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Table 1  Sensitivity of the Phytophthora melonis to metalaxyl from different sampling areas
‘ No. of Ss* MRS" RS
Sampling area . Host
strains tested Number Frequency /% Number Frequency /% Number Frequency /%
Nanning ( ) 51 Wax gourd 23 45.1 7 13.7 21 41.2
14 Cucumber 2 14.3 2 14.3 10 71.4
Liuzhou( ) 6 Wax gourd 4 66.7 1 16.7 1 16.7
3 Cucumber 1 33.3 0 0 2 66.7
Chongzuo( ) 9 Wax gourd 3 33.4 2 22.2 4 44.4
Guilin( ) 22 Wax gourd 7 31.8 5 22.7 10 45.5
Yulin( ) 60 Wax gourd 14 23.3 11 18.3 35 58.3
Guangzhou( ) 5 Wax gourd 0 0 1 25 4 75
Yingde( ) 8 Wax gourd 1 12.5 3 37.5 4 50
Foshan( ) 6 Wax gourd 0 0 1 16.7 5 83.3
Taishan( ) 9 Wax gourd 1 11.1 2 22.2 6 66.7
Total 193 56 29.0 35 18. 1 102 52.8
* Sensitive strains. ° Moderately resistant strains. ° Resistant strains.
40% SS SS
( moderately resistant strain MRS) ; EC,,
100 pg/mL PDA o
40% ( resistant strain RS) . ( EC,,
1.3.2 EC., )
' 12 SS.10 MRS 16 RS 1.5 SS
0 9 cm
25 mL 0.1.1.0.10.0.100.0 pwg/mL SS
70 mm 1 24 SS
2 h PDA 54d PDA 28C
5 mm ( 5d 10 wg/mL  PDA
) 9 3 28C o 4 10 mm x 10 mm x
72 h Schwinn 2 3 mm 10 0
o Parafilm 28C o 7d
1.4 2-3d
PDA
1.3.1 RS MRS PDA
0.2.5.5.10.20.40.80.160.320.640. PDA 3-4
1280.2560 pg/mL  PDA SS 10 pwg/mL  PDA
0. 0.005. 0.01.0.05.0.1.0.5. 1.0, 5.0, (M) 0
10.0 pg/mL  PDA 1.4 M
28°C 4-64d o
3 o
2
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0 2.1
e 2.1.1 12007 - 2010 N
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Table 2 Control efficacy of matalaxyl against the Phytophthora melonis with different sensitivites to the fungicide in vitro
Type of No. of Average efficacy of metalaxyl against Phytophthora melonies " 1%
strain® strains tested CK 0.1 pg/mL I pg/mL 10 pg/mL 100 pg/mL
SS 12 — 33. 1A 64.3A 93.9A 100. 0A
MRS 10 — 25.4B 46.3B 57.6B 80.9B
RS 16 — 16.1C 28.0C 38.0C 52.2C
" SS MRS and RS represent sensitive moderately resistant and resistant strains respectively. " Values are the means of three replicates. Means in a

column with different capital letters are significantly different according to Duncan s range test at P =0.01.

2.2 N 108°29°E) 9 SS(
) 9 sS
EC,, EC,, EC,, 0. 0429
(22°16°  —0.5461 pg/mL 0.3200 +0. 1617 pg/mL



Yongguan Wu et al. /Acta Microbiologica Sinica(2011) 51( 8)

( 3). ss EC,  (0.3200 £0.1617 pg/
RS MRS 9 ml) .
3
Table 3 Metalaxyl sensitivities of the Phytophthora melonis strains from a sampling site where no phenylamide
fungicide application was recorded

Strain® Regression equation” Coefficient ( r) EC,, /( pg/mL) Average EC,, /( wg/mL)

NN Y =5.4063 +1. 1803 X 0. 9826 0.4527 0.3200 +0. 1617

NN-=2 Y =5.7277 +0.5321 X 0.9796 0. 0429

NN-3 Y =5.4409 +1.2949 X 0.9790 0. 4565

NN+4 Y =5.2939 +0.5964 X 0. 9656 0.3216

NN-5 Y =5.3017 +1.1483 X 0. 9839 0. 5461

NN-6 Y =5.5392 +1. 1838 X 0. 9904 0. 3504

NNI Y =5.4859 +1.0118 X 0.9756 0.3309

NN-8 Y =5.5757 +0.9840 X 0.9759 0. 2600

NN-9 Y =5.5093 +0.5506 X 0.9716 0.1189
* The strains were isolated from the samples of Taima village Nanxiao township in Nanning city ( ) where no phenylamide fungicide
application was recorded. " Y and X represent the probability of growth inhibition rates of each strain by metalaxyl and the , value of metalaxyl

concentration respectively.

2.3 EC,, (44.1%) 200 - 299 pg/mlL 18
193 EC,, (17.6%) 1000 pg/mL 4  (3.9%)( 4
2) .
. 56 SS EC,, 0.0429 - EC,,
1.3419 pg/mL EC,, EC,, 31.6960 —600.2936 pg/mL
31 49  (87.5%)  EC, 20 EC,,
0.1-0.99 pg/mL ;35 MRS EC, 13.7999 200 pg/mL . . .
—88.4706 pg/mL 6 EC, 5 .
;102 RS EC,, 96. 3968 2 ( YL45)
~1352.6135 pg/mL EC,, 4226.9( EC,, 1352.6135ug/mL)
14 EC, EC,, 200 pg/mlL
100 - 199 pg/mL 45 (4.

4

Table 4 Metalaxyl—resistant levels of Phytophthora melonis strains from different sampling areas
No, EC,, /(g /ml)”

of Average resistance

Sampling area

strains tested SS MRS RS Average index"

Nanning( ) 51° 0. 0429 -1.0030 13.7999 -70. 1981 100. 3162 —493. 8753 84.4845 264.0
14 0.7580 —1.3419  86.5215 -87.6105 139.3569 —1179. 1843  302. 6543 945. 8

Liuzhou( ) 6° 0.0948 - 1. 0296 75.5003 112.5323 31. 6960 99.1
3! 0. 4432 — 265.2011 —653.2382  306.2942 957.2

Chongzuo( ) 9° 0. 1817 -0.2081 25.1690 —46.7057 164. 8949 -560. 7992 131.7939 411.9
Guilin( ) 22° 0.2110 -0.7158  38.6897 —84.7166 109. 9920 - 382. 2395 92.3357 288.5
Yulin( ) 60° 0.1822 - 1.1538  22.8179 -88.4706 96.3968 - 1352. 6135  254.9521 796.7
Guangzhou( ) 5 — 63.7983 266. 7232 —988.5555  431.9225 1349. 8
Yingde( ) 8 0.3479 59.5723 -82.6926 248.3770 -660.3812  232.0840 725.3
Foshan( ) 6° — 66. 0330 517.5289 —1034. 1889  600. 2936 1875.9
Taishan( ) 9° 0. 2806 69.3489 —-81.5091 220.5518 —873.1300  292. 6248 914.5

*SS MRS and RS represent sensitive moderately resistant and resistant strains respectively. " Resistance index = EC,, of test strain( mutant) /EC,, of

baseline. © The strains were isolated from the diseased samples of wax gourd. ' The strains were isolated from the diseased samples of cucumber.
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Table 5 Change of Phytophthora melonis in metalaxyl sensitivity at different monitoring sites
Monitoring No. of strains b . f EC,,/( pg /mL)
o Year SS/% MRS /% RS/%
sites tested Range Mean
A 2007 11 27.3 18.2 54.5 0. 1822 - 677. 0486 177. 8121
2008 9 33.3 11.1 55.6 0. 1894 -705. 8741 196. 9800
2009 14 14.3 21.4 64.3 0.2575 - 1352. 6135 297.9298
2010 12 16.7 8.3 75.0 0.3939 - 1121. 1881 326.9354
B 2008 12 50.0 16.7 33.3 0. 0439 -253. 6659 66.3162
2009 11 36.4 9.1 54.5 0. 1017 -344.2344 100. 0978
2010 13 23.1 15.4 61.5 0.2214 -493.8753 138.2169
* Monitoring sites A and B are located at Taiyang village Yuzhou district ~ Yulin city ~ Guangxi ( ) (22°40°N 110°10°E)
and Yawang village Nanxiao township Nanning city Guangxi ( ) (22°22°N 108°30°E) respectively. " Sensitive strains.
° Moderately resistant strains. * Resistant strains.
2.5 o
5 SS 10 wg/mL  PDA
12 -18 d 4 o 3
PDA 2-3
10 wg/mL  PDA 3
(M) 1 Bl 14 mm 5
. 3 M —6d
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( 6). 15 -20 mm/24 h
M
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Table 6 Resistant levels of M| mutant of Phytophthora

melonis to metalaxyl

M; mutant . ., Coefficient EC;,/  Resistance

Regression equation . .

/Wild type’ (r) ( pg/mL) index

MRNN-5 Y =3.6853 +0.6528 X 0.9919 103.1024 322.2
NN-5 Y =5.3017 +1. 1483 X 0.9839 0.5461 1.7

MRNN-21 Y =3.0885+0.9778 X 0.9910  90. 1230 281.6
NN-21 Y =5.9072 +1.3855 X 0.9940 0.2214 0.7

MRNN=25 Y =3.1640 +1. 1597 X 0.9848 263.6942 824.0
NN=25 Y =5.1599 +1.3287 X 0.9911 0. 7580 2.4

" The M mutants MRNN-5 MRNN-21 and MRNN-=25 were isolated from
the wild type parent strains NN-5 NN-21 and NN-25

wild type parent strains were derived from the samples collected from

respectively. The

Nanning city ( ). " Y and X represent the probability of growth
inhibition rates of each strain by metalaxyl and the log,, value of metalaxyl
concentration respectively. ° Resistance index = EC,; of test strain
( mutant) / EC,,of baseline.
EC,,
(100 pg/mL) YL36 LY-54
40.7%  42.6%
2
EC,, 705. 8741 pg/ml  343.9376 pg/mL
1
8
25
26
N () 9
RS RS
RS
RS

80

RS .
RS
(RS 50% ); RS
27 28 29
M!
M
870.1800. 5000 .
5 0SS 60%
407
~ ()
15-16
, RS
RS .
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Field resistance of Phytophthora melonis to metalaxyl in
South China

Yongguan Wu'® Shaofeng Lu® Siliang Huang Gang Fu® Liang Chen® Dasen
Xie’ Qiqin Li' Zhenlu Cen’

' College of Agriculture Guangxi University Nanning 530005 China

® Guangxi Academy of Agricultural Sciences Nanning 530007 China

* College of Life Sciences and Technology Nanyang Normal University Nanyang 473061 China

* College of Agriculture Yangtze University Jingzhou 434025 China

* Vegetable Research Institute Guangdong Academy of Agricultural Sciences Guangzhou 510640 China

Abstract Objective Phytophthora melonis is the casual agent of wax gourd and cucumber Phytophthora blight which
becomes a constraint for sustainable production of the related crops. Metalaxyl is one of the principal fungicides for
controlling the disease now. The objectives of the present study were: (1) to investigate the baseline sensitivity and field
resistance of P. melonis to metalaxyl in South China; (2) to test the occurrence of metalaxyl-resistant mutants from
metalaxyl-sensitive wild type strains exposed to the fungicide; and (3) to monitor the development of metalaxyl resistance
in P. melonis population. Methods Over 400 samples of wax gourd and cucumber Phytophthora blight were collected
from Guangxi Zhuang Autonomous Region and Guangdong province during 20072010 and 193 strains of P. melonis were
isolated and purified. The sensitivity of the isolated strains to metalaxyl was tested using mycelial growth rate method in
vitro and floatingdeaf-disk method in vivo respectively. The metalaxyl-sensitive strains were induced on PDA plates
containing 10 pg/mL metalaxyl. Results The sensitive moderately resistant and resistant strains were recorded as
29.0% 18.1% and 52.8% respectively among 193 tested strains. The frequency and level of resistance of P. melonis
from Guangdong were higher than that from Guangxi. The strains from cucumber was generally more resistant to metalaxyl
than those from wax gourd. The metalaxyl—esistant strains were frequently detected as predominant populations in most of
the sampling sites and the highest resistance index (4226.9) was confirmed. Metalaxyl-resistant ( M!) mutants could be
isolated from approximately 60% of the sensitive wild-type strains. The resistance level of the M| mutants was 189 — 407
times higher than that of their sensitive parental strains. The EC, values of 9 sensitive strains from a sampling site without
a record of phenylamide fungicide application ranged from 0. 0429 to 0. 5461 pg/mL. Their mean EC,, value (0.3200 =+
0.1617 pg/mL) was considered as the baseline sensitivity of P. melonis to metalaxyl in South China. Conclusion
Metalaxylresistant strains universally occur in South China especially in the vegetable—growing areas with a longer history
of metalaxyl application. The establishment of the baseline sensitivity of P. melonis to metalaxyl will provide a science—
based guide for evaluating and further monitoring resistance of the pathogen to the fungicide.

Keywords: Phytophthora melonis metalaxyl fungicide resistance baseline sensitivity test
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