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Shandong Province, 102 isolates of R. solani in 6 areas in Shandong, including Tai’an, Linyi, Weifang,
Laiwu, Rizhao and Qingdao, were investigated using the mycelial growth rate method. The ECs, values
of thifluzamide against different isolates of the pathogen ranged from 0.010 to 0.194 ng/mL, with an
average ECs, value of (0.086 + 0.004) pg/mL, which showed a single-peak curve distribution. Five
drug-resistant isolates were obtained by UV induction and one resistant mutant was obtained by drug
domestication. Their resistance levels ranged from 6.46 to 20.08. The mutation frequencies were 0.87%
and 0.52%, respectively. Five drug-resistant isolates obtained by UV induction could not be stably
inherited. While one mutant QD2-Y4 obtained by acclimation of the drug could be stably inherited.
Studies on the biological traits of antagonistic mutants showed that the mycelial growth rate of TA3-X2
isolate was higher than that of the parent isolates, and no other obvious difference was detected. The dry
weight of mycelium and the dry weight of sclerotia of the five resistant isolates and one resistant mutant
were all lower than the parent isolates. The pathogenicity of TA3-X2, WF6-A2 and QD2-Y4 was lower
than that of the parent isolates. However, the pathogenicity of TA17-X6, LY8-3 and QD14-Y7 was not
significantly different from that of the parental isolates. There was no cross-resistance between
thifluzamide and some other fungicides, including tebuconazole, propiconazole, fludioxonil,
validamycin, difenoconazole and carbendazim. However, the cross-resistance among thifluzamide,
boscalid and penflufen was observed. Overall, R. solani is sensitive to thiafuramide in 6 areas of
Shandong Province. It is speculated that thiafidamide can be used as an ideal candidate for controlling
banded leaf sheath blight in corn.

Keywords: Rhizoctonia solani; thifluzamide; boscalid; sensitivity; resistance induction; biological

characteristics; cross resistance

2 1% B @ 2 At 2 PR b B A A 1 1 3% BARPFGITAER . NP REF, W] T i g
T R A, AT AE TS A R e R A HLER B A DA Zal g A HE . WEPR I A TR e A T A
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IR A AR 224% 5 Rhizoctonia cerealis~ SAG22%% SAEYIIONE . CAWIAR, MERRBEE A TR
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HEX, HHTEHEFEINE, FEHMR JREE R. cerealis XTVEMRIHIZ ) PTPETRAZIR, HRI
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B H NS AS 22 A% R. solani, T LR EH
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0.4. 0.8, 1.2, 1.6 ug/mL) X JsME H 2K % (0.025.

3)

0.05. 0.1. 0.2. 0.4, 0.6. 0.8 pg/mL) [¥] PDA “F-
PR, R FH B 22 A0 K S 30925 N 5 e e POk T e 5 A Ak
SR AT RO DL b 25 50 B BBURR A o % R PR R fr ot
Pk RAGAER KSR AR R B ECso {B 73 HIAE N x 4,
FC Al 1A 24 70 0] SRAR AR K SR AR B R ECso H
GrAEN y B, AT RN, A5 ENE DT
T2 RERE (R M PAE, 7 HrERREE % 5 HoAth
272 B B A8 BTG R,
1.3 BUBRSH

KHI SPSS 17.0 i it #fF k47 22 7 S 2 1t 4y
try BT E S E S 2 =BT .

2 FHRE5DR

2.1 FERGUGRE X R pE A BUR E 2k

B 22 A KRR e 5 R R R 102 B
T K GO 9 TR RS R IR I i ¥ B A A v ) LR A
H ECsy A5 H N 0.010~0.194 pg/mL, “FJ
ECs, 1N (0.086 £ 0.004) ug/mL, f/F (skew) =
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Fig. 1 Sensitivity distribution of 102 isolates of R. solani
to thifluzamide
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ITHiZiE s, (UAEPE TA3. TA17. LYS. QDI4 X
WF6 313 [ 5 BRI 251 iR, 7309 54 TA3-X2.
TA17-X6. LY8-3. QD14-Y7 1 WF6-A2, Hipritk
RABTEN 0.87%, HitEKFH 6.46~20.08 fi%.
BN T RN 12 DN EARAT S 3 RS
1 BRPUMERRBERZ ()RR, 458 QD2-Y4, RAF
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Table 1 The sensitivity and resistance levels of resistant

mutants and parental strains to thifluzamide

I;f)lltaﬂ:e ECs¢/(ng/mL) ResisZLr‘lri/jli:iFel, RL
TA3 0.073 -
TA3-X2 0.685 9.33
TA17 0.092 -
TA17-X6 0.591 6.46
LY8 0.043 -
LY8-3 0.867 20.08
QD14 0.115 -
QD14-Y7 1.383 11.99
WF6 0.075 -
WF6-A2 1.033 13.77
QD2 0.106 -
QD2-Y4 0.860 8.08

H: TA3. TA17. LY8. QDI14. WF6 fil QD2 AEAHK, H4&
DRIV VER T GRS 245 28 BT R R M R AR A
Note: TA3, TA17,LY8, QD14, WF6 and QD2 are parental isolates,

the rest are drug-resistant isolates and resistant mutants to thifluzamide.

2.3 MAMRTHEMEZEYZMIR

23.1 MmELMBARENE HER2 WM PR
AR AR 2 i 24 P B PR A AN ER IR i 1 PDA 1% 9% 3
AR TE 12 U5, BRI QD2-Y4 X
R B e P BB P AR AL AN K LAA A 24 1 1 Ak
BURTE 2O HE R N REES, BRI

s Btk SRR ECs, (B BRBEIT % H ISEA
Wk (Fp). RESLKINE IR 5 R 251 H
PRILT 24 Ve A Refeoe ast A%, i a8 i 245 750 90 4k 3R
R FAE R QD2-Y4 R P2 M T e it A%
232 WaAKERMTEMESN BWEIT
Fl: 1E 24, 36 & 48 h ¥iFR ], Bk TA3-X2 B
WK TS TREARERIN, AR 24 1% &
PR BB RAR R S5 AR R AR 22 R AN s 5 PR
LR R R 1 PR TR A (1) B 22 R R A% T
) AR T HoE A T Ak

233 A ARWKE 2. Hi, Rk
TA3-X2. WF6-A2 1 QD2-Y4 HI30% /1 B EIKT
FEEARE, PtETEE 7 T 6.06. 15.00 Fl
13.34; TA17-X6. LYS8-3 F1 QD14-Y7 KI5 /1 &
HoEARBMRMLL L R EMES, HERERT %
EESZNL 7

234 PERBEERANXERGE HK4
AR PR R AR KSR AT R XS 8 b 7% B 751 1
TN H SR B G5 BTG > FPE B 2R > [P >
IR F PR > R TR > IR > N R > £
R S HPUENE SR (R 5) KM MEMRN I
PR Ml AIRAME . IS X
T OREE IR R 2 B R 6 PR B 2 M B RE H
PUIEOC R, (H 55 5 1 2 Jrig AN E Bk A Jie 2 ol ) I
R A 2 it S0 1 77025 (SDHIs) R 24 7 22 1] U 17
TERZ H itk

®2 ERGERETERE R LA IR R EN

Table 2 Resistance stability of the mutants of R. solani to thifluzamide

itk ECsp/(ug/mL)
Isolate Fy Fy Fs Fy Fis
TA3 0.076 £ 0.004 a 0.076 £ 0.003 a 0.073 +£0.001 a 0.073 £ 0.006 a 0.073 £0.002 a
TA3-X2 0.680 + 0.004 a 0.523 £0.004 b 0.407 +0.002 ¢ 0.163 +0.004 d 0.091 £0.003 ¢
TA17 0.093 £ 0.003 a 0.095 +0.002 a 0.091 +0.002 a 0.091 +0.006 a 0.093+0.010 a
TA17-X6 0.588 +£0.006 a 0.465 +0.009 b 0.294 +0.005 ¢ 0.093 +0.007 d 0.087 +0.005 ¢
LY8 0.044 £ 0.002 a 0.041+0.001 a 0.046 + 0.005 a 0.037+0.005 a 0.042+0.003 a
LY8-3 0.863 +0.004 a 0.614+0.005b 0.526 = 0.001 ¢ 0.101 +£0.007 d 0.052+0.010 ¢
QD14 0.114 +0.001a 0.120 +0.002 a 0.114 +£0.005 a 0.114+0.003 a 0.111+0.001 a
QD14-Y7 1.382+0.002 a 1.122+£0.002 b 0.925+0.003 ¢ 0.628 £ 0.008 d 0.353+0.004 ¢
WF6 0.075 +£0.002 a 0.079 +£0.002 a 0.076 = 0.002 a 0.075 +0.006 a 0.078 £0.005 a
WF6-A2 1.034 £ 0.002 a 0.760 + 0.001 b 0.395+0.002 ¢ 0.136 £ 0.005 d 0.087 + 0.006 ¢
QD2 0.105+0.003 a 0.106 + 0.008 a 0.107 +£0.002 a 0.106 £ 0.003 a 0.105+0.003 a
QD2-Y4 0.862 +0.005 a 0.909 +0.001 a 0.839+0.001 a 0.834+0.003 a 0.858 +£0.001 a

iE: TA3. TA17. LY8. QD14. WF6 1 QD2 ARA K, HARMERMIZI 2451k BRI R ALtk . [FIZIE0R 5 A A 56 3R 4 Duncan (X

B REERIAE P=0.05 KFEREE.

Note: TA3, TA17,LY8, QD14, WF6 and QD2 are parental isolates, the rest are drug-resistant isolates and resistant mutants to thifluzamide. The different

letters in the same column show significant difference at P = 0.05 level by Duncan’s new multiple range tests.
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Table 3 The comparison of mycelial growth rate and sclerotial capacity of resistant mutants and parental strains

ik 7% .12 Diameter of mycelia/cm ﬁ?i/(g/#ﬂ) BT H/(g/I)
Isolate ry weight of Dry yvelght o_f
24h 36h 48 h mycelium/(g/bottle) sclerotium/(g/dish)
TA3 2.7+0.03b 4.3+0.06 de 6.3+0.09d 1.36 +0.050 be 0.138 7+ 0.005 abc
TA3-X2 34+0.03a 48+0.03a 6.9+0.10b 1.05+0.023 fg 0.095 7 + 0.003 efg
TA17 2.5+0.06 def 4.6 £ 0.03 abed 6.8+0.09b 1.40 + 0.029 be 0.123 7+ 0.012 bed
TA17-X6 2.6 +0.06 cd 4.6 +0.05 abc 6.9+0.06b 1.21+0.026 ¢ 0.089 6 +0.011 fg
LYS8 24+0.03¢g 42+0.03¢ 6.5+ 0.06 cd 1.50£0.029 a 0.115 8 +0.006 cde
LY8-3 2.6 +0.03 be 4.4 +0.05 bede 6.9+0.06b 1.24 +0.067 de 0.0802 +0.007 g
QD14 2.5+0.03 def 4.7+ 0.09 ab 7.0+0.16 b 1.44 + 0.006 ab 0.146 8 £ 0.005 a
QD14-Y7 2.6 +0.03 cde 4.8+0.03a 7.0+0.07 ab 1.14£0.012 ef 0.104 9 + 0.002 def
WF6 2.6 +0.03 cde 4.5+0.03 abed 6.6+£0.03¢c 1.31+0.015¢cd 0.120 3 +0.013 bed
WF6-A2 2.4+0.03 fg 4.3+0.03 cde 6.4+0.03 cd 1.01+0.039 ¢ 0.0749+0.003 g
QD2 24+0.03¢g 4.7+0.23a 72+0.07a 1.33+0.026 cd 0.141 8 £ 0.004 ab
QD2-Y4 2.5+0.03 efg 4.6 +0.06 abc 6.9+0.06b 1.05+0.012 fg 0.113 4 +0.006 de

7E: TA3. TA17. LY8. QD14. WF6 #1 QD2 ARA Tk, FeA MR L 245 1L AR AT HUrE A . [R5 B f5 AN ) 7 REFR R 48 Duncan [%

FEMEEEINTE P=0.05 K PFERZ.

Note: TA3, TA17,LY8, QD14, WF6 and QD2 are parental isolates, the rest are drug-resistant isolates and resistant mutants to thifluzamide. The different

letters in the same column show significant difference at P = 0.05 level by Duncan’s new multiple range tests.

80 a
70 + a
60 - a
50 +
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0

1% e % Disease index

S b« © v
T SRS S o
Y » & Q
> Q
Bk Isolate

WE: TA3. TA17. LYS. QDI4. WF6 fl QD2 NEARtk, HA
WA IR TBE i 24 BT AR R M R AR . B oA [F) 7 RE RO SR AR B R
T LGS TR BUR 1 2 5+ 5.3 (P = 0.05).

Note: TA3, TA17, LY8, QD14, WF6 and QD2 are parental isolates, the rest
are drug-resistant isolates and resistant mutants to thifluzamide. The
different letters in the figure indicate significant differences in
pathogenicity of the parental isolates and its mutants to maize.

2 FEAREHRRIMERTEN ERABRAD
Fig. 2 The pathogenicity of parental isolates and
resistant mutants on maize
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Table 4 Sensitivity of the thifluzamide-resistant mutants of R. solani and parental isolates to eight fungicides
ik IR ¥ ECso/(ng/mL)
Bk
solate  WEWKRLW: WM pIH GEEE  FMBE  RMTIRM  BEA RMERN e
thifluzamide tebuconazole propiconazole  fludioxonil validamycin  difenoconazole carbendazim penflufen boscalid

TA3 0.076 £0.004 0.116+£0.005 0.156+0.001 0.031 £0.002 0.746 +0.047 0.124+0.001 2.152+0.007 0.044 +0.008 0.143 +0.003
TA3-X2  0.680+0.004 0.107+0.002 0.159+0.004 0.034+0.002 0.787+0.096 0.127+0.002 2.166+0.002 0.427 £0.069 1.647 +0.053

TA17  0.093+0.003 0.122+0.002 0.163+0.004 0.047+0.001 0.861+0.029 0.129+0.008 2.260+0.023 0.056+0.002 0.158 +0.003
TA17-X6 0.588+0.006 0.112+0.002 0.155+0.003 0.033+0.001 0.812+0.010 0.123+0.002 2.297+0.035 0.340+0.011 0.956 +0.007

LY8 0.044 £0.002 0.092+0.002 0.135+0.001 0.027 +0.002 0.563 +0.025 0.105+0.001 1.931+0.052 0.025+0.004 0.105+0.008
LY8-3  0.863+0.004 0.105+0.003 0.134+0.001 0.025+0.004 0.535+0.019 0.098+0.006 1.921+0.012 0.102+0.002 0.558£0.019

QD14 0.114+0.001 0.135+0.003 0.177+£0.003 0.049+0.001 0.850+0.028 0.139+0.001 2.320+0.007 0.063 £0.002 0.164 +0.006
QD14-Y7 1.382+0.002 0.124+0.004 0.169+0.034 0.046+0.002 0.800+0.016 0.127+0.004 2.264+0.011 0.658+£0.027 1.602 +0.063

WF6 0.075£0.002 0.113£0.009 0.162+0.006 0.035+0.002 0.802+0.009 0.124+0.005 2.065+0.021 0.043+0.002 0.148 +0.007
WF6-A2 1.034+0.002 0.113+0.002 0.143+0.002 0.031+0.001 0.756 +0.004 0.125+0.002 2.045+0.041 0.481 +£0.072 1.453+0.012

QD2 0.105+0.003 0.130+0.003 0.167+0.002 0.045+0.004 0.858+0.044 0.134+0.004 2.325+0.004 0.061+0.001 0.161 +0.008
QD2-Y4 0.862+0.005 0.115+0.004 0.154+0.003 0.047£0.002 0.825+0.006 0.138+0.001 2.322+0.010 0.464+0.019 1.294+0.057

Mean  0.493£0.468 0.115+0.012 0.156+0.013 0.038+0.009 0.767+0.108 0.125+0.012 2.172+0.150 0.230+0.230 0.699 + 0.644

7¥: TA3. TA17. LY8. QD14. WF6 Hl QD2 NRA M, HoAAMEVRIE I 245 1k AR AN itk R A i
Note: TA3, TA17,LY8, QD14, WF6 and QD2 are parental isolates, the rest are drug-resistant isolates and resistant mutants to thifluzamide.
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Table 5 Cross-resistance between thifluzamide and the other eight fungicides in R solani

247 Fungicide [5]J975 #2 Regression equation R P
JR MRS tebuconazole y=-0.001 7x+0.116 2 0.005 0 0.8217
PIFT propiconazole y=-0.004 7x +0.158 5 0.0279 0.604 2
S fludioxonil »=-0.000 2x + 0.037 6 0.000 1 0.974 6
J X% & validamycin y=-0.0214x+0.777 0 0.008 6 0.774 6
PRIk A M: difenoconazole y=-0.001 7x +0.1253 0.004 4 0.836 9
Z B R carbendazim »=-0.0017x +2.173 2 0.000 0 0.986 7
FAMEBR % penflufen »=0.436 6x +0.015 0 0.807 9 0.000 1
W Bk B % boscalid y=12213x+0.097 0 0.787 2 0.000 1

TE: x RMERRIR R P RAM R AR ECso {8,y AFARLG TR HUIE R AL SR AT ECs B

Note: x is the ECs, value of the thifluzamide to resistant mutants and parental isolates, and y is the ECs, value of the other fungicide to resistant mutants

and the parental isolates.

W2z AR, W2 T E, T E ARSI
07 5 SR AREARAH B TSR AR Bk, RUIT
PERBARTEFRE I A WSE AR MR . 2 B HUER T
T, WERRIE P R AR AR 5 [F] & SDHIs 9
WA T R i W T B fi 2 o 24 7R 2 R AT AR A EL BT
PE, TS RMERE . MM, RIS HFRER.
ZR Tk F IR ML AN 2 B R 2 () 3 A8 B, DR
I K SOR 5 B 0T P8 WK P9t iz 1) e 245 1k XL Dy
5, X5 Mu ZEPF 5 R I R. solani X WEWR g
AU R RS 2 I 38 Hh 45 R 45 2R — 3.
TN TR I, NZLUEWHE R. cerealis
o] PR R R e () Pt 1k 5 L 38 R i & b RCSdhB

RCSdhC F1 RCSdhD FE R 555848 FH O, TG A 7L
RRERE AL BT R S, PR R R
5 FiR 3 NI 5 RA R KRIE A it — B gE .
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