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Effect of Azadirachtin Applied Systemicallythr ough Roots
of Plants on the Mortality , Developmentand Fecundity of
the CabbageAphid (Brevicorynebrassicag

RomanPavela, ' Martin Barnet andFrantsekKocourek

Theeffect of low concentrationsf azadirachtirappliedsystemicallythroughroot tissuesof
rapeplants(Brassicanapussubsp.napug onthemortality, periodof developmentjongevity
andfecundityof the cabbagephid(Brevicorynebrassicad..) (Sternorrlyncha: Aphididae)
was studied. The concentration®f azadirachtinA testedwere: 0.25,0.05,0.005,0.0005
and 0.00005mg ml *. The mortality of cabbageaphid nymphs, particularly during the
periodof ecdysisjncreasedigni cantly with increasingoncentrationsAzadirachtirhadno
effect on thelengthof the developmentperiodof the respectie immaturestageof cabbage
aphids.The averagelongevity of the cabbagephidsdecreasevith increasingazadirachtin
concentratiorandtime spentffeeding. Thefecundityof aphidsdecreasedftertheapplication
of azadirachtin.

KEY WORDS: Azadirachtin; systemicaction; Brevicoryne brassicae cabbageaphids;
fecundity;mortality; botanicalinsecticidesterpenoids.

INTRODUCTION

In recentyearsjnterestin thedevelopmenof naturalinsecticidedhasincreasedecause
of disadwantagesto the use of syntheticinsecticides,such as environmentalpollution,
developmentof insecticideresistanceinsecticide-inducedesugenceof insectpests,and
adwerseeffectson non-tagetorganisms.Onepromisingnaturalinsecticideof interestis an
extractfrom seedf theneemtree(Azadiachtaindica A. Juss.)becausdt is effective on
mary pestsandis biodegradable(8). The primary active ingredientof mostneem-based
pesticidess azadirachtinalimonoid compoundwith excellentinsecticidalactiity against
mary phytophagousests. Azadirachtinaffectsinsectgrowth, feedingand reproduction
(16,25). Neemextractshave minimal toxicity to non-tagetorganismssuchasparasitoids,
predatorsandpollinators(13,17)anddegraderapidly in the ervironment(8).

Neverthelessthe rapid degradability is a disadwantagefor foliar applications. For
this reasonoptimal timing of applicationswith higher concentration®f azadirachtinis
necessary22). Therefore,new typesof administrationsuchastreeinjection (7,18,26)
andsoil applicationg1,20,24)resultingin uptale by the rootssystem,aredesirable.The
roots of plantstake up dissoled azadirachtinand build it into their tissueas a natural
metabolite(24). The effect on aphidsof azadirachtintaken up by the root systemis
not clear Currentresearchshaws that azadirachtinappliedon the plant surface affects
aphids(5,12,19,21,23)The cabbagephid(Brevicorynebrassicael..) is aneconomically
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importantpestof the Brassicaefamily in generaland of Brassicaspeciesin particular
In our studywe investicatedthe effectsof variousconcentration®f azadirachtirapplied
hydroponicallythroughtherootsof plantson the mortality, developmentandfecundity of
cabbagephids.

MATERIALS AND METHODS

Plants Theexperimentatapeplants(Brassicanapussubsp.napug weregrovnin o wer

pots(30 cm diam) usingthe standarcpeatsubstratdor soving. The o wer potswereput
into clime-boxesandkeptat 16:8 L:D, 22 0.5 C and 60—80%r.h. After germination,
plantswereheld underthe sameconditionsfor 5 days,by which time the developmentof

thesecondaryeaveshadbegunin 60—70%of theseedlingsTheplantswerethenremored
from the soil, the substratavaswashedoff their rootswith runningwater andthey were
usedfor the experiment.

Chemicals Waterbasedsolutionsof crystalline azadirachtinA 97.5% obtainedfrom

SigmaAldrich (PragueCzechRepublic)wereused.Themethoddescribedy Gelbicetal.

(6) wasfollowedin the experiment. The plantsweretreatedby systemicsuctionthrough
theroot system.Therootsof the plantswereputinto 10-ml testtubescontainingé ml of

wateror azadirachtirsolutionwith thefollowing concentrations0.25,0.05,0.005,0.0005
and0.00005mg ml ! of azadirachtinA. The testtubeswereisolatedin plasticisolators.
The plantswerekeptin clime-boxeswith arti cial lighting, 16:8L:D, at22 0.5 C and
60—70%r.h. Theisolatorswith the plantswere kept at theseconditionsfor 24 h before
introducingcabbageaphid nymphs. Using a small brush,a single nymph was placedon

eachplant. Therewere12 aphids(threereplicationsn=36)in eachtreatmentThenymphs
and subsequentlyleveloping adultswere checled daily until the end of the experiment.
The experimentwas carried out under conditionsidentical to thoseapplied before the
introductionof nymphs.

Insects Cabbageaphids(Brevicorynebrassicael.) (Sternorrlyncha: Aphididae)were
obtainedfrom a laboratorycolory rearedon rapeplants. One hundredwinged females
from the colory wereintroducedontorapeplantsin acage(20 50 50cm); after12
h they were collectedfrom the plants. First instarnymphs(< 12 h old) wereusedin the
experiment. The coloniesweremaintainedn aninsectaryat22  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
adultswerethenintroducedontountreatedcontrol plants.

Exp. B (‘Adults’) Nymphsfed on control plantsuntil the day of the last ecdysis. Adults
wereintroducedontocontaminategblants.

Exp. C (NymphsandAdults') Nymphsfed on contaminategblantsthroughouthe period
of life.

Exp. D ("Control') Aphidsfed on controlplantsthroughouthe periodof life.

A studywas madeof the effects of azadirachtinappliedhydroponicallythroughthe
roots of plantson the mortality, developmentand fecundity of the aphids. Aphids were
monitoreddaily. Mortality and ecdysiswere recordedfor the nymphs, and mortality
(longevity) andfertility (numberof nymphsproduced)vererecordedor adults.

Statistics Dataon the development,longevity and fertility were subjectedto analysis
of variance(ANOVA). Differencedetweentreatmentavere determinedoy Tukey's test.
Differenceamongmeansvereconsideredigni cantatP 0.05.
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RESULTS

Mortality

Exp. A: The rst mortality of nymphsoccurredbetweenthe 2nd and 5th day after
introduction onto plantstreatedwith 0.25and 0.05mg ml ! of azadirachtin(Fig. 1).
100% mortality of nymphsoccurredbetweenthe 5th and 7th day At 0.005mg ml !
azadirachtinthe mortality of nymphsfeedingon treatedplantswashigherthanthatof the
control group, andtotal nymph mortality reachedl00%. At the concentratiorof 0.0005
mg ml 1, the mortality of nymphsfeedingon treatedplantswas higherthanthe control,
but the differencewasnot signi cant (P 0.05). Mortality reachedL00%on the 23rd day
afterintroductionof cabbagephidsontothe plants.No differencein mortality occurredn
nymphsfeedingon plantstreatedwith 0.00005mg ml ! azadirachtircomparedwith the
control group: it reachedL00% on the 27th or 28th day after the introductionof nymphs
ontothe plants,comparedvith 100%mortality onthe 28thdayin the controlgroup.
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Fig. 1. Mortality of Brevicorynebrassicaeaphidswhennymphsfed on Brassicanapussubsp.napus
plantstreatedwith azadirachtirat0.25,0.05,0.005,0.00050r 0.00005mg ml 1

Exp. B: In theadultstage(Fig. 2) 100%mortality wasobseredon the 23rd—24thday
with concentrationsf 0.25,0.05and0.005mgml 1, andon the 26th—27thday with the
remainingconcentrationsafterintroducingthe cabbageaphidsonto the plants. Mortality
of aphidadultsfeedingon treatedplantswasnot signi cantly different(P 0.05)from the
control.

Exp. C: Azadirachtinat concentrationsf 0.25,0.05and0.005mgml ! causechigh
mortality in nymphs,with 100%mortality obsenedby day9 (Fig. 3). Individualsthatfed
duringtheir adultstageon plantstreatedwith extractsof 0.0005and0.00005mgml ! had
high mortality but the differencefrom the controlwasnot signi cant.

Longevity The averagelongevity of cabbageaphidsdecreasedvith increasingconcen-
trationandthe progressie developmensstageg(P  0.05). Cabbagephidsfeedingon plants
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TABLE 1. Effect of variousdosef azadirachtiron the developmeniperiodandlongevity of Brevicorynebrassicagaverageperiodsin days S.E.)

Azadirachtin  Instar Pre- Reproductie  Post- Mean
(mgml 1) reproductive period reproductve longevity
period period
1st 2nd 3rd 4th Total
nymphal
development
Nymphs
0.25 -z - - - - - - - 3.0 1.1a
0.05 2.7 04 - - - - - - - 3.4 0.5a
0.005 3.2 05 2.3 05 2.0 04 - - - - - 49 1.9a
0.0005 23 05 16 04 1.7 03 22 04 7.7 04 - - - 9.3 1.1b
0.00005 26 04 1.8 0.3 15 04 20 04 79 04 1.1 0.3 11.0 2b 0.6 0.2a 20.3 0.8d
Adults
0.25 29 03 1.8 0.3 1.7 0.3 16 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 05 19 03 19 03 12 05 7.6 04 1.3 05 1.3 0.3a 5.7 0.6b 16.1 2.4c
0.005 22 06 23 05 1.7 04 16 04 74 04 1.3 05 6.3 1.6b 4.0 1.2b 19.4 2.1cd
0.0005 2.0 0.6 16 05 22 05 25 0.6 8.2 05 1.1 0.3 8.9 1.3b 15 1.2ab 17.2 2.1cd
0.00005 24 05 1.8 0.3 20 04 19 05 8.1 04 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 05 - - - - - - - 3.3 l1la
0.005 32 04 23 05 - - - - - - 4.2 1.6a
0.0005 2.7 05 2.0 04 21 05 21 04 8.8 0.5 - - - 12.4 3.1bc
0.00005 3.0 0.6 14 04 20 03 22 06 8.7 0.5 0.8 0.3 7.7 15b 1.1 0.2a 18.7 2.3cd
Control 2.1 05 1.8 0.3 1.7 04 19 0.3 75 04 1.2 0.3 74 19 0.7 0.5a 17.4 1.6cd

2 At thesedosest wasnot possibleto determinethe effect on the nymphaldevelopmentandreproductve perioddueto high mortality.
Y Bold - Nymphs and/or adults sucking only tr eatedplants. Italic - Nymphsand/oradultssuding only plantsnot treated.
X Within columns, gures followed by acommonletterdo not differ signi cantly atP 0.05(Tukey), n=36.



TABLE 2. Averagenumber S.E.of offspring per female per day of the matureadult's life, for
variousdosesof azadirachti(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 0.2& 0.6 0.3a 1.9 0.3b 2.8 0.8bc 2.5 0.9bc
Nymphs& - - - - 3.2 0.9bc

Adults
2 At thesedosest wasnot possibleto determinethe effect on the fecundity of the surviving individualsdueto
highmortality.
Y Within rows, gures followed by acommonletterdo notdiffer signi cantly atP  0.05(n=36).
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Fig. 2. Mortality of Brevicorynebrassicaeaphidswhenadultsfed on Brassicanapussubsp.napus
plantstreatedwith azadirachtirat 0.25,0.05,0.005,0.00050r 0.00005mg ml 1

treatedwith azadirachtinduring their nymphal stagesshoved a signi cant decreasen
total longevity; 3-3.4 daysafter the introduction of cabbageaphidsonto the plantsat
concentration®f 0.25and0.05mg ml *; 4.2—4.9daysat 0.005mg ml *; 9.2to 12.4
daysat 0.0005mg ml *; and18.7—20.2daysat 0.00005mg ml !; the untreatedcontrol
exhibitedanaveragdongevity of 17.4days(Tablel).

No effect on longerity was obsened with matureaphidsfeedingon treatedplants,
irrespectve of the azadirachtinconcentrationjt rangedfrom 16.1to 19.4 daysafterthe
introductionof cabbagephidsontothe plants(Table1).

Fecundity

Exp. A: The effect of azadirachtiron fecundity expressedasthe averagenumberof
offspring perfemaleandday of the matureimagos life (P=0.05),is summarizedn Table
2. At theconcentrationsf 0.25,0.05and0.005mgml 1, it wasnot possibleto determine
the effect on the fecundity of the surviving individualsdueto high mortality. The effect
of azadirachtinat of 0.0005mg ml ! manifestedtself in the surviving individualsasa
reductionin fertility. At 0.00005mgml ! theaveragenumberof offspringwas2.5nymphs
perday;in the control,the averagenumbemwas3.6.

Exp. B: A signi cant effect (P< 0.05) on the numberof offspring was obsered with
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Fig. 3. Mortality of Brevicorynebrassicaeaphidswhennymphsandadultsfed on Brassicanapus
subsp.napusplantstreatedwith azadirachtirat 0.25,0.05,0.005,0.00050r 0.00005mgml 1.

aphidsfeedingon plantstreatedwith azadirachtirsolely during their maturestage(Table
2), and was manifestedat the concentration®f 0.25and0.05mg ml 1. The period of
reproductionwas signi cantly shorterthanin the control group (Table 1), andthe post-
reproductve period of life was signi cantly extended. The sameeffect was obsered at
0.005mg ml 1, but it wasnot as profound(P 0.05). At 0.0005mg ml !, decreased
fecunditywasobsened.

Exp. C: The effect on fecundity was almostequalto that obsered in the treatment
with the aphidsfeedingsolely during their nymphalstagesthe only exceptionbeingthe
concentratiorof 0.00005mg ml 1 —with no statisticallyrelevant differencebetweerthe
numberof offspringof surviving individualsin thetreatmentndcontrolgroups(Table2).

DISCUSSION

Theresultsof bioassaysvith azadirachtimppliedsystemicallythroughtherootsof rape
plantsshovedsigni cant differencesn mortality andfecundityof B. brassicagfeedingon
theplants.

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

Similar resultswere obtainedby Starkand Rangug(23). In experimentswith the pea
aphid (Acyrthosiphonpisum Harris), they shaved that nymphs suckingon plantswere
much more susceptiblehanadultsandtheir longevity wassigni cantly shorterthanthe
control when sprayedwith Margosan-O,a botanicalinsecticidecontainingazadirachtin.
Whentheinsecticidewassprayedn maturefemalesof A. pisum their longerity wasalso
shorterthan the control group; however, the total longevity of A. pisumcomparedwith
analogouslytreatednymphswas up to ten times greater Nisbetet al. (19) con rmed
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the fact that azadirachtindoesnot causemortality of matureindividuals when applied
perorally They determinedhe effect of azadirachtin-treatedietson the feedingbehavior

andfecundityof thepeach-potataphid(Myzuspersicag. Thedoseaisedby thoseauthors
weresimilar to the highestdoseausedin this study They shovedthat matureindividuals
of M. persicaefeedingon a diet treatedwith 25 to 100 ppm of azadirachtirdid not shov

ary signi cant mortality, but 100% mortality wasobsened with nymphsasearlyas50 h

aftertheapplication.

The presentndings indicatethat the effect of perorally appliedazadirachtinon the
mortality of cabbageaphidsmanifestsitself markedly only during the nymphal stageof
aphiddevelopment.Thisis aresultof azadirachtirs effect on growth regulation. It causes
irreversible disruption of hormonalactivities in juvenile individuals. Thesedisorders
usuallymanifestthemselesduring the nymphalecdysisperiodandresultin mortality or
variousdevelopmentalabnormalitieg11,12,21). This effect is evident even at very low
doseqca 0.5 ppm)anddoesnot manifestitself in matureindividuals.

No effect of azadirachtiron extendingor shorteninghe periodof developmentof the
respectreinstarsof thecabbagephidswasdetectedn ourexperimentgTablel). Dimetry
etal. (4) obtaineddifferentresults- detectinganincreasegeriodof developmentof the
respectie instarsof the cowpeaaphid (Aphis craccivora Koch). They shaved that the
applicationof variousdosef thebotanicainsecticideNeemAzal-F resultedn extending
theperiodsof developmenbetweertherespectre nymphalinstarsby upto threetimesthe
period for the nymphsin the control group. Dimetry et al. attribute this phenomenon
to the changein chemoreceptoridbehaior and a possiblein uence of physiological
processess growth regulators. It is possiblethat variousphysiologicalchangesamong
themthe effect on the glandsproducingPTTH hormonespccurwith sprayingor topical
applicationbecausehe substancepenetratehe bodiesof aphids(2,3,15). The effect of
other biologically actve substancese.g. nimbine, salanine,nimboline, etc., which are
presenin theoil andform the major partof theinsecticidesapplied,mayalsoberelevant
(2,3).

Fecundity Dueto highmortalityit wasnotpossibleio determingheeffectof azadirachtin
onfertility of aphidsthatfed ontreatedplantsduringtheirnymphalstagesbut it wasshavn
thatevenverylow concentrationsf azadirachtirsigni cantly reducethefertility of adults.

Koul (10) reportedareductionin fecundityof B. brassicadreatedwith azadirachtinin
his study azadirachtirreducedboth the fertility andfecundityof B. brassicaeexposedto
60 ppmazadirachti{P< 0.05),but thefecundityof aphidsexposedo 30 ppmazadirachtin
did not differ from that of the aphidsin the control. Our resultsandthoseof Koul (10)
shav that azadirachtincan be effective by oral application(0.5 ppm), but the effective
concentrationsnay bedifferentfor particularpests.

Dimetry and Schmidt (5) have shavn a reductionin fecundity of Aphis fabae at
3.0 and 3.5 ppm azadirachtin.For M. persicae Nasoneia ribisnigri and Chaetosiphon
fragaefoli evenhigherconcentrationarerequired(60 to 80 ppm)to producereproductie
inhibition (14). Effective concentration®f azadirachtinresultingin 50% inhibition of
aphid reproductionrangedfrom aslow as 14.4 ppm for N. ribisnigri to 616.4 ppm for
Rhopalosiphunpadi (14).

Onthewholeit is dif cult to compareaphiddatawith datafrom otherspeciedecause
of theviviparousnatureof aphids.Immaturesliedapparenthydueto azadirachtinnhibition
of ecdysiswhich hasbeenobsenedalsoin somelepidopteransRhodniusandlocusts(9).
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Lowery andIsman(14) suggestedhe inhibition of cuticulogenesigisa modeof action.
Developmenbf fewer embryoq14) maybedueto reduceogyte maturatioranddelayed
embryonaldevelopment.

Controlof aphidsin the eld by foliar or systemicapplicationof azadirachtirwould be
basedon acombinationof theantifeedaneffectandthaton reproductiorandsurvival.

Basedw et al. (1) reportedsystemiceffects of azadirachtinA after soil treatment.
Whenpotswith a peat—sandnixturein which seedlingf Vicia fabaweregrowing were
suppliedwith 10 ml of neemkernel water extract (containing14 mg azadirachtinA),
transportof azadirachtinA to the broad beanleaves was obsened; the maximumwas
reachedafter5 days,afterwhich the azadirachtimA contentof theleavesslowly declined.
In otherpots,populationsof Aphisfabaeincreasedn treatedanduntreatedoots,until the
fourth day, atwhichtime they startedto declinein treatedpotswhereaghe populationsn
untreatedpotsincreasedapidly. This experimentabbsenationshawvs thatplantscantake
up azadirachtimrA by therootsandtransporit, sothatit canaffect suckinginsects.

If the active ingredientsaretaken up by the root systemandthentransportedoy the
vascularbundlesthroughoutthe plant, low concentrationof azadirachtinor botanical
insecticidescontainingazadirachtinmight be more effective thanfoliar applicationsfor
control of variouspestspecies.In practicethis could greatly affect the costand number
of applicationsof pesticidemecessaryo control crop pests.Neverthelessthe useof this
methods currentlylimited. In thefutureit canbeemployedfor hydroponicculture,drench
treatmentsor directplacementn the soil.
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