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% R AE T MRk (Rhizoctonia solani)
#f FRAC G AR A 2 Jgk 32 78 53 P

ZEREER

M

F AR 2 2026 © FEE 2 154 2455545 B (Rhizoctonia solani) ¥ FRAC G #f # &) 2
B o EPRLERE 20121450

ARWFFEE R S B R S8 R AE TS 13 T LBt 2 15 BROZAS ShAL
(Rhizoctonia solani) » ¥} 20 i FRAC G MBI SIS 34 FAE R & B2
MEITENAEYIRE - R [F BRI % 8 2 75 7 A A Pt e O BT 830
Pl R PUEE R A RS - PR RS G BB RS2 I v o3y 4 FERREE » H ECso K
2 0.1 mg ai/LEA : 1G5H] ~ FESOH] ~ T E BRI E - /TR 0.1-1.0 mg/L FH -
BRTORE ~ IRTEE ~ FERYTS ~ R~ RO SRR - PSRRI RGE R - MR 1.0-10
mg/L FHH =555 - FimE ~ A > BEORL - RIS R AR R ¢ =R 10 mg
ai/lL HH © FEiGE R GMEE - TRABEG - bR EZREE R B 258 d hr o B 1F
HZRE B384 - HERREABR R A AR H B S Gl BRG] - /7[R
FER R SUSENE R 7y - FER BB 4 HERRE (cluster) #RFE - i W T I A E S
EEHE - HEHEAM G BB 2 BRI 5B - TR RS G BRI RS2 1%
ZAHBAME - RERER G2 B=A5257 8 G1 B S Ie e ELAHBATE » H Spearman’s rho fH 1y
0.618 » p < 0.016 » {HELH A G1 BB AAEFERME 5 19 FEALE G1 BB LUK
HEEL Gl R AR M A+ FEiR SRR - SRR ek S & a0 & et
PG » S SR BN B 7 s A1 Ry g - HCRRIE S AR AR 5 VERFPE ~ 15 5eFIf =
1925 S BT o G JRVBRR » T3 B 5 ~ ARURE | B S e IR U g v J e » LRI Elb o B R Rk
RITEZ ¥ WEHEH Ry 446.249 J 346.912 » P {EIF/MR 0.001 (N =510) -
PSS « TZRAREZEE ~ BRI A S IR ~ SRt ~ A2 SCHIgEME ~ A A

B2 1 20264E2 H4 H

*

1

SEENIEZE ° E-mail: mllee@acri.gov.tw
EHT SR R LEY R T
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Hi S

T H AR ZE (Rhizoctonia solani Kiithn)
R A B EATZHEYREERE - W
EAXAWEE  HEEHEARABETH
Thanatephorus cucumeris (Frank) Donk. (17
20 A RRE R T REEZ - BN E
DA 49 Bl 130 FEEPIRCER @ o VAL
B RN TR BRI
FEPARAT Bl st B - ST ERARIES ~ JR 8 B Bk
JEFREL -

i % ®=  (flutolanil) ~ P ¥ ==
(mepronil) H FABGIGILAG ML B 5 [#E .2
VLA O W E R R R R A A
o BBREMNERTHEZESY
(Fungicide Resistance Action Committee,
FRAC) 43#£Z FRAC 7, C2 JEAKE T - &
EYEIREREE C2 FREH A M
FEAEPUEEVETRAR - B R 25 IR b g
T (01D o FR ] P A7 A SR AL B IR 3 BT
H¥ FRAC C R ERIRSZ ML 2R - &
KRB R EKRE C2 HE MW
(thifluzamide) HjEZ%%E » DI C3 FHEH O
i (pyraclostrobin) Rk » H ECso 4351
By 0.13£0.09 ~ 0.22+0.11 & 0.1840.19 mg
a.i/L » C5 HH#FENE (fluazinam) Z ECso
B 0.37+0.55 mg a.i/L » [l C4 XEFREEH
ECso 93 1,000 mg a.i/L ; {EIRES I
fy L AL OBR OB
azoxystrobin) . =

(cyproconazole +
EE U
(tebuconazole + trifloxystrobin) I il & #k
H: BRI 3 FRAC C SEAYEHIT -

MR E R 2 E - AR D s
(flutolanil + chlorothalonil) ~ PY % & %
(azoxystrobin + chlorothalonil) J% 15 o Fl]
(tebuconazole) Z FL2E 1M BB i K - H XK
Fena FEBRSEE ~ H 5851 (boscalid) 51
TR (boscalid + kresoxim-methyl) (1) o
Arabiat & Khan (2016) WfZefgHH =
VMR E AG-2-2 E R 0 fE 1999 4
prothioconazole (FRAC G1) MiARZFCH]
HEZ M ECso fEFy 0.9 mg a.i/L » Btk
A 2005 Jz 2012 fifliss » H ECso fH By 0.6
mg a.i./L » B/~ prothioconazole 7F & aCH
13 4 % » 8 % 07 A bR B R OH
prothioconazole {57 RS2 14 ) ° Datta et
al. (2016) WFFEHE /K FEERRE (LG
B ) ¥IEA] (hexaconazole) ~ 47 b
FI]  (difenoconazole) ~ 5 o | fz % g Fl
(propiconazole) #EfTAEYME + H ECsofH
43R 0.062 ~ 0.160 ~ 0.304 J2 0.450 mg
a.i./L » B 7K RSN A B A B AR R ORA
— - LA R A 7 A S B R R 2 B I R
RtA—E - BURE—FHES PR E
- Y R solani AVE AN [ERIBGIE R
©) o Carling et al. (1990) #5HTHE#REE
HIE AR BE i h] (prochloraz) Z ECsofH
A< 1 mg ai/L > 2 1.49 — > 10 mg
a.i./L (7 o Amaradasa et al. (2014) $g§H 17
FifhEZ R AG 1-1B J AG 2-21IB RS
triticonazole &2 ECso {EH 4351 B 0.20+£0.13 ;%
1.26+0.54 mg a.i./L® - Hamada et al. (2011)
RHV NI AL (R, cerealis) ¥H1F 50
F:Z ECso {l By 0.062 mg a.i./L » [} E#EIK



% (fludioxonil, FRAC 12, E2) K {k¥%[H]
(iprodione, FRAC 2, E3) Z ECso B 43 A1y
0.033 }2 0.419 mg a.i./L » DL b5t SER)E 1T
ENFEPUEEEABE T o SO AR
LT A A PR R PR - R R PIEE M
BRI AR R 1 - (H R s
HIIZEEPTIE 09 © Gao et al. (2022) $EHI/K
FERURL I B R BRI B2 (epoxiconazole)
FEvif] ~ FETEF A5 iR Z ECsofE » 431
B 0.014+0.007 0.010+0.016
0.011+0.013 K 0.034+0.035 mg a.i./L (1) o
Barnes et al. (1990) WF9CHaHEIEAETLAG
WL B o B PR EE S A1) (diniconazole)
ERTaJ# (cyproconazole) M1Fvafl. 2 ECso
B » 4331k 0.028 ~ 0.056 J2 0.166 mg a.i./L
© o Ou et al. (2024) FE/KFE TG R
BARE SE S B R e FIIBY ECso B 53 A1 Fy
0.0386 J% 0.663 mg a.i./L » H R HI5 X Higé
MBS - HFEPIEER PR Cyp51 BEXIFR
BAWNmMEE 9 -

Yin er al. (2023) HE LA B B PL
FRAC G JE#RE 2 CyptS1A K Cyp51B
PUEEME RLRIHETTIRSE - A5 SRR A ML
BRI JHE EL R BE e A8 2 HUEE MR 8% @Y < Gong
et al. (2022) FLYLIG 5E I YLAG FREL B TR
PREETT T - BTG SR AL L
AR RS - B8EE > k&3S
R S EMEASE (fitness cost) » MIPLIE 5
FIBE Bk P FEAE S94A ~ N406S ~ L750P
CYP51 Bhzestsis » frgerhig T AL wii%
BHIEA] ~ 1G9 A R AR B o2 B IRk 52
P+ H ECso {H43 A1k 0.02-0.07 ~ 0.02—

IR RRAZ B G BEEERIRZ E 23

0.23 2 0.03-0.15 mg a.i./L » HyiEEEKZ
ECso fH 43 AR 0.08-0.18 ~ 0.54-3.10
0.19-3.54 mg a.i./L (3 o Mu et al. (2017) LA
BRI o AT 2 SCHTEENE » A5 SRR HH R I
(FRAC 7, C2) HMIfF5ER] » F5EF]5F FRAC
3, Gl HEALBBIM » M P IZENE 09 -
Cheng et al. (2023) FRAZAHH/EL R % B 158
t&iH - Bl ABC M ME (ATP-binding
cassette transporter) J¢ MFS 5#EigE HE
(major facilitator superfamily transporter)
ERH ® -

HalB S 2 & « s - /e
FI ~ % HE ~ PY5TH] (tetraconazole) ~ JE
oo fl] ~ JZFFE  (mefentrifluconazole) 23k
B > FAIGIA R. solani 5[#.2 /KA ~ #H
W HE - WE - EESREFEEEYRE
YA~ FRERE IR E O o JeRiCaRES
TG RRZ R T FRAC C BERREBRASZ M2
A DURPTEENE < BB EEAL O B3Rk
A IR A (] 4 P A T e T 1 38 S A A B
AN (] FF 5 B R & SRR 32 1 B B v T B
fili » AHFFERF R PRES B3 5 R ACT T LA AL
B FRAC G RHEL R G715 it R 42 2
J 32 - Sl o i Bt A B R A (R 1 B
il B2 R s — 2 DAURGEEAL AT e
RHEPUEE M B - R AR 516 YL AL R
MEGEEYIREREREN cEHES

FORIEL i
— ~ PEEA R PR AR T B 2 TR B fi
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AT Ry R Y EES - (AR LR
BRI AIRE HEE ~ sE - 3 - i
JIX > Al ¥ (taro) ~ HE ~ HH >~ &AL
77 (garden spider lily) ~ B 78 ¥ 4 J}
(Asian melastome) * H H%#& (periwinkle)
& {6 (goldfish grass) Ei i € ¥
(carpetgrass) FEREHLEFEIL 13 FIEY 2
FES AR GBS B FE RS EL S AR HBEAL ~ B5 8 K
HETEREIRE By Rhizoctonia solani » 3t
& 15 BEfk - WRASE - F LHEYES
B R — Mo

=~ BEEASERRE XA

Ryt VAL L R B FRAC G BHAL R
il Bl R SR R M - AR RS R

LU FRAC G HE#% 7 B HR A 7 S Rk 2
R SR SE R FEAE » RS Gl 2 : JRTOE

(bromuconazole) \ BROow B
(cyproconazole) . Fooow F
(difenoconazole) ‘ Tk &
(epoxiconazole) ~ 3k & (fenarimol) ~
w5 (flusilazole) ~ JE & F]
(hexaconazole) ~ K% (imazalil) ~ 5 i
JEE (imibenconazole) ~ J& % JE

(metconazole) ~ # 5. J& (myclobutanil)
WoTn g w hr
(prochloraz) ~ % 5 Fl] (propiconazole) ~ 15
5e F mow H
(tetraconazole) ~ —ZE[E (triadimenol) ~ i
J&  (triflumizole) ~ FEi@ S (triforine)ZE 19
fH > G228 : =154F (tridemorph) 1 & » G

(penconazole)

(tebuconazole)

K”R— UftHBHZE 15 Mt ERTEEYIRENTEE
Table 1. List of host plants and locations of the 15 Rhizoctonia solani isolates used in this study

. Isolation City/ Township/  Collection

Isolate Host common name, scientific name . .
tissue County Dist. date
R12 Lily, Lilium spp. Root Taichung Houli 02/25/2008
RS001 Iceberg lettuce, Lactuca sativa Leaf base Nantou Puli 03/21/2008
RS002  Leafy lettuce, Lactuca sativa Leaf base Taoyuan Zhongli 04/09/2008
RS004  Leafy lettuce, Lactuca sativa Leaf base Taoyuan Daxi 04/09/2008
RS009  Beef tomato, Solanum lycopericum Stem Nantou Xinyi 03/29/2008
RS010  Garden spider lily, Lycoris aurea bulb Changhua Yuanlin 04/01/2008
RSO11 Taro, Colocasia esculenta Stem base Taichung Dajia 04/21/2008
RS012  Sweet potato, Ipomoea batatas Stem base Taichung Shengang  09/09/2008
RS013  Common melastome, Melastoma Stem base ~ New Taipei Sanzhi 09/10/2008
candidum

RS014  Periwinkle, Catharanthus roseus Root Taichung Wufeng 09/17/2008
RSO015  Goldfish grass, Antirrhinum majus Stem base Yilan Yuanshan  10/31/2008
RS016  Carpet grass, Axonopus affinis Root Nantou Caotun 12/02/2008
RS017  Cabbage, Brassica oleracea Leaf base Tainan Madou 12/22/2008
RS018  Spinach, Spinacia oleracea Leaf base Yunlin Xiluo 04/09/2009
RS019 Cucumber, Cucumis sativus Stem base Nantou Zhushan 06/01/2009




MR AR « HZ9EwA] (carbendazim
A
(carbendazim + imazalil) ~ H 75 # 55 fif
(carbendazim + prochloraz) ~ JE 5a FI| & #@&
(hexaconazole + thiabendazole) ~ & 15 va Fl]
(pencycuron + tebuconazole) ~ Rf T.ER 75
(azoxystrobin + cyproconazole) » =15 5
FI] (trifloxystrobin + tebuconazole) + £

+ hexaconazole) ~ H

FF5LH] (cyprodinil + difenoconazole) 5 8
M DIRIBRE RIS —r B B2 HEE
(carbendazim) ~ E## (thiabendazole) &
SafE (pencycuron) % 3 fif » CHH @ REFEML
(azoxystrobin) ~ = % f (trifloxystrobin)
oM D - B (cyprodinil) 1 -
MLk 34 FEALEAZER] (£ -

= SO

B P BE AR R T T B bR AR R R ER
By SEEINAAR PDA A& SERIA 8R4
RS R R 103~ 102~ 101~ 1~ 10" ~ 102
J2 10° mg/L » IBEHIEBRAEIA 9 cm BFEEIL
thoo LAY 20 mL 5857 PDA B58 5 &
PEEEREZ TR 55 2 RETTHER
B o SDURINEERZ PDA SPAR b B IEHH -
It 8 RE - M (RS FEER R RRE
HHAH R B IEAE) 3 EHE ()™ o

BT - (R E AR (B
0.4 cm) * B HE BT EER AR I > 174 24°C
ERAEREE - BREREEER - BEM
FHE & Rl - Bidp ok aoss - DU Ik
Hil— RZBE®BER » (EhiZEi .z Rz

SLRGRRAZ B G BEEERIEZE 25

Mo T IR IR - N RRRERRBH .
ok A R AHDHI R (%) » FREL [(C-0.4)~(T-
0.4)]/(C-0.4) x 100% Ji=CHEfTEE - Hrp
C RHWHHEEER » T Rk EEH
HiE AR -

PR 15 i B A AR R TR HE S
ZEEENREERS logio PR - BRI
R #JE IF - DTS B R M 3 R v5  (linear
analysis) #EfTHEF 19 BERERE R?
(coefficient of determination) AfY 0.8 B -
1K 5% 3 B 7 A2 = AT B 2 B IR R
(Effective concentration for 50% inhibition,
ECso) ~ fx 1K #I il I8 &
inhibitory concentration, MIC) Jz 55 HI5]
= (No effective concentration, NEC) %
HEEMEHME > DL ECso & MIC {EfHURy RKSZ
842 (Sensitivity index) (14 o

(Minimum

VY ~ SZRLFRZ R R AR B FRAC G 28
st B A B HLR 55 ) 2 K 32 1

R Ay M i 2 ECso Jx MIC H
DI B ELB - FE PR 27 AG AL B AN (R B
PRES FRAC G JE575 B 7 B L R 5 71 ek 2 1
ZEIG (1410 .

T~ LG R A% B B RS AN [FE
B ~ AR AL B S
FE B 2 K sz MR SR ORE O b
(cluster analysis) " il Gl
43 #T (contingency analysis) ¢%
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Table 2. List of FRAC group G fungicides and mixtures analyzed in this study
- -

MOAD  Target site Fungicide 2.1 (ﬁ/‘:;’tent Formulation® Cor??éﬁﬁ‘i;ame
G Gl Bromuconazole 8.93 SC ST
G Gl Cyproconazole 8.8 SL K+
G Gl Difenoconazole 24.9 EC A BB
G Gl Epoxiconazole 7.5 EC N
G Gl Fenarimol 12 WP P S
G Gl Flusilazole 37 EC e
G Gl Hexaconazole 10 EC JKITT T
G Gl Imazalil 21.2 EC A=EiA
G Gl Imibenconazole 15 WP S
G Gl Metconazole 9 SL AR
G Gl Myclobutanil 40 WP SR
G Gl Penconazole 19 EW Hr-ME R
G Gl Prochloraz 25 EC T
G Gl Propiconazole 25 EC R
G Gl Tebuconazole 25.9 EW 15 2%
G Gl Tetraconazole 11.6 EW L
G Gl Triadimenol 23 EC FRIFE
G Gl Triflumizole 30 WP 2l
G Gl Triforine 18 EC W%
G G2 Tridemorph 84.2 EC EipaEs2
B+G B1+G1  Carbendazim + Hexaconazole 34.5 WP W 2
B+G B1+G1  Carbendazim + Imazalil 40 WP k£
B+G B1+G1  Carbendazim + Prochloraz 31.6 SE Ayl
B B1 Carbendazim 50 WP RRIA
B+G B1+G1  Hexaconazole + Thiabendazole 23 WP SET
B Bl Thiabendazole 40 WP FEHl
B+G B4+ Gl Pencycuron + Tebuconazole 25 SC BUR
B B4 Pencycuron 23.2 SC A
C+G C3+ Gl Azoxystrobin + Cyproconazole 28 SC a1
C C3 Azoxystrobin 23 SC TR AR
C+G C3 +G1 Trifloxystrobin + Tebuconazole 27.3 SC SR ER
C C3 Trifloxystrobin 50 WG EEE
D+G D1 +Gl Cyprodinil + Difenoconazole 31.25 WG sEfEly
D D1 Cyprodinil 50 WG R

D MOA: mode of action according to the Fungicide Resistance Action Committee.

2 a.i.: active ingredient.

3) Formulation: EC, emulsifiable concentrate; EW, oil-in-water emulsion; SC, suspension concentrate; SL,
soluble concentrate; WG, water dispersible granules; WP, wettable powder.



LA ECso J¢ MIC {H V-3 {E B i 8
MR S B 53 i 2 I8 - DARE g =03 Bk
(hierarchical clustering) Z 3 {58 i /[ N8k B 52
(Ward’s Minimum Variance Method) #417
BRI (12129 o SRyt — A I AT
PRET G BERR R T RS2 M L B 1 - LAY
KEFTTSZ ECso {HE# logio & > FHLIZEH
FHREE S #T (multiple correlation analysis) 3
= 09 KSR R b B W - K Pr
JFE BB E R EH S - Wk
HREME > $% Spearman JiEMEFTRHEE >
BT o p E/INA 0.05 BF - HIBE R LR B AR B
Pt iz S ) H i BR B 1% > Spearman rho
EBE - MR R (8 -

N VAR E R PR FRAC G
J i A R B LR 5 R 2 DU EE

PEAH S B A

Ry MR g LA A% B 2 75 T (A S
B PUBEVE A R B o DAY AL SRR R
FRAC C J5#% B il B R S il MIC 1A -
IR BERI BT &30 L i = | e 7 EL T -
TG MIC KR L 22 R & il Bl =
WF » LR Ry B B ] YT = JR
(H, High risk for resistance) » A5 I A5 By
pro2 M K B B (L, Low risk for
resistance) * L1 H/(H+L) FbfE » MURfEER
BEP S VL AL RR X B AE P EEE R B (R
(relative risk for resistance) » il MOA -
TS ~ {5 22 ) 55 (K] 3 17 B Wk 1% 43 A
@2)» PRES R K] BE AT AL WL B R R B R
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HUEENE 2 BB » DRk TR e 2
IR O -

L~ #Et T

Al 5 B o R TE ~ TR AR (1R 53 AT
(non-linear analysis) (10 ~ £ 53 4 @1 23)
B Z AR o B (08 - BB MR AT @2 %
at - £RLL SAS IMP® (SAS Institute Inc.,
v. 13.2,2016) BRHEHEST -

i o

— ~ MLKEZ R R PR FRAC G2
st ] 71 B L v 15 ) & IR S 1k

HEEA MR A G EEAR R PRS2 1 DA logio
R B4 Al4r ks 4 FEIRSE - H ECso KR
0.1 mg a.i/L & - F : {53H ~ FEwH] -
W R OB kMR FE 0 ECso {H T R
0.047+0.069—0.097+0.104 mg a.i./L Zf ;
MR 0.1-1.0mga.i/L 7 » & : BERva)E ~ ]
TOPE ~ BERYIS ~ ZFRE - W Fl o K
JE ~ U oa H] ) 8 5 Jé 0 ECso {H TR
0.109+0.069—0.913+1.104 mg a.i./L Z[ ;
MR 1.0-10mgai/L#& > F 1 =155 &
e~ FF vl ~ BESOHL ~ ARSI B 25 Fi
E5 > ECso fHAT 1.055+0.449-4.852+10.89
mga.i/L ZM 5 FiR 10mgai/L¥E » H :
g 5 K& & W FE > ECso fH 47 7l K
28.57+14.55 & 856.98 mg a.i./L Z[H] ° #F
BAEFE - R ~ EE k=
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B N HR E MR A RA R xfE - &
ECso {43 BB 0.068+0.033 ~ 0.079+0.055
2 0.082+0.065 mg a.i./L » H FEHIHIVEH
RE Gl FEERSE M S AF ] 5 i 22596
FI -~ FEEHERE ~ HZKBS ~ B RF o
Fl ke H Zr 8 % H. Z ECso {H /M A
0.112+0.059-0.77+0.262 mg a.i./L Z [ - H
Z3IETEF ~ TE va FI S HE S R A5 ve Fl| 5 22
HNHIE F 23 B EH SR e Fl e fF s Al - H 25
W e A hi QIR H B8 (5%
=)o

NV Y AN R SR (R
il ~ BRATER AL Be {54 58 P e
FHZ K32 TR SR RE 50 A Bl B gk
P50 Hr

JER SRR 7 0 BT AL AR L R
20 G BUREE G E RN XL
N FEREUR 4 BERERE - ERZ
KRB By 5 W A R R im s [F] — B - H B oAt
G MR A 2 SR &E - 2 F RI2 -
RS001 -+ RS002 -~ RS010 - RSO13 -~
RSO15 ~ RS017 K RS019 % 8 fl @tk ; H
Kb Gy WG BRI A Hofth G R AR -
RS009 ~ RS012 ~ RS014 ~ RS016 K RS018
% 5 Bk 5 534 RS011 Kz RS004 %5 2
Bk B 2B EAERE » RS011 R BRI
HI RO B va f7 [F BF - H B 5 i 98 AHGE 5
RS004 A Z ARSI ~ BETahi ~ FEnm B[]
B HEAEEESEAET (8 —) -

HE—F DL BB T 4L

Fidh i B e S Bz 20 1 G AR E R
MR RN A X PTEEN: - FRER G2
—15758 Gl 5 B AR
Spearman’s rho fH }% 0.618 » p < 0.016 >
Hih Gl HA&AEK A FAEMEEME -
Spearman’s rho fH B/ 2-0.171-0.468 2
il p>0.05- 78 19 FEELEL G1 B FE
R - EEESEAIH AR 18 H Gl JEARE B2 fH
B M i » Spearman’s rho {H /1 /2-0.007—
0.288 ZMH 3 ERFsWRFE » BRIZTEPE
WA FEAN - FIEER 16 FE G1 FEHARE T < A
BATEAR 5 BESEhiMIER OB ~ f75a ] ~ 4R
JE SRRV 1S AR R S BRELER 14 FE G
R VB 2 FERR AR - B G BB E I
ARG R EL H B Gl BEAR R T < FHRE M

B

\
/)

B 0 RS - HERRIRDEEE ~ &Y
1%~ FESEM R Poa e (FRPY) -

P4 SRR FRAC C
B R 75 2 A B
S I BR R

REEEBITELH & - LA ERS
FRAC G R B B HR & 2 FE S g
TR B E FE A0 A 0 LA mode of action
(MOA) ~ Target site (TS) FIHLERZER] <K
T TR BT - MOA 43 A7 5 SR 31
7~ B+ G BRI TUEEE R R
H2.67% HLEEMERBE - R C+ G ¥ -
H 10.0% FLEEMER b - i G BAH
52.33% PUEEMEEBE (B — A) - HAEEUL
#i%E (Likelihood ratio test) Sz 7R K
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Table 3. Sensitivity of Rhizoctonia solani to FRAC group G fungicides and mixtures

) . ECs (mg a.i./L)" MIC (mg a.i./L)”
Target site Fungicides - -
Median Mean  SDY Range Median  Mean SD Range
Gl Bromuconazole ~ 0.220 0.266 0.282  0.039-1.225 35966 77471 104.834 11.107-407.819
Gl Cyproconazole 0.097 0.109 0.069 0.021-0.274 28.855  40.292  32.667 3.22-122.301
Gl Difenoconazole 1.050  1.369 1.689  0.004-6.803 >1,000 >1,000 >1,000 16.975—> 1,000
Gl Epoxiconazole 0.056 0.097 0.104 0.005-0.396 21.043 24822 23.736 1.936-94.492
Gl Fenarimol 1.728 4852 10.89 0.042-43.725 >1,000 >1,000 >1,000 65.925—> 1,000
G1 Flusilazole 0202 0375 0371 0.012-1.262 95371  179.057 202.631  2.048-700.323
Gl Hexaconazole 0.068 0.072 0.061  0.006-0.248 15441 22282 24.963 0.717-103.568
Gl Imazalil 2.050 2.547 1.888  0.349-8.388 379.187 376.412 166.505 142.606-794.113
Gl Imibenconazole ~ 4.567 856.98 >1,000  0—>1,000 >1,000 >1,000 > 1,000 > 1,000
Gl Metconazole 0.043 0.074 0.070  0.001-0.222 44989  44.196 21917  7.336-101.855
Gl Myeclobutanil 0.571 0913 1.104 0.082-4.615 228.743 265.438 204.538 58.255-888.072
Gl Penconazole 0.413  0.540 0.349 0.044-1.4 120.779 181.852 121.275 2.822-408.24
Gl Prochloraz 2.058 2480 1.695 0.5-6.506 >1,000 >1,000 >1,000 186.96—> 1,000
Gl Propiconazole 0252  0.456 0.641  0.028-2.646 137.686 260.886 401.073  2.763-1637.709
Gl Tebuconazole 0.015 0.047 0.069 0-0.21 19.460  20.280  9.001 7.088-46.31
Gl Tetraconazole 0395 0.632 0.772  0.003-2.52 58.505  92.647 79.993 2.152-256.78
Gl Triadimenol 0.400 0.448 0.421  0.04-1.858 113.533 158.174 139.114  3.158-556.769
Gl Triflumizole 0.611 1.078 1.015 0.123-4.083 531.722  903.244 >1,000 61.576—> 1,000
Gl Triforine 31.69 2857 1455 3.65-55.975 >1,000 >1,000 >1,000 587.177— 1,000
G2 Tridemorph 1.003 1.055 0.449 0.556-2.356 383.165 425.064 115.595 219.711-619.072
Bl + Gl Carbendazim + 0.101  0.112 0.059 0.018-0.239 6.180 7.788 5.812 0.516-24.854
Hexaconazole
Bl + Gl Carbendazim + 0.390 0.380 0.166 0.126-0.718 12.361  13.797  9.719 0.235-38.263
Imazalil
Bl + Gl Carbendazim + 0.747 0.770 0.262  0.39-1.164 47484 82394 74479 18.54-222.43
Prochloraz
Bl Carbendazim 0.361 0365 0.149  0.169-0.605 16.577 21332 11.504 10.984-53.429
Bl + Gl Hexaconazole+ 0.169 0.172 0.083  0.046-0.367 12.176  18.151 23.048 3.065-98.247
Thiabendazole
Bl Thiabendazole 0368 0367 0.182 0.112-0.828 7.607 18.462 39.064  5.952-159.462
B4+ Gl Pencycuron + 0.066 0.079 0.055 0.018-0.222 16.195  49.264 65497  2.442-165.888
Tebuconazole
B4 Pencycuron 0.0005 26.518 99.205 2x10°-371.194 1.620 >1,000 >1,000 0.154—> 1,000
C3+ Gl  Azoxystrobin + 0.057 0.068 0.033  0.01-0.137 21.486  30.857 34455  2.574-121.905
Cyproconazole
C3 Azoxystrobin 14433 >1,000 > 1,000 0.07— 1,000 >1,000 >1,000 > 1,000 > 1,000
C3+ Gl Trifloxystrobin+ 0.059 0.082 0.065 0.009-0.209 49.819  78.708 90.291 18.92-379.966
Tebuconazole
C3 Trifloxystrobin 8.377 2226 2558 0.643-74.645 >1,000 >1,000 > 1,000 > 1,000
D1+ Gl Cyprodinil + 0.554 0.736  0.558  0.059-2.003 550.229 506.516 403.526  36.792—>1,000
Difenoconazole
D1 Cyprodinil 8.716 15301 12.118 3.391-40.676 >1,000 >1,000 >1,000 966.924— 1,000

D ECso: effective concentration for 50% inhibition of the active ingredient in each tested fungicide.
» MIC: minimum inhibitory concentration of the active ingredient in each tested fungicide.
% SD: standard deviation of the mean.
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RS011

Penconazole
Myclobutanil
Tridemorph
Difenoconazole
Epoxiconazole
Cyproconazole
Hexaconazole
Metconazole
Tebuconazole
Propiconazole
Bromuconazole
Flusilazole
Tetraconazole
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Imazalil
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Triflumizole
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RS009

Penconazole
Propiconazole
Bromuconazole
Triadimenol
Metconazole
Epoxiconazole
Cyproconazole
Tetraconazole
Flusilazole
Tebuconazole
Hexaconazole
Fenarimol
Myclobutanil
Tridemorph
Difenoconazole
Imazalil
Prochloraz
Triflumizole
Triforine
Imibenconazole

B— + L ECso Bd MIC 2P EERABEITRE O » MMM IZES FRAC G 8%
RERELESE 2R 4 BAEEHRR > LI R12 ~ RS009 ~ RS011 [ RS004 X3k 4
TERFERIRAR -

Fig. 1. Mean and median values of ECso and MIC were used for cluster analysis. Rhizoctonia
solani isolates showed four types of clustering phenomena to FRAC group G

fungicides and mixtures. R12, RS009, RS011 and RS004 represent four cluster types.
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Table 4. List of Spearman's correlations of FRAC G fungicides against Rhizoctonia solani

0, 0,
Spearman's tho Lower 95%  Upper 95%

CI CI
Bromuconazole Cyproconazole 0.711 ** 0.004 0.312 0.897
Bromuconazole Difenoconazole 0.664 ** 0.009 0.230 0.878
Bromuconazole Epoxiconazole 0.764 ** 0.001 0.414 0917
Bromuconazole Fenarimol 0.782 *%** <.001 0.450 0.924
Bromuconazole Flusilazole 0.607 * 0.019 0.138 0.854
Bromuconazole Hexaconazole 0.697 ** 0.007 0.264 0.896
Bromuconazole Imazalil 0.614 * 0.017 0.149 0.857
Bromuconazole Imibenconazole 0.450 0.094 -0.081 0.782
Bromuconazole Metconazole 0.525 * 0.047 0.017 0.817
Bromuconazole Myclobutanil 0.532 * 0.044 0.027 0.821
Bromuconazole Penconazole 0.618 * 0.016 0.154 0.858
Bromuconazole Prochloraz 0.432 0.109 -0.103 0.773
Bromuconazole Propiconazole 0.464 0.083 -0.063 0.789
Bromuconazole Tebuconazole 0.575 * 0.027 0.089 0.840
Bromuconazole Tetraconazole 0.439 0.103 -0.094 0.777
Bromuconazole Triadimenol 0.482 0.071 -0.040 0.797
Bromuconazole Tridemorph 0.293 0.289 -0.258 0.700
Bromuconazole Triflumizole 0.504 0.058 -0.012 0.808
Bromuconazole Triforine 0.226 0.436 -0.346 0.676
Cyproconazole Difenoconazole 0.821 *** <.001 0.534 0.939
Cyproconazole Epoxiconazole 0.846 *** <.001 0.590 0.948
Cyproconazole Fenarimol 0.825 *** <.001 0.542 0.940
Cyproconazole Flusilazole 0.846 *** <.001 0.590 0.948
Cyproconazole Hexaconazole 0.855 *** <.001 0.594 0.953
Cyproconazole Imazalil 0.721 ** 0.003 0.332 0.901
Cyproconazole Imibenconazole 0.793 H** <.001 0.473 0.928
Cyproconazole Metconazole 0.382 0.161 -0.162 0.748
Cyproconazole Myclobutanil 0.646 * 0.011 0.201 0.870
Cyproconazole Penconazole 0.786 *** <.001 0.458 0.925
Cyproconazole Prochloraz 0.600 * 0.020 0.127 0.851
Cyproconazole Propiconazole 0.768 ** 0.001 0.421 0.919
Cyproconazole Tebuconazole 0.636 * 0.013 0.183 0.866
Cyproconazole Tetraconazole 0.689 ** 0.006 0.274 0.888
Cyproconazole Triadimenol 0.732 ** 0.003 0.352 0.905
Cyproconazole Tridemorph 0.357 0.192 -0.190 0.735
Cyproconazole Triflumizole 0.446 0.097 -0.085 0.780
Cyproconazole Triforine 0.037 0.904 -0.503 0.557
Difenoconazole Epoxiconazole 0.857 *** <.001 0.615 0.952
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Table 4 (continued). List of Spearman's correlations of FRAC G fungicides against Rhizoctonia

solani
, Lower 95%  Upper 95%
Spearman's rho I I
Difenoconazole Fenarimol 0.871 *** <.001 0.649 0.957
Difenoconazole Flusilazole 0.868 *** <.001 0.640 0.955
Difenoconazole Hexaconazole 0.855 *** <.001 0.594 0.953
Difenoconazole Imazalil 0.657 ** 0.010 0.218 0.875
Difenoconazole Imibenconazole 0.843 *** <.001 0.582 0.946
Difenoconazole Metconazole 0.432 0.109 -0.103 0.773
Difenoconazole Myclobutanil 0.621 * 0.016 0.160 0.860
Difenoconazole Penconazole 0.839 *** <.001 0.574 0.945
Difenoconazole Prochloraz 0.543 * 0.039 0.042 0.826
Difenoconazole Propiconazole 0.811 *** <.001 0.510 0.935
Difenoconazole Tebuconazole 0.718 ** 0.004 0.325 0.899
Difenoconazole Tetraconazole 0.714 ** 0.004 0.319 0.898
Difenoconazole Triadimenol 0.764 ** 0.001 0.414 0.917
Difenoconazole Tridemorph 0.446 0.097 -0.085 0.780
Difenoconazole Triflumizole 0.543 * 0.039 0.042 0.826
Difenoconazole Triforine -0.051 0.868 -0.566 0.493
Epoxiconazole Fenarimol 0.786 *** <.001 0.458 0.925
Epoxiconazole Flusilazole 0.825 *** <.001 0.542 0.940
Epoxiconazole Hexaconazole 0.881 *** <.001 0.659 0.962
Epoxiconazole Imazalil 0.804 *** <.001 0.495 0.932
Epoxiconazole Imibenconazole 0.679 ** 0.007 0.255 0.884
Epoxiconazole Metconazole 0.521 * 0.049 0.013 0.816
Epoxiconazole Myclobutanil 0.618 * 0.016 0.154 0.858
Epoxiconazole Penconazole 0.804 *** <.001 0.495 0.932
Epoxiconazole Prochloraz 0.746 ** 0.002 0.379 0911
Epoxiconazole Propiconazole 0.746 ** 0.002 0.379 0911
Epoxiconazole Tebuconazole 0.600 * 0.020 0.127 0.851
Epoxiconazole Tetraconazole 0.693 ** 0.005 0.280 0.889
Epoxiconazole Triadimenol 0.754 ** 0.002 0.393 0.913
Epoxiconazole Tridemorph 0.164 0.558 -0.380 0.624
Epoxiconazole Triflumizole 0.675 ** 0.007 0.249 0.882
Epoxiconazole Triforine 0.073 0.808 -0.476 0.581
Fenarimol Flusilazole 0.768 ** 0.001 0.421 0.919
Fenarimol Hexaconazole 0.895 *x* <.001 0.693 0.966
Fenarimol Imazalil 0.661 ** 0.009 0.224 0.876
Fenarimol Imibenconazole 0.739 ** 0.002 0.365 0.908
Fenarimol Metconazole 0.379 0.165 -0.166 0.746
Fenarimol Myclobutanil 0.618 * 0.016 0.154 0.858
Fenarimol Penconazole 0.829 *%** <.001 0.550 0.941
Fenarimol Prochloraz 0.350 0.201 -0.198 0.731
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Table 4 (continued). List of Spearman's correlations of FRAC G fungicides against Rhizoctonia

solani
Spearman's rho Lowgrl%% UppeCrI95%
Fenarimol Propiconazole 0.736 ** 0.003 0.359 0.906
Fenarimol Tebuconazole 0.811 *** <.001 0.510 0.935
Fenarimol Tetraconazole 0.739 ** 0.002 0.365 0.908
Fenarimol Triadimenol 0.807 *** <.001 0.503 0.933
Fenarimol Tridemorph 0.439 0.103 -0.094 0.777
Fenarimol Triflumizole 0.489 0.067 -0.031 0.801
Fenarimol Triforine 0.262 0.366 -0.312 0.696
Flusilazole Hexaconazole 0.807 *** <.001 0.483 0.936
Flusilazole Imazalil 0.586 * 0.024 0.105 0.845
Flusilazole Imibenconazole 0.786 *** <.001 0.458 0.925
Flusilazole Metconazole 0.164 0.558 -0.380 0.624
Flusilazole Myclobutanil 0.611 * 0.018 0.143 0.855
Flusilazole Penconazole 0.904 *** <.001 0.729 0.968
Flusilazole Prochloraz 0.557 * 0.034 0.063 0.832
Flusilazole Propiconazole 0.818 *** <.001 0.526 0.937
Flusilazole Tebuconazole 0.582 * 0.025 0.100 0.843
Flusilazole Tetraconazole 0.864 *** <.001 0.632 0.954
Flusilazole Triadimenol 0.825 *** <.001 0.542 0.940
Flusilazole Tridemorph 0.307 0.265 -0.243 0.708
Flusilazole Triflumizole 0.504 0.058 -0.012 0.808
Flusilazole Triforine -0.051 0.868 -0.566 0.493
Hexaconazole Imazalil 0.811 *** <.001 0.492 0.938
Hexaconazole Imibenconazole 0.776 ** 0.002 0.417 0.925
Hexaconazole Metconazole 0.459 0.101 -0.094 0.796
Hexaconazole Myclobutanil 0.824 *** <.001 0.522 0.943
Hexaconazole Penconazole 0.881 *** <.001 0.659 0.962
Hexaconazole Prochloraz 0.433 0.124 -0.127 0.784
Hexaconazole Propiconazole 0.881 *** <.001 0.659 0.962
Hexaconazole Tebuconazole 0.631 * 0.018 0.151 0.870
Hexaconazole Tetraconazole 0.710 ** 0.006 0.288 0.901
Hexaconazole Triadimenol 0.864 *** <.001 0.615 0.956
Hexaconazole Tridemorph 0.468 0.094 -0.083 0.800
Hexaconazole Triflumizole 0.719 ** 0.005 0.304 0.904
Hexaconazole Triforine 0.275 0.363 -0.326 0.717
Imazalil Imibenconazole 0.682 ** 0.007 0.261 0.885
Imazalil Metconazole 0.357 0.192 -0.190 0.735
Imazalil Myclobutanil 0.707 ** 0.004 0.306 0.895
Imazalil Penconazole 0.596 * 0.021 0.121 0.849
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Table 4 (continued). List of Spearman's correlations of FRAC G fungicides against Rhizoctonia

solani
, Lower 95%  Upper 95%
Spearman's rho p I I
Imazalil Prochloraz 0.454 0.092 -0.076 0.784
Imazalil Propiconazole 0.746 ** 0.002 0.379 0.911
Imazalil Tebuconazole 0.318 0.248 -0.232 0.714
Imazalil Tetraconazole 0.582 * 0.025 0.100 0.843
Imazalil Triadimenol 0.654 * 0.010 0.212 0.873
Imazalil Tridemorph 0.171 0.541 -0.374 0.628
Imazalil Triflumizole 0.786 *** <.001 0.458 0.925
Imazalil Triforine 0.288 0.318 -0.286 0.710
Imibenconazole Metconazole 0.179 0.524 -0.367 0.633
Imibenconazole Myclobutanil 0.589 * 0.023 0.110 0.846
Imibenconazole Penconazole 0.796 *** <.001 0.480 0.929
Imibenconazole Prochloraz 0.364 0.182 -0.182 0.739
Imibenconazole Propiconazole 0.843 *#* <.001 0.582 0.946
Imibenconazole Tebuconazole 0.493 0.064 -0.026 0.803
Imibenconazole Tetraconazole 0.736 ** 0.003 0.359 0.906
Imibenconazole Triadimenol 0.793 *** <.001 0.473 0.928
Imibenconazole Tridemorph 0.618 * 0.016 0.154 0.858
Imibenconazole Triflumizole 0.504 0.058 -0.012 0.808
Imibenconazole Triforine 0.007 0.988 -0.526 0.535
Metconazole Myclobutanil 0.454 0.092 -0.076 0.784
Metconazole Penconazole 0.229 0.411 -0.321 0.663
Metconazole Prochloraz 0.443 0.100 -0.090 0.779
Metconazole Propiconazole 0.254 0.361 -0.297 0.678
Metconazole Tebuconazole 0.382 0.161 -0.162 0.748
Metconazole Tetraconazole -0.079 0.783 -0.568 0.452
Metconazole Triadimenol 0.125 0.658 -0.414 0.599
Metconazole Tridemorph 0.300 0.277 -0.251 0.704
Metconazole Triflumizole 0.443 0.100 -0.090 0.779
Metconazole Triforine -0.152 0.605 -0.631 0.412
Myclobutanil Penconazole 0.629 * 0.014 0.172 0.863
Myclobutanil Prochloraz 0.304 0.271 -0.247 0.706
Myclobutanil Propiconazole 0.868 *** <.001 0.640 0.955
Myclobutanil Tebuconazole 0.307 0.265 -0.243 0.708
Myclobutanil Tetraconazole 0.439 0.103 -0.094 0.777
Myclobutanil Triadimenol 0.571 * 0.029 0.084 0.838
Myclobutanil Tridemorph 0.361 0.187 -0.186 0.737
Myclobutanil Triflumizole 0.757 ** 0.002 0.400 0.915
Myclobutanil Triforine 0.077 0.797 -0.473 0.584
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Table 4 (continued). List of Spearman's correlations of FRAC G fungicides against Rhizoctonia

solani
, Lower 95%  Upper 95%
Spearman's rho p I 1
Penconazole — Prochloraz 0.439 0.103 -0.094 0.777
Penconazole — Propiconazole 0.836 *** <.001 0.566 0.944
Penconazole — Tebuconazole 0.554 * 0.035 0.058 0.830
Penconazole — Tetraconazole 0.857 *** <.001 0.615 0.952
Penconazole — Triadimenol 0.92]1 *** <.001 0.775 0.974
Penconazole — Tridemorph 0.371 0.173 -0.174 0.742
Penconazole — Triflumizole 0.629 * 0.014 0.172 0.863
Penconazole — Triforine 0.068 0.820 -0.480 0.578
Prochloraz — Propiconazole 0.432 0.109 -0.103 0.773
Prochloraz — Tebuconazole 0.432 0.109 -0.103 0.773
Prochloraz — Tetraconazole 0.407 0.133 -0.133 0.761
Prochloraz — Triadimenol 0.421 0.119 -0.116 0.768
Prochloraz — Tridemorph -0.171 0.541 -0.628 0.374
Prochloraz — Triflumizole 0.343 0.211 -0.205 0.727
Prochloraz — Triforine -0.270 0.349 -0.700 0.304
Propiconazole — Tebuconazole 0.425 0.116 -0.112 0.770
Propiconazole — Tetraconazole 0.729 ** 0.003 0.345 0.904
Propiconazole — Triadimenol 0.807 *** <.001 0.503 0.933
Propiconazole — Tridemorph 0.386 0.157 -0.158 0.750
Propiconazole — Triflumizole 0.718 ** 0.004 0.325 0.899
Propiconazole — Triforine -0.007 0.988 -0.535 0.526
Tebuconazole — Tetraconazole 0.532 * 0.044 0.027 0.821
Tebuconazole — Triadimenol 0.604 * 0.020 0.132 0.852
Tebuconazole — Tridemorph 0.271 0.327 -0.280 0.688
Tebuconazole — Triflumizole 0.061 0.832 -0.466 0.556
Tebuconazole — Triforine 0.209 0.473 -0.362 0.666
Tetraconazole — Triadimenol 0.925 *** <.001 0.784 0.975
Tetraconazole — Tridemorph 0.193 0.490 -0.354 0.642
Tetraconazole — Triflumizole 0.496 0.062 -0.021 0.804
Tetraconazole — Triforine 0.108 0.716 -0.449 0.604
Triadimenol — Tridemorph 0.307 0.265 -0.243 0.708
Triadimenol — Triflumizole 0.582 * 0.025 0.100 0.843
Triadimenol — Triforine 0.253 0.382 -0.321 0.691
Tridemorph — Triflumizole 0.164 0.558 -0.380 0.624
Tridemorph — Triforine 0.002 1.000 -0.529 0.532
Triflumizole — Triforine -0.024 0.940 -0.548 0.513

*p <.05, ¥* p <.01, *** p <.001
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Table S. Relative risk of Rhizoctonia solani isolates developing resistance to FRAC group G
fungicides and mixtures

MOA  Target site Fungicides HY LY Total
G Gl Bromuconazole 1 14 15
6.67 93.33
G Gl Cyproconazole 7 8 15
46.67 53.33
G Gl1 Difenoconazole 13 2 15
86.67 13.33
G G1 Epoxiconazole 1 14 15
6.67 93.33
G Gl Fenarimol 15 0 15
100 0
G Gl Flusilazole 9 6 15
60 40
G Gl1 Hexaconazole 2 13 15
13.33 86.67
G Gl Imazalil 15 0 15
100 0
G Gl Imibenconazole 15 0 15
100 0
G Gl Metconazole 0 15 15
0 100
G G1 Myclobutanil 13 2 15
86.67 13.33
G G1 Penconazole 14 1 15
93.33 6.67
G Gl Prochloraz 14 1 15
93.33 6.67
G Gl Propiconazole 4 11 15
26.67 73.33
G G1 Tebuconazole 0 15 15
0 100
G G1 Tetraconazole 5 10 15
33.33 66.67
G Gl Triadimenol 7 8 15
46.67 53.33
G Gl Triflumizole 8 7 15
53.33 46.67
G Gl1 Triforine 14 1 15

93.33 6.67
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Table S (continued). Relative risk of Rhizoctonia solani isolates developing resistance to FRAC
group G fungicides and mixtures

MOA  Target site  Fungicides HY L? Total
G G2 Tridemorph 0 15 15
0 100
B+G B1+ Gl  Carbendazim + Hexaconazole 0 15 15
0 100
B+G B1+ Gl  Carbendazim + Imazalil 0 15 15
0 100
B+G B1+ Gl Carbendazim + Prochloraz 2 13 15
13.33 86.67
B Bl Carbendazim 0 15 15
0 100
B+G B1+ Gl Hexaconazole + Thiabendazole 0 15 15
0 100
B Bl Thiabendazole 0 15 15
0 100
B+G B4+ Gl  Pencycuron + Tebuconazole 0 15 15
0 100
B B4 Pencycuron 1 14 15
6.67 93.33
C+G C3+ Gl  Azoxystrobin + Cyproconazole 1 14 15
6.67 93.33
C C3 Azoxystrobin 15 0 15
100 0
C+G C3+G1  Trifloxystrobin + Tebuconazole 2 13 15
13.33 86.67
C C3 Trifloxystrobin 15 0 15
100 0
D D1+ Gl Cyprodinil + Difenoconazole 9 6 15
60 40
D Dl Cyprodinil 15 0 15
100 0
Total 217 293 510

D H: The relative risk of resistance to a fungicide is considered high if the MIC value is larger than the
registered field dose.

2) L: The relative risk of resistance to a fungicide is considered low if the MIC value is smaller than the
registered field dose.
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Fig. 2. Contingency analysis was applied to assess the relative risk of Rhizoctonia solani

developing resistance to different (A) modes of action (MOA), (B) target sites, and

(C) FRAC group G fungicides and mixtures.
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]/~ BRI ZE Y FRAC G i E B~ ECso thE K
Table 6. Comparison of ECsoof FRAC class G fungicides against Rhizoctonia spp. in Taiwan and

abroad
Fungicide Host Pathogen ECso (mg a.i./L) References
Cyproconazole peanut R. solani 0.056 Barnes et al., 1990
vegetables, R. solani 0.109+0.069 in this study
flowers
Difenoconazole rice R. solani 0.160 Datta et al., 2016
wheat R. cerealis 0.062 Hamada et al., 2011
rice R. solani 0.010+0.016 Gao et al., 2022
rice R. solani 0.663 Ou et al., 2024
vegetables, R. solani 1.369+1.689 in this study
flowers
Diniconazole peanut R. solani 0.028 Barnes et al., 1990
Epoxiconazole rice R. solani 0.014=+0.007 Gao et al., 2022
rice R. solani 0.03-0.15 Gong et al., 2022
vegetables, R. solani 0.097+0.104 in this study
flowers
Hexaconazole rice R. solani 0.062 Datta et al., 2016
R. solani, R. zeae, R. <1 Carling et al., 1990
oryzae
rice R. solani 0.011+0.013 Gao et al., 2022
rice R. solani 0.02-0.07 Gong et al., 2022
rice R. solani 0.0386 Ou et al., 2024
vegetables, R. solani 0.072+0.061 in this study
flowers
Prochloraz R. solani, R. zeae, R. 1.49—> 10 Carling et al., 1990
oryzae
vegetables, R. solani 2.480+1.695 in this study
flowers
Propiconazole rice R. solani 0.450 Datta et al., 2016
vegetables, R. solani 0.456+0.641 in this study
flowers
Tebuconazole rice R. solani 0.304 Datta et al., 2016
rice R. solani 0.034+0.035 Gao et al., 2022
peanut R. solani 0.166 Barnes et al., 1990
rice R. solani 0.02-0.23 Gong et al., 2022
vegetables, R. solani 0.047+0.069 in this study
flowers
Triticonazole turfgrasses R. solani AG 1-1B 0.2+0.3 Amaradasa et al., 2014
turfgrasses R. solani AG 2-21IB 1.26+0.54 Amaradasa et al., 2014
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Sensitivity Analysis of Rhizoctonia solani
isolated from Vegetables and Ornamentals
to FRAC Group G Fungicides and Mixtures

Meen-Lang Lee!”

Abstract

Lee, M. L. 2026. Sensitivity analysis of Rhizoctonia solani isolated from vegetables and

ornamentals to FRAC group G fungicides and mixtures. Taiwan Pestic. Sci. 20: 21-45.

In this study, we investigated the in vitro sensitivity of 15 Rhizoctonia solani isolates
to 34 fungicides, including 20 FRAC group G fungicides and their mixtures. The 15 isolates
were collected from 13 vegetable and ornamental species in central Taiwan. The cross-
resistance of these isolates to these fungicides that have the same mode of action as well as
the relative risk of resistance to the current dosage of registered fungicides in Taiwan were
examined. Our findings indicated that the sensitivity of tested isolates to FRAC group G
fungicides could be categorized into four levels based on ECso: (1) lower than 0.1 mg a.i./L
(tebuconazole, hexaconazole, metconazole, and epoxiconazole), (2) 0.1-1.0 mg a.i./L
(cyproconazole, bromuconazole, flusilazole, triadimenol, propiconazole, penconazole,
tetraconazole, and myclobutanil), (3) 1.0-10 mg a.i./L (tridemorph, triflumizole,
difenoconazole, prochloraz, imazalil, and fenarimol), (4) above 10 mg a.i./L (triforine and
imibenconazole). In the mixtures, the inhibitory effects were derived from FRAC group G1
fungicides, such as cyproconazole for the azoxystrobin + cyproconazole mixture, except for
carbendazim + imazalil and carbendazim + prochloraz, whose inhibitory effects were
attributed to carbendazim. Analysis of cross-resistance within the same FRAC group
exhibited four cluster patterns. The most common cluster grouped imibenconazole and

triforine were in the same group, and their clustering was the farthest away from the other
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FRAC group G fungicides. Analysis of the correlation of the sensitivity of the tested isolates
to FRAC group G fungicides revealed that tridemorph (FRAC group G2) was correlated
with imibenconazole (FRAC group G1), with a Spearman’s rho value of 0.618, p <0.016,
however, there was no correlation with other G1 fungicides. Among the 19 tested FRAC
group G1 fungicides, epoxiconazole had the highest correlation with G1 fungicides, while
triforine had the lowest correlation. An investigation of the relative risk of resistance of the
tested isolates to the dosages of currently registered fungicides in Taiwan indicated that
cyprodinil + difenoconazole was at high risk, while the other mixtures were at low risk. In
addition, single active ingredients such as metconazole, tebuconazole, and tridemorph were
at low risk, while fenarimol, imazalil, and imibenconazole were at high risk. The ¥ statistic
values of the likelihood ratio test and the Pearson’s chi-squared test were 446.249 and
346.912, respectively, with p values of both being less than 0.001 (N=510).

Key words: Rhizoctonia solani, inhibitor of sterol biosynthesis in membranes, sensitivity,

cross-resistance, relative risk



