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FEE . AR i b £ 9 B 9% R Fusarium graminearum 3t 8 I 69 808G R A R £ 4 Kig &
HEME T AT IZ A 1L AT 4 5 09 95 sk B Ak 69 3 71 83 7 £ 54Tk BOR E oAk sl 2
GRBATT oM, AR TEHENE S B R R B AR & AWML, SR IR A
F o BgR A T L2 A K0 BARIT R FE A 0.1 pg/mL; & B A 349K 95 #k T #k 89 ECs 38 B £ 0.003~
0.088 pg/mL Z Jd] , 735 ECso 4 0.011 pg/mL; 8B HEIR F oA B B 77, % 1 BEAR 778 5 306 1
BB B AR A T BER 42 67.4% 43K B MR AURGHEIR R 2 E A 5 A, ¥ sk 3R 5 H AR89 ECy T 3 1A
0.007 ug/mLAE A N KR BERA TS AR MAL, ZTEMMAREERAZ T, A—BE TR
84 B AR ATE I ECoo W9 R KA A B MEZ L A 1.1~83; TR Bl 0 ok e B ey B aksh, AR FTH
HR TR B SR 2 R B 2, & B ECso 3918 AL SE B 42 0.005~0.028 g/mL Z 1] , 5% K82 %
OMERY 5,645 E A BEHRE AE A RBE S 3t S 2R L B e AR 2R U B R
F T d B D A TR A B R B A B RO ARG B A9 T A i 2h A B Bk AT Ry A%
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Sensitivity of the isolates of Fusarium graminearum to fludioxonil in Henan Province

Xu Jiangiang" Ping Zhongliang Ma Shichuang Huang Mengge Zhang Xianghui Dang Wei
(College of Forestry, Henan University of Science and Technology, Luoyang 471003, Henan Province, China)

Abstract: In order to detect the sensitivity of Fusarium graminearum from Henan Province to fludioxo-
nil, 95 isolates of F. graminearum were collected from 11 counties in 2016, and their sensitivities to
fludioxonil were determined by measuring the mycelial growth on the fungicide-amended media, then
the methods of least-significant difference (LSD) and SPSS cluster were used. The sensitivities to car-
bendazim and tebuconazole were also determined to analyze the correlation efficient existed between
fludioxonil and the two fungicides, carbendazim and tebuconazole. The results showed that the mini-
mum inhibition concentration, which referred to the concentration that could inhibit the mycelial growth
totally, was 0.1 pg/mL. The ECs, values of all isolates ranged from 0.003 to 0.088 pg/mL and the aver-
age EC;s, value was 0.011 pg/mL. The results of the sensitive frequency analysis revealed that there was
low sensitive subcolony to fludioxonil in the tested isolates. The mean ECs, value of 0.007 ug/mL for
67.4% of all isolates showed a normal distribution, which was treated as the sensitive baseline of F. gra-
minearum to fludioxonil. The results both variance analysis by LSD test and hierarchical cluster analy-
sis by SPSS showed that the isolates separated from the same region demonstrated different sensitivi-
ties, which implied that the ratio of maximum and minimum of ECs, values of isolates from the same re-
gion ranged from 1.1 to 8.3. However, there was no significant difference on the sensitivity to fludioxo-

nil among the isolates from most of the regions except those from Shengiu County, Zhoukou City,
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which implied that the average ECs, value of the isolates from all the regions ranged from 0.005 to

0.028 pg/mL and the ratio of maximum and minimum of average ECs, values was 5.6. The correlation

efficient existed between fludioxonil and carbendazim, tebuconazole was very low, which implied that

there was no correlation of sensitivity of F. graminearum to the arbendazim or tebuconazole. Though

there existed low sensitive subcolony to fludioxonil in the field, fludioxonil could still be used to control

Fusarium head blight in combination with carbendazim or tebuconazole.

Key words: Henan Province; Fusarium head blight; fludioxonil; mycelial growth; sensitive baseline

R Sl 10 1 2 A B (Fusarium graminearum
species complex, FGSC) 512 1 /N 2 DR Bk , — H&
FEVTHE B VU R A 22 IX MR LR 2 X i EE 221
INZ g 2 — (R b ST, 2013) o BEE S BERARAE
B INIEL, JE /R JEvE FRL e IR A K INAE R s
o KU TH 3 R & s TR 22 B A1 B3, 7 2001
—2012 447 9 4 1Y & AR TH AR 8 330 77 hm? (R
A, 2012) o AREIR AU /N 77 i 2 e R, T HL
B 2R A S R ) TR B AR R R TS
XN B A s B R U (R4, 2007 ) 6

V=AY e S SE SR 1 8Py S I N E v
MR AHR BRI R IR, A7 i R E RS PR R D
F AP CIREEAE, 2011) o b #Riia sk Rl /N2
IRFEIR M E BT /N RN R O X Z W RN
RERIY AT RIS 55 LB IR 2555077 26 T 9Pk (F
AP E,2002) o BEJS, =R G, i
Pt DA SR ] SR A )2 TR R —— U0 TR B 1
T2 BB, (A2 TR X ik 6 25 | B AP 2 =
P AT KU (Z2fE 2555, 2006 ; I AE, 2011)
PRI , /1N 22 2 77 o by WA s 8 TR X 3k S 245 741) 1Y)
UM

W T g A R B R TR ), B AN 2 Rl
JE A M ROR (V8 7S, 2012a) , 107 HaA 7] IR
HEYI DI R S M bTi A DG 35 1 (R 2
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iR A A X B AR SR R E T, e AR E e 1k
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HERA DAl — 48 T 0 /N2 AR R TR 24 741 e
TR T[R4 AN [R) b T %) 7N 22 205 B B0 ] — 245 741
USRI IR 25 57 (TR 5 45, 2017a) o 5
H AT R 1k, 36 A WG T B 48 /N 22 2R 8 0 TR % 16 T

AU E I . ASIFSE R TR 22 A R 3R
2016 4F T RG4S 111> EL T 23 B0 95 Bk /INAZ s
AR TR 18 R | 37 /N2 IR 0 TR T 8% T T

AR 2L 5 70T A [+ L T R X I A 1
PEZE S, LA A 8 A 3 R 8 /N2 IR B 4545 B
T BRI B SRS A

1 M5 X

1.1 #8

PER TR RE : 2016 4F 4—5 H MR 1% BH T % T
[RS8 = 3 N i e E 8 = BN e o = e
Tt B R BT MERH X B £ T e L fF BT
SRR T R e B L S TR
SO 1A B AT R TR AR /INAE 1Y) S BRR AR 0 T
FRA, A Bt AR AS S R R A AR
RS Z Y/ 5 SR AL I AR B 22 FH 3l ot s
BURE R A S HUR B R LB (0 22 ke, FLREAR
PR A 22 Ry A AR A VR K S A T
B2, B NR U200 Bk /N2 Rt (A2 Ak
ST B TA , B Y A S AR ELE AR SR S R
KARK—SW S A 3% S G AR
K5,5 dJE7E WA B FREE FRIZEP A, i B Sk
8 IR LT e A o R iR TR . graminearum ; BRAK
G5 225 TR o B D L T B Bl DU BEE E F
JERL 4 AT S AN AR5 DL — BT 4
B ERAIHIR S5, HoARAS A B TR 113 4K,
T HCHL A 1% 95 Ak FH T X 085 BT I ) A gt 2

24559 S350 - 97.9% W5 T i (fludioxonil ) JFL2Y
SEIEIE (P ED AT IR F] 5 98% £ 1 R (carbendaz-
im) 72, IR AURA T 5 98% I3 M B (tebucon-
azole) 724, | V8 H A=A e A R vl o Z2 18 R i
T T 0.1 mol/L Fi R , JSCmse fist T 127 i [ 245
T T D KK 1.0x10° pg/mL R, i T
v O & R I S 2 5 Wi B S S i e [

Bh AR OB B REE 3UIR (potato sugar agar,
PSA) ik . 2200 g BifiE 17 g mEHE 20 g, 2%
WACERZ 1L, TR 8 — s 507
RO 205 50) B BBURRPE I 2 5 4 LA 35 97 - 4530 g,
KRN 2T 2B BAKE R ZE L L, T RIkD
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FE 55 7= A5 K B Bg (water agar, WA ) 15 35 5t . B iR
17 g, BBKERZEL, AT HRADE,
A% - SPX-250BSH-I1 A AL 15 354, R
=97 A i A PR A 7] 5 Olympus CX41 627 B
%, BUMRES 30 (b ) A B 7] 5 H-1850R 7 & X g ek
R EDHL, KRG DS A BR A A
1.2 Fik
12,1 P&TA R A & o B o 1A 6 SRARAP ) IR 2
REALZEBGE P L AR LYMI-1 L LYMI-2,
T e T M B X B bk SQSY-1 123 13 I #9151 T Ak LH-
LY-4, 147 186 TR I X /N 22 20 85 95 T TR 22 A 1 e A1
1] ¢ B (minimum inhibition concentration, MIC)
WE . B RETZE PSA AR | 25°CHE 3 d ),
FRATHLESAE RVE N S ATHUE AR S mm (R DF, 7R 22
T T 42 A 7% 0.05.0.1,0.2, 0.4 ug/mL F% B8 i /Y
PSA VA I, LIS 25550 1) PSA AR AE X R (1
BRAF,2017b), RRALFEEI WL, T 25°C N R {E &
K953 d, WA TT I 1 45 24 39 vl B b B 1R TR % L
7, DA AR T AR B 22 1 K 32 B 10 e /DN
YAy TR X /N 22 AR B T Y MIC - Rl B, 33045
R BE AL R 245000 B 22 B AR A 32 T 22 A KA
il = (] BRA ¥ B 4 (- b PR v B T2
1B/ O B PR % AP HAE-TRDF A% ) < 100%
1.2.2 D EFRERA XL E SRR T
R FH DA 22 M A R 7 /N7 IR B TR X S T
i BURE o K 95 BRTAARTE PSA AR I 25°CHE 5+
3dJE, HATHLAE VA D Z A THUE S 5 mm Y EDF,
DA 22 ) T B A5 I B 0.003125.,0.00625
0.0125.0.025.0.05.0.08 pg/mL Z 51 ¢ & i) PSA %
M b BRILAER LA EDE, AP E S 3, LIS
ANZFIE) PSA SEHRAEXT IR, 25°C T BAmE 595 3 d, R
FH 5728 O i PR V5 AR, VTR A 224 KA
1.2.3  HBPE T B 2o 4] RAR R P B K T
Z R EIRSE (20170) D75 o FE/NZZ AR
FRUGT I B 1) SRRV BT N, DL ECso AREE , Mtz /s
{EFF4R , L 0.005 pg/mL A #kER B ECso 43 LA X
], B8 145> DX ] A TR AR BORIUIE , DR X ) 1Y
ECso HE MR ARAR , TR AR A 3R AR, il 4/
27 TN TROT I TR 1) SRR R 3 43 A [, LS T
i X6 TE 2SR A0 T RR 1) ECso EAE M 12000 B X % T
G I RURR PR R
124 RIS A R OXEEEXTR R A ) 6948 KA
Z AR AR A (20170) )5 i SR 22 A K i3
P TIE RIS AL BRI 1.2.2, D\ 95 K B sk E

Xof 18 T it AR AN [ 14 77 B T, I X s e e
I BBURME | 23 IR B 5 0.03125.,0.0625.0.125.0.25 .
0.5.1 pg/mL J¥ MR EE Y PSA M, LAAS 25 I3 M 5t £
PSA PHRAEXTHE 5 D 95 A BT Hh 1 UK 145 i Ak
PEARTR Y 57 B, W05 HXF 22 7 R A SURR T, 30138
H102.03.0.4.0.5.0.6.0.8 ug/mL £ B & ) PSA
SERR, LA 2T R0 PSA SEARMERT IR B0 B
X TR 1) ECso £ Sk x Bl I3 e Pt % 22 P 22 6] T K 114
ECsoVEA y i, BEATZe M IR A 40T , SR H 2 [l 9 )y
T y=bx+a, RIEHE REC(R?) b 1H I FRIR Y 8 3%
I (PAE) | A3 BT e TR 5 IR B L 22 17 28 % i 0
P BE N Z AR - P<0.05, b (N IE , H R*7E 0.8 LA
e UABH 2 F 2 0 (B A7 A IE A M s b (M T, R AE
0.8 LA I, 156 HH 2 F 245 55) (] A7 78 B AH DG A 5 P>0.05, 16
B 2 Fofr 245590 [B) O AH G
1.3 HEHI

FIH Excel 2007 F1 DPS 6.55 F14 245 71410 1 3 22
AR B FE T L AR A DG R B R RN AL R
(ECs) ; #| Ffl DPS 6.55 3£ 17 Shapiro-Wilk 1E 25 1 6
08 K 7 2550, N e/ 3 22 0 (LSD) ik it A T4
%5 5 K FH SPSS 20.0 F AT 25047 .

2 ERE45WH

2.1 BEEBEX/NEFREREREZEIRKHMIC

24 1 B )i 9 3 M 0.05 pg/mL I}, B AR LYMI-2
FTLHLY-4 1 7 22 A5 K A il 223K 5] 100.0% 5 1 ik
470.1 pg/mL i, 4 ¥R TE B LYMI-1 . LYMJ-2 . SQSY-1
Je LHLY-4 [ B 22 4= KA 32 23055 100.0%., K]
RGP N AR BRI PR P 22 K MIC 0.1 pg/mL
(B 1) 5 BT IS TR 1) U AN D
22 INEFBREIEE BN

P30 95 Bk /INZE IR B I TR X S A S 1) AR
TSR3 A, ECso 1Y 75 L 7E 0.003~0.088 pg/mL 22
(8], B R A MBI 29.3 4% P44 ECs0 047 0.011 pg/mL
(JA2-A) . Shapiro-Wilk IF PR H45 5 B,
TR X % TR 14) BB AR AN R 5 IE S 43 A (=
0.510,P<0.05) , W/ NAZ AR B TR REARS T AR 7E 4 XF
W TR T RO B I Y S AR . 67.4% 1Y TR R (3T
64 1 ) B H TR 2-B HrAH I 18 = e R P, AUk
PR 3R 3 A by i S BRI Il £ 3R 20 TR AR X 0% A TS
1) AR A5 3 A2 T fBL I 5 40 A7 (7=0.966,, P=0.072>
0.05) , R I Ks 1% B7 i ot 336 35 43+ B ok A ECso - 2 (.
0.007 pg/mL 1k /NAZ A B T ORT 6 T I 1 Bk
Hhek,
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Fig. 1 Inhibition rate of fludioxonil to mycelial growth of Fusarium graminearum
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Fig. 2 Determination (A) and frequency (B) of sensitivity of Fusarium graminearum to fludioxonil

2.3 AREMH/MNEFRERE XIS FHRBEOSFRE

[ — EL T B AR XTI BRI UM 22 S R . & P
T8 e X A B AR [l U 22 R A R, 22 A EGA 3
8.3; vk oM Ol v Fe BB Ak, 25 A5 80K 8.0 1M
R FH T 7 L AR, 22 AR BN 1.1 AR s IX TR
PRI Y 2 S50 1.2~5.0 2 0] R D ik B
FERRAN , HoAx 104 BT Bk X i B i i U 22 57
AN o W% B R 9 25 ECso A2 4k 1 [ 4 0.005~
0.028 pg/mL , H: BN T I, SCHT B ik e ok UK T
JE O B B R R AR, U 25 5.6 F . H

95 BRI AR Y ECso F-H4{H 0.011 pg/mL % A 1, 45X
PRRESAE 5 AT H A, o] 0Tl e e L R o ) e
PEAR T R 48 1 29K 5 A5 B TP X R0 B T %
T DX B B R BRI A T KT B 8 BT TR
()RR 5 T R A AR (R D)
24 AEETEKMNIEEBHBENRESITER
ST BT PR AR I TR SR I SR I A M 4 SR
FEW, 0% B G X 33 MR BRI PR 1Y ECso 1] 43 7E 4 R4
TS B PR RRE SN 23 3.6 B 1 BE 56 1 LAk
TET 10 BT 8y 23 ¥R bR, 45 NYFC-1.ZZGY-1 .



640] TRALIRAF T8 /N2 SR o PRSI T S 1) A 1371

NYFC-2, XXYJ-3.LYMJ-2, XXYJ-2,LHLY-2,
LYMJ-3,SQSY-1,ZMDBY-2,LHLY-3,NYFC-3,
SQYC-1.ZZGY-2.27ZGY-3.LYMJ-1.PDSYX-2,
LYLL-6 . XXYJ-1.XYPQ-19.PDSYX-1.PDSYX-3
K ZMDBY-1; 25 2 A K U5 F 34 Bl 19 3 BR R BE
£ 45 LYLL-24 . XYPQ-21 f ZKSQ-3; % 3 4H A F I
T 64~ Eali iy 6 BRI # , 145 LHLY- 16, SQSY-3.
LYLL-3.ZKSQ-9 .ZMDBY-7 1 XYPQ-6; 5 4 ZH 1L

1 AR TR PR , 9 ZKSQ-2 BRI T UL X7 3% PH T &
L R T REBH XY 3 MR RR R R A 1 4
A, HA BT YRR B AN [ A R 284 b, 1A
T T A Tv)— B T P80 T o g TR IS ) e 22 S ek
(F13) . AT BT 0 ik s BLAE [R] — R4 v, 3%
BRI 48 7 INAZ IR B T 0 I8 R I P At 22 5 S5 7
BRI LA 5 TC R AR DG, X 5 LSD L A AT
gER 3,

®1 AEAARET/NEREREX EEBNSURE

Table 1 Sensitivity (ECs, values) to fludioxonil of Fusaium graminearum from different areas in Henan Province

RAEHS BRSO ECs (pg/mL) THURPEFREL
Sampling No of  Frequency SR 2 Bk SEdgRrARE:  Sensitive
site isolates (%) Range ECsotman/ECs0(min) Mean+SD factor
TSRS R IX 30 31.6 0.003-0.025 8.3 0.0110.005 b 1.0
Luolong District, Luoyang City
T R R 8 8.4 0.005-0.012 24 0.008+0.002 b 0.7
Linying County, Luohe City
ST R 3 32 0.005-0.006 1.2 0.006+0.001 b 0.5
Mengjin County, Luoyang City
F TR 3 32 0.007-0.008 1.1 0.007+0.001 b 0.6
Fangcheng County, Nanyang City
ST R 4 42 0.005-0.007 1.4 0.006+0.001 b 0.5
Ye County, Pingdingshan City
T T AERH X 5 53 0.007-0.011 1.6 0.009+0.002 b 0.8
Suiyang District, Shangqiu City
P AN IR AE 228 3 32 0.006-0.007 1.2 0.006+0.001 b 0.5
Yanjin County, Xinxiang City
fFE TP X 18 18.9 0.005-0.025 5.0 0.010+0.005 b 0.9
Pinggqiao District, Xinyang City
J R 9 9.5 0.011-0.088 8.0 0.028+0.025 a 25
Shenqiu County, Zhoukou City
I I )5 T 06 PH B 9 9.5 0.004-0.014 3.5 0.008+0.004 b 0.7
Biyang County, Zhumadian City
M AT XL TT 3 32 0.004-0.007 1.8 0.005+0.002 b 0.5
Gongyi City, Zhengzhou City
23T Total 95 100.0 0.003-0.088 29.3 0.011+0.010 b 1.0

F RN ING FHE R IR 28 LSD A A B 7E P<0.05 7K F-22 5+ 123 . Different letters in the same column indicate signifi-

cant difference at P<0.05 by LSD test.

2.5 BERSSER . JXBETRESIRHEXME
W T X 57 B/ INZZ o B 9 TR 1Y BCso - (B
0.011 pg/mL, Z i R i ECso F-241{8 4 0.393 pg/mL.
FET ECso LA 01 H J7 F2 R y=—1.084x+0.405 , F i
B AE P<0.05 7K 22 5 i 2 5 b (E R 1 (H e R AR
(R?)>40.014, /N 0.800, 15 B g 71 %o 4 8 i 5 vt
Z T R U R JCAROCHE (B 4) o W& B IEXT 77 Bk
INFE IRFERT TR Y ECso - XIME 4 0.010 pg/mL, 3G me it
[ ECsoF- Y18 4 0.059 pg/mL., HET ECs £k 1]
P75 2 K y=1.718x+0.041, FI567E P<0.05 /K- 2%
S EpENIE B E RE(R) M 0212, /N F

0.800, 15 FH TR X g% TR7 A 5 ke s et ) et ]
ToAHE(E 4)
3 itig

AW FE 45 SR, 0 TR X A /N2 IR R
B AR SR A /E ], MIC 7 0.1 pg/mL; )4 H a]
UM AR B SRR , (RS , IR A3 BT
W% A G AT s R, FLRIURR M B4 0.007 pg/mL s [+]
— ELTIT PN A X % R G 118 R A7 A — S ) 22
53X A RE S B RRAS B 1 A T 22 S R R I 2 A
PEAT O R JE VT o e B B RRA T, oAy By s iR
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Fig. 3 Hierarchical cluster analysis on ECs, values of fludioxonil to Fusarium graminearum from different areas in Henan Province
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Fig. 4 Correlation of the sensitivity of Fusarium graminearum between fludioxonil and tebuconazole or carbendazim

TR (2016 ) 0 7 0 A i X R 2 et o 1 2274
KA ECsM 0.016 pg/mL; AF B % (2016) & UK
0 7 INAZ AR R P 2242 K ) ECso 4 0.054 pg/mL;
AR G R AR ST I A B A5 RS RN . (H
T LR 5T T FH A AR SR 1Rk TR A , TG Tk s s i
TR TR AT 2 50) 1) e 5 T AR S BT FH ) R A
TR 11 ELTT B 95 RRTE R , HE A7 AR 2k T
I ISz I T o X 5 B I ) SR AR

W BN 1Z B T 2 R VB R R sl
it B IA RN S - AR 0 BB 3 FLE T &
Foft F- Ab B B 7 b A 7R A 2 s A AR L 3

2017 4%, £ rh E A 2545 B VB 12 v it A A s AT
i BT Bl SR BE AR B TR /N IR R B . X
2 T RIS PN W PR 2 R T L Y L
X TIMSE BRI , TR R TGRS, AT Ll i T4
OIS0 0 TR R AT B G W 1 R g IR BIAR L 1Y
B 1A AR (Duan et al., 2013) , [HXF /N2 IR EEdA
P T3 TR PR G AR AR 2 P B/ E AN B BT
FE/NZ A HESR 1 SRR S, Mot P W PR i
K250 AR E L RS TR G RO K, (HH:
IR 22 i BRI T HAE /N AR B I . A=
7R AT LA SE I R P R R TR A TR
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PRFL N i PR 22 Y IR , YEFIESE (2012 ) 4%

G -5 R IR deE 5 1 L9 B L, o Eh 4 B L
W Alternaria solani B A W i G, R0 R
HOT LA $] 2.02 5 FH ] B A B R i, HEA
PR, 0 2 v T (R B B Ry B R B 3 7 R
AGRI S5 R, /N IR o T VT s AT T ) et
X2 R G SRR (] ToAR e X AR

7 HPEA T BRI AL B 2470 A8 S RO R B4 /N 22 s
R T 2%
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