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Sensitivity of southern corn leaf blight pathogen Cochliobolus heterostrophus to
fluazinam and cross-resistance against diverse fungicides in Fujian Province
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Abstract: To determine the sensitivity of southern corn leaf blight pathogen Cochliobolus heterostro-
phus to fluazinam, and evaluate the cross-resistance between fluazinam and other fungicides, a total of
73 C. heterostrophus isolates collected from five regions in Fujian Province were used for testing their
sensitivity to fluazinam using mycelial growth method. The tested isolates were highly sensitive to flua-
zinam, and the ECs, of these isolates to fluazinam were in the range of 0.0023-1.2863 pg/mL, with the
mean value of 0.2573 pg/mL. The frequency curve of fluazinam was continuous and unimodal, and fol-
lowed the normal distribution. Hence, the mean ECs, of 0.2573 pg/mL could be served as the baseline
sensitivity of C. heterostrophus to fluazinam in Fujian Province. There was no significant difference in
the sensitivity to fluazinam among C. heterostrophus populations from five regions; nevertheless, there
was an obvious difference in the sensitivity to fluazinam among individual isolate from different regions
in Fujian Province. There was no notable evidence of positive cross-resistance between fluazinam and
carbendazol, chlorothalonil, propiconazole, diniconazole, prochloraz, and iprodione.
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P9 3 (Ullstrup, 1972) , % b 38 53 40 A= 461 BE S
ARG B EAMER b o 7RIS B RIARIE T FRANBER &
i TARE R, TAT R, T R R R R MR U (R 0
FIARALA ,2007) o I 10 4F2k , Bl ff B KB B AL
BEA e 7 o B it A B )RR RS R Y L
R PEFR ] oK 7 X & H 4 (CE RS A
2006 ; H KA ;2016) , R 7R R 7 fif £ oK 327
DX, i A il I R 1) A 2 A o A R T KN B
95 AT 2% A, AT AR O 7 B AR 3 30%~
80% , L A, TR/ NBERS O R i 2 e 7 B R
KA 1 BN FR (9K RUEE, 2009 #4855, 2011 5
Dai et al.,2016) .

TEGR Z BT/ NBE 1 E KRB BE IR 115 Ol
(Kump et al.,2011) , f62% 75 AT 2B VA K/
1 R, AR 7 B TR IR oK/ INBREE Y AR T
FEAZWA ARG R IKCL B LA PR s e
TRt R DK i Jri 55 SRy AR 3R 1 22 A1 (S B4 710 2 (sterol de-
methylation inhibitors, DMIs ) % # 7] (Raid, 1991 ; i}
B, 2013 5 HAKSE, 2016) , H i TR R AT,
SRl 22 8 R I TR SR T AR BRI R B 1Y
FH 5] 7 280, DM 2% TR SR X T K/ NBE AT A
B R B A (AR 5, 2017) ABIZ AR R FIE
FHAE g B — S B RS0 fef P X LB
B (5K B4, 2011 HAKSE;2016) . HAT, B HEE
¥ T BB [ Sclerotinia homoeocarpa (Hsiang et al.,
2007) | /N 22 5¢ & 98 0 Ak R B Zymoseptoria tritici
(Cools et al., 2011 ; Milgate et al.,2016) ke J& % 2
Monilinia fructicola(Chen et al., 2013 ) FI5f 5 2 2 5%
W Venturia inaequalis (Pfeufer & Ngugi, 2012) X
DMIs A W A=A pitk . I BRI BT 3h 2 5t
2> (Fungicide Resistance Action Committee, FRAC)
He R /INBRES T IH 28 g % DM A% T 7L ELAT T 46 XL
B0 24 190 B (FRAC, 2013) o [RIIE, 78 T K/
eI B 16 1A Wb 35 3 78 A B3R TR RIAE i DM
AT AR AU AR 2571

FNE NI 1 H A 5 2 I B R A
FORREAAAPYER TN, A S A
P, FEXT 4% S 5895 TR Phytophthora infestans %%
EEM MR I8 Plasmodiophora brassicae i =% 7 ¥R
Wi Sclerotinia sclerotiorum V4 J K 7 %5 4 18 Botrytis
cinerea 5 |2 Y F A F 1 DA RCR (Kalamara-
kis et al., 2000; Grinwald et al., 2006; Liang et al.,
2015), HARAF(2015)AIFFE 45 R AT, FUE M0 FoK
/NIRES TR AR A A S e, LR T E RS

WA Pt 1 TR B I8 255 5 T 7] L 50% Fa N JHe L 7 70 % 6K
/INBE S G FE Ta] B 2 RT 35 70%~75% , Fe B AT AR
DMIs 7 & 1 I W 01 o BRiA J5 % (2011) | Vitoratos
(2015) 1 Wang et al.(2016) 4RI T S HE (AE FH AL
P SRUE Xt L AR s i R P R S A ]
VAL A B30 =2 0] B 58 B Ui, 07 56 T B oK /NGE
o DAL X FRUIE Fre () B B 5 LB AR TR R R 28 B ik
(IR ST A WLARGE .

AT 5% IR EAE A (o FH SROE B 1 oK 438 &
K/ INERER T TR AR , 0 S St G e ) R - A a7
TRURRIE SR, [ B B ff M e 5 A [ A PRI A 2% 7T )
Z A2 B, DAY K /NBE 1k 2 Bl iR A 3L
YR BERE S A B L B S0hE B 1y PRI 241 XL
B PPA BB P W R R 22 AR s
1 MR5RE*E
1.1 #8

HEITR K : 2015 4F AR A48 [ R (B B 7
B AR T AR A5 B ) (e R (R oy EL RO T ) (i) 7Y
(CRATE) 1 o G5 T Al B L =BT A B A
b CEERR T 8 3 1L Tl R BE T ) 5 A4 Hh XA A it
FHFRUE i (1) F K H R S 80 FoK I |, R o3 25
TR ARG 73 Wk T K/ INEREs T TRk , L o o) R
X 14 8% | ) e b DX 19 A L 1) PG b DX O ok | i) o IXC
16 1k R JE IR 15 8% o AR kR B AR A I A7
F-20°C oK%+ %5 H (Thomas et al.,2012)

B SR 3 - S A 4 B 35 IR (potato dextrose
agar, PDA) K5 35 36 . B 22 fz T84 B 200 g A5 A
20 g ik 16 g 25E5 17K 1 000 mL,

2575 KANA : 94.5% FiUhE I (fluazinam ) J5 24, F]
IR AN A FR S 1] 597% 2 i R (carbendazim ) it
2 VLA AT BR 2 7] 5 98.5% 1 1015 (chloroth-
alonil) J5L24 , VLA I3 M k28 A A B 7 595% A
I (propiconazole) Ji 25 , Wi VT tHAE R H A3 PR A F 5
95% ¥ W i (diniconazole ) Ji 2 , i Gt A LB BL
A BR2S T 595% WKL R% (prochloraz ) 5124 . 97.5% S 14
JIk (iprodione ) B 24 , T3 -EAR AL B A BR 2 7] 5 H:
BARFI R [ P2 o Hral . ZPQ-350 AU AE N T 5%
B FRAE B e VLR 4R AN AR i 1 A BR 2 B 5 MDF-
U4086S BB VKA , H A =33 ) ; SW-CJ-2F #Y
T TAES , LB EERIOE A BRA R,

1.2 Ak
121 K525 4 st A Mo stk el 2
SR TR 224 K ORI E AR A S I HBIX ) &
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45%:

SR /INERES TR T JRURE i BB 5 TR i i 2 9 T
TR, BEHH AR 1.5625%10° pg/mL BRI, SR
Je R T 19 1.0% P 38— 80 1 TRUHF i e 1 348 43 531
PR 0.2.1.0.5.0.25.0,125.0 F11625.0 pg/mL,
2 50°CI1) PDA 55503 TP £ e B2 2R B 10015,
il 1%.0.002.,0.01.,0.05.0.25,1.25 F16.25 pg/mL 155
2 PDA V. &MU HRAE PDA VAl | T 28°CHH
TR TR TP BB R 55 4~5 d, B 6 mm AT FLASI
PRI S %A T ORI fif TRTRS , 3 AN [R] vk B2 245591 ) PDA
SRR PSR 1R B, IS 245 (0 PDA AU
W, B2 I BEAb P4 K E AT, 28°C IR IR FR 6 d
J& , TR I R L P EAR RS R T 24
XS T 22 HE R B 3, 3103 S e i - TR
BRAGAT AN P ECso0 B 224 KA =X R
T VR ELAR -2 A FRZR TR 5 1A ) /6T B TR VR L
Fx100%, RIS, LB AT f 24 5 A Hi X oK/
B AR AT M B 1) OB A 25 5, F RO TR
DX PR TR 728 S R A, PR RS S REL=ECso B
KAH/ECs 5 /IME (Song et al.,2016) , A4t FRAC X%
TR 0 D B 0T 3% TR AR SRR R ) 43 T 1k A
BRI ECo SRS LY, HUAE<S MU EEE , 5<
FLAE<10 AEHTR R, 10<tbfH<40 JrPhipitk, >
40 M i E MR (FRAC, 2013 5 EERk 45 ,2017) .
122 EKBEmE AT AR AR R K 5
AR T K INBREG T A X RUE B 7 ECso IR
N HES , LL0.2 png/mL Ay X Ja] 18] BEoKs =4 X Ja], 48
TH5 BRIAR ECso E2S A DX [T HH UM . DAASIR] X [i]
S AR R, A R R B BUER  AAR AR, 25 73 B

T K/ INERE S TR TR AR X S8 I e 1) SR A R o3 AT
FFXF 45 X (8] (14 4 B 21T Shapiro-Wilk 1E 25 14 46
B, AT A RS AT DU A] R bt e X S fi 1
ECso F-HE AR 4 K/ NN DA X 8UE e 1 5
JEIELE (Russell, 2004) .
1.2.3 R hes KRB A @ 7 R g R Z Ak

MHER PR R BB 60 AR FOK/INEEIR 1A, 12
1.2.1 73543 50 5 45 TRAR XS 2 18 2 A B R
WA A T IDKC S fe 0 S TIOR8 BURR A T A T
PRXT 25 25 R ECsoo Z2 TR R A TR A2 PDA 75
25450 1.2.10,20.,100.,200 #1500 pg/mL; P
TAIAE 7 s 2 DK 2 i R S TR IR Y e ¢ PDA % 24k
JE4351°490.002,0.01,0.05,0.25.1.25 F16.25 pg/mL., LA
SEE I 14 BCso RE I (1gECso) 7 K& A2 B2 , 43 51 LA
HB AT ECso X B (IGECso) N HNALARAE HIUS
Pl 3 e R P 5 HL A% T 7 T P R S W 288
2500 [ A Josg BhLPE , YA O R E>0.6 H P<0.05
IF, 8 W 5 22 [RIA7 AR 1E 28 4T (Lu et al., 2010;
Zhou et al.,2016)
1.3 HIESF

K DPS 7.05 3% #4771 AH &M 53 B Al Shapiro-
Wilk [E PG5, 5% FH Duncan [T B A 22 k7 22
B E VR

2 BEREHM

2.1 ER/NBEFE X SRR SR
P30 73 R R /N BT R T S8UNE I Y ECso
2490.0023~1.2863 pg/mL, FHAHE40.2573 pg/mL(FK 1),

R1 EEETEMX E RS E X FIE RS

Table 1 Sensitivity of Cochliobolus heterostrophus isolates to fluazinam in different regions of Fujian Province

B FNEM ECsofH i
KA X BERREL ECs, for fluazinam (pg/mL) BERRAS S 280
Sampling region No. of isolate Variation factor
JLH Range SEHI{E Mean
[t ]t i1 [X. Minbei Region 15 0.0475-1.0399 0.2343+0.2467 Aa 21.9
i) Z< Hb[X Mindong Region 14 0.0023-0.8530 0.2579+0.2425 Aa 370.9
[iE] T B [X Minzhong Region 16 0.0479-0.9495 0.3605+0.2532 Aa 19.8
%] 4 Hf1 [X. Minnan Region 19 0.0196-1.2863 0.2163+0.2897 Aa 65.6
] PG HB X Minxi Region 9 0.0181-0.6750 0.1978+0.1985 Aa 37.3
J1T Total 73 0.0023-1.2863 0.2573+0.2540 559.3

F TR R R bR A 2 . RIS K NG FEREFRE 7R 28 Duncan [GHTE W 25 465643 5IHE P<0.01 8% P<0.05 K F- | 2%

5 3% . Data are mean+SD. Different uppercase or lowercase letters in the same column indicate significant difference at P<0.01

or P<0.05 level by Duncan’s new multiple range test.
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AR A A [ DX A IR T A 0 R
F BB, e PRI L 10 2R R e ) e A P S A
i LX) B R AR AR SR e o SR 2 AR i 3, G
BERRIEAR ECso FII{E 431 /& 0.2343 ,0.2579 ,0.3605
0.2163 F10.1978 pg/mL, {H 7 44 A [] dth X B Ak X
TR B (A SRR A AR ) 22 S A K o) 4 R i) o X
TR R 8] B9 728 S 22 85045l v 3k 370.9 F165.6,, 1 [ L Al
Vo] H e DX PR )R S R 21.9F119.8(F2 1),
2.2 ERIBHRE X EIERR SR EL
FE A 73 MR T K /INERE S T TR R R0 B )
TR 0 % 5L A 5 BRGE R £ A0 A, O HE BRLABURRPE T
FYE AR, Shapiro-Wilk 1E A PERG I8 45 F B, 4
TR SUE 2 (=0.8590, P=0.2246>0.05 ) 1 fit k-
50
451
40 -
35+
30+
25+
20 -
15+
10 -
5L
0

45.21

#i# Frequency (%)

WA IR 50T, PRIRTEE 73 Bk oK /N BB
PAOT SBUBE G (1) ECso V- 341H 0.2573 pg/mLAE R i
T AR /INEE RO SE R BRI S (BT 1) o Btk
PRIRE I ECso 5 857 Y BUBIEZR AR L, & B BT AT TR PR
MITIE LB AR T 5, 3R W AR 4 B K/ INBE S 70T
FEE AT 2 e R B
23 BERSHEEREFENZERE

AT AR e S 2R (=-0.2410,
P<0.0613,&12-A) A (=-0.0789, P<0.5458,, ||
2-B) I ERME (7=0.0458, P<0.7257, & 2-C) .} W i
(r=—0.0350, P<0.7891, [¥] 2-D) . Bk & Jfit (5=—0.0083,
P<0.9492, [¥] 2-E) #1571 JIK (7=0.4780, P<0.001, %]
2-F) Z AR s B

<0.07 0.07-0.27

>0.27-0.47

>0.47-0.67 >0.67

FIEREIEC XA Range of fluazinam EC_ (ug/mL)

50

50

B fEEdEERIERE X R SRR S 5

Fig. 1 Frequency distribution of Cochliobolus heterostrophus to fluazinam in Fujian Province

3 g

IRV ZRAEY I 1) 22 o 2 i T )
T R M 2 R R ) U P A v A BURR P (Le-
may et al.,2002; Smith et al.,2008; Wang et al.,2016) .
Liang et al. (2015) fil Wang et al. (2016) 43 5l & 7. T
THISE DR TR X S0 E G 1) BIURR R 2k, 3R T SR T A
97 A X 80 e AR HL AURR (EC50<0.0115 pg/mL) . B
R 5 (2016) Hi2 38 /N F IR B0 B Fusarium gra-
minearum [ 25115 B B 98UNE e 1 B0 24
171 (EC5:<0.249 pg/mL) , A1 i 4l % (2016) BF 5% &
F i K BE IR B Botrytis cinerea X} i NE e IR A #5151 1)
BB (EC50<0.0452 pg/mL) . ASBFFT4s R, fit
AR EEAE K/ INEREA T TR A X SBUBE e 1Y ECso 1 T
0.0023~1.2863 pg/mL 2 [H], F-Y{E 4 0.2573 pg/mL,
HABURAERARAT 5 RS0 A, A R X R T A
A A FH % 245 09 U 1K, R L AT B ECs - 31
0.2573 pg/mLAE AR 8 F K/ NGRS TR G U RE e (1)

UL (Russell, 2004; FRAC, 2013) ; 5 FF 7 1Y
HUBIEZEAA LL , T A SR AR A BT A IR T 5,
& WA EE A8 B OK/INBES PR R0 e A 2 v 1 f ke
PSR A5 S E R AR OGS — B, A5 Prdiar
(A A A 5 K /N B T X SR g ) BBURR L, T
SRURE e 1 FH T] e 24 1 W S R A4l
TRAEZEAF (2009) B K [ SRR TR A R 1Y
T SR RE NG DA A 0] o} RO e () Sl I e o 22
5o KR (2015 WF5E 25 R W, 7ok | IR
e BRI 25 0 b P K 2 T A A ) %o 3R g 1
TRURRPE TG 35 25 5, HLA NI 22 0 I KB
DAL [ XoF RURE e 1 ek 25 S i/ 8 S R K
Y A 14.21 .3.02 F14.35, MiASHFGE 45 R0,
A A AN () 1 DX R K/ INERESR TR A A X 90 e 1)
HERAEE, 5 LR CHRE 3. (R
UMY A BT A A ) 1 X A B R 1Ak T %o 4
WE i () UM AR WA S 22 5, 5 /AN [R) b DX )
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N7/ T S

45%:

H ) 7 D e X A AR ] 2 S 2R R N 45
1 T )R el DX T [ 2 5 R A S
B o AN AR A TR/ NI BT T 8] TR R A A AR
FRTIES 245 A%, i) BE SR T K/ NBRE T X 2R 7 Bt

25 A n=60
- =02410 -+, ‘.
=5 20} P=0.0613 4 o " ed
m‘% L5F 0' M MR *
T 1.0+ . e
E‘O 05+ D .
00 1 1 1 1 1 1
30 25 20 -15 -1.0 -05 00 05
o rc a0
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g 0S¢ P=0.7257 o,
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%_0.4
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= -0.8
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FNE R EXTH IgEC of fluazinam
2 ARBRSARREANZ TR

Fig. 2 Cross-resistance between fluazinam and different fungicides
A~F: ZHER | EHETG . NI BmsEE | bR &AL R IR . A-F. Carbendazol, chlorothalonil, propiconazole, dinicon-

azole, prochloraz and iprodione.

T 5% 2 W1, 703125 R R Rl R 35 i K 0 7T H
B FEAA Y SRURE 5 AT A 1 W S T 1 R s R M 5 R
P Z B AE A B HUPE (BRIG 0755, 2011 ; Liang et
al.,2015; A 145 ,2016) ; Wang et al.(2016)WF57 th
AR IR FENE e 5 R K st | H g I R 2 R AT )
Z IR P28 H i ;{H 2 Shao et al.(2015) & NAFSE
R IR TP IRNE R 11 25 o K 25 D R AR R 5 i
I TG A T A H BT . AFSE & BLRUNE I 5
LA L H H A DMIs A% 5 7 11 P9 BRms 4 e
fist WK A S TR IR Z [ B AN AR AR A BB L (H2 98
WE i 55— HY I S R T ) 7 R IR Z [ A A — e
JEE AR DG A OCAH S LA S T A BCAR L, R, 78

o7 FH SR e B 9 5 A /INBRESR IR, 17 3 B 55— H I IE
WK A R SR A . ST E N RPURE
JHE () A DK/ N BB TR 58 A8 1A 5 — H IR RS R TR R 2
[ & A AR IR 2 AU A Rp it — 2B R o

U I I ] K /N B 22 A K
&M B ia e AR 7 TR B i 0 3 CHPRAE,
2015) IZAFIWAR WP T I Z R S —28
BEA RG24 XU 1 2R R (FRAC, 2013) o (Rt
7 T K/ INBER TR X DMIs 2% B 77 2 HH B0 AU T ok
AT (IRAETAE, 20115 HAKRSE 20165 FH BB 5,
2017) ,  HEZE DMIs A B R BT 24 1 1) 2 8 B o 4 i
FE T TR /NRERG , 7] 25 R U e 5 |31 oK /NG
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BT 6 T 48 T,V iy DMIs 2% 18 71 1 2 AR sl e 4
2570 o S — A R RIS T A R
(47 1 2R R 77 (Butzler et al., 1998) , 0K i e
JEAE S DRAP R KNS A Z BT o [RIi
Ohy B e B BRRVHE S (L2 1, e SN i 5 AN [l 7
AL ) A TR RN A T A I e e A
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