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Abstract

Callosobruchusmaculatusisacommonpestinlegumefruits.Herein,thisstudywas

conductedtoevaluatethetoxicpotentialofcertainchemicalsagainstcowpeabeetle

usingfilterpaperanddippingseedsbioassays.Asaresult,carbosulfan,acarbamate

insecticide,wasthemosttoxic,followedbyindoxacarbandmalathion.TheLC50values

variedinbothtestedbioassays.Ingeneral,infilterpapercontactanddippingseedsas

residualbioassay,alltestedinsecticidescategorieshavethesametoxicityranking.

Whilstneuroinsecticideshavethefirstranks,theIGRshavethelaterranks.These

resultssuggestcertaintestedinsecticideismoresuitableincontact,whileothersare

moreeffectiveinmixingwithseedssuchasthiamethoxam.Whilecarbosulfanand

malathionaregoodcandidatesasstoreorseedprotectantagents.Also,theemamectin

benzoateandspinosadarepromisedecofriendlyagentascontactandresidualeffects

asprotectantagainststorageinsectpest. Neuroinsecticideswerethehighesttoxicity

amongthetestedinsecticides,whileIGRshavethelowest.Someinsecticidesaremore

suitableforcontact,whileothersaremoreeffectiveinmixingwithseeds.Emamectin

benzoate and spinosad are eco-friendly agents forcontactand residualeffects.

Synergistic activity was detected in thiamethoxam,lemongrass oil,jojoba oil,

and flaxseed oil.
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1.Introduction

Callosobruchusmaculatus(F.)isconsideredoneofthemostimportantinsect

pestsoflegumesinfieldsandstores.Duetotheirfastdevelopment,cowpeaweevils

canseverelydamageeveryseedthatisbeingstored,resultinginweightlossesofupto

60% (Keitaetal.,2000).Toavoidsomelossesthroughoutthestorageperiod,useof



pesticides is very limited due to theirserious impacton humans,foods,and

environment,besideinsecticideresistance(Pachecoetal.,1990).Screeningthetoxicity

ofdifferentinsecticidesfrom differentgroupsthathavedifferentmodeofactionis

essentialin integrated pest management program. Carbosulfan,a carbamate

insecticide,inhibits the acetylcholine esterases in the nervous system thatis

responsibleforcatalyzingtheacetylcholine(neurotransmittercompound)toaceticacid

and choline(Fukuto,1990).Cypermethrin,asyntheticpyrethroid insecticide,neuron

toxic,knockdowneffect,oneofthesafestsyntheticinsecticides.Itactsthroughblock

voltage sodium channelin nervous system (Field et al.,2017).Neonicotinoid

insecticidesactasnicotinicacetylcholinereceptors(nAChRs)(Tailleboisetal.,2018).

Theyarecommonlyusedinagriculturalpestprograms.InsectgrowthregagainstC.

maculatusadultsulators(Gadetal.,2021).Theuseofplantessentialoilsalonewas

lesseffectivethancommercialinsecticidesandthepossibilityofusingtheseoilsin

combinationwithsyntheticinsecticideinsimplemixtureseem attractiveandeffective

(DonPedro,1989a&b).Onesolutionthatintegratedpestmanagement(IPM)programs

haveimplementedistheuseofsynergistsincombinationwithinsecticidesthathave

variousmodeofaction(Ishaketal.,2015).Piperonylbutoxide(PBO)isapotent

synergist that inhibits cytochrome P450 monooxygenases’ability to detoxify

insecticidesandlowersinsecticideresistanceinAedesaegypti(Pauletal.,2006).The

currentstudyaimedtoevaluatetheefficacyofcertainsyntheticinsecticidesagainstC.

maculatusadultsusingfilterpaperandtreatedseedsbioassays.Also,theco-toxicityof

someessentialoils,PBO,and malathion in combination with certain conventional

insecticides,bio-rationalinsecticides,andcertainnon-chemicalcompoundsagainstC.

maculatusadultswerealsoevaluated.

2.MaterialsandMethods

2.1.Insect

Thecowpeabeetle,C.maculatuswasrearedaccordingto(Suleimanetal.,2014)

2.2.Agentsused

Malathion, Carbosulfan, Alpha- cypermethrin, Sulfoxaflor, Thiamethoxam,

Emamectin benzoate,Spinosad,Indoxacarb,Hexaflumuron,Metaflumizone,PBO,



Jojobaoil,Flaxseedoil,Lemongrassoil,B.bassiana,M.anisopliae,Talcpowder,Kaolin

andMalathiondust.

2.3.Bioassaytests

2.3.1.Filterpaperbioassaytest

Impregnatedfilterpapertechnique,describedinFAOmethod15(Anonymous,1974)

andmodifiedforbruchidsbyTylerandEvans(1981).Whatman’sNo.1filterpapers(90

mm diameter)wereusedwithdifferentconcentrationsofinsecticidesaspreviously

mentionedonC.maculatus.Usinga1-mlsyringe,0.7mlofeachconcentrationwas

appliedtofilterpaper,thenlefttoair-dryfordistilledwatertoevaporate.Tenunsexed

adultC.maculatus(0-48hold)werereleasedontoeachtreatedfilterpaperandcovered

withPetri-dish.Theweightofseeds(15g)wastreatedwitheachconcentrationand

dividedinto3replicates.Themortalitywasrecordedafter1,2,3,4,5and6dayspost-

treatmentforeachpesticide.A brushwasusedtogentlypushacowpeabeetle’s

abdomenandiftherewasnoresponse,theinsectwasconfirmeddead(Gbayeetal.,

2016).MortalitypercentageswerecorrectedbyAbbot’sformula(Abbott,1925).The

LC50s,slope,toxicityindexvalueswerecalculatedbySPSSsoftwareprogram.

2.3.2.Seed-dipbioassaytest

Theseed-dipbioassaymethodwasdoneaccordingto(Hafezetal.,2014)withlittle

modification,aseed-dipbioassaywasdoneagainstC.maculatusadultstodetermine

thepotencyofthetestedinsecticides.Fifteengramsofcowpeaseedsweredippedin

eachconcentrationoftheinsecticidesfor10secondsthentheseedswerelefttodry.

Fiveconcentrationswereusedforeachinsecticideandthreereplicatesweredonefor

eachconcentration.Alltreatmentsweredilutedwithdistilledwater.Tenunsexedadults

(0-48hold)wereexposedtothetreatedseedsandcoveredwithpetri-dish.Thecontrol

seeds were treated with wateronly.Allexperiments were done ata constant

temperatureof29±1°Candarelativehumidityof65±5%R.H.Themortalitydatawere

recordedasmentionedinfilterpaperbioassay.

2.3.3.JointactionoftestedcompoundsandessentialoilsonC.maculatus

The joint action was carried out using the same toxicological tests noted

aforementionedusingserialconcentrationsandthreereplicates.Theoils,piperonyl



butoxide(PBO)andmalathionweremixedasfollows:Thethreeessentialoils,PBOand

malathionweretestedassynergists/potenttothetestedcompoundsusingmixing

seedmethod.

Forallthetesteddustcompounds(B.bassiana,M.anisopliae,ascorbicacid,boric

acid,talcpowder,kaolinandmalathion),theoilsandPBO weremixedwithdistilled

water+TritonX100(0.5ml/1liter),theseedsweredippedinthepreparedsolutionfor

10s.Then,thedusttestedmaterialsweresprinkledonthefifteen-gram treatedseeds.

Theseedsweredividedinto3replicates,thenputonthepetri-dishandletitdry.The

mixturerateswereusedasfollowing:1mloil:50mlof(solution);10µlPBO:50mlof

(solution);0.005gmalathion:2gof(dustcompound).Thedustconcentrationdilutedby

flourpowder.Tenadults(0-48hold)wereaddedtoeachreplicate.Asimilarsample(15

gofcowpeaseeds)wasdippedonlyindistilledwaterandlefttodryandusedascontrol

(AbdELrazik,2016).

3.RESULTS

3.1.ToxicityoftestedcompoundsaloneagainstC.maculatus

DatainTable1 showed theLC50,slopevalues,and probitlinesofthethree

conventionalinsecticides(malathion,carbosulfanandalpha-cypermethrin)againstC.

maculatusadults(0–48hold)usingfilterpapermethod.BasedontheLC50values,the

toxicityofthetestedcompoundsafter3dayspost-treatmentcouldbeascendingas:

carbosulfan>malathion>alpha-cypermethrin.Despitethelow toxicityindexvaluesof

thetestedinsecticides(0.99-22.9)comparedto(100.00)incarbosulfan,theLC50values

weredecreasedwiththeincreaseofperiodofexposure.Theresultsdemonstratedthat

carbosulfanwasthemosteffectiveagentagainstC.maculatusfollowedbymalathion

andalpha-cypermethrin.Thehighslopevaluewasrecordedforalpha-cypermethrin

againstcowpeabeetle(2.02)while,theleastonewithmalathion(1.23)after3days.All

thetestedinsecticideshavehighslopevaluesofmorethan1,thisindicatedthatthe

testedpopulationofC.maculatusrespondedhomogenouslywiththem.

Table1.Toxicityofthreeconventionalinsecticides(malathion,carbosulfanandalpha-
cypermethrin)againsttheadultsC.maculatus(0–48h)usingfilterpapermethodafter
1,2and3daysfrom treatment.



Toxicity

Insecticides

Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign. Toxicity
Index*

Malathion 1 3640.49
(1645.32-17837.42)

0.96±0.1 7.07 0.07 12.88

2 1684.61
(663.64-8433.41)

0.69±0.0
8

6.34 0.09 7.58

3 335.75
(66.34-1169.63)

1.23±0.0
9

22.1
1

0.00 22.9

Carbosulfan 1 468.93
(120.06-5682.73)

1.02±0.0
9

20.7
7

0.00 100

2 127.76
(57.18-288.34)

1.66
±0.12

13.5
1

0.00 100

3 76.9
(6.32-971.34)

1.93
±0.16

35.8
9

0.00 100

Alpha-
cypermethrin

1 42961.45
(33735.36-61293.8)

1.79
±0.23

1.61 0.66 1.09

2 12560.29
(10875.37-14506.34)

2.15±0.1
9

5.18 0.16 1.02

3 7726.07
(1695.28-21958.04)

2.02±0.1
6

30.0
1

0.00 0.99

*ToxicityIndex(TI)=(LC50valueofthemosttoxiccompound/LC50valueofthetested
compound)Χ100

Thetoxicityoffourbio-rationalinsecticides(twoneonicotinoids(thiamethoxam,

sulfoxaflor),emamectinbenzoateandspinosad)againstC.maculatusadults(0–48h

old)usingfilterpapermethodisshowninTable2.BasedontheLC50values,thetoxicity

oftestedcompoundsafter3daysposttreatmentcouldbeascendingas:emamectin

benzoate>spinosad>thiamethoxam >sulfoxaflor.Although,thelowtoxicityindexvalues

ofthetestedinsecticides(18.54-88.48)comparedto(100.00)inEmamectinbenzoate

wereobserved,theLC50valuesweredecreasedwiththeincreaseofperiodofexposure.

Thehighslopevalueswererecordedforalltestedcompounds(morethan1)except

withthiamethoxam againstcowpeabeetleafter3days.

Two bacterialderivatives;actas neurotoxic with differentsite ofactions,

emamectinbenzoateandspinosadhavemoretoxicityeffectsthantwoneonicotinoid



insecticides,thiamethoxam andsulfoxaflorascontactinsecticides.

Table2. Toxicityoffourbio-rationalinsecticides(twoneonicotinoids+emamectin
benzoateandspinosad)againsttheadultsC.maculatus(0–48h)usingfilterpaper
methodafter2,3daysfrom treatment.

Toxicity

Insecticides
Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign. Toxicity
index*

Sulfoxaflor
2 18741.61

(11181.7-67714.23)
1.54±0.1

8
6.37 0.09 18.54

3 4155.33
(3526.51-4866.30)

1.80±
0.15

0.44 0.93 31.09

Thiamethoxa
m

3 3241.44
(2215.48-4414.61)

0.85±0.1
3

2.23 0.53 39.85

Emamectin
benzoate

2 3475.48
(2443.51-5434.3)

0.74±0.1
3

2.96 0.39 100

3 1291.75
(952.36-1657.67)

1.10±
0.13

4.28 0.23 100

Spinosad
2 9835.39

(7390.86-14413.8)
0.98±0.1

3
2.31 0.51 35.34

3 1459.92
(993.39-2058.41)

1.17±0.0
9

8.31 0.14 88.48

*Toxicityindex(TI)=(LC50valueofthemosttoxiccompound/LC50valueofthetested
compound)Χ100

ThreeIGRs(indoxacarb,hexaflumuronandmetaflumizone)toxicitydataareshown

inTable.3againstC.maculatusadultsusingfilterpapermethod.BasedontheLC50

values,thetoxicityoftestedcompoundswasdramaticallyincreasedwithincreased

dayspost-treatmentfrom 3-6daysby2-22folds.Thetoxicityafter6dayscouldbe

ascendingas: hexaflumuron>metaflumizone>indoxacarb.Therewerelow toxicity

index values of the tested insecticides (18.07-57.3) compared to (100.00) in

hexaflumuron.The IGRs have flatslope lines,the beetle’s population responded

heterogenoustotheseinsecticides.

Table3.ToxicityofthreeIGR(indoxacarb,hexaflumuronandmetaflumizone)against
theadultsC.maculatus(0–48h)usingfilterpapermethodafter3,4,5and6daysfrom
treatment.



Toxicity
Insecticides

Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Toxicity
index*

Indoxacarb

3
21138.34

(13760.01-43999.11)
1.38±0.2

1
2.83 0.42 21.69

4
17019.87

(8180.16-99669.69)
0.54±0.1

3
0.49 0.92 5.34

5
3886.85

(2528.66-7248.29)
0.60±0.1

2
0.23 0.97 23.38

6
901.91

(493.03-1329.66)
0.74±0.1

3
1.87 0.59 18.07

Hexaflumuron

3
4586.22

(2546.72-9985.35)
0.52±0.1

3
3.51 0.30 100

4
3539.07

(2103.66-9730.88)
0.57±0.1

2
4.68 0.19 100

5
908.8

(109.79-3748.57)
1.09±0.1

3
15.39 0.002 100

6
163

(38.824-313.89)
0.59±0.1

3
2.82 0.42 100

Metaflumizone

3
10418.55

(7635.09-16092.28)
1.24±0.1

5
4.33 0.23 44.02

4
6363.77

(2408.32-67345.28)
0.69±0.0

9
6.67 0.08 14.28

5
1776.61

(552.4-13096.13)
0.52±0.0

8
5.52 0.14 51.15

6
284.45

(8.45-848.91)
0.66±0.0

9
7.49 0.06 57.3

IGR=Insectgrowthregulators,*Toxicityindex(TI)=(LC50 valueofthemosttoxic
compound/LC50valueofthetestedcompound)Χ100

Seven neurotoxic insecticides tested using filterpaperbioassayshowed the

highestcontacttoxicitycompared to IGRs.Carbosulfan,a carbamate insecticide,

showedthehighestpotenteffectascontactpoison,offeringastrongalternativeto

malathionforstoredseedsprotection.

Usingthedippingseedsmethodasresidualbioassay,theLC50,slopelinesofthe

threeconventionalinsecticidesagainstC.maculatusareshowninTable4.Thetoxicity

oftheseinsecticideswasthesamefirstrankintoxicityastheresultsofcontacttoxicity

and with the same sequence exceptmalathion take the firstrank.The toxicity

ascending as: malathion >carbosulfan >alpha-cypermethrin.With LC50 valuesof



malathion,carbosulfan,alpha-cypermethrin recorded 21.57,114.43.975.18 ppm,

respectively.Thepopulationoftestedcowpeabeetlesrespondedhomogenouslywith

malathionandcarbosulfan,showedsteepprobitlines(1.62-2.12),theoppositewith

alpha-cypermethrinthathaveflatline(0.83). TheLC50 valuesoftestedinsecticides

decreasedbyincreasingexposuretime.

Table4.Toxicityofthreeconventionalinsecticides(malathion,carbosulfanandalpha-
cypermethrin)againsttheadultsC.maculatus(0–48h)usingdippingseedsmethod
after1,2,3daysfrom treatment.

Toxicity

Insecticides

Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Toxicity
index*

Malathion

1
156.33

(48.55-472.77)
0.68

±0.06
7.07 0.07 100

2
37.89

(10.44-230.98)
2.07±
0.19

46.49 0.00 100

3
21.57

(12.48-31.55)
2.12±
0.21

7.01 0.07 100

Carbosulfan

1
661.09

(331.26-1419.5)
2.77±0.3

3
14.32 0.002 23.65

2
205.76

(32.55-881.03)
1.92

±0.12
79.59 0.00 18.41

3
114.43

(13.02-564.84)
1.62±

0.1
79.73 0.00 18.85

Alpha-
cypermethrin

1
18267.1

(14739.75-
26119.71)

2.29±
0.37

0.02 0.88 0.86

2
5459.16

(4470.48-6360.31)
2.41

±0.33
1.44 0.23 0.69

3
975.18

(174.29-7752.53)
0.83

±0.07
61.42 0.00 2.21

*Toxicityindex(TI)=(LC50valueofthemosttoxiccompound/LC50valueofthetested
compound)Χ100

Thestudyanalyzedtheresidualeffectsoffourbio-rationalinsecticidesagainstC.

maculatus adults (Table 3).Thiamethoxam was the mosteffective,followed by

emamectinbenzoate,spinosad,andsulfoxaflor.Thetoxicityindexvaluesincreased



withexposuretime,withsulfoxaflorshowingtheleasteffectivenessagainstcowpea

beetle.

Ourtoxicitydataagreewithotherstudies.Thepotencyofcarbosulfanconfirmedby

Bogamuwaetal.,2002onadultsofC.maculatus.Theeffectivenessofcypermethrin

withhighLC50 valuesagainstC.maculatusappliedonconcrete(Karimzadehetal.,

2020).Thetoxiceffectofcypermethrinonfourstrainsoftheredflourbeetleindicated

thattheCTC-12wasmoreresistanttocypermethrinthantheremainingstrains.

Karnatak and Khari(1991)reported thatdeltamethrin and cypermethrin were

significantly superioramong the synthetic pyrethroids and mortality was directly

correlatedwiththedoseconcentration.

Although,thetestedIGRinsecticidearepromisingnon-neurotoxicchemicalsas

contacteffect,thelow ormoderatecontacttoxicityofIGRsinsecticidesagainstthe

adultsofcowpeabeetleswerecompatiblewiththestudiesonchlorfluazuronand

hexaflumuronthathaveamoderatetoxicityattestedconcentrations(Gadetal.,2022).

TheefficacyoftestedIGRisnotveryhighagainstcowpeabeetlesinthepresentstudy

duetothefactthatadultfemaleovipositsinsidethekernel,andimmaturedevelopment

isnotaffectedbycontactinsecticides(Arthur,1996).

Contacttoxicitycandisturbthenervoussystem'sworkinpeststhatcausecell

muscleparalysis,leadingtothepeststostopeatinganddie.Itcanbesaidthatneuro-

pesticidescausefasterdeathinCallosobruchusmaculatus(F.)thanIGRs.(Rehmanet

al.,2019)tested thiamethoxam and imidacloprid forthecontrolofkhaprabeetle,

Trogodermagranarium underlaboratoryconditions.Mortalityofinsectswasrecorded

after24,48and72hours.Ontreatedwheat,thiamethoxam provided82.61% while

imidaclopridgave78.18%meanmortalityofkhapralarvaeat2ppm after72hours.

Thehighco-toxicityoftesteddustformulationsmaybeduetomanufacturers

providinginsecticidesasdustconcentratesorformulationsintheusercountryusing

localmineralcarriersandimportedinsecticides,withstabilizingagentsaddedforanti-

cakingpurposes.(MahdiandKhalequzzaman,2012).



Table5. Toxicityoffourbio-rationalinsecticides(twoneonicotinoids+emamectin
benzoateandspinosad)againsttheadultsC.maculatus(0–48h)usingdippingseeds
methodafter1,2,3daysfrom treatment.

Toxicity

Insecticides

Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign
Toxicity
index*

Sulfoxaflor

1
6336.02

(3600.09-24435.29)
1.56

±0.35
3.42 0.33 88.99

2
1270.4

(605.87-6487.14)
1.12±0.1

3
8.69 0.03 45.26

3
242.96

(37.75-980.42)
1.05±0.0

9
20.01 0.00 25.19

Thiamethoxam

2 3626.89
(1949.47-9857.86)

0.64±0.0
9

0.49 0.92 15.85

3
61.19

(10.71-159.89)
0.86±0.0

8
9.17 0.03 100

Emamectin
benzoate

1
5638.33

(3013.25-16077.02)
0.78±0.1

2
5.09 0.17 100

2
574.99

(236.13-2002.71)
0.75±
0.08

6.48 0.09 100

3
86.94

(0.00-645.31)
0.70±0.0

8
22.38 0.00 70.38

Spinosad

2 3557.28
(1752.88-11636.63)

0.53±0.0
8

2.14 0.54 16.16

3
148.55

(35.11-412.37)
0.62±0.0

7
5.94 0.12 41.19

*Toxicityindex(TI)=(LC50valueofthemosttoxiccompound/LC50valueofthetested
compound)Χ100

Data in Table 6.show the LC50,slope values ofthe three IGR (indoxacarb,

hexaflumuronandmetaflumizone)againstC.maculatusadultsusingdippingseeds

method.BasedontheLC50values,thetoxicityoftestedcompoundsafter6dayspost

treatmentcould be ascending as: hexaflumuron > indoxacarb >metaflumizone.

Although,thelowtoxicityindexvaluesofthetestedinsecticides(0.08-6.08)compared

to(100.00)inhexaflumuron,theLC50valuesweredecreasedwiththeincreaseofperiod

ofexposure.Whilethehighslopevaluewasrecordedforhexaflumuronagainstcowpea

beetle(1.60)after2days,theleastonewithmetaflumizone(0.27)after6days.The

LC50valuesoftestedmaterialsdecreasedbyincreasingexposuretime.



ThestudyfoundthatinsecticideshavevaryingLC50valuesinbioassays,withneuro

insecticidesrankingfirstandIGRssecond.Someinsecticidesaremoresuitablefor

contact,whileothersareeffectiveinseedmixing.Carbosulfanandmalathionaregood

storeorseedprotectants.

Table6.ToxicityofthreeIGR(indoxacarb,hexaflumuronandmetaflumizone)against
theadultsC.maculatus(0–48h)usingdippingseedsmethodafter1,2,3,4,5,6days
from treatment.

Toxicity
Insecticides

Time
(day)

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Toxicity
index*

Indoxacarb

3
5353.75

(2409.56-22143.62)
0.52±0.

09
0.41 0.94 5.47

4
4436.69

(1877.86-21677.05)
0.44±
0.08

2.87 0.41 0.08

5
257.11

(153.45-427.31)
0.53±
0.07

1.99 0.57 0.77

6
18.97

(4.25-44.35)
0.41±
0.07

4.64 0.2 7.8

Hexaflumuron

2
776.39

(133.57-41852.78)
1.60±0.

16
27.3

7
0.00 -

3
292.77

(8.24-7302.44)
0.89±
0.08

27.2
7

0.00 100

4
3.57

(0.00-37.57)
0.39±0.

08
7.34 0.06 100

5
1.97

(0.00-19.05)
0.56±0.

09
8.87 0.03 100

6
1.48

(0.00-12.28)
0.61±0.

09
6.88 0.08 100

Metaflumizone

3
8598.01

(3337.81-52390.85)
0.49±0.

09
1.39 0.71 3.4

4
2764.91

(1308.82-10043.04)
0.46

±0.08
0.63 0.89 0.13

5
61.86

(16.71-136.36)
0.34±
0.07

1.17 0.76 3.18

6
24.34

(1.81-73.63)
0.27±
0.07

3.37 0.34 6.08

*Toxicityindex(TI)=(LC50valueofthemosttoxiccompound/LC50valueofthetested
compound)Χ100

3.2.ToxicityoftestedcompoundscombinationsagainstC.maculatus



Someofthetestedplantessentialoilsshowedlow tomoderatetoxiceffectson

theadultsofcowpeabeetlecomparedwiththetestedinsecticideornon-toxicagents.

Usingessentialoilsassynergiststoinsecticideshasbeenstudiedinmanyinsectpests

(Abd ELrazik,2016).The study ofsynergistic pesticide combinations with plant

derivativesiscrucial.Thesecombinationscanbesynergistic,antagonistic,oradditive.

Synergisticeffectsaregreaterthanindividualeffects,whileantagonisticeffectsareless

thanindividualeffects.Additiveeffectsareequalorclosetoindividualeffects.(Verma

etal.,1981).

Wetestedtheco-toxicityeffectofthecombination/mixturesofpiperonylbutoxide

(PBO),threeessentialoils(lemongrassoil,jojobaoil,flaxseedoil),plusmalathion

insecticide with certain selected compounds againstcowpea beetle adults under

laboratoryconditions.TheLC50valuesandtheco-toxicitycoefficientsofthiamethoxam,

malathionandthreeessentialoilsmixturesat50:1mixingratio(insecticide:oil)against

adultstageofC.maculatuswerecalculatedandpresentedTable8.,Table9.,Table10.

Asynergisticactivitywasdetectedinthiamethoxam and+lemongrassoil+jojobaoil

+flaxseedoilrecordingLC50values(3.58,42.53,53.31ppm)respectivelyandrecording

co-toxicitycoefficientvalues(1709,144,115)respectively.Malathion+lemongrassoil

mixturesshowedincreasedtoxicity(lowLC50value,1.53ppm)andwithco-toxicityvalue

254,whereas,fortherestofoilmixtures,lemongrassoil,jojobaoil,PBOmixtureswith

two dustentomopathogenic B.bassiana and M.anisopliae,desiccantkaolin dust

showedsynergisticeffectwithco-toxicitycoefficient(195,125,126),(289,148,184,),

(6687,94,508),respectively.

Table 7.Toxicity ofthree insecticides (alpha-cypermethrin,thiamethoxam and
hexaflumuron)againsttheadultsC.maculatus(0– 48h)usingdippingseedsand
mixingwithPBOmethodafter3daysfrom treatment.

Toxicity

Insecticides

LC50(ppm)
(C.Ls95%)

Slope±SE Sign.
Co-toxicity

Coefficient*

Alpha-
cypermethrin

2640.60
(2111.06-3087.7)

1.92±0.27 1.73 0.63 37

Thiamethoxam
73.3

)53.49-98.84)
0.89±0.12 1.06 0.79 83



Hexaflumuron
831.38

(689.31-1094.73)
1.61±0.24 0.15 0.99 35

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
theinsecticidealone(Table3.4.,Table3.5.andTable3.6.)bytheLC50oftheinsecticide
+synergist(PBO)*100

Table 8.Toxicity of three insecticides (alpha-cypermethrin,thiamethoxam and
hexaflumuron)againsttheadultsC.maculatus(0– 48h)usingdippingseedsand
mixingwithJojobaoil(60%)methodafter3daysfrom treatment.

Toxicity

Insecticides

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Co-toxicity
Coefficient

*

Alpha-
cypermethrin

1753.19
(1065.49-2285.74)

1.50±0.2
7

1.46 0.69 56

Thiamethoxam
42.53

(28.87-57.88)
0.88±0.1

2
5.26 0.15 144

Hexaflumuron
658.81

(544.25-853.34)
1.39±0.2

3
2.9 0.41 44

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
theinsecticidealone(Table3.4.,Table3.5.andTable3.6.)bytheLC50oftheinsecticide
+synergist(jojobaoil)*100

Variousplantessentialoilsandmajorcompoundswerereportedtohavenotonly

lethaleffects,actingaspesticidesagainstinsects,mitesandvariousarthropods,but

alsoactingasrepellentsandantifeedantsinadditiontotheiradverseeffectonsome

biologicalparameterssuchasgrowthrate,lifecyclesandreproduction(Rattan,2010,

Boulogneetal.,2012;El-Wakeil,2013;Kediaetal.,2015).Essentialoilscanactas

fumigant,theirvaporactionmayalsobeverypromisingagainstpestsofstoredgrain

productsbecauseoftheirinsecticidalproperties(Rozmanetal.,2007;Perezetal.,2010,

Parketal.,2016).ThemortalityofC.maculatustested both bycontactand by

fumigationvariedwiththedoseoftheessentialoil.Highmortalityratesandinhibitionof

F1progenyproductionwererecordedbycontactwithseedstreatedwithessentialoil

forC.maculatus.Thevaporsoftheessentialoilexhibitastrongtoxicactionagainstthe

adultsofC.maculatus.Ithasalsobeenestablishedthatessentialoilgenerallyremains



moretoxic,anditseffectispersistent.Theinsecticidalconstituentsofmanyplant

extractsandessentialoilsaremainlymonoterpenoids(Regnault-RogerandHamraoui

1995;Ahnetal.,1998).Itisalsopossiblethatvariousminorcomponentsmaybe

involvedinsometypesofsynergism withotheractivecomponents(Yuetal.,2004).

Essentialoils ofsweetbasil,Ocimum basilicum L.,and African basil,O.

gratissimum L.,(Labiatae)wereevaluatedeitheraloneorincombinationwithkaolin

powder,ascontrolagentsforthecowpeabeetle,Callosobruchusmaculatus(Fab.)

(Coleoptera:Bruchidae).The findings,which complementthose ofKéita(2000),

representanongoingefforttoprovideruralpeoplewitheffectiveandsimplemethods

toprotectstoredcowpeas.Inaddition,thesuccessfuluseofcottonandpeanutoilsas

wellas shea buttersuggests thatlocalAfrican plantspecies have considerable

potentialfortheprotectionofstoredproducts(Dabiré,1993).

ThisresultisalsosimilartothatofIshaayaetal.(1983)whoreportedhigher

mortalityofT.castaneum in combined dosesofinsecticide(e.g.,trans-and cis-

cypermethrin)andsynergist(piperonylbutoxide)(Mondal1990).

In the treated seeds experiment,the tested oils,jojoba oil,flaxseed oiland

lemongrassoilaswellasmalathionshowedthesameeffectonthestudiedparameters

whichwassignificantlydifferentcomparedtocontrol,whichinlinewith(El-Sayedet

al.,2015).

Spinosad,however,waslesstoxicinthe24htreatmenttoC.maculatusthan

deltamethrin,aninsecticidecommonlyusedinBurkinaFasotocontrolthisinsect

(Sanonetal.,2010).Spinosad,abiopesticideinthenaturalytesfamilyofinsecticides,is

apromisingalternativetoothercommerciallyavailablepesticidesforthecontrolof

storage-insectpests.Spinosadhasbeensuccessfullyusedfortheprotectionof>100

majorcropsworldwide(Thompsonetal.,2000)andagainstsomeinsectpestsof

storedcornandrice(Anonymous1993,Liangetal.,2002a,2002b).Spinosadwastoxic

toinsectsbyingestionorcontact,anditsactionontheinsectnervoussystem atthe

nicotinicacetylcholineandgamma-aminobutyricacid(GABA)receptorsites(Sparkset

al.,2001).



Spinosadseemstobelesseffectivethandeltamethrin,atleastforshort(24h)

exposureperiods.Asreportedforotherinsecticides(Arthur1997,1998),theefficacyof

Spinosaddependsonthedurationofinsectexposure.

Contactinsecticidesareusuallyappliedtoemptybinsandwarehousesonfloors,

wallsandceilingsinsteadofdirectapplicationtostoredgrains(GuntherandGunther,

2013).Cypermethrin and dichlorvoshave low persistence (Tomlin,2009)and are

suitableforuseagainststoredproductpests.(Athanassiouetal.,2015)testedtwo

dosesofalpha-cypermethrinandthiamethoxam (0.025and0.1mga.i./cm2)against

Trogodermagranarium EvertsandTenebriomolitorL.onconcreteandfoundthatalpha

-cypermethrinwasmoreeffectivethanthiamethoxam.Comparingtheirresultswiththe

resultsofourstudyindicatedthatadultsofT.granarium andT.molitorweremore

susceptibletocypermethrinthanadultsofC.maculatus.

Cumulative mortality percentages values recorded no mortality by using B.

bassinanaandM.anisopliaeuntilthe3rddaypost-treatment.Then,from the3rdtothe

5thdayaftertreatments,mortalitygraduallyincreasedtoreach100%forB.bassinana

againstC.maculatus(Abdu-Allahetal.,2015).

Table 9.Toxicity ofthree insecticides (alpha-cypermethrin,thiamethoxam and
hexaflumuron)againsttheadultsC.maculatus(0– 48h)usingdippingseedsand
mixingwithFlaxseedoilmethodafter3daysfrom treatment.

Toxicity

Insecticides

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Co-toxicity
Coefficient

*

Alpha-
cypermethrin

1830.99
(50.72-2953.75)

1.53±0.2
7

6.26 0.1 53

Thiamethoxam
53.31

(38.23-70.85)
0.94±0.1

2
1.94 0.59 115

Hexaflumuron
767.04

(617.41-1074.19)
1.29±0.2

3
3.69 0.29 38

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
theinsecticidealone(Table3.4.,Table3.5.andTable3.6.)bytheLC50oftheinsecticide
+synergist(flaxseedoil)*100

Table 10.Toxicity ofthree insecticides (alpha-cypermethrin,thiamethoxam and
hexaflumuron)againsttheadultsC.maculatus(0– 48h)usingdippingseedsand
mixingwithLemongrassoilmethodafter3daysfrom treatment.



Toxicity

Insecticides

LC50(ppm)
(C.Ls95%)

Slope±SE Sign.
Co-toxicity
Coefficient

*

Alpha-
cypermethrin

1435.94
(1004.52-1781.18)

2.58±0.37 5.15 0.16 68

Thiamethoxam
3.58

(0.83-7.77)
0.76±0.13 4.66 0.19 1709

Hexaflumuron
680.17

(538.49-969)
1.12±0.22 0.93 0.82 43

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
theinsecticidealone(Table3.4.,Table3.5.andTable3.6.)bytheLC50oftheinsecticide
+synergist(lemongrassoil)*100

Table11.Theefficacyoftwo bio-agents(B.bassianaandM.anisopliae)andtwo
desiccantdusts(talcpowderandkaolin)comparedwithmalathiondustusingmixing
seedswithPBOmethodagainsttheadultsC.maculatus(0–48h)after3daysfrom
treatment.

Toxicity

Compounds
LC50(ppm)
(C.Ls95%)

Slope±SE Sign. Co-toxicity
Coefficient

*

B.bassiana 5219.36
(2703.62-7846.86)

0.65±0.14 0.59 0.89 126

M.anisopliae 4581.29
(2416.59-6774.62)

0.7±0.14 1.4 0.71 148

Talcpowder 18321.97
(7369.26-38489.46)

0.95±0.12 6.41 0.09 38

Kaolin 1011.55
(251.12-1989.66)

0.89±0.17 3.73 0.29 508

Malathion
dust

4.94
(0.00-16.28)

0.96±0.14 10.54 0.02 79

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
compoundalone(Table2.1.andTable2.2.)bytheLC50ofthecompound+synergist
(PBO)*100

Table12.Theefficacyoftwo bio-agents(B.bassianaandM.anisopliae)andtwo
desiccantdusts(talcpowderandkaolin)comparedwithmalathiondustusingmixing
seedswithJojobaoil(60%)againsttheadultsC.maculatus(0–48h)after3daysfrom
treatment.

Toxicity

Compounds

LC50(ppm)
(C.Ls95%)

Slope±
SE

Sign.
Co-toxicity
Coefficient

*



B.bassiana
5245.67

(1945.75-9564.85)
0.56±0.12 0.45 0.95 125

M.anisopliae
4585.75

(196.45-14575.86)
0.30±0.09 1.54 0.65 148

Talcpowder
10660.77

(1898.97-22198.73)
0.66±
0.15

0.03 0.99 66

Kaolin
7850.65

(6149.6-9662.55)
1.32±
0.15

5.09 0.17 65

Malathiondust
10.13

(5.51-15.86)
0.63±
0.09

4.71 0.19 38

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
thecompoundalone(Table2.1.andTable2.2.)bytheLC50ofthecompound+synergist
(jojobaoil)*100

Table13.Theefficacyoftwo bio-agents(B.bassianaandM.anisopliae)andtwo
desiccantdusts(talcpowderandkaolin)comparedwithMalathiondustusingmixing
seedswithFlaxseedoilagainsttheadultsC.maculatus(0–48h)after3daysfrom
treatment.

Toxicity

Compounds

LC50(ppm)
(C.Ls95%)

Slope±SE Sign.
Co-toxicity
Coefficient

*

B.bassiana
8892.78

(4715.27-15456.11)
0.51±0.13 0.44 0.93 74

M.anisopliae
9258.99

(5114.96-15962.24)
0.52±0.13 0.95 0.81 73

Talcpowder
12175.2

(4009.19-21617.99)
0.86±0.16 0.18 0.98 57

Kaolin
8012.26

(6119.39-10049.42)
1.19±0.14 2.2 0.53 64

Malathion
dust

16.42
(10.5-23.99)

0.74±0.08 4.92 0.18 24

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
thecompoundalone(Table2.1.andTable2.2.)bytheLC50ofthecompound+synergist
(flaxseedoil)*100

Table14.Theefficacyoftwo bio-agents(B.bassianaandM.anisopliae)andtwo
desiccantdusts(talcpowderandkaolin)comparedwithmalathiondustusingmixing
seedswithLemongrassoilagainsttheadultsC.maculatus(0–48h)after3daysfrom
treatment.

Toxicity

Compounds

LC50(ppm)
(C.Ls95%)

Slope±SE Sign.
Co-toxicity
Coefficient

*



B.bassiana
3349.86

(1425.53-5278.27)
0.67±0.14 0.5 0.92 195

M.anisopliae
2345.14

(827.91-3930.15)
0.68±0.14 0.08 0.99 289

Talcpowder
11652.21

(7850.21-16532.78)
0.86±0.13 0.98 0.72 60

Kaolin
1056.21

(375.29-1822.8)
1.29±0.22 5.26 0.15 487

Malathion
dust

1.53
(0.00-6.08)

0.92±0.14 11.96 0.01 254

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
thecompoundalone(Table2.1.andTable2.2.)bytheLC50ofthecompound+synergist
(lemongrassoil)*100

Table15.Theefficacyoftwo bio-agents(B.bassianaandM.anisopliae)andtwo
desiccantdusts(talcpowderandkaolin)usingmixingseedswithmalathiondust
(0.005gram)againsttheadultsC.maculatus(0–48h)after3daysfrom treatment.

Toxicity

Compounds

LC50(ppm)
(C.Ls95%)

Slope±SE Sign.
Co-toxicity

Coefficient*

B.bassiana
117.04

(0.00-852.47)
0.47±0.47 10.39 0.02 5607

M.anisopliae
78.81

(0.00-596.84)
0.52±0.08 10.9 0.01 8624

Talcpowder
557.12

(0.00-2886.01)
0.65±0.12 6.95 0.07 1260

Kaolin
831.15

(80.65-2155.39)
0.99±0.22 4.02 0.26 618

*Co-toxicityCoefficient.Calculatedbydividingthehalflethalconcentration(LC50)for
thecompoundalone(Table2.1.)bytheLC50ofthecompound+synergist(lemongrass
oil)*100
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ةلماكلا تارشحلا دض يطيشنتلا ريثأتلا تاذ داوملا عم اهطلخو ةيرشحلا تاديبملا ضعب ةيلا عف

ايبوللا ءاسفنخل

1 بيرغلا فؤرلا دبع مينست الله1، دبع دمحم فيطللا دبع مجلا ،1 ريدغوبا يمهف دمحم نيرسن ،1* ثراولا دبع دومحم دمحم هيآ

رصم ، طويسأ ، طويسأ ةعماج ، ةعارزلا ةيلك ، تابنلا ةياقو مسق 1

Aya.Abdelwarse@agr.aun.edu.eg: ةلسارملا

تيرجأ . لوقبلا رامث يف ارًاشتنا ةنوزخملا داوملا تافا رثكأ نم ةدحاو ايبوللا ءاسفنخ ةرشح دعت

قرو مادختساب ايبوللا ءاسفنخ دض ةيئايميكلا داوملا ضعبل ةلمتحملا ةيمسلا مييقتل ةساردلا هذه

وها تامابركلا نم يرشح ديبم وهو نافلوسوبراكلا ديبم نأ جئاتنلا ت رهظأ . روذبلا رمغو حيشرتلا

قرط يف يفصنلا ماسلا زيكرتلا ميق ت فلتخاو . نويث وملالا براكاسكودن الإ ديبم هيلي ةيمس لأرثك

تاديبملا تائف عيمج نإف روذبلا رمغو حيشرتلا قرو قرط دنع ماع، لكشب . ةربتخملا مييقتلا

الأ بتارملا ةيبصعلا ةيرشحلا تاديبملا لتحت امنيب . ةيمسلا فينصت سفن اهل ةربتخملا ةيرشحلا

تاديبملا ضعب نأ ىلإ جئاتنلا هذه ريشت ةقح. لالا بتارملا لتحت ةيرشحلا ومنلا تامظنمو ىلو

عم طلخلا يف ةيلا عف رثكأ الآرخ ضعبلا نأ نيح يف ، ةسم بملالا ملاةمئ رثكأ ةربتخملا ةيرشحلا

ةيامح يف مهمادختسا نكمي نويث وملالا نافلسوبراكلا نأ نيح يف . ماسكوثمايثلا لثم روذبلا

ةئيبلل نيقيدص نيلماع نادعي داسونيبسلا و نيتكمام الإ تاوزنب ديبم نأ امك . روذبلل ةيئاقو روذبلا

تاديبملا تناك . ةنزخملا ةيرشحلا تاف دضالآ ةيامح لماعك ةيقبتم تاريثأتو ةسم بملالا لماعك

تناك نيح يف ، اهرابتخا مت يتلا ةيرشحلا تاديبملا نيب ةيمس ىلع الأ يه ةيبصعلا ةيرشحلا

ضعبلا ،و ةسم بملالا ملاةمئ رثكأ ةيرشحلا تاديبملا ضعب . ةيمس يهالألق ةيرشحلا ومنلا تامظنم

ةقيدصلا داوملا نم داسونيبسو تاوزنب نيتكماميإ ربتعي . روذبلا عم طلخلا يف ةيلا عف رثكأ الآرخ

ماسكوثمايثلا يف يطيشنتلا ريثاتلا فاشتكا .مت ةيقبتملا تاريثأتلا و ةسم ملالا ثيح نم ةئيبلل

. ناتكلا روذب تيزو ابوجوجلا تيزو نوميللا ةشيشح تيزو


