R
SRR 20 AR A 3 S ELER I B 0, S ARG
ZERIA—F., R RMBFHEL . MET
98 A T K /INBE S B B A X 97 6 1 A i i 2 1) AR
M ECso S0 7E 4. 155 9~691. 432 0 pg/ml Z [A],
PIE M 171, 276 2419, 422 1, K T2 540,
0 v PR TR 22 1 K R T 8 R 2 SRR R 97 V6 W A T
JR 251 ECso BI{H Ry A 56 i 30. 05 £, 5K 787
SENO IR AT e B LR AN R B X K/ IN R B R
90 Vo Jes WA P iR P BBCIRR A 22 SR R, 12 MR RME T
BRI ECso 7E 0. 162 4~76. 806 00 pg/mL Z Ji] , 3
TRURME R R B R AR . H ARSI T LA AR [ R
PRI K /INBRE B 1) 910 A R0 R i e SR E e o
Tk R BRI A O o 245 700 % B 2 1 B0 AR R A T
PRI AR Mk el Pk P 5 55 24 70 0T 11 9 7 &
LA BB 5 . Han 2602 F) 1 100 A4S )
Sy ESVEE ST T /BRI RO I TR T 1 e
A BURE 3 A Sy g i 42 P14 ECs, 2 (0. 044 £
0. 022) pg/mlL, A] WL , & TR IE 7E Bl 16 K /N BESR E 3L
REGF . 7R X, B OKR/NBERG B 24X 2
AUV LG R A .

FEAHIFGE 5 ¥ R AL 5 oK /N B 43 125 40 1 i

S PR A R S R P TS i BRI AR K
LN AR NBR E B R AL T, ARy
A7 I AR A R 2% SE l 20 R R EAE R
7 S/ NGRS BRXT 24 750 B 1Y 22 7 ] RE 5 e B
A2 S e E PR B2 5 A 5 T3 O T R TR Y
/NG TRt ] BE 55 A8 5 R el B AT i X ) g T
e - ) 7 S AT B XA G %
b DX B A A B R A2 2% HH B — SE EO P58 L 24
SRR A bR . AT TSRS T R A TR/ NBE
TR X 430 g/ L ek SC A 250 g/ L w5 SC (1Y
FRURRAE LR, L RT3 K/ N IR T 1 P 18] 470 245 8 B 42
RBSH . [Al— 2550 AR e 2 (0 D o ™ A
2y AT S P K /N B TR A9 B 2 T AR 28 X
430 /L e SC = A= 251 - IR ik » £ [ 24
P S P I ol P A AS [T 400 v AL B 24550 A 22
TR TER KA

S 3k
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