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Insecticidal Activity of Crude Seed Extracts of Annona
Spp., Lansium domesticum and Sandoricum koetjape
Against Lepidopteran Larvae

J.Audrey LeatemiaandMurray B. Isman

Crude ethanolicseedextractsof Annonamuricatg A. squamosaAnnonaceae)l.ansium
domesticumand Sandoricumkoetjape (Meliaceae)collectedfrom different locationsand

yearsin Maluku, Indonesia,were screenedfor inhibition of larval growth against the

polyphagoudepidopteranSpodoptea litura (Noctuidae). Extractsof A. squamosavere

signi cantly more active (20-fold) thanthoseof A. muricata. A. squamosaollectedfrom

Namleayielded the extracts with the greatestinhibitory actvity. There were signi cant

differenceamonglocationsfor bothA. squamosandA. muricatabut notfor L. domesticum
andS. koetjape Extractsof A. squamosacollectedfrom Namlea,inhibited larval growth

in a dose-dependembanney with a dietaryEC  (effective concentratiorto inhibit growth

by 50% relative to controls)of 191.7ppm freshweight. Extractsof A. squamosaollected
from individual treesin Namleaalsovariedin growth inhibitory effect againstS. litura and

Trichoplusiani larvae. This speciess a candidatdor developmenif a botanicalinsecticide
for local usein Indonesia.

KEY WORDS: AnnonasquamosaA. muricatg AnnonaceaelansiumdomesticumSan-
doricumkoetjape Meliaceae Spodoptea litur a; Trichoplusiani; botanicalinsecticide.

INTRODUCTION

Botanicalinsecticideoffer amorenatural, environmentallyfriendly' approacho pest
controlthando syntheticinsecticidesScreeningf plantextractsfor deleteriousffectson
insectds oneof theapproachessedn thesearcHor novel botanicainsecticide44,10,31).
The mostpromisingbotanicalsfor useat the presentime andin the future arespeciesn
thefamiliesMeliaceaeRutaceaeisteraceaednnonacead,abiatacandCanellacea€l?2).

The Meliaceae(mahogry) is a tropical family of woody plantscomprisingapprox-
imately 51 generaand 550 species(7). Seed(20,21) as well as foliar (5) extracts of
several meliaceousspecieshave beenreportedto have toxic and potentgrowth-reducing
activity to insects.Mary specief this family have beenscreenedlueto the outstanding
bioactvity of azadirachtinalimonoid from the neemtree (Azadirachta indica), which is
both a potentantifeedantand an insectgrowth regulator (29,30). Limonoids (triterpene
derivatives), natural productsof Meliaceae,Rutaceaeand other Rutales,have a wide
rangeof biologicalactiities includinginsectantifeedanandgrowth regulator antifunaal,
bactericidal antiviral andmedicinaleffectson animalsandhumang6).

The Annonacea¢custard-appléamily) is alarge family of almostexclusively tropical
trees and shrubscomprising about 130 generaand 2300 species(7). Plant parts of
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somespeciesof this family have beenusedtraditionally as insecticides. For example,
the powdered seedsand leaf juices of Annonaspp. are usedto kill headand body
lice, and bark of Goniothalamusmaciophyllusis usedto repel mosquitoes(22,31).
Annonaceousacetogeninsextracted from tree leaves, bark and seedshave pesticidal
and/orinsectantifeedanproperties(3,19,25,27).This groupof C fatty-acid-dened
naturalproducts,areamongthe mostpotentinhibitors of complex | (NADH: ubiquinone
oxidoreductase)n the mitochondrialelectrontransportsystem(1,17,18,32). To date,
nearly 400 of thesecompoundshave beenisolatedfrom the generaAnnona, Asimina,
GoniothalamusRollinia andUvaria (2,14). Theirbiologicalactiitiesincludecytotoxicity,
andin vivo antitumor antimalarial parasiticidalindpesticidaleffects(2,8,27).

The soursop(Annona muricatg, sweetsop(A. squamosp (Annonaceae)langsat
(LansiumdomesticumandSandoricunkoetjape(Meliaceaeprealundantasfruit treesin
Ambon (Maluku), Indonesia.Thesetreesare sourcef freshfruit and/orfruit juicesand
could generatdonsof wasteseeds.Thesewasteproductsmight potentiallybe developed
into simple,locally availablebotanicalinsecticides.

Theinsecticidabioactiity of crudeseedextractsof thesdour speciesagainsttheAsian
armyworm, Spodopte litura andthe cabbagdoopet Trichoplusiani wasinvestigatedin
this study Differencesn bioactvity were comparedrom differentlocationsin Ambon
(Maluku), Indonesiaandsurroundingareas S.litur a is oneof the majorlepidopterarpests
of tobaccoin Sumatrahput it is animportantpestalsoon othercropssuchasgroundnuts,
potatoespnionsandcabbagé€15). T. ni is a polyphagousepidopterarpestnative to North
America. Thisspeciess notpresentn Indonesidut othercloselyrelatedspecief looper
suchas Plusia signataare importantpestson somevegetablecrops(15). Screeningor
biologicalactiity of theextractswasthepurposeof this study Thereforejt wasimportant
to testthemon as mary speciesas possible. The easeof rearingand availability of the
insectsdeterminedherationalefor their usein this study

MATERIALS AND METHODS

Plant extracts Thirty-eight plant samples(seeds)of A. muricatg A. squamosa L.

domesticumand S. koetjape were collectedfrom different locationsin different years
(1996—-99)in Maluku, Indonesia. Seedswere pooledfrom differenttreesfrom the same
location.Voucherspecimensreheldin the HerbariumBogorienseBogor, IndonesiaThe
seedsvereair-dried,groundwith a coffeegrinder and100g of eachsamplewasextracted
with 95%ethanol(5 200ml) over5 daysby soaking.Theextractswerevacuum- ltered
(WhatmanNo. 1) andreducedn vacuousinga rotary evaporator The dried extractswere
resuspendeih a smallvolumeof 95% ethanolandtransferredo pre-weighedsials. After

evaporatiorof theethanolin thefumehood,thevials werere-weighedo determineextract
weight.

Insects Asian armyworms (S. litura) and cabbageloopers(T. ni) usedin this study
were obtainedfrom laboratory culturesrearedon arti cial diet (F9796, Biosery Inc.,
Frenchtovn, NJ, USA) and maintainedat 22 1 C and a photoperiodof 16L:8D. A
laboratory-rearedtolory of S. litura has beenmaintainedat the University of British
Columbiafor 7 years.The original colorny wasstartedfrom insectsprovided by Hokkaido
University Japanandhasbeensupplementedith insectsfrom SeoulNationalUniversity,
SouthKorea. A laboratorycolory of T. ni hasbeenmaintainedfor over 12 years. The
original colory wasstartedwith pupaeprovidedby SaferLtd. (Victoria, B.C.,Canada).
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Screeningbioassays Extractswerescreenedor growth inhibitory effectson neonates.
litura via a chronicgrowth bioassay Ethanolicseedextractswere incorporatednto the
arti cial diet at concentration®f 0.025%f.wt (250 ppm) and0.5%f.wt (5000 ppm) for
A. squamosandthe othersspeciesrespectiely, by the methodof IsmanandRodriguez
(11). Concentrationsveredeterminedrom preliminary experiments.Control dietswere
treatedwith carriersolvent (ethanol)alone. Two newly hatchedneonatesvere placedin
anindividual cell in a plasticassaytray with approximatelyl g of treatedor control diet
(n=20).Larvaeweremaintainedn agrowth chambert26 Candaphotoperiodf 16L:8D.
After 3 days,oneof the two larvaewasremoved, leaving onelarva per cell (20 larvaein
total). Thiswasto ensureghattherewasone,healtly larvapercompartmentLarval weights
weredeterminedndividually after 10 daysandcomparedo larvaefed on controldiet, the
meanweight for eachextract expressedasa percentagef controls. Seedextractsfrom

ve differenttreesof A. squamosaollectedfrom Namleain 1999weretestedfor growth
inhibitory effect againstS.litura (0.025%f.wt or 250 ppm)aswell asagainstT. ni (0.01%
f.wt or 100ppm),andthis experimentwasdonetwice.

Doseresponsébioassays Seedethanolicextractsof A. squamosaollectedfrom Namlea
(1996), which shaved the mostinhibitory effect (Table 1), were usedfor doseresponse
experiments.The chronicgrowth bioassaywascarriedout usinga seriesof ve different
concentrationsf extractson eachinstarof S.litura to investicgatewhetherdifferentinstars
differ in their susceptibilityto the extracts. Ethanolicseedextractswereincorporatednto
arti cial diet at the following concentrations10, 25, 50, 100, 150 ppm for 1stand2nd
instars;50, 100, 250, 500, 750 ppm for 3rd instars;and 250, 500, 750, 1000,2000 ppm
for 4th and 5th instars. Control diets were treatedwith carrier solvent (ethanol)alone.
Bioassaysvereperformedusingneonatessdescribedibove. Bioassaysvith otherinstars
(2nd, 3rd, 4th and5th) werecarriedout asfollows. Freshlymoltedinsectswerecollected
andthe bioassaysonductedasbefore,with oneinsectper cell (h=20). Eachexperiment
proceededintil thecontrollarvaereachedate 5th/early6thinstar(thisis the stagereached
after 10 days,startingwith neonates)For 2ndinstars this amountedo 7 days,3rd instar
- 6 days, 4th instars- 4 daysand 5th instars- 3 days. Insectswere weighedafter this
time andlarval weightswerecomparedo larvaefed on controldiets. TheEC (effective
concentrationo inhibit gronth by 50%relative to controls)wascalculatecby extrapolating
from thelinearregressiorequation.

Data analysis Growth inhibitory effect data were subjectedto Analysis of Variance
(ANOVA) onthebasisof theactualnumberobseredif thevariance®f thesamplemeans
weredeterminedo be homogeneousDifferencesamongtreatmenimeansvereanalyzed
usingtheLeastSigni cant DifferencgLSD) test(SAS1999),anddoseresponselatawere
analyzedusinglinearregressiorin Microsoft Excel 1997.

RESULTS

Screeningbioassays Extractsof bothA. squamosdsweetsopandA. muricata(soursop)
exhibited bioactvity againstS.litura. Extractsof A. squamosaesultedin larval growth
of 8-67%comparedo controls(Table 1), whereasA. muricatashaved larval growth of
18-96%(Table 2). Extractsof A. squamosavere screenedt a dietary concentratiorof
250 ppm agninstS. litura, viz., 20 timeslessthanthe concentratiorof A. muricataused.
Thereweresigni cant differencesn growth inhibition amongthe extractsof both species
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collectedfrom differentlocationsandyears(Tablesl and?2). A. squamosaollectedfrom
Namleayieldedextractswith thegreatesinhibitory actiity, but therewasvariationamong
threedifferentyearsof collection(Table1).

TABLE 1. Growthinhibitory effectof crudeethanolicseedxtracts of Annonasquamosgsweetsop)
from differentlocationsandyearsof collectionon neonateSpodoptea litura (testedat 250 ppm =
0.025%f.wt; n=20)

Location(village, island,year) Larval growth (% relative to control),
mean S.E.
Namlea, Buru,1996 8.3 2.8a
NamleaBuru, 1999 15.9 2.4ab
Kate-Kate Ambon, 1997 23.7 4.9abc
Latuhalat Ambon, 1996 32.4 4.2bcd
Kudamati, Ambon,1997 33.7 6.9cd
NamleaBuru,1998 42.4 7.5de
Batugantung, Ambon,1997 42.8 6.1de
Batugantung, Ambon, 1998 45.6 4.3def
Batugantung,Ambon, 1999 47.2 9.0def
Tantui,Ambon,1997 55.2 6.1efg
Batugantung,Ambon, 1996 59.8 6.3fg
NegeriLama,Ambon,1996 66.9 7.29

Theextractswerefrom seedof mixedtreeorigin.

Seedsverecollectedfrom adifferentbatchof treeseachyearat Namlea.

Meansfollowed by a commonletter do not differ signi cantly at P  0.05by the LeastSigni cant Difference
(LSD) test.

Seedsverecollectedfrom the sametreeseachyearat Batugantung.
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Fig. 1. Tree-to-treevariationin bioactvity of crudeethanolicseedextractsof Annonasquamosa
(Namlea,1999)on larval growth of Spodoptea litura (250 ppm; solid columns)andTrichoplusiani
(100 ppm; opencolumns)(n=40). P indicatespooledextractsfrom trees1-5. Within eachspecies,

meansfollowed by the sameletter do not differ signi cantly at P 0.05 by the LeastSigni cant
Difference(LSD) test.
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Therewere also signi cant differencesin larval growth for both S. litura and T. ni
amongextractsof A. squamosaollectedfrom differenttreesat onelocationat the same
time (Fig. 1). A pooledextractshavedsigni cantly moreinhibitory effect (larval growth
of 20%) thanmostsingle-treeextracts(larval growth of 45-55%)(Fig. 1). Extractswere
testedagainstS.lituraat250ppm,whichwas2.5timeshigherthantheconcentrationested
againstT. ni.

Extractsof L. domesticumand S. koetjapewere relatively ineffective, resultingin
78-118%and 49-97%larval growth (Table 3), respectiely. Therewere no signi cant
differencedetweerocationsof collectionfor eachspeciegTable3).

Doseresponsebioassays Larval grovth wassigni cantly reducedn a dose-dependent
mannerwhendifferentlarval instarsof S.litura werefed on arti cial dietcontainingseed
extractsof A. squamosaWe foundthatthe rst two instarswereequallysensitve to the
extract (EC s of 192 and 202 ppm, respectrely). The 3rd and 4th instarswere much
lesssensitve (EC s of 533 and 705 ppm, respectiely) andthe 5th instarwas relatively
insensitve (EC of 1708ppm)(Table4).

TABLE 2. Growth inhibitory effect of crudeethanolicseedextracts of Annonamuricata(soursop)
from differentlocationsandyearsof collectionon neonateSpodoptea litura (testedat 5000ppm =
0.5%f.wt; n=20)

Location(village, island,year) Larval growth (% relative to control),
mean S.E.
Kusu-Kusu,Ambon,1999 17.8 2.8a
Mamala,Ambon,1996 18.3 4.2a
Diponegoro,Ambon, 1999 20.4 4.0a
AmahusuAmbon, 1999 20.7 3.4a
Hative Besar Ambon,1999 25.0 4.2ab
AmahusuAmbon, 1996 31.1 9.4abc
Hative Besar Ambon, 1996 34.2 6.4abc
Piru, Ceram,1996 36.7 5.9abcd
NamleaBuru, 1997 41.9 9.1bcd
Wasu,Haruku,1997 46.7 5.6cd
Waii, Ambon, 1996 50.0 6.7cd
Latuhalat Ambon,1996 54.7 .6.5de
Kamarian,Ceram,1997 69.2 7.0ef
TuhahaAmbon,1996 69.4 8.2ef
Wakal,Ambon,1996 75.8 7.5f
Kilang, Ambon, 1997 79.7 6.7fg
Batugantung, Ambon,1997 83.5 9.9fg
Kayu Putih, Ambon, 1996 95.9 8.5g
Wainitu, Ambon, 1996 96.0 9.1g

Theextractswerefrom seedof mixedtreeorigin.

Meansfollowed by a commonletter do not differ signi cantly at P 0.05by the LeastSigni cant Difference
(LSD) test.

Seedsverecollectedfrom the sametreeseachyearat Batugantung.

DISCUSSION

Screeningof ethanolicseedextractsof two specieof Annonafrom Indonesiasshaved
thatboth possesdioactiity againstS. litura. However, A. squamosgsweetsopvas20-
fold moreactive thanA. muricata(soursop)Tablesl and2). Ourresultsarecomparabléo
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TABLE 3. Growth inhibitory effect of crude ethanolic seedextracts of Lansium domesticum
and Sandoricumkoetjapecollectedin 1997 from four differentlocationsin Ambon on neonate
Spodoptedi litur a (testedat 5000ppm= 0.5%f.wt; n = 20)

Location Larval growth (% relative to control),
mean S.E.
Lansiumdomesticum
Kusu-kusu 77.6 16.8
Kilang 112.2 377
Amahusu 116.1 324
Soya 117.7 349
Sandoricunkoetjape
Tantui 48.8 7.0
Galala 734 14.2
Soya 97.4 33.2

Within speciesnosigni cant differenceatP 0.05(LSD test)betweermeans.

TABLE 4. Effect of crudeethanolicseedextractsof Annonasquamosancorporatednto arti cial
dietondifferentlarval instarsof Spodoptea litura

Larval instar EC (ppm) r valueof regression
1st 191.7 0.87
2nd 202.0 0.94
3rd 533.1 0.98
4th 704.9 0.70
5th 1707.5 0.94

Regressiorlineswerecalculatedrom ve points,n=20for eachpoint.
EC = effective concentratiorio reducelarval growth by 50%relative to the controlafter 10 daysof feeding.

thoseof Prijonoetal. (24), which shavedthatacetonicseedextractsof A. squamosavere
about30-fold moreactive thanthoseof A. muricataagainstthe cabbageheadcaterpillar
Crocidolomiabinotalis The insecticidalactiity of the seedextracts of A. squamosa
is attributable to annonins(i.e., annoninl = squamocin),adjacentbis-tetralydrofuran
(THF) ring acetogening28), whereaghatof A. muricatais attributableto mono-THFring
acetogeningypi ed by annonacin(26). Structure-actiity relationship(SAR) studieshave
shavn thatacetogenindaving two THF ringsaremore potentthanthosehaving only one
andthe adjacenbis-THF acetogeninsrethe mostpotentones(1,16,23). This SAR may
explain the muchlower actiity of soursopcomparedo sweetsopseedextractsobsened
in this study We did notanalyzethe seeddor their acetogenirtontentsdueto dif culty in
guantitationof thesecompound$y normalmeanspecausehey lack chromophores.

The sweetsopextractscollectedfrom Namleaproducedthe mostinhibitory effect but
therewasvariation( ve-fold) amongthreedifferentyearsof collection(Tablel). Extracts
collectedfrom differenttreesatonelocationandatthe sametime alsoshavedintraspeci ¢
variationwith respecto inhibitory effect againstS.litura andT. ni. Overall, T. ni was2.5
times more susceptiblehan S. litura (Fig. 1). Isman(9) reportedthat differentinsects
shaved wide differencesin their susceptibilitiesto the naturalinsecticideazadirachtin.
Extractsfrom pooledtreesweresigni cantly moreactive thanthosefrom mostsingletrees
(Fig. 1). Therewas geographicvariation amongthe extractsof both speciegTables1
and?2). Similar variability wasreportedby Johnsoret al. (13), who found between-tree
variationsin twig extractsof the pav-paw tree (Asiminatriloba, Annonaceaegswell as
monthly variationswithin a singletree. As naturalproductstheseextractsare subjected

Phytopaasitica32:1,2004 35



to ervironmental(i.e., typeof solil, soil nutrients temperaturehumidity) aswell asgenetic
factorswhichcouldberesponsibldor thisvariability. However, in thepresenstudywe did

not collect speci ¢ ervironmentaldatafrom which ary inferencesegardingtheir effects
on patternof toxicity couldbedrawvn.

Ethanolicseedextractsof L. domesticunandS.koetjapeyieldedminimal bioactiity at
5000ppmagainstS.litura (Table3). Theseresultscontraswith previousscreeningesults
(21) that shaved that ethanolicseedextractsof L. domesticunand S. koetjapeat 2000
ppmresultedn 99%larval growth inhibition in Spodoptea frugiperda. Variability among
individualsof the sametreespecieanddifferencesn sensitvity of testspeciesisedcould
accounfor thesedifferencesUnlike sweetsoandsoursopthereis limited local variation
in bioactiity of seedextractsof bothL. domesticunandS.koetjape(Table3), but thismay
bedueto the smallnumberof differentlocationsfrom which collectionsweremade.

Extractsof A. squamosa&ollectedfrom Namleain 1996andtestedon differentlarval
instarsof S. litura shaved negative growth correlatedwith dietary concentration.Dose-
responseaxperimentsshaved that the rst two larval instarsof S. litura were equally
sensitve to the extracts. The 3rd and 4th instarswere much less sensitve and the 5th
wasrelatively insensitie to the extracts(Table4). The ageof theinsectsshouldtherefore
be consideredvhentestinginsecticidalactivity of ary compoundor extract.

The presentstudy shaved that crude seedextract of A. squamosas a promising
candidateas a botanicalinsecticide. Simple methodsfor preparationof the extractsand
theirtoxicity to thediamondbacknothPlutellaxylostellalL. andnaturalenemiediave been
investicated,andthe ef cacy of aqueousxtractsin the greenhousagainstdiamondback
mothlarvaehave shavn promisingresults(Leatemiaandlsman,unpub data).
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