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Abstract: To evaluate the resistance to pyraclostrobin in Stagonosporopsis citrulli causing gummy stem
blight of Citrullus lanatus in Jilin Province, the sensitivity baseline and the minimum inhibitory concen-
tration (MIC) to pyraclostrobin were determined for 151 S. citrulli strains collected from watermelon in
Jilin Province based on mycelial growth rate. Meanwhile, the resistance levels to pyraclostrobin were al-
so monitored for other 375 watermelon strains from Jilin. The results showed that the sensitivity fre-
quency distribution of tested strains (n=151) was a continuous single peak curve close to a normal distri-
bution. The sensitivity baseline was 1.800 pg/mL, and the MIC was 80.000 pg/mL to pyraclostrobin for
these strains. The resistance frequency of the 375 tested strains to pyraclostrobin was 0. Two intermedi-

ate pyraclostrobin-resistant mutants (T-LH3-1 and T-XZC5-1) were obtained by chemical taming. After
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continuously culturing without the fungicide for eight generations, EC,, of T-LH3-1 and and T-XZC5-1,

were 16.139 pg/mL and 31.782 pg/mL, respectively, and their resistance were 15 and 51 times of the re-

sistance of their parents, respectively, remaining to be comparable to their parents, indicating that they

still kept the intermediate resistance, and their resistance could be inherited stably. Comparison of the bi-

ological characteristics of both intermediate resistant mutants with their parental strains indicated that

the biocompatibility of the resistant mutants were not significantly different from their parent strains.

Cross-resistance results showed that there was a positive cross-resistance between pyraclostrobin and

kresoxim-methyl, but there was no cross-resistance between pyraclostrobin and tebuconazole, iprodi-

one, carbendazim, and trifloxystrobin, indicating that they could be used alternately so as to delay the

development of resistance.
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I SEAE kAl H 25 9 F AL, AN SE (2015) B 5T 45
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J15 B i (trifloxystrobin) Ji 24 , i JLA IR IR A= 4y = 24
A7 FR 2N 71 596% 57 B Ik (iprodione ) L2, VTP AR 251k
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S AE B P45 M 3T BUEAS M 8 mm A B DERS ik
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ANTA] pH T i 58 AR A K R AR B AR AR A O
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1.3 HESHF

IR B % ] SPSS 24.0 #4471 40 434t
1 FH Duncan PGB & M 22160 1 25 5 W oE R 06

2 HER55H

2.1 FRERTRE IR R R R
211 TGN AE R ek B B A9 AR 2R

A kB P T 7 AR P T 2 7= X TR At P
() EC,, 7t il 24 0.457~3.899 pg/mL. Hrp b J5 T 67
% H B EC,, Y5 Bl 4 0.799~3.753 pg/mL, IRk
7 4 0.658~3.506 pg/mL, # J7 17 K 14 E 4 1.063~
3.899 pg/mL, 3k 738 i 24 0.701~3.608 pg/mL,
DY S 17 BGL | 0.585~3.801 pg/mL, K& i & 4
B 0.457~2.602 pg/mL, MY -1 F4 R 2K 0.972~
2.880 pg/mL. HrPEC, fi/ME 5 KA A 8.53 4% .
VAN [R] A5 1t 74 TS & A AT 1) EC, VX BUISA P AE
BEHEEF(ELD,
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Table 1 Sensitivity distribution to pyraclostrobin in Stagonosporopsis citrulli collected from Jilin Province
L= S PAREU bR EC,, i ] EC,, T-#%k
Sampling place Number of stains ~ Range of EC,,/(ng/mL) Mean of EC,,/(ug/mL)

FA 5T %¢ 2 Qian” an County, Songyuan City 17 0.799-3.753 1.936+0.165 ab
F13 7k 4 717 Taonan City, Baicheng City 19 0.658-3.506 1.693+0.241 be
FAF T KA B Changling County, Songyuan City 25 1.063-3.899 2.357+0.612 a
19T 38 461 & Tongyu County, Baicheng City 18 0.701-3.608 2.02440.591 ab
U1 AL T Shuangliao City, Siping City 29 0.585-3.801 1.428+0.194 ¢
KF K % H Nong”an County, Changchun City 29 0.457-2.602 1.400+0.155 ¢
PUF- i %4 HL Lishu County, Siping City 14 0.972-2.880 2.099+0.423 ab

FREE Y B bR ER . RPN ASIRING TFREFR IR 4 Duncan G 2 M 22146 56 25 7 1 3% (P<0.05) . Data are mean+

SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

R 41 00 R P 151 A TR Ak XoF bt s ik R G 1) U
P 22 T G T A T %o s et ik o 7 %) S o0 A
EI(E 1), EC,, 3% 1.800 pg/mL. By 151 B
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Fig. 1 Frequency distribution of sensitivity o pyraclostrobin in

Stagonosporopsis citrulli collected from Jilin Province

2.1.2 TGN AL R ) x vk B ) BS 649 SuE s )]
T A PR 22 A R T SR N o e ik AT X AR

151 PR R A MICAH., ifi & HAEFITE 70~80 pg/mL 2
], 45 FLRUR L2 LA K A5 (1 MIC {H , B &
80.000 pg/mL E A e 2 1Y MIC ¥ J3 o Poi W I 25
AR, B 375 MRV TN Ao TR R XTI net gk
PR TR A AR, LA W BB R, BT R R 0,
2.2 T I E i T X L PR T B O e IXUB R4
2.2.1 N AR e B B R T AR A 3RAT

SER T FE LH3-1 F1 XZC5-1 253 257 9k )
15 21 2 K B8 LT P 28 A8 /K T-LH3-1 F1 T-XZC5-1,
T-LH3-1 Fl T-XZC5-1 4 EC,, 43 %1 47 20.993 pg/mL
F134.696 ng/mL; HUPEAEE S 31 20 FL56(2) ,
KR HTTERE o
222 MR TAREAEA LN T LR

PRI 2 BRBUIE 5 AR A Sl 47 8 X,
P22 A K ARk I B TR R EC, (BT A
FEE FIRTE TR R e e . TR S 81K
S S P AT 7 XoF 7 2 5 A8 4 T-LH3-1 Fl T-XZC5-1
f) EC4, 53 11 4 16.139 pg/mL F131.782 pg/mL; Fip Pk
BN 15 FIS1(FR3) . BARFHXT FHILRPTIEARS
BOA T TR ABHOR R AE TR TR, AT LA P&
i TR X MR ik PTG B P K SF- RE AR A 1A

R2 MMERE AR SR R SR AR E MR EC,, R

Table 2 EC,, and resistance multiple of Stagonosporopsis citrulli pyraclostrobin-resistant mutants and their parent strains

73 LEPE¢ B MIH T AR EC./(ng/mL) SN e

Strain Relative coefficient Regression equation 0 Resistance multiple
LH3-1 0.974 y=0.967x-0.024 1.063 -
T-LH3-1 0.998 1=0.636x—-0.841 20.993 20
X7C5-1 0.988 y=1.0228x+0.210 0.624 -
T-XZC5-1 0.991 y=0.579x-0.892 34.696 56

223 WHRETRAEFERAMKG A KR FE
BERR 24 h XA B R 1 T 22 A S R T

SE L AFRI 2R (K2) o SRR T-XZC5-1
A 4 T A 18, SR AT bR XZC5-1 1Y A K i A i
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P PPk 2R T-LH3-1 Fl T-XZC5-1 A A= K R 1y
INTHZEAR MR LH3-1 f1 XZC5-1,HE B A B3,

R3 MEEBRERETRTEESERIZEFRFEC,
I ERR TR
Table 3 The changes of EC;,and resistance multiple of
Stagonosporopsis citrulli pyraclostrobin-resistant

mutants after continuous transference

Hipe e A EC LT
Strain Switching (ng/mL) Resistance
algebra multiple
T-LH3-1 2 19.444 18
4 18.627 18
6 16.849 16
8 16.139 15
T-XZC5-1 2 32915 53
4 33.497 54
6 32.239 52
8 31.782 51

—— LH3-1 -e= T-LH3-1 = XZC5-1 = T-XZC5-1

HEER
Colony diameter/mm
~
[

24 48 7 96
B 6] Time/h
2 IMERTEREFAEREEK L
Fig. 2 Colony growth curve of resistant mutants and their
parental strains

P b B A Y bR e R . 4% A0 P [R] 28 Duncan [

A W 22 1k A 36 1 T W 5 25 5% (P>0.05) . Data are meant
SE. No significant difference among different treatments by

Duncan’s new multiple range test (P>0.05).

224 HHETHRERERELFRAARERRKRL
PEARHR B NaCL AR R, P 28 248 4R T-LH3-1 A1
T-XZC5-1 1 1 7% EL A2 25 /N F 3 A1 Bk LH3-1 Fl
XZC5-1 BB % EAR  (H B 5 NaClYR FE T, 24k
h 10 /L B, Hiik 228K T-LH3-1 O & 7% BT IR
KT HEEA VR LH3-1, 236 5 4 30 g/L i, Hidk%
AR T-XZC5-1 1 B 15 B A2 TF 0 KT H B A fk
XZC5-1(E13) o Ptk 28 AR X =5 v BE NaCl (1 1if 32
P B0 T U I (B3 AR B 25 KO
225 SHBETHRERERELFRAARERKIL
Wit o ) 2 R B R T e, Bt S AR IR S R
KRR TE BRI TR (E 4) . %A
WRIE A 80 g/L B, BT A5 Tk 1) TRI V6 ELAR 241 1k e KA
PPk ALK T-XZCS5-1 76 T 45 1 Ml e T HL s 7%

HRANTEAREMRXZCS-1, H2E 5 B3 i
W EE AT 0~60 g/L Z A, Hit 5848 1A T-LH3-1 AT
& HARFSEA R LH3-1 I BETE EARSEAH Y, 7E 7
AP KT 60 /L P58 A8 1R T-LH3-1 YRI5 EL
R T AT LH3-1 (W5 EAR  (HESEAR B
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Fig. 3 The mycelium growth of resistant mutants and their
parental strains at different NaCl concentrations

(& E5af A T SRR iR . 4540 R 22 W] 28 Duncan [T
AW 2% A 9 4 T W 35 2% 5 (P>0.05) . Data are meant
SE. No significant difference among different treatments by

Duncan’s new multiple range test (P>0.05).
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Fig. 4 The mycelium growth of resistant mutants and their
parental strains at different glucose concentrations
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ments by Duncan’s new multiple range test (P<0.05).
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Fig. 5 The mycelium growth of resistant mutants and their pa-
rental strains under different temperatures
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Fig. 6 The mycelium growth of resistant mutants and their pa-
rental strains under different pHs
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Fig. 7 The mycelium growth of resistant mutants and their pa-
rental strains under different illumination conditions
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Table 4 Sensitivity of Stagonosporopsis citrulli pyraclostrobin-resistant mutants to different fungicides
AT IR TR HREREL
. . EC,,/(ug/mL) . . . )
Fungicide Strain Regression equation Relative coefficient
T A LH3-1 0.459 y=0.425x+5.164 0.904
Tebuconazole T-LH3-1 0.413 y=0.338x+5.164 0.918
XZC5-1 0.265 y=0.315x+5.187 0.880
T-XZC5-1 0.312 y=0.491x+5.236 0.959
SR LH3-1 0.110 y=0.385x+5.331 0.968
Iprodione T-LH3-1 0.118 y=0.377x+5.348 0.906
XZC5-1 0.222 y=0.281x+5.185 0.904
T-XZC5-1 0.267 y=0.293x+5.165 0.934
LHR LH3-1 1.482 y=0.434x+4.928 0.897
Carbendazim T-LH3-1 3.143 y=0.464x+4.760 0.946
XZC5-1 1.107 y=0.514x+4.985 0.898
T-XZC5-1 1.643 y=0.295x+4.937 0912
ik L e LH3-1 0.339 y=0.373x+5.164 0.999
Kresoxim-methyl T-LH3-1 16.924 y=0.643x+4.216 0.931
XZC5-1 0.543 y=0.605x+5.152 0.999
T-XZC5-1 18.164 y=0.422x+4.471 0.949
B e LH3-1 6.319 y=0.509x+4.557 0.981
Trifloxystrobin T-LH3-1 7.621 y=0.244x+4.787 0.824
XZC5-1 6.759 y=0.481x+4.594 0.976
T-XZC5-1 6.882 y=0.316x+4.673 0.908
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Fig. 8 The correlation analysis between EC,, to pyraclostrobin and EC,, to tebuconazole (A), iprodione (B), carbendazim (C),

kresoxim-methyl (D) and trifloxystrobin (E)
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AR 25 RIS T 2 BRrh P8 28 Hpk
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