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Abstract

The two-spotted spider mite, Tetranychus urticae Koch is one of the major pests of strawberry
in Thailand. It has a short life cycle and outbreak can occur rapidly. Growers usually apply acaricides
to control this pest. However, prolonged was of acaricides often results in reduced control efficacy.
This research aimed to study the resistance of several acaricides including pyridaben, propargite,
fenpyroximate, tebufenpyrad, spiromesifen and abamectin in two-spotted spider mite on strawberry.
Ten mite populations were collected from Nan, Chiang Mai, Phetchabun, Loei, and Chiang Rai
Province. They were mass reared under laboratory conditions at Mite and Spider Research Group,
Department of Agriculture until reaching F2 generation. The experiment was conducted separately
for each mite population and each acaricide using leaf-dipping technique. Twenty adult female mite
per replication were placed onto a mungbean leaf treated with various concentrations of acaricide.
Each treatment contained at least 4 replications. Mortalities of two-spotted spider mite were recorded
at 72 hrs after treatment. The LCsg, LCog and resistance factor (RF) were then calculated. The results
revealed that acaricide resistance differed among populations of two- spotted spider mite from Nan,
Chiang Mai, Phetchabun, Loei, and Chiang Rai. Mite population from Mae Rim, Chiang Mai (CMI-MR)
were highly resistance to pyridaben (RF = 74.48) and propargite (RF = 81.71) while population from
Samoeng Tai, Samoeng, Chiang Mai (CMI-ST1) were highly resistant to spiromesifen (RF = 56.36)
Therefore, in order to get effective spider mite control and to slow down acaricide resistance
development, strawberry growers should avoid using acaricides which have been identified as high

resistance in those respective areas
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wazti1en Resistance factor, RF 113nnNguusensnusefumusumiu (Resistance Categories) Fail
RF < 10 Ao sEeuduNIUA (Low Resistance, LR),
RF11-40 @Ap s¥aumumulIunane (Moderate Resistance, MR),
RF41-60 @A® Szﬁuéf’mmugﬂ (High Resistance, HR)
RF > 60 fa sEAUAUNIUGIN (Very High Resistance, VHR)

vnsiTeuliisuan Lo vedlsansgaunazszuinidudianududuresarsnusnsi wugi
(LCo¢/recommended field rate; ppm) @ 1135989 Morse and Brawner (1986) Wi elduspiumnuduniy
seasiinlslulsansyadszynidng q @Ensuurivesansindals pyridaben = 150 ppm, propargite = 450
ppm, fenpyroximate = 50 ppm, tebufenpyrad = 54 ppm, spiromesifen = 96 ppm Wag abamectin = 18 ppm)

KANITNAABIATINTA]

HANSANWITEAUANUAUIUA1SARLsTulsaegnnNnguUsErInTene 4 3nTanintii (NAN-AN)
Weslual (CMI-MR, CMISST1, CMI-ST2, CMI-BL1, CMI-BL2 wag CMI-KP) wesysad (PNB-TS) tag (LEINS) wae
\T89318 (CR-PP) (Table 1) wudtemudumuseansiidalsfivuldlunisinuadsd uandrafuluusiay
nauUsEYInTYedlsaniyn

AMUAUNIUADANIN13ALS pyridaben WuTINguUsEINslIaeIgaNTanTauIL (NAN-AN) Ay
dumuseansidnlsifigrannguusssnsinun Sahulfduiiuisuieudedassduaudiuniu
wagnuInguusznslsassgeandmin@edui (CMI-MR) fisgauannudiuniugein (VHR) lngden RF =
74.48 111 1A LCoy/ recommended field rate = 6,202.35 1911 589a911A8 CMI-KP way CMI-BL1 dseau
AMUAUNIUYIUNATS (MR) HA1 RF = 21.93 wag 11.40 11 m1udiy uagila LCy/recommended field
rate = 1,618.52 uay 78.14 11 auawiu (Table 2)

ANUAUNIUABASNAALS propargite WUIMNAUUsEYINILERsgnandminleadlug (CMI-KP) Siaau
drumuseansidnlsifigrannguusssnsinun Sahulfduiiusuieudedassduaudiuniu
wagnuInguusznslsassgeandmia@edui (CMI-MR) fisgauannudiuniugesin (VHR) lngien RF =
81.71 111 uazA1 L s/ recommended field rate = 48.23 i1 s83a911AanquUseyIngbsa@aagn LENS,
CMI-BL1, CMI-BL2, CRI-PP, PNB-TS wag NAN-AN Hszaua1ua1uniuliunas (MR) lawilan RF = 37.88,
19.81,14.99, 14.40, 13.65 wag 10.31 Wi mua iy uagilan LCo/recommended field rate = 64.24, 6.33,
4.36,7.52, 8.34 uay 3.99 i1 awawiu (Table 3)

AUATUNIUADEITANIALS fenpyroximate wm'mauUau?jfmﬂﬁaawmmﬂmmmmu (NAN-AN) i1
audumuseansiialdifiananngudszrnsiun Sahulfdufuuisudeudodaseduan
Ay uagnuinguussvnslsgesgaandminlieddyal (CMST2 uaz CMI-BLL) SlseAuanusumuliunay
(MR) lagdien RF = 20.79 way 14.66 i1 aua1iu wagilen LCy/recommended field rate = 5,652.21 way
3,070.69 i1 muaeu (Table 4)

ANUMUNIUABAITAANLT tebufenpyrad WuTNENUTEIINTLIaRRA NI M InNYsysed (PNB-TS) 4l
anudunuseasiialinignainnguussginsienun Suihanldidusuuisuiisuiedaseduaa
AUV UagNUTNgUUTEYINTlansgn CMIBLL, NAN-AN uag CMI-BL2 fisgauaanusiuniudiunans (MR)
TnediA1 RF = 25.72, 18.18 way 17.43 i1 #nua1au kazilAn LCo/recommended field rate = 8.43, 7.32
WaY 6.62 W1 AuaRu (Table 5)
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ANUAUADNIUETIANAALT spiromesifen WUINGUUTEYINTLIAD99ANI N IATelval (CMI-BL2) &
Anufunuseasdalsifianannguuszansieun Sahuldiduilieudeuiiedaseduay
AU kaznunguUsEIINslsaesgandamindedvi (CMI-ST1) dsgduanusiuniugs (HR) lagilan
RF = 56.36 111 kazA1 LCo/recommended field rate = 8,829.60 111 583ad1AanguUseynslsaedgnan
FNTAUIU (NAN-AN) dszauanusunuliunas (MR) 41 RF = 35.35 11 wagA LCo/recommended
field rate = 297.50 wi1 (Table 6)

AUATUNIUADENT abamectin WuIINGUUTEYINTITARIAINTInTadoalud (CMI-MR) da3y
Frumusoansidalsshiigaanngulssansiomne Sahaldiduiiisudesuiiedaseduausuniy
wagnuINAuUsEYINslsaesgnandmin@edd (CMI-STL wag CMI-KP) dsgaunnnuduviuliunans (MR)
IgilAn RF = 16.02 uag 12.49 i1 muEdU uawdldn LCs/recommended field rate = 439.71 wag 410.02 i1
AawU (Table 7)
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propargite (Nquens 120) Lﬁmmmemﬂﬂﬁamﬁmﬁisﬁumméﬁumuqqum (VHR) (RF = 74.48 uag 81.71
Wi ML) §a Sharma and Bhullar (2018) fe@namuduynuseansidnls proparite Tulsaesgauay
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Fmiadedwl inwnsnsffugnansediuess mawasunldansillsaomeiimnudumusi wasvudoungduans
WlevzaonsiaunanuFunudeasiidals

dmsuil umvaazdeld snuneazids Saniadesluy (CMSTY) arsnanidesnisldarsidals
spiromesifen (nguans 23) e nlsassaniisziuanudumnIugs (HR) (RF = 56.36 1¥i1) Teaonadadiu
ATeve4 Patil et al. (2019) AidnwIANLFIUNILANSA13ALS spiromesifen lulsapsqa T. urticae Koch
1NUTEVINITNMBUUMLEVRITINTUYNE Usenaduiily wudl daA1AuduniudIunans Lnynsnsgdgn
ansofwesTluiuiisnoanis Smindednl amsdounldamsidalsidanudunud wasmuiou
nguans WlevrasnsiaLANIFuudeansi1dals

Turuedifiug fuasisunlas s1nodesa (NAN-AN) Saviaunu suaaaddd suneasds (M-
ST2) AuatIumaIe 816030uNa9 (CMI-BLL waz CMIFBL2) siruatia1 81bne90unae (CMI-KP) 3913
Wedlnl duavjsaue gunewwiaa (PNB-TS) Fainmeysysal duawngid snneidiesaiu (LE-NS) Jswiniae
wagdualtann sunausians (CRI-PP) Saminideene o1aldarsmdnlsiiauduniusiniy ngluusay
anugnliimswuasudasnguiu 3 ads uazngainmsldaanguiuuiu 1 Wou ievgasnsamianm
fumuseansmInlslulsansyn
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Table 1 Population and collected locations of two spotted spider mite, Tetranychus urticae Koch,

on strawberry in Thailand

No. Population Location Province GPS

1 NAN-AN Ai Nalai, Wiang Sa District Nan N 18.537414, E 100.667619
2 CMI-MR Mae Raem, Mae Rim District Chiang Mai N 18.936497, E 98.815307
3 CMI-ST1 Samoeng Tai, Samoeng District Chiang Mai N 18.862169, E 98.704434
a4 CMI-ST2 Samoeng Tai, Samoeng District Chiang Mai N 18.854997, E 98.752465
5 CMI-BL1 Ban Luang, Chom Thong District Chiang Mai N 18.545733, E 98.518091
6 CMI-BL2 Ban Luang, Chom Thong District Chiang Mai N 18.543997, E 98.517866
7 CMI-KP Khuang Pao, Chom Thong District Chiang Mai N 18.440788, E 98.678559
8 PNB-TS Thung Samo, Khao Kho District Phetchabun N 16.689481, E 100.991876
9 LEI-NS Na Sao, Chiang Khan District Loei N 17.804685, E 101.674583
10 CRI-PP Pong Pha, Mae Sai District Chiang Rai N 20.373800, E 99.882259

Table 2 Toxicity of pyridaben 20% WP against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%Cl) LCoo (ppm) (95%Cl) Slope (+SE) RFY LCoo Resistance
/Recommended categories”
field rate”
NAN-AN 39.12 (14.01-109.27) 1,384.93 (495.88 - 3,867.92) 0.83 (+0.23) 1.00 9.23 LR
CMI-MR 2,913.56 (531.57 - 15969.53)  930,352.20 (169,738.27 - 5,099,352.11) 0.51 (+0.37) 74.48 6,202.35 VHR
CMI-ST1 206.18 (52.19 - 814.47) 33,072.46 (8,372.10 - 13,046.69) 0.59 (£0.30) 5.27 220.48 LR
CMI-ST2 280.02 (107.25-731.12) 8,644.58 (3,310.88 - 22,570.65) 0.87 (£0.21) 7.16 57.63 LR
CMI-BL1 445.85 (180.02 - 1104.22) 11,721.59 (4,732.88 - 29,030.03) 0.93 (+0.20) 11.40 78.14 MR
CMI-BL2 288.64 (91.20 - 913.53) 18,667.76 (5,898.23 - 59,083.06) 0.71 (£0.26) 7.38 124.45 LR
CMI-KP 857.79 (176.38 - 4171.69) 242,777.60 (49,920.09 - 1,180,706.38)  0.53 (+0.35) 21.93 1,618.52 MR
PNB-TS 32556 (161.03 - 658.22) 3,637.88 (1,799.34 - 7,355.00) 1.22 (+0.16) 8.32 24.25 LR
LEI-NS 79.21 (35.54-176.58) 1,331.48 (597.29 - 2,968.12) 1.05 (+0.18) 2.02 8.88 LR
CRI-PP 270.74 (90.27 - 812.04) 14,285.07 (4,762.74 - 42,845.78) 0.75 (+0.24) 6.92 95.23 LR

Y RF = Resistance Factor = LCsy value of each population/LCs, value of population with the lowest value
| Cgg /Recommended field rate of pyridaben 20% WP (150 ppm)
% Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance
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Table 3 Toxicity of propargite 30% WP against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%Cl) LCoo (ppm) (95%CI) Slope (+SE) RFY LCoo Resistance
/Recommended categories®”
field rate”
NAN-AN 255.31 (14453 - 451.01) 1,793.69 (1,015.39 - 3,168.56) 1.55(+0.13) 10.31 3.99 MR
CMI-MR 2,023.91 (957.01 - 4,280.22) 21,705.33 (10,263.42 - 45,902.95) 1.24 (x0.17) 81.71 48.23 VHR
CMI-ST1 405.49 (270.15 - 608.64) 1,461.63 (973.78 - 2,193.89) 2.31 (0.09) 16.37 3.25 MR
CMI-ST2 228.77 (128.66 - 406.77) 1,579.14 (888.09 - 2,807.90) 1.54 (+0.13) 9.24 351 LR
CMI-BL1 490.63 (290.75 - 827.92) 2,983.01 (1,767.76 - 5,033.66) 1.67 (+0.12) 19.81 6.63 MR
CMI-BL2 371.36 (22820 - 604.32) 1,959.77 (1,204.29 - 3,189.18) 1.83 (x0.11) 14.99 4.36 MR
CMI-KP 24.77 (3.67-167.26) 18,220.43 (2,697.71 - 12,3061.31) 0.45 (+0.42) 1.00 40.49 LR
PNB-TS 338.08 (172.45 - 662.79) 3,751.84 (1,913.75 - 7,355.33) 1.26 (+0.15) 13.65 8.34 MR
LEI-NS 938.36 (358.67 - 2,455.00) 28,907.48 (11,049.18 - 75,629.37) 0.86 (+0.21) 37.88 64.24 MR
CRI-PP 356.58 (191.83 - 662.82) 3,385.28 (1,821.20 - 6,292.62) 1.38 (+0.14) 14.40 7.52 MR

Y RF = Resistance Factor = LCsg value of each population/LCsg value of population with the lowest value
¥ Ratio LCep = LCop/recommended field rate of propargite 30% WP (450 ppm)
¥ Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance

Table 4 Toxicity of fenpyroximate 5% SC against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%Cl) LCyso (ppm) (95%Cl) Slope (+SE) RFY LCoo Resistance
/Recommended categories”
field rate?
NAN-AN 3397 (15.26 - 75.63) 611.10 (274.50 - 1,360.41) 1.04 (+0.18)  1.00 12.22 LR
CMI-MR 39.58 (26.30 - 59.57) 144.64 (96.11 - 217.67) 2.31(x0.09) 1.17 2.89 LR
CMI-ST1 261.76 (81.77 - 837.93) 14,547.41 (4,544.47 - 46,568.09) 0.73 (£0.26) 7.71 290.95 LR
CMI-ST2 706.19 (124.75 - 3997.68) 282,610.72 (49,923.08 - 1,599,837.64)  0.49 (+0.38) 20.79 5,652.21 MR
CMI-BL1 497.86 (95.62 - 2592.14) 153,534.53 (29,488.66 - 799,386.94) 0.51 (+0.37) 14.66 3,070.69 MR
CMI-BL2 263.83 (112.89 - 616.66) 4,070.50 (1,741.52-9,514.12) 1.08 (x0.19) 7.77 81.41 LR
CMI-KP 95.64 (47.76 - 191.51) 1,069.62 (534.17 - 2,141.81) 1.23(x0.15) 2.82 21.39 LR
PNB-TS 38.19 (12.24-119.17) 2,393.26 (766.89 - 7,468.80) 0.72 (+0.25) 1.12 a7.87 LR
LEI-NS 209.44  (35.06 - 1251.20) 133,668.65 (22,374.35 - 798,562.08) 0.46 (+0.40) 6.17 2,673.37 LR
CRI-PP 110.02 (31.90 - 379.42) 9,783.09 (2,861.80 - 33,443.60) 0.66 (£0.28) 3.24 195.66 LR

Y RF = Resistance Factor = LCsq value of each population/LCso value of population with the lowest value
¥ Ratio LCop = LCeo/recommended field rate of fenpyroximate 5% SC (50 ppm)

¥ Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance
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Table 5 Toxicity of tebufenpyrad 36% EC against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%Cl) LCoo (ppm) (95%CI) Slope (+SE) RFY LCoo Resistance
/Recommended categories®”
field rate”
NAN-AN 50.36 (27.85-91.06) 395.42 (218.67 - 715.03) 1.44 (+0.13) 18.18 7.32 MR
CMI-MR 9.41 (4.74-18.69) 66.65 (33.56 - 132.37) 1.52 (x0.15) 3.40 1.23 LR
CMI-ST1 20.32 (11.49 - 3591) 130.56 (73.86 - 230.78) 1.63(x0.13) 7.34 242 LR
CMI-ST2 18.03 (7.44 - 43,68) 385.06 (158.92 - 933.02) 0.97 (+0.20) 6.51 7.13 LR
CMI-BL1 71.25 (41.34 - 122.78) 455.34 (264.23 - 784.67) 1.60 (x0.21) 25.72 8.43 MR
CMI-BL2 48.28 (27.06 - 86.15) 357.57 (200.38 - 638.06) 1.48 (x0.13) 17.43 6.62 MR
CMI-KP 9.03 (3.45-23.63) 206.24 (78.77 - 540.04) 0.94 (+0.21) 3.26 3.82 LR
PNB-TS 277 (0.82-9.29) 102.43 (30.50 - 343.99) 0.82 (+0.27) 1.00 1.90 LR
LEI-NS 4.66 (1.83-11.90) 71.85 (28.16 - 183.33) 1.10 (x0.21) 1.68 1.33 LR
CRI-PP 14.4 (7.38-28.07) 121.08 (62.10 - 236.10) 1.40 (+0.15) 5.20 224 LR

Y RF = Resistance Factor = LCsg value of each population/LCsg value of population with the lowest value
% Ratio LCeg = LCop/recommended field rate of tebufenpyrad 36% EC (54 ppm)

¥ Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance

Table 6 Toxicity of spiromesifen 24% SC against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%CI) LCoo (ppm) (95%CI) Slope (+SE) RFY LCoo Resistance
/Recommended categories”
field rate?
NAN-AN 1,214.02 (454.63 - 3,659.50) 28,559.73 (10,066.345 - 81,028.21) 0.96 (+0.23) 35.35 297.50 MR
CMI-MR 412.25 (133.39-1,274.10) 21,260.42 (6,879.03 - 65,707.66) 0.75 (+0.25) 12.00 221.46 MR
CMI-ST1 1,935.36 (321.10-11,664.80) 847,641.24 (140,636.01 - 5,108,902.57) 0.48 (+0.40) 56.36 8,829.60 HR
CMI-ST2 178.36 (97.30 - 326.94) 1,393.06 (7,593.96 - 2,553.58) 1.44 (+0.13) 5.19 14.51 LR
CMI-BL1 323.63 (139.41 - 749.58) 5,709.25 (2,462.17 - 13,238.56) 1.03 (x0.19) 9.42 59.47 LR
CMI-BL2 34.34 (14.77 - 79.86) 660.73 (284.15 - 1,536.37) 1.01 (x0.19) 1.00 6.88 LR
CMI-KP 140.11 (41.78 - 469.79) 11,306.93 (3,372.06 - 37,913.53) 0.67 (x0.27) 4.08 117.78 LR
PNB-TS 202.50 (115.30 - 355.63) 1,386.88 (789.68 - 2,435.71) 1.60 (+0.13)  5.90 14.45 LR
LEI-NS 315.78 (116.42 - 856.55) 10,855.00 (4,001.89 - 29,443.80) 0.85 (+0.22) 9.20 113.07 LR
CRI-PP 241.71 (137.11 - 426.10) 1,518.55 (861.41 - 2,677.000) 1.62 (x0.13) 7.04 15.82 LR

Y RF = Resistance Factor = LCsq value of each population/LCso value of population with the lowest value

¥ Ratio LCop = LCgo/recommended field rate of spiromesifen 24% SC (96 ppm)

¥ Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance
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Table 7 Toxicity of abamectin 1.8% EC against Tetranychus urticae Koch collected from various
strawberry fields in Thailand in 2019

Population LCso (ppm) (95%Cl) LCoo (ppm) (95%CI) Slope (+SE) RFY LCoo Resistance
/Recommended categories®”
field rate”
NAN-AN 2359 (10.70- 51.97) 426.07 (193.35 - 938.86) 1.05(x0.18) 2.01 23.67 LR
CMI-MR 11.76 (3.71-37.24) 763.43 (241.06 - 2,417.78) 0.70 (x0.26) 1.00 42.41 LR
CMI-ST1 188.36 (59.80 - 593.34) 7,914.73 (2,512.63 - 24,931.21) 0.8 (£0.25) 16.02 439.71 MR
CMI-ST2 44.34 (2150 - 91.45) 542.86 (263.20 - 1,119.67) 1.20 (x0.16) 3.77 30.16 LR
CMI-BL1 12.38  (6.56 - 23.36) 114.51 (60.69 - 216.07) 1.34 (+0.14) 1.05 6.36 LR
CMI-BL2 71.36 (12.82-397.27) 35,712.90 (6,414.70 - 198,826.27) 0.48 (+0.38) 6.07 1,984.05 LR
CMI-KP 146.91 (51.01 -423.11) 7,380.35 (2,562.54 - 21,256.08) 0.85 (+0.23) 12.49 410.02 MR
PNB-TS 35.98 (15.58 - 83.08) 695.20 (301.07 - 1,605.31) 1.00 (x0.19)  3.06 38.62 LR
LEI-NS 42.46 (15.63-115.38) 1,493.14 (549.54 - 4,056.96) 0.83(x0.22) 3.61 82.95 LR
CRI-PP 12.06 (5.85 - 24.88) 155.44 (75.36 - 320.62) 1.16 (+0.16) 1.03 8.64 LR

Y RF = Resistance Factor = LCsg value of each population/LCsg value of population with the lowest value
¥ Ratio LCp = LCop/recommended field rate of abamectin 1.8% EC (18 ppm)

¥ Resistance categories; VHR = Very High Resistance, HR = High Resistance, MR = Moderate Resistance, LR = Low Resistance
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