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Resistance induction of Podosphaera xanthii in pumpkin to hexaconazole and
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LIANG Qiaolan, WEI Liexin, LIU Lilong, WU Qiong, XU Bingliang

(College of Plant Protection , Gansu Agricultural University, Biocontrol Engineering Laboratory of
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Abstract To understand the sensitivity and resistance of the pathogen powdery mildew in hull-less pumpkin to
hexaconazole in Gansu Province, the sensitivity of 20 Podosphaera xanthii strains collected from the fields of
Lanzhou, Wuwei, Jingtai and other places to hexaconazole were measured in pumpkin seedling leaves by small-
seedling spray method; the resistance of sensitive strain to hexaconazole was induced by using three kinds of UV-
induction, fungicide screening, UV-induction before fungicide screening methods and biological characterization
of the resistant strains and its cross-resistance to propiconazole, myclobutanil, flusilazole, tebuconazole were also
studied. The results indicated that there were some differences in the susceptibility of the 20 strains of Podospha-
era xanthii to hexaconazole, with EC;, value from 17.77 pg/mL to 285.54 pg/mL. Compared with the other two
methods, the resistance fold of the resistant mutant strains obtained by hexaconazole screening in the laboratory
was the highest (8.94 fold). The optimum times for spore germination of sensitive strains and resistant mutant
strains were 36 h and 48 h, respectively. The sporulation and pathogenicity of resistant strains were higher than
those of sensitive strains, and there were significantly differences in conidial germination percentage and the num-
ber of germ tubes between resistant mutant strains and sensitive strains; however, the difference in their mycelial
branch and sporulation rate were not significant. Resistant mutant strains were more stable in the mixed ratio of

resistant and susceptible strains of 80:20, and still accounted for 85.69% after continuous cultivation for 7 genera-
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tions. Resistant mutant strains to hexaconazole exhibited no cross-resistance among the 4 kinds of triazole fungi-

cides, i.e. propiconazole, myclobutanil, flusilazole, and tebuconazole. The results provided a theoretical basis

for the efficient application of hexaconazole for the control of pumpkin powdery mildew in the field in Gansu

Province.
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Table 3 Sensitivity tests of 20 Podosphaera xanthii

strains to hexaconazole

Ak EPIEIEpyis HXZEB  ECs (95 % EEXIED/
AR Toxic regression Correlation pg e mlL!
Isolate equation coefficient ECs0(95% CL)

ND1 y=0.273 8x+4.652 2 0. 957 6
SY2 y=0.790 8x+3.967 7 0.948 2
LZ3 y=0. 974 5x+3. 427 3 0.984 8
LZ4 y=1.045 52+3.183 0 0. 909 3
LZ5 y=1.379 7x+2.432 5 0. 938 4
LZ6 y=1.738 42+1.782 3 0. 956 3
JT7 y=0. 483 7x+4. 083 0 0.995 7
WW8  y=1.692 92+1.783 8 0. 980 7
LZ9 y=1.508 72+2.093 0 0. 953 5
LZ10  y=0.495 62+4.041 4 0. 996 4
JT11 y=1.523 62+2.013 9 0.973 5
JT12 y=1.945 3x+1. 220 4 0.962 2
WW13  y=2.148 72+0. 762 6 0. 950 4

17.77(14. 55~21. 00)
20. 20(16. 90~24. 14)
41.10(35. 65~47. 39)
54. 69(48. 08~62. 22)
70. 95(65. 07~77. 36)
72.60(65. 56~80. 39)
76.17(72.95~79. 39)
79. 40(73. 04~86. 32)
84.50(76. 91~92. 83)
85. 95(61. 25~120. 59)
87.69(81. 08~94. 83)
91.17(83. 82~99. 16)
93.77(87.12~100. 93)

WW14  y=2.066 6x+0. 887 5 0.979 5 98. 13(91. 27~105. 50)

WWI15  y=1.195 5x+2.480 2 0.997 1 118. 01(109. 49~127.19)
LZ16  y=2.011 8x+0.813 7 0. 987 5 128.16(127. 20~129.12)
JT17 y=1.947 8x+0. 809 6 0.948 8 141. 69(131. 85~152. 27)
1718  y=2.145 8x+0.065 2 0.925 2 199. 41(186. 54~213.17)
LZ19  y=1.136 1x+2.335 3 0. 969 9 221.55(198. 13~247.75)
WW20  y=1.447 8x+1.441 3 0.998 7 285. 54(260. 63~312. 84)
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Fig. 1 Effects of different durations of ultraviolet irradiation on

resistance fold of Podosphaera xanthii to hexaconazole
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Table 4 Comparison of three kinds of induced resistant strains to Podosphaera xanthii

Tk 5 SR FRACE ST HEA% %L Culture generations after induction and resistance fold

Method F

F; Fs 1F7

24875 UV-induction
2557194k Fungicide screening
SehNAE SR 25715)IME UV-induction before fungicide screening

(2.5340. 37)bB
(4.50=£0. 40 aA
(2.7340.49)bB

(4. 4420. 53)bB (5. 27=£0. 39)bB (6. 86=£0. 41)bB
(5.3840. 51)aA (7.1240.43)aA  (8.9420. 80)aA
(3.4220.61)cC (4.7420. 46)cB (5.95+0. 76)bB

D /NG FRS T HFR A FEARAE 0. 05 F 0. 01 /RPy 22 57 BV

Data in the same column followed by lowercase and capital letters indicate significant difference at 0. 05 and 0. 01 levels, respectively.
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Fig. 2 Stability of resistant strains of Podosphaera

xanthii to hexaconazole
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Table 5 Ratios of pycnidiospore germination of sensitive and

resistant mutant strains of Podosphaera xanthii

TP 28 %/ Yo
fistfa] /h Average germination percentage of conidia
Time HUR B it e bk
Sensitive strain Resistant mutant strain
12 (10. 66£0. 76)aA (10. 84=£1. 48)aA
24 (8.69742. 03)aA (9.92£0. 41)aA
36 (13.5841. 30)aA (14. 00=£1. 13)aA
48 (11. 20=£1. 00)bB (16. 26£0. 45)aA
1) NSRS 451 T HRAE 0. 05,0, 01 K L 22

Data in the same line followed by lowercase and capital letters indi-
cate significant difference at 0. 05 and 0. 01 levels, respectively.
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Fig. 3 Germination courses of spores between sensitive and resistant mutant strains of Podosphaera xanthii
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Table 6 Pathogenicity of sensitive and different generation of screening strains of Podosphaera xanthii

P TR R TR 8 FEF AL/ < 10° 4+ L
Average incidence Average disease index Mean of sporulation quantity
U B Sensitive strain (84.00£2. 51)bB (35.24%41.59)cB (2.36740. 21)bA
45 1 {CYI{LFEkk Fi screening strain (85.71=£2.47)bB (38. 40=42. 28)bcB (3.43=£0. 60)abA
%5 3 RYIfLE Rk F3 screening strain (100. 0040. 00)aA (45, 71=+1. 78)abAB (3.57=£0. 29)abA
5 5 fCYI{LFitk Fs screening strain (96.5541. 66)aA (44, 3542, 47)abcAB (3.5740. 63)abA
2 7 RUI{LFE Rk Fr screening strain (99. 6540. 61)aA (51. 8842. 76)aA (4.2140. 67)aA

D /NERIRE FE53 JIFARAE 0. 05 F1 0. 01 /K- (192 57 1w bk
Data followed by lowercase and capital letters indicate significant difference at 0. 05 and 0. 01 levels, respectively.
2.4.3 fLMEARE & RN E SCECH AT A T TS T EUROE BR L b 2y
A ORGSR ISR 7 AR R R E S R P TR R R R bR Y T i R R 2R A R
AR AR (F;  RF=8. 94) il F EME A5 R R WYL ZRIZES & N 22 19 70 SCRCH L 7= il 48 22 5
HRBFKRAERTIH LR FEN R HLZBY  ABFED,
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Table 7 Fitness parameters of Podosphaera xanthii sensitive and resistant mutant strains to hexaconazole

— P B RR/ % Gy AT AR AS T 2253 38U/ A FEff R/ X 10% A4S « mL~!
. Germination Numbers of germination Branch number per Sporulation
Strain . e .
percentage of conidia tube of conidia hypha quantity

(13.4441. 31)aA
(10. 71£0. 72)bA

HitEFE#k Resistant strain
TR R Sensitive strain

(2.5520. 06)aA
(2.2140. 01)bA

(3.24740. 11)aA
(2.7140. 30)aA

(6. 2540. 68)aA
(4. 2520. 40)aA
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S FHZ R YIE 5 3RAT AHTIE R AL bk (Fr  RE=
8. 94) FIEURK BTV =2 1] 14 5 4 7 000 2 45 SR R W ek
FAL R AU RS TR G 597 P PR R S Rk
AT A R P T e (B R 7 AU AT59R
A7 30 HITTLET A TIRRAFTE s IR LU IAE 20280 isk
SR TS R 2. AT TR S A AR AE 5 TR
A HLBIHE 80220 HYALBRH , HTIE SR AL WK AR AE R
AT SR e VRS B R LT HAR
PEIEEEAT B R 7 US54 85. 6990 RHTHE TR
BRATAE  RIDUEIRIEA RIS RE (R 8.
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Table 8 Competition ability of Podosphaera xanthii conidia

between sensitive and resistant mutant strains

AR Btk AR T AR 2/ 0
Culture Frequency of resistant mutant strain
generation 80+ 20 5050 2080
F 73.33 63. 16 28.77
F3 87.76 44,12 13. 11
Es 79.23 40. 58 5. 66
7 85. 69 31.03 2. 47

2.5 CMERERTEEAI 4 MEZBRRXEFH
TERM

O IR T 1 2 2 TR R %o T B I | Gt ek s | T

WA 7R 8 s T2 1) 0 M K 43 90 o 2. 86,1 09, 1. 85

A1 1. 04, B O e BB Pk 28 A8 B AR T X 4 251

ARFERH LTI ER D,
3 iTie

BN R A2 B IR & AE A T A B 1Y)
T T I B S R 24500 7 A TR
() AR B2 BT » B RO MR FE AR BRI 6T 1 A 0 7
HEATHTLY P e I AR 9 3 B v R 24 ) 2 — TR T
YEo fEPUPERS T SRR o T2 2y
P 5 1) 0 ) A, R I R TR R MR AR
TR » OIS A 8 3 R B 38 R RE RNy v B oy
%5, [E 4 Bardin 4857 fil Megrath 25080 5% ] [ {4 5
FRILT I S A TR E N LA R
TR I T A DRSS PRy TR X = e e 1Y 47T
PEo SR T W =2 M T 00 DX R T A TR ) e
PR IR 73 R 08 T 19 AN E R R 1
PRI o SR /IR IS B 1 17 X6 2 s st 1) U
SEIEAEHH 19 > FRY B AT O Ma i 2 30y A UK L A
AP T ECoo fE 17, 77~285. 54 pg/mL Ju [l
W WU R R FH = Fh 7 2 64T T 92 7=
ARAT 3 BRBUME 278 B bk . o rh 25 R 94k 3145 1 4t
PR AS TR (1 BTV e s » 6 50 A5 S 2450 9
AR TR BT IE A5 B AR L 52 055 S 10 TR R T PR A8 4K
T Z 8] B 5B g, 3 Fh AL 7 s
P TR IE A5 B8 W3 K, o 2570 9456 7
RTHERE BRI, 8. 94, R REHI M, X 5
PS50 5 R FH B AR I R 3 SR PR U 5 00 L B
TCRLFAE P A AR P 45 SR — 3
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Table 9 Tests of cross-resistance of 4 triazole fungicides

25 itk Bk ECso/pg + mL—!

Triazole fungicide ECs of resistant strain

PUHEAEEU(R/S)

Resistance index

HURTE IR ECso/pug » mL !

ECso of sensitive strain

PNERIE propiconazole 1 265. 92
FEmME flusilazole 1 011. 36
fi&5 /M myclobutanil 114. 57
T MRFE tebuconazole 1 570. 48

441. 98 2. 86
929. 39 1. 09
61. 93 1. 85

1 504. 87 1. 04

FRURR TR TR 2728 TR R A 1 2 P D0 2 e 1]
FLAtL 1 W S fe R IRL 23500 36 ho Al 48 by HAFLPE SR

AR BRI = R RO 7 W TR R bR
F ARSI e R 2R AN RS U R PR 1) 22 57
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