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Abstract 

 
Plant essential oil, especially botanical insecticides, are currently studied more and more because of the possibility of 
their use in plant protection. Biological activity of fifteen essential oil were studied using fourth instar larvae of 
armyworm, Spodoptera litura (Lepidoptera: Noctuidae).Larvicidal activity of Acorus calamus, Cinnamomum camphora, 
Citrus limonum, Cuminum cyminum, Cymbopogan citrates, Ocimum basilicum, Origanum compactum, Origanum 
vulgare, Mentha arvensis, Mentha piperata, Rosmarinus officinalis, Thymus vulgaris, Pelargonium graveolens, Zingiber 
officinales, and Coriandrum sativumwere used in this study. During preliminary screening, the extracts were tested at 
1,000 ppm concentration. The larval mortality was observed after 24 h of exposure. All Essential oil are showed 
moderate larvicidal effects; however, the highest larval mortality was found in the essential oil of Zingiber officinales, 
Citrus limonum , Acorus calamus, Rosmarinus officinalis, Ocimum basilicum, Cuminum cyminum ,and  Coriandrum 
sativum (LC50=15, 34.55, 36.13, 38.2, 57.55, 63.99  and  65.07 ppm) and the lowest larval mortality was found in the 
essential oil of Origanum vulgare, Cinnamomum camphora,  Cymbopogan citrates , Mentha arvensis and Pelargonium 
graveolens (LC50=  110.77,   112.03,  114.43,  120.59 and  134.27ppm) The result that the Essential oils promising as 
larvicidal activity against armyworm, Spodoptera litura agricultural important lepidopteron pest. © 2010 IJRSR. All 
rights reserved. 
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1. Introduction 

 
There is increasing scientific interest in the 

role of secondary plant metabolites in insect – plant 
interaction, particularly in host acceptance and rejection 
(Jacobson 1989). While plant metabolities may produce 
toxic effects when ingested by insects. Antifeeding 
activity may determine the extent of Insect herbivory. 
Several paper have been published on the entomotoxic 
properties of crude extracts from different plant species 
(Sadek 1997; Rodriguez – Saona and Trumble 1999; 
Ciccia et al 2000; Tapondou et al 2005).Among various 
approaches that are available today, the screening of 
pant extract for deleterious effects on different 
organism (Jacobson, 1989; Schmutterer 1990; Koul, 
1993; Arnason et al 1993; Isman, 1995). Biopesticides 
provide an alternative to synthetic pesticides because of 
their generally low environmental pollution, Low 
toxicity to human and other advantages (Liu et al 2000). 
Bio-pesticides have positive impacts on pest 
management (Ge and Ding., 1996). According to 
Feinstein (1952) more than 2,000 species of plants  
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representing 170 families are said to have insecticides 
properties.  Plant and insects have co-evolved over 
million of year, plant have accumulated specific 
secondary metabolities to counteract insect damage 
(Kanniyan, 2002). World wide attention how focuses 
towards alternative method of pest control, which is 
derives from naturally available resources.The practice 
of using plant derivatives or botanical insecticides as we 
no know them, in agriculture dates back at least two 
millennia in ancient China, Egypt, Grace, and India 
(Ware, 1883; Thacker, 2002). Neem tree is a promising 
source for botanical insecticides at present (Lowery and 
Isman 1995).  

 
Spodoptera litura (Lepidoptera: Noctuidae) is 

a major polyphagous pest and it is commonly known as 
armyworm.  It infects more than 180 plant species 
(Holloway, 1989). This is the serious pest of various 
economically important crops such as. Cotton, 
groundnut, chilly, tobacco, caster, bendy and pulses etc. 
(Dhir et al., 1992: Armes et al. 1997; Niranjankumar 
and Regupathy, 2001). Causing considerable economic 
loss to many vegetable and field crops. Crop loss due to 
insect pest varies between 10% and 30% for major 
crops (Sanjrani et al., 1989; Ferry et al., 2004). This 
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pest may become serious during the seedling stage, the 
majority of the S.litura (Fab) strains collected in South 
India exhibited high resistance level of 61-to-148 fold 
to organic pesticides           (Kranthi   et  al., 2002). 

 
However, synthetic Insecticides led to 

numerous problems unforeseen at the time of their 
introduction: acute and chronic poisoning of 
applicators, form workers, consumer, fish, birds and 
other wild life animals etc. (Forget et al., 1993; Marco 
et al, 1987; National Research council, 2000; 
Wattandchari and Tintanon, 1999; Rohani et al., 2001). 
The plant secondary metabolities that show feeding 
deterrent or toxic effect to insects in laboratory biology 
and botanical insecticides have been the subject of 
several recent volumes (Dev and Koul, 1997; Hedin et 
al., 1997; Prakesh and Rao, 1997; Raghault-Roger et 
al., 2005; Elumalai et al., 2008; Pugazhvendan et 
al.,2009; Anandan et al., 2010). Plant essential oil have 
been subjects as alternative sources for insect control, 
because some selective, biodegradable to non-toxic 
products, and have few effects on non-target organism 
and the environment (Singh and Upadhyay, 1993; 
Isman, 2006; Pavela, 2007a Elumalai et al., 2010a; 
Elumalai et al., 2010b; krishnappa et al., 2010). 
Essential oil have also been documents to exhibits acute 
toxic effects against insects. Several experiments have 
been conducted on the Insecticidal properties of 
essential oil against various mosquitoes (Shalaby et al., 
1998; Zaridah et al., 2006; Knio et al., 2008). Plant of 
the family Myrtaceae, Owing to presence of essential 
oil and Tannins are subjects to great interest in this 
context (CSIR 1981; Dales, 1996; Roger and Hamraoui, 
1995). Biological activities of plants belonging to the 
myrtacea against stored grain insets are well 
documented (Sharma et al., 2001; Stampolous, 1991; 
Tunc et al., 2000). A comparison of the biological 
activity of commercially produce essential oils is 
therefore highly value in the narrow selection of 
suitable plant species development of suitable 
cultivation technology, extraction and subsequent 
formation of  plant insecticides. . In this present study 
was aimed at assessing the potential of plant essential 
oil for use as commercial insecticides. The toxicity of 
certain essential oil against the field pest army worm, 
Spodoptera litura . 
 
2. Materials and Methods 
 
2.1. Collection of insects  
 
 Spodoptera litura (third and fourth instar 
lavae). The test insects were collected from the 
agricultural field, koothur, Vaitheeswaran Koil, Nagai 
Dist, Tamil Nadu India. Under controlled condition in a 
BOD incubator. Maintained at 27±1°C, 65-70% RH and 
14:10 L/D photoperiod. During last instar 10-15 larvae 
were transfers to the glass jars and daily observed. The 
adult were kept separately and mated on the third day of 
emergence in a Perspex cage (20x20x20cm) adult were 

fed on 10% honey solution filter paper strips were 
provided for egg laying.  Egg hatched in 3-5 days. The 
laboratory colony maintained on above 20 generation. 
 
2.2. Collection of plants 
 

Various parts of fifteen medicinal plants 
essential oil were collected from various part of 
Tamilnadu and the harvesting period in year 2009.  The 
voucher specimen has been deposited in the laboratory 
of zoology, Annamalai University, Annamalai nagar, 
Tamilnadu. 
 
2.3. Essential oil distilation  
 
 The essential oil were obtained by hydro 
distillation in a Clevenger type apparatus for eight 
hours. The oils thus obtained were dried over anhydrous 
magnesium sulphate to extract the oil.  
 
2.4. Larvicidal bioassay   
 
 During preliminary screening with the 
laboratory trial, the larvae of S.litura were collected 
from the insect rearing cage. One ml of essential oil was 
first dissolved in 100ml of respective solvent (stock 
solution, 4°C ).From the stock solution 1,000 ppm was 
prepared with dechlorinated tap water. Polysorbate 80 
(Qualigens) was used as an emulsifier at the 
concentration of 0.05%  in the final test solution. A 
leaf-dipping method (Park et al., 2002) was used to 
evaluate the activity of the test samples leaf  disk 
(6.5cm) of castor were used for evaluating larvicidal 
activity of the samples against S.litura. The leaf disks 
per dose were separately dipped in each test solution for 
30s. Solvent were evaporated under a fume hood for 2h. 
Castor leaves were washed with 70% double distilled 
alcohol and ari-dried for 15 min before dipping into the 
required amount of plant product. The larvae transferred 
individually on treated and control (disks treated with 
solvent, polysorbate 80 and distilled water only). Leaf 
disks places in Petri plates treated leaves were fed to 
fourth instar larvae of S.litura. To calculate the larvae 
feeding activity, the percentage of leaf damage was 
gravimetrically estimated every 12h with an additional 
initial check after 6h. A total of 50 larvae were exposed 
in five replicates of ten larvae each. Mortality was 
determined 24h after larvae were placed on disks. All 
moribund pest larvae were considered as dead. 
 
2.5. Dose-response bioassay  

From the stock solution, different 
concentrations ranging from 15 to 1000 ppm were 
prepared. Based on the preliminary screening results, 
fifteen essential oil were subjected to dose-response 
bioassay for larvicidal activity against S.litura. It was 
observed that the activity of the test samples was 
significantly and negatively correlated with contact  
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Table 1. List of essential oils: species, family, part used, oil yield 
 

Botanical name  Family  Part used Yield (%) 

Acorus calamus Araceae Rhizome 2.3 

Cinnamomum camphora Lauraceae Aerial part 1.7 

Citrus limonum  Rutaceae Peel 2.5 

Cuminum cyminum Umbilliferae Herb  3.1 

Cymbopogan citratus Graminaccae  Aerial part 3.3 

Ocimum basilicum labiataceae Herb 3.9 

Origanum compactum Lamiaceae Arial part 2.8 

Origanum vulgare Lamiaceae Herb  2.5 

Mentha arvensis Lamiaceae Herb  27 

Mentha piperata Lamiaceae Aerial part 1.8 

Rosmarinus officinalis Lamiaceae Leaf  1.7 

Thymus vulgaris Lamiaceae Herb  2.2 

Pelargonium graveolens Graminaceae Leaf  3.6 

Zingiber officinales Zingiberaceae Rhizome  3.4 

Coriandrum sativum Umbelliferaceae Herb  2.8 

Table 2: Larvicidal activity of essential oils against fourth – instar larvae of spodoptera litura at 1.000 ppm 
 

% mortality (ppm) ± S.D. exposure time 
Botanical name 

12 hrs 24 hrs 36 hrs 48 hrs 

Acorus calamus 53+3.57 73+2.88 92+1.14 100+0.00 

Cinnamomum camphora 33+1.92 45+4.00 66+3.421 75+4.35 

Citrus limonum  55+4.00 76+1.92 94+1.30 100+0.00 

Cuminum cyminum 49+5.40 66+2.38 87+2.07 100+0.00 

Cymbopogan citratus 32+3.50 49+5.40 62+2.88 83+2.70 

Ocimum basilicum 51+1.92 71+2.77 90+1.58 100+0.00 

Origanum compactum 45 +4.00 67+5.45 80+2.23 100+0.00 

Origanum vulgare 34+ 1.78 50+3.53 73+5.59 87+2.07 

Mentha arvensis 31+2.28 45+3.87 68+5.59 82+3.28 

Mentha piperata 40+ 3.39 51+3.70 72+3.91 89+1.92 

Rosmarinus officinalis 52 +3.64 73+5.59 86+1.48 100+0.00 

Thymus vulgaris 36+3.56 52+3.64 70+3.39 84+1.48 

Pelargonium graveolens 31+ 2.28 49+5.40 63+4.15 77+2.60 

Zingiber officinales 58+ 2.70 76+2.58 91+1.30 100+0.00 

Coriandrum sativum 48+4.39 62+2.88 89+1.92 100+0.00 
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time. The numbers of dead larvae were counted after 
24h of exposure, and the percentage mortality was 
reported from the average of five replicates. However, 
at the need of 24h, the selected test samples turned out 
to be equal in their toxic potential 

2.6. Statistical analysis  

 The average mortality data were subjected to 
probit analysis for calculating LC50, and other statistics 
chi-square values were calculated by using the software 
developed by Raddy et al., (1992).  Result with P<0.05 
were considered to be statistically significant.  

 
3. Results 
 

Biological activity of fifteen essential oil were 
studied using fourth instar larvae of armyworm, 
Spodoptera litura. Larvicidal activity of Acorus 
calamus, Cinnamomum camphora, Citrus limonum, 
Cuminum cyminum, Cymbopogan citrates, Ocimum 
basilicum, Origanum compactum, Origanum vulgare, 
Mentha arvensis, Mentha piperata, Rosmarinus 
officinalis, Thymus vulgaris, Pelargonium graveolens, 
Zingiber officinales, and Coriandrum sativumwere used 
in this study. During preliminary screening, the extracts  
were tested at 1,000 ppm concentration. The larval 
mortality was observed after 24 h of exposure. All 
Essential oil are showed moderate larvicidal effects; 
however, the highest larval mortality was found 
in(Table-2) the essential oil of Zingiber officinales, 
Citrus limonum , Acorus calamus, Rosmarinus 
officinalis, Ocimum basilicum, Cuminum cyminum ,and  
Coriandrum sativum (LC50=15, 34.55, 36.13, 38.2,  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
57.55, 63.99  and  65.07 ppm) and the lowest larval 
mortality was found in the essential oil of Origanum 
vulgare, Cinnamomum camphora,  Cymbopogan 
citrates , Mentha arvensis and Pelargonium graveolens 
(LC50=  110.77,   112.03,  114.43,  120.59 and  
134.27ppm) The result that the Essential oils promising 
as larvicidal activity against armyworm, Spodoptera 
litura agricultural important lepidopteron pest. 
 
 
4. Discussion 

Among the five oils tested, neem oil showed 
greater performance in terms of oviposition deterrent 
activity as it is evident from the data. It was observed 
that 12.64 ± 3.54, 14.35± 4.01, 18.24 ± 4.25 and 38.62 
± 6.55% of deterrent activity was observed from 0.25, 
0.50, 1.0 and 2% concentrations respectively. Earlier 
Elumalai et al., 2007a reported ovipositional deterrent 
activity of H. suaveolens and M. corchorifolia against 
H. armigera. The ovipositional deterrent activity of 
mentha and neem oils found to have more deterrent 
activity against the gravid moths of S. litura and their 
significance are apparent. It may due to the 
consequence volatile present in the oils which makes 
malfunctioning of the ovariole in female moths. Earlier, 
Hermawan et al., 1998 reported that the leaf extract of 
Andrographis paniculata significantly reduced the egg 
laying performance of the diamond back moth Plutella 
xylostella. Our findings are also corroborating with the 
reports of earlier workers with other species, (Patel et 
al., 1994; Mehta et al., 1994; Jayakumar et al., 2003; 
Raja et al., 2004 and Elumalai et al.,2007a and 
b.)mentha oil showed minimum ovicidal activity at 
0.25% concentration 18.33 ± 3.15 and maximum 
ovicidal activity at highest concentration tested (2.0% - 
28.99 ± 7.11). Ovicidal activity recorded from 0.50 and 
1.0% were less significant (23.25 ± 4.66 and 24.74 ± 
5.47 respectively). Neem oil showed maximum ovicidal 

Table 3. LC50 values (ppm/insect) for 24 h with their 95% fiducial (lower and upper) limits, regression equation and 
chi-square (x2) certain essential oil against fourth lastar larvac of S.litura 

Plant name LC50 with fiducial limits Regression equation  X2 (df=4) 

Acorus calamus  36.13 (31.55 – 40.71) Y = 3.73 x - 0.04 2.02  
Cinnamomum camphora     112.03 (94.91 – 132.17) Y = 0.40 x -2.24 2.34  
Citrus limonum    34.55 (31.77 – 37.18) Y = 0.58 x -4.11 7.87  
Cuminum cyminum                     63.99 (55.20-72.76) Y = 0.09 x -2.82 2.41  
Cymbopogan citrates   114.43(96.73-135.59) Y = 0.48 x -2.19 1.95  
Ocimum basilicum  57.55 (48.28 – 66.45) Y = 0.55 x -2.26 2.47  
Origanum compactum  76.78(67.52-86.88) Y = 0.20 x -3.10 2.62  
Origanum vulgare  110.77 (95.14 – 128.51) Y = 0.16 x -2.53 3.69  
Mentha arvensis  120.59(112.04-129.58) Y = 6.84 x -5.68 0.16  
Mentha piperata  81.63 (71.70 – 92.81) Y = 0.46 x -2.89 3.77  
Rosmarinus officinalis  38.2 (25.1 – 50.5) Y = 0.08 x -0.84 8.61  
Thymus vulgaris  99.72 (83.39-120.55) Y = 0.56 x -2.22 0.91  
Pelargonium graveolens  134.27(114.67-154.41) Y = 0.38 x- 2.53 1.73  
Zingiber officinales  15 (6.2-28.7) Y = 3.17 x -2.69 7.4  
Coriandrum sativum  65.07 (39.2-104.4) Y = 0.06 x -1.16 11.42  
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activity at 2.0% concentration. Present findings are in 
corroborate with the earlier findings of Jeyasankar et 
al., 2002. The disturbance of these extracts with egg 
morphology may plug the micropyles of the chorion 
thereby preventing the airflow in and out vice versa. 
The disturbances with egg cytoplasm was reflected in 
the form of dead eggs with black spot stage and it 
seems to be arresting of further development of embryo 
inside the egg. Bhatnagar and Sharma 1994 noticed 
similar anatomical and physiological disturbances of 
plant extracts on maize stem borer, Chilo partellus.after 
neem oil and mentha oil treatment the biochemical 
parameters and enzymatic profiles were markedly 
affected. It is evident that exposure to botanical 
insecticides in larval diet has significant effects on 
activities of several enzymes found in the late instars 
larvae and adult S. litura. Botanical insecticides such as 
neem derivatives may interfere with the production of 
certain types of proteins. This activity is apparently 
strongest during pupation; pupae were very susceptible 
after larval exposure (Senthil Nathan, 2004; Huang, 
2004; Senthil Nathan, 2005; Smirle, 1996). 

References 

Anandan, A., Krishnappa, K., Mathivanan, T., 
Elumalai, K and M. Govindarajan 2010 bioefficacy 
of hyptis suaveolens and melochia chorcorifolia 
against the armyworm, spodoptera litura (fab.) 
(lepidoptera: noctuidae)  international journal of 
current research 

Armes, N.J., Wightman, J.A., Jadhav, D.R., Ranga Rao, 
G.V., 1997. Status of insecticide resistance in 
Spodoptera litra in Andhra Pradesh, India. Pestic. 
Sci. 50, 240-248. 

Arnason, J.T., MacKinnon, S., Durst, A., Philogene, 
B.J.R Hashun. C., Sanchez., P., Poveda, L., San 
Roman, L., Isman, M.B., Satasook, C., Towers. 
G.H.N. Wiriyachitra, P., McLaughlin, J.L., 1993. 
Insecticides in tropical plants with non-neurotoxic 
modes of action. In: Downum, K. R., Romeo, J.. 
Stafford, H. (Eds.), Phytochemical Potential of 
Tropical plants. Plenum Press, New York, pp. 107-
131. 

Ciccia G, Coussio J. Monelli E 2000 Insecticidal 
activity against Aedes aegypti larvae of some 
medicinal South American Plants. J 
Ethnopharmacol 72: 185-189. 

CSIR 1981. The Wealth of India (Raw Materials). 
Council of scientific and industrial Research, New 
Delhi, India. 

Dales, M.J. 1996. A review of plant material used for 
controlling insect pests of stored products. Bulletin 
Natural Resources Institute (UK) 65: 1-84. 

Dev. S and Koul, O. 1997. Insecticides of Natural 
Origin. Amsterdam: Harwood Acad. 363 pp.  

Dhir, B.C., Mohapatra, H.K., Senapathi B., 1992. 

Assessment of crop loss in groundnut due to tobacco 
caterpillar, Spodoptera litura (F.). Indian J. Plant 
Protect. 20, 215-217. 

Elumalai, K. Krishnappa, K.  Anandan, A.  
Govindarajan ,M. and T. Mathivanan  2010a 
Larvicidal and ovicidal activity of seven essential oil 
against lepidopteran pest S. litura 
(lepidoptera:noctuidae) International Journal of 
Recent Scientific Research. pp1.008-014. 

Elumalai, K. Krishnappa, K. Anandan, A.  
Govindarajan, M. and T. Mathivanan       2010b 
Larvicidal and ovicidal efficacy of ten medicinal 
plant essential oil against lepidopteran pest S. litura 
(lepidoptera: noctuidae)International Journal of 
Recent Scientific Research 1.pp 001-007. 

Elumalai, K.,  Dhanasekaran, S and Veeraiyan, G. 
2007b. Oviposition deterrent and ovicidal activity of 
certain plant extracts against the gram pod borer, 
Helicoverpa armigera (Hub.) (Lepidoptera: 
Noctuidae). Journal of Applied Zoological Research 
(Cuttack), (In press). 

Elumalai, K., Dhanasekaran, S., Veeraiyan, G and 
Meenakshi. V. 2008. Feeding deterrent activity of 
certain plant extracts against the fruitborer, 
Helicoverpa armigera (Hubner). Applied Zoological 
Research. 19 (2): 133 – 138. 

Elumalai, K., Prabhahar, C and Veeraiyan, G. 2007a. 
Efficacy of Hyptis suaveolens (Lamiaceae) and 
Melochia Chorcorifolia (Sterculiaceae) fractions 
against Pericalia ricini (Lepidoptera: Noctuidae). J. 
Curr. Sci. 9(2):  735 – 742. 

Feinstein L (1952) Insecticides from plants. In: Insects: 
The year book of agriculture, U.S.D.A. Washington, 
D.C., pp 22-229. 

Ferry, N., Edwards, M.G., Gatehouse, A.M.R., 2004. 
Plant-insect interaction: molecular approaches to 
insect resistnce. In: Sasaki, T., Christou, P. (Eds.), 
Biotechnology, Vol. 15, pp. 155-161. 

Forget, G., Goodman., T and De Villiers, A. 1993. 
Impact of pesticide use on Health in Developing 
Countries. Ottawa: Int. Dev. Res. Centre. 335 pp. 

Ge F, Ding Y 1996 The population energy dynamics of 
predacious natural enemies and their pest control 
activity in different cotton agroecosystems. Acta 
Entomol Sin 39:  266-273. 

Hedin, P.A., Hollingworth, R., Masler, E.P., Miyamoto, 
J and Thompson D.G, eds. 1997. Phytochemicals for 
Pest Control. Washington, DC: Am. Chem. Soc. 
372. pp. 

Hermawan, W., Ritsuko, T., Shuhei, N., Kenji, F. and 
Fusao, N. 1998 Oviposition deterrent activity of 
Andrographolide against the diamondback moth 
(DBM), Plutella xylostella (Lepidoptera: 
Yponomeutidae). Appl. Entomol. Zool. 33: 239 – 
241. 

Holloway, J.D., 1989. the moths of Borneo: family 



Inter.J.Rece.Sci.Res. 2:056-062, 2010 
 

 61 

Noctuidae, trifine subfamilies: Noctuinae, 
Heliothinae, Hadeninae, Acronictinae, 
Amphipyrinae, Agaristinae, Amphipyrinae, 
Agaristinae. Malayan Nat. J. 42, 57-226. 

 Huang, Z. Shi, P. Dai, J and Du, J., 2004. Protein 
metabolism in Spodoptera litura (F.) is influenced 
by the botanical insecticide azadirachtin, Pest. 
Biochem. Physiol. 80:  2–85. 

Isman, M.B. 2006. Botanical insectides, determent and 
repellent in modern agriculture and increasingly 
regulates world. Annu. Rev. Environment. 51, 45-
66. 

Isman, M.B., 1995. Leads and prospects for the 
development of new botanical insecticides. In: Roe, 
R.M., Kuhr, R:J. (Eds.), Reviews in Pesticid. 
Toxicology, Vol. 3. Toxicology Communications 
Inc, Raleigh, NC, pp. 1-20.  

Jacobson, M., 1989. Botanical insecticides. Past, 
present and future. In: Arnason, J.T., Philogene, 
B.J.R., Morand, P. (Eds), Insecticides 0f Plant 
Origin. American Chemical Society Symposium 
Series No. 387. Washington, DC.  

Jayakumar, M., Elumalai, K., Jeyasankar, A., Raja N. 
and Ignacimuthu, S. 2003. Efficacy of cude extact 
of Hyptis suaveolens and Melochia chorcorifolia 
on pulse beetle Callosobruchus maculatus (F) 
(Coleoptea: Bruchidae). Proceeding of Biological 
control of insect pests. 218-223. Phoneix 
Publishing House Pvt Ltd. 

K.R. Kranthi, D.R. Jadhav, S. Kranthi, R.R. Wanjari, 
R.R. Ali, D.A. Russell, Insecticide resistance in 
five major insect pests of cotton in India, Crop 
Prot. 21 2002 449-460. 

Kannaiyan, S. 2002. Insect pest management Strategies: 
Current trends and future prospects. In: Strategies 
in Integrated Pest Management (Eds. Ignacimuthu, 
S. and Alok Sen) Phoenix publishing house PVT 
Ltd. New Delhi. 

Karmegam, N., Sakthivadivel, M., Anuradha, V., 
Daniel, T., 1997 Indigenous – plant extracts as 
larvicidal against culex quinqefasciatus say. 
Bioresource technology 59, 137-140. 

Koul, O., 1993. Plant allelochemicals and insect 
control: an antifeedant approach. In: 
Ananthakrishnan, TN., Raman, A. (Eds.), Chemical 
Ecology of Phytophagous Insects. Oxford and IBH, 
New Delhi, pp.51-80.  

Krishnappa, K., Anandan, A., Mathivanan, T., 
Elumalai, K and M. Govindarajan  2010 
antifeedant activity of volatile oil of tagetes patula 
against armyworm, spodoptera litura (fab.) 
(lepidoptera: noctuidae) international journal of 
current researchvol. 4, pp.109-112. 

Liu SQ, Shi JJ, Cao H, Jia FB, Liu XQ, Shi GL 2000 
Survey of pesticidal component in Plant. In 
Entomology in China in 21st Century, Proceedings 
of 2000 Conference of Chinese Entomological 
Society ed. Dianmo, Li Beijing, China: Science & 
Technique Press pp 1098-1104. 

Lowery DT, Isman MB 1995 Toxicity of neem to 
natural enemies of aphids. Phytoparasitica 23: 297-
306. 

Marco, G.J., Hollingworth, R.M and Durham W. eds. 
1987. Silent Spring Revisited. Washington, DC: 
Am. Chem. Soc. 214 pp.  

Mehta, D. M., Patel, J. R. and  Patel, N. C. 1994  
Ovicidal ovipositional deterrent effect of botanicals 
individually in combination with endosulfan on 
Helicoverpa armigera. Ind. J. Plant Prot. 22: 215-
216 

National Research Council. 2000. The Future Role of   
Pesticides in US Agriculture. Washington, DC: 
Natl. Acad. 

Niranjankumar, B.V. & Regupathy, A. 2001. Status of 
insecticide resistance in tobacco caterpilar 
Spodoptera litura (Fabricius) in Tamil Nadu. 
Pesticide Research Journal 13: 86-89. 

Patel, M. S., Yadav, D.N. and  Rao, A. B. 1994  
Neemark (Azadirachtin) as ovipositional deterrent 
against cotton pests. Pestology. 18: 17 – 19. 

Pavela, R., 2007a. Possibilities of botanical insecticide 
exploitation in plant protection. Pest. Tech 1, 47-
52. 

Prakash, A and Rao j. 1997. Botanical pesticides in 
Agriculture. Boca Raton, FL: CRC Press. 461 pp. 

Pugazhvendan, S. R., Elumalai, K., Ronald Ross, P and 
Soundarajan, M. 2009. Repellent activity of chosen 
plant species against Tribolium castaneum. Wolrd 
J. Zool. 4(3): 188 – 190. 

Raja, N., Elumalai, K., Jayakumar, M and Jeyasankar, 
A and Ignacimuthu 2004. Oviposition deterrent and 
ovicidal activity of solvent extracts of 50 plants 
against the armyworm,  Spodoptera litura Fab. 
(Lepidoptera: Noctuidae) Malays.  Appl. Biol. 
33(1): 73-81 

Reddy PJ. Krishna D, Murthy US. Jamil K 1992. A 
microcomputer FORTRAN program for rapid 
determination of lethal concentration of biocides in 
mosquito control. CABIOS 8:209-213.  

Regnault-Roger, C., Philogene, B and Vincent, C. eds. 
2005. Biopesticides of Plant Origin. Paris: 
Lavoisier. pp. 313. 

Rodriguez-Saona CR, Trumble JT 1999 Effect of 
avocado furans on larval survival, growth and food 
preference of the eneralist herbivore, spodoptera 
exigua. Entomol Exp Appl 90: 131-140. 



Inter.J.Rece.Sci.Res. 2:056-062, 2010 
 

 62 

Rohani. A., Chu, W.L., Saadiyah, L., Lee, H.L., Phang, 
S.M., 2001. Insecticide resistance status of Aedes 
albopietus and Aedes aegypti collected from urban 
and rural in major towns of Malaysia. Trop. 
Biomed. 18 (1), 29-39.  

Rooger, R.C. & Harmraoui, A. 1995. Comparison of the 
insecticidal effects of water extracted and intact 
aromatic plants on Acanthoscelides obtectus, a 
bruchid beetle pest of kidney beans. Chemecology 
5/6: 1-5. 

Sadek MM 1997 Antifeedant and larvicidal effects of 
Eichornia crassipes leaves on the cotton leaf worm 
spodoptera littoralis (Boisd.) J Egypt Ger Soc Zool 
24: 209-302. 

Sanjarani, M.W.S., Munshi, G.H. and Abro, G.H., 
Philipp. Entomol., 1989, 7, 573-578. 

Schmutterer, H., 1990. Properties and potential of 
natural pesticides  from the nee m tree, 
Azadirachta indica. Ann. Rev. Ent. 35. 271-297.  

Senthil nathan, S. Chung, P.G and Murugan, K., 2004. 
Effect of botanicals and bacterial toxin on the gut 
enzyme of Cnaphalocrocis medinalis, 
Phytoparasitica 32:  433–443. 

Senthil nathan, S. Kalaivani, K. Murugan, K and 
Chung, P.G., 2005. the Toxicity and physiological 
evect of neem limonoids on Cnaphalocrocis 
medinalis (Guenée) the rice leavolder, Pest. 
Biochem. Physiol. 81: 113–122. 

Shalaby. A.A., Allam, KAM., Mostafa, A.A., Fahmy, 
S.M.E., 1998. Insecticidal properties of citrus oils 
against Culex pipens and Musca domestica. Egypt. 
Soc. Parasitol. 28, 595-606.  

Sharma, S.S., Gill, K., Malik, M.S. & Malik, O.P. 2001. 
Insectidal antifeedant and growth inibitory 
activities of essential oils of some medicinal plants. 
Journal of Medicinal and Aromatic Plant Sciences 
22/23: 373-377. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Singh, G., Upadhyay, R.K. 1993. Essential oils a potent 
source of natural pesticdes. J. Sci. Ind. Res. 52, 
676-683. 

Smirle, M.J. Lowery, D.T and Zurowski, C.L., 
1996. Influence of neem oil on detoxication 
enzyme activity in the obliquebanded 
leafroller, Choristoneura rosaceana, Pest. 
Biochem. Physiol. 56: 220–230. 

 
Stampolous, D.C. 1991. Effects of four essential oil 

Knio. K.M., Ustal. J., Dagher, S., Zournajian, H., 
Kreydiyyeh, S., 2008. Larvicidal activity of 
essential oils extracted from commonly used herbs 
in Lebanon against the seaside mosquito, 
Ochleroratus caspius. Bioresour. Technol. 99 (4), 
763-768.  

Tapondiou AI, Adler C, Fontem DA, Bouda H, 
Reichmuth Ch 2005 Bioactivities of cymol and 
essential oils of Cupressus sempervirens and 
Eucalyptus saligna against Sitophilus zeamais 
Motschulsky and Tribolium confusum du Val. 
Stored Prod Res. 41: 91-102. 

Thacker, J. 2002. An introduction to Arthropod Pest 
Control. Cambridge, UK: Cambridge Univ. Press. 
343. pp. 

Tunc, I., Berger, B.M., Erier, F and Dagli, F. 2000. 
Ovicidal activity of essential oil from five plants 
against two stored – protect insect. Journal of 
stored products research 36: 161-168. vol. 4, 
pp.117-121. 

Ware, G.W. 1883. Pesticides. Theory and Application. 
San Francisco: Freeman. Pp 308. 

Wattanachai, P., Tintanon, B., 1999. Resistance of 
Aedes aegypti to chemical compounds in aerosol 
insecticide products in different areas of Bangkok, 
Thailand. Commun. Dis. J. 25, 188-191.  

Zaridah, M.Z., Nor Azah, MA, Rohani, A., 2006. 
Mosquitocidal activities of Malaysian plants. j. 
Trop. Forest. Sci. 18 (1).74-80 



 


