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Extended Abstract

1. Introduction: The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), is one of the
most serious pests affecting tomato (Solanum lycopersicum L.) production worldwide. Originally from
South America, it has rapidly spread to many regions, causing severe damage to both open-field and
greenhouse tomato crops. Chemical insecticides have long been the primary tool for managing this pest.
However, the intensive and often unregulated use of these chemicals has led to widespread resistance in
many populations, greatly reducing the effectiveness of several commonly used insecticides. Thiocyclam
hydrogen oxalate is among the insecticides recommended for controlling T. absoluta. It acts as a
neurotoxin, disrupting nerve function by blocking the ion channels of nicotinic acetylcholine receptors
(nAChRs), ultimately leading to paralysis and death in the insect. Despite its effectiveness, the repeated
use of thiocyclam may lead to resistance over time, making it essential to monitor susceptibility levels
and explore ways to enhance its efficacy .Understanding the resistance status and underlying mechanisms
of T. absoluta to thiocyclam in regions like Iran, where tomato cultivation is widespread, is crucial for
developing effective resistance management strategies. In this study, we evaluated the susceptibility of
T. absoluta populations to thiocyclam hydrogen oxalate and investigated the use of synergists to
potentially restore or enhance the insecticide’s potency. These findings aim to support integrated pest
management (IPM) approaches and ensure more sustainable control of this highly invasive pest.

2. Materials and Methods: The population of T. absoluta was collected from different greenhouses in Iran.
The population with the lowest LC50 was selected as the sensitive population for the bioassay
experiments. The insects were collected in 2020 and tested in the laboratory of Mohaghegh Ardabili
University. The insecticidal efficacy of thiocyclam hydrogen oxalate alone and in combination with
piperonyl butoxide (PBO) (monooxygenase inhibitor), diethyl maleate (DEM) (inhibitor of glutathione
S-transferase), and triphenyl phosphate (TPP) (carboxylesterase inhibitor) was evaluated. For
experiments with synergists, concentrations of 1000 ppm for TPP and 200 ppm for DEM and PBO were
prepared. The bioassay was performed with second instar larvae, with leaves immersed for ten seconds.
Laboratory conditions were 25+1°C, 60% RH, and 16:8 hours of light. A total of eight populations from
Iranian greenhouses were studied with five replicates, five concentrations, and ten insects per replicate.
Larvae were exposed to the synergists for 2 hours before being used for the bioassay test.

3. Results and Discussion: Based on the bioassay of the insecticide thiocyclam hydrogen oxalate on
different populations of 7. absoluta in the second larval instar, different levels of susceptibility can be
observed between populations, and the resistance ratio in 7. absoluta populations of Ardabill, Yasouj,
Borujen, Yazd, Bushkan, Kerman, Esfahan, and Ardabil2 was 3.65,2.70, 3.05, 1.71, 1.63, and 1.062 fold,
respectively. The population in Ardabill was the most resistant population, with a 3.65-fold resistance
ratio and an LCsy value of 275.12 mg/L. The population in Yasouj was the most sensitive population,
with an LCsg value of 82.75 mg/L. Synergistic effects on resistant and sensitive populations to thiocyclam
hydrogen oxalate insecticides showed that the synergist piperonyl butoxide had the greatest reduction in
LCsp in different populations of 7. absoluta. In addition, the population in Ardabill had the highest
resistance ratio, with the synergistic effects of piperonyl butoxide, diethyl maleate, and triphenyl
phosphate on the tomato leaf miner being 1.95, 1.83, and 1.76-fold, respectively. The highest rate of
synergists in the Yazd and Ardabill populations was related to the PBO synergist, which reduced the
LCsp from 252.27 and 275.12 mg/L (without insecticide) to 102.15 and 141.18 mg/L (larvae were exposed
to the synergist). In the Yasouj population, the synergist ratio was slightly reduced for PBO, but for DEM
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and TPP, the synergist ratio was not reduced or was very low. The results show that the use of the
insecticide thiocyclam hydrogen oxalate with the synergists piperonyl butoxide, diethyl maleate, and
triphenyl phosphate increased the toxicity and decreased the resistance of thiocyclam hydrogen oxalate.
4. Conclusion: In general, the results seem to indicate that thiocyclam hydrogen oxalate is still effective
against tomato leaf miner, and that resistance levels are not critical. Synergists can be used to delay low
resistance, reduce spray pressure for this insecticide, and use alternative insecticides. The results of this
research will be useful for managing the resistance of tomato leaf miner moths to this insecticide.
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Table 2- Lethal Concentration 50 %( LC50), 95% 9 CI Confidence interval, and parameters of the response lines of larvae (second instar) of different populations of 7.
absolua to the insecticide thiocyclam hydrogen oxalate.
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Ardabil
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Yasouj
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Kerman
O] 91.31(64.68-158.71) 35.47 (22.28- 49.488) 920.34 (389.725 - 6143.827) 1.63(0.99-2.69) 1.28+0.25 2.64 250 0.0044
Esfahan

RR: resistance ratio (LCso resistant/LCso susceptible)
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Figure 1- Diagram of logarithm dose and response percentage in some 7. absoluta populations in
greenhouses of Iran (The population that shows the highest slope of the dose-response line. It
shows less resistance than other populations to the insecticide thiocyclam hydrogen oxalate)
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Table 4. The effect of synergists on the toxicity of thiocyclam hydrogen oxalate insecticide on the 2nd
instar larvae of 7. absoluta.

Coro> IRCELENVWAS 03USS LS S ().uJ » f;éﬁo) LCso )5i.u‘ LAS SEiJa}M

Population Synergist (SR) ao,8 A0 licebsl sgas Chi- Square Slop£SE
2o,0 A0 yliebl g0 LCs=SE
SR+SE (mg a.i. L-1)

No synergist - 275.12 (179.68-817.39) 0.29 0.42+0.42
o)) PBO 1.95 (0.90-4.23) 141.18 (99.99-370.54) 0.84 2.05+0.58
Ardabill DEM 1.83 (0.82-04.08)  150.44 (104.09-436.03) 1.01 2.01+0.57
TPP 1.76 (0.74-4.20) 156.05 (101.69-561.94) 0.03 1.66+0.47
No synergist - 91.31(64.68-158.71) 2.09 1.44+0.29
Ol PBO 1.34 (0.81-2.23) 59.14(44.13-99.35) 0.17 1.72+0.39
Esfahan DEM 1.09 (0.66-1.81) 72.84(53.69-116.09) 1.91 1.39+0.28
TPP 1.11 (0.62-2.01-) 71.42(50.13-156.63) 1.17 1.53+0.39
No synergist - 82.75(66.4-118.26) 0.69 1.99+0.42
zb PBO 1.21 (0.84-1.73) 68.60 (56.77-114.40) 0.60 2.81+0.87
Yasouj DEM 1.02 (0.71-1.46) 81.25 (65.54-114.80) 1.34 2.03+0.44
TPP 0.92 (0.62-1.37) 89.88 (70.31-141.38) 0.76 1.84+0.42
No synergist - 128.65 (95.03-207.18) 1.93 1.454+0.28
O&og PBO 1.12 (0.67-1.88) 114.36 (83.29-186.31) 1.52 1.32+0.27
Bushkan DEM 1.13 (0.68-1.84) 114.35 (85.21-176.46) 1.52 1.44+0.28
TPP 1.15 (0.70-1.87) 112.31 (83.70-172.60) 1.93 1.44+0.27
No synergist - 223.29 (152.44-510.01) 0.53 1.55+0.36
OTan PBO 1.94 (0.99-3.81) 115.04 (82.77-243.30) 0.42 1.77+£0.44
Borujen DEM 1.23 (3.13-0.49) 98.18 (109.30-129.61) 0.01 1.57+0.51
TPP 1.47 (0.62-3.50)  223.29 (152.44-510.01) 0.53 1.55+0.36
SleS No synergist - 135.03 (95.05-250.69) 2.59 1.2440.27
Kerman PBO 1.39 (0.75-2.59) 96.65 (68.79-204.55) 1.98 1.48+0.38
DEM 1.25 (0.66-2.38) 107.51 (75.50-246.37) 1.28 1.52+0.40
TPP 1.12 (0.77-2.00) 120.07 (86.82-201.64) 1.40 1.31+£0.27
No synergist - 166.24 (107.91-435.69) 0.90 1.07+£0.27
Y o) PBO 1.53 (3.31-0.70) 108...94 (74.31-292.20) 0.45 1.39+0.39
Ardabil2 DEM 1.41 (3.39-0.59) 117.68 (74.59-554.64) 0.32 1.17+0.38
TPP 1.49 (0.71-3.15) 111.21 (77.99-258.05) 0.20 1.56+0.41
No synergist - 252.27 (157.48-819.60) 2.14 1.28+0.33
oy PBO 2.47 (1.10-5.55) 102.15 (71.76-233.97) 0.081 1.47+0.39
Yazd DEM 1.69 (0.70-4.06) 149.08 (99.87-465.71) 0.18 1.74+0.49
TPP 1.67 (0.64-04.36) 151.59 (93.86-773.75) 0.23 1.36+0.42

Yo uwba)] 52 50 0yt olasd (zewl) LCso o yiaS (6ls ooz o pundls LCs0 o i slylo coman LCsp:cinglie cons
Resistance ratio: LCso of the population with the highest LC50 divided by the population with the lowest LCso
(Yasouj), the number of insects in each test is 250
SR (synergistic ratio): LCsp of insecticide alone/LCs of insecticide with a synergist
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