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Effect of Azadirachtin Applied Systemicallythr oughRoots
of Plantson the Mortality , Developmentand Fecundity of

the CabbageAphid (Brevicorynebrassicae)

RomanPavela,� ;1 Martin Barnet1 andFranti�sekKocourek1

Theeffect of low concentrationsof azadirachtinappliedsystemicallythroughroot tissuesof
rapeplants(Brassicanapussubsp.napus) onthemortality, periodof development,longevity
andfecundityof thecabbageaphid(BrevicorynebrassicaeL.) (Sternorrhyncha:Aphididae)
wasstudied. The concentrationsof azadirachtinA testedwere: 0.25, 0.05, 0.005,0.0005
and 0.00005mg ml� 1 . The mortality of cabbageaphid nymphs,particularly during the
periodof ecdysis,increasedsigni�cantly with increasingconcentrations.Azadirachtinhadno
effect on thelengthof thedevelopmentperiodof therespective immaturestagesof cabbage
aphids.Theaveragelongevity of thecabbageaphidsdecreasedwith increasingazadirachtin
concentrationandtimespentfeeding.Thefecundityof aphidsdecreasedaftertheapplication
of azadirachtin.
KEY WORDS: Azadirachtin; systemicaction; Brevicoryne brassicae; cabbageaphids;
fecundity;mortality;botanicalinsecticides;terpenoids.

INTRODUCTION

In recentyears,interestin thedevelopmentof naturalinsecticideshasincreasedbecause
of disadvantagesto the use of syntheticinsecticides,such as environmentalpollution,
developmentof insecticideresistance,insecticide-inducedresurgenceof insectpests,and
adverseeffectsonnon-targetorganisms.Onepromisingnaturalinsecticideof interestis an
extractfrom seedsof theneemtree(Azadirachta indicaA. Juss.),becauseit is effectiveon
many pestsandis biodegradable(8). The primary active ingredientof mostneem-based
pesticidesis azadirachtin,a limonoidcompoundwith excellentinsecticidalactivity against
many phytophagouspests. Azadirachtinaffects insectgrowth, feedingandreproduction
(16,25).Neemextractshave minimal toxicity to non-targetorganismssuchasparasitoids,
predators,andpollinators(13,17)anddegraderapidly in theenvironment(8).

Nevertheless,the rapid degradability is a disadvantagefor foliar applications. For
this reasonoptimal timing of applicationswith higher concentrationsof azadirachtinis
necessary(22). Therefore,new typesof administration,suchas tree injection (7,18,26)
andsoil applications(1,20,24)resultingin uptake by therootssystem,aredesirable.The
roots of plantstake up dissolved azadirachtinand build it into their tissueas a natural
metabolite(24). The effect on aphidsof azadirachtintaken up by the root systemis
not clear. Currentresearchshows that azadirachtinappliedon the plant surfaceaffects
aphids(5,12,19,21,23).Thecabbageaphid(BrevicorynebrassicaeL.) is aneconomically
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importantpestof the Brassicaefamily in generaland of Brassicaspeciesin particular.
In our studywe investigatedthe effectsof variousconcentrationsof azadirachtinapplied
hydroponicallythroughtherootsof plantson themortality, developmentandfecundityof
cabbageaphids.

MATERIALS AND METHODS

Plants Theexperimentalrapeplants(Brassicanapussubsp.napus) weregrown in �o wer
pots(30 cm diam)usingthestandardpeatsubstratefor sowing. The�o wer potswereput
into clime-boxes and kept at 16:8 L:D, 22� 0.5� C and 60–80%r.h. After germination,
plantswereheldunderthesameconditionsfor 5 days,by which time thedevelopmentof
thesecondaryleaveshadbegunin 60–70%of theseedlings.Theplantswerethenremoved
from thesoil, thesubstratewaswashedoff their rootswith runningwater, andthey were
usedfor theexperiment.

Chemicals Water-basedsolutionsof crystalline azadirachtinA 97.5% obtainedfrom
SigmaAldrich (Prague,CzechRepublic)wereused.Themethoddescribedby Gelbicetal.
(6) wasfollowed in theexperiment.Theplantsweretreatedby systemicsuctionthrough
theroot system.Therootsof theplantswereput into 10-ml testtubescontaining6 ml of
wateror azadirachtinsolutionwith thefollowing concentrations:0.25,0.05,0.005,0.0005
and0.00005mg ml� 1 of azadirachtinA. The testtubeswereisolatedin plasticisolators.
The plantswerekept in clime-boxeswith arti�cial lighting, 16:8 L:D, at 22� 0.5� C and
60–70%r.h. The isolatorswith the plantswerekept at theseconditionsfor 24 h before
introducingcabbageaphidnymphs. Using a small brush,a singlenymph wasplacedon
eachplant.Therewere12aphids(threereplications,n=36)in eachtreatment.Thenymphs
andsubsequentlydevelopingadultswerechecked daily until the endof the experiment.
The experimentwas carriedout underconditionsidentical to thoseappliedbefore the
introductionof nymphs.

Insects Cabbageaphids(BrevicorynebrassicaeL.) (Sternorrhyncha: Aphididae)were
obtainedfrom a laboratorycolony rearedon rapeplants. Onehundredwinged females
from thecolony wereintroducedonto rapeplantsin a cage(20 � 50 � 50 cm); after12
h they werecollectedfrom the plants. First instarnymphs(< 12 h old) wereusedin the
experiment.Thecoloniesweremaintainedin an insectaryat 22� � 1C, 60–70%r.h. and
16:8L:D. Thenymphsweredividedinto four experimentalgroups:
Exp. A (`Nymphs') Nymphsfed on treatedplantsuntil the day of the last ecdysis.The
adultswerethenintroducedontountreatedcontrolplants.
Exp. B (`Adults') Nymphsfed on control plantsuntil thedayof the last ecdysis.Adults
wereintroducedontocontaminatedplants.
Exp. C (`NymphsandAdults') Nymphsfed on contaminatedplantsthroughouttheperiod
of life.
Exp. D (`Control') Aphidsfedoncontrolplantsthroughouttheperiodof life.

A studywasmadeof the effectsof azadirachtinappliedhydroponicallythroughthe
rootsof plantson the mortality, developmentandfecundityof the aphids. Aphids were
monitoreddaily. Mortality and ecdysiswere recordedfor the nymphs, and mortality
(longevity) andfertility (numberof nymphsproduced)wererecordedfor adults.

Statistics Data on the development,longevity and fertility were subjectedto analysis
of variance(ANOVA). Differencesbetweentreatmentsweredeterminedby Tukey's test.
Differencesamongmeanswereconsideredsigni�cant at P� 0.05.
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RESULTS

Mortality

Exp. A: The �rst mortality of nymphsoccurredbetweenthe 2nd and 5th day after
introductiononto plants treatedwith 0.25 and 0.05 mg ml� 1 of azadirachtin(Fig. 1).
100% mortality of nymphsoccurredbetweenthe 5th and 7th day. At 0.005mg ml� 1

azadirachtin,themortality of nymphsfeedingon treatedplantswashigherthanthatof the
control group,andtotal nymph mortality reached100%. At the concentrationof 0.0005
mg ml� 1, the mortality of nymphsfeedingon treatedplantswashigherthanthecontrol,
but thedifferencewasnot signi�cant (P� 0.05). Mortality reached100%on the23rdday
afterintroductionof cabbageaphidsontotheplants.No differencein mortalityoccurredin
nymphsfeedingon plantstreatedwith 0.00005mg ml� 1 azadirachtincomparedwith the
controlgroup: it reached100%on the27thor 28thdayafter the introductionof nymphs
ontotheplants,comparedwith 100%mortalityon the28thdayin thecontrolgroup.

Fig. 1. Mortality of BrevicorynebrassicaeaphidswhennymphsfedonBrassicanapussubsp.napus
plantstreatedwith azadirachtinat0.25,0.05,0.005,0.0005or 0.00005mgml� 1 .

Exp. B: In theadultstage(Fig. 2) 100%mortality wasobservedon the23rd–24thday
with concentrationsof 0.25,0.05and0.005mg ml� 1, andon the26th–27thdaywith the
remainingconcentrations,after introducingthecabbageaphidsonto theplants.Mortality
of aphidadultsfeedingon treatedplantswasnot signi�cantly different(P� 0.05)from the
control.

Exp. C: Azadirachtinat concentrationsof 0.25,0.05and0.005mg ml� 1 causedhigh
mortality in nymphs,with 100%mortalityobservedby day9 (Fig. 3). Individualsthatfed
duringtheiradultstageonplantstreatedwith extractsof 0.0005and0.00005mgml� 1 had
highmortalitybut thedifferencefrom thecontrolwasnot signi�cant.

Longevity Theaveragelongevity of cabbageaphidsdecreasedwith increasingconcen-
trationandtheprogressivedevelopmentstage(P� 0.05).Cabbageaphidsfeedingonplants
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TABLE 1. Effectof variousdosesof azadirachtinon thedevelopmentperiodandlongevity of Brevicorynebrassicae(averageperiodsin days� S.E.)

Azadirachtin
(mgml� 1)

Instar Pre-
reproductive
period

Reproductive
period

Post-
reproductive
period

Mean
longevity

1st 2nd 3rd 4th Total
nymphal
development

Nymphs
0.25 -z - - - - - - - 3.0� 1.1a
0.05 2.7� 0.4 - - - - - - - 3.4� 0.5a
0.005 3.2� 0.5 2.3� 0.5 2.0� 0.4 - - - - - 4.9� 1.9a
0.0005 2.3� 0.5 1.6� 0.4 1.7� 0.3 2.2� 0.4 7.7� 0.4 - - - 9.3� 1.1b
0.00005 2.6� 0.4 1.8� 0.3 1.5� 0.4 2.0� 0.4 7.9� 0.4 1.1� 0.3 11.0� 2 b 0.6� 0.2a 20.3� 0.8d

Adults
0.25 2.9� 0.3 1.8� 0.3 1.7� 0.3 1.6� 0.3 8.0� 0.3 0.9� 0.3 1.7� 0.3a 5.1� 0.8b 16.8� 2.3cd
0.05 2.6� 0.5 1.9� 0.3 1.9� 0.3 1.2� 0.5 7.6� 0.4 1.3� 0.5 1.3� 0.3a 5.7� 0.6b 16.1� 2.4c
0.005 2.2� 0.6 2.3� 0.5 1.7� 0.4 1.6� 0.4 7.4� 0.4 1.3� 0.5 6.3� 1.6b 4.0� 1.2b 19.4� 2.1cd
0.0005 2.0� 0.6 1.6� 0.5 2.2� 0.5 2.5� 0.6 8.2� 0.5 1.1� 0.3 8.9� 1.3b 1.5� 1.2ab 17.2� 2.1cd
0.00005 2.4� 0.5 1.8� 0.3 2.0� 0.4 1.9� 0.5 8.1� 0.4 1.0� 0.3 8.7� 1.2b 1.3� 0.9ab 16.1� 1.5bc

Nymphs&
Adults
0.25 - - - - - - - - 3.4� 1.3a
0.05 2.0� 0.5 - - - - - - - 3.3� 1.1a
0.005 3.2� 0.4 2.3� 0.5 - - - - - - 4.2� 1.6a
0.0005 2.7� 0.5 2.0� 0.4 2.1� 0.5 2.1� 0.4 8.8� 0.5 - - - 12.4� 3.1bc
0.00005 3.0� 0.6 1.4� 0.4 2.0� 0.3 2.2� 0.6 8.7� 0.5 0.8� 0.3 7.7� 1.5b 1.1� 0.2a 18.7� 2.3cd

Control 2.1� 0.5 1.8� 0.3 1.7� 0.4 1.9� 0.3 7.5� 0.4 1.2� 0.3 7.4� 1.9by 0.7� 0.5a 17.4� 1.6cd
z At thesedosesit wasnotpossibleto determinetheeffecton thenymphaldevelopmentandreproductive perioddueto high mortality.
y Bold - Nymphs and/or adults suckingonly tr eatedplants. Italic - Nymphsand/oradultssuckingonlyplantsnot treated.
x Within columns,�gures followedby acommonletterdonotdiffer signi�cantly atP� 0.05(Tukey), n=36.

P
hytoparasitica

32:3,2004
289



TABLE 2. Averagenumber� S.E.of offspring per femaleper day of the matureadult's life, for
variousdosesof azadirachtin(in mgml� 1)

0.25 0.05 0.005 0.0005 0.00005 Control
Nymphs -z - - - 2.5� 0.5b 3.6� 0.3c
Adults 0.7� 0.2ay 0.6� 0.3a 1.9� 0.3b 2.8� 0.8bc 2.5� 0.9bc
Nymphs&
Adults

- - - - 3.2� 0.9bc

z At thesedosesit wasnot possibleto determinethe effect on the fecundityof the surviving individualsdueto
highmortality.
y Within rows, �gures followedby acommonletterdonotdiffer signi�cantly atP� 0.05(n=36).

Fig. 2. Mortality of Brevicorynebrassicaeaphidswhenadultsfed on Brassicanapussubsp.napus
plantstreatedwith azadirachtinat0.25,0.05,0.005,0.0005or 0.00005mgml� 1 .

treatedwith azadirachtinduring their nymphal stagesshowed a signi�cant decreasein
total longevity; 3–3.4 daysafter the introductionof cabbageaphidsonto the plantsat
concentrationsof 0.25 and0.05 mg ml� 1; 4.2–4.9daysat 0.005mg ml� 1; 9.2 to 12.4
daysat 0.0005mg ml� 1; and18.7–20.2daysat 0.00005mg ml� 1; the untreatedcontrol
exhibitedanaveragelongevity of 17.4days(Table1).

No effect on longevity was observed with matureaphidsfeedingon treatedplants,
irrespective of the azadirachtinconcentration;it rangedfrom 16.1 to 19.4 daysafter the
introductionof cabbageaphidsontotheplants(Table1).

Fecundity

Exp. A: The effect of azadirachtinon fecundity, expressedasthe averagenumberof
offspringperfemaleanddayof thematureimago's life (P=0.05),is summarizedin Table
2. At theconcentrationsof 0.25,0.05and0.005mgml� 1, it wasnotpossibleto determine
the effect on the fecundityof the surviving individualsdueto high mortality. The effect
of azadirachtinat of 0.0005mg ml� 1 manifesteditself in the surviving individualsasa
reductionin fertility. At 0.00005mgml� 1 theaveragenumberof offspringwas2.5nymphs
perday;in thecontrol,theaveragenumberwas3.6.

Exp. B: A signi�cant effect (P< 0.05)on the numberof offspring wasobserved with
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Fig. 3. Mortality of Brevicorynebrassicaeaphidswhennymphsandadultsfed on Brassicanapus
subsp.napusplantstreatedwith azadirachtinat0.25,0.05,0.005,0.0005or 0.00005mg ml � 1 .

aphidsfeedingon plantstreatedwith azadirachtinsolelyduring their maturestage(Table
2), andwasmanifestedat the concentrationsof 0.25 and0.05 mg ml� 1. The periodof
reproductionwassigni�cantly shorterthan in the control group(Table1), and the post-
reproductive periodof life wassigni�cantly extended. The sameeffect wasobserved at
0.005mg ml� 1, but it was not as profound(P� 0.05). At 0.0005mg ml� 1, decreased
fecunditywasobserved.

Exp. C: The effect on fecunditywasalmostequalto that observed in the treatment
with the aphidsfeedingsolely during their nymphalstages,the only exceptionbeingthe
concentrationof 0.00005mg ml� 1 – with no statisticallyrelevantdifferencebetweenthe
numberof offspringof surviving individualsin thetreatmentandcontrolgroups(Table2).

DISCUSSION

Theresultsof bioassayswith azadirachtinappliedsystemicallythroughtherootsof rape
plantsshowedsigni�cant differencesin mortalityandfecundityof B. brassicaefeedingon
theplants.

Mortality and longevity Thesystemicapplicationof low concentrationsof azadirachtin
to the plantscauseda signi�cant increasein mortality and a reductionin longevity of
cabbageaphidsduring the nymphal stages,particularly during ecdysis. No sucheffect
wasobservedin adults.

Similar resultswereobtainedby StarkandRangus(23). In experimentswith thepea
aphid (AcyrthosiphonpisumHarris), they showed that nymphssuckingon plantswere
muchmoresusceptiblethanadultsandtheir longevity wassigni�cantly shorterthanthe
control whensprayedwith Margosan-O,a botanicalinsecticidecontainingazadirachtin.
Whentheinsecticidewassprayedon maturefemalesof A. pisum, their longevity wasalso
shorterthan the control group; however, the total longevity of A. pisumcomparedwith
analogouslytreatednymphswas up to ten times greater. Nisbet et al. (19) con�rmed
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the fact that azadirachtindoesnot causemortality of matureindividuals when applied
perorally. They determinedtheeffect of azadirachtin-treateddietson thefeedingbehavior
andfecundityof thepeach-potatoaphid(Myzuspersicae). Thedosesusedby thoseauthors
weresimilar to thehighestdosesusedin this study. They showedthatmatureindividuals
of M. persicaefeedingon a diet treatedwith 25 to 100ppmof azadirachtindid not show
any signi�cant mortality, but 100%mortality wasobservedwith nymphsasearlyas50 h
aftertheapplication.

The present�ndings indicatethat the effect of perorallyappliedazadirachtinon the
mortality of cabbageaphidsmanifestsitself markedly only during the nymphalstageof
aphiddevelopment.This is a resultof azadirachtin'seffect ongrowth regulation.It causes
irreversible disruption of hormonalactivities in juvenile individuals. Thesedisorders
usuallymanifestthemselvesduring thenymphalecdysisperiodandresultin mortality or
variousdevelopmentalabnormalities(11,12,21). This effect is evident even at very low
doses(ca 0.5ppm)anddoesnotmanifestitself in matureindividuals.

No effect of azadirachtinon extendingor shorteningtheperiodof developmentof the
respectiveinstarsof thecabbageaphidswasdetectedin ourexperiments(Table1). Dimetry
et al. (4) obtaineddifferentresults- detectingan increasedperiodof developmentof the
respective instarsof the cowpeaaphid (Aphis craccivora Koch). They showed that the
applicationof variousdosesof thebotanicalinsecticideNeemAzal-Fresultedin extending
theperiodsof developmentbetweentherespectivenymphalinstarsby upto threetimesthe
period for the nymphsin the control group. Dimetry et al. attribute this phenomenon
to the changein chemoreceptoricbehavior and a possiblein�uence of physiological
processesasgrowth regulators. It is possiblethat variousphysiologicalchanges,among
themthe effect on theglandsproducingPTTH hormones,occurwith sprayingor topical
applicationbecausethe substancespenetratethe bodiesof aphids(2,3,15). The effect of
other biologically active substances,e.g. nimbine, salanine,nimboline, etc., which are
presentin theoil andform themajorpartof theinsecticidesapplied,mayalsoberelevant
(2,3).

Fecundity Duetohighmortalityit wasnotpossibletodeterminetheeffectof azadirachtin
onfertility of aphidsthatfedontreatedplantsduringtheirnymphalstages,but it wasshown
thatevenvery low concentrationsof azadirachtinsigni�cantly reducethefertility of adults.

Koul (10)reportedareductionin fecundityof B.brassicaetreatedwith azadirachtin.In
his study, azadirachtinreducedboth the fertility andfecundityof B. brassicaeexposedto
60ppmazadirachtin(P< 0.05),but thefecundityof aphidsexposedto 30ppmazadirachtin
did not differ from that of the aphidsin the control. Our resultsandthoseof Koul (10)
show that azadirachtincan be effective by oral application(0.5 ppm), but the effective
concentrationsmaybedifferentfor particularpests.

Dimetry and Schmidt (5) have shown a reduction in fecundity of Aphis fabae at
3.0 and3.5 ppm azadirachtin.For M. persicae, Nasonovia ribisnigri andChaetosiphon
fragaefoli, evenhigherconcentrationsarerequired(60 to 80ppm)to producereproductive
inhibition (14). Effective concentrationsof azadirachtinresulting in 50% inhibition of
aphid reproductionrangedfrom as low as 14.4 ppm for N. ribisnigri to 616.4ppm for
Rhopalosiphumpadi (14).

On thewholeit is dif�cult to compareaphiddatawith datafrom otherspeciesbecause
of theviviparousnatureof aphids.Immaturesdiedapparentlydueto azadirachtininhibition
of ecdysis,whichhasbeenobservedalsoin somelepidopterans,Rhodniusandlocusts(9).
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Lowery andIsman(14) suggestedthe inhibition of cuticulogenesisasa modeof action.
Developmentof fewerembryos(14)maybedueto reducedoocytematurationanddelayed
embryonaldevelopment.

Controlof aphidsin the�eld by foliar or systemicapplicationof azadirachtinwouldbe
basedonacombinationof theantifeedanteffectandthaton reproductionandsurvival.

Basedow et al. (1) reportedsystemiceffects of azadirachtinA after soil treatment.
Whenpotswith a peat–sandmixture in which seedlingsof Vicia fabaweregrowing were
suppliedwith 10 ml of neemkernel water extract (containing14 mg azadirachtinA),
transportof azadirachtinA to the broadbeanleaves was observed; the maximumwas
reachedafter5 days,afterwhich theazadirachtinA contentof theleavesslowly declined.
In otherpots,populationsof Aphisfabaeincreasedin treatedanduntreatedpots,until the
fourth day, at which time they startedto declinein treatedpotswhereasthepopulationsin
untreatedpotsincreasedrapidly. This experimentalobservationshows thatplantscantake
upazadirachtinA by therootsandtransportit, sothatit canaffect suckinginsects.

If the active ingredientsaretaken up by the root systemandthentransportedby the
vascularbundlesthroughoutthe plant, low concentrationsof azadirachtinor botanical
insecticidescontainingazadirachtinmight be more effective than foliar applicationsfor
control of variouspestspecies.In practicethis could greatlyaffect the costandnumber
of applicationsof pesticidesnecessaryto controlcroppests.Nevertheless,theuseof this
methodis currentlylimited. In thefutureit canbeemployedfor hydroponicculture,drench
treatments,or directplacementin thesoil.
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