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Table 1. Name, location, host plant and background of pesticide application on Trialeurodes
vaporariorum populations used in study.

Population Collection region Host Treatment Treatment history  Collection
Strain history with with other year
neonicotinoids pesticides
LAB-S Laboratory Cucumber (Cucumis No No 2015
sativus)
ZD Zibadasht (Alborz province) Tomato (Solanum No No 2015
lycopersicum)
KG Karaj Agriculture and Natural Tomato Yes Yes 2017
Resources College
KT Karaj Agriculture and Natural Cantaloupe (Cucumis No Yes 2017
Resources College melo)

VF Varzeqgan (East Azarbaijan) Pepper (Capsicum sp.) No No 2017

FS Fardis (Alborz province) Lantanas (Lantana sp.) Yes Yes 2016

FSH Fardis (Alborz province) Geranium (Pelargonium Yes Yes 2016

sp.)
CHY Chaharbagh (Alborz province) Arabian jasmine No Yes 2017
(Jasminum sambac)
CHK Chaharbagh (Alborz province) Cucumber (Cucumis No Yes 2017
sativus)
CHH Chaharbagh (Alborz province) ~ Watermelon (Citrullus sp.) Yes Yes 2017
CHS Chaharbagh(Alborz province) Geranium (Pelargonium No Yes 2016
sp.)

VKH Golzar (Varamin, Tehran China hibiscus Yes Yes 2016
province) (Hibiscusrosa-sinensis)

VG Golzar (Varamin, Tehran Gerbera (Gerbera sp.) Yes Yes 2018
province)

VGR Golzar (Varamin, Tehran Gerbera (Gerbera sp.) Yes 2018
province)
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Table 2. Specifications of pesticides used in bioassay tests

Active substance Formulation Mode of action Dosage Manufacturer
: . Confidor - S .
Imidacloprid SC35% Agonist of nicotinic acetylcholine receptor  0.6-0.7L/1000L Gyah
. - - Proteus Agonist of nicotinic acetylcholine receptor
Thiacloprid+deltamethrin oD 110 sodium channel modulator 1 L/ha Bayer
Thiamethoxam+lambda- Eforia Agonist of nicotinic acetylcholine receptor
cyhalothrin SC247 sodium channel modulator 0.4 L/1000L Syngenta
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Table 3. Responses of Trialeurodes vaporariorum second-instar nymphs to imidacloprid. Resistance
factors (RFs) relative to LAB-S are given for all populations.

Strain N? LCso (mg/L) CL95% Slop #SE) Intercept (+SE) ' RF?
LAB-S® 300 19.32a* 15.24-24.23 1.61 (+0.28) -2.08(x0.37) 3.71 -
ZD 300 49.02b 44.98-53.58 3.63 (x0.60) -6.14 (+1.00) 3.71 2.54
KG 300 437.80c 396.88-481.5 3.80 (x0.60) -10.20 (+1.58) 3.20 22.66
KT 300 515.50c 460.91-578.5 3.38 (x0.57) -9.18 (¥1.54) 1.56 26.68
VF 300 308.38d 277.19-341.5 3.45 (x0.55) -8.58 (¥1.38) 1.4 15.96
FS 300 368.29cd 317.04-428.30  2.55 (+0.36) -6.56 (+0.93) 3.85 19.60
FSH 300 364.22cd 323.62-412.40  3.26 (¥0.52) -8.35 (x1.32) 3.71 18.85
CHY 300 632.92e 576.58-695.60  3.83 (+0.56) -10.72 (£1.58) 2.32 32.76
CHK 300 228.12f 190.04-273.90  2.05 (+0.33) -4.83 (x0.79) 231 11.80
CHH 300 314.39cd 276.79-351.59  3.27 (x0.50) -8.165 (+1.26) 4.49 16.27
CHS 300 513.58ce 462.69-567.14  3.54 (x0.61) -9.60 (x1.65) 2.35 26.58
VKH 300 601.20e 532.60-686.10  3.02 (+0.46) -8.38 (x1.26) 2.23 31.12
VG 300 567.99¢ 480.66-666.95  2.20 (+0.31) -6.07 (+0.85) 2.10 29.40
VGR 300 856.20g 689.171116.20  1.58 (+0.26) -4.60 (x0.73) 2.80 44.30

1. The total number of 2" nymph used for bioassay test

2. RF represents the resistance factor which was calculated by dividing the LCso of a field population by LCso of
Susceptible strain (LAB-S)

3. Susceptible strain

4. Different letters indicate significant difference between strains, based on overlapping 95% CL (Confidence limits)

of LCso values.



v

Ve Jle o oyles V) e ¢ Al BT Sl

2 S, Sy ol Cwddy LCso e e ol
YYANY VGR Camex sl 5 AP (plu Come
sls DL 1y sl BV Caglie & 55 2 5 0 8 e
Erdogan et al., ) o, 5 Ol gs,l (F Jod>)
an S Gl Sltin Comex VY Cnles (2021
L N
N el 5 o el s Wi 515 S 55 51 ol sels
3V MY S e sl 18 byl s)ee s 5 5L
9 0F0 5 LS SO ol 53 Caglie pl, VV/F
ok S5 ladis sl gl Cwslas ply VPP

s S B F

@‘Q&Méﬁ&@@)&ﬁ)ﬂf@j)b
Olea 5 K5 SLS 5 L oS5 55 Zuslie S5 el
N . R = =
e Slae) s gl 358 SIS S5 slaes STLos S
&L.L:Mg';.:wajr)l.& u\}&m cVGRC.a?a.n:-}J
(e 5 ARsk 2l 03 g ST 4 S IS
g 5 b 4 Cad ARLLST el e
& Zaglie &8 5l Ol @l 23S 15 abi) s,
4 4 St Conlas 2l Eol b SToes!
e Camex gl L 5l LCso i s 9 Lyl
YYV/E pslie Comar (sl 5 O0/0A S8 eSUlin

L aln OA ;36 2alS o LT sy 2 50 8 o

5ol 4 S b IS el 4 el 5 o 5la Trrialeurodes vaporariorum s o sbee 5 Comluo =¥ Jgut

.@‘aﬁ@@LAB'SW&‘jQ}OM}\J«&B—LCSOQw%jﬁs\j@junw.wﬂjﬂ

Table 4. Responses of imidacloprid resistant and sensitive strains of Trialeurodes vaporariorum
second-instar nymphs to Eforia® and Proteus®. Resistance factors (RFs) relative to LAB-S are given
for each compound.

Strain Pesticide LCso(mg/L) CL95% Slope (+SE) Intercept (+SE) G RF!
LAB-S? imidacloprid 19.32a 15.24-24.23 1.61(+0.28) -2.08 (+0.37) 3.71 -
VGR imidacloprid 856.20c 689.17-1116.2 1.58 (+0.26) -4.60 (£0.73) 2.80 44.30
S Eforia 55.58b 50.49-62.70 3.89 (£0.62) -6.78 (+0.62) 2.05 -
VGR Eforia 322.40d 288.75-360.76 3.37 (£0.57) -8.45 (+£1.44) 1.82 5.80
S Proteus 48.60b 43.68-54.31 3.45 (x0.57) -5.82 (£0.78) 1.34 -
VGR Proteus 228.12d 190.04-273.9 2.05 (£0.33) -4.83 (£0.78) 2.30 4.70

1. RF represents the resistance factor which was calculated by dividing the LCso of a field population by LCso of

Susceptible strain (LAB-S) for each compound
Susceptible strain

N

3. Different letters indicate significant difference between strains, based on overlapping 95% CL (Confidence limits)

of LCso values.
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Table 5. Susceptibility to imidacloprid in different strains of Encarsia formosa originated from
imidacloprid resistant and susceptible host

Strain Host L Cso(mg/L)(CL95%) Slope *SE) Intercept (+SE) G
LAB-S Sensitive whitefly 317.75 (212.15-423.75) a! 2.61 (+0.88) -6.54 (£2.25) 1.55
R Resistant whitefly 324.70 (249.43-409.67) a 3.04 (+0.85) -7.63 (+2.16) 2.01
F Field collected 388.70 (264.20-477.50) a 3.14 (£1.05) -8.12 (+2.80) 4.82

1. Different letters indicate significant difference between strains, based on overlapping 95% CL of LCso values.
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Abstract

The greenhouse whitefly, Trialeurodes vaporarium (Westwood), is an invasive insect pest of
agriculture and horticulture worldwide. Imidacloprid as chemical pesticide has been used as a key
pesticide for controlling sap-sucking pests and play a major role in controlling this pest. The main
purpose of this study was investigation of resistance status of T. vaporarium to imidacloprid SC 35%
(Confidor®) and cross resistance to Eforia® and Proteus® and effect of imidacloprid resistance on
Encarsia formosa Gahan. Thirteen greenhouse whitefly populations were collected from greenhouses
and fields and used for tests. Collected populations reared on cucumber plants under laboratory
conditions at 25+2°C, 7010 % relative humidity and a photoperiod of 16:8 h (L: D). The LCs values
were estimated on the second instar nymphs for all populations using leaf dipping bioassay method.
The VGR population showed highest LCs, that was 856.2 mg/L. The development of resistance to
imidacloprid was confirmed for all tested populations with resistance factors ranging from 2.54 to
44.3. The most resistant strain showed cross resistance to Eforia® and Proteus®. There was no
significant difference between LCs values of E. formosa populations that collected form field, reared
on the most resistant population and sensitive population of T. vaporarium. The LCses were 388.7,
324.7 and 317.7, respectively. We discuss our results in regard to the evolve of imidacloprid resistance
in T. vaporariorum populations and its implications for whitefly control.
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