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Effect of BiopesticidesApplied Separatelyor Togetheron
Nutritional Indices of the Rice Leaffolder Cnhaphalocrocis
medinalis

S.SenthilNathant? Paul GeneChund andK. Murugar?

Laboratoryassaysveredoneto evaluatethe effect of neemseedkernelextract (Azadiachta
indica A. Juss), Vitex negundo L. (Lamiales: Verbenaceae)eaf extract, and Bacillus
thuringiensis(Berliner), applied separatelyor together on nutritional indices of the rice
leaffolder Cnaphalococis medinalis(Gueree) (Lepidoptera:Pyralidae) All threebiopes-
ticides suppressedeeding and larval growth and low concentrationsaffected the larval
performance. The combinedeffect of the three biopesticidesresultedin a considerable
decreasén nutritional indices, indicating strong deterrence. Dose responsaelationships
were establishedwith respectto frass productionand larval grownth. The efciency of
corversionof ingestedanddigestedood wasconsiderablyeduced.

KEY WORDS: Biopesticides; Bt; neem; Vitex; Cnaphalococis medinalis; nutrition;

physiology.
INTRODUCTION

The rice leaffolder Cnaphalococis medinalis(Gueree) (Lepidoptera: Pyralidae)is
a major insectpestof rice (Oryzasatival.) and hasbecomea major threatto the rice
populationin several Asian countries(tropical and subtropicalAsia) (18-20). During the
lastdecadehepesthasposedanincreasinglfimportantthreatto rice production(7). Of the
eightspecieof rice leaffolder, the mostwidespreadindimportantoneis C. medinalis. It
is theonly leaffolder specieghatsurvivesonweedsn rice elds betweerrice crops(7). In
recentyearsthe useof syntheticorganicinsecticidesn crop pestcontrolprogramsaround
theworld hasresultedin disturbanceof the ervironment,pestresugence pestresistance
to insecticide andlethal effectson non-tagetorganisms(11).

The Indian neemtree, Azadilachta indica A. Juss(Meliaceae) hasbeenfoundto be
a promisingsourceof naturalpesticidesgiven that several constituentsf its leavesand
seedshav markedinsectcontrolpotential. Theneemseedkernelextract(NSKE) is known
to suppresshe feeding,growth andreproductionof insectsdueto its relative selectvity.
Neemproductscanbe recommendedor mary programson integratedpestmanagement
(1,6,16). Vitex nggundoL. (Verbenaceaedhoved a promisingpesticidalactivity against
insectsandis usedpredominanftor its pestcontrol propertieg4,17,18).The screeningof
phytochemicaleffectsat tritrophic levels is usefulfor the evaluationof the compatibility
of Bacillus thuringiensis(Bt) with allelochemicalsusedin crop breedingprogramsfor
developing natural resistanceto insects,and the selectionof plant allelochemicalsthat
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synegize Bt couldbeusedin Bt formulationsfor controllinginsectpestq20). Formulation
additvesmayenhanceheactvity of Bt andcouldincreasébothhostrangeandbiological
activity of the toxin. Investigations have testedthe property of chemicalcompounds
and have shavn that various plant allelochemicalsdo increaseB. thuringiensisactiity
(10,13,18).

From the reviewed literature, this researchattemptsto study the combinedaction of
Bacillusthuringiensissubsp kurstaki(Btk), NSKE andV. negundoleaf extract(VNLE) on
food selectiondigestionandabsorptiorin relationto controlstrateyy of C. medinalis

MATERIALS AND METHODS

Laboratory massculture of C. medinalis Cnaphalococis medinalislarvae were col-
lected from the paddy elds in and aroundCoimbatoredistrict, Tamilnadu, India, and
the Paddy Breeding Station, Tamilnadu Agricultural University Coimbatore. Larvae
wererearedin a greenhousen pottedrice plantscoveredwith meshsleevesat27 2 C;
10L:14D;85%r.h. Rice plantsweregrown in 18-cm-tallearthenware potswith a 20-cm-
diamtop; eachpot held 15 plantsandgave 62 tillers. The potswereplacedin 10 cm of
waterin ametaltray in thegreenhouseThe culturewasinitiatedwith partly growvn larvae
fromthe eld. Thereafternenly hatchedarvaewereplacedon 60-day-oldplantsof the
rice variety TN1.

After pupation,adultsemepged on plantsin the sleeses. To maintain the culture,
12 femaleand 13 male mothswere placedin an oviposition cagecontainingone potted
plant. The mothswerefed with 10% sucrosesolutionforti ed with afew dropsof vitamin
mixture (Multidec drops, AshokPharmaceutical$;hennailndia) to enhanceviposition.
After 2 daysthe pottedplantswereremoved from the oviposition cage. The leaf portions
containingthe eggswere clipped and placedon moist Iter paperin a petri dish. These
eggswereusedto maintainthe culture.

Preparation of Btk Del n WG (SandoZIndia) Limited, Mumbai,India), which contains
Btk, serotype3a, 3b (85%) and dispersingagents(15%) with a poteng of min 53,000
SuU/mg,wasused.Therequiredquantityof Btk crystalwasthoroughlymixedwith distilled
waterto preparevariousconcentrationgangingfrom1to3 gml 2.

Preparation of NSKE and of V. negundoleaf extract NeemseedkernelandV. negundo
were collectedfrom forestsin the Marudamalahills, BharathiarUniversity, Coimbatore.
Fifty g of seedkernelsof A. indicaandV. neggundoleaveswerewashedandoven-driedto
constantveightat55 C. Thedriedseedsandleavesweregroundinto powvder The powder
wasthenmixed with 100 ml of waterin a Soxhletapparatudo preparea stock solution.
Fromthestocksolution,seseralconcentrationsangingfrom 0.10%to 3.0%wereprepared
usingwater Thecombinedextractswerepreparedy mixing equalvolumesof NSKE and
VNLE (1:1,v/v) (18).
Bioassayand treatments Bioassayswere performedwith fourth and fth instarsof C.
medinalisusingconcentrationsf 0.25%,0.5%,1% and2% of NSKE andVNLE andO0.5,
land2 gml ! of Btk Controlleavesweretreatedwith distilled water A minimumof 30
larvae per concentratiorwere usedfor eachexperiment;the experimentswerereplicated
ve times. Larval weight /mortality was recordedafter 7 daysat 28 C and 16L:8D
photoperiodand the effective concentrationNECsp) was calculatedusing probit analysis

).
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Freshrice leavesweresprayedwith differentconcentrationsf Btk, NSKE andVNLE
andair-dried. Controlleavesweretreatedwith distilled wateralone.Fourthand fth instars
werestanedfor 4 h andthenfed with leavestreatedwith variousconcentration®f Btk,
NSKE andVNLE. Theuneaterleaveswereremoved every 24 h, andreplacedwith fresh
treatedeaves. A minimumof 30 larvaeperconcentratiorwereusedfor eachexperiment;
theexperimentsverereplicated vetimes.

Feedingdeterrencyindex A feedingdeterreng index wasestimatecdy usingaleaf cut
choice—tes(5,7). In a 15-cm-diampetri dish lined with a moist Iter paperdisc, 3-cm-
long leaf cutsfrom TN 1 rice plantsweretreatedon eachsidewith variousconcentrations
of Btk(5t0 20 gml 1), NSKE andVNLE (1% to 3%). Controlleaf cutsweretreated
with distilled wateralone. The leaf cutsweredried at room temperatureandthenfourth
and fth instar C. medinaliswhich had beenstaned for 4 h wereintroducedinto each
arenacontainingone treatedand one untreatedeaf disc in alternatepositionson moist
Iter paper Experimentsverecarriedoutwith two larvaein a petridishin vereplicates.
Consumptiorwasrecordedisingadigitizing leafareameter(Model LI-3000, Li-cor) after
24 h. Theindex of feedingdeterreng wascalculatedas(C-T)/ (C+T) X 100,where’C' is
the consumptiorof the controlleafcutand™T' of thetreatedeaf cut.

Quantitati ve food utilization ef ciency measures A gravimetrictechniqguevasusedto
determineweightgain, food consumptiorandfecesproduced All weightsweremeasured
usinga monoparbalanceaccuratego 0.1 mg. Thenewly molted rst to fth instarlarvae
werestanedfor 4 h. After measurindheinitial weightof thelarvae,they wereindividually
introducednto separateontainersThelarvae(20larvaeperconcentration, vereplicates)
wereallowedto feedfor aperiodof 24 h onweighedquantitiesof Btk-, NSLE-andVNLE-
treatedand untreatedTN 1 rice leaves. Larvae were again weighed. The differencein
weightof the larvae gave the freshweight gainedduring the study period. Samplelarvae
were weighed,oven-dried(48 h at 60 C) andthenreweighedto establisha percentage
dry weightof the experimentallarvae. The leavesremainingat the endof eachday were
oven-driedandreweighedto establisha percentagelry weight corversionvalueto allow
for the estimationof diet dry weight. The quantity of food ingestedwas estimatedby
subtractingthe diet (dry weight) remainingat the end of eachexperimentfrom the total
dry weightof diet provided. Fecesverecollecteddaily andweighed thenoven-driedand
reweighedto estimatehedry weightof excreta. The experimentwascontinuedfor 4 days
andobsenationswererecordedevery 24 h,

Consumptiongrowth ratesandpost-ingestie food utilization ef ciencies (all basedn
dry weight)werecalculatedn thetraditionalmanner(17,23,25).Consumptiorindex (CI)
= E/TA; Relatve growth rate (RGR) = P/TA; Approximatedigestibility (AD) = 100(E-
F)/E; Ef ciency of cornversionof ingestedood (ECI) = 100 P/E; Ef ciency of corversion
of digestedfood (ECD) = 100 P/(E-F),whereA = meandry weightof insectduring T, E
= dry weightof food consumedF = dry weightof fecesproducedpP = dry weightgain of
insectandT = durationof experimentaperiod.

Statistical analysis Datafrom feedingdeterrencandnutritionalindiceswereanalyzed
with ANOVA of arcsinetransformedoercentagefollowed by Tukey's multiple rangetest
(P 0.05)(14). In Tukey'stestwe useddescendingrder:the highestvaluesdiffering from
the averagesasdetectedy statisticaltestingaremarked with theletter"a’, the next lower
with “b', etc. (24).
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TABLE 1. Effective concentration§ECsp ) of Bacillusthuringensissubsp kurstaki(Btk), neemseed
kernelextract(NSKE) andVitex negundoleaf extract(VNLE) againstfourthand fth instarlarvaeof
Cnaphalococismedinalis

Treatment Larval instar

IV \Y
Btk( gml T) 2.2 0.3* 3.1 0.4%
NSKE (%) 1.0 0.2 1.6 0.3
VNLE (%) 1.6 0.3 2.1 0.3

*Valuesaremeansf vereplicates S.E.

RESULTS

Antifeedant effectsof Btk, NSKE and VNLE Figure1 shaws the feedingdeterrenyg

index of fourth instar C. medinalisafter treatmentwith Btk, NSKE andVNLE. It canbe
seenthattheincorporationof neemandVitex in thediet (rice leaves)signi cantly reduced
the growth of C. medinalislarvaein a concentrationand dose-dependemhanner This

clearlyindicatesthatthe combinationproduceda strongeffect evenat laterallarval stages.
The EGso valuesof Btk, NSKE and VNLE againstrice leaffolder are shavn in Table 1.

NSKE wasmostpotentin all experimentswith theleastECsy (1.6%and2.1%fourthand
fth instarsrespectiely).

Effect of Btk, NSKE and VNLE on nutritional indicesof C. medinalis Thenutritional
indicesof fourth instarC. medinalislarvaeaftertreatmenwith Btk, NSKE andVNLE are
providedin Table2. NSKEandVNLE treatmentadadetrimentakffectuponC. medinalis
larval grownth anddevelopmentandNSKE provedto bethe mostdetrimentalo the larvae
at the concentrationsested. Larvae fed the lower dosemoultedinto progressie instars.
However, betweenthe end of the fourth instar and the beginning of the fth instar the
spinningbehaior was completelystopped,feedingreducedand the larvae regumgitated
semisolidsticky substanceso build up a tunnel using the debrisin which the pupais
formed. A decreasdan the consumptionindex, relative growth rate, and ef ciency of
conversion of ingestedand digestedfood was noticed after treatmentwith Btk, NSKE
and VNLE (Table 2). The combinedtreatmentof Btk, NSKE and VNLE affectedthe
nutritional indicesto an even greaterextent. The approximatedigestibility was slightly
increasedut wasnot signi cant (Table2). A similar trendwasobseredin the nutritional
indicesof fth instarsafter treatmentwith Btk, NSKE and VNLE. The concentration-
dependenteductionin feedingrelative to controlswas directly relatedto the reduction
in food consumptionTable 3). The nutritional parametersf the fth instarlarvaewere
decreasedwith a pronouncedeffect following treatmentwith the combinationof Btk,
NSKE and VNLE in a dose-dependemhanner This resultclearly indicatesthat neem
and Vitex belongto the category of unacceptabl&ostplantsfor pestinsects.Btk, NSKE
andVNLE did not severely affect the fth instar In additionto signi cant decreasem
ECI andECD, treatmentsvith Btk, NSKE andVNLE alsoproducedsigni cant decreases
in relatve consumptiorrate and relative growth rate. NSKE and VNLE in combination
with Btk wasthe mostpotentgrowth inhibitor of thetesttreatmentsThis disruptionof the
normalfeedingphysiologyof C. medinalisby Btk with NSKE andVNLE waselicitedata
lower concentratioror larvae.
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TABLE 2. Nutritionalindicesof fourthinstarlarvaeof Cnaphalococismedinalisaftertreatmentvith
Bacillusthuringensissubsp kurstaki (Btk), neemseedkernelextract(NSKE) andVitex negundoleaf
extract(VNLE)

Treatment Cl RGR AD (%) ECI (%) ECD (%)
(mg/mg/day) (mg/mg/day)

Control 0.492 0.036& 0.159 0.011la 54.21 4.12bc 32.40 1.78a 59.78 4.12a

Btk( gml 1)

1.0 0.361 0.031b 0.098 0.006b 55.09 4.51b 27.41 1.52a 49.76 4.0ab

2.0 0.324 0.028c  0.082 0.005b 55.98 4.46b 25.31 1.42b 45.23 4.23b

3.0 0.278 0.021cd 0.066 0.005c 57.71 4.8lab 23.78 1.32b 35.64 3.75c

NSKE (%)

0.10 0.304 0.025¢c 0.080 0.007b 56.27 4.01b 26.39 1.78ab 48.36 3.96b

0.25 0.263 0.020d 0.060 0.007c 57.09 4.05ab 22.99 1.32b  40.27 3.85d

0.50 0.220 0.019d 0.046 0.003d 59.30 4.31a 21.13 1.16b 35.64 2.83e

VNLE (%)

0.10 0.321 0.022c 0.086 0.009b 55.98 4.12b 27.07 1.75a 48.36 4.23b

0.25 0.294 0.021c 0.073 0.006b 56.43 4.18b 24.94 1.62b 44.21 4.12b

0.50 0.243 0.020d 0.054 0.005c 58.71 4.51a 22.39 1.05b 38.14 4.0c

Btk ( gml 1)+ NSKE (%)

1.0+0.10 0.187 0.018de 0.043 0.003d 57.46 4.28ab 22.40 1.79b  40.74 3.75bc

2.0+0.25 0.093 0.007f 0.010 0.00le 59.94 4.71a 10.99 0.59c 18.34 1.76d

Btk( gml 1)+ VNLE (%)

1.0+0.10 0.198 0.015d 0.047 0.004cd 56.98 4.52b 24.23 1.18b 42.54 3.75bc

2.0+0.25 0.096 0.007f 0.012 0.00le 59.01 4.75a 13.19 0.75¢c 22.36 1.42d

NSKE (%) + VNLE (%)

0.10+0.10 0.165 0.014e 0.036 0.003d 57.84 4.00a 22.15 1.0b 38.31 2.96¢c

0.25+0.25 0.082 0.007f  0.008 0.0006e 60.05 4.57a 9.86 0.56d 16.43 1.02d

Btk ( gml 1)+ NSKE (%) + VNLE (%)

1.0+0.10+0.10 0.035 0.002g 0.003 0.0001f 64.31 5.0la 6.59 0.4le 10.26 0.68a

ClI, consumptiorindex.

RGR,relative growth rate.

AD, approximateligestibility.

ECI, ef ciency of conversionof ingestedood.

ECD, ef ciency of corversionof digestedood.

2Within columnsmeang  S.E.)followedby acommonletterdo not differ signi cantly (Tukey'stest,P 0.05).

DISCUSSION

Recently therehasbeenresearcton plantextractsandessentiabils asalternatvesto
the broaduseof corventionalpesticides.The toxic actionmechanismsf tertranorterpe-
niodshave not beenuncoreredandarestill underinvestigation (15). However, the onset
of toxic signsis usually rapid. Our presentstudy and datadescribethe onsetof toxic
actionsof Btk, NSKE and VNLE on rice leaffolder. Muruganetal. (12) andKoul and
Isman(9) have shavn thatdecreasén relatve consumptiorratecanoccurindependently
of extrinsic chemosensorgffects. Fromthis study it appearshatNSKE andVNLE have
bothantifeedanandgrowth inhibitory activity on C. medinalis

Thereductionin dietary utilization suggestshatreductionin growth may resultfrom
both behaioral and physiological (post-ingestie) effects (9). A signi cant correlation
betweerdeterreng andthetoxicity of injectedsecondanplantcompoundsn locustshas
alreadybeenreported8). Thisconclusioris corroboratedy theresultsof directbioassays
for feedingdeterreng, andthe leaf-cut-choiceests(wheresubstantiafeedinginhibition
on treatedleaf disc was obsened). The additionof Btk at concentrationsangingfrom
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TABLE 3. Nutritional indicesof fth instarlarvaeof Chaphalococismedinalisaftertreatmentvith
Bacillusthuringensissubsp kurstaki (Btk), neemseedkernelextract(NSKE) andVitex negundoleaf
extract(VNLE)

Treatment Cl RGR AD (%) ECI (%) ECD (%)
(mg/mg/day)  (mg/mg/day)

Control 0.625 0.051a 0.314 0.029a 66.43 5.16b 50.30 4.65a 75.72 5.96a

Btk( gml 1)

1.0 0.603 0.045a 0.275 0.025a 67.47 5.51b 45.77 4.09a 67.84 5.62b

2.0 0.571 0.043ab 0.237 0.021b 67.98 5.50b 41.63 3.72ab 61.24 5.56b

3.0 0.504 0.040b 0.210 0.019b 71.63 5.90a 41.82 3.25ab 58.39 5.21b

NSKE (%)

0.10 0.561 0.043ab 0.211 0.019b 68.29 5.75ab 37.73 2.98b 55.20 5.10b

0.25 0.411 0.036c 0.119 0.014d 69.54 5.79ab 29.71 2.54c 41.95 4.25d

0.50 0.359 0.033c 0.102 0.011d 73.69 6.07a 28.42 2.32c  38.57 4.79d

VNLE (%)

0.10 0.575 0.040ab 0.255 0.020ab 67.93 6.00b 44.39 3.25a 65.31 5.21ab

0.25 0.421 0.037c 0.164 0.018c 68.09 6.21b 38.97 3.00b 57.24 4.56b

0.50 0.378 0.031c 0.141 0.011c 72.02 6.51a 35.02 3.25b 48.63 4.81c

Btk ( gml 1)+ NSKE (%)

1.0+0.10 0.394 0.029c 0.132 0.012c 69.54 5.79ab 33.51 2.60b 48.19 3.75c

2.0+0.25 0.161 0.018f 0.025 0.002e 74.98 598a 15.06 1.31d 21.43 1.70ef

Btk( gml 1)+ VNLE (%)

1.0+0.10 0.432 0.029c 0.154 0.014c 69.27 6.0lab 35.87 2.01b 51.77 4.12bc

2.0+0.25 0.193 0.016c 0.037 0.003b 74.52 6.25a 19.59 0.95d 26.29 1.90e

NSKE (%) + VNLE (%)

0.10+0.10 0.321 0.021d 0.103 0.010d 70.52 6.54ab 32.31 2.00b 45.82 3.60cd

0.25+0.25 0.129 0.012g 0.024 0.003e 75.39 6.52a 14.07 0.75d 18.67 1.02f

Btk ( gml 1)+ NSKE(%)+ VNLE (%)

1.0+0.10+0.10 0.067 0.009h 0.006 0.0004f 79.24 6.29a 8.21 0.68e 12.93 0.72¢g

ClI, consumptiorindex.

RGR,relative growth rate.

AD, approximateligestibility.

ECI, ef ciency of conversionof ingestedood.

ECD, ef ciency of corversionof digestedood.

2Within columnsmeang  S.E.)followedby acommonletterdo not differ signi cantly (Tukey'stest,P 0.05).

0.1to3 gml 1, to plantextractshadadwerseeffectsuponthe growth anddevelopment
of C. medinalis. The consumptiorof Btk with plant extractsresultedin retardedgronth
andaffectedthe nutritional physiology of the larvae. Whencombinedwith plantextracts,
Btk increasedhelarval mortality percentagandreducedime to kill whencomparedvith
treatmentsontainingonly Btk. The additionof Btk to plant extractscaused signi cant
mortality andoverallinhibition dueto avoidanceof thetreateddiet (3).

Theresultsalsoshavedthatrelative consumptiorandgrowth rateswere signi cantly
lower amongfourth instarsrestrictedto a diet containingBtk plus plant extracts. Fur-
thermore utilization ef ciencies for larvae exposedto Btk plus NSKE weresigni cantly
reduced. The consumptionof plant extract and Btk resultedin retardedgrowth and
developmentof the larvae, similar to the results obtainedusing whole neem extracts
(22). The addition of plant extractto Btk increasedhe larval mortality percentagelue
to biologically active compoundsn theseplant extractsandmay enhancehe Btk activity
(21,22).

In this study the potenttoxicity thatledto highlarval mortality exhibitedby theextracts
could be attributed to the group of toxic biomoleculespossessingnsecticidalproperties
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Fig. 1. Feedingdeterreny index of fourth instarlarvaeof Cnaphalococis medinalisaftertreatment
with Bacillusthuringiensissubsp kurstaki(Btk), neemseeckernelextract(NSKE) andVitex negundo
leaf extract(VNLE). Means( S.E.,indicatedby the barsabove columns)with acommonletterdo

notdiffer signi cantly (Tukey'stest,P 0.05).

Treatments

C —control

1-Btk: a=5,b=10,c=15 gml ?

2-NSKE:a=1,b=2.5,c=5%

3-VNLE: a=1,b=2.5,c=5%

4-Btk( gml 1)+ NSKE (%): a=2.5+0.5p=5.0+1.0

5-Btk( gml 1)+ VNLE (%): a=2.5+0.5p=5.0+1.0

6 —NSKE (%) + VNLE (%): a=0.5+0.5p=1.0+1.0

7-Btk( gml 1)+ NSKE (%) + VNLE (%): 1.0+0.25+0.25

presenin the plantextracts. Fromthe resultsof this study it canbe suggestedhatvery
low toxicity canbe maintainedeven througha combinationof botanicalinsecticidesand
a bacterialtoxin. Theseresultsprove that the applicationof naturalplant productswith
bacteriaftoxin, which exertgrowth inhibition, antifeedaneffectsandprobablysometoxic
effects on harmful insects,can be a potential control methodin plant protection,both
for oligophagousaindpolyphagousnsectsandfor differentinsectorders. Hence, further
investicationsshouldbe carriedout. The primary effect of theseproductsis to prevent
insectfeedingandthereforeto protectplantsfrom severeeffects. Thelack of high toxicity
to harmfulandbene cial organismsis anadwantage.

The resultsof this study also indicate that plant extracts suchas NSKE and VNLE
enhancdhe actiity of Btk andcould be an effective alternatve to corventionalsynthetic
insecticidedor the controlof C. medinalis. The useof plantextractsasanadditive to Btk
may play a moreprominentrole in integratedpestmanagemerprogramsn thefuture.
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