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ABSTRACT

The biological activities of acetone crude extracts from the leaves of Solanum melongena L., Lycopersicum
esculentumMill., CapsicumannuumL. and fruit extract of S. melongena plants, were evaluated against two
major pests, cluster caterpillar, Spodoptera litura Fab. and castor semilooper, Achaea janata L. The crude
extracts were purified in a column and its purified fractions were assessed for its antifeedant and growth
inhibitory activities by oral feeding method. The leaf extract of C. annuum and fruit extract of S. melongena
showed strong antifeedant activity against S. litura and A. janata in leaf disc bioassays with arange of EC,,
31.4- 34.7 mg/10cm?2 as compared to other extractstested. Thefruit extract of S. melongenaand leaf extract of L.
esculentum caused significant larval growth inhibition after seven days of feeding to both the larvae by oral
feeding assay. Thefruit extract of S. melongena and leaf extracts of L. esculentumand C. annuuminterfered with
the molting process and produced morphological abnormalities by oral ingestion. Methanol eluted purified
fraction from S. melongena fruit extract produced more potent antifeedant and larval growth inhibitory activity
against test larvae than the other eluted test fractions. The effect of these plant extracts on proteolytic activity
of the midguts of thetwo lepidopteran|arvae were analyzed using azocasein/BApNA/SAAPFpNA assubstrates.
The serine protease activity was inhibited in all midguts fed with S. melongena fruit extract, when compared to
the other treated and controlled midguts. Fruit extract from S. melongena showed more potent activity against
both |epidopteran larvae.
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INTRODUCTION

Spodoptera litura Fab. (Lepidoptera: Noctuidae) is an
extremely dangerous pest of many economically important
crops, it is a mgjor pest of groundnut in India particularly
Andhra Pradesh (Murali Krishna et al., 2008). It damages
numerous vegetablesand field cropsin Chinaand many other
Asian countries (Shivayogeshwara, 1991). In India, it was
estimated that intobacco also 4 to 8 larvae/ plant reduced the
yield up to 50.4% (Patel et al., 1971). Achaea janata L.
(Lepidoptera: Noctuidae) caterpillarsfeed on leaves of castor
(Ricinus communis L.), larvae consume most of the foliage
leaving just the veins and petioles (Ronald and Jayma, 2007,
Budatha et al., 2008). InA. janata, duration of pupal stageis
influenced by temperature with warmer temperatures
shortening the development time (Muthukrishman and
Pandian, 1984). The maximum damage caused by A. janatais
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a season hetween August to November in South Indian
region. Owing to their high fecundity both the pests occur in
vast number and cause severe damageto the crop and reduce
theyield. Several chemical insecticides are effective against
thesecaterpillars, particularly pyrethroidsinsecticidesaremore
effective than natural pyrethrins (Singh et al., 1987). Neem
seed kernel suspensions are also effective in feeding
deterrents on castor (Chari and Muralidharan, 1985) against
A. janata.

Botanical productsareone of themost prominent alternatives
for pest control in current and future requirements (National
Research Council, 2000). Survey on different plant families
(Isman 1994; Regnault-Roger et al., 2002) since the past two
decades have promoted new sourcesfor botanical insecticides
that could possibly meet some of these demands. Numerous
plant species have been identified, with the most promising
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insecticides belonging to the families: Meliaceae, Rutaceae,
Annonaceae, Asteraceae, L abiatae and Pi peraceae (Jacobson,
1989; Schmutterer, 1992). Many of these plant extracts have
been shown to affect insect growth and behaviour, acting as
insect growth regulators, antifeedants and toxicants
(Champagneet al., 1992).

Solanum melongena L., Lycoper sicon esculentumMill. and
Capsicum annuum L. (Solanaceae) are widely cultivated in
India and other parts of the world. Few reports are available
using C. annuumfruit powder (Ashouri and Shayesteh, 2009)
and L. esculentumand C. annuumleaf powder against stored
pests control (Usha Rani et al., 2008). Nenaah (2011) reported
the presence of toxic effects of glycoalkaliods isolated from
Solanum tuberosum L. and Lycopersicon esculentum Mill.
against red flour beetle, Tribolium castaneum Herbst
(Coleoptera: Tenebrionidae) and rice weevil, Sitophilusoryzae
L. (Coleoptera: Curculionidae). Inthe present paper, wereport
the antifeedant, growth inhibitory and gut proteolytic effects
of three Solanaceae plant extracts against two lepidopteran
vegetables and crop pests such as S. litura and A. janata.

MATERIALSAND METHODS

Insectsand plant materials

Spodoptera litura and Achaea janata larvae used in this
study were obtained from Entomology Division, Directorate
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of Oil Seed Research, Hyderabad. The culture was
continuously maintained on castor bean leaves Ricinus
communisL.) at room temperature 28 + 2° C, 65 + 5% RH and
16:8 h L: D photo period in the laboratory, Indian I nstitute of
Chemical Technology, Hyderabad. Healthy plants of Solanum
melongena L. (leaves and fruits), Lycopersicon esculentum
Mill. (leaves) and CapsicumannuumL.(leaves) werecollected
fromtheV egetable Section, AcharyaN. G. RangaAgricultural
University, Rajendar Nagar, Hyderabad.

Preparation and extraction of plant material

The leaves after collection were washed with distilled water
to remove dust and other contaminants. The clean leaves
were air dried for 4-6 days at room temperature at 30 + 2°C
until all the moisture content was evaporated. The dried
material approximately 600 g of leaves was milled to 4.0 mm
particle size in an electric grinder. The ground leaves were
subjected to extraction in soxhlet apparatus using acetone
(1200 ml) as a solvent. The extraction went up to 15-18 hrs
and the solvent was evaporated under reduced pressurein a
rotary evaporator (Heidolph Laborota 4000) at 40-45°C. The
crude extracts were diluted in acetone (analytical grade)
(w/v) to 500 mg/ml concentration denoted as ‘ crude’ extract
and was employed in all the experiments (Fig. 1).

Figure 1. Extraction process of plant crude extracts
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Fractionation by chromatography

The crude extract was chromatographed on asilicagel column
(50 cm length and 4 cm diameter), with chloroform [(100%)
(Fraction 1)], ethyl acetate [(100%) (Fraction 2)]; methanol
[(100%) (Fraction 3)] as eluents. Each eluted material was
further concentrated using a rotary vacuum evaporator
(Heidolph Laborota 4000) to remove excess sol vent and kept
at -20°C till further usein bioassays.

Antifeedant assay

Antifeedant activity of Solanaceae plant leaf extract was
assessed against two lepidopteran agricultural pests, S. litura
and A. janata. The experimentswere conducted according to
the classical no-choice leaf-disc method (Sreelatha et al.,
2010). A small circular disc (10 cr?) was cut from the fresh
castor leaves. All crude extracts at different concentrations
(5, 10, 20, 30, 40 and 50 mg/ 10cm?) and purified fractions (1, 4,
6, 8 and 1 mg/ 10cm?) were applied separately on the upper
surface of the leaf disc with the aid of a glass atomizer. The
solvent was allowed to evaporate by air drying briefly for a
couple of minutes and the discs were placed individually
insideaplastic petridish (9 cmdia), lined with moist absorbent
cotton.

In each petri dish, asingle pre-starved healthy 3instar larva
of S. litura and A. janata was introduced separately for
assessing antifeedant activity. The progress of the
consumption of theleaf areawasmeasured at 6, 12 and 24 hrs
in both treated and control leaf discs. Theleaf areaconsumed
was measured at every 6 hrs using AM-300 |leaf area meter
(ADC, Bioscientific Limited, England, UK). The antifeedant
index (AFl) wasthen calculated as (C-T)/(C +T) x 100, where
Cistheconsumption of control discsand T, the consumption
of treated discs (Belles et al.,, 1985). For each dose, 15
experimental setswere assayed. Each test wasreplicated five
times (N= 150).

Larval growth inhibitory studies

The effect of plant extract on growth inhibitory of S. litura
and A. janata activity was evaluated by the oral feeding
method. Different concentrations of crude extract (5, 10, 20,
30 and 40 mg/ 100ul) andpurified fractions (1, 2, 4, 6 and 8 mg/
100ul) were sprayed on the upper surface of the castor |eaf
discs separately. Control discs were sprayed with the carrier
solvent alone. Two pre-weighed third-instar larvae of S. litura
(average weight, 350+50 mg/larva) and A. janata (average
weight, 395+40 mg/ larva) were rel eased separately into each
container. The treatment was replicated 30 times and there
were atotal of 60 insects exposed to the treatments (N= 60).
After aperiod of 24hrsfeeding, thelarvae weretransferred to
anormal diet in a separate container. Everyday, the |eft-over
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leaf discs, if any and excreta of the insects were removed and
fresh and clean |eaves (untreated) were provided. Thegrowth
inhibition (%) was calculated by using the following formula
(El-Aswad etal ., 2003): Growthinhibition (%) =[(C -T,)/C )]
x 100 Where C, isthelarval weight gained in the control and
T, isthelarval weight gained in the treatment.

Effect of test plant extractson pest development

In another set of experiments, effects of three Solanaceae
plant extracts on pupal and adult development after post-
ingestion wereidentified by the oral feeding method. Freshly
molted fourth-instar larvae were left to feed on the diet
incorporated with crude extracts (at two concentrations 30
and 40 mg/ larva) till adult emergence. After molting, thelarvae
were transferred to fresh diet (untreated) and reared to adult
development. The pupal weight (milligrams), pupal mortality
(percent), adult abnormality (percent) and adult emergence
(percent) were recorded. Each experiment was replicated 30
times with a total number of 60 insects/treatment (2 larva/
replicate).

Midgut Proteolytic Activity

I solation of protease enzyme

Fourthinstar larvae (S. litura and A. janata) wereleft to feed
onthediet (castor leaf) sprayed with all the plant extractsfor
6 hrs at a concentration of 20 mg/larva, because at this
concentration larval feeding was observed. Diet sprayed with
acetone served as controls. After 6 hrsfeeding, all thelarvae
were dissected and their guts were removed over ice cold
normal saline and homogenized immediately in 50mM Tris-Cl,
pH 8.0 [1:1 ratio (w/v)]. The crude gut homogenate was
centrifuged at 14,0009 for 15 min at 4°C. Theclear supernatant
was filtered through a Whatman No.1 filter paper and
transferred to apre-chilled eppendorf tube. The sampleswere
stored at -20°C until further use. Protein analysisin the gut
contentswas carried out according to the procedure described
by Bradford (1976) with BSA asastandard protein.

Enzyme assay

Proteolytic activity was carried out as described by Marchetti
et al. (1998) with slight modificationsusing 2% (w/v) azocasein
asasubstrate. Typically, the sasmple (20 puL containing 10-15
pg protein) and 0.1 M Tris buffer, pH 10.0 (500 pL), was pre-
incubated for 5 min at 30°C before the addition of 25 pL 2%
azocasein (w/v, in glass-distilled water). After 20 mins of
incubation, the reaction was stopped using 400 pL 10%
trichloroacetic acid (w/v). Tubes were kept onice for 10 min
and then centrifuged at 5,000 g for 5 min; 500-pL aliquots of
the supernatant were withdrawn and mixed in a cuvette with
500 puL 1 M NaOH and absorbance at 420 nm was determined.
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Blanks (test tubes without samples) were run in all cases.
One unit of proteolytic activity isthe amount of enzyme that
causestheformation of 1 ug of TCA-soluble positive material
per minute. Each experiment was replicated fivetimes (N=50).
The specific activity of total protease activity (U) was
calculated as:

Absorbance value at 420nm (test)- Absorbance value at 420nm(blank)
generatedby an Adobe application30min X mg protein

Assays to quantify specific serine protease activities were
conducted using paranitroanalide-conjugated peptide
substrates in 96-well micro-titre plates. Trypsin-like activity
was detected using BApNA (N-benzoyl DL-arginine p-
nitroanilide) and chymotrypsin-likeactivity with SAAPFpNA
(N-succinyl-alanine-alanine-pro-phe-p-nitroanilide)
substrates. Briefly, 0.1 M Tris buffer, pH 10.0 (1.35 mL), and
the sample (15 pL containing 5-15 pg protein) were pre-
incubated for 5 min at 30°C before the addition of 0.2 mL 7.8
mM BApPNA/SAAPFpNA in 13% dimethyl sulfoxide; 1 mM

final concentration) to start the reaction. After 10 min of
incubation, the reaction was stopped with 0.75 mL 30% acetic
acid and absorbance was measured at 410 nm. Assays were
carried out in triplicate and appropriate blanks wererunin al
cases. Themolar extinction coefficient (M- cnt?) for pNA at
410 nm equalsto 8800 (Erlanger et al.,, 1961) was taken in to
account to calculate trypsin and chymotrypsin-like activity
(BApNA/SAAPFpNA units/mg protein) using the formula.

Absorbancevalueat 410nm/minx 1000 x volumeof reactionmixture
generated byan Adobeapplicati;m8800x mg proteinin theassay
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Statistical analysis

Antifeedant and growth inhibitory activities were calculated
using five different concentrations of each extract. The data
was subjected to probit analysis (Finney, 1971) to determine
the EC,, values representing the concentrations that caused
50% feeding deterrence and growth inhibition along with 95%
confidence intervals. Results from the growth abnormalities
(pupal and adult) were analyzed by one-way ANOV A using
statistical software Sigma Stat ver 3.5. The post hoc testing
was carried out using the Tukey' stest. A significant level of
0.05was used for all statistical tests.

RESULTS

Antifeedant activity of test plant extracts

The Solaneceae plant extracts showed asignificant deterrence
of food consumption at different concentrations. The
antifeedant index percentages and EC,, values of the test
extracts after 24 hrsof feeding are shownin Table 1. Thefruit
extract of S. melongena and leaf extract of C. annuumexhibited
strong antifeedant activity at 50mg/ 10 cm?2 concentration,
when compared with other plant extracts. The leaf extract of
C. annuumwas the most active antifeedant with EC,,= 314,
34.7mg/10 cnm? against S. litura and A. janatarespectively. In
comparison S. melongena fruit extract showed strong
antifeedant index, with EC,,= 33.9 and 32.6 mg/10 cm2 against
two lepidopteran pests respectively. The extracts of the
remaining plants showed less antifeedant activity. Therefore,
it could be concluded that the fruit extract of S. melongena
and leaf extract of C. annuumexhibited effective antifeedant
activity against S. litura and A. janata.

Table 1. Antifeedant activity of certain plant extracts againg third instar larvae of S lituraand A. janata by leaf

disc method.
Test plants? Spodopteralitura Achaea janata
Al + SD° ECso (95% CL) Al + SDP ECso (95% CL)
(50mg/ 10cnf) | (mg/ 10cnf)© (50 mg/ 10cn) (mg/ 10cnt) ©
S. melongena | 67.8+ 2.8 40.2 (38.1-48.2) 68.3+4.8 43.8 (40.3-46.2)
S melongena | 75.8+ 4.2 33.9(32.1-35.7) 82.8+5.1 32.6(30.9-34.4)
L. esculentum | 72.6 + 3.2 36.0 (34.6-38.0) 70.1+2.1 38.1(31.2-40.6)
C.annuum | 81.0+33 31.4 (29.7-33.2) 79.4+ 3.4 34.7 (32.9-36.5)

& Antifeedant activity of plant extracts, at five different concentrations (10 — 50 mg range), N= 60.
b Means of Antifeedant Index (Al) are significantly different (ANOVA, P< 0.05, Turky HSD test).
¢ From the concentration response curves, ECs, values were calculated by probit- log analysis.



I nsect regulatory activity of Solanum melongena

122

Table 2. Antifeedant activity of eluted chromatographic fractions against third instar larvae of S. litura and A. janata by leaf

disc method.
Test fractions® Soodopteralitura Achaea janata
Al + SDP ECx, (95% CL) Al + SDP ECs, (95% CL)
(10 mg/ 10cm?) | (mg/ 10cm?)© (10 mg/ 10cm?) | (mg/ 10cm?)©
S melongena
F1 140+ 3.8 >10 122+29 >10
F2 37.6+4.7 >10 30427 >10
F3 188+4.4 >10 198+4.1 >10
S. melongena
F1 222+2.4 >10 228+3.3 >10
F2 59.4+2.8 8.5(8.0- 9.0) 51.6+28 8.9 (8.3-9.9
F3 81.6+4.3 5.4 (5.3 6.4) 90.2+ 3.2 5.7 (4.6- 6.3)
L. esculentum
F1 320+£1.9 >10 37.8+28 >10
F2 67.6 3.0 7.1 (6.5 7.6) 714422 6.9 (6.4- 7.4)
F3 420+£2.9 > 10 40027 >10
C. annuum
F1 208+2.5 >10 294 +£30 >10
F2 71.8+2.5 6.8 (6.3 7.3) 79.4+2.9 5.2 (5.1- 6.2)
F3 66.0 +4.1 8.3 (7.8 8.9) 70.8+35 7.5 (7.1- 8.0)

a Antifeedant activity of eluted fractions, at five different concentrations (1 — 10 mg range), N= 60.
b Means of Antifeedant Index (Al) are significantly different (ANOVA, P< 0.05, Tukey HSD test).
¢ From the concentration-response curves, EC_, values were cal culated by probit-log analysis.

F1- Chloroform; F2- Ethyl acetate; F3- Methanol fractions

Antifeedant activity of chromatographic eluted purified
fractions from Solanaceae plant extracts were also tested
against two lepidopteran pests by oral feeding method and
theresultsare presented in Table 2. Methanol eluted fraction
from S. mel ongena fruit extract produced significant (p< 0.001)
antifeedant activity against S. litura and A. janata larvae
with an EC; of 5.4 and 5.7 mg/10 cm? respectively (Table 2).
The crudeleaf extract of C. annuumeluted with ethyl acetate
and methanol fractions exhibited antifeedant activity with an
EC,, of 5.2t0 8.3 mg/10 cm? against the above test insects. In
comparison, ethyl acetate eluted fraction from L. esculentum
produced >60% antifeedant activity against both the larvae,
with an EC, of 6.9 and 7.1 mg/10 cm?. However, from the
results, we found that the fruit extract of S. melongena eluted
with methanol showed more potent activity than the other
test extracts.

Effect of test plant extractson larval growth

Thelarval growth-inhibitory activity of these Solanaceae plant
extractson S. litura and A. janata are shown in Table 3. All

the extracts tested inhibited the larval growth in a
concentration-dependent manner after 7 days of feeding on
the treated leaf discs. The fruit extract of S. melongena was
the most potent larval growth inhibitor among the extracts
tested. Significant larval growth inhibition against S. litura
(df-59; p< 0.001) with an EC,, value of 22.6 mg/larva and A.
janata (df-59; p< 0.001) with an EC,, value of 22.6 mg/larva
was observed. In comparison, L. esculentum leaf extract
produced >60% of larval growth inhibitionwith an EC_ value
of 31.1-34.0 mg/larvaagainst both the larvae respectively by
the oral ingestion. Therest of the extracts exhibited moderate
inhibition of insect growth (Table 3).

The effects of column eluted fractions from the Solanaceae
plant extracts on S. litura and A. janata larval growth was
studied and data shown in Table 5. Methanol eluted fraction
from S. melongena fruit extract and ethyl acetate eluted C.
annuumand L. esculentum fractions inhibited larval growth
after 7 daysof treatment in oral feeding assay. M ethanol eluted
fraction from S. melongena was the most potent growth
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Table 3. Insect growth inhibitory activity of the Solanaceae plant extracts against third instar larvae of S. litura

and A. janata after 7 days of exposure.
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Test plants? Soodopteralitura Achaea janata
Gl (%)° ECs0 (95% CL) Gl (%)° ECso (95% CL)
(40 mg/ larva) (mg/ larva)® (40 mg/ larva) (mg/ larva)®
S melongena 242+ 3.0 >40 38.6+4.0 >40
S melongena 804+28 25.2(23.5- 27.0) 84.2+3.6 22.6(20.1- 27.3)
L. esculentum 68.8+2.9 31.1(29.2- 32.9) 60.4 + 3.4 34.0(28.9- 37.2)
C. annuum 55.4+3.7 37.5(35.1- 39.9) 50.2+35 39.8(36.3- .40)

2Growth inhibitory activity (mean + SD) of plant extracts, at five different concentrations (5 — 40 mg range).

® Means within the column are significantly different (ANOVA, P< 0.05, Turky HSD test, N= 60).
“ECs values was calculated by probit-log analysis. GI- Growth Inhibition

Table 4. Growth inhibitory activity of chromatographic fractions against third instar larvae of S. lituraand A

janata by leaf disc method.

Test plants? Spodopteralitura Achaea janata
Gl + SDP ECso (95% CL) Gl + SDP ECso (95%CL)
(10 mg/ 10cn?) | (mg/ 10cn¥)° (10 mg/ 10cn?) | (mg/ 10cn?) ©
S melongena
F1 140+ 35 >8 182+25 > 8
F2 29.0+ 2.7 >8 30.2+20 >8
F3 29.6+2.2 >8 26.8+25 >8
S melongena
F1 40.4+ 2.8 >8 44.4+4.3 >8
F2 50.6+ 1.7 7.5(7.0- 8.0) 51.2+24 7.3 (6.8 7.8)
F3 716+ 3.8 5.0(4.6- 5.4) 81.6+t24 45 (5.5 6.3)
L. esculentum
F1 324+ 4.0 >8 23.0+ 3.6 > 8
F2 57.2+1.9 6.6 (6.2- 7.1) 51.2+3.6 6.0 (5.8 6.7)
F3 21.6+ 3.0 >8 442 +29 > 8
C. annuum
F1 242+ 3.0 >8 20.0+34 >8
F2 65.0+ 3.2 6.2 (5.7- 6.6) 69.4+3.0 5.7 (5.5 6.3)
F3 402+ 2.1 >8 410+21 >8

aGrowth inhibitory activity (mean + SD) of fractions, at five different concentrations (1- 8 mg range), N= 60.

® Means within the column are significantly different (ANOVA, P< 0.05, Turky HSD test).
“ECs0 vaues was calculated by probit- log analysis Gl- Growth Inhibition
F1- Chloroform; F2- Ethyl acetate; F3- Methanol fractions
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Table 5. Effect of Solanaceae plant extracts on pupal development of S lituraand A. janata by ord

feeding method.
Plant extracts? Spodoptera litural Achaea janata®

30 (mg/larva) 40 (mg/larva) 30 (mg/larva) 40 (mg/larva)
Pupal weight (mg)
S. melongena 3722+11.2 3126+ 7.2 665.0 + 14.1 638.2+ 9.3
S melongena 306.0 £ 6.6 243.7+4.1 591.8+ 9.6 545.1+8.1
L. esculentum 315.4+8.9 2933+ 120 659.4 + 10.9 606.5+ 11.6
C. annuum 3009+ 110 2905+ 8.8 620.3+ 114 580.2 + 10.2
Control 384.6 £ 8.3 384.6 £ 8.3 689.3+ 10.1 689.3 + 10.1
Pupal Toxicity (%)
S. melongena 0+00 120+ 2.0 0+0.0 20+ 04
S melongena 216+ 19 404+ 35 294+ 3.2 428+29
L. esculentum 182+ 2.0 23.3+£3.0 214+ 23 306+ 1.2
C. annuum 131+1.8 104+ 2.2 10.3+ 20 142+ 28
Control 0+0.0 0+0.0 0+0.0 0+£0.0

&Each plant extract at two concentrations of 30 and 40 mg/larva, N= 60.
b Each datum represents mean + SD, are significantly different (ANOVA, P < 0.05, Turky HSD test).

inhibitor among the eluted extracts, with an EC,, value of 5.0
ad4 5yl avaag ret S litura and A. janatarespectively
(Table 4). Wheress, |leaf extract of S. melongena eluted with
all three solventsfail to produce growth inhibition. However,
ethyl acetate eluted fractions from C. annuum and L.
esculentum showed significant (p< 0.001) larval growth
inhibition against both the test lepidopterans.

Effects of test plant extractson pest development

The insect growth deformities were mostly in the form of
reduction in pupal-weight, percentage of pupal-toxicity,
abnormal and normal adultsemergence. S litura andA. janata
larvae which fed on fruit extract of S. melongena showed
significant (p< 0.001) reduction in pupal weight of S. litura
and A. janata, when compared to other extracts respectively
(Table 5). Apart from this, potent pupal toxicity was also
observed with fruit extract of S. melongena at 40 mg/larvain
boththelarvaerespectively (Table5). Treated larvaeinhibited
their normal development, most of these larvae molted into
defective or malformed pupae. Though some of these pupae
metamorphosed into the next stage, theresulting adultswere
also abnormal having crumpled wings and malformed body
etc (Table 6). Due to precocious pupation, the insect might
havefailed to completeits devel opment and they were unable

to emergeinto normal adults. Thefruit extract of S. melongena
was effective in producing deformed adults (38.6 and 44.2%
respectively) at active concentration of 40 mg/larva. Theleaf
extracts of L. esculentumand C. annuum also produced
morphological changes in both the larvae at same
concentration. The percentage of emergence of adults from
the pupae was drastically affected by fruit extract of S.
melongena inS. lituraand A. janata at 40 mg/larva(Table6).
S. melongena leaf extract caused normal emergence without
any deformity equivalent to control adults. From the results,
we noted that A. janata showed more susceptibility to test
compounds than S. litura.

Regulation of midgut proteolytic activity

The midgut proteolytic activity was determined by using
azocasein as a substrate with respect to three solanaceae
plant extracts. Changes were observed in proteolytic activity
of both S. litura and A. janata larvae, using these extracts.
Total proteolytic activity of midgut extract in terms of
azocasein hydrolysis inhibited with fruit extract of S.
mel ongena was incorporated into the diet at a concentration
of 20 mg/larva. Proteolytic activity was decreased inS. litura
and A. janata when compared to control gut extracts
respectively with S. melongena fruit extract at 20 mg/larva
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Table 6. Effect of Solanaceae plant extractson S. litura and A. janata adult development by oral feeding
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method.
Plant extracts? Spodoptera litura® Achaea janata”

30 mg 40 mg 30 mg 40 mg
Adult deformity (%)
S. melongena 0+£00 54+21 0£0.0 9.4+29
S. melongena 346+41 38,6+ 35 244+34 442+ 5.7
L. esculentum 226+ 1.7 268+ 2.7 19.4+3.2 33.6+34
C. annuum 274+ 30 346+ 3.0 21.0+23 30.4+28
Control 0+£00 0+£0.0 0+£0.0 0+£0.0
Adult emergence (%)
S. melongena 100+ 0.0 740+ 3.2 100+ 0.0 80.2+ 3.6
S melongena 346+31 11.2+4.8 33.2+25 56+19
L. esculentum 50.8+5.0 43.0+ 3.9 48.6 + 3.2 29.0+4.6
C. annuum 49.6 + 3.6 472+ 2.6 50.0+3.1 528+ 35
Control 100+ 0.0 100+ 0.0 100+ 0.0 100+ 0.0

@Each plant extract at a concentration of 30 and 40 mg/larva, N= 60.
P Each datum represents mean + SD, are significantly different (ANOVA, P < 0.05, Turky HSD test).

(Fig 2). In comparison, leaf extracts of L. esculentumand C.
annuum ingested larval gut extracts showed increase in
proteolytic activity (S. litura, 18.8-21.1 and A. janata, 23.1-
30.2 units of min-mg* protein) when compared to control
gut extracts respectively. From the results, the Solanaceae
plant extracts showed over a very good regulation of the
digestive proteolytic activity of both the |epidopteran larval
midgut extracts (in vivo). Theinhibition of proteolytic activity
by S. melongena may be a consequence of interaction with
the substrate, since at 20 mg concentration of fruit extract
inhibited azocasein hydrolysis. L. esculentumandC. annuum
did not inhibit azocasein hydrolysis to a great extent, but
increased in proteolytic activity suggesting increased enzyme
activity in midgut extracts (Figure 2).

The main proteolytic activity in larval midgut extracts was
classified as serine protease type. Using synthetic substrates
specific for different proteases, two types of serine protease
activity were found to be present in the extracts from the
larval midguts of S. litura and A. janata. When synthetic
substrate containing a single amino acid residue was used,
only trypsin likeactivity was detected. The substrate BApNA
was hydrolysed with maximum hydrolysis at the pH of 11.0,
whereas, substrate (SAAPFpNA) containing more than one
amino acid residue was used to detect the chymotrypsin-like

activity at same pH conditions. Thetest larvae, S. litura and
A. janata fed with fruit extract of S. melongena showed
significant reduction in trypsin and chymotrypsin-like
activities when compared with control gut extractsat 20 mg/
larvarespectively (Fig 3), whereas, gut extractsfrom S. litura
and A. janata fed with leaf extracts from C. annuum L.
esculentumand S. melongena showed increase in serine
protease activity by maximum hydrolysis of respective
substrates in comparison with control (Figure 3).

DISCUSSION

The leaf extracts of C. annuum, L. esculentum and the fruit
extract of S, melomgena and its chromatographic fractions
showed conspicuous antifeedant and growth inhibitory
effectsonthelarvae of S.litura and A. janata. The behavior
of thetreated insects showed that thetreated larvae frequently
sampled the treated food, suggesting reduced feeding on
treated food or of rejection. Antifeedant substances are
customarily classified into repellents and deterrents
(Schoonhoven, 1982). Based on these, it was found that the
test extracts had deterrent properties. The validity of using
artificial diet in antifeedant assays has sometimes been
questioned (Jermy 1990). Results obtained from the |eaf disc
bi oassays may be morereliable becausethe quality of plant’s
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Figure 2. The effect of Solanaceae plant extracts on activity of protease extracted from the midgut of 4™
instar larvae of S. litura and A. janata using azocasein as a substrate.
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Figure 3. The effect of Solanaceae plant extracts ontrypsin and chymotrypsin-like midgut proteases
of fourth ingtar larvae of S. litura and A. janata using BApNA/ SAAPFpNA substrates
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surface plays a crucial role in determining the acceptance or
avoidance (Chapman and Bernays 1989; Lin et al., 1998).

The consumption rate of the lepidopterans, S. litura and A.
janata was affected by the presence of plant extractsin the
diet, with theincreasing concentrations of S. melongenaand
C. annuum having a greater effect than other extracts. The
results of feeding experiments indicate that both the
| epidopteran species showed asignificant increasein feeding
deterrent response to the fruit extract of S. melongena and
leaf extract of C. annuum Also, methanol eluted fractionfrom
fruit extract of S. melongena and ethy| acetate fraction from
the leaf extract of C. annuum showed excellent feeding
deterrent activity against both the test larvae. Several
investigators have already reported that botanicals offer
antifeedant activity against S. litura (Ulrichs et al., 2008;
Sreelatha et al., 2009) and A. janata (Devanand and Usha
Rani, 2008). For example, Pavunragj et al. (2011) stated that |eaf
extract and its column eluted ethyl acetate fraction from
Pergularia daemia (Forssk) Choiv., exhibited good antifeedant
activity against Helicoverpa armigera (Hub.) and S. litura.
The root extracts of Pedalium murex L. exhibited good
antifeedant activity against S. litura (Sahayaraj et al., 2003).
The extract of Adhatoda vasica |eaves was found to have
feeding deterrent propertieswhen applied on leaf discs method
(Sadek, 2003). Another report fromMikolajczak and Reed
(1987) stated that the seed extractsof Trichiliaprieureana, T.
roka and T. connaraides exhibit high levels of antifeedant
activity in leaf disc method against Spodoptera frugiperda.
Devanand and UshaRani (2008) reported that acetone extracts
of 15 plant leaves showed excellent antifeedant and toxic
properties against S. litura and A. janata.

In addition to its antifeedant activity, these solanaceae plant
extracts exhibited growth inhibitory activity against both the
test larvae. Our results indicate that acetone extracts of S.
melongena and L. esculentumwere potent growth inhibitors
to S. litura and A. janata among the plant extracts tested.
These extractswere quite effectivein reducing growth of two
|epidopteran larvae in the oral feeding bioassay. The growth
inhibition activities of the extracts of several Meliaceaeplants
such as Azadirachta indica (Agrawal and Mall, 1988), Melia
azedarach (Al-Sharook et al., 1991), Melia toosendan(Chen
et al., 1995) and Aglaia species (Koul etal., 1997) have been
extensively evaluated on several insect pests. Ethyl acetate
extract from Syzygiumlineare Wall (Myrtaceae) (Jeyasankar
et al., 2010), methanol extract of Melia dubia (Meliaceae)
(Koul et al., 2000) showed growth inhibitory activity against
S. litura. In our experiments, we also observed the larval
growthinhibitory activity of methanol and ethyl acetate el uted
fractionsfrom S. melongena and C. annuum extracts.
Predominantly, fruit extract of S. melongena eluted with
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methanol produced most potent growth inhibitor against S.
litura and A. janata by oral feeding assay. According to
Janprasert et al. (1993) report, isolated fractions and
compoundsfrom Aglaia odorata havefeedinginhibition and
growth regulating activity against S. littoralis. Sreelatha et
al. (2010) reported that the new benzil derivative from Derris
scandens exhibited growth inhibitory efficacy against A.
janata larva by the oral feeding method.

The results on insect development revealed that the fruit
extract of S. melongena and leaf extracts of L. esculentum
and C. annuumdisrupted devel opmental cycle of larvae after
feeding by reducing the pupal weight or causing of pupal
mortality and formation of pupal-adult intermediates. In
several cases, the application of the extractsresulted into the
emergence of deformed adults from the treated pupa. A
reduction in pupal weight and emergence of deformed adults
suggest that the extracts of S. melongena, L. esculentumand
C. annuum, interferes with mechanisms under-lying
development which are hormonally regulated. This type of
delayed development and appearance of malformations were
reported from azadirachtin treated S. litura (Rao and
Subrahmanyam, 1987), plumbagin treated Helicoverpa
armigera (Krishnayya and Rao, 1995) and new benzil
derivative from plumbagin against A. janata (Sreelathaetal .,
2010). Larva-pupal intermediates had apupal cuticlewhichis
usually tanned on the abdomen, and on the dorsal region of
the head and thorax. Theremaining parts became darker when
the insect was close to death. However no moult occurred
and the body was still covered by the larval exuvium. None
was able to emerge. Similar results were obtained when | ast-
instar larvae of S. litura, S. mauritia, Ephestia kuehniella
Zell. and Manduca sexta were subjected to azadirachtin
(Jagannadh and Nair, 1992). In the present report we found
the regulation in growth and development of two major
lepidopteran pests such as S. litura and A. janata by fruit
extract of S. melongena by oral ingestion method. The
reduction in the pupal weight in the present study might be
due to the ingested treated diet, disturbed digestive
physiology of the larvae after treatment. Thisdisturbanceled
to reduction in larval and pupal weight, poor growth and
development and production of more deformities and
emergence of adults. Wheeler and Isman (2001) reported that
ethanolic extracts of Annona squamosal seeds exhibited
reduction in pupal weight against S. litura.

Inthe present study, we also reported the proteol ytic activity
of the two lepidopteran larvae and their sensitivity to
solanaceae plant extracts. Houseman et al. (1989) stated that
the extracts from the digestive tracts of insects from many
families, particularly those of Iepidoptera contain serine
proteases. These serine proteases are responsiblefor protein
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digestion and consequently for the supply of amino acids
needed for development. Serine proteases, as a group of
digestive enzymes, have al so been detected in guts of other
Spodoptera species (Jongsmaet al ., 1996). Theserineclasses
of proteinases such as trypsin and chymotrypsin, which
belong to a common protein superfamily, are responsible for
initial digestion of proteins in the gut of plant herbivores
(GarciaOlmedo et al., 1987). These proteinases involved in
cleavage of polypeptide chainsinto short peptideswhich are
then cleaved by exopeptidases to generate amino acids, the
end products of protein digestion (Lawrence and Koundal,
2002).

Inthisstudy, our results showstheregulation of proteasesin
themidgut of S. litura andA. janata, which could betargeted
with natural productsto activeinsect control. Midgut trypsin
and chymotrypsin showed diverse level of susceptibility
towardscrude extractsfrom theleavesand fruit of Solanaceae
plants. Trypsin has been found to be the predominant and
most active protease enzyme in |lepidopterous larvae, and
chymotrypsin activity wasalso found, but itsactivity islower
than that of trypsin (Broadway and Duffey, 1986). Gut
proteases like trypsin and chymotrypsin activities were
significantly inhibited by fruit extract of S. melongena, which
lead to the growth retardation in the both larvae due to the
reduction in protein metabolism. In comparison, larvaefed on
diet containing leaf extracts of C. annuumand L. esculentum
showed higher proteolytic activity in midguts as compared
to those fed with fruit extracts of S. melongena and control.
Many insects and poly-phytophagous insects, adapt easily
to exogenous proteaseinhibitor chemical intheir diet, because
theseinsects generally have complex digestive biochemistries
and compensate for the loss of proteolytic activity by either
increasing affected proteases or by expressing novel
proteases insensitive to the ingested protein inhibitors
(Broadway, 1997; Gatehouse et al., 1997; Brousseau et al.,
1999). From the results we noticed that the hyper-production
of proteasesin response to ingested compounds|eadsto an
extraload on theinsect for essential amino acids, resultingin
retardation of insect growth was observed. From the results
we conclude that the fruit extract of S. melongena and |eaf
extracts of C. annuumand L. escculentumhave the potential
toregulatethe gut proteolytic activity of thetwo |epidopteran
pests S. lituraand A. janata by oral ingestion.

A large number of plant secondary metabolites are known to
affect insect growth, development and reproduction; their
exact mechanisms of action remain to be established. The
regulatory activities of these plants S. melongena, L.
esculentum and C. annuum extracts also suggest the
possibility of a future exploitation of these materials into
potential insect management chemicals with a minimum
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environmental impact and crop protectant against S. litura
and A. janatalarvae.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. J.S. Yadav, Director, Indian
Institute of Chemical Technology, Hyderabad, for the
encouragement and thefacilitiesand to the V egetabl e Section,
AcharyaN. G. RangaAgricultural University, Rgjendar Nagar,
Hyderabad for the provision of plant material. PD thanks CSIR
for their financial support.

REFERENCES

Agrawal, |.L.and Mall, S. B. 1988. Studieson theinsecticidal
and antifeedant activity of some plant extracts on Bihar
caterpillar, Diacrisia obliqua Walker (Lep. Arctiidae).
Journal of Applied Entomology, 105: 529-532.

Al-Sharook, Z., Balan, K., Jiang, Y. and Rembold, H. 1991.
Insect growth inhibitors from two tropical Meliaceae.
Journal of Applied Entomol ogy, 111: 425-430.

Ashouri, S. and Shayesteh, N. 2009. Insecticidal activities of
black pepper and red pepper in powder form on adults of
Rhyzopertha dominica (F.) andSitophilus granarius(L.).
Pakistan Entomologist, 31 (2): 122-127.

Belles, X., Camps, F., Coll, J. and Piulachs, M. 1985. Insect
antifeedant activity of clerodane diterpenoids against
larvae of Spodoptera littoralis (Boisd.) (Lepidoptera).
Journal of Chemical Ecology, 11: 1439- 1445.

Bradford, M. M. 1976. A rapid and sensitive method for
quantitation of microgram quantities of protein utilizing
the principle of protein-dye-binding. Analitical
Biochemistry, 72: 248-254.

Broadway, R. M. and Duffey, S. S. 1986. Plant proteinase
inhibitors: mechanism of action and effect on the growth
and digestive physiology of larval Heliothis zea and
Spodoptera exigua.Journal of Insect Physiology, 32: 827-
833.

Broadway, R. M. 1997. Dietary regulation of serine proteinases
that is resistant to serine proteinase inhibitors. Insect
Biochemistry and Molecular Biology, 43: 855-874.

Brousseau, R., Masson, L. and Hegedus, D. 1999. Insecticidal
transgenic plants: Arethey irresistible? CAB International,
UK, 22P.

Budatha, M., Meur, G. and Dutta-Gupta, A. 2008. Identification
and characterization of midgut proteasesinAchaeajanata
and their implications. Biotechnology Letters, 30: 305
310.

Champagne, O., Koul, M., Isman Scudder, G. G. E. and Towers,
G. G. E. 1992. Biological activity of limonoidsfrom Rutales.
Phytochemistry, 31: 377-394.

Chapman, R. F. and Bernays, E. A. 1989. Insect behavior at
the leaf surface and learning as aspects of host plant



Peta Devanand and Pathipati Usha Rani

selection. Cellular and Molecular Life Sciences, 45: 215~
222,

Chari, M. S.andMurdidharan, C. M. 1985. Neem (Azadirachta
indica Linn.) as feeding deterrent of castor semilooper
(Achaea janata Linn.). Journal of Entomological
Research, 9(2): 243-245.

Chen, W., Isman, M. B. and Chiu, S. F. 1995. Antifeedant and
growth inhibitory effects of the Limonoid toosendanin
and Melia toosendanextracts on the variegated cutworm,
Peridroma saucia (Lep, Noctuidae). Journal of
Entmological Research, 119: 367-370.

Devanand, P. and Usha Rani, P. 2008. Biological potency of
certain plant extractsin management of two L epidopteran
pests of Ricinus communis L. Journal of Biopesticides,
1(2): 70-176.

El-Aswad, A. F., Abdelgaleil, S. A. M. and Nakatani, M. 2003.
Feeding deterrent and growth inhibitory properties of
limonoidsfrom Khaya senegalensis against the cotton
leafworm, Spodoptera littoralis. Pest Management
Science, 60: 199-203.

Erlanger, B., Kokowsky, N. and Cohen, W. 1961. The
preparation and properties of two new chromogenic
substrates of trypsin. Archives of Biochemistry and
Biophysics, 95: 271-278.

Finney, D. J. 1971. Probit analysis. 3rd Ed. Cambridge
University Press, London. 318 PP.

Garcia-Olmedo, F., Sacedo, F., Sanchez-Monge, R., Gomez,
L., Royo, J. and Carbonero, P. 1987. Plant proteinaceous
inhibitors of proteinases and a-amylases. Oxford Survey
Plant Molecular and Cell Biology, 4: 275-334.

Gatehouse, A. M. R., Davidson, G. M., Newell, C. A.,
Merryweather, A., Hamilton, W. D. O., Burgess, E. P. J,
Gilbert, R. J. C. and Gatehouse, J. A. 1997. Trangenic potato
plants with enhanced resistance to the tomato moth,
Lacanobia oleracea: growth room trials. Molecular
Breeding, 3: 49-63.

Houseman, J. G., Downe, A. E. R. and Philogene, B. J. R. 1989.
Partial characterization of proteinase activity in the larval
midgut of the European corn borer, Ostrinia nubilalis
Hubner (Lepidoptera: Pyrolidae). Canadian Journal of
Zoology, 67: 864-868.

Isman, M. B. 1994. Botanical insecticides and antifeed-ants:
new sources and perspectives. Pesticide Research
Journal, 6: 11-19.

Jacobson, M. 1989. Botanical insecticides, past, present and
future. In: Insecticides of plant origin. Arnason, J. T.,
Philogene, B. J. R. and Morand, P. (eds). Series No. 387.
American Chemical Society Symposium Washington, D.C.
1-10.

129

Jagannadh, V. and Nair, V. 1992. Azadirachtin-induced effects
on larval-pupal transformation of Spodoptera mauritia.
Physiological Entomology, 17:56-61.

Janprasert, J., Satasook, C., Sukumalanand, P., Champagne,
D. E., Isman, M. B., Wiriyachitra, P. and Towers, G. H. N.
1993. Rocaglamide, a natural benzofuran insecticide from
Aglaia odorata. Phytochemistry, 32: 67-69.

Jermy, T. 1990. Prospects of antifeedant approach to pest
control. A critical Review. Journal of Chemical Ecology,
16: 3151-3160.

Jeyasankar, A., Rgja, N. and Ignacimuthu, S. 2010. Antifeedant
and growth inhibitory activities of Syzygium lineare Wall
(Myrtaceae) against Spodoptera litura Fab. (L epidoptera:
Noctuidae). Current Research Journal of Biological
Sciences, 2(3): 173-177.

Jongsma, M. A., Stiekema, W. J. and Bosch, D. 1996.
Combatting inhibitor-insensitive proteases of insect pests.
Trendsin Biotechnology, 14: 331-333.

Koul, 0., Jain, M. P. and Sharma, V. K. 2000. Growth inhibitory
and antifeedant activity of extractsfrom Melia dubia to
Spodoptera litura and Helicoverpa armigera larvae.
Indian Journal of Experimental Biology, 38(1): 63-68.

Koul, O., Shankar, J. S., Mehta, N., Tangja, S. C., Tripathi, A.
K. and Dhar, K. L. 1997. Bioefficacy of crude extracts of
Aglaia Sp. (Meliaceae) and some active fractions against
L epidopteran larvae. Jornal of Applied Entomol ogy, 121
529-532.

Krishnayya, P.V. and Rao, P. J. 1995. Plumbagin effects on
haemolymph proteins, amino acids and fat body protein
content of final instar larvae of Helicoverpa armigera.
Indian. Journal of Experimental Biology, 33:217-221.

Lawrence, P. K. and Koundal, K. R. 2002. Plant protease
inhibitorsin control of phytophagousinsects. Electronic
Journal of Biotechnology, 5: 93-109.

Lin, S, Binder, F. and Hart, E. R. 1998. Chemical ecology of
cottonwood leaf beetle adult feeding preferences on
Populus. Journal of Chemical Ecology, 24(11): 1791-1802.

Lydon, J. and Duke, S. O. 1989. Pesticide effects on secondary
metabolism of higher plants. Pesticide Science 25: 361-
373.

Marchetti, S., Chiaba, C., Chiesa, F., Bandiera A. and Pitotti,
A. 1998. Isolation and partial characterization of two
trypsins from the larval midgut of Spodoplera littoralis
(Boisduval). Insect Biochemistry and Molecular Biology,
28: 449-458.

Mikolgjczak, K. L. and Reed, D. K. 1987. Extractives of seeds
of the Meliaceae: Effects onSpodoptera frugiperda(Smith
JE), Acalymma vittatum (F.) and Artemia salina Leach.
Journal of Chemical Ecology, 13(1): 99-111.



Insect regulatory activity of Solanum melongena

Mondy, N., Christelle Caissa, Nicole Pitoizet, Jean-Paul
Delbecque and Marie-France Corio-Costet, 1997. Effects
of the ingestion of Serratula tinctoria extracts, a plant
containing phytoecdysteroids, on the development of the
vineyard pest Lobesia botrana (L epidoptera: Tortricidag).
Archives of Insect Biochemistry Physiology, 35:227-235.

Murali Krishna, T., Devaki, K., Raja Reddy, K. and
Venkateswarlu, U. 2008. Efficacy of certain new insecticide
mol ecul es agai nst groundnut defoliator, Spodopteralitura
(Fab.) (Noctuidae : Lepidoptera). Current Biotica, 2(2):
173-180.

Muthukrishman, J. and Pandian, T. J. 1984. Effects of
interaction of ration and temperature on growth and
bioenergetics of Achaea janata Linnaeus (L epidoptera:
Noctuidae). Oecologia, 62(2): 272-2.

National Research Council, 2000. Thefuturerole of pesticides
inUSagriculture. Committee on thefuturerol e of pesticides
in US Agriculture, BANRBEST, Commission on life
sciences. National academy of sciences, Washington, DC,
301P.

Nenaah, G. 2011. Individual and synergistic toxicity of
solanaceous glycoalkaloids against two coleopteran
stored-product insects. Journal of Pest Science, 84:77-
86.

Patel, H. K., Patel, N. G. and Patel, V. C. 1971. Quantitative
estimation of damageto tobacco caused by the leaf-eating
caterpillar, Prodenia litura. Proceedings of the National
Academy of Sciences, 17: 202-205.

Pavunraj, M., Chellaiah, M., Ignacimuthu, S., Janarthanan, S.,
Duraipandiyan, V., Raja, N. and Vimalraj, S. 2011.
Antifeedant activity of a novel 6-(4, 7-hydroxy-heptyl
quinone®- from the leaves of the milkweed Pergularia
daemia on the cotton bollworm Helicoverpa armigera
(Hub.) and thetobacco armyworm Spodopteralitura (Fab.)
. Phytoparasitica, 39: 145-150.

Rao, P. J. and Subrahmanyam, B. 1987. Effect of azadirachtin
on Achaea janata L. and Spodoptera litura (F.)
(Noctuidae: Lepidoptera). Journal of Entomology
Research, 11: 166-169.

Regnault-Roger, C., Philogéne, B. J. and Vincent, C. 2002.
Biopesticidesd’ originesvegetables. Tecet Doc-Lavoisier
Eds. Paris, 337 P.

Ronald F. L. and Jayma L. 2007. Achaea janata, updated by
Diez, J. M. Cached - www.extento.hawaii.edu/kbase/crop/
Type/achaea.htm.

Sadek, M. M. 2003. Antifeedant and toxic activity of Adhatoda
vasica leaf extract against Spodoptera littoralis (Lep.
Noctuidae). Journal of Applied Entomology, 27: 396-
404.

Received: June 27, 2011

Revised: July 31, 2011

130

Sahayargj, K., Selvarg P. and Rgju, G. 2003. Eva uation of bio-
pesticidal property of Christella parasitica and |pomea
cornea on Achaeajanata. Applied Zool ogical Research,
14(2): 48-50.

Schmutterer, H. 1992. Influence of azadirachtin, of an
azadirachtin- freefraction of an alcoholic neem seed kernel
extract and of formulated extracts on pupation, adult
emergence and adults of the Braconid, Apanteles
glomeratus L. (Hymenoptera: Braconidae). Journal of
Applied Entomology, 113: 79-87.

Schoonhoven, L. M. 1982. Biological aspectsof antifeedants.
Entmologia Experimentalis Applicata., 31: 57-69.

Shivayogeshwar, A. B., Mallikharjunaiah, H. and
Krishnaprasad, N. K. 1991. Integrated management of
Spodoptera litura Fabricus Noctuidae: Lepidoptera) in
FCV tobacco crop. Tobacco Research, 17(8): 59-61.

Singh, D. S, Sircar P. and Dhingra. S. 1987. Relativeresistance
of hairy and non-hairy caterpillarsto synthetic pyrethroids.
Journal of Entomolgical Research, 11(2): 145-149.

Sreelatha, T., Hymavathi, A., RamaSubbaRao, V., Devanand,
P., UshaRani, P., Madhusudana Rao, J. and Suresh Babu,
K. 2010. A new benzil derivative from derris scandens:
Structure-insecticidal activity study. Bioorganic and
Medicinal Chemistry Letters,20: 549-553.

Sreelatha, T., Hymavathi, A., Suresh Babu, K., Murthy, J. M.,
Usha Rani, P. and Madhusudana Rao, J. 2009. Synthesis
and insect antifeedant activity of plumbagin derivatives
with the amino acid moiety. Journal of Agriclture Food
Chemistry, 57: 6090-6094.

Ulrichs, C. H., Mews, |., Adhikary, S., Bhattacharyya, A. and
Goswami, A. 2008. Antifeedant activity and toxicity of |eaf
extractsfrom Portesia coar ctata takeokaand their effects
on the physiology of Spodopteralitura (F.). Journal of
Pest Science, 18: 79-84.

UshaRani, P. and Rgjasekharreddy, P. 2010. I nsecticida activity
of (2n-octylcycloprop-1-enyl)-octanoic acid (1) against
three Coleopteran stored product insects from Sterculia
foetida (L.). Journal of Pest Science, 83(3): 273-279.

Usha Rani, P., Devanand, P., Suresh, C. H. and Sathish, K.
2008. Fumigant action of Solanaceae plants against four
maj or species of stored.

Peta Devanand and Pathipati Usha Rani*
*Biology and Biotechnology Division,

Indian Ingtitute of Chemical Technology

Taranaka, Hyderabad-500 007. Andhra Pradesh India.
Td. No off. ; + 91- 40- 27193148;

Fax : + 91- 40- 27160387, 27160757

E-malil : purani @iict.res.infusharani65@yahoo.com

Accepted: September 15, 2011



