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Production of Desert L ocust Feeding Deterrentsfrom in
vitro Cultured Neem (Azadirachta indica)

Silvia Zypman! ShalomW. ApplebaurdandMeira Ziv**

Callus was initiated from cotyledon, hypocotyl and shoottip explants of neemseedlings
(Azadirachtaindica A. Juss.)thatwereculturedon MurashigeandSkoog (MS) agarmedium
supplementeavith MS vitamins, caseinhydrolysate jndole-3-aceticacid andbenzylamino
purine. Shootsregeneratedrom hypocotyl-dened callus only. Mature 10-12-week-old
callus regeneratedboth shootsand somaticembryos(SEm). The antifeedantactivity of
differenttypesof callus, leares and SEmwas determinedwith larvae of the desertlocust
Schistocerca gregaria in a no-choicefeedingbioassay In vitro tissue-culturecheemhad
antifeedanpropertiesagainsthe deseriocust. To the bestof our knowvledgethe antifeedant
actiity of neemsomaticembryosextractsis reportedherefor thefirst time.
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INTRODUCTION

The neemtree (Azadirachta indica A. Juss.) is well known for the antifeedantand
insecticidaleffect of its secondarymetabolites,againstseveral agricultural crop pests.
The highestlevels of thesecompoundsare locatedin the seeds. The compleity of the
active principles,azadirachtirand other, relatedtriterpenoidsexcludesthe possibility of
chemicalsynthesidor large-scaleproduction(9). A concentratecontainingazadirachtin
(AZA) and other terpenoidcomponentss presentlyobtainedby hanestingthe seeds,
extractingthe oil andtriterpenoidsand separatinghe latter. This concentrateactsasan
effective crop protectionagent.lt is difficult, hawever, to obtaina supplyof goodquality
seeds(2). In addition, AZA contentdecreasesapidly due to fungal infection, heator
light. Tissueculture methodscan be usedasan alternatie meansfor the productionof
AZA andrelatedcompounds.In vitro productionof callus, shootand somaticembryos
(SEm)regeneratiorfrom differentexplantsof A. indica, hasbeenreported(14,16,20).In
vitro culturesare capableof secondarymetabolitegproduction(17), andthe productionof
bioinsecticidesvith antifeedantompounddy neentissueculturewasreportedoreviously
(8,15,19). Thefirst indicationof AZA productionby tissueculturewasshawn in various
calluslines(2) andin cell suspensiominderdifferentcultural conditions(18). Jarviset al.
(7) demonstratetby the useof 'H NMR andmassspectrathat AZA andotherlimonoids
isolatedfrom tissue-cultureaellsgrown onasyntheticomedium,werechemicallyidentical
with the compoundsolatedfrom neemseeds.
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The purposeof the presentstudy wasto determinethe insectantifeedantactivity of
callus,leavesandsomaticembryosfrom in vitro cultivatedneem.

MATERIALS AND METHODS

Plant material and culture medium Neemseedlingsobtainedfrom Venezuelarseeds
(from a collectionacquiredby S.W. Applebaum)were the sourceof the initial material
for tissueculture. The hard coatand endocarpof the neemfruit wereremoved andthe
seedswere washedunderrunning tap water for 24 h to enhancegermination. A 2.5%
(v/v) sodiumhypochloritesolution was usedfor seeddisinfectionfor 15 min, followed
by washingwith sterile water Seedswere placedafter sterilizationon cotton wool in
individual dark film vesselq5 cm height x 3 cm diam), andkeptin darknessat ~32°C
during the day. The seedswere watereddaily. Two-week-oldneemseedlingexplants
were usedfor callusformationandshootregeneration.The plant materialwas sterilized
with 2.5% sodium hypochlorite solution for 15 min and rinsed four times with sterile
distilled water underasepticconditions. The initiation mediumconsistedof Murashige
andSkoog (MS) basalmedium(13), 10 mg/ of caseinhydrolysateg(CH), 3% sucrose2.9
#M indole-3-aceticacid (IAA) and4.4 uM benzylaminopurine (BAP) (Az-1 medium).
The mediumwas solidified with 0.6% agar(agaragar A-1296, Sigma, Rehovot, Israel)
afteradjustingthe pH to 5.7-5.8.All growth regulatorswereincorporatednto the medium
beforeautoclaing at 120°C and 15 psifor 20 min. The carrotcallus,usedto preparean
extractfor theinsectfeedingbioassayg¢suppliedby D. Fleminger TheHebrav University
of JerusalemFaculty of Agricultural, Food and EnvironmentalSciencesRehovot), was
routinely culturedon MS mediumin thedarkat25+1°C.

Callus and shoot regeneration from seedling explants Shoot tip, cotyledon and
hypocotylexplants(3—4 mm) wereusedfor callusformationandshootregenerationEach
cotyledonwas inoculatedwith the abaxialsidein contactwith the medium. Hypocotyl
andshoottip explantswereembeddedn the medium. Eachculturetubecontainedl0 ml

of Az-1 medium. The cultureswere maintainedat 25+1°C undercool fluorescenwhite

lamps(56 pE.m~2.s71, 16:8 h photoperiod). The percentagef explantsshaving callus
andshootregenerationwas determinedor the differentexplants(11-15replicates)after
6 weeksof incubation. Stocksof neemplantletsand calli were kept by the continuous
subcultureof nodalexplants(+ 5 mm) from theregenerateghootsjn Az-1 medium.

Somatic embryogenesis SomaticembryoqSEm)developedn someof thecalli cultures,
after8—12weeksin culturewith furthersecondargmbryogenesisThe SEmwerecultured
in Az-1 mediumin petri dishes. Eleven petri disheswith five SEm/petridish, were used
for eachtreatmentAfter 8 weeksof incubationin light (seeabove) or dark,the percentof
germinatedembryos root length,andthe percentof embryoswith shootsandsecondary
embryosweredetermined.

Plant extracts for insect feeding bioassays Calli, embryosor shoots(0.1-0.2g dry wt)
weresonicatedn 16 ml of 66% methanolfiltered throughglassfiber andthe supernatant
was centrifugedat 5000 rpm. The pellet was discardedand 16 ml of dichloromethane
was addedto the recovered supernatant. The methanol-dichloromethansolution was
agitatedon a shaler at 5-8°C. Two phasesseparatedhfter 24 h, one methanolic(the
upperphase)@ndthe othera dichloromethang@hasewhich containedhe terpenoids.The
dichloromethan@hasewvaskeptat —17°C andusedfor theinsectantifeedanbioassays.
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Insect feeding bioassays No-choicefeedingbioassay$11) wereemployedto assaythe
plantextracts,by using 3-day-oldmalefifth-instar nymphsof Schistocerca gregaria. The
insectswerefield-collectedin Nigeriain 1992andrearedin our cultureroomat 26+1°C
andconstanillumination. They werefed freshgrassandflaked oats. Their stateof hunger
was standardizedprior to the bioassayby depriing them of food overnightfor 16 h.
Subsequentlyhe insectswere fed with fresh grassfor approximatelyl5 min, until they
were satiated. Eachinsectwas given 3 h post-ingestiortime in orderfor the foregut to
begin to emptyandtheinsectto becomehungryagain. The antifeedantctivity of eachof
the compoundsvasassesseby applying300 il aliquotsof the extractsto 14.24+0.2 cm?
discsof glass-fibepaper(Whatman4.25cm diam,GF/C). Thediscsweremadepalatable
by the additionof 350 ul of a 100 mM sucrosesolution. Control discswere soaled with
asucroseanddichloromethansolution;experimentadiscsweresoalkedwith sucroseplus
the testcompoundin dichloromethane.All the discswere air-dried prior to use. Each
disc waspinnedto a polystyrenebasein a mannerthatkeptthe edgeof the disc free for
the singlelarva in the plastic 500-cn¥ containersto feed corveniently The areaof the
discswasmeasureafter2.5h usinga AT AreaMeter(Delta-T Devices,Cambridge UK).
The areaof nine or tendiscsfed on by the insect(initial disc area— final disc area)was
determinedandthe meanst S.E.werecalculated.Larval feeding(LF) wasrecordedas
the meanareaof the fiber disc consumedy the larvaein eachtreatmentver a period of
2.5handasthepercentagef LF in relationto thecontrol. Theextractsusedin eachinsect
feedingbioassayexperimentwereasfollows:

i Extracts(6.3 mg dry wt of the original biomass/ml¥rom differenttypesof 6-week-old
neemcallusweretestedor theirinsectantifeedanproperties The callustypeswere:
friable; generatedrom neemnodal explants,compactand/orgranular subcultured
oncefrom a callusgeneratedrom a neemnodalexplant; andembryogenicsubcul-
turedfrom anembryogenicallus. Carrotcallusextractwasalsotested.A solution
of 0.25ug azadirachtir®5%a.i. (A-7430, Sigma)perml dichloromethanevasused
asoneof the controltreatments.

ii Extracts(0.063mg dry wt of the original biomass/ml)of friable callusthatwasnewly
initiated from shootnodal explantsafter 2, 3, 4, 5 and 6 weeksof incubation,and
leaf extractsfrom youngshootscultivatedin vitro for 6 weekswere comparedor
theirantifeedanproperties.

iii Theantifeedanpropertiesof extractsfrom 0.63mg dry wt of the original biomass/ml
of the differenttypesof SEm obtainedin culture were comparedwith the same
concentratiomf extractfrom acompacneemcallusthatdevelopedfrom subcultured
callus,after6 weeksof incubation.

Statistical analysis The SAS (version6.04) software was usedto analyzethe results.
Significantdifferencesbetweenthe means(callus and areaeatenby the insects)of the
treatmentsin the different experimentswere testedby one-way ANOVA. Significant
differencedetweenreatmentgP<0.05)wastestedoy Tukey's Studentestatana level of

0.05(21). Whenthevariancesverenothomogeneoushe Box adjustmento ANOVA was
applied. The x? testfor proportions(or the parallel FisherExact Test, whenthe sample
sizewas small) was usedfor the analysisof the differenceshetweenpercentagesPairs
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of treatmentsvere then comparedby further x? or Fishertests,and the P-valueswere
correctedor simultaneityby the Bonferronimethod(12).

RESULTS

Callus formation and shoot regeneration from seedling explants A light yellow
friable callusdevelopedfrom seedlingexplants incubatedn thelight. Thebestresponse

TABLE 1. Germinationand developmentof somaticembryoson Az-1 medium, after 8 weeksof
culturein light or dark

Culture Germinated Rootlength Embryoswith Secondargmbryogenesis
conditions embryos(%)?* (cm) shoot (%)*

Number %~
Light 49.1 1.42a8° 20 3.2 23.6
Dark 41.8 2.43b 5.5 2.4 20

#Percenbf atotal of 55 embryos.
¥Shootlengthwas< 1 cm.
Z Significantdifferencebetweerthe means.

was obtainedin hypocotyl explants, 47% of which developedcallus. In shoottip and
cotyledonexplants, only 9% and 27%, respectiely, developedcallus. Therewere no
significant differencesbetweenthe different seedlingexplantsin callus formation (x2,
P>0.05). Shootsregeneratenly from the hypocotylexplantcallus(Fig. 1). Whennodal
explantsfrom theregenerateghootswereculturedin Az-1 medium,alight yellow friable
callusdeveloped.Thefriable callus,uponsubculturgo Az-1 medium,developedafterone
monthinto a compactbrown granularcallus.

Somatic embryogenesis Continuousculturein the initiation Az-1 mediumfor a period
of more than 3 months, induced meristematiccenterformation, which developedinto
SEm (Fig. 2a). The SEm germinatedafter isolation and subcultureto Az-1 medium,
developinga small root after 3—4 days, followed by shootdevelopment. In somecases
secondaryembryogenesisvas obsened (Fig. 2b). The subcultureof the embryogenic
callusto the samemedium,resultedin extensive proliferationof the embryos. The SEm
developeddifferentpigmentationin culture, having white, yellow, greenor brown color.
Thedevelopingembryosegeneratedecondargmbryoswith ameanof 3.2new generated
embryoperembryo.As canbeseenin Tablel, nosignificantdifferencesn thepercentage
of germinatedembryosembryoswith shootsandsecondargmbryogenesigereobsened
in SEmincubatedin the dark or light (comparisornof proportionswith culture dishesas
replicates)usingthet-testafterthearcsingransformationTheonly significantdifferences
wereobsenredin rootlength(t-test,P<0.05),which wasbetterin thedarkthanin light.

Insect feeding bioassays The antifeedantactiity of extractsfrom different types of
tissueculturedneemis presentedn Table2. In thefirst experimentall the typesof neem
callusextractshadstrongLF suppressionTherewereno significantdifferencesetween
theeffectsof neemcallusextractsandpureAZA treatmenbnfeeding.Carrotcallusextract
effecton LF wasnot significantlydifferentfrom the control (Box test,a=0.05).

In asecondexperimenttheyoungercallushadahigherantifeedanpropertythancallus
thatwasin culturea longertime. Significantdifferencesn LF responsevere obsened
betweercallusincubatedor 2 and3 weeksandthe control (17% and30% of the control,
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Fig. 1. Shootand callus developmentfrom hypocotylexplants,after 6 weeksof incubationin the
dark.

Fig. 2. Neemsomaticembryogenesiga) Old callusshaving embryogenicentersafter8 monthsof
incubationand (b) Germinatedsomaticembryosshaving secondaryembryogenesis3 weeksafter
subculturego Az-1 mediumandincubationin light.

respectiely). No significantdifferencedn LF responseavere obsened betweenthe 4th,
5th and6th weeksof incubation(60%, 80% and78% of the control, respectiely) andthe
control(Box test,a=0.05). An extractfrom thein vitro culturedleavescompletelyinhibited
feedingin comparisorwith the callusextracts.
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TABLE 2. Theeffectof extractsfrom differenttypesof tissue-culturetheemandcarrotcalluson the
feedingbehaior of Schistocerca gregaria

Experiment  Larval feedingon Extracttested Larval feedingonthetreateddiscs
thecontroldisc
S.E.(cn?
S.E.(cm?) Feeding
(% of
control)

1 13.13 0.51a¥ Neem Friable 1.71 0.18b¥ 13
callus Compact 1.31 0.10b 10

type Embryogenic 1.20 0.22b 9.1

Carrotcallus 11.52 0.73a 87.9

Azadirachtin 0.90 0.17b 6.9

2 6.80 0.50a Callusin 2 1.16 0.33cd 17.1

culture, 3 2.05 0.72bcd 30.2

weeks 4 4.09 0.38abc 60.2

5 5.47 0.93a 80.5

6 5.31 1.32ab 78.1
Shoots6 weeksin culture 0 0

3 7.93 0.67a Somatic White 6.24 1.27ab 78.7
embryos Green 5.39 1.07ab 68

Yellow 2.56 0.50bc 32.3

Brown 5.27 1.28ab 66.5

Neemfriable callus 0.64 0.16¢ 8.1

#Extractconcentrationsexp. 1, 6.3mgdry wt/ml; Exp. 2,0.063mg dry wt/ml; Exp. 3,0.63mgdry wt/ml.
YWithin eachexperimentmeanswith acommonletterdo not differ significantlyatP 0.05.

Antifeedantpropertiesof extractsfrom 0.63 mg dry wt/ml SEmwere comparedwith
a 6-week-oldcallus extract from the third experiment. The lowestvalue of LF among
the variousSEmextractswas obtainedfor the yellow SEm (2.56+0.50cm?), which was
significantlydifferentfrom thecontrolLF respons€7.93+0.67cm?). Thewhite,greenand
brown SEmhadalowerLF effectin comparisorwith thecontrol,but werenotsignificantly
different. The antifeedanpropertiesof callusextractdid not differ significantlyfrom the
yellow SEmextract(Box test,a=0.05).

DISCUSSION

Thepotentialof shootandcallusinductionfrom differentneemseedlingexplants(shoot
tip, hypocotyland cotyledon)culturedon MS mediumsupplementedvith MS vitamins,
IAA, BAP andCH, werecompared.Hypocotyl explantsproducedhe bestfriable callus,
which regeneratecgshootswhenincubatedin the light. It appeardhat the hypocotylis a
highly competensourceof explantsfor the initiation of neemcallus, possiblyby having
active cells. Both organogenesisnd somaticembryogenesifrom callus cultureswere
obsened. SEmdevelopedspontaneouslin someof the callus culturesafter morethan3
monthsin culture. Dehydrationmay have augmented water stressandinducedembryo
formation. It is alsopossiblethatthe accumulatiorof variouscompoundsn the medium,
whichdiffusedfrom thenecroticcallus,enhancedomaticembryogenesisSEmhave been
notedto arisealso from brown necrotictissuein somespeciesof Caffea, Bambusa and
Juglans (6). Krul andWorley (10) foundthatdevelopingSEmof \itis wereall adjacento
areasof necrotictissueof callus. SEmof neemcanbe continuouslygeneratedn vitro, by
enhancedecondarnembryogenesighusincreasinghe propagatiorefficiency.
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The antifeedanpropertiesor S. gregaria in callusandleaveswerealsodemonstrated
in previous works (2,8,19). Larval antifeedingobsenedin SEm extracts— especiallyin
theyellow-typeembryosandthe measuremerndf the antifeedantctivity of neemextracts
from callus grown for variousincubationperiods,are reportedherefor the first time, to
the bestof our knowledge. Akula and Drew (1) usedHPLC to analyzethe contentof
azadirachtinn SEm,but their resultsdid notrevealary detectablejuantities.

The lower larval feeding valuesobsened in callus as comparedwith leaves may
indicatethatdifferentiatedissueof neemhasa bettercapacityfor theaccumulatiorand/or
enhancedsynthesisof secondarymetaboliteswith antifeedantpropertiesthan has non-
differentiatedissue.Theseresultsarein accordancevith previousreportsin othertissue-
culturedplants.Fully differentiatedissueof ginsengaccumulatedhigherlevelsof saponin
thancallustissueor suspensionsells(7). It wasalsodemonstratethat,in Daturainnoxia,
the contentof tropanealkaloidsvariesin consecutie stagesof developmentfrom callus
tissueto a matureplant(5). In Pelargonium fragans, shootorganogenesiked to a 200-fold
increasan essentiabil accumulationcomparedvith unomganizedcallus(3).

In the presentwork a higherantifeedantactity wasfoundin callusincubatedfor a
shorterratherthanalongerperiod,which mayindicatetheimportanceof actively dividing
andgrowing callus. The presenceof antifeedantctiity wasconfirmedalso (resultsnot
shawn) in filtered liquid mediumin which shootexplantswere cultured, indicating the
possibilitythatthemetabolitegliffusedinto the medium,which hasimportantimplications
for in vitro secondarynetaboliteproduction.

Thefactthat SEmextractsaffected,evenatlow levels,thelarval feedingof the desert
locust, is an importantfinding, since SEm can proliferate by regenerationof secondary
embryoswhen cultivatedcontinuously The productionof SEmin large-scalebioreactor
cultures,canbe anefficient sourcefor artificial seeds.
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