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B~ B AETTE @ o HETIKEIRIIR]
B LA AL B EE R s T+ H ER Y IR
EEEESEN  ARREHEMRES » 2
PUEEME R B = e R B oz — (17 182D o
FEAA T 0 TR S 2 R E R BETH] (mode of
action) 7k B A EE A PTEEYE - HPUZER R
BRI - B IR Y IR UR G161
B BOK Bk B G 2L 24032 o B K B
(fludioxonil) & KM EE (phenylpyrroles)
BRI 0 Ry — M B ROCRAL B O fE

AR BORTIBGE O HELIEEE IR

% (cyprodinil + fludioxonil) & & Hl Hx
o BETK SRR B AR AR H S IR L AR

Ak 2 T iE b 2 R VB 8 (mitogen
activated protein kinase, MAPK) HYi& 4 -

IR VB 0 2 B & P E A R RV ERE.
E5% (osmotic signal transduction) ® o fHJ#
M6 B B (histidine protein kinases,
HPKs) R[JJ& 88 B 32 17 16 1A B B RV E
BEGREE R - E D RE b fE (b ik IR
(phosphate) HHIRMEEMS AL —#%% (adeno-
sine triphosphate, ATP) ¥ REH'E LY
FHIZEESREL (histidine residue) G3) « ELEHY
L P P o 1B B v s S LAt 25 AR B Ty
E - NMEZELPTBIERE ST (osmotic stress)
B E LR T (oxidative stress) [ZJE » H
HREMER  PEERBUSEEER
Do flan - B E &R E
sclerotiorum) Shkl 3K #mt5 (encode)
AE Y — T RH i R BR B B (putative
class 111 HPK) » B[22 Bl 3 5 B A% A i i
R R R 8% A K Ak

(Sclerotinia

(disruption) » jKF 355 BRI AL IR BA A AL
T BRI Z (dicarboximides) ZFH K%
Al EE A B0 EE TSI B 0 ¥R 8 08 R Y B
(hyperosmotic stress) Jz FH AL & TR
M EAL R JJ3%i 8% (H20:2-induced oxidative
stress) HYRUELTE: (sensitivity) - H FE[K]Z€
A8 IR Y B vk 2E R BH R AE XA T G %
(L12) o [M{E B. cinerea 7GR TIRERYHLK]
Dafl » 34 22 S i B R B AR B an
R TR B U EE T R B B R ) -
AN - IR ERETRH - TIEEIRERERE A
—seA B ALFFEIEE L BT RREY
HHr (glycerol) ~ ffd4h2HE (exopolysaccharide)
K EPg (oxalic acid) FEHYE & - DL
fE5@E M (cell membrane permeability)
B ERE R PLA L 5 S5 A R M - By
EER (wild type) FFEZR - HIRERK
TR HELIG  H 11 T AL TR 2 - iE g
9o i R 2 AR DUEE MR O AR VDR IR B A
EEBIZ (112

R 1 Ry B R TN SR S B 59— K
Gy 0 B E MR G K
biosynthesis) #HIHE & o 4N G HEfE
(e IO TR R A e R B Y g
P HERERERIS 031410 JRgHE
TSRS E A 318202D o iy
JREEG FE IR B R BT S Y IR ORI G
FHZE » DRI fOA B A 3 i VR SRy T 8
MEFESVAm Y - BE L SRR
I8 R A R SR S PR M E A A @ -
Ry ¥ FEHTEEMEBRER - P L BRI
I95 TR BB A TR SR R MR B - B R bR

(methionine



[ JRk 52 1 IR A T Bl oz 3B Py A 3 e AR AR
TEE 1T PR AT 0 IR GE B 9T EE IR OB
(mechanism) FYJRHE © 27 « ALl
RS AR EE R R e - IR 2 A B T
i IR TR SR S A » i R DUR & 7
HIER ST (active ingredient, a.i.) FFE ° A
Mo HAREE Ry (1) FRE K U A
AR EE R MR 0 () PR TR
TREEAS [RIRE RS JRK 32 1 TR R A AR B R A by
MR - UIERE - BER KAL)
FRERFHREMERZZE - Fikiii
M@ BT - DUR R S g By ~ S
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IKEEZ

Fo PR BLEA BRI 2018 4F 3 H 5 2019
3 H 0 o RURIAE 28 B e IR BE TR
IR KRB BRI R o IKBURE T
orHE - BB RRTEINEER2REEC R
FKZd @ o GRS N E RS
o NS B UK B W R o
(37.5% cyprodinil+25% fludioxonil » =&
JeIEE) - B Ly /K o BOCE KL K] (water
dispersible granules, WG) ° Fijlt 53 &t i 15
BRFRET 67 Pk - FEGEI A 12 SRR
A GR—)  MELEEIIFIIRE (median

R— BEENBREHELZEAZNFENNRE

Table 1. ECso values of cyprodinil+fludioxonil of Botrytis cinerea strawberry isolates

Isolate ECso" RF? Origin Date collected
D1 0.353 15.3 Dahu, Miaoli 2018.03.22
D9 0.023 1.0 Dahu, Miaoli 2018.03.22
D11 1.086 472 Dahu, Miaoli 2018.03.22
D13 0.073 3.2 Dahu, Miaoli 2018.03.22
D17 1.068 46.4 Dahu, Miaoli 2018.03.22
D20 0.239 10.4 Dahu, Miaoli 2018.03.22
D24 0.192 8.3 Dahu, Miaoli 2019.03.12
G3 0.469 20.4 Guoxing, Nantou 2018.03.19
G5 1.101 479 Guoxing, Nantou 2018.03.19
GX2 2.986 129.8 Guanxi, Hsinchu 2019.03.12
GX7 0.074 3.2 Guanxi, Hsinchu 2019.03.12
Wi 0.104 4.5 Wufeng, Taichung 2019.03.05

D ECso: median effective concentration, unit: pug a.i./mL
2 RF = resistance factor; a ratio which shows the ECs value of each isolate relative to the ECso value of D9

(the lowest ECso value in this study)
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effective concentration, ECso, unit: pg/mL)
Fo R AR 0 B AR B SRR Z R - (I
PR S 82 T Y I 8% 55 A A B R SR B B A
(potato dextrose agar, PDA, Difco™, USA)
A 24°C HOLKRUEWAERTE 3 HIFR&E
ABER R (LURE) o fEE SR DU
BHRRAST (ai) F0~0.01~0.1~1~10"
50 pg/mL Z A I BN A BA 2 F & 8%
BRI A PRI AL (half-strength potato
dextrose broth (1/2 PDB) + 2% agar, Difco™,
USA) » FHEIAERE 9 cm B5ENfEH - LA
HIE 5 mm EJEHT LAY IR IR R E
1% o TR ok DR B A T o o B B 2 AR SR
R SSLIRTINBER Ry B R T » Bl R
HIEER 24°C MOUIRUERAERE 3 H -
D@ & oL B MR EE ELRR R HE - &
U B - WL SPEE R R
HEER (BAL: mm) © FFE RS ZERR
& 4 B o GBS SR DL SO R R
(50% effective concentration, ECso) FR/RE
PR SER] L RSN - ~FEEIIHT R A 1S H DA
B 7 ELISSRH T e 25 SR 3 HE Y LR
JuEF S FEEL (linear regression) ° 59 LLUfx Bk
LR ECso Ry 73 B » 1 LH AW B R L
ECso Fyor 1 > Bt HE S BRI &L
(resistance factor, RF) © » {E 5 3FA5 B ik B
BEP K2 MR BRI FR A -

= SRR A R s B HIE

AEBE S LLAT S 77 i B (A E bk
IR - P LAT FLER VTR ¥ F % < Bk

bR BRNERE 9 om 2B ER AR
EREEL (PDA) SRS - 2 8 & 32°C »
kg 4°C ZOLRERFERE 3 H - LU
MR PO B IR AR YE - BT
BEE - WL 3 PIEE R E R
ZERER FHEKRERE 4 EHE -

= HREEER AR
RSP HE

S LURS 8% B B MR VR SE RS AL (PDA)
R BRI - B ERKHI &R 0.5
M & L# (KCl) ~ 0.8 M [LIZLHERE (D-
sorbitol) 2 0.05 M SEE(LE (H.0,) &
FREEHRREEE - B UERINY RS
TR EIR 1127 o SRR AR B R SR
PR LSRRG - A 24°C OEIRER
FEEEEE 3 H > LR A EEINERE
& - HHEREEE 4 HE o FatEE
RERE M E R ZIH E 2R E S
[1-GRER R WiE B / SRR E 2 &
EHE)]x100% o

VY ~ BT AR 1

BT HS AL B T R U R % L A TR R DR
JRAZER 50 mL F 8o E M a bk fa i s
(PDB) Z 125mL =F)ff » FAHESE 175 rpm
Z 24°C BEEERAERGE 5 H o BREEm
3 Z WM I (Bichner funnel) &
Ao EZZ 83 (vacuum pump, LAB-300, Uni-
Crown, Taiwan) &2 - WERFI1SEFRIT



DUETR o — RZRER/KIEDE 2 K - HLLEZE
A 10 min - DIEER/KS> - FREL 0.5 5%
BRI SRIF A 20 mL 2 ZRFREEIK -

PIEEEREEET (electrical conductivity meter,
1Q 170, IQ Scientific Instruments, Inc., USA)
EHIE R M ESEE N - B 0 4rd
> AR IR 60 min » FHEil4 K - FE
[ 180 min © LA 100°C 7K S min » £f
Al BN RAEER - dHEEEE
(relative electrical conductivity, RC) T 433&
ZatHE AR RC = [conductivity of each time
interval / final (boiled) conductivity] x 100% ©

bk 3 B (1239 -

1o~ AR AR H i R E

5 A 3 B R B L 0 T R S 89 58
HIAPEIR SR (PDB) » fRETR B S
EERIFEE 5 H - BUSEMSLZ 05 ¢
FRADA 20 mL fER —RZREK 5 0.2 ¢ 1
il (quartz sand) JANFEECROEEE o OfF R
WA 50 mL BEOE R 80°C ZKIATEN
B 15 min o B 5 AU EES BREECB
(Refrigerated bench-top centrifuge 3K30,
Sigma Laborzentrifugen GmbH, Germany)
L 24°C » 8,500 rpm EfE.L» 10 min » HZ 10 mL
EHW® > MMA 1 mL i EE 8 KB R
(CuSOs4, 0.05 g/mL) Hl 3.5 mL & A& bLEN7K
VA& (NaOH, 0.05 g/mL) » Ff FH [El—BE L
BELL 15,000 rpm 0 ER  HUH EIG DL
GGG (spectrophotometer, DU 730,
Beckman Coulter, Inc., USA) Z 630 nm I

IKIR R IFE LIRS 95

FMIEROUE - FE 3 Bl - SLURE
43R 0~ 25304050 6.0
8.0 ~ 10.0 mg/mL Z HIM/KBEH » Kk Lkt
T3 vE W H O O E - DLEBL AR UE gl £
(standard curve) ° B Pk H 1 & & HIHK
BT HERRARHE Rz (11.12.27.3 o

N BRI R =

A G R PR AR 7 AR S 8% B i A
iR R4 (PDB) 58 5 HATS L85
R - DAL 0.2 pm SEPERE (disposable
syringe filter unit, Toyo Roshi Kaisha, Ltd.,
Japan) & 8% + HUH JE ¥ (supernatant)
R ERH - DL 1 mL JEWRIMA 2 mL &1k
KB (FeCls, 0.5 mg/mL) Ed 20 mL %,
1L EFFRMEW  (HCI-KCI buffer solution, KCI
50 mM, pH=2) » AGMIA 1.2 mL f BE /KA 1%
JKYEWR  (sulfosalicylic acid, 5 mg/mL) » =
%2 10 sec % + HFEA 24°C EHAH 30 min
BHLLEeEEEEs 510 nm 7R HIFE Y
B - FHEk 3 BE - SRR RR 0
0.1~0.2-04"0.8 mg/mL Z 1 mL FEEEEK
KW (Na2Ca04) LA Lz 75 35 30 0k
ARG BYEARHE AR - RES B IR
B ERMKBAEE AR 2 02 -

€ WIS NP e
B B W LT L 7 T G % T

PE RS IE (PDB) 153 5 HFfS2 5
W » DAFLAR 0.2 pm @R IEGE I8 1% 8K



96 EEMESSERIEE 5 10 1]

HEERAERE R o HY | mL JEWIN 7 mL 2R
BE/K  IREREVE 2 mL WA 1 mL E7k
AR (5% phenol) &4 - Bl 5 mL
B (H2SO04) 1BF @ BFEN 24°C El
#8630 min » (& LA EHEEEEZ 490 nm %
RMIEESEHE - G 3 BHE - BLEE
e ESH R 0-005-051~2+3
mg/mL Z 7KV R DAAHIE] 2 J7 3 g S (E
G BEREHE AR - RIPRES BIR < ISt 2% b
&R RKIBAE R HE R (12 -

AN 5 w2

F IR TS 838 - 43 51 LL Microsoft
Office, Excel 2019 (Microsoft Corporation,
USA) K SPSS Statistics 22.0 (IBM, USA)
ERWERERET 2T - 23 E  BEE L
T LCB R B 22 2 - ST R MR AT
(one-way analysis of variance, ANOVA) -
FEILE 5% BHFE/KYE - AR S
B /N 7= BLHIES  (Fisher's protected least
significant difference test, LSD, 5%) ° 34T
FERAGAREETE DL Microsoft Office Excel ¥k
HEfELE -

i e

=~ KB B R
ZIKz M

) N

P 12 MRS IR 07 B 5 2 7K
HETANFRIRZE - FEIIHIREE (ECso)

A 2000 pgml FHH 1 £ > R
1.000~2.000 pg/mL #H 3 ¥ > AR
0.100~0.999 pg/mL FHG 5 £k » /NA 0.100
ng/mL FH 3 #f o (EENE R ZER] 2 5K
=M (R i#ﬂ%ﬁﬁ%&;tbﬁﬂixﬁ (e
1) W% - DI R M B 0 GX2
BRI MR - BL D9 2 ECs0=0.023
ng/mL Ryo3BE » i DAHARA E R Z ECso By
Gy 1 WIAE HE R R MR 2 BT RS Bk
(RF) » JUMEREEELL D13 &K - By 3.2 »
GX2 fxris 0 3% 129.8 » ZHEULHA 50 - #EiR
1/3 BEREE 10 LR (F&—) -

= WERERE R

BHERIE 8~28°C B4R » AR
AR IR A SRR WA 0 24°C ER
il > 2 28°C N3l NI - 32°C (&) U
FRHIEZAREE - EEREESN R
20~24°C - LIRS HE R AE R ZZEM
5 KRB PRIG SRR 22 L - (H B 58
Pl Z MR GX2 EIRESIEE (8°C
BRoh) BYE BB EMERBE - L
LA 24~28°C fe RsPHEH () -

=~ TR R I S 2 R e SR AL R
T2 =M

PHE R R S [ LB P B R L R e 1T
B VIR B R A RS Y S
[F] o FE7RIN 0.8 M [LALFERE RIS A A R
AlBEh - 2B IR SE B PR 2R R AN SRR



o FORHRZ BB BRI AR RER
WiAE © L G3 Btk WIS - MK Rk SE
B ARFTSZ IR B AR ([ —) - {HAE
7 0.5 M @ ALEfyEEE - S RIRSER TR

KR REHEENBRERMAERITE

IKERE TGRS 97

I AR R R R AR A (| =) -
G JBIKEEN D1 BRI FE ARy
FREAEWACGEER (B =) - EiRA
e BN R T - SREERERATZ.Z

Table 2. Effect of temperature on the growth of Botrytis cinerea strawberry isolates

Temperature Colony diameter (mm)"

(°C) D1 D9 D11 D13

8 25.0+£0.6 ¢ 27.3+0.8 ¢ 32.8+0.8 e 15.5+0.6 d
12 51.0+£1.2 ¢ 31.8+0.8 d 48.8+0.8 ¢ 33.0+£3.0 ¢
16 63.8+0.6 b 37.3+£0.3 ¢ 57.3£0.6 b 44513 b
20 71.0+0.4 a 48.8+0.5 a 76.0+£0.9 a 69.5£2.2 a
24 72.3£1.5 a 50.3+0.9 a 75.0£0.8 a 64.0£1.4 a
28 43.8+0.9 d 40.3+1.0 b 41.540.6 d 40.8¢09 b
32 0.0£0.0 f 0.0£0.0 f 0.0£0.0 f 0.0+£0.0 e
xRZ (B

Table 2. (continued)

Temperature Colony diameter (mm)"

(°C) D17 D20 D24 G3

8 27.8+0.5 d 28.8£0.6 f 23.5¢0.3 d 15.0£0.9 ¢
12 45.0£1.8 b 51.5+¢1.7 d 41.542.2 ¢ 313209 d
16 48.8t1.7 b 60.8£1.1 ¢ 553+1.0 b 443+1.3 b
20 70.5£0.6 a 71.3+0.6 b 66.8£1.6 a 64.0£0.4 a
24 72.4+0.3 a 78.5£0.5 a 67.8£2.3 a 64.0£0.7 a
28 390.5£1.2 ¢ 44.0£0.9 e 56.5+£0.5 b 41.3+£0.5 ¢
32 0.0+£0.0 e 0.0+£0.0 g 0.0£0.0 e 0.0£0.0 f
R (8

Table 2. (continued)

Temperature Colony diameter (mm)"

(°C) G5 GX2 GX7 W1

8 28.8+09 d 21.3£0.5 ¢ 13.5£0.6 ¢ 10.8+0.3 ¢
12 43.5+£0.6 ¢ 16.3+0.3 d 28.3+0.6 d 35.5¢1.3 ¢
16 52.5+¢1.7 b 33.5£0.3 a 36.3+0.3 ¢ 52.840.5 b
20 75.5£0.5 a 34513 a 62.8+1.4 b 73.0£0.4 a
24 72.8£0.5 a 29.0+1.2 b 66.3£0.6 a 73.5+0.3 a
28 493+13 b 12.8+1.1 ¢ 28.8+0.5 d 30.3+0.5 d
32 0.0£0.0 ¢ 0.0+0.0 f 0.0+0.0 f 0.0£0.0 f

D Meanztstanard error (n=4). Mean values within the same column followed by the same letter were not
significantly different at the 5% level according to Fisher’s protected least significant difference test. Data
were obtained following three days of growth on PDA
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Inhibition of mycelial growth (%)

D9 D11 D13 D17 D20 D24 G3 G5 GX2 GX7 Wi

-10 4 p1

Isolate
B— EERBREYHLREEBNS
BRI -
Fig. 1. Sensitivity of Botrytis cinerea strawberry
isolatest to osmotic stress generated by 0.8
M D-sorbitol. Inhibition percentage = [1-
(colony diameter of treatment/ colony
diameter on PDA)] x 100%. Data were
obtained following three days of growth
on PDA. Values are means + S.E. Bars

denote the standard error of 4 replications.

- KRB BAREEEE R Ry - IR
SETRPRAY 2B R 32 B S b s O R R
A Wi REREE (E=) -

PR Ao e i 1

HE 5 BT R ) T A i Y S 525 1 A A 3
@?%Jﬁ (RC, %) Ko~ » H7REHH#

R o BB RAYAE B R B A RE
ﬂzEwFaﬁﬁﬁi_iﬁﬁiﬁ[l » FITHARG R - £R I
S o AL EEE R IRIY A (180 min) AHES
IR 59.0~68.5% » HJi = Rk BE B bk
H 38.2~56.1% Fym o H I — B BAE X IFF

IS
o

w
S

N
o

5}

o

D13 D17 D20 D24 G3 G5 GX2 GX7 Wi

Inhibition of mycelial growth (%)
3

N
S

1 D1

&
S

Isolate
B - EENBREYE(RBEREBE
[z RN
Fig. 2. Sensitivity of Botrytis cinerea strawberry
isolates to osmotic stress generated by 0.5
M KCL
(colony diameter of treatment/colony
diameter on PDA)] x 100%. Data were
obtained following three days of growth

Inhibition percentage = [I1-

on PDA. Values are means = S.E. Bars

denote the standard error of 4 replications.
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Fig. 3. Sensitivity of Botrytis cinerea strawberry

isolatest to oxidative stress generated by
0.05 M H;O.. Inhibition percentage = [1-
(colony diameter of treatment/colony
diameter on PDA)] x 100%. Data were
obtained following three days of growth on
PDA. Values are means + S.E. Bars denote
the standard error of 4 replications.
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Relative electrical conductivity (%)

D1 D9 D11 D13 D17 D20 D24 G3 G5 GX2 GX7 W1

Isolate
CHERBREREANEYEE
E o

Fig. 4. Relative electrical conductivity of mycelia

=) 0

@l

from Botrytis cinerea strawberry isolates at
various time intervals. Values are means +
S.E. Bars denote the standard error of 4
replications of last measurement.
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Glycerol (mg/g)
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Fig. 5. Mycelial glycerol content of Botrytis
strawberry isolates. Glycerol
content was measured following five days
of growth on PDB. Values are means +
S.E. Bars denote the standard error of 3
replications.
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Oxalic acid content (mg/mL)
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Fig. 6. Mycelial oxalic acid content of Botrytis
cinerea strawberry isolates. Oxalic acid
content was measured following five days
of growth on PDB. Values are means +
S.E. Bars denote the standard error of 3
replications.
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Fig. 7. Mycelial exopolysaccharide content of

Botrytis  cinerea  strawberry  isolates.
Exopolysaccharide content was measured
following five days of growth on PDB.
Values are means = S.E. Bars denote the

standard error of 3 replications.

Hi B. cinerea FitJXKAHINEVIIK BN 2
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HR G P B I B ] 4 2 e R I T
o W FIRIBGIG EER » (E 0w B L —
R REF A A RRZME - ZEED
& BEIIR A PIEE R R - T IR
BEHIH( (1314, 15.25,29,31,35) , SR ik
HHY KON IRREE T 3 (220232728 o
AWFFEHITE 12 PRECEEIKEON B E 7
INEERYFREIHIRE (ECso) » HBUE RS
B AR H 722 0E50T 130 15 - HERTEBUS B8
TEZHE (FR—)  BURAR B E L #EIK
HERPIEEE ISR - HIRREERER (Y
R EYUE) R - HHEERH
HHI AL 2.986 pg/mL - SEAKHY BT
ik b IR F B VI IR E R R LB 100
ug/mL 7[RI HATEE LR B AR 2= 18 5 T
B o EH Y LIRS JTEHRE R
50 pg ai/mL ZFEHIRININ RS RE R A
(fungicide-amended agar medium) » 3 %
AT ER R A RS2 28+ R OR B E
WAR PR AR - R MANHIEH - ISR EOR
AR I R H— S PigEr: (F
F o OREER) o BILHEW - K UN B
W AR E R MR - R B H HH
RETREERY S o B BE T 3R R TR S (R JRR
EEEPR - U D BB R R EE AR B R
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e MR T RE TN B HUSE M AH R A (R Hy Ei
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Physio-biochemical Characterization of
Botrytis cinerea Strawberry Isolates with
Different Sensitivities to Cyprodinil+Fludioxonil

in Taiwan
Chung-hang Duan'®, Guan-ying Chen'!

Abstract

Duan, C. H., and Chen, G. Y. 2021. Physio-biochemical characterization of Botrytis cinerea
strawberry isolates with different sensitivities to cyprodinil+fludioxonil in Taiwan. Taiwan Pestic.
Sci. 10: 91-107.

Botrytis cinerea is a necrotrophic, filamentous phytopathogen with a high risk of
developing resistance to fungicides. The phenylpyrrole fungicide fludioxonil premixed with
cyprodinil has been reported to be the most frequently used fungicide against B. cinerea in
Taiwan. For this study, the physio-biochemical characteristics of B. cinerea isolates with
different sensitivity to cyprodinil + fludioxonil were determined. The range of ECso
values of cyprodinil + fludioxonil of 12 selected B. cinerea isolates were from 0.023 to
2.986 ug a.i./mL. In addition, the highest resistance factor (RF) was close to 130, while all
other RFs were less than 50. Among the 12 tested isolates, the least sensitive isolate GX2
had multiple physio-biochemical characteristics of the most slowly mycelial growth within
12~28°C, the highest cell membrane permeability and the least sensitive to hydrogen
peroxide. The more sensitive isolates were sensitive to oxidative stress of 0.05 M hydrogen
peroxide and osmotic stress of 0.8 M D-sorbitol but not by 0.5 M KCI. Compared to the
more sensitive isolates with more oxalate content, the less sensitive ones had an increase in
cell membrane permeability, but they did not differ in terms of cellular glycerol and

exopolysaccharide content.
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