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Effect of Storageon the Efficacy of Powdered Leavesof
Annona squamosa for the Control of Callosobruchus

maculatus on Cowpeas(Vigna unguiculata)
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Annona squamosa L. is widespreadin Sri Lankaandits leavesarecollectedby somefarmers
to protecttheir storedcowpeasfrom predationby bruchids.Removal of theleavesduringthe
dry season,whenthe farmersharvesttheir cowpeas,candecreasetheyield of A. squamosa
fruit. Thisstudyinvestigatedwhetherstoringtheleavesbeforethey areusedwouldreducethe
insecticidalactivity of theleaves.Overall,acetoneandethanolextractsmadefrom freshand
storedleavesof A. squamosa decreasedthenumberof adultCallosobruchus maculatus (F.)
emergingfromcowpeas;however, in somebioassaystheextractsfrom freshleavesweremore
active thanthosefrom leavesstoredfor 6 months. Acetoneextractsfrom freshandstored
leaves were toxic to adult beetles,whereasthe ethanolextractswere not active. Acetone
andethanolextractsfrom freshleaveshadpotentovicidal activity whenappliedto 2-day-old
eggs.
KEY WORDS:Callosobruchus maculatus; Annona squamosa; insecticide;botanicals.

INTRODUCTION

The custardapple,Annona squamosa L., is grown as a fruit crop in many tropical
countriesandhasbeenshown to have insecticidalproperties(5,7). Ethanol,methanoland
etherextractsof seedsandleavesof A. squamosa havebeenreportedto beeffectiveagainst
insectpestsof seedssuchasCallosobruchus chinensis (L.) (6). The powderedleavesof
Annona reticulata L., a speciesrelatedto A. squamosa, wereeffective in decreasingthe
damageto greengram by the pulsebeetle,Callosobruchus maculatus (F.) (8). Crude
ethanolextractsof A. squamosa have alsobeenshown to be effective in controlling the
storedproductpestTribolium castaneum (Herbst)(11)andcouldbeusedto controlhuman
lice (10). The insecticidalpropertiesof speciesof Annona were initially attributed to
alkaloids,but morerecentstudieshave demonstratedthata groupof C-32or C-34 linear
fattyacidscalledacetogeninsis associatedwith theinsecticidalactivity (7).

A survey of small-scalefarmersin Sri Lankashowedthat they frequentlyusedleaves
andextractsmadefrom leavesof theirA. squamosa treesto controlpestsof storedproducts,
especiallyC. maculatus (2). In Sri Lankafarmersharvesttheir cowpeasin thedry season
and they must treat the seedsbefore they are stored. Removing fresh leaves from A.
squamosa duringthedry seasonto maketheextractswouldreducephotosynthesis,remove
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budsand,hence,reducetheyield of custardapplefruits. However, removal of the leaves
in the wet seasondoesnot result in sucha decreasein fruit. Before carrying out field
trials with extractsmadefrom A. squamosa leavesharvestedat differenttimesof theyear,
a seriesof laboratoryexperimentswereundertaken. Theseexperimentsweredesignedto
determinewhetherextractsfrom dried,storedleavesof A. squamosa wereaseffective in
controllingC. maculatus on cowpeasasextractsfrom freshleaves.

MATERIALS AND METHODS

Preparation of the plant material Leavesof A. squamosa were collectedfrom trees
growing at theRoyal BotanicGardens,Kew, Surrey, UK. Extractsfrom theseKew-grown
plants have beenreportedto control C. maculatus and had activity similar to extracts
obtainedfrom leavesof A. squamosa growing in Sri Lanka(2). Theleavesfrom theKew-
grown plantswerefreeze-dried,groundin a mechanicalgrinderandsieved usinga 200-
meshsieve (poresize0.075mm). Part of thesievedmaterialwasextractedin acetoneand
ethanol;the restwasstoredin polythenebagsat 25
 1� C for 6 monthsbeforeextraction.
To make theacetoneextract,themilled leaves(25 g) wereplacedin glasscontainerswith
acetone(250ml) andleft to extract for 3 days,afterwhich themixturewasfilteredusing
a Büchnerfunnel. Acetonein the filtrate was removed by evaporationundernitrogen.
Ethanolextractsof A. squamosa leaveswerepreparedin a similar manner, except that a
rotaryevaporatorwasusedto removeethanolfrom thefiltrate. Theextractsfrom thefresh
andstoredleavesusedin theexperimentsweremadeby dissolvingaknown weightof each
filtrate in therespectivesolvent,acetoneor ethanol.Theextractsweretestedwithin 5 days
of beingmade.

Insects C. maculatus wasculturedon seedsof Vigna unguiculata (L.) cv. ‘California 6’.
Theculturewasmaintainedat 30
 1� C and70%r.h. andtheexperimentswereconducted
underthesameenvironmentalconditions.

Bioassays

Effect of extracts on adult mortality To assessthe efficacy of the extractsas insecti-
cides,the bruchidadultswereconfinedin glassvials (height7.5 cm; diam 2.5 cm), the
inner sidesof which hadbeencoatedwith an extract. This wasachieved by addingan
aliquot(1 ml) of anextractof A. squamosa to thevial, which wasrolled slowly on its side
to createa thin film of extracton its innersurface.Threeconcentrations(4%,2% and1%
w/v) of eachextractweretested,aswell ascontrols.Threecontrolsweretested:anacetone
andethanolsolventcontrol,aswell assolvent-freecleanvials. Thevials wereleft for 24
h andthenfive pairsof 48-h-oldbruchidswereintroducedinto eachvial. Thevials were
closedwith plasticstoppers,eachwith a gauzewindow for ventilation. The numbersof
deadbruchidsin eachvial werecountedafter24 and72h.

Effect of extracts as surface protectantsof cowpeasagainst oviposition Setsof 25
cowpea seedswere placed in glass vials, as above, and 0.2 ml of one of the three
concentrations(4%, 2% and 1% w/v) of acetoneor ethanolextractswas pipettedonto
the seedsin eachvial. Eachvial wasshaken gently for 45 secto ensurethe seedswere
coatedwith theextract,andthentheseedswereplacedon a filter paperfor 24 h to allow
thesolvent to evaporate.Eachsetof seedswasdivided into five groupsof five seedsand
eachgroupwasplacedin afreshvial with three2- or 3-day-oldadultbruchids(two females
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andonemale)andthevials wereclosed,asdescribedabove. Thebruchidswereremoved
after 3 daysandthe white andtranslucenteggson the seedswerecountedafter 12 days.
Undevelopedeggsremaintranslucent,whereasviableeggsbecomewhite dueto thefrass
producedby the neonatelarva asit boresinto the seed.Thus,the total numberof white
andtranslucenteggson the seedsindicatesbruchidoviposition andthe numberof white
eggsindicatesthenumberof larvaeenteringtheseed.Thenumberof adultssubsequently
emergingfrom seedswasnotedonalternatedays,starting24daysaftertheparentbruchids
hadbeenplacedin the vial. In order to avoid confusionwith the secondgenerationof
adults,theadultcountwasstoppedafter40 days.

Effect of extracts on eggsalready laid on cowpea seeds Two hundredcowpeaseeds
and a colony of 100 bruchidswere placedtogetherin a container(20 cm diam) for 2
h. The bruchidswereremovedandseedsbearingfour or five eggswereselectedfor the
experiments.Twenty-five suchseedswereplacedin a glassvial and0.2 ml of anacetone
or ethanolextract at the concentrationof 2% w/v was pipettedonto the seeds,either 2
or 6 daysafter the eggshadbeenlaid. Eachvial wasshaken gently for 45 secand the
seedswerethenplacedon a filter paperfor 24 h for the solvent to evaporate.The seeds
weredivided into groupsof five andeachgroupwasplacedin a vial asdescribedabove.
Solvent-onlyanduntreatedcontrolsweresetup. The numbersof eggsandadultswere
counted,asdescribedabove. Embryonicdevelopmentat 30 
 1� C takesabout4–5days,
and the larvaecanbe seenwithin the egg after the 5th day; therefore,the 2- and6-day
post-oviposition treatmentsevaluatethe ovicidal and larvicidal activities of the extracts,
respectively.

Statistics The Mann-Whitney U testwasusedto: (a) comparethe effect of treatments
againsttheir respective controlsand (b) determinewhetherthe activity of extractsfrom
freshleavesdifferedfrom thatof extractsmadefrom storedleaves.

RESULTS

Effect of extractson adult mortality Acetoneextractsfrom bothfreshandstoredleaves
causedadultmortality, which increasedalongwith thedurationof exposureto theextracts
(Table1). Thehighestconcentration(4%w/v) of theacetoneextractsfrom freshandfrom
storedleaveswasinsecticidal. The acetoneextract from freshleavesretainedits activity
at 1% w/v, whereasthe extract from storedleaves lost its activity at this concentration.
Overall, theethanolextractscausedlessadultmortality thantheacetoneextracts,andonly
the 4% w/v ethanolextract of storedleavescausedsignificantadult mortality after 72 h.
However, therewasno differencein the activity of extractsfrom freshandstoredleaves
(Table1).

Effect of extracts as surface protectants of cowpeas against oviposition Acetone
extractsfrom fresh leavesdecreasedthe numberof eggs laid by C. maculatus on seeds
treatedwith extractsat 4% and2% w/v, whereasnoneof theacetoneextractsfrom stored
leaves deterredoviposition (Table 2). Only the highestconcentration(4% w/v) of the
ethanolextract from both the freshandstoredleavesdeterredoviposition. Overall, the
numbersof larvae enteringthe seedsand of adultsemerging were decreasedmore by
the acetoneextractsof fresh leaves thanby the ethanolextractsof fresh leaves,but the
ageof the leavesusedto make the extractsdid not influencethe activity (Table2). The
acetoneextractsof freshleavesdecreasedthe numberof adultsemerging from the seeds
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by 55% to 87%, relative to the numberof adultsemerging from untreatedseeds;the 2%
acetoneextract from freshleaveswasmoreactive thanthat from storedleaves. The 4%
and2% acetoneextractsfrom storedleavessignificantlydecreasedadultemergence.The
4%and2%ethanolextractsfrom freshleavesdecreasedthenumberof adultsthatemerged
from 89%to 61%of theuntreatedcontrol,whereasonly the4% extractfrom storedleaves
decreasedthenumberof adultsthatemerged.In all casesthenumberof adultsthatemerged
decreasedastheconcentrationof extractincreasedfrom 1% to 4% w/v.

TABLE 1. Effect of extractsof Annona squamosa on themortality (numberof deadout or ten) of
adultCallosobruchus maculatus

Concentrationof

extract(% w/v)

Mortality (mean� SEM)

Freshleaves Storedleaves

24h 72h 24h 72h
Acetone

4 2.4� 0.91� 8.9� 0.49� 3.2� 0.84� 8.6� 0.21�
2 1.2� 1.21� 5.4� 1.41� 0.6� 0.21� 3.8� 0.42�
1 0.8� 0.46 3.1� 1.41� 0.8� 0.41 1.8� 0.73�

Acetonecontrol 0.2� 0.11 1.9� 0.54 0.8� 0.52 1.2� 0.42
Untreatedcontrol 0.1� 0.21 0.9� 0.74 0.4� 0.21 1.6� 0.24

Ethanol
4 1.0� 0.81 1.9� 0.99 1.6� 0.45 2.2� 0.84�
2 1.1� 0.71 1.4� 0.71 0.6� 0.41 1.2� 0.72
1 0.7� 0.46 1.1� 0.81 0.8� 0.61 1.0� 0.23

Ethanolcontrol 0.2� 0.15 0.4� 0.24 0.4� 0.72 1.0� 0.72
Untreatedcontrol 0.1� 0.52 0.5� 0.54 0.4� 0.71 0.6� 0.24

n = fivevials with teninsectspervial (five pairs).

 Numberof deadinsectspervial.
� Numberof deadbruchidssignificantlygreaterthantheuntreatedcontrol,P � 0.05.
� Extract from fresh leaves killed significantly more bruchidsthan the respective extract from storedleaves,
P � 0.05(Mann-Whitney U test).

TABLE 2. Effect of extracts of Annona squamosa on oviposition, larval mortality and adult
emergenceof Callosobruchus maculatus

Concentrationof
extract(% w/v)

Numberperseed(mean� SEM)
Freshleaves Storedleaves

eggs larvae adults eggs larvae adults
Acetone

4 7� 1.8
 7� 1.8
 0.4� 0.14
 17� 1.9� 10� 1.2
 0.6� 0.14

2 6� 1.5
 6� 1.4
 0.8� 0.41
 17� 1.5� 13� 1.2
 2.2� 0.71
�� �
1 20� 1.8 15� 1.8 1.4� 0.68
 22� 0.8 19� 1.5 2.6� 0.35

Acetonecontrol 17� 2.4 14� 1.9 2.6� 1.54 18� 0.7 16� 0.6 2.6� 0.24
Untreatedcontrol 19� 2.4 16� 1.6 3.1� 1.23 16� 2.1 14� 2.1 4.0� 0.51

Ethanol
4 10� 2.6
 8� 1.4
 0.4� 0.25
 11� 0.1
 8� 0.2
 1.9� 0.51

2 13� 1.8 10� 3.7 1.4� 0.47
 13� 1.9 12� 1.7 2.6� 0.62
1 14� 3.8 11� 3.7 3.4� 0.98 13� 0.6 12� 0.5 3.4� 0.52

Ethanolcontrol 16� 3.7 16� 2.8 3.4� 1.23 16� 1.6 16� 1.4 4.5� 0.74
Untreatedcontrol 17� 3.5 14� 3.7 3.6� 1.82 16� 2.1 14� 2.2 4.0� 0.91

n = fivevials with five seedspervial.

 Numberof eggs,larvaeor adultsperseedsignificantlylessthantheuntreatedcontrol,P � 0.05.
� Seedstreatedwith extractfrom freshleaveshadsignificantlyfewereggs,larvaeor adultsthanseedstreatedwith
extractfrom storedleaves,P � 0.05(Mann-Whitney U test).
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Effect of extracts on eggsalready laid on cowpea seeds The potency and modeof
actionvariedamongextracts.For example,theacetoneandethanolextractsof A. squamosa
wereeffectivein preventingthedevelopmentof eggsin 2-day-oldeggs,but notof larvaein
6-day-oldeggs(Table3). This indicatesthat theextractshadovicidal activity. Theresults
alsoshow that theacetoneextractfrom freshleaveswasmoreactive thanthat from stored
leavesin decreasingthenumberof larvaeenteringtheseed.However, overallextractsfrom
both fresh and storedleaves when appliedto seedswith eggs decreasedthe numberof
emergingadults.

TABLE 3. Effect of 2% w/v acetoneandethanolextractsof Annona squamosa on developmentof
Callosobruchus maculatus whenappliedto eggsat differenttimes(2 or 6 days)afteregg-laying

Treatmentandtimeafter
egg laying

Numberperseed(mean� SEM)
Freshleaves Storedleaves

larvae adults larvae adults
Acetone

2 days,extract 0.4� 0.12
 0.4� 0.46
 1.3� 0.18
�� � 0.2� 0.12

2 days,control 2.6� 1.24 1.4� 0.75 2.5� 0.22 1.4� 0.05
6 days,extract 1.9� 0.74 0.2� 0.06
 3.5� 0.47 0.1� 0.04

6 days,control 2.9� 0.65 1.1� 0.23 3.6� 0.21 0.5� 0.22

Untreated 3.6� 0.34 1.4� 0.39 3.4� 0.27 1.5� 0.22
Ethanol

2 days,extract 0.4� 0.25
 0.4� 0.17
 1.2� 0.31
 0.2� 0.19

2 days,control 2.8� 0.29 1.1� 0.57 2.5� 0.23 1.4� 0.45
6 days,extract 2.4� 0.57 0.4� 0.16
 3.5� 0.55 0.1� 0.05

6 days,control 3.4� 0.69 1.4� 0.35 2.7� 0.32 0.7� 0.16

Untreated 2.9� 0.27 1.4� 0.74 3.4� 0.24 1.5� 0.01
n = fivevials with five seedspervial.

 Numberof eggs,larvaeor adultsperseedsignificantlylessthantheuntreatedcontrol,P � 0.05.
� Seedstreatedwith extractfrom freshleaveshadsignificantlyfewereggs,larvaeor adultsthanseedstreatedwith
extractfrom storedleaves,P � 0.05(Mann-Whitney U test).

DISCUSSION

Over 120 plantsandplant producehave beenshown to have insecticidalor deterrent
activity againststoredproductpests(1). Currentlymany farmersin partsof Africa andAsia
usesomeof thesebotanicalsto protecttheir legumesfrom attackby bruchids,with varying
degreesof success(3,4,9). However, thenumberandquality of plantsusedby farmersis
oftenlimited by theiravailability (2). A. squamosa is anevergreentreein Sri Lankaandits
leavesarepotentiallyavailablefor extractingby farmersfor bruchidcontrolthroughoutthe
year. However, Sri Lankanfarmersharvesttheircowpeasin January, theMahaseason,and
in July, the Yala season.In JanuaryandJuly the rainfall is low andit is not advisableto
prunea fruit cropsuchasA. squamosa duringthedry seasons.It would bebetterto prune
the treein Novemberandin May, whenthereis sufficient rainfall to promotenew shoot
growth. This studyhasshown thatextractsmadefrom leavesdried,groundandstoredfor
6 monthscandecreasethenumberof bruchidsemerging from treatedcowpeas.Therefore,
it might bepossiblefor farmersto prunethetreesduringthewet seasonsandthendry the
leavesprior to usewhenthey harvesttheircowpeas.

In Sri Lankathefarm-gatepriceof cowpeasis high in April, duringtheSinhala-Hindu
new yearperiod(2). Therefore,it is financiallybeneficialfor farmersto ensurethat their
cowpeacrop is protectedandin goodconditionfor this festival. Our resultshave shown
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that if farmerswere able to apply extractsmadefrom storedA. squamosa leaves, they
couldprovidesomeprotectionto theirharvestedseedsby decreasingthebuildupof bruchid
populationsin theseeds.

Storageof leavesof A. squamosa did not causean overall decreasein the efficacy of
theorganicextractsin decreasingtheemergenceof adultsemerging from treatedcowpeas.
Nevertheless,thereweresomedifferencesin insecticidalactivity thatcouldbeassociated
with a decreasein thelevelsof active compoundsin theextractsmadefrom storedleaves.
However, no chemicalanalysishasyet beenundertaken on theseextractsto determine
whetherthe differencesin activity could be attributed to qualitative and/orquantitative
differencesin theprofile of compoundsin theseextracts.

Many studies(1) reportthepotentialuseof botanicalswithoutreferenceto theirtoxicity
to non-target organisms. A full risk analysisneedsto be carriedout on extractsof A.
squamosa beforea low-costpestcontrolstrategy usingA. squamosa canbedevised.Such
ananalysisshouldtakeinto accounttheeffectsof theextractsonseedviability aswell ason
naturalpredators,parasitoidsandpublic health.To date,work undertakenin theUSA has
shown that the acetogenins,the compoundsthoughtto be responsiblefor the insecticidal
activity of A. squamosa, arenot likely to bemutagenic(7). However, furtherwork needs
to beundertakenin Sri Lankato transfertheselaboratory-basedexperimentsto field trials
in which theinherentvariability in bruchidbehavior andplantchemistryontheviability of
A. squamosa extractscanbeassessed,aswell asthefeasibilityandcostof makingorganic
extracts.
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