DOI:10.6661/TESFE.2012002 aEE s Formosan Entomol. 32: 25-40 (2012) 9L ERE Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Susceptibility of the Field Diamondback Moth (Plutella xylostella) to Several Recommended
Insecticides in Taiwan [Research report]

NFEHE2IES SR BT NHERZMRERNEmARZHEEENNEL [(HEHRS]
Ju-Chun Hsul, 2* Tin-Yi Kung1#, Pei-Fang Liu3#, Jian-You Li3#, and Hai-Tung Feng3*
SFUNEL2Y - BRERL# - BIMIS3# - FTEME3# - HEBHR3*
*BHEEE-mail [F juchun@ntu.edu.tw, feng@tactri.gov.tw
Received: 2012/02/12  Accepted: 2012/02/28  Available online: 2012/03/01

Abstract

The diamondback moth (Plutella xylostella, DBM) is a major pest of cruciferous vegetables, because of its ability to quickly
develop a high level of resistance towards insecticides. To establish the insecticide susceptibility baseline for future comparison,
susceptible DBM strains that were collected from the field several decades ago were used to establish and generate data. Twenty-
one tested insecticides consisted of six organophosphates (mevinphos, profenofos, chlorpyrifos, naled, and phenthoate), two
carbamates (methomyl and carbofuran), four pyrethroids (deltamethrin, fenvalerate, cypermethrin, and permethrin), three
nereistoxin (bensultap, cartap, and thiocyclam hydrogen oxalate), three antibiotic insecticides (abamectin, emamectin benzoate
and spinosad), and three others (indoxacarb; fipronil and chlofenapyr). Also, in order to gain a better understanding and collect
additional data on the susceptibility of field DBM to registered insecticides for use as a comparison baseline and as a control strain
for reference purposes, we used cabbage leaves dipped in insecticides to test a total of twelve field populations of DBM collected
from different regions of Taiwan in 2003 and 2006. Twenty insecticides (except prothiofos) were used to test the susceptibility on
the second instar larvae of F1 and F2. Results showed that DBM from different regions of Taiwan showed diverse levels of
susceptibility to methomyl, carbofuran, fenvalerate, and permethrin showing LC50 concentrations that were ten times higher than
the Plant Protection Manual said. As a result of the low insecticide susceptibility of the indoor assays, the following insecticides are
not recommended for use against DBM. Carbofuran, fenvalerate, permethrin, abamectin, and fipronil all showed high degrees of
resistance variation (10-100 times), and the LC50 values were also higher than indicated in the Plant Protection Manual. Therefore,
at this time, these insecticides are not recommended for use against DBM until their susceptibility levels have returned to pre-use
levels, and their use as an insecticide has been fully reviewed. After two years of research, we have concluded that mevinphos,
naled, cartap, thiocyclam hydrogen oxalate, and emamectin benzoate are the most appropriate insecticides to use against DBM,
but because DBM rapidly develops resistance to these insecticides, the susceptibility data should be subject to regular updates.
Insecticides should be used in rotation so as to extend their duration of efficient use.
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Table 1. The chemical group, nominal concentration, formulation and field recommendation concentration of
registered insecticides on the diamondback moth in Taiwan
Common name  Chemical group Nominal Formulation® Field Commercial
concentration recommendation Date
Mevinphos Organophosphate 10% EC-SL 286 mgl! < 1985-06-01
Naled Organophosphate 58% EC 580 mgL! < 1985-06-01
Phenthoate Organophosphate 50% EC 500 mgL* < 1985-06-01
Profenofos Organophosphate 43% EC 430 mgL! < 1985-06-01
Prothiofos Organophosphate 50% EC 333 mgL! < 1985-06-01
Carbofuran Carbamate 40.64% SC 338.7mgL? < 1985-06-01
Methomyl Carbamate 40% SG -~ SP 266.7 mgL' < 1985-06-01
25% SG 277.8 mgL!
Cypermethrin ~ Pyrethroid 5% WP -EW - ME - EC 33.3mgL’ < 1985-06-01
Deltamethrin ~ Pyrethroid 2.8% EW-EC 28 mgL™* < 1985-06-01
Fenvalerate Pyrethroid 10% EC 33.3mgL’ < 1985-06-01
20% EW - EC 50 mgL™
20% WP - TB 40 mgL!
5% EC 25 mgL™*
Permethrin Pyrethroid 10% WP EC 33.3 mgL! 1977-08-24
Chlopyrifos + Organophosphate + 25% EC 250 mgL! < 1985-06-01
Cypermethrin  Pyrethroid
Bensultap Nereistoxin analogue 50% WP 500 mgL! 1990-06-29
25% EC
Cartap Nereistoxin analogue 50% SP 500 mgL* 1985-06-01
hydrochloride
Thiocyclam Nereistoxin analogue 90% Sp 450 mgL! 1985-06-01
hydrogen oxalate
Indoxacarb Oxadiazine 14.5% SC 58 mgL! 2001-11-09
Fipronil Phenylpyrazole 4.95% SC 24.8 mglL! 1986-02-27
Chlorfenapyr pyrrole 10% SC 100 mgL™ 1996-10-01
Abamectin Antibiotic 2% EC 10 mgL™* 1992-07-07
Emamectin Antibiotic 2.15% EC 10.75 mgL! 1998-11-04
benzoate
Spinosad Antibiotic 11.6% SC 38.7 mgL! 1998-11-04

1EC, emulsifiable concentrate; EW, emulsion, oil in water; ME, micro-emulsion; SC, suspension concentrate; SG,
water soluble granules; SL, soluble concentrate; SP, water soluble powder; TB, tablet; WP, wettable powder.
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Table 2. The diamondback moth (Plutella xylostella) collection dates and locations

Location 2003 2006

Location Date Location Date
Hsinchu Jhubei Feb. 19 Hsinbu Feb. 26
Taichung Waufong Feb. 7 Waufong Mar. 13
Changhwa Fenyuan Feb. 18 Shetou Mar. 3
Yunlin Linna Feb. 13 Tuku Mar. 8
Chiayi Jungbu Feb. 11 Jhuci Feb. 23
Kaohsiung — — Yanchao Apr. 27
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Table 3. The susceptibility baseline of the diamondback moth (Plutella xylostella) to twenty-one registered insecticides

used in Taiwan

Insecticide Slope + SE LCs, (ug/mL) (95% FL) LCy (ng/mL) (95% FL)
Mevinphos! 3.94+0.54 34.7 (23.8-50.6) 73.4 (50.4-197)
Mevinphos® 2.08 = 0.31 42.0 (32.6-54.9) 175 (118-337)
Mevinphos® 1.77 £ 0.23 45.0 (34.0-59.5) 238 (157-454)
Chlorpyrifos® 2.58 = 0.35 93.0 (61.3-146) 292 (176-961)
Naled? 2.92 +0.39 124 (100-152) 340 (258-520)
Phenthoate? 3.09 = 0.46 21.6 (17.6-27.2) 56.0 (41.2-93.7)
Profenofos’ 1.17+0.15 90.0 (39.2-468) 1120 (285-660,000)
Prothiofos® 2.29 +0.33 117 (89-149) 423 (99-718)
Carbofuran’ 1.58 £ 0.27 47.6 (26.4-201) 307 (103-13,800)
Carbofuran® 1.69 £ 0.24 108 (79.2-144) 618 (400-1,240)
Methomyl 2.22 +0.35 625 (380-1,750) 2350 (1070-36,100)
Cypermethrin® 2.38 = 0.42 50.4 (38.7-74.6) 174 (106-451)
Deltamethrin’ 1.76 £ 0.18 11.8 (6.94-18.1) 63.6 (38.0-158)
Deltamethrin® 3.64 = 0.46 28.4 (24.4-32.7) 63.8 (52.4-85.6)
Fenvalerate' 1.95 + 0.20 19.5 (12.4-27.9) 88.3 (56.3-197)
Permethrin’ 4.67+0.73 17.0 (14.5-20.1) 32.0 (25.9-45.5)
Bensultap? 2.62 = 0.37 60.2 (47.5-75.0) 184 (137-292)
Cartap’ 1.03 £ 0.24 143 (73.0-666) 2510 (574-113,000)
Cartap® 1.14 £ 0.20 136 (84.2-200) 1800 (924-6,490)
Thiocyclam hydrogen oxalate 0.72+0.20 83.7 (36.6-942) 5060 (582-8,760,000)
Indoxacarb? 2.46 = 0.34 13.6 (10.6-17.0) 44 (31.4-76.1)
Abamectin’ 1.29 + 0.28 0.72 (0.21-1.29) 7.14 (4.56-15.8)
Abamectin® 1.28 + 0.22 0.42 (0.24-0.61) 4.21 (2.49-10.8)
Emamectin benzoate? 2.38 +£0.32 0.919 (0.708-1.17) 3.16 (2.27-5.21)
Spinosad! 1.97 £ 0.33 13.7 (4.68-22.7) 60.5 (33.8-364)
Spinosad? 3.96 = 0.55 15.3 (12.8-18.3) 32.2 (25.8-45.4)
Fipronil' 3.36 = 0.46 3.00 (2.50-3.65) 7.25 (5.70-10.5)
Fipronil® 2.81+0.39 3.44  (2.09-6.71) 9.82 (5.5-65)
Chlorfenapyr? 2.73 = 0.42 9.23  (7.43-12.0) 27.2 (18.9-50.7)

1The 988 strain used for testing in 2003, 2 the 944 strain used for testing in 2006 and > the 944 strain used for

testing in 2010.
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Table 4. The susceptibility of the field diamondback (Plutella xylostella) moth to 20 recommended insecticides in

Taiwan

Insecticide parameters LCs (ug/mL) LCyy (ng/mL) RR?
Location Slope + SE (95% FL) (95% FL)

Mevinphos
Taichung® 2.76 + 0.39 176 (134-229) 514 (372-838) 5.07
Changhwa' 2.05 = 0.20 163 (74.6-365) 686 (321-8,670) 4.70
Yunlin! 3.39 £0.45 175 (101-303) 418 (256-1,950) 5.04
Chiayi' 2.31+0.32 283 (212-382) 1,020 (689-1,860) 8.16
Hsinchu? 2.45 +0.34 156 (123-196) 518 (377-861) 2.96
Taichung? 2.14 +0.31 197 (152-256) 778 (532-1,480) 4.46
Changhwa? 2.79 +0.39 264 (214-332) 757 (553-1,260) 4.33
Yunlin? 2.55 +0.34 173 (111-273) 546 (329-1,860) 3.13
Chiayi? 3.07£0.43 115 (78.2-162) 301 (204-690) 1.72
Kaohsiung® 2.64 +0.32 118 (94.7-146) 359 (269-546) 2.06

Chlorpyrifos
Hsinchu? 2.52+0.34 214 (170-271) 688 (493-1,160) 2.36
Taichung? 2.53 +0.36 262 (209-335) 785 (592-1,480) 2.69
Changhwa? 2.95 +0.41 244 (200-304) 662 (493-1,050) 2.27
Yunlin? 1.77+0.28 168 (123-226) 884 (556-2,030) 3.03
Chiayi 3.71 £ 0.50 182 (125-269) 401 (271-1,050) 1.38
Kaohsiung? 3.16 £ 0.48 184 (151-228) 1,330 (352-739) 1.61

Naled
Hsinchu? 3.38 £0.45 197 (162-238) 468 (370-683) 1.38
Taichung? 2.26 + 0.38 112 (88-139) 337 (252-532) 0.99
Changhwa? 2.94 +0.39 261 (213-322) 711 (535-1,095) 2.09
Yunlin? 2.90 = 0.42 122 (97-150) 338 (258-518) 0.99
Chiayi 3.11+0.41 185 (125-280) 475 (307-1,296) 1.40
Kaohsiung? 2.58 + 0.31 185 (130-269) 577 (373-1,349) 1.70
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Table 4. continued.

Insecticide parameters LCjsy (ng/mL) LCyy (ng/mL)

3
Location Slope + SE (95% FL) (95% FL) RR
Phenthoate
Hsinchu? 1.74 + 0.28 303 (225-415) 1,650 (993-4,120) 29.43
Taichung® 1.88 £0.35 479 (359-690) 2,300 (1,360-5,990) 41.02
Changhwa® 2.54 +0.37 158 (122-198) 500 (373-799) 8.93
Yunlin? 2.58 = 0.27 380 (303-482) 1,190 (852-2,030) 21.26
Chiayi2 2.57 £ 0.35 247 (161-380) 778 (472-2,460) 13.90
Kaohsiung? 2.61 £0.31 361 (255-521) 1,120 (722-2,560) 20.00
Profenofos
Hsinchu! - - - - - -
Taichung! 1.66 = 0.28 1,020 (751-1,440) 6,070 (3,510-16,900) 11.3
Changhwa' 1.60 £ 0.22 474 (332-684) 2,990 (1,790-6,730) 5.27
Yunlin! - - - - .
Chiayi' 1.24 £ 0.27 1,920 (1,270-3,950) 20,600 (7,750-219,000) 21.3
Hsinchu? 2.08 £ 0.31 718 (549-986) 3,106 (1,950-7,110) 7.35
'I‘aichung2 2.12 £0.31 546 (330-1,021) 2,201 (1,140-15,200) 5.21
Changhwa? 3.21£0.42 496 (408-609) 1,254 (963-1,880) 2.97
Yunlin? 1.78 £ 0.29 405 (299-546) 2,127 (1,345-4,790) 5.03
Chiayi2 1.96 £ 0.31 585 (447-792) 2,637 (1,670-5,810) 6.24
Kaohsiung? 2.01£0.31 606 (366-1,137) 2,525 (1,290-18,200) 5.98
Carbofuran
Hsinchu! 1.19+£0.26 697 (427-1,060) 8,250 (3,800-50,500) 14.6
Taichung! 1.05 £0.21 1,390 (873-3,040) 23,200 (7,700-265,000) 19.2
Changhwa' 1.71 £0.29 728 (367-1,310) 4,100 (1,980-40,900) 15.3
Yunlin! 1.31£0.28 3,750 (2,130-12,500) 35,500 (11,100-570,000) 78.8
Chiayi! 0.56 = 0.19 3,016 (1,234-81,900) 556,000 (470,000-3,520,000) 63.4
Methomyl
Hsinchu! 1.57 £0.29 2,300 (1,390-3,230) 15,100 (9,540-36,100) 3.68
Taichung! 2.18 £ 0.33 8,500 (6,620-11,400) 32,900 (21,400-69,200) 13.6
Changhwa' 0.72 = 0.25 3,570 (1,020-7,260) 220,000  (43,500-746,000,000) 5.71
Yunlin! 2.75 £ 0.44 11,600  (9,300-15,400) 33,900 (23,300-66,400) 18.6
Chiayi! 1.50 £ 0.28 4,570 (1,750-10,500) 32,600 (12,900-2,930,000) 7.31
Cypermethrin
Hsinchu? 2.41 +0.35 283 (168-454) 958 (585-3,170) 5.62
Taichung® 1.68 £0.29 609 (447-915) 3,520 (1,940-11,200) 12.1
Changhwa? 2.85 = 0.38 500 (330-785) 1,410 (866-4,540) 9.93
Yunlin® 3.88 £ 0.53 419 (352-500) 898 (718-1,260) 8.32
Chiayi2 2.71 £ 0.36 356 (287-444) 1,063 (796-1,670) 7.06
Kaohsiung? 2.54 = 0.35 644 (514-824) 2,056 (1,450-3,590) 12.8
Deltamethrin
Hsinchu! 2.16 = 0.31 78.7 (60.8-102) 308 (213-563) 6.67
Taichung! 1.52 £0.19 52.0 (36.2-77.2) 366 (211-849) 441
Changhwa' 2.48 = 0.35 123 (77.2-185) 405 (250-1,210) 10.4
Yunlin! 0.86 = 0.16 252 (86.8-5,030) 8,770 (1,040-25,400,000) 214
Chiayi! 4.13 £ 0.67 375 (316-455) 768 (601-1,170) 31.8

/NRIIBUR A R e T EE SO 31



=M (@)

Table 4. continued.

Insecticide parameters LCs (ng/mL) LCy (ng/mL) RR®
Location Slope + SE (95% FL) (95% FL)
Fenvalerate
Hsinchu! 1.31+0.27 277 (95.0-551) 2,650 (1,030-151,000) 14.2
Taichung® 1.26 + 0.20 695 (434-1,370) 7,200 (2,980-36,300) 35.6
Changhwa' 2.16 +0.31 505 (320-889) 1,980 (1,060-10,050) 25.9
Yunlin' 1.74 + 0.40 354 (206-536) 1,930 (1,090-7,120) 18.2
Chiayi 0.80 = 0.17 2,660  (1,020-20,800) 107,000 (15,400-11,300,000) 136
Permethrin
Hsinchu! 1.19+0.28 230 (91.6-366) 2,740 (1,480-11,900) 13.5
Taichung® 1.06 + 0.20 628 (410-1,030) 10,000 (4,150-63,000) 36.9
Changhwa' 1.93 +0.30 502 (266-845) 2,310 (1,230-13,900) 29.5
Yunlin® 1.37 +0.22 803 (572-1,220) 6,870 (3,540-22,700) 472
Chiayi 1.25+0.23 1,860 (923-12,700) 19,800 (4,920-4,470,000) 109
Bensultap
Hsinchu® 1.81 +0.28 659 (493-908) 3,380 (2,070-8,060) 10.9
Taichung? 2.24 +0.33 384 (295-489) 1,440 (1,020-2,510) 6.37
Changhwa? 2.33+0.32 465 (282-757) 1,650 (951-6,590) 7.72
Yunlin? 1.71 £ 0.28 609 (451-849) 3,480 (2,070-9,050) 10.1
Chiayi® 2.76 + 0.37 486 (391-607) 1,420 (1,060-2,220) 8.07
Kaohsiung® 2.42 +0.35 792 (627-1,050) 2,690 (1,820-5,180) 13.2
Cartap
Hsinchu! 1.97 +0.26 15.8 (6.30-36.6) 70.6 (31.8-726) 0.11
Taichung® 2.83 +0.46 144 (110-192) 408 (284-767) 1.01
Changhwa' 1.02+0.14 35.5 (15.2-66.9) 646 (242-8,300) 0.25
Yunlin® 1.75+0.24 84.3 (60.2-124) 456 (271-1,050) 0.59
Chiayi 1.66 + 0.23 90.4 (63.7-135) 534 (309-1,290) 0.63
Thiocyclam hydrogen oxalate
Hsinchu! 2.53 +0.35 74.2 (41.3-132) 239 (134-1,390) 0.89
Taichung® 0.80 £ 0.14 31.9 (12.9-184) 1,300 (212-269,000) 0.38
Changhwa' 2.42 + (.33 93.4 (73.9-119) 317 (227-539) 1.12
Yunlin' 2.08 = 0.46 128 (86.0-297) 530 (246-3,480) 1.53
Chiayi 2.39 = 0.65 83.7 (61.7-146) 288 (159-1,750) 1.00
Indoxacarb
Hsinchu? 1.16 + 0.26 381 (231-588) 4,817 (2,320-34,300) 28.03
Taichung? 1.83 +0.29 363 (266-482) 1,806 (1,170-3,840) 26.7
Changhwa? 2.41+0.33 433 (344-549) 1,479 (1,060-2,520) 31.9
Yunlin? 2.35 +0.36 351 (305-504) 2,289 (1,220-3,510) 25.8
Chiayi® 3.13+0.43 290 (235-352) 743 (574-1,100) 21.3
Kaohsiung® 2.07 +0.26 265 (168-405) 1,099 (652-3,200) 19.5
Abamectin
Hsinchu' 1.15+0.16 18.0 (2.67-65.4) 233 (64.5-56,900) 25.0
Taichung’ 0.94+0.14 415 (22.7-68.5) 948 (452-3,230) 57.6
Changhwa' 0.94 +0.16 7.29 (3.23-12.7) 168 (84.4-536) 10.1
Chiayi' 1.47 +0.20 24.8 (7.18-61.6) 184 (71.2-3,380) 34.4
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Table 4. continued.

Insecticide parameters LCjsy (ng/mL) LCyy (ng/mL)

3
Location Slope + SE (95% FL) (95% FL) RR
Emamectin benzoate
Hsinchu? 2.62 +0.35 5.07 (3.37-7.68) 15.6 (9.68-45.1) 5.52
Taichung? 1.74 +0.28 6.02 (4.47-8.35) 32.9 (19.8-83.1) 6.55
Changhwa® 1.76 + 0.28 4.79 (3.49-9.97) 25.5 (16.1-56.7) 5.21
Yunlin? 2.31+0.32 5.78 (4.51-7.43) 20.7 (14.5-36.3) 6.28
Chiayi® 2.65 +0.34 7.43 (5.95-9.37) 22.6 (16.3-38.0) 8.08
Kaohsiung® 2.34 +0.31 5.39 (4.30-6.94) 19.0 (13.4-32.9) 5.86
Spinosad
Hsinchu! 1.35+0.21 13.7 (8.0-92.0) 60.5 (42.8-4,104) 0.95
Taichung® 1.31+0.18 13.0 (84.0-201) 116 (273-1,030) 3.55
Changhwa' 1.09 +0.15 48.6 (42.0-111) 461 (202-1,008) 1.87
Yunlin® 1.12+0.17 25.6 (38.0-118) 378 (203-925) 1.92
Chiayi 2.44 +0.36 26.3 (505-928) 363.6 (580-1,470) 18.1
Hsinchu? 2.37+0.32 16.3 (8.89-26.2) 56.4 (33.4-203) 1.07
Taichung? 1.97 +0.30 40.7 (31.1-53.9) 182.1 (118-382) 2.66
Changhwa® 1.59 +0.28 35.3 (25.6-50.7) 224.3 (120-693) 2.31
Yunlin® 2.37+0.36 30.9 (18.2-53.6) 106.8 (59.6-564) 2.02
Chiayi® 2.41+0.35 41.1 (32.6-53.2) 139.6 (96.4-258) 2.69
Kaohsiung® 2.68 = 0.36 24.7 (16.1-36.8) 73.9 (46.4-210) 1.61
Fipronil
Hsinchu! 3.03 = 0.40 46.0 (29.6-74.5) 122 (75.0-415) 15.3
Taichung® 1.43+0.18 15.7 (6.70-33.2) 123 (52-890) 5.22
Changhwa' 1.71+0.20 39.0 (23.8-58.0) 218 (126-720) 13.0
Yunlin' 1.75 +0.22 57.5 (25.9-146) 310 (128-3,350) 19.2
Chiayi 3.09 = 0.55 89.5 (67.0-117) 233 (170-404) 29.8
Hsinchu? 3.24 +0.44 89.3 (52.9-145) 221 (138-879) 26.0
Taichung? 2.69 = 0.37 34.0 (27.2-42.1) 101 (76.0-159) 9.89
Changhwa® 3.67 +0.50 63.6 (52.9-76.4) 143 (113-205) 18.5
Yunlin® 2.30 +0.36 118.6 (92.5-163) 425 (275-939) 34.4
Chiayi® 3.09 = 0.46 54.6 (43.6-66.8) 141 (110-214) 15.9
Kaohsiung® 2.01+0.31 59.6 (45.7-78.2) 249 (166-491) 17.3
Chlorfenapyr
Hsinchu? 2.79 = 0.40 66.2 (52.1-82.0) 191 (144-297) 7.18
Taichung? 1.82+0.29 84.9 (63.0-114) 430 (272-961) 9.20
Changhwa? 1.91+0.31 247.2 (185-366) 1,150 (662-3,230) 26.8
Yunlin® 2.49 +(0.34 115.5 (69.0-199) 384 (218-1,900) 12.5
Chiayi® 2.46 +0.38 52.1 (38.0-66.2) 175 (129-286) 5.65
Kaohsiung® 2.26 + (.32 98.9 (76.8-125) 363 (258-644) 10.7

! The field collection in 2003, ? in 2006.
3 RR: The LCs, of the field population/LCs, of the susceptible strain.
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Fig. 1. The values of LCso and LCq for the field diamondback moth (Plutella xylostella) for 20 tested insecticides

collected in 2003 and 2006 in Taiwan.
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Fig. 2. The values of the resistance ratio (RR) of various field diamondback moths (Plutella xylostella) for 20 tested

insecticides, collected in 2003 and 2006 in Taiwan.
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Table 5. The correlation of the RR values of the diamondback moth (Plutella xylostella) to various insecticides
between various locations (Spearman rank order correlations)

Hsinchu Taichung Changhwa Yunlin Chiayi
Taichung 0.83* 0.78* 0.83% 0.71%
Changhwa 0.81* 0.78% 0.90% 0.72%
Yunlin 0.87* 0.83% 0.90* 0.80%
Chiayi 0.72% 0.71% 0.72*% 0.80%
Kaohsiung 0.95% 0.90% 0.83* 0.92% 0.85%

*p < 0.05.
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Table 6. The correlation between the RR values of the diamondback moth (Plutella xylostella) from various locations
tested by various insecticides (Spearman rank order correlations)

A B C D E F G H I J K L M N O P Q@ R 8§
B o071 1 -075 066 -037 -020 -0.03 0.37 -0.09 -0.26 040
C -032 075 1 084+ -012 017 0.20 0.06 0.52 -0.03 -0.10
D 037 066 -0.84* 1 031 -0.03 -0.03 0.03 026 -0.26 -0.20
E 025 -037 -012 031 1 049 1 1 -049 050 -050 1 050 050 -0.31 026 -0.05 -0.14
F -066 -020 017 -003 049 1 -0.09 -0.49 026 -0.77 0.80
G 0.80 1 1070 070 070 1 070 030 0.60 0.90% 0.60
H 020 1 070 1 020 030 070 070 030 0.80 0.60 0.10
I 031 -003 020 -003 -049 -0.09 1 -0.31 -0.03 0.09 -0.50
J 040 0.50 0.70 020 1 03 070 0 070 -0.40 040 090
K 080 -0.50 0.70 030 030 1 070 080 -020 0.60 0.90% 0.10
L 080 1 1070 070 07 1 070 030 0.60 0.90% 0.60
M 080 0.50 0.70 0.70 0 08 070 1 -030 0.80 0.90% -0.10
N -0.60 0.50 0.30 030 070 -02 030 -030 1 -0.80 -0.10 050
0 066 037 006 003 -031 -049 -0.31 1 -0.60 -0.09 0.10
P 050 0.60 0.80 040 060 060 080 -0.80 1 0.60 -0.20
Q -026 009 -052 026 026 -026 -0.03 -0.60 1 066 -050
R 047 -026 -003 -026 -005 -0.77 090* 0.60 0.09 040 090* 090* 090* -0.10 -0.09 060 066 1 -0.08
S 017 040 -010 -020 -0.14 080 060 0.10 -050 090* 0.0 060 -0.10 050 0.10 -0.20 -0.50 -0.08 1
T 054 037 026 -031 -0.89% -0.09 049 0.31 -0.60 -0.20 0.30
A: Mevinphos; B: Chlorpyrifos; C: Naled; D: Phenthoate; E: Profenofos; F: Bensultap; G: Carbofuran; H:

Methomyl; I: Cypermethrin; J: Deltamethrin; K: Fenvalerate; L: Permethrin; M: Cartap; N: Thiocyclam hydrogen
oxalate; O: Indoxacarb; P: Abamectin; Q: Emamectin benzoate; R: Spinosad; S: Fipronil; T: Chlorfenapyr.
*p < 0.05.
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ABSTRACT

The diamondback moth (Plutella xylostella, DBM) is a major pest of
cruciferous vegetables, because of its ability to quickly develop a high level of
resistance towards insecticides. To establish the insecticide susceptibility
baseline for future comparison, susceptible DBM strains that were collected
from the field several decades ago were used to establish and generate data.
Twenty-one tested insecticides consisted of six organophosphates (mevinphos,
profenofos, chlorpyrifos, naled, and phenthoate), two carbamates (methomyl
and carbofuran), four pyrethroids (deltamethrin, fenvalerate, cypermethrin,
and permethrin), three nereistoxin (bensultap, cartap, and thiocyclam hydrogen
oxalate), three antibiotic insecticides (abamectin, emamectin benzoate and
spinosad), and three others (indoxacarb; fipronil and chlofenapyr). Also, in
order to gain a better understanding and collect additional data on the
susceptibility of field DBM to registered insecticides for use as a comparison
baseline and as a control strain for reference purposes, we used cabbage leaves
dipped in insecticides to test a total of twelve field populations of DBM
collected from different regions of Taiwan in 2003 and 2006. Twenty
insecticides (except prothiofos) were used to test the susceptibility on the
second instar larvae of F1 and F2. Results showed that DBM from different
regions of Taiwan showed diverse levels of susceptibility to methomyl,
carbofuran, fenvalerate, and permethrin showing LCs, concentrations that
were ten times higher than the Plant Protection Manual said. As a result of the
low insecticide susceptibility of the indoor assays, the following insecticides are
not recommended for use against DBM. Carbofuran, fenvalerate, permethrin,
abamectin, and fipronil all showed high degrees of resistance variation (10-100
times), and the LCj, values were also higher than indicated in the Plant
Protection Manual. Therefore, at this time, these insecticides are not
recommended for use against DBM wuntil their susceptibility levels have
returned to pre-use levels, and their use as an insecticide has been fully
reviewed. After two years of research, we have concluded that mevinphos,
naled, cartap, thiocyclam hydrogen oxalate, and emamectin benzoate are the
most appropriate insecticides to use against DBM, but because DBM rapidly
develops resistance to these insecticides, the susceptibility data should be
subject to regular updates. Insecticides should be used in rotation so as to
extend their duration of efficient use.

Key words: susceptibility, Plutella xylostella, insecticides, baseline
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