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ABSTRACT

The biological activity of Piper betle extracts (Hexane, chloroform, ethyl acetate and methanol) was used for treatment
with Spodoptera litura. The experiments were carried out with concentrations of 0.625, 1.25, 2.5 and 5 percent in a leaf
disc no choice method and compared with control S. litura. Ethyl acetate extract was high feeding deterrent and
larvicidal activity for third instar larvae of S. litura (2.5 and 5 percent concentrations, 63.74 and 72.8 percent
respectively). The ethyl acetate extract on third instar larvae of S. litura showed LCso value was 2.41%. Food
consumption, digestion, relative consumption rate, efficiency of conversion of ingested food, efficiency of conversion
of digested food, and relative growth rate values declined significantly but approximate digestibility of treated larvae
was significantly higher as a result of treatment. Larval survival, pupal survival, larval period duration, pupal period
duration and pupal weight also inhibited. Qualitative analysis of P. betle ethyl acetate extract revealed that contains
phytochemical such as, steroids and quinines.The high biological activity of these quinines from P. betle ethyl acetate
extract could be used as an active principle during the groundwork of botanical insecticides for lepidopteran pests.
Based on their growth inhibitory and feeding deterrent properties, some of this plant extract have higher for use as
alternative crop protectants against a number of pest species.

KEY WORDS: Spodoptera litura, Piper betle, quinine, feeding deterrence, toxicity, nutritional variation, development
physiology

INTRODUCTION

Insect pests destroy about twenty five percent of the world’s annual crop production (Oerke, 1994). Most of the
lepidopteran insects cause their damages caused vegetable crops and cereals and pulses. Therefore, in recent years,
various researchers have been concentrating their efforts on the search for natural products derived from plants and
plant sources as an alternative to conventional chemical insecticides for insect control. Plant based secondary molecules
have been the subject of thorough exploration for the past 30 years in an effort to find out new sources of botanical
insecticides and antifeedants.

Among the plant families studied, the Meliaceae, Rutaceae, Asteraceae, Labiateae, Piperaceae and Annonaceae are
possibly the most promising (Schoonhoven, 1982; Jacobson, 1989; Isman, 1995). Azadirachtin, a triterpenoid
compound, limonoid group from neem tree seeds (Azadirachta indica, Meliaceae), possesses most potent antifeedant
and growth inhibitory effects against various insect pests (Isman, 1997). Screening for biological activity using simple
and fast bioassays has now been added to give a better indication of the usefulness of the plants.

Various species of Piper are used in traditional medicine (Pio-Corréa, 1984), and as food flavouring and pest control
agents (Estrela et al., 2006). Phytochemical Investigations of different Piper species and plant parts have led to the
isolation of numerous active components including alkaloids, amides, pyrones, dihydrochalcones, flavonoids,
phenylpropanoids and lignans (Parmar et al., 1997).

Piper betle Linn. (Piperaceae) is a perennial dioecious creeper, probably native of Malaysia but cultivated in India for
its leaves, used for chewing (CSIR, 1969). The leaf is carminative, aphrodisiac, tonic, laxative and improves appetite
(Kirtikar and Basu, 1998). This plant is found widely growing in the tropical humid climate of South East Asia, and its
leaves, with a strong pungent and aromatic flavour, are widely consumed as a mouth freshener. Leaves contained
caryophyllene, cadinene, y-lactone, allyl catechol, p-cymene and eugenol methyl ether in varying amounts (Sarkar et al.,
2000).

The Indian traditional system of medicine has identified the P. betel leaves with digestive and pancreatic lipase
stimulant activities (Chatterjee and Pakrashi, 1995; Prabhu et al., 1995).The alcoholic extract of the leaf-stalk showed
significant antifertility effects in both male and female rats (Adhikary et al., 1989; Adhikary et al., 1998). Autran et al.,
2009, leaves of Piper marginatum Jacq essential oil showed potential larval toxicity against Aedes aegypti.Some
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scientists also reported gastrocytoprotective, antimicrobial prperties and healing properties of the leaf extract on
experimentally induced gastric lesions (Majumdar et al. 2003; Nalina and Rahim, 2007; Bhattacharya et al.,2007).

The cluster caterpillar, S. litura (Fabricious) (Lepidoptera; Noctuidae) important polyphagous pest of cultivated crops
primarily in tropical, subtropical regions (Brown and Dewhurt, 1975) and Western and Southeast Asia (Murata and
Tojo, 2002). It has a wide range of host, feeding on 112 species worldwide, of which 40 species are known from India
(Singh et al., 1998 and Paulraj, 2001). Many vegetables and other crops are damaged by S. litura crops like to be
seriously damaged various taros, cabbage and its relatives and tomatoes (Schreiner, 2000). It is a polyphagous and has
about 150 host species (Rao et al., 1993). S. litura South Indian strains exhibited high resistant levels 61- to — 148 fold
to organic pesticides (Karanth et al., 2002).

Awareness on the deleterious effects of chemical insecticides has led to emphasis on biological agents for insect pest
management that are eco-friendly, safe, economically viable and socially acceptable. There is growing interest in the
use of biochemical / botanical pesticides (Rao et al., 1990; Koul et al.., 2004; Teway et al., 2005). Botanicals are active
and such pest control tools that have been eliciting interest in recent times. They possess a complex of bioactive
compounds that cause different behavioral and physiological responses in insects.

Plants in the Piperaceae are members of traditional pharmacopeia in many Asian and African tradedtional healers and
have been used for pest control. Piper guineese (lvbijaro and Bolaji, 1990) for insecticidal and molluskicides, Piper
longum L, Piper betle L and Piper cubeba (Miyakado et al., 1989) for insecticidal activity against mosquitoes and flies.
There is no report for lepidopteran pests. The search for plant-derived chemicals that have potential use as crop
protectants (insecticides, antifeedants, and growth inhibitors) often begins with the screening of plant extracts. Initially,
the test insects are fed the extracts and effects on insect behavior and development are monitored. We undertook this
study to determine the S. litura to establish the phytocompound for pest control management. We discover to evaluate
their antifeedant, development, growth regulation and nutritional indices against cluster caterpillar S. litura.

MATERIALS AND METHODS

Insects

Spodoptera litura egg mass and larvae were collected from Valajabad agriculture field, Kancheepuram district, Tamil
Nadu, India. Collected egg mass and larvae were maintained on castor leaves (Ricinus communis) in the laboratory at
26 + 1°C: 11 + 1hr photoperiod and 65 — 70% R.H. Adults were released into oviposition chambers for egg laying. Eggs
were collected, kept separately and newly hatched larvae were maintained on castor leaves. Freshly emerged 3™ instar
larvae were used for the experiment.

Preparation of hexane, chloroform ethyl acetate and methanol extracts

Fresh leaves of Piper betle was collected from Samayanallur, Madurai District, Tamil Nadu, India and were washed
twice with tap water and once with distilled water and then shade-dried for two weeks. The dried leaves material ground
into powder by an electronic blender and 300g of plant powder was soaked sequentially in 1000ml with increasing
polarity of solvents (Hexane, Chloroform, Ethyl acetate and Methanol) for 72h with constant shaking. The soaked
powder material was filtered through filter paper. The solvent in the filtrate was evaporated under reduced pressure by
vacuum rotary evaporator (Evator, Buchi type, The Science House Instruments, Chennai, India) to yield crude hexane,
chloroform and ethyl acetate extract. These concentrated three solvent crude extracts were analyzed for antifeedant
bioassay and active crude extract was further tested for growth inhibition bioassay.

Antifeedant activity for Piper betle leaf extracts.

Antifeedant activity of crude extracts was studied using leaf disc no choice method (Isman, et al, 1990). The stock
concentration of crude extracts (5%) was prepared by dissolving in acetone and mixing with dechlorinated water. From
the stock, required concentrations were prepared and tested against S. litura. Fresh castor leaf discs of 4-cm diameter
were punched using cork borer and dipped in 0.625, 1.25, 2.5 and 5. % concentrations of hexane, chloroform and ethyl
acetate and methanol extracts individually and air dried for 5 minutes. After air-drying, treated leaf discs were kept in
petridishes (1.5 cm X 9 cm) separately and single 2hr pre-starved 3" instar larva of S. litura was introduced on each
treated leaf discs. Leaf discs treated with acetone were considered as positive control. Ten replications were maintained
for each treatment and control. Progressive consumption of leaf area by the larva in 24 hr period was recorded in control
and treatments. Leaf area consumed in plant extract treatment was corrected from the control. The percentage of
antifeedant index was calculated using the formula of Bentley et al. (1984):

Antifeedant activity = [(C-T)/C] x 100

Bioassay
The leaf disc method of bioassay was discussed with Binod et al., 2007. In contrast, fresh castor leaf discs were dipped
in the different concentrations of plant extracts (0.625, 1.25, 2.5 and 5 %) of three solvent extracts. separately for 1min.
Control leaves were treated with water and air-dried. The leaves were allowed to dry at room temperature for 1min and
were then placed in 90cm diameter petri dishes. The experiments were carried out with newly moulted 4hr starved third
instars (12 larvae per concentration 3 replication). The larvae were allowed to feed treated leaves as well as solvent
control leaves. After 24 h, the larvae were transferred to fresh untreated castor leaves and maintained until they
developed or died. The larvae were observed for mortality. The percent mortality data after correction (Abott, 1925)
were estimated for a period of 4 days continuously. Moribund larvae were also considered as dead larvae.
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Preliminary Phytochemical analysis
Ethyl acetate of P. belte extracts are examined preliminary phytochemical analysis. This method followed by Mukergy
(2002) and Harborne (1983).

Nutritive food utilization of ethyl acetate treated S. litura larvae

Growth inhibitory activity and food consumption of effective extracts were studied for four days with the treatment and
after treatment. The various food utilization efficiency measures were adopted from the progression of Waldbauer
(1968). S. litura larval weight gain, food consumption, and faeces were measured every 24h. All weights were
measured using a Monopan balance (Mettler Toledo - Switzerland) accurate to 0.2mg. The fresh castor leaves (Ricinus
communis) sprayed with 0.625, 1.25, 2.5 and 5.0 percent concentrations of ethyl acetate extract of P. betle. Control
leaves were treated with acetone and air-dried. The newly moulted third instar S. litura were used and starved for 4 h.
After measuring the initial weight of the larvae, they were individually introduced into detach containers. The larvae (12
larvae per concentration) were allowed to feed period of 24h on castor leaves of weighed quantities of extracts treated
and untreated.

The uneaten leaves were weighed and removed after 24h and replaced with fresh untreated leaves. Larvae were again
weighed and the difference in weight of the larvae was used as fresh weight gained during the period of study. Sample
larvae were weighed fresh to found a percentage of the experimental larvae. The leaves remaining at the end of each
day were weighed to establish a percentage conversion value to allow for the assessment of diet weight. The quantity of
food ingested was estimated by subtracting the diet (dry weight) residual at the end of each experiment from the total
dry weight of the diet provided. Faeces were collected and weighed, and then oven dried, and re-weighed to estimate
the dry weight of excreta. The experiment was continued for 4 days and observations were recorded every 24 h.
Consumption and post-ingestive food utilization efficiencies (dry weight) were calculated. Relative growth rate (RGR),
consumption index (ClI), approximate digestibility (AD), efficiency of conversion of ingested food (ECI) and efficiency
of conversion of digested food (ECD) were estimated until pupation of treated and control insects. Consumption index
(Cl) = E/ TA, Relative Growth rate (RGR) = P/ TA, Efficiency of conversion of ingested food (ECI)= P/E X 100,
Efficiency of conversion of digested food (ECD) = P/ (E-F) X 100, Where, A is mean weight of animal during period, E
is the weight of food eaten, F is the weight of feces produced, p is the weight gain of insect, T is the duration of
experimental period.

Effect of ethyl acetate extracts of P. betle on S. litura larval development

Third instar larvae were used for S. litura larval development bioassay. Leaf discs (4cm diameter) were dipped in ethyl
acetate extract of P. betle at different doses. Four concentrations, (0.625, 1.25, 2.5 and 5%) were dissolved in acetone
and applied individual leaf discs were used (3 groups of 10 insects each). Controls were treated with acetone alone. The
duration of larval, pupal and adult stages were noted after treatments with different concentrations of the ethyl acetate
extracts were evaluated. Every 24h the castor leaf were replaced and for each individual the weight and the stage were
recorded until it died.

Statistics

The lethal concentrations (both LCsy and LCgy) were calculated using probit regression analysis and values were
expressed as means * standard deviation (SD). Data from nutritional indices, antifeedant activity and larval
development were subjected to analysis of variance (ANOVA). Probit analysis was done to calculate median lethal
concentration (LCsp) and LCgo using SPSS 11.5 version software package.

RESULTS
Impact of four different solvent extracts (Hexane, chloroform, ethyl acetate and methanol) of leaves of P. betle extracts
screened feeding deterrence tested against third instar larvae of S.litura. Among the different extracts, ethyl acetate
extract exhibited promising result antifeedant activity followed by chloroform, hexane and methanol. Five percent
concentration of ethyl acetate extracts shows 72.8%, hexane 51.63% chloroform 38.36%, and methanol35.3%. Feeding
deterrence of S. litura third instar larvae on castor leaves measured percent leaf damage was significantly greater on P.
betle ethyl acetate extract-treated leaves than on solvent treated control leaves in both experiments 22.85, 33.16, 65.74
and 72.8% feeding deterrent between control and treatment with 0.625 — 5% were noted 24h feeding. The observed
higher feeding activity of larvae on control leaves compared to extract-treated leaves increased. The ethyl acetate
extract were tested phytochemical analysis followed by Harborne (1983) and Mukergy (2002) contain steroids and
quinines (Table 1).
So, we test toxicity, nutritional parameter and biology of S. litura assessed ethyl acetate extracts. The LC50 and LC95
values, confidence limit (95%) and regression slope at 96h exposure to P. betle ethyl acetate extract shown in Table 1.
The LC50 and LC95 for third instar larvae is 2.41 and 18.0 % concentration (table 2). Consumption index (Cl), relative
growth rate (RGR) and nutritional efficiency measured (ECI and ECD) of treated individuals were reduced in
comparison to those control. Relative growth rate did not show significant changes in treated larvae compared to
control. But approximate digestibility (AD) increased with increased concentration of treated insects. Both ECI and
ECD were significantly reduced at all treated concentrations. Table 3 shows no significant difference in relative growth
rate between larvae in control (11.45mg), and larvae treated with 0.625 percent concentration of extract (10.42mg). the
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difference was significant between control and treatment with 1.25 % concentration (9.14 mg), 2.5% (7.00mg) and
highly significant with 5% extract (6.25mg). Consumption Index also same as at 5percent concentration level showed
1.18 and control insects 5.82. The approximate digestibility (AD) only increased by the increasing concentration of
treatment. At 5% level (69.35 percent) and lower concentration 0.625% (52.49 percent) with comparisons of control
51.2 percent. The efficiency of ingested food was also affected significantly at the different concentration (0.625 — 5%)
compared with control (28.3 percent). Differences were also found in the efficiency of digested food between control
and different P. betle ethyl acetate extract concentrations.

All treatments reduced RGR, CI, ECI and ECD of from third instar to pupation. The treatment of P. betle into the castor
leaves significantly reduced larval growth of armyworm compared to controls (Table 3). There was a concentration-
dependent reduction in growth from 0.625 to 5%. Efficiency of conversion of ingested and digested food (ECI and
ECD) into biomass of S. litura larvae was reduced except the control. The reduction in these parameters was
irrespective of any significant change in relative consumption rates and the only significant reduction in consumption
relative to controls was observed at the highest treatment dose of 5% (Table 3). Approximate digestibility (AD) of 5%
extract treated larvae was significantly higher than the control in the 0.625 and 1.25% treatments during the
experimental periods. Ethyl acetate extracts on the total larval duration, pupal duration, pupal weight, adult emergence
and malformed adults are given Table 4.

The elongation 5.54 days was observed in larval period (19.75 d) at 5% ethyl acetate extracts of P. betle. Lower
concentrations of P. betle extracts showed concentration dependent increased larval period (14.25, 17.10 and 18.50 days
for 0.625, 1.25 and 2.5% concentration respectively), of which 0.625% concentration was insignificant when compared
to the control (p > 5%). Experimental treated pupal stages also increased, the highest elongation of is pupal period was
observed in P. betle (11.39 days) followed by (6.85 — 9.42 days) at 0.625 — 2.5% concentration of treatment. Since the
treatment showed concentration dependent positive response of pual weight also decreased accordingly. Among the
experimental insects minimum pupal weight was recorded 126.67mg at 5% concentration of treatment followed by
146.29, 167.20 and 180.48 in the concentration of 2.5, 1.25 and 0.625%.

Adult duration was observed treated insect life span significantly decreased. Lower concentration (0.625%) showed
6.35 days, higher concentration 5% treatment 2.62 days only. Deformed adult S. litura was also noted in their respective
concentration 5% level 38.66 abnormal adults were showed. Larval duration of control insects showed 13days. The
larval duration increased insect (p < 5% level) except for comparison of control. (Table 4). Pupal life duration did show
significant difference in all treated groups as compared with control except at 0.625% concentration of ethyl acetate
extract of P. betle. Pupal weight also decreased by increasing concentration of treatment. Adult life span sharply
decreased at higher concentrations did show pronounced differences as compared with the control insect. Growth
regulatory effect such as a deformed adults (deformed wings) occurred only at higher concentrations. The deformed
insect exhibited major growth retardation of further development.

DISCUSSION

Plant secondary metabolites synthesized by plants an important role in protecting plants against insect pests. These
compounds affect insects by being toxic causing a delay in larval growth and can act as antifeedant Isman (2006). S.
litura larvae consumed less foods and gained lesser weight after the P. betle treatment when compared control. Reduced
consumption of leaves in treated is likely to be the consequence of toxicity rather than cause of growth inhibition.

The present study indicates that ethyl acetate extract of P. betle is reduced feeding rate of S. litura. The rate of feeding
varied significantly depending on the concentration of the plant extract. Ethyl acetate extract of this plant caused
malformation of pupal and adult stages. Similar intermediates (larval — pupal and pupal - adult) were obtained when
treated larvae of S. litura, S. mauritia, Ephestia kuehniella.and M. sexta (Gujar and Mehrotra, 1983; Jegannadh and
Nair, 1992; Schluter et al., 1985; Barby and Klocke, 1990; Kumar et al., 2001).

This information well supported by the data from nutritional experiments where P. betle resulted in lower RGR and
concomitant reductions in ECI and ECD. Interestingly, the RGR was significantly reduced by ethyl acetate extract of P.
betle treatment which indicates that feeding depression was caused by behavioral effects (Jeyabalan and murugan,
1995). Reduction of ECI and ECD confirms the deleterious effects of post-ingestive toxicity.
This study clearly revealed that P. betle highly reduces the food consumption index, growth rate, efficiency of
conversion of ingested food and efficiency of conversion of digested food. Hence P. betle leaf ethyl acetate extract can
be explored in S. litura management. The extended larval and pupal duration and reduced longevity suggest that extract
may disturb the endocrine function either to the blockage of haemolymph ecdysteroid peak, or extracts interfere with
other biochemical / physiological processes through binding to critical macromolecules is highly probable(Koul and
Isman 1991; Mordue et al., 1986).
The excellent antifeedant activity of the ethyl acetate extract of P. betle demonstrates their potential use as natural
insecticides. Additionally, this extract exhibited larval mortality against of S. litura. This antifeedant and growth-
inhibiting activity can therefore be incorporated into other insect control techniques in the strategy of integrated pest
management (IPM). It would be interesting to investigate whether Piper betle contains substances similar to the
antifeedant and growth inhibiting compounds present in the fruits of Azadirachta indica (Rembold, 1984, Schmutterrer,
1995) and Melia volkensii (Mwangi, R.W. and H. Rembold, 1998 and Kabaru,1996)
In conclusion, our results indicate that P. betle extract has toxic, as well as growth regulatory; feeding deterrence caused
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pupal and adult malformation in S. litura. The use of this plant extract may play a more prominent role in integrated
pest management programs in the future.
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Figure 1. Percent feeding deterrence of hexane, chloroform, ethyl acetate and methanol solvent of P. betle leaf

extracts treated against 3" instar larvae of S. litura
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Tablel. Preliminary phytochemical analysis P. betle extract

Extract Quantity of extract (gm) Phytochemicals

Hexane 6.83 Steroids

Chloroform 14.42 Steroids,

Ethyl acetate  8.71 Steroids and quinone

Methanol 12.58 Saponin
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Table 2. Toxicity of P. betle ethyl acetate leaf extract against third instar larvae of S. litura
Insect LCso? LCos? Slope + SE Chi square (X?)
S. litura 2.41 (1.23 - 8.48) 18.0 (6.24 — 16225.9) 1.88+0.72 0.170
Units LCso and LCgs = % / w, applied for 96h. 295% lower and upper fiducial limits are shown in parenthesis.

Table 3. Nutritional indices of P. betle ethyl acetate extract treated with third instar larvae of S. litura

Treatment (%) RGR (mg) Cl (mg) AD (%) ECI (%) ECD (%)
1145 £ 5.82 * . 28.34 a

Control 597 0.48° 51.2+2.30 183 48.4 +4.48

0.625 1042 £ 5.42 * 52.49 * 1554 + 32.94 *
' 2.752 0.99° 3.822 2.46° 5.63°

125 9.14 * 459 t 59.04 * 17.08 + 27.69 *
' 0.89° 0.58° 4.65%® 1.352 1.24°

250 7.00 t 2.60 t 65.24 * 1121+ 20.54 *
' 1.11° 0.81f¢ 3.49° 0.58° 2.04b¢

5.00 6.25 + 1.18 + 69.35 * 8.34 + 21.04 *
' 1.93% 0.02¢ 5.56¢ 1.68¢ 3.54¢

(Mean + SD)Values carrying same alphabets in a column are statistically not significant by LSD at 5% level. RGR,
relative growth rate: Cl, consumption index: AD, approximate digestibility; ECI, efficiency of conversion of ingested
food; ECD, efficiency of conversion of digested food.

Table 4. Biological characteristics of S. litura on ethyl acetate extract of P. betle treated castor leaves.

Treatments Larval Pupal Pupal weight Adult Percent

(%) duration Duration (mg) duration deformed
(days) (days) (days)* adults

Control 13.21 + 6.50 + 219.24+ 7.75+0.091a Oa
1.78a 2.11a 3.30a

0.625 14.25 + 6.85 + 180.48 * 6.35+1.47a 2.33+0.24a
1.45a 1.62a 2.67a

1.25 17.10 + 8.43 + 167.20 * 6.22 + 1.04b 8.66 £ 0.52b
1.53b 1.88ab 2.88bc

25 18.50 + 9.42 + 146.29 + 5.83 + 16.34 + 1.86
1.86bc 2.38b 6.10c 1.30bc

5 19.75+ 2.52 11.39 + 126.67 £4.21 2.62+0.64 38.66 + 3.76

1.43

Values carrying same alphabets in a column are statistically not significant by LSD at 5% level
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