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Sensitivity of Fusarium solani to fludioxonil and the biological
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Abstract The mycelial growth rate method was used to determine the sensitivity of 102 isolates of Fusarium
solani to fludioxonil from five provinces where fludioxonil had not been used, aiming to clarify the resistance risk
of F.solani to fludioxonil. The results indicated that the EC;, values of these isolates to fludioxonil ranged from
0.029 0 mg/L to 0. 183 4 mg/L, with a mean ECs, value of (0. 106 240. 031 5)mg/L. The frequency distribution
of susceptibility was a continuous unimodal curve, which could be used as the susceptibility baseline of the tested
F. solani isolates to fludioxonil in five provinces. Four fludioxonil-resistant isolates of F. solani were obtained
through medicament domestication and ultraviolet induction combined with a resistance genetic stability test. The
resistance level was between 6. 94- and 32. 43-fold, with a mutation frequency of 3.51X 107" (SDWF1914-Y336
and SDWF1914-Y017) and 7. 41 X107’ (SDWF1914-ZR717 and JSXZ1906-ZR496) . respectively. The biological
characteristics of the fludioxonil-resistant mutants of F. solani exhibited no significant difference from the

parental isolates in terms of hyphal growth rate, sporulation, and pathogenicity. In addition, no cross-resistance
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was observed in F. solani isolates between fludioxonil and azoxystrobin, kresoxim-methyl, carbendazim, and

thiram. The results suggested that the tested F. solani isolates were relatively sensitive to fludioxonil, and showed

low to moderate resistance. In summary, fludioxonil is an ideal agent for controlling pepper root rot, but should

be mixed or alternately used with other fungicides with various mechanisms of action in agricultural production.
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BB e [ 2 A 2 PR (B AR 7 v R
A T ) R B TR . B BRI Fusarium
solani 5| JE 1) BABURRE JES 95~ 2 5% ) FHY ) Sf AL A 7
B E AR E o S P A DR R A T TR
BT 22 VRS8B4 G IR A 338 rh B T 2B AR
R 3 A R DRSO . T8 R et ] A
BRABRANZE 05 AL R AR SN (AR R &
ANEL " H I 2 T SO AR AR R T A R T 3 A SE R
G T I B A B R AT B TR T
K AR S BRI S AW B, RIERA A
P 50 s D A R SR T R L FE X b g rp R
KR 2 AU B . PRIt o P RSB
JE 93 1 ¢ e AT AN 2

H AR 3 14 BT 36 LUK # B A o 3 (B AE
AT I Bl 3 6 10 T B A OB R 9 1Y Ak
P 2 Bl o3 51 O R SRR R 8 (sodium
dichloroisocyanurate) L4 A #f5 3& XL ( thiram) F1 2 5§ R
(carbendazim) 21 B AR . B T 245 7 Fh 2545 2> H.
HAEH]Z  SEPHARORAW TR, 2 R e &
XULE FH ] By 2850 a6 28 2R it S8 00 & A7 & A il 4
F 98 A0 TR 5 R 1 /)N 22 0% i Xk 22 TR R B BT K P
TR R RN AR A B R B iR
ER, HHEEZSZMEHERBEC LA
PEROT BRI R e A 5 WU 2k T AR T 1) Bl I
FOR R E TR, . M IEE B2 & A
B Xof BRI A B TG ROCR T K i A5UAS W] A2 2% T
FR A ) FH 1) BRABORR JEE 5 1Y & AE . & AT i (fludiioxo-
nil) & — IR EE o i A5 Y 48 ke n g 2R S P W T 3%
A% BRI B AT O ol AL R B TR 2 AR
8 L AL AN AL g 5 o R T I TS it B 3 e
P41 18 XoF IR 7 %8 9 Botrytis cinerea 45535, ©
AWML 25 g/ L W G Ml A2 T AR AT A 2Bl
6 HI 22 B Pl A6 T8 5 | R 1Y R S AR R A A AE AR AR
SR L s AR 7 35 BT VA PR F B HY F. sporotrichioides
12 4 A AR 1 24 5003 56 v, 50 06 6 B G RT
A 7R AR B 250 g/hm” BB AR AFN . AT

Key words  Fusarium solani ;

sensitivity;

resistant mutant;

AL+ % TR i X B L T 5 | A ) 415 00 R e 38 A A
MIBRRCR .

) 25 SO ok 24 700 9 A AR A KO T
F. fujikuroi ffiih& Il B SAE R AR~ 2 45
FW HUE T AR PR I 5 B s AL ST B
SONF AR 2R 5 RS T 0K N 4 K A % 1 B.
cinerea WM HUIE IR, I H 3 N H MK T3k 75
AR TR SR AL AT T AR 8% o ol T J5U i 1
SRR AR R IR B AN Bl 36 24 0 A7 72 22 5 IR G L A58
AN TR DX SRORBURR JE8 g BR80T XL R
ARG AW R 2 AR R T
K H A 5 NS B 102 BRBRBUNR IR 1 X 15
AR BUREAE » o S AU L IR ST HRUR B8 g
XS BRI 7 A P S 1) AT RETE S I AR BT 24 1 7
PREGAES 2R B 70 D % I B 36 BROBOR 5 42 11t
Flaa B B HcE .

1 RS

1.1 ks
1.1.1 ¥

2019 4E7E 11 7R ¥ 55 (SDWE) | i 54 - BH ( HN-
YY) bR (HBLE) (YL (JSXZ) K U )1 i
HB(SCCD) 5 AN BUHU™ X R 5 BHURURR JE 95 2 s 2 45
HEIAR S 2243 B8 Al AL AR AR 102 PR IRSUAR 5 5 95 [
W T D B A s (PDA) 154 E, F
A CURFE P ORAE 55 1
1L1.2 R®BHGH

98 % & T il I 25 A1 95 % Mk B S (kresoxim-
methyD JF 24, YL B As Ak 2% A BRZA R 5 96. 506 W5 1
fig Cazoxystrobin) Jil 2, V1.5 H B 5 B A0 A PR 2
59820 2 R 2y VLA e kT Ak BR A 59524
U 2 T b R AR A A BRA 7]
1.1.3 it

TLAA BRI 5 95 3 (PDA) « Th42 8 200 g,
%A 20 g, BiiE Ry 16~20 g, BB FK 1 L; 121°C
B EKE 30 min,

biological characteristics



49 5 31

XUFHEE - BROAURR B g TR0 W58 A 1) B0 B LT SR A TR 1) A 2 PR - 115 -

S EFRHL B0 20 g, RN 20 g, BERR A
1.0 g, BBk 1 L; 121°C & KK 30 min,

IKEERERE AR AL CWAD - BilE Ky 10 g BB FK 1 L,
L1.4 B Ef

B 15 IR R 2 A PR A E]
1.2 REHE
1.2.1 FRE»TFLE=E

BEBLIEER 5 BRoR AR 4128 A A [ X AR TR kR
SDWF1914 . JSXZ1906., HNYY1908, HBLF1920, SC-
CD1907, FJHUHAE PDA #5554k FIEHAE K22, ]
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REFE 0.5 mg/L Clge fI A il ¥ B . MIC) 1 T Jiis 1Y
PDA P B8R M ik, BRUGR 5T 100 4~
PR BEILEERD 1 ANTRF LSBT0 TG T8 B2 Hiegbl 28
ASRFUEAE AL TR A e S AR AR e

RL=EC:x /ECsos X100%;

RMF=RN/TNX100%;

A RL HUEIKSE (Y0 s ECso A o e 75 5
R FIRPUME T AR S FCFR B AU bR s RME fy
Pk 22 AR RN g Hi Pk R AR R AR 2 TN Ryt
PE G 1 12 0 v b I B A TR DR SR
1.2.3.2 BIMET %

Z:7% Lu %1 A Brain 257 507 290 LA
TEIGT 1 TR i 0% 1Y) B B o A 1 vk SDWEF1914,
HBLF1911 il JSXZ1906 , YkHR#H 225 A2 5 45 55 3 rh
T 25°C IS 4 R 8535 5 d SR 20 At g IS H K
PR 1<10° A/ mlL A9 -8 77 0, B ml -7
TR AT PDA AR B FE L 15 min 4558
(20 W, 254 nm) F 20 cm A4 FE & 40,60,80.
100,120,140 s 1 160 s, AR PEAT L2 HMET RSG5
ARG IR, 25°C ARG A& R R 3 d 5. 4
AN ER A IR SR B[] R B AR (9 76 172 28 il f 5 0L B8 v
AR R AT A R AR BB A A ED R
AR R 95 Vo VA SET (RD 95 Vo FASRE IE #
FORIIFE] . B 1 mL fl 2 F IR AT T & ECs ik
FERE B IE 1) PDA SEH I 554 B AR — O 56 Uk AR
100 ASFHR  Fefiff 95 76 B P& FE T T 75 B 1] 4647 48 A0
PRGNS 25°C RIS A5 P ER S 5% 5 d MR 22 4B K
TEOL . R PR A H AN KLU Bl I #9872 TR 7 e 5
B WA RiF 58 b AT PP A0 i i 22 647 TR
RAlAL . Fralifb s TR 2255323055 0. 5 mg/L (A%
P B MIC) B B (1) PDA SPAR - AT IE 8 AR K
PR BRI 7% A BE AT 1 5 AR 4K, A1) FH T 22 A s 8
A ECs, , DU 28 58 A1 RS 1Y) 3% A B8 R A A %o R
02 R IR SV ENEOE T ) O B SIE T i 2 gV B

RMF=AN/TNX100%

oA AN ik 2 A2 PR RS TN it 1 i
eI A A I R Y S AR
1.2.4 FIHERTERNEEENFERFAR
1.2.4.1 HEEELEH®

FEZ TN FN 58 ST AR AR R T 2451 5 A8 1k
HOEA TR TR 7% i S 3 THCH DF s T OF R e 3R



. 116 - 159 4 47 2023

2510 PDA 3R 5 b, 25°C JRIE 4510 T 85 5%,
TR 1R ES R 12 U IR 224
KRS E 25 1 AR 12 ARG R X I B
RN
1.2.4.2 E7AKBEMNT

FTHUBUIE 5878 1Rk S HOR AR TR PR 18 DOF » R 42 3R
251 PDA 535 30 M I, 25°C SR IS 4514 T 35 9%
TdJEFTREAE R 5 mm B PHE RIS AR
PDA 35 5 A b o, 730 BT 15,25, 35°C SR G 2%
PR 7 d, T B R R IS B, BB
SYRES o I Y B XL 28 A8 (AR B SR AR TR R TR
22K IS
1.2.4.3 Zjase AnlE

FIIGUME S AR AR SO SR AR R DF , 3670 TR
T2 PDA iR 3Pt b 25°C SR 4510 T 15 5%
7 d, BRI IR TEA R A5 T 355 10 A 10 mL
TewK S YRR F I BR T E50pR 3 VR B b
BORARBURF MR S YU R IR T fIRE ST . B HE
W3NEHE,
1.2.4.4 smAmzE

R ZERAEFN B O . X AR TE PDA 1557
FoP R BTG SR 7 d S A THCE AR 5 mm T,
TN 22 (BRI I 5 F KD 19 100 mLL HE
T B 10 A EEWE. 25°C BARG AT T 8557
7 d, DAZE R AR G2, RO AR S 8
PR SRR B 5] ] 498, DUAS T Rz Sl 1) 22
RS O R B S RO TR B 25°C AR X
WERE 90%0, JEJHIH L/ D=16 h//8 h 44 F K55
7 d, 3 I e A R B TR RO AL LR
ARHURFE R GPUrE R AR ARBOE 1 2R B 3
NEE L HEE 10 HEH
1.2.4.5 xzmpBHHrENL

SR FH TR 22 A A 3 238 32543 1 D0 7 e e 2 7 A R G
AR AR JHAth RIS TR 790 R H (1) 32 A7 R 24 7]
PRI Tk TRT IR 22 T R SAm S U B . AR B R
HAHIE R - TP AR AT 2 ORI Z B2 S A7
FEACH AU,
1.3 HiiE4bE

FIF SPSS 26. 0 X84l AT 414307 . R FH R
PRI 28 7 22 53 Wk 36 R Sl 00 ngs T T R AR AR FE T 22
AR P N B0 ) 5 T R A R AT

eSS S A7 AR W B — 2P 4T Duncan [R£
L.

2 #RENWw

2.1 RFREHE rDNA-ITS 1 EF-1a 7515347

W5 B T BRI 7 25 SR AE. GenBank %90 ¢ it
17 BLAST Fexf. 550 (& 1, & 2) SR RE DA
ATr) b X 5 ARAC R B AR S5 8 B Bk F. solani 1)
rDNA-ITS #1 EF-1a J7 50 A RUPE B 7E 9926 DA I
I MEGA 7. 0 34 R ISR A M i R GE R B
NPT AR B 5 K k461 FL solani SRAE [A]— 41
I S FRRIIRF] 10076 . BRI 5 R HORURR JEE 9 1)
3 DL TR S5 2 R TS B2 kAt F. solani
SDWF1914
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100

HBLF1920

SCCD1907

Fusarium solani (KU321546.1)

Fusarium incarnatum (KT224021.1)
Fusarium graminearum (MH782580.1)
Fusarium langsethiae (NR121214.1)

Fusarium oxysporum (MK370694.1)

Fusarium equiseti (MK764999.1)

Mucor racemosus (MT530270.1)

H
0.20
1 E-F rDNA-ITS 7 S B SRR /S fm s R &
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Fig. 1 Phylogenetic tree of representative isolates of pepper

root rot pathogens based on rDNA-ITS sequences
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100
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99 SCCD1907

Fusarium solani (MT305239.1)

— Fusarium oxysporum (KF574850.1)

98

Fusarium graminearum (MH122637.1)

63

Fusarium equiseti (MT656269.1)

Fusarium incarnatum (KT224021.1)

Fusarium acuminatum (LC546967.1)

Diaporthe gulyae (MK408423.1)

0.20
B2 ETEFla FIHNEBRRERREERRERNRELZEN

Fig. 2 Phylogenetic tree of representative isolates of pepper root rot pathogens based on EF-1a sequences
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L ) Table 1 The sensitivity and resistance levels of resistant
[ : r\j mutants and parental isolates to fludioxonil
o F. e — i bk R

ECso/mg -+ L !

o]

0.02 0.04 0.06 0.08 0.10 0.12 , 0.14 0.16 0.18 0.20 Tisalkaiic Resisiamee mits
EC, L
o/ me SDWF1914 0.096 8 —
3102 #RJE B RIAX IR E B SR IR E S SDWF1914-Y336 0. 808 3 8.35
Fig. 3 Frequency distribution of the sensitivities of 102 SDWF1914-Y017 0.671 8 6. 94
isolates of Fusarium solani to fludioxonil SDWF1914-ZR717 0. 946 7 9.78
. , JSXZ1906 0.101 7 —
i oy i H3E/E
2.3 BREFRREEREREENRS JSXZ1906-ZR496 3.298 1 32.43
N “ 3 * o 3 v A S /\——l—P . S
TH 24 IR AL B 3 A AR EEAT 19 T ——
I PEE E G UA Wik SDWF1914 4875% 2 ML .
ﬂ%% ﬂ%ﬁ g—é /E MK . SDWF1914-Y336 *ﬂ SDWF1914- SDWF1914 and JSXZ1906 are parental isolates, and the others

are fludioxonil resistant mutants. The same applies below.
YOL7, HrtkAi%k sk 8. 35 Fl 6. 94 (& 1) Ptk %
ASPHZE R 3. 51X 10", 5E 1F 8 0 i 5 ouf AL 3k B 2.4 BREBANKERRTENETEZELEWHFER
1) 3 A TEAR AT 9 EEAMFEAE 5, SDWF1914 #1241 &R %
JSXZ1906 43 HIARAT 9 A~ 13 A GEARl o 2 1 o8 AR 14 % 1 SR AR 5 T T 0 7 A B HL SR A TR PR AE TG 24
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Table 2 Resistance stability of the mutants of Fusarium

solani to fludioxonil

Ty
o L PPERTE
. Resistance ratio
BLE PP e o
o HIM Mife mIML HI2fe
The 1st  The 12th ~ The 1st  The 12th
generation generation generation generation
SDWF1914 0.096 8 0.094 2 = —
SDWF1914-Y336  0.808 3 0.734 6 8.35 7. 80
SDWF1914-Y017  0.671 8 0. 602 0 6. 94 6. 39
SDWF1914-ZR717 0. 946 7 0.701 9 9.78 7.45
JSXZ1906 0.101 7 0.100 8 = —
JSXZ1906-ZR496 3.298 1 2.085 1 32.43 20. 69

242 BHAKEE

I 3 TR J Bz SR AT 1 Mg 2% A8 A4 S LR
AHIRTE 15~35°C & T HRELE K - [F)— WAk AEA
FIMEE N A R R AR AR —il T bk R AL
IRTR 22 A R AR M AR T PR A T B (HL22 57 kAN
o PRI, T RAA O A [a] o it T 4 5% 1A
5 HOEA BRI 224 (A2 B BN

®3 BREBENERBEANKEBREERELREAR
BHREZERKPRmY
Table 3 Effects of culture temperatures on the mycelial
growth of fludioxonil-resistant mutants of Fusarium

solani and their parental isolates
P22 KR R YEDS /em » d

Ilﬁte Mycelial growth rate==standard error

15°C 25°C 35C
SDWF1914 0.35%+0.01 0.97+0.01 0. 784+0. 04
SDWF1914-Y336 0.2940. 02 0.89+0. 04 0.69+0. 04
SDWF1914-Y017 0.33+0.02 0.92+0.03 0.76+0.02
SDWF1914-ZR717 0. 30£0. 02 0.9140.03 0.7140. 04
JSXZ1906 0.37=+0.03 1.03+0. 08 0.82+0. 04
JSXZ1906-ZR496 0. 32%0. 00 0. 95+0. 05 0.76+0.03
MR F5,10=1.520 Fs5,10=1.045 Fs,10=1.422

Analysis of variance P=0. 267 6 P=0.443 4

1) SDWF1914,JSXZ1906 g5 A% bk » Hax g A B0 1 SR A8 1
[R5 54 I 4 IR B3 /R 48 Duncan FGHT Z K22 15K 5 7E 0. 05
KEEFARE, TR,

SDWF1914 and JSXZ1906 are parental isolates, and the others are

fludioxonil resistant mutants, The same letter in the same column

P=0.296 5

indicate insignificant difference at 0. 05 level by Duncan’s new mul-

tiple range method test. The same applies below.

2.4.3 PRGN FEOR A

FEALRE ) A EOR I g5 R (R O R
AR 5 HOR A AR TG 0 22 5 Ul BBk
GARRTE PDA Al _E1E 8 A K B AT 5 R AR T b
FHY = HIRE ST . DU R AR R GG AR B ™ A=
(A9 B TET AR HOR AR BB AN AR TR 0 22 7, SR T T
PESR AR B KA TR AR R BURRE T -

®4 BEREANSEBRTEREZREREY
TR NFIBURE AN
Table 4 Sporulation and pathogenicity of fludioxonil-resistant

mutants and their parental isolates of Fusarium solani

PR AR UERR/ P BAE 1T AR

B X105 4> « mL~! FrifEiR/ cm?
Isolate Sporulation=®= Lesion area®=
standard error standard error

SDWF1914 9.2240. 04 2.3640.08
SDWF1914-Y336 8.9940. 09 2.1740. 10

SDWF1914-Y017 9.1540. 08 2.33%0. 05

SDWF1914-ZR717 9.3340.13 2.4040. 07

JSXZ1906 9. 2640. 07 2.3540.02

JSXZ1906-ZR496 9. 2840. 16 2.2840.09
WDt Fs.10=1.112 F5.10=0. 946

Analysis of variance P=0.412 9 P=0.492 5

2.4.4 MHEHESHMAHANT LM

BERZH7 0 ECso (£ 5) I 72 25 F W . i 17 4k
FRIATC GG TR 98 A8 A S HL R AR TR R NS 4 R T 70 1 B
JENE F e BIIRAR YR A 22 T 2R > W 1 T > ik P T > 4
FER, LHPUHENE (FF 6) 25 5 R W ECs
SEEE 5 4 T2 B ECs B 22 18] A 5 2504y
H25 0.005 9.0. 387 7.0.148 2.0.453 8, P=>0. 05,
2 U O Bz g o) ek A M 5 W AT R Tk TR R L 2 TR R
WL Z [BIAAFAE S BT .

RS BREEAABERRTEREFAER
FNEFREF SR
Table 5 Sensitivity of fludioxonil-resistant mutants of Fusarium

solani and their parental isolates to different fungicides

ECso/mg « L1
ik A i ZHR

R I B i

Isolate azoxys-  kresoxim-  carben- E%ﬂ
trobin methyl dazim thiram
SDWF1914 2.184 6 2.136 8 0.6521 24.3725
SDWF1914-Y336 3.089 4 3.113 7 0.5394  24.859 3
SDWF1914-Y017 2.174 4 3.156 3 0.667 2 27.467 4
SDWF1914-ZR717  3.142 9 2.848 9 0.7004  25.194 6
JSXZ1906 2.853 6 2.742 5 0.624 9  27.348 9
JSXZ1906-ZR496 2.2217 2 535 5 0.610 7 29.312 8
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Table 6 Cross-resistance of Fusarium solani to fludioxonil

and the other four fungicides

Eigil [m] U= 75 7

P
Fungicide

Regression equation

3 G i azoxystrobin y=—0.000 8x+0.945 8 0.005 9 0.991 1
ik # g kresoxim-methyl y=0.040 92+1.033 0  0.387 7 0.447 6
£ %R carbendazim y=—0.009 7x—0.468 1 0.148 2 0.779 3
IR thiram y=0.023 7x+3.288 3 0.453 8 0.366 1
1) & I3 B e 3o W TR 1) ECoo X5 HUH > v Ay [ — J6F B S0 T ke
XFRE T PR T FPR BRI ECso X 5UH

x is the logarithm of ECsy value of F. solani to fludioxonil, and

v is the logarithm of ECs, value of the same isolate to the one of
the above-mentioned fungicides.
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