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Sensitivity to trifluzamide and main biological characteristics of
resistant mutants of Rhizoctonia cerealis

QI Yongzhi, LI Haiyan, SU Yuan, ZHEN Wenchao"
(College of Plant Protection, Agricultural University of Hebei, Baoding 071001, Hebei Province, China)

Abstract: The sensitivity of 166 isolates of R. cerealis to trifluzamide collected from areas in Hebei,
Henan, and Shandong provinces where no novel amides fungicides had been used before were
determined by mycelial growth rate method. UV mutagenesis and fungicide adaptation test were
conducted to acquire resistant mutants to trifluzamide and to clarify the biological characteristics of the
resistant mutants. The results showed that the frequency of isolates with different sensitivity to
trifluzamide distributed as a unimodal curve, and there was no sub-group with declining sensitivity.
The mean EC,, value was 0. 072 £0. 022 pg/mL and it could be considered as the sensitivity baseline.

Five resistant mutants of R. cerealis to trifluzamide were obtained by UV mutagenesis with the
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resistance levels ranging from 5.5 ~18. 9 fold. There was no significant difference on the growth rate
of mycelium on PSA between the mutants and the parent isolates, but the dry weight of mycelium, the
number of sclerotium and the dry weight of sclerotium were significantly lower than that of the parent
isolates. The virulence of five resistant mutants were significantly weakened to Shixin828 and
Liangxing 99 than that of the parent isolates, except for the virulence of resistant mutant HD7-7U to
Shixin 828, and the resistance of five mutants could not be inherited stably. No cross-resistance existed
between trifluzamide and triadimefon, jinggangmycin, tebuconazole, fludioxonil, propiconazole and
carbendazim.
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INFZ SR (wheat sharp eyespot) XFR/INZZ 2R AL 2B A BR A 7] ;95% = MR ( triadimefon ) Ji
AR 5, 32 208 R A 2 ¥ 1 Rhizoctonia cerealis 25, IR RO A 25 Tl B 3 2 75 60% - X 5 &
Van der Hoeven 5| i —Ff /& B R F |, %00 1F (jinggangmycin) JF 2, Wi VTR VT AE Wyt 22 A A5 FR
MR FENE P XA A ARk, NE L N 397 % T8 MR T ( tebuconazole ) J5L 24 il 96. 5% 7
A 7E TR [ S B AU RS R 3 X b T & A X G 5K AW (propiconazole ) Ji 2}, 1L ZR 42 BB A A BR
H /™8, QRN NER B EREA 2 AW 595% M # G (fludioxonil ) J5 245 1 95% 2 1 R
— 0B BREI A PR RS 1N SRR BT, (carbendazim ) J5 24 , F AL A 25K T HR 4L
{E N JCH b BT A RIS T A =00 BTk PAFE:2011—2013 4F ) DAL AR VEDT 0] R 465 BE il
P2 1) B i T 22 R = WSS R TR SR A g i TG HRHR A5 T 4 22 H R AR /N2 S bk, SR FHZH 2
JHNEER, B TR R — s F2ER A, O3 BT B ST R B ZH AU R TR 22 R T R
/INZE BORR R G 24 55 PR R AR I S 5™ A A 22 T 53 B 240 5 7 AN SRR S MR IR (PSA) %
TR PP b Bia ORI R ) FHEE L, T 4 CHATRAE, 73 BR1 0 166 R/

WEIKE i ( trifluzamide ) , b2 2 PR R 27,6'-— 2 BURGI TR, 20 4 R A2 G 00 RN TR 22 Fl 5 0 00 2 350
TR-2-H 347 = g5 W 48 e 4- = G0 31, 3¢ —mg- KRB YK R, cerealis, H [F]J& T AGD W 2 il
R N 1/l s Il L1 B /NI 01 I BN /= A S =
R — MR FRS A P N R S TR, T B JNZZ SRR R 828 (BLHT 2 2005004 ) Fil K AL
IR ZFIVEYIRE  RERI R 1R T 22 A% 1 s LB 5 | 99 ([EH 22 2006016 ) ¥4 S &S I3 it Flt | 4351 i ]
REREA RGP ROR . BT ZAREIREE J0E A KR T /N8 BB AR 5T B AL A4 1
ICEE TR KRESOR . wEmkBERe (Y 32 M R AR LR,
FHBLEER 240 6105 St TR = R IR 11 26 v 9 355 301 1R I =1 AR PSA RS AR5 (855 200 g, TEAE
filg ST E R BT VA /N SRR RS E D, 20 g, BEBEHS 15 g, ZEM8/K 1 000 mL) ; PS WA 5%
A FEIN 3 5 SCHERRIE 1 25700 6 /N2 SORR B B A (4835 200 g, HERE 20 g, 7818 7K 1 000 mL) ; WA
T HNEFR =250 2 FR/NEGOG BEFR AL (BIEH 10 ¢, Z8187K 1 000 mL) ,
RO R R ISR R AT 247 1 DRSS v A DL i I 1.2 ®WRFE

AWFIE B AL ST /N SO TR R I A 1) 1.2.1 /N2 SURE R B P ok Bt fi ol BORK 1
JRFEZR  TRIT S0 3 A5 1 /N2 BUR P TR VT W 1 R 22 KR E Y R R el T
JHig 7= A T 2 PR S AR 1 ] BB B T AR AT 24 1 58 AR AR 1Y NER , FEFH 0. 1% Yt iE-80 JC R 7K Fic il 500 wg/mL
AR LAPEA 7N 22 S0RE 9 T X 198 1K Bt G 19 BT P BEVR , kT A B 10,5.2.5.1.,0.5.,0.25 0. 1 Fi
PR IR , SR /N2 SOR R B R B TR AR AR B AR i 0.05 wg/mL RN SG, 5 PSA 55 AR L

ol b s 1:9 W HLBNR G, Hl R A S R 215350 1.0. 5,

1 M#STE 0.25.0.1.0.05.0.025.0.01 #1 0.005 pg/mL A9
1.1 Aifar PSA P4z, LUMIFEAFRICTE K Y PSA A A X 1R

25311 .97 % WEKBEIY ( trifluzamide ) 25, b IRHIT FHATALERTE PSA P 13537 4 d & LR bk



No. 3 TG + /N2 BURE o B 0 R VA T 9 SRR e U 24V AR R Y SR B A A Tk 273

GATEEARN 5 mm (4 & DF, B 22 18 ) K 52 5
ER IR BE 20T L R RN 1 ST DE, B Ab
Ve 3 WHEKR , T 25 CREAMFFHEERR4d
J& R 28 SO I i A AL PR VR B (em) o
(1) A A PR X B 22 4 K M 28 (% ), T
SEEE S NI RR A5 B A R ik R (ECy, ) H
M/ % = [ (O IRTE A - A B 7
1)/ (i IR TVE B AR - UEEAR) ] x 100 (1)

1.2.2  /NESURRE LE vk BRI R R K AR
1.2.2. 1 ZEARBEMRM MIC {HIE  FRHE /N SUHG

3 DA ) T WG T e ) BB 1, TR (HD) B &
(XT) AZRE(ST) fr7E(BD) FI#EL; (WF) 5 >4
DXCRAE M TR IR, 25 BEAILBE R 3 MR A X SRR 1 SR
SRR AR, 2% 1.2, 1 W7 P& AR o i 2
O GEIE BBt Jie o Vi B 43 oA 0.3.,0.2,0.15.,0. 1,
0.08 F10.06 pwg/mL i) PSA 4z I, LI & 2571y
PARAEXT IR, RRALEE 3 REE, T 25 T T BRI E
Kigt 4 dJa  MRPERTRIE D204 KA DL, e 9E
WRTBE e X T B 2% A B AR 19 S 1K 90 o B o R
(MIC) fH.,
1.2.2.2  ZHRIESERYIMEL  FEREPLIEER 15 bR
/INZE SR TR BURR TR PR (1 R & TR 1Y SR AR TR PR )
fF PSA Al I 25 CRIERF 4 d 5, THRE LS
FIMCEAE R S mm W EEDE, 22 8 T &
0.01 wg/mL BEMEEERE PSA A E,3 d 5% T
M A ACRR X A PR ) TR 7 P2 B 22 A A )5
WEIE B (9 PSA - MR I, B TE bR 4 R 24 1L, A 0L
53, ZJEHEMR3 d LR, IFB G e nk i
() o VAR B, L B 2 1 2 AR AR R A 7 5 S (IR o)
RS (MIC,0. 15 wg/mL) BE WK L2 () PSA F
M A AR R 1k 7E R D) A i R 22
HATAAL, DA SEAR TR AR IR 230045 (2) F1(3)
B2 R 1P 2R B S E NI T v & i S PR | A
AR

PR = B2t 88 IR 1Y EC,,/ 3B A TR Bk
i) ECy, (2)

PRI AR/ %o = (PTG R AR
DR 2550 9IE I A DE S5 % 100 (3)
1.2.2.3 $¥HMES HEO. SR TMEW T
BTV EAT EO AR E B R AR R SR AN S 1 A
BJ B S GV - N2 Sl 1 I 1 G =
1.2.2.2 5 R FEHLBEBUAY 15 Rk /N2 SUR I 1 A5
BIRRAE 25 CTFRFR 4 d, HUREAE 5 mm AYRDE, 322
A PSA FHr I, B FE B 15 min )L 5T

(20 W,254 nm) F 53 #2520 cm 4k, 43551 B8 4t
20,40 .60 .80 120 1180 s, 2 J& B T S W% 444 F 1%
7% 40 min(FEIOEEE) . UIHZ) 8 mm x 8 mm HY
W22 H TLIAMT (220 V,15 W) 425D T 5 gk ik
e (MIC) 1) PSA Vil I, 55 T8 bR 4% Fh 24 1L, 45 1L
58, F Parafilm H O EH O /5, BT 25 C . B
ZUETFR R, ARG ING T4 25 AR 15 FRAE X
M, 3 d 5 B RS SO T 45 TR AR TR 22 ey AR K
AR, 2 AR AE 7 28 7 LA s AN B0 19 o O £ A
Jo R AR X 2 1 3 WA Ri g3 b, i i
T UIBCR AN 22 AT Ak AR S R TR 22 g
RS MIC WEWKBERE /Y PSA AR I, g ir A= K
A TR R R 25k 58 AR 1K, e 1t 9878 T bR i it A
0, PASSSUMTIR T 25 A A % IR, 4% 18 (2) 2 IF:
TR R AR PR, I (4) LA
UL PE S AT

U TEIE AN/ %o = (10 FA 78 B T 22 B/
25N B 228 B0 x 100 (4)

k@ B HERRERIE™ ¥ 15
2 SUR TR R R TE PSA WAl I F 25 C T RIER
4 dJ5, BT AT (20 W,254 nm) F 5 3 LIRS
20 cm &b, 4B ST 5.10,15 .20 Fi1 30 min, Jf T &
B 45E T CE 45 min, FfJS4TECELAR 5 mm B9
OF TR 22 T 3T MIC BERKEERZ (%) PSA F
W b, FEEARRMRIER 24 I, 0L 6 DNEVE, T
25 C REEAMF T EIES SR, 1 ERIE MK e
Foe REA Y I VA D A FLBe 2 7K e (4) R
1.2.3 MAMREBREEERAMRNEELE Y F
Mk T
1.2.3.1 iR AR RKERREEE R ¥
P R A AR S HOR AR VR TE PSA 57 5 1 T
25 CTREEEFR 4 d 5  ERIEREE NS THE
5 mm WEEDE, R R 5 251 PSA 53R 374
LA B RR IR 4 L, FAIE SO TR IR, AR
24 h N SE — U I BAR, A L 95 S 24
12, AT PR AR 5 HOR A TR e 22 R KR
F225, kel 3% 21 d Jic A By gitE R
AR FEAS BRI B A B 45 R PR A%
HGTE 80 C MRS MET 2= 08 5, FREUEE - L BA 4% T
Y

I3 K 0 2 P 5 AR AR R SR AR TR bR 4 A B
100 mL PS ARG FRIE b AR 5 A EEDE, R G HT
F5(25 C,120 r/min)7 d, B2 440 Bl S 08 n T
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80 CHEAT ML T, WL TE , SRKEL
30,
1.2.3.2 PEyPERBERNBOR T RAHEZ S
GV 7 L7 S| DA | Weol d B L N U EE S A B S
R EPUREA 100 mL = AR, Bl 40 g, 5
JEKE (121 C,2 h) IR G, 0 04 A TSR 8L
Hitidos TR SR AS R R ST 2 ME S A8 A B4R 5 AT
Pf, BT 25 TR IR, BRI 1k, DIl
SRR TERFRL AR RIS IF B IR 258 14 d JRAR R/
2 SUM I DRI AR

T FP 0 /N 22 P 7 e 1% B9 Uk SR B 35 T
TH#E 1 min, FEHTCHEVK PBE 5 I, & T 25 CTHFF
P RREZ, EOERHEARA 1 kg KW+
(120 C,2 h) ME SRS B 15 K, J8 BHA
8 g /NELUMR R EAMA , K RHE T —)= 2 cm
JERK Wt BETCHEFN R R AR S X IR A bR
TE/NZZ v FPAT T 828 AR A2 99 I e ik B 15
3WHEL WM EE M3 %, EREKET
18 ~25 CilR ENIEF OLI/ MBI =14 h/10 h)
28 d J5 22 TEBAE I 03 Db I8 A S0RY s 0 1%
B e (5) AT RS AR B, /NEE SO
TR TE bR e L0 G, Ok 5 1 G, SN I AR
ey B AT BH . 9 SO 5 B (L8 BE B AR /N T i
Ky 17233 9, 02 i85 A B 50 SRR 3E, s 5
AR T M8 KA 12, (5 2 - 85 00 5 1R
5 G, )28 AR A 5l A B I 0 SOk R B, (EL BE
HAR/NT 8 K0 12,7 %, 284 9] B
) SCR R BE, 98 BE B AR R TS R K iy 172, A4
BEVE ;9 S, BB .

WIETEEL = [ X (&SR HREL x AR ) /
(PR RREL x9) ] x 100 (5)
1.2.3.3 gkt iRoet: o
RSB AR IR TN SR A TR AEAS 1 BE WK e R 11
PSA Pl FARRAREE R 16 A, IR b B AwRIC
F 0, 3% 0 22 4 K s 28 40 ) W Ry \F, \F, F),
Ko F o RO BE VG O e 1 SRR
1.2.3.4  WERRIEG 5 A [R] 25 BE ) =2 8] 09 52 BBtk

i TR 22 A A TR 4y S D e AT I IR 5 A

A R L SR A TR R KT W Wk T e | — WAk ] X 2R LG
M DRI D R RN 2 A R R, 2R R R
25561 0. 1 mol/L 1) £k 2 13 W7 ik, FLAth Jir 24 5 73
TN, SR 5 43 0 I ] 2R 510U B2 24 00 i i B
AN S 24 i W JBE ) PSA S, 5 W Ik I g Ko 8¢
9 TRT47C MR 1V Tk e 2 725 AR B S AR TR R 1 EC 5, fELAE

S x Bl oAt 6 i 24 550 X470 0 K IO e 98 AR 1A S AR
FRRY ECy (6 2R y M, 43 0l 2R 47 St a1 3 434, K
MEEMERITHFRE y =bx + a, B ERB(R) K&
P A, 5 BT W Wk I Frie 55 A 245579 22 8] 9 58 B Bi Pk 5¢
S

1.2.4 %4 # R A DPS v6.55 W4 i)
Duncan [KHT & e 22 5 X 00 B 0 47 22 55 W 5 v
53T

2 ER5HH

2.1 INEGUFLRE X R B R a R &R E L
WENKIERE XS R FATIL T L AR 9 166 BR/NAE
SR B S 44 BCyy {4 (0.072 = 0.022) pg/mL,
B RAE A/ ME ST 124 0. 140 F10.030 wg/mL, Hj
FAUZRIGH MY 4. 68 5, It A SUAK I T TR AR X 1
K TR e 1) B0 JE% PE AT 28 5 3% Sk B0 i 2k 0 Al (A
1), A 0 BB Y i o 1 Do O ST A, AR
P IE A o A, UL TR % B R B OF- 38 ECy, fHL
(0.072 pg/mL +0. 022 wg/mL) fE /N3 Bk
RO LR LV S5
45;
40+ I
35+
30t

25+
20

i H

<0.04 0.04~0.06 0.06~0.08 0.08~0.10 0.10~0.12 0.12~0.14

BZ Frequency/%

VIR TR 1% 1 280 o R 8
EC,, value of trifluzamide/(ug/mL)
Bl 1 166 #k/Is 22 S B X R Bk B AR O B R M ST R 43 7
Fig. 1

isolates of R. cerealis to trifluzamide

Baseline sensitivity distribution of 166

2.2 EIHEX /N2 SR T T X I Ik B 0 R
=R

FEAHARY 166 BR/N 22 SORG 9 TR TR Bk T A HE
BB PRIAN Y ECs, fie K AA AR /ME 43 5124 0. 034 il
0. 140 pg/mL, 22 FAEUR K, Jy 4. 18 % k2 1l
AUEDT , AR IA] A BC., 5 KA AN d5e/IMEAH 22 3,79
7 5 FLAb b DX PR BR8] (1) EC, {H 22 5 A5 ULE 2. 45 ~
3.49 f 2z ], {HAE 9 AN X v, BT A T Bk 0 S 14
EC,, fH7E 0. 060 ~0.077 pg/mL Z[&], #1[X [A] /N %
SO B A AR X 1 O T e 1) B M G W 25
(£1),
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Table 1 Sensitivity of R. cerealis isolates collected from different regions to trifluzamide
. e o AN P BCsy/ (pg/mL)
FRAEH I Bk K LIES
Sampling sites Tested isolates Frequency/ % [l Ranges ECy, (H:R) : ECsy (/M) YIMH + brifE
ECy, (Max. ) : ECs, (Min. ) Mean + SD
1% Baoding 30 18.07 0. 040 ~0. 140 3.49 0.072 £0.024 a
AR Shijiazhuang 18 10. 84 0.047 ~0. 114 2.45 0.069 £0.016 a
JF & Xingtai 25 15.06 0.039 ~0. 121 3.13 0.068 £0.021 a
HR¥E Handan 30 18.07 0.034 ~0. 140 4.18 0.077 £0.025 a
JE1lI Tangshan 5 3.01 0. 030 ~0. 092 3.08 0.060 +0.028 a
#7K Hengshui 22 13.25 0.036 ~0. 117 3.30 0.073 £0.020 a
¥ Cangzhou 9 5.42 0.047 ~0.119 2.51 0.074 £0.022 a
#EYi Weifang 8 4.82 0.030 ~0. 113 3.79 0.068 +0.028 a
1855% Hebi 19 11.45 0.037 ~0. 116 3.16 0.073 £0.022 a
/N Total 166 100. 00 0.030 ~0. 140 4. 68 0.072 £0.022 a

TE : [R5 5 S Rl P BER 2R 28 Duncan FOBH M 22 R I 7E P =0. 05 AKF22 57 3% .

Note: The different letters in the same column show significant difference at P =0. 05 level by Duncan’s new multiple range tests.

2.3 INEYHFRENEKBRERTENKRERN
ok

3 2R A RS VR X AL BT 15 Rk /N 4L
e TR R AR EA TS 05 AL LASE A B Bk BD18 \HD7-
7 HD14 1 XT14 F5RA5 T 5 BRbr2gpE oAk, 248

BN 1. 26% ; 878K 5y W45 4 BD18-4U . BDI18-
9U .HD7-7U \HD14-2U 1 XT14-4U , #7121 /K Ky
5.5~18.9f%5( % 2), B, RHGF YL ES
SR o R X W TR R e 1 7 245 1k TR R, Bk 15 AR
15 R AR B R I BB R AT B e R ok e 114) 28 A5 A

K2 NEYRHFRERAEREEER BT

Table 2 Resistance level of the resistant mutants of R. cerealis to trifluzamide

ik FT s B HOERE(r) ECs = 5D/ FZGREAT
Isolates Virulent regression equation Correlation coefficient (pg/mL) Resistance level
BDIS8 y=1.600 2x +6. 623 3 0.980 1 0. 097 +0. 031 -
BD18-9U v=1.504 6x+5.415 0 0.988 6 0.530 0. 107 5.5
BD184U y=1.146 9x +4.908 9 0.991 8 1. 201 £0. 269 12. 4
HD7-7 y=1.8424x+7.046 6 0.990 5 0.078 0. 023 -
HD7-70 v =0.850 6x +5.044 1 0.997 9 0.887 0. 111 11.4
HD14 y=1.738 1x +6.948 6 0.992 2 0.076 0. 018 -
HD14-2U y=1.0312x+5.198 5 0.990 4 0. 642 +0. 198 8.4
XT14 y=1.8357x+7.405 2 0.991 0 0.049 +£0.013 -
XT144U0 vy=0.973 5x+5.031 5 0.983 6 0.928 +0. 132 18.9

¥ :BDI18 HD7-7 \HD14 Hl XT14 N EA R, HA P 2248k

Note; BD18, HD7-7, HD14 and XT14 are parent isolates; others are resistant mutants to trifluzamide.

2.4 INEYHRBREARAERTEETELYFER

241 WaAKERMEZERESN H/NEL
M L2 M 2 AR R AR KA L (£ 3) AT 40,24 h
N bk BD18-9U .BD184U #l HD7-7U HY i 74 B

I E /N T4 H R A TE B, M @ bk HD14-2U Al
XT14-4U 53578 T8 bk 22 57 A BH S 5 Bl o B[] 719 2B
K, SRR TE BS54 A AR Ak R 22 5
KARBE(P=0.05), 5 bRbU 25 PE AR IR 1Y) B 22
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TEH BT A EARE K, 5 RABEKRE2Z T
I/ ERATE0.06 ~0.09 g/ 2 lE], 54 HFEAR
FRAH EE | T B0 24 1 58 20 R 1) R A 2 B8 o R BT A

T B A, b HD14-2U B 5cs f T &

x=3

INEYRRE R B R R T EEKER

Table 3 Growth of the resistant mutants of R. cerealis to trifluzamide

W K, A3 /b 13,0 4~/ ILAT 8. 7 mg/ I, FHLk &
BD18-9U , [ #% & A1 1 H 43 il 9d /0 11. 3 A~/ MLAN
7.8 mg/IllL,HD7-7U HIIEIE R/

bk 7% % Diameter of colony/cm W2 TH/(g/) W% % Formation of sclerotium
Isolates ot 8 . Dry weight of mycelium K/ (/1) T/ (mg/llL)
/(g/bottle) Number/ ( No. /dish) Dry weight/ ( mg/dish)
BD18 2.2+0.1a 3.1+0.1b 4.2+0.1b 0.54+£0.03d 29.3 +3.2 be 19.8 £2.7 be
BD18-9U 2.1+0.0 be 3.1+0.0b 4.2+0.1D 0.47 £0.04 e 18.0 £3.0 ef 12.0 £2. 1 ef
BD184U 2.0+0.1¢ 3.0£0.1 b 4.1x0.1D 0.46 £0.03 e 19.7 £3.2 def 13.4 £2.3 def
HD7-7 1.7+0.1d 2.9+0.1c 3.7x0.1c¢ 0.37£0.01 f 30.0+4.4 b 20.4+£2.9b
HD7-7U 1.5+0.1e 2.9+0.1c  3.7+x0.0c¢ 0.31+£0.01 g 24.0+2.0 cd 16.3+1.4 cd
HDI14 2.2+0.0a 3.3x0.1a 4.4+0.0a 0.81 +0.06 a 37.0+4.6 a 24.9+3.1a
HD14-2U 2.2+0.1 ab 3.320.1a 4.4+0.1a 0.72+£0.02 b 24.0+1.7 cd 16.2+1.1cd
XT14 2.1 +0. 1bc 3.320.1a 4.4+0.0a 0.64 £0.02 ¢ 21.3+£2.5 de 14.4 1.7 de
XT144U 2.2+0.1 ab 34+0.1a 4.4x0.1a 0.57+0.02 d 14.7+1.5f 9.8+1.0f

¥ .BDI18 \HD7-7 \HD14 1l XT14 MR, A NI 22480k, RIFNE G A R E+H: 278 2 Duncan BT & 25 K0 58 7F P =0.05
KEEFRE,

Note; BD18, HD7-7, HD14 and XT14 are parent isolates; others are resistant mutants to trifluzamide. The different letters in the same column

show significant difference at P =0. 05 level by Duncan’s new multiple range tests.

2.4.2 A BURLMESTR(E2)RY, 5
SRARTRARAH LE , A 2722 1K HD7-7U X 47135 828 1)

Bow A W B REAR, R RS e R AR A X 10,5 Z ],

W B e % Disease index

O A% 828 Shi xin 828

OR A& 99 Liangxing 99

A1 828 FIKE A 99 Ay UK J1 3 B R [, 2 S Fh
B9 175 18 BT BB B4 7 2.9 ~18.9 Fl1 4.5 ~

70
a
60} . .
i {
501 o {
0 : b
sl o, b b
a a a
301 . b a , b
200 b
101
0 I I I I I I I I I I I |
BD18 BD18- BDIS§- HD7-7 HD7- HD14 HD14- XT14 XT14-
oU 4U 74 2U 4U

BHE Isolates

¥ .BDI18 \HD7-7 \HD14 1l XT14 NEAR G, A NP AR, B R RI SR 37R Bk R A SO 248 1k
%ot [l — /N AR B0 1128 Duncan BB B R 223686 1E P =0. 05 KPR B3,

Note: BD18, HD7-7, HD14 and XT14 are parent isolates; others are resistant mutants to trifluzamide. The different letters

in the figure show the virulence of parent isolates and its resistant mutants to the same wheat cultivar was significant

2

difference at P =0. 05 level by Duncan’s new multiple range tests.
INEGHETRE TS K BE AR R T R SR A E MR 2 D @F/NEH BN

Fig.2 Virulence of resistant mutants and parent isolates on two wheat cultivars at seedling stage
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2.5 INELGHFENERBRRTENRG MR  HD7-7U Ml XT144U ) F, A% BC, [HINHT T4 A

fEfaE

TEAS T ENR BERE 1Y) PSA ¥5 533 [ % e gk 1035
I 16 U5 ,5 BRPTE M 5 70 P4 6] 10 ) 1k e ) B0 Jee
PR ETES(E4), Hp %Ak BDISIU,

=4

1IN U 7 T 70 R K i R SR AR Y

AW (F,) ,BDI8-4U #1 HD14-2U #Y F, At EC,,
553504 0. 316 F10. 169 wg/mL, ¥ 8] B A% T4 H
AR, KL EINL IR R PAFHY 5 BRYTVE
WR Bt fHe 5 A AR AT 25 TR X A RERRUE 3824E |

M RERE M

Table 4 Resistance stability of the resistant mutants of R. cerealis to trifluzamide

A AN TR EC,

+SD/ ( pg/mL )

T £k Isolates

F, F, Fy Fi Fis
BDI8 0.098 +£0.004 a 0.097 £0.004 a 0.099 +£0.002 a 0.089 +£0.004 a 0.101 £0.002 a
BD18-9U 0.532 +£0.022 a 0.490 £0.021 b 0.382 +0.020 ¢ 0.107 0. 005 d 0.096 +0.005 d
BD184U 1.206 +0.014 a 1.109 £0.011 b 0.986 +0.016 ¢ 0.798 0. 008 d 0.316 0. 005 e
HD7-7 0.077 £0.004 a 0.076 £0.004 a 0.079 £0.004 a 0.070 £0. 004 a 0.079 £0.004 a
HD7-7U 0.871 £0.014 a 0.801 £0.013 b 0.714 £0.012 ¢ 0.177 £0.003 d 0.079 £0.005 e
HDI14 0.076 0. 001 a 0.075 0. 001 a 0.078 0. 001 a 0.069 +0.001 a 0.080 0. 001 a
HDI14-2U 0. 645 +0.009 a 0.593 +0. 008 b 0.529 +0. 008 ¢ 0.249 +0. 004 d 0.169 0. 003 e
XT14 0.048 £0.003 a 0.048 +0.003 a 0.050 0. 004 a 0.044 +£0.003 a 0.051 £0.004 a
XT144U0 0.924 +0.012 a 0.848 +0.009 b 0.389 +0. 006 ¢ 0.102 £0.001 d 0.047 £0.001 e

¥ :BD18 \HD7-7 \HD14 Fl XT14 K EA b, HA P2yt o8 e i, R8I 5 R [R5 13 /R £ Duncan [GHi & W 255K 5676 P =0. 05

KRR RFE,

Note; BD18, HD7-7, HD14 and XT14 are parent isolates; others are resistant mutants to trifluzamide. The different letters in the same column

show significant difference at P =0. 05 level by Duncan’s new multiple range tests.

2.6 KBRS HMRENZBNZERGE
TR A5 IR PO T e 5 78 AR e LS AR T kxR
fiby 6 Ffr L3 % B 71 8 BBURR A Fl 5 3 S50 U A 1 TR IS
> IREE > N IAME > = IRER > XK > ZHER,
HAF BEC,, AKX M 0. 010,0. 028 ,0. 081 ,0. 250,
0.508 A1 1. 147 pg/mL(#£ 5), & H Pt Hr4s

x5

(6) Won, BELBEIG EC,, [ 51% 6 Fh 2% 3 7 (1)
EC,, H Z 8] ity e & R EL (R®) 43 %1 R 0.006 8,
0.013 1.0.006 2.0.035 3.0.040 7 F10. 086 1, AH i
) F K P A RT 0. 001, 3 W 08k fot i 5 =
] H X185 28 s TR . PN P e R 22 TR 2R 2 (1]
S LR/

INEE U T LR PR B B SR B R SR A AR R R SR

Table 5 Sensitivity of the trifluzamide-resistant mutants of R. cerealis to different fungicides

HRAMGI ik E  ECyy + SD/(png/mL)

Iflikes WE WK T = IR S % M [SEZNEA ZHR
trifluzamide triadimefon jinggangmycin tebuconazole fludioxonil propiconazole carbendazim
BDI8 0.098 £0.004 0.312 £0.023  0.634 +0. 121 0.035+0.003 0.012+0.002 0.101 £0.022 1.430 £0. 092
BD18-9U 0.532 +0.022 0.252 +0.031  0.512 +0. 056 0.028 +0.004 0.010+0.003 0.081 £0.017 0.919 +0. 063
BD184U 1.206 £0.014 0.273 +0.045  0.407 £0. 083 0.031 £0.002 0.006 £0.002 0.050 £0.015 1.463 +0. 089
HD7-7 0.077 £0.004 0.319 +£0.021  0.505 +0.071 0.036 +0.004 0.010+0.001 0.082 +0.021 0.706 +0. 051
HD7-7U0 0.871 £0.014 0.249 +0.015  0.649 0. 061 0.028 £0.001 0.012 +£0.001 0.103 £0.011 1.127 £0. 132
HDI14 0.076 £0.001 0.246 +0.023  0.500 0. 113 0.028 £0.002 0.009 +0.002 0.080 £0.002 1.253 +0. 034
HDI14-2U 0.645 +£0.009 0.246 +0.036  0.500 +0. 098 0.028 +0.001 0.009 +0.001 0.080 £0.008 1.154 +0. 062
XT14 0.048 £0.003 0.154 £0.012  0.313 £0. 045 0.017 £0.002 0.008 +0.002 0.065 +0.019 1.128 +0. 114
XT144U 0.924 +0.012 0.200 +0.034  0.555 0. 103 0.022 +0.004 0.011 £0.001 0.088 £0.013 1. 140 +0. 047

WM + brife 2z

Mean = SD 0.497 £0.442 0.250 £0.051  0.508 +0. 104 0.028 £0.006 0.010+0.002 0.081 +0.016 1.147 +0.234

¥ :BDI18 \HD7-7 \HD14 Hl XT14 NEA R, HA P MR A&,

Note; BD18, HD7-7, HD14 and XT14 are parent isolates; others are resistant mutants to trifluzamide.



278 K2y ¥ R Vol. 16
F6 INELHREXERBRER M6 FREFINZERE
Table 6 Cross-resistance between trifluzamide and other six fungicides in R. cerealis
247 Fungicides [B] 97772 Regression equation R? P

— IR triadimefon y=-0.009 5x +0.254 8 0. 006 8 0.833 3
HXIEZE jinggangmycin y=0.026 9x +0.494 9 0.013 1 0.769 3
TR tebuconazole y=-0.001 1x+0.028 6 0. 006 2 0.8399

X TE NG fludioxonil y= -0.000 8x+0.010 1 0.0353 0.628 2

PNERME propiconazole y=-0.007 5x +0.084 8 0.040 7 0.602 6

£ 14 % carbendazim y=0.155 4x +1. 069 4 0.086 1 0.443 6

T Ty 4350 ek R RIUFCAl 1 b 38 B8 7000 [ — BT RR Y ECs fH

Note: x and y are the ECy, values of the same isolate to trifluzamide and other fungicide, respectively.

3 At

AHIF 5T R R 22 5 K AR E T 166 HR /)N
A2 SR TR R I 1K Tk e 1) U, 25 SR R it
TR/ INZE SR i TR T I8 1R Tt e L A A v 1 BUIRR R
TR Y SR BT 38 43 A 5 3% S gl £ - 34
EC,, 5 7 (0.072 +0.022) wg/mL, A] {f Ky /N4 &¢
Ao AT 0T WO IO T B 1) RO B S L R T T
Chen %0 #7149 7K 8 SURS 995 R ( 57 22 4% 1) XoF
B P B i 1) SRR L 26 [ (0. 058 £0.012) wg/mL ],
XA RSN AR R TR Z [ ) H AR 22 5, AR H X
[) /N2 SR 9 B TR PR B EC ., e KB A i /MEL AR 22
4. 68 i, H 5 K AT BEJ& >k B T AN [ M DX B A ] 1Y)
HARZESR

TE— 28 BYE$R e 07 s 0 58 v 998 Jt TR 6 AN [
AEFNB RS AP b, XIS e it =
RSPV T, A5 T /N ORI T T8k
B IR IR RIS TR AR TR R
BT 4 5 1 2 5] 0 e AR AMA SRR T 3 BRX
P B A R BT 24 M KT 19 70N 22 SUR R TR 987228
A, BRFEEVRI L AMRIFAETRAS T 40 AP 3
SERG R /INE SURR R S R bR . ASBT ST A 5 Ah
VAR T 5 R/ INAZ BOR s TRRT IR R Tk e 1) 40 245 7k
AR s (H 2 245 571 i 25 R B R R AT T WE 0k I g 5
AR T RE S 2G50 F B R NS S T 22 B B
A,

HT, AW BT 8hZ 2 (FRAC) © ¥ 3%
FFPR Mt I 1 771 25 ( SDHIs ) A% B 770 1A B2 bk
JRUK: % B 7], Keon 451 1 Shima 457! 43 51 46 ]
BT E K B W Ustilago maydis F1 K i 5
Aspergillus oryzae ¥1%2 95 R 19U 14 W ¥k, Roland
2508 Wharton 250 14 KE- 2500 2 B R S£ 8] T

PUNE % 7 G 1 K B2 9% TR Botrytis cinerea | Hy 8 B .
PEWR B Alternaria solani FAWk18 J& f B Monilinia
fructicola ¥k, 28R FLU" 8 2 P 24 570 0 1k , 2545
T3 BRI B BE I 1Y) B TR LRSI - Podosphaera
xanthii FE7E R IF KI5 M A RE R 1A%, HLEL
s T SEURBI MR TC 1 25 25 57, I AP B A
3995 R0 SR PR e e EL AT R SR BT 25 XU . Avenot
0 BN R I Tt T e ) B SR BN T Alternaria
alternate Z37 X ML IGE o e 259 26 B0 HH T AS TR AR 1)
Utk AWESE R B, /N 22 SOR S TR T W 1 1 Jrg 5
AR TR 22T 8 B A AR R | R T B NS0 )
B AR TR A bk, H T2y PR AR Reta e 1wt .
S H USRI, R R I e o 2E 7 b ] 2450 =
WP XTI 2R SR TR | N P R 22 TR R
[ TCAC H AT, HE AR /N 22 SO s TR0 Bk 15
i BT 24 P XU SR AR = A5

H A BT 2 R, 5 RSB R AT L, /N2 AL
i RTGT ISG A Bt v B R B TR R S CYPS1 R
BAE 8,593,670 673 (i H IR T AT A
KK T C.G.C.T, Al i 40 i Ak RS | R bt &
MRZRIEAZ T IR A 20T R A e W B A ], H
RIEFELE, XIPGHTEE KB, 7K RS SO T B e
I P e 2 A8 (AR P 55 FE 2 0 S0 ( Sdlh) S PR T R o7
NSRRI 22 7 . AW B2 T ik 1y
AT IR e B 91 5 2 A B ABURR TR PR 1Y) 2 S T A i
— 5

Y/ INFZ SOk I R T B K TG B 1 = N T 2
IRV g T 2 v A K F, Sk S R W Wk I e ) 1
F5 A, R A e v N 5 A A% R R A =R )
FisF 7 JIT 5 FH ] 7N 22 250 Ak g BT T W K T e 14 47 245 1
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