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ABSTRACT

WiththeaimofidentificationofthetoxicnatureofthediversepesticidesonAlliumcepa,experimental
data(EC25andNOEL)werecollectedfromtheOPPdatabaseandwassubjectedtoQSTRanalysis.
AllthedevelopedMLRmodelswerefoundtoberobust(Q2LOO=0.619-0.748)andpredictive
enough(Q2Fn=0.662-0.845,CCC=0.844-0.867).Thepredictionreliabilitywasassuredbythe
applicationoftheleverageapproachofapplicabilitydomain(AD).Finally,predictionandprioritization
ofthepesticideswithnoexperimentaldatafortwoendpoints(EC25andNOEL)weredonebythe
firsttheoreticalphytotoxicitymodelofonion.Theoccurrenceofsimilarprioritizedpesticidesfor
bothendpointsindicatedthateitheroftheendpointscanbeusedfortheecotoxicologicalstudyof
thepesticides.
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1. INTRodUCTIoN

Foraverylongtime,plantshavebeenblessinguswiththeirusefulness.Butouralteringlifestylehas
turnedtobeacurseindisguise.Withtheriseinglobalpopulationthatcrossed7.83billion(World
Population Clock 2021), agriculture faces tremendous pressure to supply food, fibres, and fuel
(https://www.worldometers.info/worldpopulation/#:~:text=7.9%20Billion%20(2021), Nations%20
estimates%20elaborated%20by%20Worldometer).Toovercome these situations, theconsumption
offertilizersandpesticideshasincreaseddrastically.Ourmodernagricultureisincompletewithout
pesticidesand fertilizers tokillor inhibitpests, controldiversediseases, suppress thegrowthof
undesirableplantsthatcompetewithcrops,preventandreducethedamageduetovariousfungal
species,therebyimprovingthecropqualityandminimizingcroploss.Generally,thepesticidesareused
intentionallytoprotectcrops,buttheyortheirdegradationmayaffecttheirnon-treatedneighbouring
crops,whichmayresultinthealterationoftheequilibriumoftheecosystemaseveryorganismin
theecosystemdependsoneachotherfortheirnecessities(Chhipa,2017).
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Allium Cepa(Onion)thatoriginatedinCentralAsiaisthesecondmostandoldestcultivatedplant
(https://www.medicalnewstoday.com/articles/276714).Withthreevarietiesofonion(red/whiteor
yellow/brown)andspecificflavourrangingfrommildlysweettostrong,itisaregularlyusedvegetable
indailylifearoundtheglobe.Onionsareveryrichsourceofvariousphytonutrientsandareusedas
bothfoodandtherapeuticapplicationinthetreatmentofcardiovascularandneurologicaldisease,
cancers,diabetes,andotherdysfunctionsrelatedtooxidativestress(Ferioli&D’Antuono2016).

Foodstuffcontaminationbypesticidesandotherpollutantsisamajorconcerninrecentdays.
Thisresultsinaccumulationofpersistentnatureofpesticideswhichfinallyinturnappearinfood
travellingvariouscompartmentsoftheenvironment.

Theinteractionoftheplantswithallthecompartmentsofenvironmentsistheadvantageous
natureofplantsthroughthebio-indications(Silveiraetal.2017;Vishvkarmaetal.2021).Evaluation
of ecotoxicological effectsof environmentalpollutants isgainingmuchmoreattention in recent
years.Search/developmentofthesimpleandcosteffectivetoxicityscreeningassays/testsisalways
advantageous.Phytotoxicityisoneoftheimportantsimple,cost-effectivebioindicatorassaysable
toidentifythepresenceorabsenceofpollutantandtheirsubsequentenvironmentalimpacteither
positiveornegative.Amongthevariousplants,Allium Cepaisoneoftheplantspeciesrecommended
byregulatorybodiessuchasOECD(OECDGuidelineno208)forthephytotoxicitystudy.Theearly
germinationandseedlingdevelopmentcanbemicroscopicallyobservedafterexposureofpollutantor
mixturesofpollutantinthistypeofassay.Alotofexperimentalphytotoxicitydeterminationassays
werecarriedoutforonionbyvariousresearchgroups(Ogelekaetal.2016;Kimetal.2004;Téllez
Vargasetal.2017)whichclearlydemonstrated theenvironmental impactsofagrochemicalsand
pollutants.Besidesthis,onionisalsobeingusedforcytogenotoxicstudy(Grant1999).Thenumber
ofrecentlyexistingenvironmentalpollutantsincludingpesticidesintheenvironmentareverylargeas
highlightedbydifferentchemicaldatabasesandtheexperimentaltoxicityvaluesareveryfew(5%).
Besidesthese,continuousneweronesarealsobeingaddedtotheexistingones.Inordertoassessthe
environmentalimpactsinarapidway,computationalstudieslikeQSARwithreliableestimatesare
regularlyappliedwithconfidence.Foraverylongtime,QSARmodelsarebeingappliedinthefield
ofpre-synthesisandevenfortheregulatoryassessmentsofpharmaceuticals,pesticides,andother
chemicals.QSARaimstodiscoverpossiblerelationshipsbetweenmolecularpropertiesandbiological
activity patterns of drug applicants. These relationships are developed by using a mathematical
approachtopredicttheactivitiesandpropertiesofuntestedchemicalcompounds.QSARcanbeseen
tohavecontinuedtoplayanimportantroleintoxicityestimationinacost-effectivewayinterms
oftime,money,andmanpoweraswellasminimizingethicalissuesarisinginexperimentaltoxicity
study(Tandonetal.2019;Tandonetal.2020;Toropovaetal.2019;Toropovetal.2020;Tandon
etal.2019;Toropovetal.2020).Todate,manyin silicophytotoxicitystudiesareavailableinthe
literaturebutnoneofthemarebasedononionasperourknowledge(Bettioletal.2016;Freitaset
al.2013;Hulzebosetal.1991,1993;Wangetal.2001,2002).

Inorder togetawell-validatedQSARmodels, theOECDhasestablishedfiveprinciplesof
QSARmodelvalidation.Theyare1)adefinedendpoint;2)anunambiguousalgorithm;3)adefined
domainofapplicability;4)appropriatemeasuresofgoodness-of-fit,robustness,andpredictivepower;
5)amechanisticinterpretation,if possible.Thedetailsofthese5principlesweregivenelsewherein
theliterature(Banjareetal.2021;Dearden2016;Gramatica2020,https://www.oecd.org/env/ehs/
riskassessment/guidancedocumentsandreportsrelatedtoqsars.htm). Nowadays, the QSAR studies
havebecomeoneofthenecessarytoolsforecotoxicologicalriskassessmentsfortheenvironmental
fateofchemicals.

Inviewofthesecontexts,thisresearchworkisaimedatestablishingthelocalpredictiveQSTR
modelsforthephytotoxicityestimationofpesticidesononionandtheapplicationofdevelopedmodels
topesticideshavingnoexperimentalphytotoxicityvalue.Theidentificationofpossiblestructural
featureresponsibleforthetoxicityofpesticidesononionwasanotherobjectiveofthisresearchwork.
Inthisregard,inthepresentresearchwork,theauthorshavegathered57pesticideswith21days
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