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Chapter 5 

Effects of imidacloprid and thiamethoxam on reproduction and survival of 

Otiorhynchus sulcatus 

 

Introduction 

Two neonicotinoid insecticides, imidacloprid and thiamethoxam, are promising materials for 

Otiorhynchus sulcatus (Fabricius) (Coleoptera: Curculionidae) management due to their 

systemic activity.  The insecticides have similar modes of action and molecular structures (Fig. 

5.1).  These compounds interact with nicotinic acetylcholine receptors (nAChR) of the central 

and peripheral nervous systems, which result in excitation and paralysis followed by death 

(Yamamoto, 1996).  Both compounds received accelerated registration by the United States 

Environmental Protection Agency (EPA) and have low acute toxicity to vertebrates and non-

target invertebrates.  Many studies have reported excellent efficacy of these compounds against 

sucking insect pests such as aphids, thrips, or leafhoppers via contact and ingestion at low rates 

(Elbert et al., 1991; Prabhaker et al., 1997; Manson et al., 2000; Bethke et al., 2001).   

Otiorhynchus sulcatus is a serious pest of horticulture crops throughout the temperate 

regions of the world.  Infestations are common in temperate climates throughout the world, and 

nearly 150 plant species have been identified as potential hosts (Moorhouse et al., 1992).  Since 

all O. sulcatus adults are parthenogenetic females, O. sulcatus has double the reproductive output 

of amphimictic species and a single weevil transported accidentally into an isolated area is 

capable of establishing a new population (Engelmann, 1970).   

Of several measures used to control O. sulcatus, the most common option has been the 

application of foliar insecticides timed to target the adults before eggs are laid.  However, O. 
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sulcatus populations often remain at unacceptable levels after treatment because applications are 

often poorly timed and miss the pre-ovipositing adults due to difficulty in monitoring emergence.  

The subsequent subterranean larvae are not readily controlled by insecticide treatments.   

Lack of information on the efficacy of new insecticides and their residues reduces the 

predictability of chemical control in field situations.  Because O. sulcatus adults are highly 

polyphagous, insecticide applications to particular plants may merely cause them to move from 

one host to another once they detect the presence of the insecticide.  This situation would result 

in weevils consuming a sub-lethal dose of the insecticide, which may have a negative effect on 

feeding, life span, or reproduction (Kerns & Gaylor, 1992).  Understanding how sublethal 

concentrations of systemic insecticides influence reproduction of O. sulcatus adults will be 

useful when trying to assess their real potential because even declining concentrations of 

insecticide may still impact behavior or reproduction.  In addition to direct effects on adults, a 

decrease in reproduction would lead to fewer early stage offspring, which would otherwise 

damage plants.  In contrast to the negative impact of pesticide exposure, some outbreaks of 

arthropods have been attributed to insecticide-mediated stimulation of reproduction (Dunnam & 

Clark, 1941; Kidd et al., 1996).  In this study, I ask whether sublethal dosages of imidacloprid 

and thiamethoxam influence offspring production of O. sulcatus adults and progeny survival 

under laboratory conditions.   

 

Materials and Methods 

Chemicals 
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Thiamethoxam (Flagship® 25 WG of Syngenta) and imidacloprid (Marathon® 60 WSP, Olympic 

horticultural products) were prepared by dissolving commercially available formations in tap 

water.   

 

Sublethal effects on field-emerged weevils and laboratory-emerged weevils  

We collected weevils at two different developmental stages from a commercial nursery near 

Blacksburg, VA.  Weevils collected at adult stage had survived a treatment of acephate (Orthene 

® ) < 1 month before collection as well as exposure to other typical materials used for plant 

propagation in a commercial nursery (i.e. field-emerged weevils).  Weevils collected at mature 

larval stage from the same nursery were maintained at the laboratory until eclosion (i.e. 

laboratory-emerged weevils).  During adult stage, they were not exposed to any insecticides.  

The two groups of weevils were kept separate to examine each of their responses to the 

treatments.  Both groups were held in the laboratory as adults for a 6 week-preconditioning 

period during which they were fed Astilbe leaves to be sure that the weevils had reached 

reproductive maturity.  During experiments, weevils were maintained individually in a Petri dish 

(9 cm diameter) under 21 ± 1 ºC with L16: D8 (Fig. 5.2). All tests were conduced using Astilbe 

(A. thunbergii ‘Professor van der Wielden’).   

 Efficacy of each material on O. sulcatus adults via ingestion was determined by spraying 

different dosages onto Astilbe foliage and allowing the weevils to feed on the treated foliage.  

Imidacloprid was tested at 15.60, 1.60, 0.78, 1.60 and 0.016 ppm of active ingredient (AI).  

Concentrations of thiamethoxam tested were 150.00, 15.00, 7.50, 1.50 and 0.15 ppm of AI.  The 

concentrations tested corresponded to 1, 0.1, 0.05, 0.01 and 0.001 times the maximum label rate 

for foliar application.  Control treatment consisted of application with water.  Spray volume was 
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l liter per three to four Astilbe pots for each treatment and the sprayer was thoroughly rinsed 

between treatments.  Insecticides were applied using a portable air-compressed sprayer (Sun 

sprayer® AP-2) on the foliage of potted Astilbe.  Plants in each treatment were given 2 days to 

allow systemic activity of the insecticides (Prabhaker et al., 1997) and then the leaves were cut to 

prepare leaf disks (40 mm diameter).  Prior to bioassay, individual weevils were starved for 1 d 

in a Petri dish (9.0 cm diameter) provisioned with a moist paper and cotton square.  Eight 

weevils were randomly assigned to each treatment and one treated leaf disk was provided per 

weevil.  Weevils were individually exposed to insecticide-treated leaf disks for 8 days in a Petri 

dish.  After the treatment period, weevils were allowed to feed on non-treated leaves for 40 days.  

Fresh leaves were provided every 8 days and the total number of eggs was counted for each 

weevil.  This procedure was designed to imitate adult migration from treated crops to untreated 

crops.  The eggs were collected every 8 days and the number of eggs was counted and melanized 

eggs were noted.  Egg viability was determined by calculating the proportion of eggs that turned 

from white to brown (Montgomery & Nielsen, 1979; Maier, 1981).  I measured the parameters of 

reproductive success in terms of egg production per female that survived insecticide treatments, 

percent egg viability, and percent of reproductive failure of treated females.   

 

Temporal pattern of sublethal effects on laboratory-emerged weevils 

Based on the results of the first experiment, a second experiment was conducted to examine the 

temporal changes in the level of recovery of egg production of laboratory-emerged weevils after 

changing from treated to un-treated leaves.  This bioassay protocol was conducted in the same 

manner described above except egg production was monitored weekly with three treatments 

(untreated control, 0.78 ppm of imidacloprid, and 1.5 ppm of thiamethoxam).  These dosages 
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caused the highest egg production of surviving adults in the first experiment.  Each insecticide 

dosage was replicated 18 to 20 times.   

 

Test of immature stages 

Adult weevils were collected from commercial nurseries near Blacksburg, VA and placed 

in Petri dishes provisioned with moist filter paper, a cotton square and fresh foliage of 

Rhododendron for food.  The insect colony was maintained at 21 ± 1.0 °C and a photoperiod of 

16: 8 (L:D).  Eggs were collected at 2-d intervals, surface-sterilized with 0.5% solution of 

benzalkonium chloride and then held in Petri dishes (9 cm diameter) for 2 days at 100% RH and 

21 ± 1.0 °C.  Eggs were then sorted, removing any nonmelanized or damaged eggs to insure 

viability.  Ten melanized eggs were transferred to a plastic cup (30 ml with cap, Bio-Serv Inc, 

NJ).  Eggs were dipped in different dosages of imidacloprid and thiamethoxam for 5 min and 

then air-dried for 10 min.  After some preliminary experiments to establish a reasonable range of 

concentrations, imidacloprid and thiamethoxam were tested at 5, 10, 50, 100, 250 and 500 ppm 

of AI.  Each treatment was replicated 10 times, with a cup as a replicate.  The cups were 

maintained at 21 ± 1.0 °C and 100% RH and egg hatch was measured after 2 weeks.  Egg 

mortality (%) was calculated by counting the number of un-hatched eggs.   

Toxicity to first instars was measured by applying different dosages of imidacloprid and 

thiamethoxam to a piece of carrot, which was used as larval diet.  A 10 g piece of peeled carrot 

was surface-sterilized with 50% ethanol and then 1% sodium hypochlorite (Masaki & Sugimoto, 

1991).  Each piece of carrot was dipped into the treatment dosages indicated above of 

imidacloprid or thiamethoxam for 5 min and then buried in a plastic cup (30 ml with cap, Bio-

Serv Inc, NJ) with 20 g of sterilized Baccto® potting soil (soil moisture 15 % [wt/wt]; organic 
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matter content 20%) (Michigan Peat Company, Houston, TX).  Ten melanized eggs (7 d old) 

were placed on the soil surface of each cup.  The cups were maintained at 21 °C with a 

photoperiod of 16 L: 8 D h.  Each treatment consisted of 7 replicates (cups).  The number of 

surviving larvae was counted after 4 weeks.  Data were not included in the analysis when the 

carrot had deteriorated.   

 

Statistical Analyses.  

Presence of treatment effects for each response variable was determined using analysis of 

variance (ANOVA) or repeated measures ANOVA (second experiment) at 5% significance level 

after square-root transformation as needed (SAS Institute, 1995).  Percentage of egg viability and 

mortality was subjected to arcsine transformation to achieve normality.  Mean comparison 

among treatments was made using the Student-Newman-Keuls (SNK) Test.  Unless otherwise 

indicated, data are presented as mean ± SEM.  Trends in the effects of insecticides on O. sulcatus 

median longevity were analyzed using a linear regression model (Y = a + bX), where Y = median 

longevity and X = dosage (ppm).  Differences in frequency of reproductive failure among 

treatment were determined using the χ2 test. 

 

Results 

Sublethal effects on field-emerged weevils and laboratory-emerged weevils  

For field-emerged weevils, there was a significant difference in the proportion of 

reproducing females among treatments (χ2 = 32.1; df = 10, 87; P < 0.001) (Table 5.1).  High 

levels of reproductive failure (≥ 75%) were observed at 15.6 ppm of imidacloprid and all dosages 

of thiamethoxam tested.  Only one female oviposited after exposure to 15.6 ppm of imidacloprid.  
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All weevils when exposed to 150 ppm of thiamethoxam died within 4 days of exposure (data not 

presented).  No surviving weevil produced eggs after feeding on leaves treated with 15 ppm of 

thiamethoxam.  There was no difference in per capita egg production among surviving adults (df 

= 9, 52; F = 1.72; P > 0.05) or in percentage of egg viability (df = 8, 27; F = 2.33; P > 0.05).  

Sublethal effects of the insecticide exposure on field-emerged weevils were not consistent, but 

reproductive success was higher in weevils fed sublethal dosages of imidacloprid than those fed 

thiamethoxam. 

Unlike the field-emerged weevils, 100% mortality of laboratory-emerged weevils was not 

observed in any treatments (Table 5.1).  Overall, laboratory-emerged had higher survival after 

exposures to imidacloprid and thiamethoxam than field-emerged weevils.  Sublethal exposure to 

imidacloprid and thiamethoxam significantly decreased the proportion of reproducing females 

(χ2 = 23.1; df = 10, 87; P < 0.05).  Reproductive failure exceeding 75 % was observed only from 

weevils fed with 150 ppm of thiamethoxam.  Significant treatment effects were detected in per 

capita egg production of surviving adults (df = 10, 81; F = 3.41; P < 0.01).  Egg production of 

weevils when fed on foliage treated with > 7.5 ppm of thiamethoxam was substantially impaired 

(P < 0.05).  Egg viability was not significantly different among treatments (df = 10, 59; F = 1.83; 

P > 0.05).   The median life durations for both field and laboratory-emerged weevils decreased 

linearly as the dosages of imidacloprid increased (Table 5.2).  However, with thiamethoxam, a 

similar linear trend was observed only in laboratory-emerged weevils.  Overall, field-emerged 

weevils exhibited high mortality and reproductive failure after exposure to either insecticide.   
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Temporal pattern of sublethal effects on laboratory-emerged weevils  

Despite low mortality, significant differences in egg production were observed among treatments 

during the treatment period (df =2, 57; F = 13.3; P < 0.001).  Egg production during the 7-day 

exposure were 34.4 ± 5.2, 23.1 ± 3.0, and 9.4 ± 3.2 for control, 0.78 ppm of imidacloprid and 

10.5 ppm of thiamethoxam, respectively.  When surviving weevils were fed non-treated foliage 

for 6 weeks, the repeated measures ANOVA revealed significant effects of time (df = 4; F = 

2.46; P < 0.05) and treatment (df = 2, 39; F = 7.31; P < 0.01) and a significant interaction 

between time and treatment for egg production (df = 8; F = 5.30; P < 0.01) (Fig. 5.3).  Notably, 

weekly egg production of weevils fed non-treated leaves following sublethal ingestion of 

imidacloprid and thiamethoxam on 4, 5, and 6 WAT were not significantly different from the 

control (P > 0.05).  The overall treatment effect seems to result from drastic reduction in egg 

production shortly after exposure.  At 1.5 ppm of thiamethoxam, egg production showed a trend 

toward an overall increase in egg production with increasing time after treatment.  During 

extended feeding on non-treated leaves, the percentages of weevils that failed to reproduce were 

10.0, 5.0, and 27.8% for control, 0.78 ppm of imidacloprid and 10.5 ppm of thiamethoxam, 

respectively.  Adult mortalities 7 days after treatment were 0.0, 5.0, and 27.8% for control, 0.78 

ppm of imidacloprid and 10.5 ppm of thiamethoxam, respectively (Fig. 5.4).  During the entire 

experimental period, the death rates among treatment groups were not significantly different (χ2 

= 3.64, df = 2, P > 0.05, Kaplan-Meier analysis) (Fig. 5.4).  Egg viability (mean ± SEM) during 

entire experimental period was 82.3 ± 1.9, 79.1 ± 2.8, 69.8 ± 6.9% for control, 0.78 ppm of 

imidacloprid and 10.5 ppm of thiamethoxam, respectively.  However, the presence of treatment 

effects on egg viability was not significant (df = 2, 42; F = 2.67; P > 0.05).   
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Effects on immature mortality 

Neither imidacloprid (F = 0.5786; df = 6, 55; P > 0.05) nor thiamethoxam (F = 0.5786; df = 6, 

55; P > 0.05) (Fig. 5.5) influenced egg hatch rate.  Even at a concentration of 500 ppm, neither 

imidacloprid nor thiamethoxam caused mortality higher than 10 %.  The low contact toxicity of 

these materials to O. sulcatus eggs suggests that direct contact of viable eggs laid by weevils 

exposed to sublethal dosages would not reduce egg hatch.   

 The mortality of first instars was significantly dosage-dependent when exposed to diet 

treated with imidacloprid (df = 6, 46; F =36.7; P < 0.01) and thiamethoxam (df = 6, 45; F = 21.1; 

P < 0.01) (Fig. 5.6).  At all dosages exceeding 0.5 ppm, both insecticides caused significantly 

higher mortality than the control, but no significant difference in mortality was found between 

the insecticides (P > 0.05, t-test).  High mortality (> 90% for imidacloprid and > 97% for 

thiamethoxam) was caused by the treatment of dosages > 5 ppm for both insecticides.  First 

instar mortality responses to imidacloprid and thiamethoxam are summarized in Table 5.3.  

Although LC50 and LC90 of imidacloprid were higher than those of thiamethoxam, 95% 

confidence intervals of those values estimated overlapped between two insecticides.  Therefore, 

the toxicity to first instar is not likely to be different between two insecticides.  Relatively low 

chi-square values were associated with the goodness-of-fit tests of probit models (Table 5.3) and 

no obvious deviation from the linear model was detected in plots of the predicted and observed 

mortalities in both insecticides. 

 



 125

Discussion 

This study demonstrates consistently that weevils that survived short-term exposure to sublethal 

dosages of imidacloprid and thiamethoxam produce viable offspring when they have access to 

insecticide-free leaves after the exposure.   

Overall, field-emerged weevils are more susceptible to imidacloprid and thiamethoxam 

than laboratory-emerged weevils.  Weevils that directly exposed to conventional management 

stresses such as insecticides and other practices may have lower physiological condition than 

those not exposed to such stress.  Short-term exposure to thiamethoxam caused high reproductive 

failure (> 75%) of field-emerged weevils at all dosages but imidacloprid did only at the highest 

dosage, 15.6 ppm.  There was considerable variability in egg production of weevils that survived 

short-term exposure to dosages of imidacloprid and thiamethoxam, despite 6-week 

preconditioning of weevil before treatment.  The high variability in egg production in adult 

response may be due to varying age among individuals within the population.  In laboratory-

emerged weevils, thiamethoxam reduced egg production at dosages exceeding 7.5 ppm, whereas 

significant reduction of fecundity was not found at any dosage of imidacloprid.  As a newly 

registered compound (a second generation neonicotinoid insecticide), the superior control 

provided by thiamethoxam compared with imidacloprid could be due to high application rate.  

Imidacloprid is currently one of the most popular insecticides for preventive white grub control 

because of its low application rates and long systemic persistence (Schroeder & Flattum; 1984; 

Elbert et al., 1991).  In studies with a variety of pests, foliar application of imidacloprid was very 

effective against sucking insects such as aphids and whiteflies, but it was not effective against 

chewing insects (Elbert et al., 1991).  Drinkwater (2003) reported that black maize beetle, 

Heteronychus arator (Fabricius) had a highly variable response in mortality following exposure 
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to maize treated with imidacloprid or thiamethoxam, which suggested that these might not 

provide adequate control against high-density beetle populations.  For example, the LC95 value 

for imidacloprid was 0.32 AI ppm for the damson hop aphid, Phorodon humuli (Schrank), 

whereas it was 40 AI ppm for the Colorado potato beetle Leptinotarsa decemlineata (Say).   

There is great variability in the potential sublethal effects of these two chemicals on 

reproduction among insect species.  Reproductive stimulation of arthropod pests has been 

reported in response to application of several insecticides (Lowery & Sears, 1986; Morse & 

Zareh, 1991; James & Fisher, 2002).  Although slightly increased egg production compared to 

the control was observed at the 0.78-ppm dosage of imidacloprid, the biological meaning of this 

slight increase in fecundity is questionable.  In fact, we did not observe a significant increase in 

fecundity after sublethal ingestion of imidacloprid or thiamethoxam.  Knaust & Poehling (1992) 

reported that considerable reduction in fertility and deposition of non-viable larvae for some 

grain aphids such as Sitobion avanae (Fabricius) and Metopolophium dirhodum (Walker) feeding 

on seed-treated winter barley.   

The second experiment that compared temporal outcomes of the three treatments (control, 

0.78 ppm of imidacloprid, 1.5 ppm of thiamethoxam) confirmed that the reduced fecundity of 

surviving females was temporary and fecundity was recovered after 6 weeks of feeding on non-

treated leaves.  The highly polyphagous weevils may survive insecticide treatment by moving 

from treated areas and feeding on unsprayed non-crop plants and continue offspring production 

(Cram & Pearson, 1965).  A proportion of O. sulcatus adult populations can survive application 

of most insecticides in the field (Cowles, 2003).  Published lifetime fecundity of O. sulcatus 

individuals range 500-1200 (Cram, 1965; Penman and Scott, 1976).  Thus, the persistence of O. 

sulcatus populations can be attributed to the reproductive success of the females that survive 
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insecticide applications despite intensive insecticide spray programs.  Timing insecticide sprays 

against preovipositing females is the most commonly used management tactic currently.  A 

single application of insecticide with a short residual activity at peak adult emergence would not 

provide satisfactory results because O. sulcatus adults emerge over 2-3 months (April to June) in 

Spring.  A short residual activity insecticide would lead to ingestion of sublethal dosages of 

insecticides by weevils that emerge later than the application and many of these weevils would 

survive to reproduce. 

Our study demonstrates the potential of imidacloprid and thiamethoxam for the control of 

early first-instar larvae but not for the control of eggs.  The lack of ovicidal activity of these 

insecticides suggests that O. sulcatus eggs may not have the target site of neonicotinoid 

insecticides on nicotinic acetylcholine receptors, during early egg development when this test 

was conducted.  Thus, incidental direct contact during foliar application of imidacloprid or 

thiamethoxam would not influence egg survival.  Few studies have examined the toxicity of 

insecticides to O. sulcatus eggs.  Borek et al. (1995) reported that aromatic isothiocynates were 

toxic to O. sulcatus eggs, showing that LC90 of those compounds were 1.8 to 5.6 ppm.   

However, treatment with imidacloprid and thiamethoxam significantly reduced the 

survival of early instar larvae and toxicity between two insecticides was not different based on 

probit analyses.  Since early instars of O. sulcatus are the most suitable stage to target for 

systemic neonicotinoid insecticides, applications that target the early larval stages would provide 

the greatest plant protection.  Stimmann et al., (1985) reported that early instar O. sulcatus larvae 

are more sensitive to insecticides.  Toxicity of imidacloprid is also most effective against early 

instar scarab grubs (Potter, 1998; Cowles 2000, 2001a, 2000b).  The optimum period for 
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application of systemic neonicotinoid insecticides would be during the month preceding egg 

hatch until the time when grubs are hatching (Potter, 1998).   

 Nursery IPM is highly complex due to many factors, including the variety of plants and 

insect pests and the intensive level of chemical and cultural management of plants.  Detailed 

information on the more selective insecticides with novel modes of action is needed, because the 

use of conventional broad-spectrum materials are becoming more restricted by EPA in the 

United States.  This study provides insight into the persistent population growth of O. sulcatus 

despite intensive spray programs in conventionally managed nurseries.  Other issues that should 

be addressed in future research include the effect of imidacloprid and thiamethoxam on the 

migratory activity and field efficacy in relation to environmental factors such as temperature, 

humidity, and natural enemies. 
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Table. 5.1. Reproductive parameters for O. sulcatus females during 40 days of feeding on non-

treated Astilbe foliage following 8 days feeding on foliage treated with different dosages of 

imidacloprid and thiamethoxam. 

 

A. Field-emerged adults 

Parametera 
Compound 

AI 

ppm nb %Mortality nc EPSF nd %EV %Rf 

Control 0 8 0.0 8 115.8 ± 29.4 6 84.0 ± 5.7 25.0 

Imidacloprid 0.016 8 0.0 8 37.4 ± 22.4 3 83.4 ± 9.1 62.5 

 0.16 8 0.0 8 31.8 ± 13.6 4 71.4 ± 10.6 50.0 

 0.78 8 12.5 7 37.9 ± 14.9 4 96.9 ± 1.2 50.0 

 1.56 8 0.0 8 19.8 ± 7.2 6 59.0 ± 14.4 25.0 

 15.6 8 50.0 4 18.0 ± 18.0 1 19.4e 87.5 

Thiamethoxam 0.15 8 25.0 6 21.2 ± 17.0 2 96.2e 75.0 

 1.5 8 62.0 3 52.0 ± 52.0e 1 94.3e 87.5 

 7.5 8 50.0 4 25.8 ± 25.8 1 78.6e 87.5 

 15 8 50.0 4 0.0 ± 0.0 0 _ 100 

 150 8 100.0 0 _ 0 _ 100 
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(Table 5.1. Continued) 

B. Laboratory-emerged adults 

Parametera 
Compound 

AI 

ppm nb %Mortality nc EPSF nd %EV %RF 

Control 0 8 0.0 8 138.0 ± 27.6a 8 87.2 ± 4.8 0.0 

Imidacloprid 0.016 8 12.5 7 61.9 ± 26.9ab 6 71.0 ± 7.6 25.0 

 0.16 8 12.5 7 79.4 ± 33.7ab 5 96.9 ± 1.7 37.5 

 0.78 8 0.0 8 147.4 ± 46.0a 8 86.9 ± 4.9 0.0 

 1.56 8 12.5 7 78.7 ± 24.2ab 5 91.8 ± 2.0 37.5 

 15.6 8 12.5 7 75.3 ± 28.6ab 5 85.2 ± 2.3 37.5 

Thiamethoxam 0.15 8 0.0 8 52.5 ± 12.7ab 7 77.6 ± 11.2 12.5 

 1.5 8 0.0 8 84.1 ± 31.5ab 6 94.5 ± 1.8 25.0 

 7.5 8 12.5 7 10.9 ± 6.2b 4 72.3 ± 13.2 50.0 

 15 8 0.0 8 10.5 ± 5.2b 4 87.9 ± 2.5 50.0 

 150 8 12.5 7 20.4 ± 13.6b 2 57.6e  75.0 

a%Mortality; percentage of weevils dead during 7-day treatment, EPSF; number of eggs per surviving 

female post 7-day treatment, %EV; percentage of viable eggs, %RF; percentage of females that fail to 

reproduce. 
bn, initial number of weevils used for each treatment  
cn, the number of weevils used for mean calculation from weevils that survived 8-day exposure. 
dn, the number of weevils used for mean calculation from weevils that oviposited weevils. 
eSEM was incalculable because there was no reproduction, or fewer than three data points. 

Mean ± SEMs in a column followed by the same letter are not significantly different based on Student-

Newman-Keuls test (P < 0.05). 
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Table 5.2. Simple linear regression of mean longevity for field- and laboratory-emerged O. 

sulcatus adults fed insecticide-free leaves during 40 days following 8 days of feeding on foliage 

treated with different dosages of imidacloprid and thiamethoxam. 

Linear regression 
Weevil Insecticide 

Y = a + bX r2 P 

Imidacloprid Y= 39.9 - 2.15 X 0.733 0.030 
Field-emerged 

Thiamethoxam Y = 17.5 - 0.12 X 0.173 0.413 

     

Imidacloprid Y = 47.8 - 0.50 X 0.916 0.003 Laboratory-

emerged Thiamethoxam Y = 42.4 – 0.14 X 0.773 0.049 

Y=a +bX, where X = dosage (ppm) and Y is median longevity (days). 
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Table. 5.3. Toxicity of imidacloprid and thiamethoxam (AI ppm) to O. sulcatus first instars 

95% CI 
Insecticide n Slope ± SEM 

LC10 LC50 LC90 
χ2 

Imidacloprid 470 2.70 ± 0.44 0.80 2.37 7.05 7.98 

   (0.33 - 1.30) (1.52 - 3.17) (5.39 - 10.13)  

       

Thiamethoxam 460 2.39 ± 0.35 0.38 1.29 4.44 8.74 

   (0.16 – 0.62) (0.84 – 1.75) (3.35 – 6.46)  
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A 

                                        

 

Fig. 5.1. Chemical structures of the chloronicotinyl insecticides, imidacloprid (A) and 

thiamethoxam (B) 
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Fig. 5.2. Experimental arena where O. sulcatus adults were exposed to Astilbe leaves treated with 

imidacloprid and thiamethoxam. 
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Fig. 5.3. Effects of treatments with imidacloprid (Imi, 0.78 ppm) and thiamethoxam (Thia, 1.5 

ppm) on egg production (mean ± SEM) of O. sulcatus females that survived 7-day exposure of 

each insecticide.  Means with same letters within observation time are not significantly different 

(P < 0.05) 
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Fig. 5.4. Survivorship of O. sulcatus adults fed insecticide-free leaves during 6 weeks following 

1-week feeding on leaves treated with imidacloprid (Imida, 0.78 ppm) and thiamethoxam (Thia, 

1.5 ppm). 
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Fig. 5.5. No significant effects of imidacloprid (A) and thiamethoxam (B) on egg mortality 

(mean ± SEM) of O. sulcatus.  Significant dosage-dependent mortality was not found in 

imidacloprid and or thiamethoxam. 
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Fig. 5.6. Effects of imidacloprid (A) and thiamethoxam (B) on the percent mortality (mean ± 

SEM) of the O. sulcatus first instar larvae.  Means followed by the same letter do not differ 

significantly (P > 0.05, SNK test). 
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