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ABSTRACT 
Background: Culex pipiens is considered as serious pest all over the world which transfers remarkable transmitted diseases. Objective: 

Toxicity of pyrethriod insecticide, deltamethrin, the three acetyl CoA carboxylase (ACCase)-inhibitor herbicides fenoxaprop-p-ethyl, 
fluazifop-p-butyl and clethodim, and  two enzyme, 5-enolpyruvyl-shikimate-3-phosphate synthase (EPSP synthase inhibitor herbicides, 

glufosinate-ammonium and glyphosate-isopropyl ammonium against the fourth instar larvae of Culex pipiens complex (Diptera, Culicidae) 

after 24, 48, 72-h of exposure were evaluated in the laboratory and expressed as LC50 and LC90 in mg L-1 (mg a.i L-1). Results: Results 
indicated that all the tested pesticides exhibited toxicity against the fourth instar larvae of C. pipiens, and the toxicity increased after 48 and 

72-h when compared with the 24-h results. The pyrethriod insecticide deltamethrin was the most toxic pesticide among the tested pesticides 

especially after 72-h. Although ACCase-inhibitor herbicides were designed to kill and inhibit grassy weeds it also showed toxicity and 
reduction in survival of C. pipiens larvae. Among the tested herbicides, fenoxaprop-p-ethyl and fluazifop-p-butyl were the most potent 

herbicides against the fourth instar larvae of C. pipiens after 24, 48, and 72-h of exposure while clethodim was the least toxic pesticide. 

Conclusion: This study is considered the first report on the toxicity effects of fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim on C. 
pipiens larvae in Africa particular in Egypt.  
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INTRODUCTION 

 

Herbicides are the most widely used class of pesticides accounting for more than 60% of all pesticides that 

applied in the agriculture worldwide [1]. Aryloxyphenoxypropionate (APP), cyclohexanedione (CHD), and 

glyphosate herbicides are among the most important and widely tools for the selective control of a broad 

spectrum of annual and perennial grass weeds in a range of cereals and broadleaf crops [2]. Glyphosate and its 

mimics inhibit the specific enzyme, 5-enolpyruvyl-shikimate-3-phosphate synthase (EPSPS), which prevent the 

biosynthesizing of three aromatic amino acids (tyrosine, tryptophane, and phenylalanine) which are essential for 

plant growth [3]. Both APP and CHD herbicides inhibit enzyme acetyl CoA carboxylase (ACCase), which is a 

key enzyme in fatty acid biosynthesis in eukaryotes and prokaryotes [4]. Thus, members of both APP and CHD 

herbicides are commonly labeled as ACCase- inhibitors. Fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim 

are among the most commonly, widely and usually used ACCase-inhibitor herbicides in Egypt. Fenoxaprop-p-

ethyl an APP herbicide is registered for selective post-emergence control of annual and perennial grass weeds in 
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wheat, barley and rice. Fluazifop-p-butyl and clethodim are belonged to APP and CHD groups which 

recommended for many grass weeds control in orchard, broadleaf crops and non-crop land.  

Although herbicides are designed to kill or inhibit the growth of weeds, direct and indirect effects of 

herbicides on insects, mites and nontarget organisms through soil and water contamination have been found in 

several studies [5,6,7]. Some of APP and CHD herbicides have a negative effects on several insect species 

particularly lepidopteran and they can affected on insects morphology, physiological systems, fecundity and 

survivorship. For example, adverse effect of sethoxydim and fluazifop-p-butyl were demonstrated on 

morphology and survivorship of bean leaf beetle, Cerotoma trifurcata and corn earworm, Heliothis zea [8] or on 

cabbage white butterflies, Pieris rapae and Puget blues, Icaricia icarioides Blackmorei [9]. Effects of certain 

APP herbicides such as quizalofop-ethyl on Spilarctia obliqua Walker [10]; haloxyfop on the rove beetle, 

Aleochara bilineata  [11] and fluazifop-p-butyl on cotton leafworm, Spodoptera littoralis (Boisd.) [12] were 

recorded.  

Herbicides including ACCase-inhibitors can reach and contaminate aquatic ecosystems, directly via  the 

application of herbicides (e.g., fenoxaprop-p-ethyl) in the control of aquatic plants or indirectly via soil surface 

run off or from areas where they are applied (e.g., fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim) [13]. 

Adversely effects of aquatic pollutants such as herbicides from agricultural or industrial wastes have been 

reported on aquatic organism such as frogs [14]; fish [15]; snail Biomphalaria glabrata [16]; midge Chironomus 

tentans [17] and mosquitoes [15,18]. Otherwise, low rates of clodinafop-propargyl and haloxyfop an ACCase-

inhibitor herbicides inhibited the growth of nontarget Toxoplasma gondii in human. 

The C. pipiens species complex is the most widely distributed mosquito species in the world including 

Egypt and it is the predominant vector of the West Nile Virus (WNV) [19], Rift Valley fever virus [20] and 

lymphatic filariasis [21,22] should be controlled [23]. Deltamethrin is a pyrethroid insecticide widely used to 

control mosquitoes and reduce disease transmission worldwide [24]. Susceptibility of fourth instar larvae of C. 

pipiens to deltamethrin and other different insecticides from different class have been studied in Egypt [25,26] 

Later, aquatic ecosystems contamination by pesticides has been characterized as a major world concern. 

Toxicity of some herbicides such as 2,4-D, pentachlorophenol (PCP) and Butachlor have been observed against 

mosquito larvae C. pipiens fatigans [15,27]. Fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim were reported 

as highly to slightly toxic compounds to aquatic organisms [28,29]. Deltamethrin is highly toxic to aquatic 

organisms like fish, mosquitoes and water flea Daphnia magna Straus [24]. Little studies were carried out on the 

effects of fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim on larvae of C. pipiens complex species.  

Present study was investigated to evaluate the toxicity of three ACCase-inhibitor herbicides, fluazifop-p-

butyl, fenoxaprop-p-ethyl, and clethodim, two EPSP synthase inhibitor herbicides, glufosinate-ammonium and 

glyphosate-isopropyl ammonium in comparison with deltamethrin against fourth instar larvae of C. pipiens in 

the laboratory.   

 

MATERIAL AND METHODS 

 

Mosquito rearing: 

Larvae of C. pipiens were collected from sewage wells and drains in Aswan Governorate. The larvae were 

kept in plastic containers containing tap water and transferred to laboratory of Plant Protection Department, 

Faculty of Agriculture, Assiut University, Assiut, Egypt. Rearing procedure was described previously by [30] 

and [26]. Larvae were reared in trays under laboratory conditions of 25±2 C, 60±5 relative humidity and 12:12-

hour light and dark photoperiod cycle. They were fed upon a mixture of yeast powder and grinded bread until 

the larvae transformed into the pupa stage. Transformed pupa were collected and transferred from the trays to a 

cup containing tap water then they were kept in woody cages for adult emergence. Adults were provided with 

cotton wick soaked with 10% sucrose solution. Females were provided with a blood meal from a pigeon placed 

in resting cages overnight. Plastic cup field with tap water were kept inside the cage for egg-laying. The eggs 

rafts were daily collected from the cages and allowed to hatch in breeding trays field with tap water. 

 

Tested pesticides:  

Commercial formulations of different pesticides used in this study comprised with a pyrethriod insecticide 

deltamethrin (Deltamethrin 2.5% EC, Life healthy pharma, Egypt),  two EPSP synthase inhibitor herbicides 

glufosinate-ammonium (Lifeline 28% SL, United Phosphorus limited (UPL), India) and glyphosate-isopropyl 

ammonium (Sinoup 48% SL, Zhejiang Jinfanda Biochemical Co., Ltd., China), and three ACCase-inhibitor 

herbicides, fluazifop-p-butyl (Isofop 12.5% EC, Nissan chemical industries, LTD. Japan), fenoxaprop-p-ethyl 

(Puma super 7.5% EW, Bayer crop science, Germany), and clethodim (Select super 12.5% EC Arysta life 

science S.A.S. France).  
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Pesticides bioassay:  

Pesticide toxicity tests were conducted according to the standard procedures described by the [31] and [32]. 

Six to eight concentrations of each tested pesticide were prepared using water and four replicates were 

maintained for each concentration. Ten fourth instar larvae with uniform size were transferred to different 

plastic cups containing 100 ml of appropriate concentrations of each tested pesticide. Plastic cups containing tap 

water only were labeled as control. Mixture of dry yeast and grinded bread were given as larval diet. The 

bioassay was maintained in the laboratory at 25±2 °C and 60±5% relative humidity. Mortality was recorded 

after 24, 48, and 72-h of exposure. Dead larvae were identified when they failed to move after probing with soft 

brush in the siphon or cervical region. 

 

Data analysis: 

The larvae mortality data counts were corrected by Abbott’s formula [33] if necessary. The lethal 

concentrations LC50 and LC90 values with their corresponding 95% confidence limits (CLs) and the slopes were 

estimated using probit analysis. Figures were done by using GraphPad Prism 6.01 software (San Diego, CA, 

USA). Toxicity index was calculated as follows:  

Toxicity index= [(LC value of the most toxic tested pesticide / LC value of the tested pesticide) × 100]. 

 

RESULTS AND DISCUSSION 

 

Toxicity of three ACCase-inhibitor herbicides fluazifop-p-butyl, fenoxaprop-p-ethyl, and clethodim plus 

EPSP synthase inhibitor herbicides (glufosinate-ammonium and glyphosate-isopropyl ammonium) and a 

pyrethriod insecticide (deltamethrin) was evaluated on the fourth instar larvae of C. pipiens after 24-h (Table 1), 

48-h (Table 2), and 72-h (Table 3) post treatment in laboratory. Based on LC50 and LC90 values, results showed 

that all tested pesticides exhibited toxicity against the fourth instar larvae of C. pipiens, and the toxicity of all 

pesticides were increased drastically as treatment time increased especially after 72-h exposure.  

For the three ACCase-inhibitor herbicides data in (Table 1, 2, and 3) all tested herbicides exhibited relative 

toxicity against the fourth instar larvae of C. pipiens after the exposure times. Among the tested herbicides, 

fluazifop-p-butyl (LC50 = 2.69, 0.58, and 0.57 mg L-1) and fenoxaprop-p-ethyl (LC50 = 2.05, 1.19, 1.19 mg L-1) 

were the most potent herbicides after 24, 48, and 72-h exposure. In contrast, celthodim was the least toxic 

ACCase-inhibitors herbicides. In general, EPSP synthase inhibitor herbicides showed lower potency compared 

to the ACCase-inhibitors herbicides. Based on the LC50 values of all herbicides, the results demonstrated that 

the toxicity was increased for most of the selected herbicides especially after 72-h exposure. For example, 

fluazifop-p-butyl was increased in toxicity to be 4.72-fold after 72-h exposure compared to 48-h exposure, plus, 

clethodim was increased in toxicity from 1.39-fold after 48-h exposure to 3.07-fold after 72-h exposure 

compared to 24-h data. 

The pyrethriod insecticide deltamethrin was the most toxic pesticide against the fourth instar larvae after 24, 

48, and 72-h among the tested pesticides. The LC50 values were 0.0062, 0.0025, and 0.0019 mg L-1, 

respectively. Further, the LC50 values increased to be 2.48-fold and 3.26-fold, respectively compared to the 

results of 24-h (Figure 1). 

Moreover, based on the toxicity index values results that observed, fenoxaprop-p-ethyl was more effective 

on the fourth instar larvae than other selected herbicides after 24-h exposure (Figure 2). However, after 48 and 

72-h exposure, fluazifop-p-butyl was the most potent pesticide than the selected herbicides. 

Results of the present study showed that all the tested pesticides exhibited toxicity against the fourth instar 

larvae of C. pipiens and, in general, the pyrethriod insecticide, deltamethrin, was the most toxic one compared 

with the toxicity of all tested herbicides.  

Deltamethrin is one of the commonly synthetic pyrethroids used to control mosquito species through 

contact and stomach action particularly in public health all over the world [34]. Deltamethrin was highly toxic 

pesticide against the fourth instar larvae of C. pipiens with LC50 0.9 µg L-1 [25] and 0.45 µg L-1 after 24-h of 

treatment [26]. Yoo et al. [35] found that the LC50 values of deltamethrin ranged from 0.0058 to 4.12 mg L-1 

against different strains of C. tritaeniorhynchus Giles larvae after 24 h exposure. In this study, estimated 

deltamethrin LC50 values were 0.012 and 0.006 mg L-1, respectively after 24 and 48 h of exposure. Pyrethroids 

insecticides are recommended for mosquitoes control due to their quick knockdown and lethal effects on 

mosquitoes at low concentrations [36]. Deltamethrin is highly toxic to fish and a range of aquatic invertebrates 

in laboratory, but in field trails it does not present any toxicity to fish [37]. Moreover, deltamethrin showed high 

efficacy to protect livestock from parasites such as biting midges, nuisance flies, ticks, lice, certain mites [34].  

Deltamethrin is axonic poisons that work by binding to the voltage-gated sodium channels in the neuronal 

membranes of insects and it initially stimulate nerve cells to produce repetitive discharges and as the nerves 

cannot de-excite, the insect is paralyzed and death occurred [38].  
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Table 1: Lethal toxicity of selected novel herbicides in comparison with deltamethrin on 4th instar larvae of Culex pipiens after 24-h of 

exposure. 

Compounds 

a LC50
 

(95% CL) 

a LC90
 

(95% CL) 
Slope (± SE) b n 

Herbicide groups: 

1- ACCase-inhibitors herbicides: 

Fluazifop-P-butyl 2.69 (2.08-3.37) 8.42 (6.30-13.30) 2.59 (± 0.38) 360 

Fenoxaprop-P-ethyl 2.05 (1.50-2.78) 12.93 (8.15-27.31) 1.61 (± 0.23) 360 

Celthodim 61.57 (44.84-87.08) 335.53(206.46-720.37) 1.74 (± 0.23) 360 

2- EPSP synthase inhibitor herbicides: 

Glufosinate- ammonium 157.21 (134.00-182.80) 332.22 (273.50-439.89) 3.94 (± 0.47) 360 

Glyphosate-isopropyl ammonium 4929.55 (2085.40-11684.11) 10071.35 (5976.26-29639.80) 4.13 (± 1.06) 360 

Insecticide 

Pyrethroid group     

Deltamethrin 0.0062 (0.0021-0.013) 0.13 (0.048-1.26) 1.00 (± 0.073) 360 

 a Concentrations are expressed in µg/ml and the response determined after 24-h. 
b n, no. of larvae tested including control. 

 

 

Table 2: Lethal toxicity of selected novel herbicides in comparison with deltamethrin on 4th instar larvae of Culex pipiens after 48-h of 

exposure. 

Compounds 

a LC50
 

(95% CL) 

a LC90
 

(95% CL) 
Slope (± SE) b n 

Herbicide groups: 

1- ACCase-inhibitors herbicides: 

Fluazifop-P-butyl 0.58 (0.11-1.13) 4.55 (2.79-10.36) 1.44 (± 0.37) 360 

Fenoxaprop-P-ethyl 1.19 (0.73-1.70) 11.98 (7.37-26.10) 1.28 (±0.19) 360 

Celthodim 44.23 (34.17-56.70) 183.56 (129.67-309.24) 2.07 (±0.26) 360 

2- EPSP synthase inhibitor herbicides: 

Glufosinate- ammonium 110.19 (91.25-131.66) 297.49 (241.33-386.93) 2.97 (± 0.38) 360 

Glyphosate-isopropyl ammonium 3798.45 (3232.91-4452.28) 8716.11 (7081.68-11728.13) 3.56 (± 0.41) 360 

Insecticide 

Pyrethroid group     

Deltamethrin 0.0025 (0.00060-0.0083) 0.042 (0.012-10.03) 1.05 (± 0.0.083) 360 

a Concentrations are expressed in µg/ml and the response determined after 48-h. 
b n, no. of larvae tested including control. 

 

 

Table 3: Lethal toxicity of selected novel herbicides in comparison with deltamethrin on 4th instar larvae of Culex pipiens after 72-h of 
exposure. 

Compounds 

a LC50
 

(95% CL) 

a LC90
 

(95% CL) 
Slope (± SE) b n 

Herbicide groups: 

1- ACCase-inhibitors herbicides: 

Fluazifop-P-butyl 0.57 (0.015-1.07) 3.09 (1.96-15.77) 1.74 (± 0.66) 360 

Fenoxaprop-P-ethyl 1.19 (0.58-1.83) 11.15 (7.15-27.22) 1.30 (±0.24) 360 

Celthodim 20.08 (7.10-36.76) 60.70 (33.91-591.94) 2.67 (±0.67) 360 

2- EPSP synthase inhibitor herbicides: 

Glufosinate- ammonium 93.05 (73.28-113.18) 278.83 (217.71-405.21) 2.69 (± 0.37) 360 

Glyphosate-isopropyl ammonium 3235.15 (2725.08-3814.98) 7881.99 (6344.35-10773.73) 3.31 (± 0.39) 360 

Insecticide 

Pyrethroid group     

Deltamethrin 0.0019 (0.000001-0.0072) 0.038 (0.0099-121.80) 1.00 (± 0.083) 360 

a Concentrations are expressed in µg/ml and the response determined after 72-h. 
b n, no. of larvae tested including control. 
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Fig. 1: Times fold increase in toxicity of selected novel herbicides in comparison with deltamethrin on 4 th instar 

larvae of Culex pipiens after 24, 48, and 72-h exposure. 
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Fig. 2: Toxicity index of selected novel herbicides (A, B, and C) on 4th instar larvae of Culex pipiens after 24, 48, and 72-h 

exposure.  

Toxicity index = [(LC50 of the most toxic tested herbicide / LC50 of the tested herbicide) ×100]. 

 

Herbicides were designed for weed control. They can reach aquatic ecosystems directly via spray drift or 

indirectly through soil surface run off or from areas where they are applied and drain flow [13,39]. Recent 

several studies indicated that some herbicides have a negative effect on different insects and aquatic organisms 

at the cellular, physiological and molecular levels [40,16,9]. Few studies were observed the toxicity effect of 

herbicides against mosquitoes all over the world. For example, Ahmad and Ali [27] found the extremely 

cytotoxicity effect of 2,4-D on C. pipens fatigans. Also, Holck and Meek [18] observed that glyphosate and 

thiobencarb herbicides exhibited low toxicity against three mosquito species which are common in Louisiana 

rice lands- Anopheles quadrimaculatus, C. salinarius and Psorophora columbiae than some insecticides which 

exhibited more toxicity ones. Larvae of C. pipiens found to be more tolerant to 2,4-D, butachlor and 

pentachlorophenol (PCP) than other aquatic organisms [15,41].  

Based on our knowledge, no studies have been published on the effects of ACCase- inhibitor herbicides on 

mosquitoes in Egypt or other African countries. Data of our study obtained that all three ACCase-inhibitor 

herbicides were toxic to the fourth instar larvae of C. pipiens, however, fenoxaprop-p-ethyl and fluazifop-p-
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butyl were more toxic than clethodim which was the least toxic one. Similar to our results, clethodim is slightly 

toxic to fish and aquatic invertebrate species [28]. However, fenoxaprop-p-ethyl and fluazifop-p-butyl is highly 

toxic to fish and other aquatic organisms [29].  

Several studies have been published on adverse effects of herbicides particularly that belonged to ACCase-

inhibitors on lepidopteran and other insect species all over the world. This adversely effect on insects were 

observed through leading to decreased survival, reduced in the fecundity, altered development time, or reduced 

size of the insect species [6,42,9,43]. For instance, fluazifop-p-butyl and sethoxydim reduced survival, wing size 

and pupal weights of P. rapae L. and reduced development time of Puget blues in the laboratory tests [9]. 

Altered pupal weight and fecundity of C. trifurcata and Heliothis zea were found after they exposure to 

fluazifop-p-butyl and sethoxydim [8]. Feeding deterrency and an inhibitory effect on the growth parameters of S. 

littoralis larvae were reported with fluazifop-p-butyl [12]. Increase in larval mortality of Spilarctia obliqua was 

observed with quizalofop ethyl [10]. In this study, survival reduction of C. pipiens  larvae were observed after 

treatment with fenoxaprop-p-ethyl, fluazifop-p-butyl and clethodim and this may be caused by inhibition of 

ACCase enzymes of the larvae that causing disruption and inhibition of lipid biosynthesis then death.  

Acetyl-CoA carboxylase is a biotinylated enzyme that catalyses the ATP-dependent carboxylation of 

acetyl-CoA to form malonyl-CoA, which is the first step of fatty acid biosynthesis in most organisms [4,44]. 

The acetyl-CoA carboxylase was found in plants Harwood [4] and in animal such as insect Goldring andRead 

[45]; Toxoplasma gondii Jelenska et al. [46]. Fenoxaprop-p-ethyl, fluazifop-p-butyl, and clethodim block fatty 

acid biosynthesis and causing plant death through their effects on acetyl-CoA carboxylase [47]. 

In insects, acetyl CoA carboxylase enzymes trigger in their juvenile hormone production which play a 

principal role in the insect life as growth, development, and reproduction [45,48,9]. In [49] Poham and 

Chippendale observed that the inhibition of ACCase in the southern corn borer (Diatraea grandiosella) is 

deleterious to newly hatched larvae and impacts size and development of later instar larvae. The high mortality 

in S. obliqua larvae may be caused by quizalofop-ethyl through inhibiting the lipid biosynthesis process that 

may lead to overproduction of ethylene in insects [10]. Bretschneider et al. [50] observed that given the 

chemical relatedness between the herbicides, acaricides and insecticides, it was suggested that all bind and 

interact at the same site of ACCase enzyme The similarity of positions of amino acids responsible for T. gondii 

parasite and plant enzymes sensitivity for the ACCase-inhibitor herbicides suggests that the molecular 

mechanisms of the two processes are also similar [46]. 

In certain cases, researchers suggested by using some herbicides as new tools for controlling of some insect 

pests. For example, the negative effect of quizalofop- ethyl on pest survivorship with no sublethal effect, Gupta 

and Bhattacharya [10] suggested incorporating the herbicide into the integrated pest management module for S. 

obliqua in legumes or oilseed crops with other biorational insecticides. Similarly, Ishibashi and Itoh [51] 

reported that propanil, cyanophos, cyhalofop-butyl and fenoxaprop-p-ethyl were alternatives tools that may be 

considered for insect and weed control in rice fields. 

In conclusion, the toxicity effect of the tested herbicides was found on C. pipiens larvae in laboratory and 

more field trail were needed to complete the data. As these herbicides were recommended to control broad-

spectrum of grassy weeds, we suggest that these herbicides can use as alternative pesticides in mosquitoes 

control in especial areas such as rice fields (fenoxaprop-p-ethyl), forestry, rural and semirural areas with 

considering the environment components such as soil, water, other non-target and beneficial organisms. 

Moreover, biochemical investigation must be done to detect the mechanism of how these herbicides affect 

insects especially mosquitoes.  
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