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Abstract To evaluate the resistance risk of Colletotrichum gloeosporioides to picoxystrobin, the baseline sensitivi-
ty of C. gloeosporioides to this fungicide was established, and the biological characteristics of the picoxystrobin-re-
sistant mutants obtained in the laboratory were studied. Forty-five C. gloeosporioides isolates were collected from
three areas of Jinzhong, Shanxi Province, where picoxystrobin and the other fungicides with the same mode of ac-
tion had not been used before. The sensitivities of 45 C. gloeosporioides to picoxystrobin were determined by growth
rate method. The results showed that the ECs, values ranged from 1.404 pg/mL to 16. 650 pg/mL, with a mean of
(6.783+3.499)pg/mL. The EC; s values of 45 C. gloeosporioides to picoxystrobin combined with 100 ¢g/mL salicylic
acid oxime (SHAM) ranged from 0. 022 pg/mL to 0. 275 pg/mL, with a mean of (0.109=+0.058)#tg/mL. The
frequency of EC;o1s values was distributed as a unimodal curve, and the frequency of sensitivity was in approxi-
mately normal distribution, and the mean EC;:s values could be used as the relative baseline sensitivity of

C. gloeosporioides to picoxystrobin. The compensation efficiency value in the bypass oxidation way showed that

Wi HE: 2016-12-21 EiTHEI: 2017-02-04
BEE£WH: WA ESIR RIS H (201603D21110-2) s 4k A F AW 26 A 70 R 1L PE 48 T 4 S0 00 == 1 iR (YHSW2015002) 5 1
TUA Al BF 2 B Ao 4 b B AR B0 H (YGGL7114) 5 111 P45 48 Bk e 7 5 B0 9633 H (YGG1603)
* W E/EH  E-mail:zhaoxiaojun0218@163. com



0300

5 4Ly 2017

the lowest value was 6.039, and the highest was 301.441, with a mean value of 78.026. Eight picoxystrobin-re-

sistant mutants were obtained, of which 6 were low resistance and 2 medium resistance to picoxystrobin. The re-

sistance of moderately resistant mutants was stable after 10 generations of asexual cultivation. The mycelium

growth rates, spore germination rates of mutants were similar with those of sensitive isolates, but the pathogenici-

ty of the mutants was lower than that of the sensitive ones in absence of fungicides. The best carbon source of both

sensitive and resistant isolates was starch and best nitrogen source was potassium nitrate; the optimum pH values

were 5 and 6 and the optimum temperature was 25C for the mycelial growth of both sensitive and resistant iso-

lates. The results showed that the C. gloeosporioides resistant mutants were in high fitness and in high risk of re-

sistance to picoxystrobin. The conclusion provides the theoretical basis for guiding fungicide use and the strategic

buildup of delaying resistance development.
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Table 1 Resistance level to picoxystrobin of picoxystrobin-resistant mutants of Colletotrichum gloeosporioides

obtained in the laboratory via UV radiation and fungicide selection

itk OSTEpE T e LT
Isolate Regression equation AW/ © Resistance factor Resistance level
SN13R1 y=4.091 0+0. 483 2x 76.069 5 12. 656 3 i
JX3R1 y=3.642 9+0. 834 2x 42,345 3 6. 900 8 K9t
JX3R2 y=4.277 240, 414 3z 55.526 8 9.048 9 it
YZ6R1 y=4.214 0+0. 525 6x 31.287 4 5.120 0 K9t
YZ6R2 y=4.280 4+0. 478 0x 32.020 0 5.239 9 &bt
YZ6R3 y=4.466 5+0. 291 Ox 68.163 3 11.154 6 L7
JX3MR3 y=4.387 1+0. 272 6x 177.191 2 28.875 9 L
YZ6MR4 v=3.893 4+0. 474 1x 215.870 9 35. 326 1 Hig
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285 10 AR JCPE S50 G - BUPEAE BT BB W] 2

P PEA RERR E L . IRPUEI bR SNI3RL. 4T
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Table 2 Stability of the resistant mutants of Colletotrichum gloeosporioides

HE ECso/pg » mL~!  ECsovalue after different transfer cultivations
Isolate % 0% %2R # 4R %6 1% % 8 4R % 10 %
JX3R1 42,345 3 42.013 3 35.4219 30. 1315 28.730 3 20.168 1
SN13R1 76. 069 5 75.945 8 74.636 1 73.321 4 71.283 4 70. 637 2
YZ6R2 32.020 0 31.490 2 29.834 5 30.751 1 25.335 4 20. 571 6
JX3MR3 177.191 2 175.321 5 170.832 1 168. 869 4 171. 382 4 161. 521 0
YZ6MR4 215.870 9 208. 072 8 210. 342 1 206. 489 1 208. 524 3 201. 032 4
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2.4 MEERTEEDFSN
241 FIMRTHREBRERELEKERRF
HE

3 3 L5 IR RPT R AR 22 4 K R AR
FHURE (B2 3 A B3 Hp . YZ6R2,SN13R1

W22 A 5 A R 5 U B bR YZ6 T SN13 &
AREES . MR K IX3MR3, YZ6MR4 [
22 AR I 2 I T AU R PR TX3 R YZ6; Horp,
JX3MRS 1 7 i 5 5 H R A U B JX3 22 5
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Table 3 Mycelium growth and spore production of sensitive isolates and resistant mutants
LS # 7% Ei%/cm  Colony diameter SRR /cmed ! PRI/ X 106
Isolate 1d 2d 3d 4d 5d 6d 7d 8d Average Spore number
JX3 1.590 0 2.760 0 3.920 0 4. 650 0 5.580 0 6. 850 0 7. 850 0 7.980 0 (1.03%0.43)a (5.8040. 20)¢
SN13 1.416 7 2.950 0 3.7217 4.583 3 5. 606 7 7.250 0 7.970 0 8.536 7 (1.07%0.41)a (5.5340. 12)cd
YZ6 1.943 3 & 233 3 4.008 3 5.010 0 6. 066 7 7.065 0 7.970 0 8.2417 (1.03%+0.47)a (6.7540.22)a
JX3R2 1.333 3 2.338 3 3.401 7 4,258 3 B, 233 3 6.333 3 7.2917 7.5750  (0.95%+0.30)a (4. 4040. 20)e
SN13R1 1.233 3 2.5217 3.3317 4.016 7 5.1917 6.761 7 7.505 0 8.3617 (1.05+0.32)a (4. 9640.32)d
YZ6R2 1. 956 0 3.283 3 4.063 3 5.005 0 6.045 0 7.046 7 7.941 7 8.1333 (1.0240.50)a (6.2740.12)a
JX3MR3 1.558 3 1.851 7 2.598 3 3.388 3 4,783 3 5.186 7 6. 208 3 7.133 3 (0.89740.44)b (4.00£0.10)f
YZ6MR4 1.2550 1. 655 0 2.5017 3.2950 4.175 0 4. 806 7 5. 560 0 6.268 3  (0.78%0.24)b (6.00=%0. 10)ab

1) FhEEBIR EE AR F B E FR 4 Duncan (G E R E BRI P<<0.05 KFEEZREBE, T,

Data followed by different lowercase letters indicate significant difference at P<C0. 05 level by Duncan’s new multiple range test. The same

below.
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PERR 16 T A R 3834 25 7 R B 4R e 0 1) oy
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JIN s FLGRAR AR BT AR B 5 JOT B R T R AR Y R
MK, RPUEMR TX3R2 Fil YZ6R2 35 11 5 3R A Fbk

x4

ZSON IR %, {0 SN13R1 55U Bk SN13 2% 55
b T B R AR B0 1 BEAS UK R R 4 B 2 R

FEFT 50 g/l WE 42 B B 14 O 45 I, e i
JERPRAR I 2 TR 5 (R e R 1 I IR A Ptk 28
AR P R AR AR B — E T 2y L
HPHL T Bk JX3MR3., YZ6MR4 2 YL 3R ik 5] 16, 14% .
34.01%.,

Tt REE R R ERERNE

Table 4 Pathogenicity of resistant and sensitive isolates

LS KIFH AL /em?  Lesion area {FYu% /%  Infection frequency
Isolate CK 50 pg/mlL CK 50 pg/mL
JX3 (17.6240. 38)a (0. 95+0.07e 62.35 a 3.36 e
SN13 (17.70£0. 29)a (0. 96=+0.07Me 62. 63 a 3.40 e
YZ6 (16. 48+0. 68)b (0.96+0.07Me 58.32 b 3.40 e
JX3R2 (17.16=0. 05)ab (2.51£0.11)d 60. 72 ab 8.89 d
SN13R1 (16.82+1.33)b (2.957+0. 28)c 59.52 b 10. 44 ¢
YZ6R2 (15. 75£0. 19b (2.81%£0. 22)c 55.73 b 9.94 ¢
JX3MR3 (16. 8340. 08)b (4.5620.04)b 59.55 b 16.14 b

YZ6MR4 (15. 5470. 08)c (9.61£0.2D)a 54.99 ¢ 34.01 a

2.4.3 FREHETEBRBE TN E KK
PURBARAE pH A 5 F1 6 B Az KDk 350 45 B 47
(3R 5). BUBPAMR 5 IRHT A A 78 5 R i el 2 1
K, HARURHE MR SAPUR bR ) 22 5 2 3, Ul
PURARTEA R pH A= K A5 0F T 1935 17 56 K T
R, PHIE R JX3MR3. YX6MR4 7E pH 3 A1y
AEEA H IR I i 55 1 JXSMR3, YX6MR4
V& BRI R T HE A U B R - 156 B P T A A 6 D

PRt A 11 100 325 IO e X DG T SRR R A
2.4.4 HIREHETRR AERFETIHELRR
M 6 Hn] LUA i PR B AR AR LR SRk 5
FRBREIE R A K R R GT R bR SNI3RT 765 A H
P B FR AT A A bR T LAY T R S 7 DL 3
B IR R F R A K de bR . SRURR TR PR JX3SN13
Ko Pk 98 A8 K JX3R2, SN13R1, YZ6R2, YX6MR4 7E
VATA = A D Bl D 2% 1 R A I de 1% SRR R R
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Table 5 Colony diameter of sensitive isolates and resistant mutants under different pH values
W% B2 /ecm  Colony diameter
JX3 SN13 YZ6 JX3R2 SN13R1 YZ6R2 JX3MR3 YZ6 MR4

(1. 07£0. 1D f — (1. 3440. 0D f — — — — —
(3.1440. 12)ed (3. 0540.45)d (2.04+£0.43)e (1.7440.04)b (1.7440.01)bc (1.3040.02)g (3.71+£0.33)b (2.2440.10)d
(4.4040.07)a (4. 6340.26)a (4.00+0.08)a (1.86740.09)b (2.0140.03)b (1.6840.02)f (4. 94+0.06)a (4.93740.16)a
(3.9440.19)ab (4. 0940.32)b (3.71+£0.12)ab (4.0540.21)a (4.12+0.15)a (4.0240.04)a (4 62+0.06)a (4.3740.15)a
(3.4040.46)c  (3.5940.04)c (3.19+£0.19)be (1.9840.300b (2.07£0.33)b (2.9840.07)b (3.55+0.07)c (2.9540.33)c
(3.13+0.32)cd (3. 07£0.07)d (2.7040. 22)cd (1.86740.49)b (1.9840.62)b (2.4940.01)c (4.5940.16)a (4. 30£0. 43)abc
(3.58+0. 2D)be  (2.38+0.08)e (2.4240.43)de (2.03£0.16)b (2.11£0.17)b (2.2440.16)d (4.28=+0.59)ab (4. 610. 15)ab
10 (2.6440.10)d (1.9840.0D)e (2.16+0.07)de (1.9440.0Db (1.96+0.01)b (2.0540.05)e (4. 34+0.03)ab (4.01=40. 44)bc
11 (1.77£0.07e (1.2940.05f (1.2740.06)f (1.82+0.01)b (1.20+0.01)cd (1.11£0.12)h (3. 7541.07)b (3. 75£0. 45)c

© 0 NN Oy Ul e W
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Table 6 Colony diameters of sensitive isolates and resistant mutants in different carbon sources

L3 W& A e /ecm  Colony diameter
Carbon source X3 SN13 YZ6 JX3R2 SN13R1 YZ6R2 JX3MR3 YX6MR4

Wi%BE Glucose (5.42£0.08)b  (4.92£0.19b (5.49+0.7Db (5.06+0.10)c (4. 9240.07)c (4.8440.06)d (4.8440.06)c (4. 98+0.08)b
2 25 Maltose (4.7940.11)c  (4.04+0.13)c (4. 2740.26)c (4. 44+0.44)d (4.2940.01)d (4.20740.04)e (4.2840.04)d (4. 334+0.50)c
HERE Sucrose (4.7540.10)c  (4.05%£0.05) ¢ (4. 3740.07)c (4. 1340.11)de (4.0540.002)d (4.02740.03)e (3.9840.15)d (4. 3040.03)c
H &K Mannitol (6. 18+0.09)a (5.9470.22)a (6.04+0.07)a (5.77+0.03)b (6. 6640.05)b (5.6840.06)b (5.6840.05)a (5.96+0.19)a
=R Glycerol (4.7240.10)a (3.73£0.34)c  (4.454+0.07)c (4.034+0.03)e (3.4340.38)e (3.7140.26)f (4.0540.54)d (4. 0340. 26)c
JEH; Starch (6.3240.12)c  (6.0440.04)a (6.1840.15)a (6.3340.18)a (6.1540.09)a (6.08+0.07)a (6.0140.19a (6.27£0.01)a

HIZR 7 IR WARAE S AR R R IREL AHIR R B AR RS . PURRIARAEA R R IRAL B B IR
B ABPRIE S IR A AR HAE R ZERIIE., B AR ROIRD — 2. DIPTSR U PR 45
FOPAH IR o Fod R, B S A A AL P22 S . BOENIMERA B 2.
Fo HUCRE R MTE LUR R VB RR e o BRI 55

R7T TRREREZFGTHRERIAERTGCNEZER

Table 7 Colony diameters of sensitive isolates and resistant mutants in different nitrogen sources

AU % H1%/cm  Colony diameter
Nitrogen source JX3 SN13 YZ6 JX3R2 SNI13R1 YZ6R2 JX3MR3 YX6MR4
& Ml Peptone (4.3140.24)b (3.5440.16)b (3.64740.32)b (3.57240.20)b (3.57=£0.19b (3.51£0.09b (6.0140.12)a (3.8940.18)b
JRZ Urea (2.37%0.340)c (1.9940.11)c (2.04740.08)c (1.81240.03)c (1.86=0.29c (1.982£0.05)c (3.2740.10)b (1. 9840.20)¢
FRBR% Ammonium sulfate (0.6540.03)d (0. 8140.08)d (0.74740.07)d (0.87=0.08)d (0.68+0.04)d (0.80+0.01)d (1.46=+0.09c (0.78=+0.01)d
THERST Nitrate (5.36%0.07)a (4.8740.19)a (5.0840.12)a (4.68740.27)a (5.06=£0.14)a (4.98=£0.15)a (6.24740.17)a (5.25740.15)a
2.4.5 JURHARA T ERE T A KR M ZES B E, ERE R 15C 35 CH, PriskE 2

IRINZE R (R ) R PUREMRAE 15~35C T AEREEYEE .
Py nl A R E ROl R EE 2 0 25 C L B A A B
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Table 8 Colony diameters of sensitive isolates and resistant mutants at different temperatures

wE/C W& EH#/em  Colony diameter
Temperature JX3 SN13 YZ6 JX3R2 SN13R1 YZ6R2 JX3MR3 YX6MR4
15 (1.65£0.05)cd  (1.4340.18)d  (1.83+£0.17)c (1.40£0.100ed (1.67+0.21)c  (1.81£0.100c (1.7540.05)c  (1.3840. 18)d
20 (3.48+0.05b  (3.1940.12)b  (3.23+0.04)b (3.25+0.03)b  (3.20+0.18)b  (3.65F0.18)b (4.0240.12)b  (3.86+0.19b
25 (5.58+0.65)a  (5.624+0.04)a (6.07+0.48)a (5.24+0.52)a  (5.194+0.33)a  (6.04F0.300a (4.4940.02)a (4 1240.12)a
30 (1.97£0.05¢  (1.7340.08)c  (1.792£0.04)c (1.74£0.2Dc  (1.594£0.39cd (2.00=£0.12)c (1. 7540.07)c  (1.74£0.09¢

35 (1.3240.01)d  (1.1940.05)e (1.2240.0Dd (1.1540.100d (1.15%0.13)d (1.3640.14)d (1.17£0.05)d (1.20=0.04H)d
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