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Etiology identification and sensitivity of the pathogen of wheat sharp eyespot to
triadimefon in Henan Province

Xu Jiangiang" Xia Yanfei Huang Yulong Ma Shichuang Xu Daochao Zheng Wei
(College of Forestry, Henan University of Science and Technology, Luoyang 471003, Henan Province, China)

Abstract: In order to identify the pathogen composition of wheat sharp eyespot from Henan Province
and detect the sensitivity of pathogenic fungi to triadimefon, 132 isolates were collected from 18 coun-
ties in 2016. All of the isolates belonged to Rhizoctonia cerealis based on safranine nuclear staining and
culture characteristics grown on PSA medium. Their sensitivity to triadimefon was determined in vitro
by mycelial growth rate method. The results showed that 50% effective concentration (ECs) of all iso-
lates to triadimefon ranged from 0.69 pg/mL to 8.32 pug/mL, and the average value was 2.66 pg/mL.
The results of the frequency analysis showed that the subpopulation that was less sensitive to triadime-
fon had been discovered in the tested isolates. The mean ECs, of 2.21 pg/mL for most isolates showed a
unimodal curve distribution, which was treated as the sensitive baseline of R. cerealis to triadimefon.
The results of both variance analysis by LSD test and hierarchical cluster analysis by SPSS indicated
that the isolates separated from the same region demonstrated different sensitivities, which implied that
the ratio of maximum and minimum ECs, of the isolates from the same region ranged from 1.21 to

10.27. However, there was no significant difference in the sensitivity to triadimefon among the isolates
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from most of the regions, showing that the average ECs, of the isolates from all the regions ranged from

1.34 pg/mL to 4.68 pg/mL and the ratio of maximum and minimum average ECs, was 3.50. The isolates

collected in 2016 was less sensitive to triadimefon than those in 2015 from the same field. The sensitive

baseline to triadimefon of the isolates collected in 2016 was 1.77 times that in 2015, which implied that

its sensitivity to triadimefon in Henan Province should be monitored continuously.

Key words: Henan Province; wheat sharp eyespot; pathogen identification; triadimefon; sensitivity

LA, B AR AR A TR A R
77— R AR AR S A N - ORI RS AT
SR H o XA B IR AR s s A et £
HeAE S R GERIREIR 1 HAR T 520 - HEf A Y i vE
GERE St A AR B IAEE (2R 5048 ,2015) . T
FF4 i BRI R VR SR AR 433 [l 31 - 4
o FEBRAE L AR P AT BRI AR ARG FF P A B
FR)9 DY [ A T (el R A5 AR R - 3P () T R
B, FEUNE T T K AL G FE B AR
(RIS ,2005) o 7INZZE BURR X FR/INZE SRR BE
I, JE TH I A 1 /N2 A% B % (Hamada et
al.,2011a; Lemanczyk & Kwasna,2013) . ¥T4F /)N
FORIRFETR 6 8 B BE B N R X
W3k A, BRI /INEZ e R Y E KRR
(TERLSE, 20115 2865, 2015) . HATRE B 315
FRE ()7 N2 SRR PLIR , (E0R o A0 (% %00
1999; 5 #5845, 2000) , A 7= H 32 AR EE = IR R
Tk FFY AR 13 i o1 Ab B2 A 5 FR IR 5Ol A T4k
B3R (Zhou & Jia,2015) . {HBHZE PN B I
R 5 R () 2K 2 3500 18 32 2 oy T, (45 /N2 A g
B 0T = 2 ) A B A AR = A T S R R E Y
Ptk A2 EB RO R R (5%, 2006)

PRIEAEAE (1993)WF5E R, bl /Dl HSoh
9 5 R 2 L 1 8 B0 R 22 T 5K 5 R 4
(2005 ) FAIF 78 W HE— 25 BH , P4 PR REIE v] S 80032
H AL E ., (R3] By ik, R FF 2 il H X
AL T DR AR s R DNt 2 75 R 1) 5 i
Wb, R AEom 4 (2002) A2 SCIE45(2009) & 31
AT B 48 /N2 SO I 95 A0 45 R 4 22 ¥ 1 Rhizocto-
nia cerealis FISNT RG22 A% H R. solani , #4315 W 15
£ 80% e AT, J L FAFIRE s (R TR ST (2011) X4Vl g
B /NG SR TR AR LA 9 235 SR 0 R, A0
RN B AR LA . TR (2016) W
W7 2013 451 2015 4 2 4F [ 10 B 44 /N 22 SO 9 TR
Sof = AR () AR L & B 20115 AR R AREL 2013 4E X 24
TR ) B B, AR 3 A v R BB A R Y 2
(1 pg/mL<ECs<2 pg/mL) o, & T iF—2 B 4 /)

A — 5 FORFEFF i H AT /N2 SOR i R i
TR AR ZH fg B T = ma ) S g ) AR fE R, AR R
FHE 41 O-KOH 4 a A% e e 45 5 K R MR AR K R
22 HE R, 62016 4F AT RIS 184~ B (X TT)
a3 B3 14 132 KR /INZZ ORI TR R 2 R 47 28 , I
S IR A ) R, ST AR BRI ER, 43 AT
b IX B Rk ) SRR 22 5, LI R A 7 N ZE SR
LR G BB F48 F

1 5T E

1.1 w8

B F R 2016 4F 4—5 ATEN 4 16 12K
T 18 AN B (X T ) SREE /N UM bR A, R~ B
(X)) BB TAREE L, B SRAE S BER 0
A4S BRI /INAE 20 AR LA b = R R 24 1 s
104E DA B A&/NE - EARFEARAEIRAMIE T 5 4F /)
2% PR TETRLAE 10 h? DA I 5 SRAE I FE R R AR 55, LA
TR BORE R A, /D SR A 50 1 /N FE AR 5 TR HUR
o i PR L ) 27 R, 2 PR AR S e 25 AT R, p At
W P BA ZEFF I AT R = SCIRIR B 25 B, R
R /NFE SRR FR AR 600 A3y o R T LA [l — bR g
PR OXF == e ] 50 JR P P A B AR A, SIS B & DR AE 1Y
2015 4F [ [m]— b HR AR I 43 125 10 T AR v e BRGS0
PRI T

BL IR AL B B MR B (potato sugar agar,
PSA) 53R 3E . TR 200 g HEHE 20 g BIEH 20 g
ZZI7K 1 000 mL; /K B fig (water agar, WA ) 55 F¢ 3k .
e 20 g FRIE/K 1000 mL,

24550 B i) : 95% — W (triadimefon) Ji1 24, V1.
INEEAR AR 240 T AT B T D9 I v o g
1.0x10* pg/mL B, T 4°CLAAT . BERE o fral, K
HRHE B AL 25 IR A BRA B 5 BER R A AR 2
A REHT RIS AE B AR AT BRA W 5 A3 3 Sy [ =
SyHTti,

1% : SPX-250BSH-I B A= fL 55 3748 , g i
BT i B 15 A7 RN 7 5 XSP-8C By s, |
G475 s Olympus CX41 B~ s, Ak



340 TRAERIRAE: « T 19 220 /INAZ SO o D 7 2 R Hote = e ) A e 425

Br(hEDARAF,
1.2 ik
121 BAHrBHLEL

T2 PR ALV B 6] 2016 4R AE Y 600 4%
AR T P 4B R AR K — B IR ) 7%
A PSARHA |, & IR ARAF , Ho3 B 3RA5 228 BRI .
EEAS B (T ) 205 1) BRI AR P BEATLISE B 4~15 B3
132 ¥RHG 2 WA S5 373 | 3047 B 22 Thm ali ik,
alifb J5 A TR AR E AT B SR PR R UL TR 22 35 21 O-
KOH e (%, (VT AESE, 2001 ) 5 M4 15 F5 P AR F T 22
%% H , 2 Boerema & Verhoeven(1977) LI
PR AE BE A5 (1986) 1) 7 IR b AT AR o o k25 B
(DX ) S50 P BRI A R 45 B (X Tl ) B
TG -
1.2.2 B Akt = vl BR 69 SO MM ST

SR FH DA 22 M AR S 300 7 TR X = e ] ) ke
P o B2 TR 22 24k B S8 Je 1 132 BRI PR TE PSA
A 1 25°CH: 3% 3 d i, AT FLAS7F B V& 1L 2k T HL
BHAR S mm EDE, 22 T A 0.625.1.25.
2.5.5.10 120 pg/mL = MEf 2 513 B 1) PSA SF-Hit
b BRI AR, AL 3 IRE R, AT 2577
() PSA AR b 2Rl iR DFVEXT IR 5 25°C R 9% 5 d )
SR FH 5728 ORI R LA VTR TR R 245k Ak
BEXT TR 22 AR AR 2, B 22 A K B ) 2R = (O ]
PRV BRI -A 35 R v AR IAE )/ O RV AR
PHE-TEYF B4R ) x100% ; 1| FH DPS 6.55 #4155 24
0 B 22 A K AR T 5 AR A 6 R BURA RE
HR B (ECso) o SRR Z KA (2012) I 5 42 il A
X = AR ) EURRME AR T o /N SUR TR =
WA ] PR AR 91 BB, DL ECso MR, M 5 /M T
I, A1 pg/mL R F ECs 55 50 A LA IX 1],
BE TR DX ) R 3P R R BSORT R AR R, LR X
(] ) ECso B MR AR AR , TRARAT A AR , 1R/ )N
2 BURR RO = i AR M A3 o A L o 1)
It A ECso £ 4T Shapiro-Wilk 1E 2SS B, 4 5 % =
WA ) %) B SR P A AN A TE S 434 (P>0.05) , T A
ECs e KA FF IR, B — TR, B2 FHREIFF A 1E
AYES A ECso 1k (CHAREE ,2016) ; B iFIEAS S
A A RRECZ BT 5 AR LA = MR X6 1 25443 A B Bk
(1 ECso I AE A 7N SOk 95 PR X = WAl 1) P ) ke
FLk (TR smaE,2016) .
1.2.3  F Ak o BRI 69 £ 5+ B F AT

Z:R01.2.2 v R R 24 S AR I S A A, K
Pt = e A X A B (X T R R ECso AR ARSI L, DA

25 AR (EC sl KAH 5 e/ IME 2 L) S PPAl [R]— B
(DR T ) PR X == e i ) e 25 5 6 — ARl o)
AEL(X D) AR ECsofE R 141, R H DPS 6.55 %k
XA TR] B (DX T ) B R (1) P BURR P 2R 4 7 2R R 2R T
ZE0 AT, BB AN TA] B (DX T ) e ) P R M 25 57
SR AT A%EL CIX T ) B R e = e ] 74 e [ 3 g
BRI 2 5 U RBOk 2R 2 51
JE | B =R X 45 B (X T PRIAR I T ECso 5 1328
FRRAE ECso Z Lo
1.2.4 AR = vk BRAL R 0 B 2 54T

J T 2B UE AN ] B (DX T ) B R X = sl
(BRI 25 57, SR 1T SPSS 20.0 B4 7 AN ] B (X
T ) B R e = e ) 80 1) 3R 2 43 B (AR 22 BK 45
2012), MITEGA 184 (IX |17 ) REFE M, HA
BT B MLIE R SR M R AR 3 8k Lk S4 BRI BK
X == 8 00 16195 P PR 224 K 1 ECso tHEA TR I3t
HRPE RS M AS R EL (X T ) B9 B R T = Ia ]
U2 5
1.2.5  Bpkad = BRACRGME 09 5 T AL

R T A ] — MR i 18 A TR X e AR
(4E BE AR, SEHL 2015 .2016 4F 43 B [ [l — i B 114
PR HEAT B 22 S 0 o 2015 443 1 A K BT
e X EZ S/ MER VBT E M TR REECT s
F FFEE VB R 2R S AR B P T e B
i U A T RAR A A 4.7 .8 B 64552016 4F
ISl X ] — b B 53 9 B 9 B R 43 30 6,43
9 bk, R HITA 22 A6 1 B 38 7 2015 4F J2 2016 4F
SRAE TR — s et , ikl 1.2.20 LA20154F
=R H R R ECso ok 14H, 2016 4Rl 1 41,
XoF [7] — RS [R50 TR A [B] O URR PR A 7 B R 2
253174
1.3 B

K HIDPS 6.55 F 4 X il 5 F i E AT B I &R
22000, Uit/ INE 35 2280 (LSD) vh kA7 22 53 W 35 Pk
K56, K FH SPSS 20.0 B F#-AT RIS

2 ZR55H

2.1 NEYREREREE

INAE SRR TE T 25°CHE PSA -l B3 5% , TiTR
WIR B0, 2~3 da A HEERUERZ,5 da
SRR LZBEA AT R (18] 1-A~B) o WIAERI 2270
O, B0, T 220 BUSER A, A R 22 4 4 A i
(L 1-C) 5 Jr T 22 28 4 €0, e AR B R 22, 704
R Z L1 B (18 1-D) s AL 22 I 22



426 LI N7/ A= S 1 454

L H B (] 1-E) 5 T 22 2010 B0, A H B
FE PR 22 1000 , 7EZR 21 O-KOH Y iy 22 31 2 /N JE Bk

(B 1-F) o 120 4858 bR R AR 22 B 1R

van der Hoeven,

R. cerealis

1 NELHREEPSAERE FRNERERBELES
Fig. 1 Morphologic characteristics of Rhizoctonia cerealis’ s colony and hypha on PSA
A~B: BWEIEH FHIES; C: MRS AN B 22 (200%) 5 D: /85 H A MBI TE 22 (200%) 5 E: B 22 [0 i 322
(200%); F: &4 241 AZ B9 TR 22 41 9 (400x ), A-B: Positive and negative colony morphology, respectively; C: young hy-
phal acute-angle branching (200x ) ; D: aged hyphal right-angle branching (200% ) ; E: bridge connection between hyphae (200x ) ;

F: two nuclei in a hyphal cell (400x) .
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Fig. 2 Frequency distribution of the susceptibility of

Rhizoctonia cerealis populations to triadimefon
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VI PRI S AR, BURRMEAR 22 3.50 1% 0 B 1320k
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BRI X = WA P S o 000 Pl - KK 5 T
FH R R R BB h AR LE v R
7 EL A TR R = e ) %) S ARG TR e A 2K
Bk AR E s BREHRET (R,

R 1 AEE AR REMK /N E LU R = AR SR BB

Table 1 Sensitivity (ECs,) to triadimefon of Rhizoctonia cerealis isolates from different areas in Henan Province

HORE D CASENER 7/ Qs ECs (pg/mL)
Sampling site T‘fSt no.of  Frequency  SEpgMriprifis Y[ 2e AL TURMEFE AL
isolates (%) Mean+SD Range  Variable multiple ~Sensitive factor
¥ 5 Hua County 7 5.30 3.4620.88 abed 2.14-4.56 2.13 1.30
#% . Hui County 12 9.09 2.91+1.64 bedef  1.17-6.73 5.75 1.10
Il %1 £ Linying County 7 5.30 2.21£0.90 efg 0.91-3.27 3.59 0.83
& E Luyi County 4 3.03 1.34£0.47 g 0.69-2.00 2.90 0.50
%1 IX Luolong District 7 5.30 2.72+0.65 bedef  1.86-3.81 2.05 1.02
SF-ELEL Pingyu County 5 3.79 2.02+0.46 defg 1.49-2.87 1.93 0.76
& 3= & Qingfeng County 9 6.82 2.96+0.89 bede 1.65-4.57 2.77 1.11
1M i Ruzhou City 4 3.03 2.41+0.23 cdefg  2.13-2.72 1.28 0.91
T Shangcheng County 7 5.30 3.15+1.05 bede 2.04-4.91 2.41 1.19
18 1FE Tongxu County 3 227 4.68+0.08 a 3.94-4.76 1.21 1.76
BE3E X Wancheng District 10 7.58 2.15+0.80 defg 1.35-3.25 2.41 0.81
B E Wuzhi County 12 9.09 1.46+0.40 fg 0.96-2.14 2.23 0.55
B H Xi County 4 3.03 3.83+0.89 abc 2.97-5.29 1.78 1.44
FEHEL Yanjin County 6 4.55 3.16£0.76 abcde  2.42-4.52 1.87 1.19
TliE: Shiye County 9 6.82 2.91+1.58 bedef  1.26-5.63 4.47 1.10
JKIKTH Yongcheng City 15 11.36 2.23+1.69 cdefg  0.81-8.32 10.27 0.84
&N TT Yuzhou City 4 3.03 2.74+1.34 bedef  1.79-5.05 2.82 1.03
m1 A2 B Zhongmou County 7 5.30 4.09+1.40 ab 2.49-7.06 2.84 1.54
S Total 132 100.00 2.66+1.34 cdef 0.69-8.32 12.06 1.00

R F I 5 AN R A /R 4 LSD A 90 78 P<0.05 /K22 57 1 3% . Different letters in the same column indicate significant

difference at P<0.05 by LSD test.
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ZMDPY-10; 55 3 414 R IEF 11 (X 1) 19 14 B

iRk, f04% LHLY-2 .LHLY-5 .LYLL-6 NYWC-5 .PD-
SRZ-1.PDSRZ-4 . PDSYX-10.PYQF-16 . XXYJ-4.
XXYJ-6.XYSC-6 .XYXX-7.ZMDPY-5 & ZZZM-7;
WAHARIET 3B (X )83 vRE R,
XXHX-1.ZZZM-8 K SQYC-16, k& /b 45 5 40
ARVETF 1B (X T I 1S BREIE , 45 AYHX-4
AYHX-9 KFTX-1,KFTX-4,KFTX-5.LYLL-4,
PDSYX-12 .PYQF-5.XCYZ-4 . XXHX-12 .XXYJ-1.
XYSC-8 . XYXX-3.XYXX-6 }2 ZZZM-6 (K 3) . &
WVFE Y 3 KRR B R S A, KA B
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Fig. 3 Hierarchical cluster analysis of ECs, values of triadimefon to Rhizoctonia cerealis
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2% FIR B K (P<0.05) (K 4) . X 44 X
2016 4F- 2R £ Y T A e = e ) ) ABURR M 552 20115 4 84

ST R
3 it

AHFFERT S T p A 188 (IX T B9 1328k
INFZ SO I TR ) 4 5 S5 SRR B TR R T Y O R AR
VNG, IR AT B BSR4 i . RS B i A
(2002) FNZE LIS (2009 ) T FE 24 AN R 22 X 432 5]
T A LAZ T ARG BRI EAR, 430k 21.1%
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15.79%. TERUAE (2011) 588 T /08 A R 8 2 IX
() 157 BR/NZZ SORTR T, 238 R A%, Rl A ATF
FELERA—B, XTI UL TR L A
INZZ BRI TR P DL AR . Ak 55 (2002) WFFE 1Y
FAMERIET 1998—1999 4, 22251 ik , R 4% T 7
B R 78.9% 5 2% SC A A (2009 ) 1 7 14 TR AR B
F-2007 45, I 578K, R AL TR 4> BT H N 84.21%:
TEARAE (2011) %52 1 R AR B T 2008—2009 45, 3

156 Bk, i N ARAT LI, 73 B IR IBE] 100%; 4
PRI P TR R 2 T 2016 4F 43 B T A1 132 BR A
PRI ARAS 2A%TH o UL B 2 /N — B TORAS AT
AR AR IRAYIE S, /INAE SOR o T AR T R R A
L NG T R B T e AN - R
FORFERT 2 iatad FGS /N2 ORI A2 I A 2
Wi 1y e 32 E— 22T
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Tongxu County Luolong District Yuzhou City Ye County

B4 2015—2016 R & B F] —H5REY /N Z LU R B X = M ERR SR E
Fig. 4 Sensitivity of Rhizoctonia cerealis to triadimefon in the same plot in 2015 and 2016
P PR RO D B e b 22 o A B[R] B R () — M XA [R1 4R 073 8] 28 LSD A 56 75 P<0.05 /K-F-22 53 .3 . Data are

mean+SD. Different letters on the bars indicate significant difference between different years in the same area at P<0.05 level by

LSD test.
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ISR FEZR ] 2 2.66 pg/mL A2 2.21 pg/mL, FBUE%
PEIEER Y 2013 4EF1 2015 4E 09 1.16 4570 1.77 4%
TR /N2 SR T T = IR A A B S e Y5
BRI AR, 33X P RE A R T D0E 4E40 A [) 3 B
(1) : AR Z K (2001) U Y& R AR T 1998—1999 4F (1Y

B bR, T8 8 2 (2017) B AR 5 0 2 1 ) 2 T
2013—2016 "R AR K, B0 AR Z Bk (2001) fir
SRAE MR ) 25 7 S A 5 Ak, S [ 3 A 2 A
ZMF B AR St AT RE X5 SR = 2 — R S, AR
RIS R [ AR 45 (2017) 6 T 2013 4EF1 2015 4F
TAI R 48 /INAZ SRS TR %o — IR A ) SR P E I o 46 SR
Fo, BAFFES — o 220, X P R T R R X
Ko7 B AT XK

X B4 (2003 )38 1 2= N 25 I INE 7 vk 175
TP ) R A PR TR T R, R I DR R S e
Sy e K TP Bk s A A e 2450 E] A
LHYE R, (HXRITEAE5E(2003) IHF5T 3
A SRR TR R I A 22 AR K P A PP T iE
PEPE 22 , 4 F ()4 5 (g (305 G B, 3 MT fig A2 F ] P i
Xof =R 2GRN PL21E  JRRAS R JE A o ASHIFSE R
RS (2017) KT 2013 4F 1 2015 47 R AR B R A9k
025 SR L D) 2% B, T R 48 /N2 SUR 99 B R = I ]
AR LA 2016 AR5 AI% , 2013 4RV Z L T 2015 4E 4%
AR RI BhA K . SAAh , HE 2016 4 5 B fUR R
PR (ECso<1 pg/mL) (4 HL i R 4 22, A5 e I 7 Bk
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1 3.79% , T AE 2013 4EF1 2015 4514 4 15.00% £c 47 5
Hh R SRR B B Y EL 9 R R E) 28.79% , B B AR T
2015 4 50.00% LA L= 4 L 45 5 7E 2016 4F AR BT 3 Bk
(ECs>4 pg/mL) it (5 LU W] 38 i, 42235 T 16.00% ,
IMAE 2013 4F J2 2015 4F i o5 LU AIAAE 5.00% LLF (1)
HRAE,2017) . LRI LA AL 7= /N SO
RS == A ] 18 P o AV D B, 7 A 282 M T 7 %oF
U Y B AR Ak

ANTAEL (X TH ) B B RR R = e ) e ) 22
R SR A SR 2R W) — B (X D) A T
PR 24 ) BRI 28 S R ABUAN ) B (X T ) BRI [ )
X 255 (R RRURR M 25 S AN B I, 3 BH/INAZ S0 TR
WA R ) R 2 S 5 TR R R DA 1) b RS TG
A5, Hamada et al.(2011b) fEWTFE/NEE SOk R 7
X S AR A i PR BRI AT R G ) UM L % Sun
et al. (2015) FEFFE /N 22 SO TR VTR I 5 i 1) AUk
PERF A5 AL S5 18, RIVERTAA T 24 700 i SOk 1) o
PRHLERA B TCC . X AT RS TR T SR BRIz |
BB WCEIMLES DX ARV, 25 T BOA 7] b 3 ) b 242 o 25 A
AN o TR — Hbabe 2 4 i WE I B o L e I L 44>
RAEHD S AT 2 M S 2 AR R A B 22 AN L
A1 2 AN Hb 2 A TR R E 22 S . X T RE S
M 25 2880 R SR — R . [HH
T8 [ — b e W A BR A, A b B 8 W I ] —
HiHRU PG = WA ) SR AR A

AR 5 977 ¥ SRS s A1 , B b FH SR B
FUR 5 (R 2 5 7)) (BRTAL, 2013) o 58
= ] PR X6 A A 1 B 3O AN B L (2 IR 4F
2017) ABASE R B BEFA ) B AE A = T iz b
FH = ] 55 32 e et ¥ A 52 XU 52 TC 1) R Hi e
T XTSRRI B AL (G K R A, 2015) o BRHIAEFRRF
AEFRAN , IR P T /N2 AT 10 S 2 R 2
3B B g FH fig i B d o i A SOR (55K R
8,2015) . ARIGEE R LG L 7 /N Bk
3 TRDF — WAl P UM 2 A — e FREE R I (BB 2N
PEHAS B HRER AT L I 81/ SOhk 9 (R 256 Bl
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