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A RREE (Rhizoctonia solani Kiihn)
BRI E A 5 REREATZ F
GHaaE e - PEADEMT - TEEE
W HAEEMHARE TR
Thanatephorus cucumeris (Frank) Donk.
12) o 7 AERRL B Ry T < LRI E T
WEDH 49 B 130 FEEPIRCE O o T4
W% B L BRAL T SR AP R T S B R R G
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niFERY (azoxystrobin) FHEEH| Z E A AW
BE B » R R RS ST AR B
Se SRR » SR IS SE B 5 v
BB FRAC 7 ~ C2 BRI » H A X i
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(pyraclostrobin + dimethomorph) ~ VY & ii&
%% (flutolanil + chlorothalonil) ~ VY& L
(chlorothalonil + azoxystrobin) ~ H %! 3¢ I
ik (boscalid + kresoxim-methyl) ~ F %] 5
% (boscalid + pyraclostrobin) » DLk C #¥
BAE®MS — BB Gl B R WK
(cyproconazole) Hil{5 5o Fl] (tebuconazole) »
PUKe M5 BEZPIEEARE (chlorotholanil)
FH22HE (RD) -

= SO

I AG AR B AR DL AR e I AR
A # (infection cushion) HEfT{E%: (10

R— UHHERELHEREE

OO L S S RS A3 BT o ARER FH ZE
SRR LT E AR A R HNHI BB O 0 Bt
B £t B B AR B A At B SE ) & K 2
T e

S AR B (R LR EE A AR
BRMERITE 55°C 7€ & PDA {&#a-+h » il
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Table 1. List of tested Rhizoctonia solani isolates used in this study

Isolate  Host common name, scientific name Is?lation City/ Towrghip/ Collection
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  Asian 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  Carpetgrass, Axonopus affinis Root Nantou Caotun 12/02/2008
RSO017 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
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Table 2. List of FRAC group C fungicides and mixtures analyzed in this study

MOAD Targetsite  Fungicide al 2)(;2)){1 tent Formulation Corrillrlnglcii:;sr;ame
C C2 Boscalid 50 WG WAl
C2 Flutolanil 50 WP BES
C2 Mepronil 75 WP Bl
C2 Oxycarboxin 20 EC NI
c2 Thifluzamide 21 SC e
C3 Azoxystrobin 23 SC TR PR
Cc3 Kresoxim-methyl 50 WG TP
Cc3 Pyraclostrobin 23.6 SL HE S
C3 Trifloxystrobin 50 WG bl
C4 Amisulbrom 17.7 SC HEZ
C4 Cyazofamid 9.4 SC [iE-
C5 Fluazinam 39.5 SC TR A
C+G C3+Gl Azoxystrobin + Cyproconazole 28 SC R
C3+Gl1 Trifloxystrobin + Tebuconazole 27.3 SC ki 5B
C+H C3+HS Pyraclostrobin + Dimethomorph 18.7 WG quzg
C+M C2+M5 Flutolanil + Chlorothalonil 48.9 SC $hz
C3 + M5 Chlorothalonil + Azoxystrobin 56 SC mllER
C+C C2+C3 Boscalid + Kresoxim-methyl 273 SC S
C2+C3 Boscalid + Pyraclostrobin 38 WG RS
G Gl Cyproconazole 8.8 SL rE
Gl Tebuconazole 25.9 EW Y%L
M M5 Chlorothalonil 75 WP RETUER

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

BRI - fRIRE 0.4 em B WaEE - BITPERESk - DIEBE L HAT— R
TR R - BIEBRREER R L > Dl CREER - (ERZEEZRZ a2
IR PRI » BB A 24°C Bl WIIEEIE - IR A R B AH & B Rk A R
o BRUWHAERER - ERHEHEERE  HE (%) fREL [(C-0.4)-(T-0.4)]/(C-0.4)
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x 100% JiEGETTES - Hrh C R ¥
FEAR T Rk REHHREE AR -
PR B PTG AR A R IR - HEA B
ZHERIREAR logio BHHATR - BRIRRHIEH]R
R T F » DLfE B I ol i 0 S 17 5
O > E P GE R B R? (coefficient of
determination) AFA 0.8 R » fREZMER 2
X B B OF BOHD W R (Effective
concentration for 50% inhibition, ECso) ~ fx
1K 2 0 3B
concentration, MIC) K SEXSHIHIIEE (No
effective concentration, NEC) 55 & ZEHf 51

H ®» Hrfr ECso Jt MIC {H » R ZhlikE%

(Minimum inhibitory

HEZ R L R ZTEFE AR (Sensitivity
index) °
9 ~ VLA RREZ B R PR B FRAC C

J i R R B HL R 5 R Z K 52

Mo fils e

b ttsEER AT RS2 ECso B MIC fH
PELE RN ¥ A NVE
FRAC C 7B Bl HR SR RS2 1
ffEe -

1o~ SERE R R B R B A R
PR ~ AR AL B it A ZE A
MR RS2 TSR S i

B4k € e ECso ;2 MIC {H °
DITEFI BT (mode of action, MOA) ~ &Y
HRAL (Target site, TS) #LT/HHE% > 1 H

HAEMRAEAEE] MOA ~ TS 408 N2 ¥ME
(mean) EZHH (median) @ #UREEEE
Bt (cluster analysis) (13 7 285 » F£EEHT
LRSI X 40 81 (hierarchical clustering)
Z HE {E g /N8 B vk (Ward’s Minimum
Variance Method) #7404 (19 » HIKZ
P43 BEAG SR DUEHIRE  (dendrogram) 75 =
2B BRI Rk C SR RZ T - 2
¥ MOA B TS Z A ERF SRS » b—
5 S A B A A FH B B 2 HORy S 152 B
IGEEEI M 2F K18 -

N~ MK RREE R R PR B FRAC C
i ] P i EL v 5 R o AH
DUSEE BB R AL

B T R IAG AL B 5 B RS P
A PIEEE RS - DOTA W #E FRAC C
KR R B B R S B 2 MIC{H - FIEZEER
BITEE e m M EE TS &R
13 MIC{H KR BLEER] & Bl B2 - 3%
BRPRET Ry B EZ 85I LT8R Bs (H, High
risk for resistance) * 75 HII{N AN H P88 M
Ji\ B (L, Low risk for resistance) » LA
H/(H+L) EbAE - f80Ry HEENEE R # 7AL R L
B M HUEE M JR B {E (relative risk for
resistance) » i Ll MOA ~ TS ~ fitiK gE7 <5
Kl 7 i 17 %1 B % 0 7
analysis) (14 » £REFFij K]~ B A7 AS SR A% R
HEER B R PTEEME Z B - DUR AR SR I
FHYE M BERER K -

(contingency
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A i B & 5alE ~ SERE AT B R
G HT RT3 8T 0 FREL SAS IMP® (SAS
Institute Inc., v. 13.2, 2016) BREEHELT -

i e

— ~ AL RERZ R PR FRAC CHH
ot b A B HL R 5 ) 2 K 32 1

iy

DU B 0 B ) o2 R B B A7 (Target
site, TS) 434 /7 =Ukgid C2 ~ C3 ~ C4 K& C5
FERR R EE AR - c2 HEARE RIS DU
ECso & » HAE RS EE R UK - H
KiEZEE ; DIMICTT S » Sl E kg
% S UK R R BEHEI - C3 BkE
B - BEETR MR B ORI - C4
AR - BEEATRRE C4 R BN K
M - H O ECso B2 MIC {HEIAR 1,000
mg/L » MERAIGHUR - HEEAERE C5 FERk
BRIk S .2 ECso By 0.37+0.55 mg/L » {H
MIC {H AR 1,000 mg/L (R=) -

e R FRAC C R &2 3
Bt > DLECsoi S » BRI MRE BT
R e = R A5 e A UK - H ECsofE S
Ak 0.07 K 0.08 mg/L » BEFLER T ed
FERURBR S R AR K » H ECso {23 AR AHA
1,000 mg/L J% 0.11 mg/L » =&H A =M HE=
B G wHRH » H ECso {H 43 11 Ky
22.26 F 0.05 mg/L » FHILATHLE 2 MRS

;

VIAGARLE C JBERIRGZ M T

B
b
I

Pl EEHIFIER - 95K H Gl B R
FE R 1555 R 3 AIMICT S » i Bk B ne
FEER v S VU & 2 S i URK » X MICH
1Ay 30.86 Kz 47.74 mg/L » RRfEERTLAE
FHERFERUR BRTE AR B, - H MIC{H 73 71 By
KA 1,000 mg/L Bz 30.86 mg/L » VUG GES
SV E SR KR %A - HMICH
43R AR 1,000 mg/L k2 4.57 mg/L » A]
HIFT 2 MRS FEHIHIER - 53512k
B B v i S 2 BN R = -

o oy B AR B A SR RS SRR R
BRE C5 e C2 BEfURK - H ECso [HS>
Ay 0.37+0.55 J% 3.62+6.42 mg/L - FRAC
C HEASBHBEARER - L EkE
FRAC C3 + G1 J FRAC C2 + C3 J& &7
UK » H ECso {H3 ARy 0.08+0.05 K
0.27+0.27 mg/L » HEZFHLNHIZH K H FRAC
Gl B EM - #EF 2K H FRAC C2 FHME
Bl - LA MIC {HIE @ #EERE FRAC
C2 +M5 K FRAC C3 + Gl IR & B &= Bk »
MIC 1B 53731k 47.74+£63.28 F 54.78+71.42
mg/L ANK= -

o~ ILMhRR A% B R B E A
il ~ BRATER L b 1k S S8 A e
FHZ KAz SRR S

PRES AN R LA A% TR R AR B AN [R]F
el (MOA) MUBFEELZ » DL ECso EH
MIC Z I E B A7 8 (median) HETTEE
FES3HT (cluster analysis) » H 455 235 2 f&#
B%RE : (1) ¥ FRAC C J FRAC M HJRY
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> 40 RSO01 (5 - P i) ~ RS002  FHf - ANHER 12 Bk o /IH AT SR
(L @EEF‘%) K RSO18 (352 » EMk IR - AT BEEAS L B B PR C 2HR3Z
PRIR) 5 3 Bk - (2) B FRAC C BEHM MEER&Ed -

K= IMSGIZE S FRAC C EREEHIDESH 2 K= 14D
Table 3. Sensitivity distribution of Rhizoctoni solani to FRAC group C fungicides and mixtures

Target site L. ECso (mg/L)" MIC (mg/L)?
Fungicide
code Median Mean SD¥ Range Median ~ Mean SD Range
Cc2 Boscalid 543 6.72 597 0.21-21.26 >1,000 >1,000 >1,000 168.36 -> 1,000
Flutolanil 022 022 0.11 0.05-0.44 3.64 4.57 198 242-8.09
Mepronil 0.63  0.83 054 0.28-2.29 1445 2552 3349 8.25->1,000
Oxycarboxin 9.83 10.55 9.53  1.64 -38.64 661.6  679.2  275.0 354.10-> 1,000
Thifluzamide 0.14  0.13 0.09  0.00-0.31 134.0 158.6 9592 63.97-320.11
C3 Azoxystrobin 1443 >1,000 >1,000 0.07->1,000 >1,000 >1,000 > 1,000 > 1,000
Kresoxim-methyl 555.7 >1,000 >1,000 4.49->1,000 >1,000 >1,000 > 1,000 > 1,000
Pyraclostrobin 0.08 0.18 0.19  0.01-0.67 186.5 2749  309.8 0.14-929.84
Trifloxystrobin 838 2226 2558 0.64-74.64 >1,000 >1,000 > 1,000 > 1,000
C4 Amisulbrom 236.3 > 1,000 >1,000 54.21->1,000 >1,000 >1,000 > 1,000 > 1,000
Cyazofamid > 1,000 > 1,000 > 1,000 > 1,000 >1,000 >1,000 >1,000 1.9x10°-> 1,000
C5 Fluazinam 0.19 037 0.55  0.03-2.06 488.5 >1,000 >1,000 24.59->1,000
C3+ Gl Azoxystrobin + 0.06  0.07 0.03 0.01-0.14 2149  30.86 3446 257-1219
Cyproconazole
Trifloxystrobin + 0.06  0.08 0.07 0.01-0.21 49.82  78.71 90.29 18.92-379.97
Tebuconazole
C3+HS Pyraclostrobin + 0.6 121 143 0.09-5.21 567.0 >1,000 >1,000 143.69 -> 1,000
Dimethomorph
C2+ M5  Flutolanil + 031 037 022 0.14-1.07 28.77  47.74 6328  7.78-223.93
Chlorothalonil
C3+ M5  Chlorothalonil + 0.18  0.27 021 0.08-0.78 25.14  98.22 1309  4.91-428.08
Azoxystrobin
C2+C3 Boscalid + 022 035 031 0.04-12 36.32 152.1 337.0 81.54->1,000
Kresoxim-methyl
Boscalid + 0.1  0.19 02 0.02-0.64 747 4479 >1,000 0.57->1,000
Pyraclostrobin
Gl Cyproconazole 0.1 0.11 0.07  0.02-0.27 28.85 4029 32,67 3.22-1223
Tebuconazole 0.02  0.05 0.07  0.00-0.21 19.46  20.28 9 7.09-4631
M5 Chlorothalonil 134  7.05 18.64  0.24-74.06 >1,000 >1,000 >1,000 154.41-> 1,000

D ECs, effective concentration for 50% inhibition of the active ingredient in each tested fungicide
2 MIC, minimum inhibitory concentration of the active ingredient in each tested fungicide

3 8D, standard deviation of the mean
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WAt Fok e 8 PR R B B T B — BE - (4) RI2 »
RS009 Jz RS018 5F 3 B&#R ¥ in FE /UK R
VIR EE - (5) RS014 S uHHF M R 7 ik
fk BB EE o (6) RSO17 ¥ uHFERYL ~ TRk
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60.34% JLEETEE R (B = A)  HEEELL
kg E (BE{LEL A E, Likelihood ratio test)
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Cc4
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A
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Fig. 1. The mean and median values of ECso and MIC were used for cluster analysis.

Rhizoctonia solani isolates showed three types of clustering phenomena to FRAC

group C fungicides and mixtures with different target sites.
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Boscalid Boscalid Boscalid

Pyraclostrobin + Dimethomorph Flutolanil Oxycarboxin

Flutolanil Chlorothalonil + Azoxystrobin Flutolanil

Flutolanil + Chlorothalonil Thifluzamide Thifluzamide

Thifluzamide Boscalid + Kresoxim-methyl Azoxystrobin + Cyproconazole
Fluazinam Flutolanil + Chlorothalonil Cyproconazole

Boscalid + Kresoxim-methyl Pyraclostrobin Pyraclostrobin

Pyraclostrobin Trifloxystrobin + Tebuconazole Trifloxystrobin + Tebuconazole
Trifloxystrobin + Tebuconazole Cyproconazole Boscalid + Pyraclostrobin
Azoxystrobin + Cyproconazole Fluazinam Tebuconazole

Boscalid + Pyraclostrobin Boscalid + Pyraclostrobin Mepronil

Cyproconazole Azoxystrobin + Cyproconazole Pyraclostrobin + Dimethomorph
Tebuconazole Tebuconazole Chlorothalonil + Azoxystrobin
Mepronil Mepronil Fluazinam

Chlorothalonil + Azoxystrobin Pyraclostrobin + Dimethomorph Flutolanil + Chlorothalonil
Oxycarboxin Trifloxystrobin Boscalid + Kresoxim-methyl
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Fig. 2. The mean and median values of ECso and MIC were used for cluster analysis.
Rhizoctonia solani isolates showed six types of clustering phenomena to FRAC group
C fungicides and mixtures.
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Fig. 3. Contingency analysis was applied to assess the relative risk of Rhizoctonia solani
developing resistance to different modes of action (MOA) (A), target sites (B), and
FRAC group C fungicides and mixtures (C).
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Table 4. Relative risk of Rhizoctoni solani isolates developing resistance to FRAC group C
fungicides and mixtures

MOA Target site Fungicides HY L? Total
C C2 Boscalid 1 14 15
6.67 93.33
C2 Flutolanil 0 15 15
0.00 100.00
Cc2 Mepronil 1 13 14
7.14 92.86
Cc2 Oxycarboxin 10 5 15
66.67 33.33
C2 Thifluzamide 6 9 15
40.00 60.00
C3 Azoxystrobin 15 0 15
100.00 0.00
C3 Kresoxim-methyl 15 0 15
100.00 0.00
C3 Pyraclostrobin 10 5 15
66.67 33.33
C3 Trifloxystrobin 15 0 15
100.00 0.00
C4 Amisulbrom 15 0 15
100.00 0.00
C4 Cyazofamid 15 0 15
100.00 0.00
C5 Fluazinam 5 10 15
33.33 66.67
C+G C3+@Gl Azoxystrobin + Cyproconazole 1 14 15
6.67 93.33
C3+@Gl Trifloxystrobin + Tebuconazole 2 13 15
13.33 86.67
C+H C3+HS5 Pyraclostrobin + Dimethomorph 7 8 15
46.67 53.33
C+M C2+M5 Flutolanil + Chlorothalonil 0 15 15
0.00 100.00
C3+ M5 Chlorothalonil + Azoxystrobin 0 15 15
0.00 100.00
C+C C2+C3 Boscalid + Kresoxim-methyl 1 14 15
6.67 93.33
C2+C3 Boscalid + Pyraclostrobin 3 12 15
20.00 80.00
G Gl Cyproconazole 7 8 15
46.67 53.33
Gl Tebuconazole 0 15 15
0.00 100.00
M M5 Chlorothalonil 7 8 15
46.67 53.33
Total 136 193 329

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 larger than the
registered field dose
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Sensitivity Distribution of Rhizoctonia
solani, Isolated from Vegetables and
Ornamentals, to FRAC Group C Fungicides
and Mixtures
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Abstract

Lee, M. L. 2022. Sensitivity Distribution of Rhizoctonia solani, Isolated from Vegetables and
Ornamentals, to FRAC Group C Fungicides and Mixtures. Taiwan Pestic. Sci. 13: 1-17.

This study investigated the sensitivity distribution of 15 Rhizoctonia solani isolates to
22 FRAC group C fungicides and mixtures. Isolates collected from 13 vegetable and
ornamental species in central Taiwan and were found to be very sensitive to thifluzamide
(FRAC group C, Subgroup C2), flutolanil (C2), pyraclostrobin (C3) and fluazinam (C5),
with ECso values of 0.13+0.09, 0.22+0.11, 0.18+0.19, and 0.37+£0.55 mg/L, respectively.
Isolates were not sensitive to subgroup C4 fungicides (ECso values greater than 1,000 mg/L).
Among group C mixtures, azoxystrobin + cyproconazole and trifloxystrobin + tebuconazole
showed superior inhibitory effects, with ECsy values of 0.07+0.03 and 0.08+0.07 mg/L,
respectively. The inhibitory effects of these mixtures were primarily conferred from the
FRAC group G, subgroup G1 fungicides, cyproconazole and tebuconazole. In addition, we
analyzed the cross-resistance of fungicides as well as the relative risk of R. solani isolates
developing resistance to fungicides. Specially, we performed a cluster analysis to determine
the cross-resistance of R. solani to fungicides that target the same sites. Results revealed that
there is no cross-resistance between different targeted sites among FRAC group C
fungicides. Finally, we performed a contingency analysis to assess the relative risk of R.

solani developing resistance to currently-registered fungicides. We found that the C2+M5
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mixture posed the lowest risk of fungicide resistance, followed by C3+G1 and C2+C3
mixtures, which had resistance risk values of 10.0% and 13.3%, respectively. For the single
active ingredient considered in the study, a likelihood ratio test and the Pearson’s chi-squared
test respectively yielded x> values of 193.424 and 161.829, and P values less than 0.001
(N=329). In summary, flutolanil, flutolanil + chlorothalonil, chlorothalonil + azoxystrobin
and tebuconazole showed the lowest risk of resistance, followed by azoxystrobin +
cyproconazole, boscalid and boscalid + kresoxim-methyl, which had a 6.67% risk of
resistance. In contrast, amisulbrom, cyazofamid, azoxystrobin, kresoxim-methyl and
trifloxystrobin all had 100% risk of resistance. This is the first study to (1) apply cluster
analysis in determining the cross-resistance of R. solani and (2) apply a contingency analysis

in assessing the relative risk fungicide resistance in R. solani.

Key words: Rhizoctonia solani, respiration inhibitor, sensitivity, cluster analysis, cross-
resistance, contingency analysis, relative risk



