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Abstract

The Culex pipiens complex is a major and prevalent pest of dipterans for the
most part of the world. The addition of sub-lethal quantities of chemical toxicants,
such as fungicides and herbicides, can change the toxicity of certain insecticides
on mosquito larvae. Hence, the purpose of the current study was to evaluate
toxicity of certain insecticides individually and in combination with the sub-lethal
concentrations of myclobutanil (1 pg ml!) or S-metolachlor (0.140 pg ml™)
against C. pipiens larvae after 24, 48 and 72 h of exposure. Depending on the
combination of the sub-lethal concentrations of S-metolachlor and myclobutanil,
as well as the LCso values of each studied insecticide, the insecticides exhibited
distinct interaction reactions (e.g., antagonistic and/or synergistic effects) on C.
pipiens larvae. Permethrin mixed with myclobutanil or S-metolachlor at sub-lethal
concentrations produced a synergistic effect and enhanced permethrin's toxicity on
C. pipiens larvae during exposure durations (except for the sub-lethal
concentration of S-metolachlor after 72 h). On the other hand, following exposure
times, combining imidacloprid or cyromazine with sub-lethal concentrations of
myclobutanil or S-metolachlor was an antagonistic impact and reduced the toxicity
of both insecticides on C. pipiens larvae. Only after 24 h of exposure did the sub-
lethal concentrations of myclobutanil or S-metolachlor increase the lethality of
indoxacarb; however, after 48 and 72 h of exposure, they decreased the toxicity of
indoxacarb. It will be worthwhile to evaluate the impact of insecticides on fish and
mosquito larvae when sub-lethal levels of herbicides and fungicides are present.
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Introduction

Culex pipiens L. (Diptera: Culicidae), is a nuisance dipteran pest that is
responsible for transmitting various serious diseases for human such as lymphatic
filariasis and various viral encephalitides (Mohamed et al., 2023). It is one of the
most prevalent mosquito species in temperate areas across the globe (Mohamed et
al., 2021). In both agricultural and non-agricultural settings, larval stages of C.
pipiens and other mosquito species inhabit a wide variety of natural and artificial
water breeding habitats (Morris et al., 2016; Fathy et al., 2019; Medeiros-Sousa et
al., 2020; Multini et al., 2021). Several chemical insecticides (e.g., imidacloprid,
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permethrin, cyromazine, malathion and indoxacarb) are frequently and widely
used as the main effective strategy for controlling mosquito species at adult and
immature stages (Hussain, 2024). Toxicity of some neonicotinoids such as
imidacloprid, acetamiprid and clothianidin have been confirmed against different
mosquitoes such as Anopheles coluzzii (Mouhamadou et al., 2019), C. pipiens
(Hussain, 2024), and Aedes aegypti (Tomé et al., 2014). Imidacloprid is a
neurotoxin compound that targets the nicotinic acetylcholine receptors in insect
pests (Elbert et al., 1991). The pyrethroid insecticide permethrin have neurotoxic
effects on C. pipiens larvae as it acts as a blocker to the para-sodium channels in
the pest (Taktak et al., 2021; Hussain, 2024). Cyromazine is an insect growth
regulators (IGRs) compound, which act as a molting disruptor (Hafez and Abbas,
2021). Cyromazine is also induced larvicidal toxicity effects against larvae of C.
pipiens (Cohen, 1986; Assar et al., 2016), and C. quinquefasciatus (Hafez and
Abbas, 2021). According to Wang et al. (2010) and Elghareeb et al. (2018),
indoxacarb is an oxadiazine that works by blocking neuronal sodium channels in
insect pests like mosquitoes.

Apart from larvicides, mosquito larvae that live in aquatic breeding sites are
often exposed to large quantities of various chemical pollutants: fungicide,
herbicide, microplastic and heavy metal residues; these pollutants are absorbed
through erosion, leaching, and spray drift routes, among other mechanisms
(Schulz, 2004; Rodney et al., 2013; Bara et al., 2014; Hussain, 2024). Fungicides
and herbicides are among the most widely agro-pesticides found as chemical
contaminants in aquatic systems worldwide. Later, several studies have indicated
that combination of certain insecticides with chemical toxicants may lead additive
or synergistic effects of toxicity on aquatic or terrestrial organisms than their
individual effects (Bara et al., 2014; Hussain, 2024) but in some cases
antagonistically effects have been also confirmed (Elghareeb et al., 2018; Hussain,
2024). Exposure the field larvae of C. pipiens to combination of malathion with
sub-lethal concentrations of six different herbicides evoked synergistic effect and
thus increase the toxicity of malathion to the mosquito larvae (Gaaboub et al.,
1981). Toxicity  of the  insecticides  abamectin,  imidacloprid,
sulfoxaflor+spinetoram and indoxacarb on C. pipiens larvae appeared to increase
when the herbicide glyphosate was combined with these pesticides at relevant
environmental concentrations, whereas the toxicity of the herbicide on larvae
appeared to decrease when it was combined with spinosad (Elghareeb et al., 2018).
The interaction between insecticides and other pesticides showed high potential
for synergistic or antagonistic effects, which were likely caused by the initiation
or inhibition of the pesticides' metabolizing enzymes (Rodney et al., 2013).

Triazole fungicide, myclobutanil and chloroacetanilide herbicide S-
metolachlor are widely applied to control target pests in several crops worldwide
(Lin et al., 2014; Chen et al., 2017 a&b). Several studies indicated that
concentrations of the herbicide S-metolachlor and the fungicide myclobutanil have
been commonly and frequently reported in different aquatic systems worldwide,
which posed a risk to non-target organisms (Zemolin ef al., 2014; Kumar et al.,
2019). Adverse effects of myclobutanil and S-metolachlor have been reported on
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various aquatic and terrestrial organisms (Chen et al., 2017a&b). Myclobutanil can
impair Cytochrome P450-mediated detoxification in Apis cerana cerana (Han et
al., 2018), and elicit oxidative stress in Tetrahymena thermophila (Huang et al.,
2016). Myclobutanil at 1000 pg L' altered behavior and elicited oxidative stress,
lipid peroxidation, and potentially apoptosis in larval zebrafish (Kumar et al.,
2019). Exposure of aquatic and terrestrial insects to multiple chemical pesticides
may elicit different interaction responses (e.g., additive, synergistic and
antagonistic) (Cedergreen, 2014). Mixing of S-metolachlor with benoxacor caused
a synergistic toxicity on Chironomus riparius (Bolyard et al., 2017). However,
there is no information on the combined toxicity effects of insecticides and low
concentrations of S-metolachlor or myclobutanil on development stages of
mosquitoes include C. Pipiens. The purpose of this study is to investigate the lethal
toxicity of various insecticides (such as permethrin, imidacloprid, Cyromazine and
indoxacarb) on C. pipiens larvae under laboratory conditions, either alone or in
combination with a sub-lethal concentration of the fungicide myclobutanil and the
herbicide S-metolachlor.

Materials and Methods
1-Culex pipiens larvae

Larvae of C. pipiens complex were collected from wastewater-treatment
plants in Arab-El-Madabegh region, Assiut, Egypt. Larvae were maintained in the
Environmental Toxicology laboratory conditions (25+2 °C and 12 h/12 h light/dark
period) and fed on a mixture of fine grinded bread and dry yeast. Late third to early
fourth instar larvae of C. pipiens were used in the experiments.

2-Pesticides

Table 1. Description of selected pesticides used against the larvae of Culex pipiens

in this study
Pesticides Trade name and formulation Manufacturer
L. Insecticides
Permethrin Ectomethrin® 5% EC Misr company for pharmaceutical, Egypt
Imidacloprid Merck Super® 70% WG Egyptian Seeds and Insecticides Co., Egypt
Cyromazine Grandair® 75% WP Dltex Rock Co., Egypt
Indoxacarb Advance® 15% SC Astra-Kim Co., Egypt
I1. Fungicide
Myclobutanil Yemaklunel® 25% EC Green Arrow Important and Trade Co., Egypt
III. Herbicide
S-metolachlor  Gardo® 96% EC Starchem Industrial Chemicals Co., Egypt

3-Pesticide bioassays

Larval bioassays were conducted to assess acute toxicity of the four tested
insecticides individually and in combination with the sub-lethal concentration of
the fungicide myclobutanil (1 ug active ingredient (a.i.) ml!) or the herbicide S-
metolachlor (0.140 pg a.i. ml'!) against the late third to early fourth instar larvae
of C. pipiens complex, according to the studies of Gaaboub et al. (1981), Elghareeb
et al, (2018), and Hussain (2024). Here, the sub-lethal concentrations of the
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fungicide myclobutanil (1 pg ml™?) or the herbicide S-metolachlor (0.140 pg ml!)
were chosen according to the studies of Kumar et al. (2019) and Battaglina et al.
(2000), respectively. The sub-lethal concentration of S-metolachlor was
approximately 1/10700 from the recommended field rate (1440 mg L) of S-
metolachlor for maize weeds in Egypt (APC, 2022). The sub-lethal concentration
of myclobutanil (1 pg ml'') was the approximately 1/325 from the recommended
field rate (325 mg L") of myclobutanil for grape powdery mildew in Egypt (APC,
2022). Furthermore, the tested sub-lethal concentrations of myclobutanil or S-
metolachlor did not cause any mortality in larvae of C. pipiens after 72 h of
exposure in the investigated preliminary experiment.

For acute insecticide toxicity bioassays, six to seven concentrations for each
insecticide were prepared in dechlorinated tap water individually and in
combination with a chosen sub-lethal concentration of the fungicide myclobutanil
(1 pg ml') or the herbicide S-metolachlor (0.140 pg ml!). The tested
concentrations were ranged from 0.137 to 70.0 mg a.i. L™! for imidacloprid, 0.703
to 22.5 mg a.i. L'! for permethrin 0.008 to 2.25 mg a.i. L! for indoxacarb, and 23.43
to 750 mg a.i. L! for cyromazine, which led to larval mortality ranged from 5% to
99%. Each concentration individually or in combination treatments consisting of
three replicates with 10 C. pipiens larvae in 100 ml solution per replicate. Controls
received only dechlorinated tap water. The mixture of grinded bread and dry yeast
was offered to larvae as food. Bioassays were conducted in the Environmental
Toxicology laboratory conditions (2542 °C and 60+5% relative humidity and
12:12 (light: dark) photoperiod). Mortality of C. pipiens larvae was recorded after
24, 48 and 72 h of exposure. However, C. pipiens larvae were considered dead if
they were unrestrained to the touching with a probe or if they could not reach the
surface of the water (Hussain, 2024).

4-Data analysis

Values of LCso and LCo and their corresponding 95% fiducial limits (FLs),
as well as the slope were estimated for each insecticide alone and in combination
with the sub-lethal concentration of the fungicide myclobutanil or the herbicide S-
metolachlor, according to Finney (1972) of Probit analysis by using SPSS software
version 16.0 (SPSS Inc., Chicago, IL, USA, 2016). Synergistic ratio (SR) was
calculated according to the following equation: Synergistic ratio (SR) = the LCso
value of the tested insecticide / the LCso obtained for the combined treatment
(insecticide + herbicide or fungicide).

Results

1-Toxicity of insecticides individually and in combined with other pesticides
to C. pipiens larvae.

Tables (2-5) displayed the lethal toxicity of imidacloprid, indoxacarb,
permethrin and cyromazine for C. pipiens larvae after 24, 48 and 72 hours of
exposure, either alone or in combination with the sub-lethal concentrations of the
fungicide myclobutanil (1 ug ml!) or the herbicide S-metolachlor (0.140 pg ml™).
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The sub-lethal concentrations of myclobutanil (1 ug ml!') or S-metolachlor (0.140
ug ml!) alone did not result in any mortality to larvae of C. pipiens.

Indoxacarb

The LCso values of individual indoxacarb to larvae of C. pipiens were 1.274,
0.036 and 0.009 mg L', after 24, 48 and 72 h, respectively (Table 2). When the
sub-lethal concentration of myclobutanil was mixed with indoxacarb, the LCso
values for exposed C. pipiens larvaec were 0.740, 0.157 and 0.059 mg L7,
respectively (Table 2). Presence of the sub-lethal concentration of myclobutanil
increased the toxicity of indoxacarb on C. pipiens larvae by 1.72-fold after 24 h,
but it decreased the toxicity of indoxacarb by 4.36 and 6.56-fold after 48 and 72 h,
respectively. The same trend was observed when the sub-lethal concentration of
S-metolachlor mixed with indoxacarb whereas the LCso values were 0.748, 0.288
and 0.075 mg L', respectively (Table 2). These findings showed that after 24
hours of exposure, S-metolachlor increased the toxicity of indoxacarb by 1.70-
fold, but after 48 and 72 h, it decreased the toxicity of indoxacarb by 8.00 and 8.33-
fold, respectively.

Permethrin

The LCso values of individual permethrin to larvae of C. pipiens were 10.899,
2.104 and 0.203 mg L', after 24, 48 and 72 h, respectively (Table 3). When the
sub-lethal concentration of myclobutanil mixed with permethrin, the LCso values
for exposed C. pipiens larvae were decreased to 1.362, 0.432 and 0.168 mg L1,
respectively (Table 3). Presence of the sub-lethal concentration of myclobutanil
increased toxicity of the insecticide permethrin on C. pipiens larvae by 8.00, 4.87
and 1.21-fold, respectively. The LCso values for permethrin in mixture with the
sub-lethal concentration of S-metolachlor were 4.929, 1.828 and 1.063 mg L,
respectively (Table 3). S-metolachlor synergized the toxicity of permethrin by 2.21
and 1.15-fold only after 24 and 48 h of exposure, but it antagonized the toxicity of
the insecticide by 5.24-fold after 72 h.

Imidacloprid

The LCso values of individual imidacloprid to C. pipiens larvae were 3.565,
0.120 and 0.034 mg L, after 24, 48 and 72 h, respectively (Table 4). The LCso
values for C. pipiens larvae subjected to imidacloprid at sub-lethal concentrations
of myclobutanil were increased to 43.285, 7.641 and 3.267 mg L', respectively
(Table 4). The LCso values for imidacloprid in mixture with the sub-lethal
concentration of S-metolachlor were 75.202, 4.030 and 0.970 mg L, respectively
(Table 4). Presence of either the sub-lethal concentrations of myclobutanil or S-
metolachlor decreased the toxicity of the insecticide imidacloprid to C. pipiens
larvae. Thus, myclobutanil antagonized the toxicity of imidacloprid by 12.14,
63.68 and 96.1-fold, respectively whereas S-metolachlor antagonized the toxicity
of the insecticide by 21.1, 33.6 and 28.53-fold after exposure times.

Assiut J. Agric. Sci. 56 (1) 2025 (172-186) 176



Toxicological Effects of certain Insecticides Alone and...

JUSIAPIP

ApueorugIs J0u 9Je QUIT} OB MOI QUIBS O} UI SIONO[ SWes oy} YIIM SON[BA oy ], "JO[YOr[0}oW-S JO [IUBINGO[OAW + SPIONOASUI JO ) Y} SUO[B dPIDI0asUl 10J )T oy Aq
SuIp1AIp £q poje[nored sem (YS) 01el o1SISIOUAS oy} (SHWI] [eIonply Jomo] pue Joddn moys SopIonoasul 9A130adsar 10§ SUWN[09 06T pue 05T 105 sisoyjuared ur sonjeA :, T4

080 610 TPI'OFE96'0 oL 'TTRESE-LLI'L 0SL'TC «9CET-L10°0 €90'1 L
6v'€ SI'T TITOFSOI'T  oE9Y°€611 - L8LL 6vT'0C VL8 - 0VE0 878’1 8t A0[YOB[0)OUWI-S + ULIYIIULId
TI'C 12T LITOF69S T  qeS9L8TT - SLY €T h6'9C L€1€8-LS0°€ 626t T
1911 1TT LETOF LTI FE1T-8TIT 65S°1 @l1€°0- 8700 891°0 L
01°0CT L8t 9L1°0F6SE1 aST8 Y - €SL'T €IS°¢ 2l 19°0 - 1ST°0 Y0 8% [TUBINQOPAW + ULIYIPULId
9b'¢ 008 TITOFCT80T  2q€68°9C-L89I1 LTS91 aLEL'T - 0001 29¢°1 ¥T
- - 60I'0F8I90  «0THHOEI - 689 20181 @@L TL'0 - 0000 €020 L
- — G600 FO0LLO «LOT'6CS9ET - LIS'LI L09°0L @88’V - ¥6T°0 v01°C 8% LISUSELIRER |
- —  88T0FIIST 809011 - +6+6°CT €PILS 001" 1€ - TST9 668°01 ¥T
0SS SYS A'S Fado[S (TA) snuwry perdnpiy (1 Sw) 6y () spwry ennpry (7 8w) )7 () dwiry, SIpIINSIJ

aansodxa Jo sanoy 7, pue g ‘p7 193Je deAxe| suardid xajn) Jo deAre|

Ie)SUl ,p JSUIESE I0[YIB[0JIW-S 10 [IUBINYOPAW JO UOHEBIIUIIUOD [BYII[-qNS YIIM PIXIW pue duofe uryaurdd jo Hixo], ¢ dqeL,

JUSIAPIP

Apuedsy1uss J0u oJe JUIT} OB MOI JUIBS OU) Ul SIA)IO] QUWIBS OU) 1M SIN[BA O], "IO[YOR[0}OW-S IO [IUBINGO[OAW + IPIJNOASUI JO )T Y} dUO[B 9PIdI0AsUl JoJ )T oyp Aq
Surp1aIp Aq pajernofes sem (YS) ONel OIISISISUAS oY} {SIWUI] [e1onply 1omo] pue 19ddn moys sapronoasur 0A10adsar 103 SUWN|0d 06T pue 05y 10J sisaypuared ur sonfeA :, T4

91°0 TI'0 9v1'0FL9Y'T a6¥9't - ¥E0 628°0 «ST1°0 - €400 SLO0 4
81'0 €I'0 LLOOFSTI'] aL90'FS - 8811 LY6'€ a798°0 - S¥1°0 88T°0 8t I0[YydR[0jouW-§ + q.IedEX0puU]
0ST OLT 6T1'0F9EL’T 0€0'TT - 10T°T 160t YT T - 6050 8¥L°0 T
LTO ST'0 080°0F9TT1 aC10°C- 6¥T0 L8¥°0 a760°0 - S€0°0 650°0 L
ST0 €70 T60'0FTCOI aEL8'S - 659°1 818°C 2S0T0 - €T1°0 LST'0 8t [lueynqodAur + qredexopuy
€6'T TLT S80°0FS8L0  «£60°LET -080°CI 68L°1¢€ «SLTT - 1610 0bL0 T
- - ZST'OFSITI «9€H°0 - LLOO €€1°0 61070 - 1000 6000 L
- - $01'0 F 1660 P9y - €1€°0 TIL0 «€90°0 - +10°0 9€0°0 1% qredexopuy
- —  LLOOFTILO0  «EP8POIL-TLY'S 8¥€°19 «0LL'8 - 80S°0 vLT'1 ¥T
06YS 0YS A'S FadolS (TA) sywry penpry (7 Sw) o) () spwry ennply (7 3w) sy () dwry, SIPNSIJ

3ansodxd Jo sanoy 7/ pue 8 ‘p7 193je deaae| suardid xajn)) Jo deare|

Je)sul ,p ISuleSe JI0[YIR[0JAUW-S 10 [IUBJNGOPAW JO UONBIIUIIUOD [BYII[-(NS YIIM PIXIW PUE JUO[E (IBIBXOPUl JO AJIXO0], ‘7 QL

177

Assiut J. Agric. Sci. 56 (1) 2025 (172-186)



Saeed et al., 2025

TURIJIP

Appueoy1ugIs Jou oJe SWIT} OB MOI SUWIES JY} UI SISNO[ QWS S} Y Sanjea Y[, "IO[Yor[0IOW-S IO [IUBINGO[OAW + SPIONOASUI JO )T OY) SUO[E IPIONIASUI J0f )T oY) £q
Suipra1p £q paje[nofeo sem (YS) ones onusISIOUAS oy SHWI| [eronpy Jomo pue Joddn moys sapronoasur 9A1309dsa1 10§ SUWN[0d 067 pue 07T 10J sisaypuared ur sonjeA :, T

€F'0 LT'0 SLOOFITEOD qu861°€ETE - 198 T€€ 1S9 1H9 SV 61 - TI9HT 86578 L

920 60°0 880°0FCHFTO  879°S86¥ - ST9°S9¥ €88°876 aSLY1ST - 02T 09 9¢S T 1 Y JI0[YOR[0JUI-S + JUIZBWOILD)
1€0 00 SES0FHYSLT H61SSOI8T - S91°8SO0T 180°STHCT aOVLETS - 6L8°9€1 180°LLT T

870 9270 88010 F8ES0  «6VL'SI6S - SSS89T LLS'SLS 570911 - 6T1F v91°CS L

LTO 910 601°0F999°0 oqbS6VLYIT - 988119 SSSSLET qCLT°S9T - 6€8°81 785°€8 8P [TUBINQOPAA + dUIZBWOIAD)
€T0 YT0 THOTFSHOT +PESEOI8T - €0TSOST  919°9T¢€ a8LT06S - 961161 65S6°LEE T

-~ = S0I'0FIIOT 0807066 - €OV SHI €Ov'SLT aS6Y°ST - T0'Y v69°€l L

-~ = S600FI€90 81T H0901 - #+9TT01 006'8€T v9T8'TT - 6S¥°S 6€T €l Y durzewoal)
— = P60°0FLILO qul00'8YIEE - YHT 8L6T 00€°0SL «0LESTT - €TYLS 090°C8 T

06YS S A'S FadolS () syuwrg renpyy (1 Suw) )T () Spwry eonpry (7 Sw) <) (¥) dwry, SapNsIg

aansodxa Jo sanoy 7, pue g ‘pg 193Je deAxe| suardid xajn) jo

JBAIE[ JB)SUI ,,p JSUTESE AO[YOR[0JdW-S 10 [[UBINQO[IAW JO UONB.IIUIIUOD [BYII[-(NS YIIM PIXIW PUR JUO[E JUIZBWO.IAD JO AJDIXO |, ‘S B,

UIIIP

ApueoyTudIs jou oIe dWN [oBd MOI SWES Y UI SIONO] OWes oy} YIM Sonjea oy ], “IO[Yor[0IOW-S JO [IUBINQO[OAW + IPIONOASUL JO DT oY} dUO[e dpIondasul 10f )T oy £q
Suipra1p £q paje[nofeo sem (YS) ones onsISIOUAS oy SHWI] [eronply Jomo pue Joddn moys sapronoasur 9A1309dsa1 10§ SUWN|0d 067)T pue 07T 10J sisaypuared ur sonjeA :, T

€00 ¥0'0 601°0F+O01'1 a08€'SHT - 88S°S 820't1 9P T - 9970 0L6°0 L
00 €00 €600FVITT -qC69 LYT8T - v0O¥'T1 $86'9S a67S 6T - ¥8S°1 0€0't 8P Jo[ydeo)dw-§ + praidopepruy
€10 SO0 0TI'OFTITT  oqITTHRET - LY1°90Y ¥SS0t8 WST'6TI - SLL6Y 20TSL ¥
100 100 00T'0FI8ET  ¢68S°€CI - 0¥TTI 869°LT aS1T9-990°C L9T€ L
900 TO0 ITI'0OFSLYT  ¢689°CEI-€TLTT 8GE Y aLTEET - ¥80°S 1¥9°L 8P [rueInqopPAN + pradopepruy
9€'0 800 OST'0OF68Y'T  (LIVEIST - 00F' 1€1 610v1€ 2SY9°S6 - 08L'+C S8T €Y 174
- = 10T0F0ICTI 0SS0 - 0620 ¥6€°0 ¢$90°0 - 110°0 ¥€0°0 L
— = PITOFEL6O0  quS89'8LIT - 6060 66%'C «8€€°0 - 000°0 0z1°0 8% prdopepruy
- = TLOOTFLSS0 qulTT699T6S - SS6'ST €P9IT1 alSO'SY - T8T'1 §96°¢ ¥
06yS S A'S FadofS (1) sywryepnpyy (L Sw) o) () spwry enpry (7 Sw) 05y (y) dwiy, SIpP1NsSIJ

dansodxa Jo sanoy 7, pue g ‘p7 193Je deaxe| suardid xajn)) Jo deAxe|

Je)sul ,p Jsurese J0[YIL[0)oW-§ 10 [IUBINQO[IAW JO UONEBIUIIU0D [BYII[-qNS YIIM paxIw pue duofe pradopeprwl jo AIX0], *p dqe]

]
~
—

Assiut J. Agric. Sci. 56 (1) 2025 (172-186)



Toxicological Effects of certain Insecticides Alone and...

Cyromazine

The LCso values for cyromazine alone to C. pipiens larvae were 82.060,
13.239 13.694 mg L, after 24, 48 and 72 h, respectively and the values were
increased to be 337.959, 83.582 and 52.164 mg L', respectively for the insecticide
cyromazine in mixture with myclobutanil while LCso values were 277.081, 141.50
and 82.598 mg L! for the insecticide cyromazine in mixture with S-metolachlor
(Table 5). Consequently, after exposure durations, myclobutanil reduced the
toxicity of cyromazine by 4.12, 6.31 and 3.81-fold, whereas S-metolachlor
lessened the toxicity of the insecticide by 3.38, 10.69 and 6.03-fold, after 24, 48
and 72 h. (Table 5).

Discussion

In agricultural and urban areas, a variety of agrochemical compounds such
as primarily pesticides and pesticides are often identified as important
contaminants in aquatic systems across the globe (Schulz, 2004; Bara ef al., 2014).
In aquatic habitats, the immature stages of mosquito species most commonly and
continuously exposed to mixtures of chemical toxicant agents, mainly agricultural
pesticides, rather than single compounds (Thurman et al., 1992; David et al., 2010;
Nkya et al., 2013; Brodeur et al., 2014). Larvicides from different insecticide
classes (i.e., pyrethroids, organophosphates, neonicotinoids, carbamates and
IGR’s) are mainly and extensively used to control larvae of mosquito species
worldwide. Exposure of mosquito larvae to mixture of an insecticide with sub-
lethal concentrations of some chemical toxicants may produce a variety of
interaction responses such as additive, antagonistic, or synergistic than their
individual effect (Anderson and Zhu, 2004; Poupardin et al., 2008; Cedergreen,
2014; Bara et al., 2014).

In present study, toxicity of the tested insecticides on C. pipiens larvae was
altered by mixing the insecticides with the sub-lethal concentrations of
myclobutanil (1 pg ml!) or S-metolachlor (0.140 pg ml?) after 24, 48 and 72 h of
exposure. Mixing of the sub-lethal concentration of myclobutanil or S-metolachlor
with permethrin found to be increased the toxicity of the insecticide permethrin on
C. pipiens larvae after exposure times (except the sub-lethal concentration S-
metolachlor after 72 h). In contrast, adding of the sub-lethal concentrations of
myclobutanil or S-metolachlor to imidacloprid and cyromazine caused
antagonistic effects for both insecticides imidacloprid and cyromazine increased
their toxicity to C. pipiens larvae after exposure times. Combination of the sub-
lethal concentration of S-metolachlor or myclobutanil with indoxacarb synergized
the toxicity of indoxacarb only after 24 h of exposure but antagonized the toxicity
of indoxacarb after 48 and 72 h. In accordance with Gaaboub et al. (1981), on a
field strain of C. pipiens larvae, malathion showed synergistic effects when
combined with various herbicides (trifluralin, drepamon, oxadiazon, benthiocard,
propanil and cremart). Atrazine herbicide also increased the toxicity of some other
organophosphate insecticides like diazinon, chlorpyrifos and methyl parathion on
Chironomus tentans larvae (Jin-Clark et al., 2002). In contrast, Boyer et al. (2006)
indicated that toxicity of the organophosphate temephos against A. aegypti larvae
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was decreased by exposing the larvae to sub-lethal concentration of the herbicide
atrazine.

The toxicities of rotenone, carbaryl and temephos insecticides as antagonistic
effects were decreased when A. albopictus larvae were exposed to low
concentrations of specific chemical pollutants, such as pentachlorophenol, a wood-
protecting material and benzothiazole, a primary leachate agent of automobile
tires. These pollutants can also increase the mosquito 4. albopictus's tolerance to
these insecticides (Suwanchaichinda and Brattsten, 2001, 2002). Mixing sub-lethal
concentration of glyphosate with spinosad showed antagonistic effect to C. pipiens
larvae but it elicited synergistic effects when mixed with abamectin, imidacloprid,
sulfoxaflor+spinetoram, and indoxacarb (Elghareeb ef al., 2018). Pre-exposure of
A. aegypti larvae to sub-lethal concentrations of glyphosate and atrazine have been
found to decrease the toxicity of propoxur, permethrin, Bacillus thuringiensis and
imidacloprid and antagonistic interactions might be due to increase the induction
of certain detoxification enzymes (i.e., carboxylesterases, Cytochrome P450s and
glutathione-S-transferases (GSTs)) that enhanced the metabolism rate of these
insecticides (Boyer et al., 2006; Poupardin et al., 2008; Riaz et al., 2009; David et
al.,2010; Bara et al., 2014).

In the present study, the mentioned synergistic interactions among the sub-
lethal concentration of myclobutanil or S-metolachlor and permethrin in C. pipiens
larvae may be resulted from the interference of myclobutanil or S-metolachlor with
the metabolic detoxification enzymes of the mosquito larvae, thereby synergizing
the toxicity of these insecticides. Khan ef al. (2013) stated that synergistic action
among pesticides mixture might resulted from one toxicant in the pesticide-
mixture interferes with the metabolic detoxification factors of the other toxicant,
therefor elevating the toxicity effects of the latter toxicant. In mosquito larvae,
atrazine exhorted the expression of various detoxification enzymes such as
esterases, GSTs and cytochrome P450s (Poupardin et al., 2008; David et al., 2010)
which induced different of important cellular functions (Scott ef al., 1999). As a
result, after exposure to the herbicide, the mentioned enzymes may be stimulated,
which may reduce the toxicity of the insecticides used on larvae and create an
antagonistic action that could increase the rates at which larvae survive and emerge
as adults. Iwasa et al. (2004) stated that combination of propiconazole or
triflumizole fungicides with imidacloprid produced a sight increase in toxicity of
the insecticide against Apis mellifera. The fungicide prochloraz increased the
toxicity of certain acaricides (coumaphos, taufluvalinate and fenpyroximate) on A.
mellifera, likely by inhibiting the detoxicative cytochrome P450-monooxygenase
(P450 enzymes) activity in bees (Johnson et al., 2013). Triazole fungicides can
inhibit cytochrome P450 enzymes of honeybee that could detoxify various
synthetic insecticides and other phytochemicals and led to increase the toxicity of
these insecticides to honeybees (Mao et al., 2017; Almasri et al., 2020). Indeed,
previous studies have determined that triazoles and neonicotinoids could induce
synergistic impact on honeybees (Lv et al., 2023). Combinations of myclobutanil
fungicide and thiamethoxam insecticide induced synergetic effect on Danio rerio
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embryos that due to oxidative stress and disruption to immune and endocrine
systems (Shen et al., 2021).

To sum up, the sub-lethal concentrations of the herbicide S-metolachlor or
the fungicide myclobutanil altered the toxicity of the insecticides imidacloprid,
cyromazine, indoxacarb and permethrin towered mosquito larvae. Even though
several of these mixtures showed synergistic effect and made the tested pesticides
more toxic to mosquito larvae, there may be a risk to fish, tadpoles and aquatic
predatory insects. Furthermore, the presence of S-metolachlor and myclobutanil
residues in aquatic mosquito breeding sites may boost mosquito population
resistance development and reduce the toxicity of imidacloprid and cyromazine
insecticides against mosquito larvae. To comprehend how the sub-lethal
concentration of pesticide changed the toxicity of larvicides, more studies still is
required.
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