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Introduction



 

1. INTRODUCTION 

 

Green revolution, a concept which had arisen in 1960s has resulted in 

bumper yield in food grain production. This superfluous yield, which was due to 

heavy usage of chemical fertilizers and pesticides had eventually lead to several 

deleterious episodes of environmental and health effects. Realization of unhealthy 

effects of chemicals has diverted people’s attention towards homestead farming 

wherein organic means of pest control are being adopted. Furthermore, to attain 

self sufficiency in food production after the dreadful event of Covid-19, people 

are now adopting ‘pesticide free’ vegetable cultivation for self consumption.  

Indian Council of Medical Research (ICMR) recommendes consumption 

of 300 g of vegetables per day by per person. This indicates the importance of 

vegetables in our diet. Snake gourd (Trichosanthesanguina L.) is a cucurbitaceous 

vegetable that is commonly grown in Kerala. The consumption of snake gourd 

offers several beneficial health effects like detoxification of body, improvement of 

digestion, management of diabetes etc. as it is a source of various minerals and 

dietary fibre.  The major pests in snake gourd are pumpkin caterpillar (Diaphania 

indica Saund.), epilachna beetle (Henosepilachna septima (Dieke), snake gourd 

caterpillar (Anadevidia peponis F.), fruit fly (Bactrocera cucurbitae (Coquillett) 

etc. Pumpkin caterpillar, besides feeding on leaves, feeds on flowers, tender 

shoots, young and mature fruits too. Epilachna beetle causes damage by scraping 

the surface of leaves resulting in skeletonization and drying. Being a crop 

generally grown in the homesteads, the pests could be managed only in an 

environmentally feasible manner. However, in the view of a commercial 

cultivator, pest damage results in low productivity and fetches less income. This 

forces the farmer to adopt chemical methods of pest management, which paves 

way to the problems of pest resurgence, pesticide resistance and pest replacement, 

besides causing environmental and health hazards. All these factors reinforce the 

fact that organic control measures are ideal to ward off pest problems in snake 

gourd. 
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 In this scenario, botanicals offer a satiable means of pest control owing to 

their eco-friendly approach. Kerala is well reputed for its diverse tropical flora. 

Unfortunately this floral diversity remains virtually untapped for pest control 

purposes and many potential plants await discovery.  There are several plants 

which can be exploited successfully in IPM (Integrated Pest Management) 

programmes for controlling insect pests. Among these, the plants like Samadera 

indica Gaetrn. (Niepa bark Tree), Quisqualis indica L. (Rangoon creeper), 

Chromolaena odorata (L.) R. M. King & H. Robinson (Siam weed), Annona 

squamosa L. (Sweetsop), Mikania micrantha Kunth. (Mile-a-minute vine) etc. are 

worth mentioning. 

S. indica is a tree belonging to the family Simaroubaceae. Bitter principles 

known as quassinoids present in this tree possess promising anti-insect properties. 

The extracts should be converted into ideal formulations so that the effect of 

active ingredient gets increased. An ideal formulation consists of active 

ingredient, surfactant and organic solvents whose ratio differs based on HLB 

(Hydrophilic Lipophilic Balance) values of the bioactive compound. Commonly 

available formulations include Wettable Powder (WP), Dusts (D), Granules (G) 

etc. The efficiency of formulation gets increased with its reduced size as that in 

micro and nano sized formulations.  

 In Kerala, existing fallow lands can be used for cultivation of potential 

plants with anti-insect properties and the raw material can be provided to 

industries for developing them into suitable insecticidal formulations. 

Identification and exploitation of indigenous sources of botanical pesticides will 

result in effective substitution of huge quantities of synthetic insecticides now 

being used. Hence, the present study aims to isolate and characterize the 

insecticidal principles present in S. indica and to evaluate the efficacy of its 

formulations in managing leaf feeding pests in snake gourd. 

Considering the above aspects, the present study entitled “Development of 

formulations from Samadera indica Gaetrn. for the management of leaf feeding 
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pests in snake gourd (Trichosanthes anguina L.)” has been taken up with the 

following objectives: 

 Screening of bark and seeds of S. indica for insecticidal properties 

 Bioefficacy study of chromatographic fractions containing bioactive 

compounds against D. indica and H. septima 

 Structural characterisation of the bioactive compounds 

 Development of suitable formulations of bioactive compounds 

 Field evaluation of effective formulation against D. indica and H. septima 
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2. REVIEW OF LITERATURE 

The present investigation focused on exploration of anti-insect properties 

of bark and seed extracts from Samadera indica Gaetrn., identification of 

bioactive compounds in the effective extract and development of suitable 

formulations from the extract for the management of leaf feeding pests in snake 

gourd both under in vivo and in vitro conditions. A comprehensive review on 

efficacy of botanicals against insect pests in terms of antifeedant effect, 

insecticidal effect and effect on biology of insects and pest management using 

botanical insecticide formulations and chemical is given below.  

2.1. BIOEFFICACY OF BOTANICALS AGAINST INSECT PESTS 

2.1.1. Antifeedant Effect 

2.1.1.1. Leaf Feeders 

Ventura and Ito (2000) observed that feeding of cucurbit beetle, 

Diabrotica speciosa (Genn.) decreased significantly when provided with 

increasing concentrations of flower extracts from chinaberry, Melia azedarach 

(L.), ranging from 1 to 7 g per 100 mL. The root extracts of large caltrops, 

Pedalium murex L. exhibited good antifeedant activity against tobacco cutworm, 

Spodoptera litura (Fabricius) (Sahayaraj et al., 2003). Methanol, acetone and 

chloroform extracts of Malabar nut, Justicia adhatoda L., goatweed, Ageratum 

conyzoides L. and Ceylon leadwort, Plumbago zeylanica L. strongly deterred the 

feeding of Bihar hairy caterpillar, Spilarctia obliqua Walker at a dose of 10 mg 

mL-1 (Prajapati et al., 2003). 

Han et al. (2006) reported that methanol extract from roots of Chinese 

angelica, Angelica dahurica Fish. Ex Hoffm. @ 1.30 mg cm-2 exhibited complete 

antifeedant activity against larvae of black carpet beetle, Attagenus unicolor 

(Brahm) over a 30-day period. Abdullah and Subramanian (2008) reported that 

application of methanolic extracts of neem @ 100 to 200 ppm caused antifeedant 

effect on epilachna beetle, Epilachna indica Mulsant which is the pest of egg 

plant, Solanum melongena L. Root extracts (500 ppm) of Tylophora indica R. Br. 

4



exhibited antifeedant activity of 56.06 per cent against S. litura after 24 h (Reddy 

et al., 2009).  

The research findings by Zapata et al. (2009) revealed that n-hexane extract 

from stem bark of canelo, Drimys winteri J.R. Forster et G. Forster @ 5000 ppm 

exhibited the strongest antifeedant activity against sixth instar larvae of Egyptian 

cotton leaf worm, Spodoptera littoralis (Boisduval) with a Feeding Deterrence 

Index (FDI) value of 75.50 per cent.  

More than 95 per cent antifeedant activity was exhibited by extracts from 

Norwegian angelica, Angelica archangelica L., masterwort, Imperatoria 

ostruthium (L.) W. D. J. Koch, Arabian pea, Psoralea bituminosa (L.) C. H. Stirt. 

and white swallow-wort, Vincetoxicum hirundinaria Medik. against S. littoralis 

(Pavela, 2010). Baskar et al. (2011) unveiled that greater degree of antifeedant 

activity (56.06 per cent) was exhibited by root extracts of Indian birthwort, 

Aristolochia tagala Cham. against S. litura. As per the findings by Arivoli and 

Arivoli and Tennyson (2013), maximum antifeedant activity was observed in 

ethyl acetate extract of poison nut, Strychnos nux-vomica L. (88.98 per cent), 

followed by hexane extracts of Chinese chastetree, Vitex negundo L. (86.41 per 

cent) and curry leaf tree, Murraya koeingii (L.) Sprengel (81.46 per cent), ethyl 

acetate extract of prickly ash, Zanthoxylum limonella (Dennst.) Alston. (80.58 per 

cent) and hexane extract of rosary pea, Abrus precatorius L. (78.61 per cent) in S. 

litura. 

Application of methanolic extract of leaves from Malabar nut, Adathoda 

vasika (L.) Nees @ 1000 ppm resulted in feeding repellance in neonate larvae of 

S. littoralis (Antifeedant index – 72) (Sadek, 2003). Lingathurai et al. (2011) 

observed maximum antifeedant activity (84.30 per cent) in third instar larvae of 

diamondback moth, Plutella xylostella (L.) when treated with fractions from 

chloroform extract of birch-leaved cat tail, Acalypha fruticosa Forssk. at 1000 

ppm concentration. Petroleum ether extract from bark of worm-cure, Albizia 

anthelmintica Brong. @ one per cent exhibited antifeedant activity against 

Mopani emperor moth, Nudaurelia belina (Westw.) (Kaoneka and Mollel, 2012).  

5



The work by Ulrichs et al. (2008) revealed that hexane extract of leaves 

from wild rice, Porteresia coarctata Takeoka @ 1000 to 2000 ppm exhibited 

antifeedant action against S. litura. Incorporation of methanolic extract of wild 

bishop, Bifora radians M. Bieb. into the diet of third instar larvae of oblique 

banded leaf roller Choristoneura rosaceana (Harris) @ one per cent deterred 

feeding by larvae (Gokse et al., 2010). Bakavathiappan et al. (2012) observed that 

chloroform extract from leaves of Apple of Sodom, Calotropis procera (Aiton) 

W. T. Aiton @ five per cent exhibited antifeedant activity of 63.42 per cent 

against S. litura.  

Wheeler and Isman (2001) observed 50 per cent feeding deterrence in       

S. litura when fed with diet treated with methanolic extract of Trichilia americana 

(Sesse and Mocino) Pennington. Antifeedant activity of methanol extract of 

leaves from bitterweed, Hymenoxys robusta (Rusby) K. F. Parker on beet 

armyworm, Spodoptera exigua (Hubner) was illustrated by Juarez et al. (2014). 

Five per cent extract from leaves of holy basil, Ocimum sanctum L. showed 

antifeedant activity towards fourth instar larvae of S. litura, with an antifeedant 

index of 57.61 (Summarwar and Pandey, 2015).  

Kutas and Nadasy (2005) observed that five per cent methanolic extract of 

scentless Mayweed, Matricaria inodora L. caused feeding aversion in larvae of 

Colorado potato beetle, Leptinotarsa decemlineata Say. Kashiwagi et al. (2007) 

observed that the activity of migratory locust, Locusta migratoria L. was deterred 

by crude methanol extracts of Japanese cedar, Cryptomeria japonica (L. f.) D. 

Don. Magierowicz et al. (2020) observed that application of aqueous extracts of 

tansy-plant (Tanacetum vulgare L.), yarrow-plant (Achillea millefolium L.) and 

summer savory (Satureja hortensis L.) caused the larvae of snout moth, Acrobasis 

advenella (Zinck.) to avoid treated feeding sites as indicated by lesser number of 

larvae on treated inflorescences. The percentage of larvae observed in these 

treatments was 2.09, 4.19 and 4.69 percent respectively.  

Gramine, the principal alkaloid in barley, Hordeum vulgare L. inhibited 

the feeding behaviour of L. migratoria (Ishikawa and Kanke, 2000). Methylene 

chloride extracts of sand heath, Ceratiola ericoides and christmas berry, Ardisia 
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crenata deterred feeding in root weevil, Diaprepus abbreviates L. 

(Sandoval‐Mojica and Capinera, 2011). Anusree et al. (2018) reported that third 

instar larvae of S. litura exhibited maximum antifeedant effect with 5 per cent 

methanolic crude extracts from leaves of Samadera indica (Gaetrn.) (45.62 per 

cent) and flowers of rangoon creeper, Quisqualis indica L. (31.87 per cent).  

Calcagno et al. (2002) observed feeding deterrent effect in S. littoralis 

upon treatment with coumarin. The diterpene scutecyprol A isolated from 

Scutellaria valdiviana (Clos) Epling reduced the feeding activity of S. exigua in 

choice and no choice bioassays (Caballero et al., 2008). Azadirachtin reduced 

food consumption in larvae of gypsy moth, Lymantria dispar L. (Kostic et al., 

2008). Sandoval‐Mojica and Capinera (2011) reported that the application of 

ryanodine caused feeding deterrence in American grasshopper, Schistocerca 

americana (Drury) and D. abbreviates. 

2.1.1.2. Sucking Pests 

Abtew et al. (2015) reported that the plants black pepper, Piper nigrum L., 

true cinnamon tree, Cinnamomum zeylanicum J. Presl. and Chinese cinnamon, 

Cinnamomum cassia (L.) J. Presl. repelled the thrips Megalurothrips sjostedti 

Trybom with degree of repellency being 0.01 to 1 per cent. Methanol extract from 

false ashoka, Polyalthia longifolia (Sonn.) Thwaites (0.1%) repelled half of the 

population of mustard aphid, Lipaphis erysimi (Kaltenbach) (Arora et al., 2017).  

2.1.1.3. Storage Pests 

Khanam et al. (2006) observed that application of lignin from sugarcane 

bagasse resulted in strong repellent activity towards confused flour beetle, 

Tribolium confusum Jacquelin du Val at concentrations of 471.57 and 628.76 µg 

cm−2. The findings by Omar et al. (2007) shows that terpenes from langsat, 

Lansium domesticum Corr. Serr. exhibited antifeedant activity against rice weevil, 

Sitophilus oryzae L. Wang et al. (2015) reported that methanol extract from stem 

bark of mastic-leaf prickly ash, Zanthoxylum schinifolium Siebold & Zucc. 
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exhibited repellency against red flour beetle, Tribolium castaneum (Herbst) as 

evident with the FDI value of 41.12 per cent.  

2.1.1.4. Other Pests 

Saric et al. (2007) observed a decrease in the larval duration of common 

fruit fly, Drosophila melanogaster Meigen flies raised on diet containing 1.75% 

quercetin. Sandoval‐Mojica and Capinera (2011) reported that the application of 

ryanodine caused feeding deterrence in American grasshopper, Schistocerca 

americana (Drury) and root weevil, Diaprepes abbreviates L. 

2.1.2. Insecticidal Effect 

2.1.2.1. Leaf Feeders 

Lenin (2011) found that contact application of seed extracts of annona and 

neem, oil from neem and three commercial formulations of annona, milletia and 

neem (Anosom, Derisom and NeemAzal T/S, respectively @ 2 mLL-1) resulted in 

100 per cent mortality of  Diaphania indica Saund. Stem bark extracts from the 

meliaceous plants Aglaia spp., cotton fruit (Sandoricum koetjape Merr.) and cedar 

mangrove (Xylocarpus moluccensis (Lamk.) M. Roem) in chloroform brought 

about mortality in third instar larvae of S. litura (Tukiran, 2013). Anusree et al. 

(2016) reported that the crude methanol extract of Q. indica flower at 5 per cent 

concentration was equally effective as chemical pesticides against S. litura. 

Ramya et al. (2008) recorded mortality rates of 72.80, 67.80 and 62.20 per 

cent with aqueous leaf extracts of the plants green chiretta (Andrographis 

paniculata Nees.), periwinkle (Catharanthus roseus L. (G) Don.) and thornapple 

(Datura metal L.) respectively against sixth instar larvae of cotton bollworm, 

Helicoverpa armigera (Hubner). Aqueous leaf extract of bintaro (Cerbera 

odollam) resulted in mortality of 75 per cent larvae of S. litura after one week 

(Purwani et al., 2014). Application of methanol extracts from leaves of patawali, 

Tinospora crispa (L.) Hook. f. & Thomson (160 ppm) and guava, Psidium 
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guajava L. (200 ppm) resulted in complete mortality in eggs of S. litura 

(Elanchezhiyan et al., 2015). 

Samuel et al. (2009) observed that pongam leaf extracts caused toxicity in 

second instar larvae of S. litura and LC50 value was 5.44% after 72 hours of 

exposure. Application of ethanolic extract of leaves of custard apple, Annona 

squamosa L. @ 1 and 5% resulted in 100 per cent mortality after 40 and 15 min 

respectively against P. xylostella (Kumar et al., 2010). The investigations by 

Moreno et al. (2012) revealed that ethanol extract of toothache plant, Acmella 

oleracea (L.) R. K. Jansen exhibited 88.30 per cent mortality against tomato leaf 

miner, Tuta absoluta (Meyrick).  

2.1.2.2. Sucking Pests 

Coelho et al. (2006) reported that ethanolic extract from root 

of Simarouba versicolor and hexane extract from root of American muskwood, 

Guarea guidonia Allam were responsible for 95.00 and 75.00 per cent mortality 

each in fourth instar nymphs of assassin bugs, Rhodnius milesi Stal. The findings 

by Bhutto et al. (2017) revealed that tobacco extracts reduced the population of 

whiteflies, aphids and jassids in okra by 58.02, 47.31 and 54.71 per cent 

respectively. Milletia leaf extract showed acute toxicity to turnip aphid, Lipaphis 

pseudobrassicae (Davis) with LC50 values of 0.585, 0.151 and 0.113% at 24, 48 

and 72 hours respectively (Tran et al., 2016).  

Ethanol extract from stem bark of cerrado plant exhibited mortality in 

fourth instar nymphs of R. milesi to the tune of 5 to 15 per cent (Coelho et al., 

2006). The lethality of root extracts of bitter apple, Citrullus colocynthis on bird 

cherry-oat aphid, Rhopalosiphum padi L. was established by Asiry (2015).  

Kim et al. (2001) observed that application of methanolic extract of 

Korean mint, Agastache rugosa Kuntze @ 5000 ppm resulted in elimination of 

more than 90 per cent of adults of brown plant hopper, Nilaparvata lugens (Stal). 

As per the findings by Madanat et al. (2016), leaf extracts of castor, Ricinus 

communis L. and Lantana camara L. in acetone exhibited lethality towards green 

peach aphid, Myzus persicae Sulzer with LC50 values of 1150 and 6660 ppm 
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respectively after 24 hours. The toxicity of water extracts of neem leaves towards 

various larval instars of mustard aphid, L. erysimi was proven by Chattree et al. 

(2016).  

N’Guessan et al. (2006) reported high mortality rates of 88.20, 96.60 and 

98.50 per cent against cocoa mirids with neem seed aqueous crude extracts @ 10, 

20 and 30 per cent respectively at 96 HAT. Magsi et al. (2017) reported that the 

mean reduction in population of white fly observed with application of aqueous 

leaf extracts of Gurakhu tobacco, Balkhi tobacco, Desi tobacco and Hazaropattar 

tobacco was 86.58, 85.95, 83.71 and 79.83 per cent respectively.  The crude 

methanolic extract of wrinkled leaf isodon, Isodon rugosus (Wall. Ex Benth.) 

resulted in mortality of pea aphid, Acyrthosiphon pisum Haris and the LC50 and 

LC90 values were 36 and 102 ppm respectively (Khan et al., 2017).  

Treating adults of apple woolly aphid, Eriosoma lanigerum (Hosmann) 

with quercetin dehydrate, naringin and rutin hydrate @ 1000 ppm resulted in 86, 

80 and 96.67 per cent mortality after 72 hours (Ateyyat et al., 2012). Morehead 

(2016) claimed that use of alkaloids from sabadilla witnessed greater mortality 

(70 per cent) in nymphs of brown marmorated stink bug, Halyomorpha halys 

Stal. Application of 3.09 ppb of azadirachtin resulted in 50 per cent mortality of 

black watermelon bug, Coridius viduatus (Fabricius) (Aljedani, 2018).  

As per the findings by Aswin et al. (2016), use of neem oil and 

azadirachtin recorded mortality of 66.60 per cent against red spider mite at 72 

HAT. Aljedani (2018) opined that application of azadirachtin took approximately 

28 h to reduce the population of black watermelon bug C. viduatus to half of the 

initial. Khan et al. (2019) explored the possibility of rosmarinic acid to be used as 

a potential insecticide as a very low concentration of this compound (LC90 - 5.4 

ppm) caused significant mortality in pea aphid, Acyrthosiphon pisum Mordvilko 

within 24 hours.  

Aphidicidal effect of oil from Bifora radians Bieb. with LC50 value of 0.3 

mgmL−1 was demonstrated by Sampson et al. (2005). Essential oil from Artemisia 

seiberi caused significant mortality of E. lanigerum and LD50 value was 6.16 
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μLmL−1(Ateyyat et al., 2012). Jahan et al. (2016) reported the insecticidal activity 

of limonene present in sweet orange, Citrus sinensis (L.) Osbeck on M. persicae 

with LC50 value of 57.70 μLL−1.  

Application of essential oil from Greek juniper (Juniperus excels M.     

Bieb.), prickly juniper (Juniperus oxycedrus L.), sweet fennel (Foeniculum 

vulgare Mill.) and bay laurel (Laurus nobilis L.) significantly reduced the 

reproduction potential of B. brassicae and brought about mortality (Mustafa and 

Gorur, 2009). Motazedian et al. (2014) noticed that artemisia ketone from same 

plant showed mortality in cabbage aphid, Brevicoryne brassicae (L.) at a 

concentration of 25 μL mL−1. Czerniewicz et al. (2018) observed that sabinene 

and β-myrecen in Artemisia absinthium L. caused mortality in M. persicae at a 

concentration of 6.90 μL mL−1.  

2.1.2.3. Storage Pests 

Mollah and Islam (2002) evaluated the toxic effect of hexane extract of 

akanda root against adults of cowpea seed beetle, Callosobruchus maculatus Pic. 

and observed that the lowest LD50 value (538.35 µgcm−2) was recorded after 72 

hours. Jayasekara et al. (2005) confirmed the efficacy of methanol extract from 

roots of Securidaca longipedunculata Fers. against maize weevil, Sitophilus 

zeamais (Motschulsky). The findings by Kumar et al. (2010) disclosed that 

application of ethanolic extracts of custard apple, A. squamosa @ one per cent and 

five per cent resulted in complete mortality of S. oryzae after 39.6±1.4 and 

14.5±1.1 minutes respectively.  

There was 63.33 per cent reduction in adults of pulse beetle, 

Callosobruchus chinensis L. when treated with 10% ether extracts of 

Ashwagandha (Withania somnifera (L.) Dunal) roots (Gupta and Srivastava, 

2008). The findings by Rajashekar et al. (2010) revealed that methanol extract 

from roots of swallow-root, Decalepis hamiltonii Wight & Arn. has greater 

potency as insecticide against stored product pests. Arora et al. (2011) established 

that application of extracts from roots of W. somnifera (10%) showed significant 

effect on mortality of T. castaneum larvae (46.20 per cent).  
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The efficacy of extract from W. somnifera was also studied by Suvanthini 

et al. (2012) who observed complete mortality of S. oryzae on 10th day of 

exposure when treated with 86.07 per cent of extract. Exposure of stored grain 

pests, S. oryzae, lesser grain borer (Rhyzopertha dominica (F.)) and T. castaneum 

to hexane extract of giant taro, Alocasia indica (Linn.) @ 300 µg L-1 for a period 

of 72 hours resulted in cent per cent mortality (Rajashekar and Tonsing, 2014). 

Hexane extract from roots of wild pepper, Piper sarmentosum Roxb. exhibited 

mortality towards S. oryzae, R. dominica and Indian mealmoth, Plodia 

interpunctella (Hübner) (Hematpoor et al., 2017). 

Ethanol extract from bark of V. negundo caused mortality in larval and 

adult stages of T. castaneum (Herbst) (Chowdhury et al., 2009). Methanolic 

extract from root of Senegal prickly-ash, Zanthoxylum zanthoxyloides (Lam.) @ 

five per cent resulted in mortality of S. zeamais and Callosobruchus maculates 

(Fabricius) at 96 HAT (Udo, 2011). The findings by Gomathi and Rathinam 

(2017) pointed out that bark extract from arjun tree, Terminalia arjuna (Roxb.) 

Wight & Arn. showed higher mortality in larvae of S. oryzae. 

The results by Loko et al. (2017) revealed that acetone extract from leaves 

of Senegal mahagony, Khaya senegalensis (Desr.) A. Juss. is toxic towards 

bamboo powder post beetle, Dinoderus porcellus L. with LC50 value of 0.29 

𝜇Linsect-1. The findings by Remi-Esan and Bankole (2020) revealed that 

application of methanolic extract from stem bark of red ironwood tree, Lophira 

alata (Ekki) @ 2 g per 20 g and 3 g per 20 g of cowpea seeds eliminated entire 

population of C. maculatus within 48 and 96 hours of application.  

The extracts from Syrian rue (Peganum harmala L.), ground pine (Ajuga 

iva (L.) Schreb), Dutchman’s pipe (Aristolochia baetica L.) and radish (Raphanus 

raphanistrum L.) disrupted the normal biology of T. castaneum. Moreover, both 

the larvae and adults exhibited mortality too (Jbilou et al., 2006). Khoshnoud et 

al. (2008) disclosed that application of extracts from mullein Verbascum spp.  

resulted in cent per cent mortality in adults of S. oryzae at 21st day of exposure. 

Krishnan and Murugan (2015) demonstrated that flavonoids in liverwort, 
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Marchantia linearis Lehm. & Lindenb. @ 3% showed 45.00 per cent larvicidal 

and 40.80 per cent pupicidal effects against S. litura. Ingestion of saline extract 

from leaves of Brazilian pepper tree, Schinus terebinthifolius Raddi (100 and 

250 mg of extract per g of wheat flour) resulted in death of maize weevil,               

S. zeamais. The mortality rates ranged between 94 and 97 per cent after 12 days of 

incubation (Camaroti et al., 2018).  

LC50 values for aqueous extracts of neem, bishkatali and akanda towards 

S. oryzae were 2.27, 2.19 and 2.54 µL per insect after 72 hours of treatment 

(Shahjahan and Amin, 2000). Zhong et al. (2017) reported that azadirachtin 

affected the survival of neonate larvae from treated eggs, prolonged larval 

development and duration of the pupal stage in coconut spike moth, Tirathaba 

rufivena Walker. Moreover, there was also a reduction in the percentage of adult 

emergence and longevity of emerged adults.  

The findings by Germinara et al. (2017) revealed the fumigant and toxic 

effects of essential oil from English lavender, Lavandula angustifolia Mill. against 

adults of granary weevil, Sitophilus granarius (L). Application of essential oils 

from pepper (200 µL per 500 cm3 of treated surface), cinnamon (30 µL per 500 

cm3), clove (30 µL per 500 cm3) and lemongrass (200 µL per 500 cm3) resulted in 

100, 95.55, 76.67 and 68.89 per cent mortality, respectively in S. oryzae 

(Binseena et al., 2018). Contact application of essential oil from Indian borage, 

Plectranthus amboinicus @ 1200 ppm on cowpea bruchids exhibited 100 per cent 

mortality after 168 hours and fumigation with 12 µL L-1 air resulted in elimination 

of entire population after 72 hours (Wanna and Kwang-Ngoen, 2019).  

2.1.2.4. Other Pests 

As per the findings by Tian et al. (2010), application of root powder of 

Derris hancei containing 7% rotenone caused 95.32 per cent population of red 

imported fire ant, Solenopsis invicta Buren to eliminate the nest. LC50 of extracts 

of A. squamosa and soursop (Annona muricata L.) were less than one per cent for 

adult mosquitoes, 0.5 per cent for larvae of Aedes albopictus (Skuse), 1 to 5 per 
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cent for adult mosquitoes and 0.5 to 1 per cent for larvae of Culex 

quinquefasciatus Say (Ravaomanarivo et al., 2014). Application of root extracts 

of Derris elliptica (Wall.) Benth @ 0.09, 0.13, 0.17, 0.21 and 0.25 per cent 

resulted in 32.80, 49.60, 72.00, 95.20 and 100.00 per cent mortality in larvae of 

mosquito, Aedes aegypti (L.) (Permatasari and Sumanto, 2019).  

Methanolic extracts from bark of pummelo, Citrus grandis @ 40 and 60 

mg mL-1 were proved to be effective against third instar larvae of A. aegypti 

(Gutierrez et al., 2014). Overgaard et al. (2014) observed that hexane extract from 

bark of olon tree, Zanthoxylum heitzii was effective against females of Anopheles 

gambiae Giles in causing mortality with LD50 value of 102 ng mg-1. Application 

of bark extract of Cinnamosma spp. eliminated 90 per cent of adult A. aegypti 

mosquitoes within 24 hours (Inocente et al., 2019).  

Jeyabalan et al. (2003) observed that methanol extract from leaves 

of Pelargonium citrosa exhibited toxicity towards Anopheles stephensi Liston. Ali 

et al. (2014) proved that bark extract of Rhizophora mucronata Lam. in ethanol 

was effective against fourth instar larvae of A. aegypti with LC50 value of 0.03 and 

LC90 value of 0.0915 μg mL-1. Ezemuoka et al. (2019) investigated the efficacy of 

aqueous extract of stem bark in bringing about mortality in A. aegypti. It was 

observed that with 12.50 µg mL-1 of the extract, there was 38.70 per cent 

mortality and the mortality was 87.10 per cent when the extract was concentrated 

to 200 µg mL-1.  

Kaushik and Saini (2008) recorded a mortality of 98.33 per cent in second 

instar larvae of C. quinquefasciatus on application of leaf extract of Indian cork 

tree, Millingtonia hortensis L. f. in acetone (300 ppm). Leaf extract of 

Zanthoxylum heitzii L. @ one per cent exhibited mortality in larvae of A. gambiae 

(Overgaard et al., 2014).  

Rahuman et al. (2009) reported that extracts of bush morning glory, 

Ipomea carnea Jacq. leaf in acetone, hot water, methanol and petroleum ether 

showed larvicidal activity against fourth stage larvae of C. quinquefasciatus. As 

per the research by Kim and Ahne (2017), LC50 values of extracts of Japanese 

pepper, Zanthoxylum piperitum (L.) DC bark in methanol, hexane and chloroform 
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towards third instar larvae of A. aegypti after 24 hours of exposure were 3.95, 4.21 

and 5.68 mg L-1 respectively. Permatasari and Sumanto (2019) claimed that LC50 

and LC90 values observed with methanol extracts of roots of D. elliptica in 

controlling larvae of A. aegypti were 1600 and 2040 ppm.  

The investigations by Thomas et al. (2004) demonstrated 100 per cent 

larvicidal property in essential oil of I. cairica in Culex tritaeniorhynchus Giles, 

A. aegypti, A. stephensi and C. quinquefasciatus at concentrations of 100, 120, 

120 and 170 ppm respectively. Kang et al. (2009) observed that rosemary oil 

resulted in nearly 50 per cent mortality in caged Culex pipiens pallens Coquillett, 

while citronella and lemongrass oil provided only 20 per cent kill, when all were 

applied in aerosol form at 1000 ppm. Cardol exhibited the strongest larvicidal and 

pupicidal effects and presented the most prolonged residual activity against larvae 

and pupae of A. aegypti and C. quinquefasciatus under field conditions (de 

Carvalho et al., 2019).  

2.1.3. Effect on Biology of Pests 

2.1.3.1. Leaf Feeders 

Cespedes et al. (2005) observed that application of methanolic root extract 

of bilberry cactus, Myrtillocactus geometrizans (Mart.) Console regulated growth 

in fall army worm, Spodoptera frugiperda (J. E. Smith). Application of Allyl 

Isothiocyanate (AITC), breakdown product of glucosinolates in cruciferous plants 

resulted in 100 per cent mortality of S. litura @ 3125 ppm. There was also 

reduction in adult emergence and larval growth indices with the application of the 

compound (Bhushan et al., 2016). Kovarikova and Pavela (2019) suggested that a 

blend of neem and karanj oil in the ratio 1:1 was more effective against                

L. decemlineata (LC50 value of 0.065 g L-1) than either of them applying alone.  

According to Pavunraj et al. (2006), hexane extract from leaves of 

blinding tree, Excoecaria agallocha L. @ 5% deterred oviposition and caused 

ovicidal activity in S. litura. Baskar et al. (2011) noticed that larval period was 

extended in S. litura with the application of leaf extract of A. tagala in ethyl 
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acetate. Application of root extracts of W. somnifera resulted in disruption of 

moulting and changes in normal metamorphosis leading to a number of 

developmental aberrations such as prolongation of the pre-pupal life span, delay 

in pupal-adult ecdysis, reduced rate of pupation and adult emergence, formation 

of larval-pupal and pupal-adult intermediates, abnormal pupae and adultoids in     

S. litura and castor hairy caterpillar, Pericallia ricini F. (Gaur and Kumar, 2020). 

Methanol extract from leaves of yellow oleander, Thevetia nerifolia Juss. 

ex A. Dc. caused inhibition in pupation and adult emergence by 29.60 and 22.30 

per cent respectively in S. litura (Ray et al., 2012). Yogesh et al. (2013) reported 

that methanolic extracts from leaves of carrot grass, Parthenium hysterophorus L. 

and croftonweed, Ageratina adenophora (Spreng.) @ 10% each caused 

deformations in all instars of S. frugiperda. Methanolic extract from leaves of felt 

bush, Kalanchoe beharensis Drake and long-flower kalanchoe, Kalanchoe 

longiflora Schltr. inhibited adult emergence in S. littoralis by 73.30 and 93.30 per 

cent respectively (Ghaly et al., 2014).  

Selvamuthukumaran and Aruvudainambi (2010) reported that application 

of lactone glycoside present in garari, Cleistanthus collinus (Roxb.) Benth 

reduced adult emergence in S. litura. The percent emergence inhibition ranged 

from 40.00 to 86.67 per cent, 33.33 to 73.33 per cent and 26.67 to 60.00 per cent 

at 0.1 to 0.5 ppm against third, fourth and fifth instars each. Ge et al. (2015) 

observed that application of 10 to 40 mg L-1 of alkaloids from dog strangling-vine, 

Cynanchum mongolicum Yang reduced the rates of pupation and emergence rates 

of S. litura and mortality rate increased on third day. Magierowicz et al. (2020) 

noticed that oviposition of snout moth, Acrobasis advenella (Zinck.) was 

detrimentally affected when the fruits of black chokeberry (Aronia melanocarpa 

[Michx.] Elliot) were treated with aqueous extracts of T. vulgare (2.43 per cent) 

and summer savory, Satureja hortensis L. (3.89 per cent).  

Adverse effect of essential oil from clove on fecundity and egg viability in                   

S. frugiperda was reported by Cruz et al. (2016). Zhong et al. (2017) observed 

that azadirachtin caused prolongation in larval development and pupal duration of 

coconut spike moth, T. rufivena. It was seen that the development of second 

16



instars fed with leaves treated with LC25 (11.35 mg L-1), LC50 (28.79 mg L-1) and 

LC90 (160 mg L-1) of azadirachtin was prolonged by 8.50, 11.20 and 18.40 per 

cent respectively.  

2.1.3.2. Sucking Pests 

Azadirachtin @ 200 ppm affected the survival of pupae of green 

lacewing, Mallada signatus (Schneider) (Qi et al., 2001).  

2.1.3.3. Storage Pests 

Keita et al. (2001) reported application of essential oil from clove basil, 

Ocimum gratissimum L. detrimentally affected egg hatching and adult emergence 

in C. maculates. The findings by Germinara et al. (2017) revealed the fumigant 

and toxic effects of essential oil of English lavender, Lavandula angustifolia Mill. 

against adults of S. granarius.  

2.1.3.4. Other Pests 

Aarthi and Murugan (2012) observed that the eggs of A. stephensi did not 

hatch at all on application of crude ethanol extract of vetiver grass, Vettiveria 

zizanoides (L.) Roberty @ 375 ppm. Saranya et al. (2013) observed that aqueous 

leaf extract of African tulip tree, Spathodea campanulata P. Beav. affected the 

larval morphology of A. aegypti resulting in dechitinized larva with damaged 

digestive tract and attachment of exuvia of the proceeding instar with the cadaver. 

Ahbirami et al. (2014) reported that acetone extract of I. cairica leaf resulted in 

darkening or blackening of abdomen and twisted abdomen in larvae of A. aegypti 

and A. albopictus respectively and LC50 values were observed to be 101.94 and 

105.59 ppm each against both the pests.  

Use of leaf extracts of Alexandrian laurel balltree (Calophyllum 

inophyllum L.), wild eggplant (Solanum surattense) and snake jasmine 

(Rhinocanthus nasutus (L.) Kurz) inhibited adult emergence in mosquitoes by 50 

per cent (Muthukrishnan and Puspalatha, 2001). The findings by Arivoli and 

Samuel (2011) reported that dichloromethane extract of the plant bitter apple, 
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Citrullus colocynthis (L.) Schrad was found to be effective against larval                              

C. quinquefascaitus (LC50 value - 240.36 ppm). They also witnessed stunted 

larval and pupal development, increase in larval and pupal periods, decrease in 

pupal transformation and adult emergence. There were ovicidal effect and delay in 

egg hatching in A. stephensi. The findings by Al-Rahimy and Al-Essa (2019) 

indicated that aqueous and chloroform extracts of roots, stem and leaves of 

English mint, Mentha spicata L. inhibited adult emergence in the mosquito Culex 

molestus Forskal when treated on fourth instar larvae of the insect.  

The findings by Arivoli and Samuel (2011) reported that dichloromethane 

extract of the plant C. colocynthis was found to be effective against larval            

C. quinquefascaitus (LC50 value - 240.36 ppm). They also witnessed stunted 

larval and pupal development, increase in larval and pupal periods, decrease in 

pupal transformation and adult emergence. There were ovicidal effect and delay in 

egg hatching in A. stephensi. Ojiako et al. (2015) observed that application of 

pyrethrum @ 0.25 g, 0.5 g and 0.75 g per 100 mL of water reduced the population 

of termite white grub (Holotrichia serrata F.) and grasshopper (Oedaleus 

nigeriensis Uvarov) in groundnut field to 3.25, 2.50, 2.10 when compared to 4.09, 

3.62, 3.42 respectively in unsprayed plots at 4, 6 and 8 Weeks After Planting 

(WAP). Treatment of melon fly, Bactrocera cucurbitae (Coquillett) with extracts 

of gum Arabic tree, Acacia nilotica (Linn.) bark in ethanol and acetone in various 

concentrations from 1 to 625 ppm witnessed changes in developmental period of 

the pest (Vasudev et al., 2015). 

Fatima et al. (2011) reported that in C. quinquefasciatus, the highest 

Oviposition Deterrent Index (ODI) was observed with 0.5% Azadirachta indica 

A. Juss. (neem) extract and the lowest ODI was in 0.1% Momordica charantia L. 

extract. Application of sublethal concentration of acetone and hexane extracts of 

Ruta chalepensis L. induced sterility in larvae of C. pipiens, which was indicated 

by sterility indices. These values were 61 and 55 per cent respectively (El-Bokl, 

2016). Hexane extract of citronella grass, Cymbopogon nardus (L.) Rendle 

deterred oviposition and inhibited adult emergence in C. quinquefasciatus (Ilahi et 

al., 2019).  
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2.2. MANAGEMENT OF INSECT PESTS  

2.2.1. Botanical Insecticide Formulations 

2.2.1.1. Emulsifiable Concentrate (EC) 

Puripattanavong et al. (2013) reported that concentrated emulsion 

containing 0.1% w/w of nicotine developed using tween 80 and span 80 as 

surfactants showed aphidicidal activity under field conditions. Zuleta-Castro et al. 

(2017) developed an emulsion using ethanol extract of neem and reported that 

0.3% of the formulation resulted in 1.90 per cent reduction in leaf area attack by                 

S. frugiperda. Sundaran and Faizal (2018) observed that the treatments Cashew 

Nut Shell Liquid (CNSL) 0.2% and neem oil emulsion 2% resulted in 64 and 58 

per cent mortality respectively in chilli aphid, Aphis gossypii Glover at 24 HAT.  

Application of Emulsifiable Concentrate (EC) formulation from bitter 

bean, Sophora alopecuroides L. extract at 20 and 30 mg mL-1 each resulted in 

15.97 and 31.97 per cent reduction in the number of eggs hatched in Asian citrus 

psyllid (Rizvi et al., 2019). There was also reduction in honeydew production 

(72.86 and 85.50 per cent each) in comparison with control. Purkait et al. (2019) 

reported the efficacy of EC formulations from A. squamosa extract against           

B. brassicae (4000 ppm) in terms of mortality (80.70 per cent). Meanwhile, 

mortality rates were 70.60 and 45.10 per cent each with pongamia, Milletia 

pinnata (L.) Panigrahi and yam bean, Pachyrhizus erosus (L.) Urb. Application of 

emulsion containing A. paniculata, pongamia oil and triton X-100 (7:2:10) @ 5 

per cent witnessed the lowest population of aphids, thrips and mites in chilli 

(Bhavyashree, 2019).  

Tang and Hou (2008) reported that microemulsion developed from 

chamaejasmin exhibited insecticidal activity against groundnut aphid, Aphis 

craccivora C. L. Koch and C. pipiens, with LC50 values being 47.93 and 31.78 mg 

L-1 respectively. According to Min and Yueguan (2009), microemulsion 

developed from Piper sarmentosum Roxb. was toxic to aphids with LC50 value of 

7.110 mg L-1. Fernandes et al. (2014) developed microemulsion from ethanolic 

extract of fruits of Manilkara subsericea (Mart.) Dubard and claimed that it 
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exhibited insecticidal activity in cotton stainer, Dysdercus peruvianus Guerin-

Meneville. Microemulsions prepared by encapsulating essential oils from anise 

burnet (Pimpinella anisum L.), ajwain (Trachyspermum ammi Sprague) and sea 

fennel (Crithmum maritimum L.) exhibited toxicity against mosquito larvae, with 

LC50 values in the range 1.45 to 4.01 mL L−1. There was also high larval mortality 

and lower adult emergence (Pavela et al., 2019). Microemulsion of cinnamon 

essential oil prepared using tween 80 and anhydrous ethanol repelled rice weevil 

completely after 48 hours of treatment. Mortality rates observed by contact and 

fumigant action were 96.67 and 86.67 per cent respectively, after 96th h of 

treatment (Shi et al., 2021). 

Campolo et al. (2017) developed nanoemulsions using essential oil from 

citrus peel and established its lethal and sublethal effects on T. absoluta. 

Microemulsions containing essential oils from rosemary (Rosmarinus officinalis 

L.), peppermint (Mentha piperita L.) and gum tree (Eucalyptus globules L.)  and 

extract of garden thyme (Thymus vulgaris L.) showed insecticidal activity and 

oviposition deterrent effects on B. tabaci were tested under greenhouse conditions 

(Bolandnazar et al., 2018). As per the findings by Sharma et al. (2019), 

application of neem oil based nanoemulsion caused mortality in S. litura with 

LD50 value of 10%. Essential oil from roots of silver thistle, Carlina acaulis L. 

containing 0.5% of essential oil showed LC50 value of 579.10 μLL−1 against 

mosquitoes (Pavela et al., 2019). Nanoemulsions of azadirachtin exhibited 86.6 

per cent insecticidal effect against the mosquito, C. quinquefasciatus (Anjali et 

al., 2012). Nanoemulsions developed using crude extract from D. elliptica was 

toxic to the adults of B. tabaci with LC50 value of 3.70 ppm at 96 HAT (Omar et 

al., 2016). Lina et al. (2020) developed nanoemulsions from T. vogelii and 

claimed that it caused more than 50 per cent mortality in C. pavonana. 

2.2.1.2. Wettable Powder (WP) 

Lina et al. (2018) reported cent per cent mortality in cabbage cluster 

caterpillar, Crocidolomia pavonana (F.) when treated with formulation of WP 

formulations prepared using the extracts from T. vogelii and spiked pepper, Piper 

aduncum L. 
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2.2.1.3. Soluble Powder (SP) 

The bioactive compounds azadirachtin and β-asarone developed as WP 

formulation using β- methyl cyclodextrin exhibited mortality (20.00 per cent)  and 

weight loss (43.50 per cent)  in larvae of S. litura (Chandrashekara et al., 2014). 

2.2.1.4. Water Dispersible Powder (WDP) 

Kala et al. (2017) opined that WDG formulation prepared using neem oil 

and metallic nanoparticles exhibited 42 per cent antifeedant effect against             

S. litura. 

2.2.1.5. Hydrogels 

Hydrogels containing essential oils entrapped in zein nanoparticles 

presented more than 80 per cent repellency against whitefly (Bemisia tabaci 

(Gennadius)) and two-spotted spider mite (Tetranychus urticae Koch) (de 

Oliveira et al., 2019). 

2.2.1.6. Capsules 

Purkait et al. (2021) developed capsule formulations from pongamia oil by 

coating with polyurea and established its lethality on 2nd instar larvae of silk moth, 

Bombyx mori (L.) (LC50 - 1.10% and LC90 - 5.90%). Application of 4% of the 

formulation also reduced the population of aphids from 67.00 to 71.80 per cent 

and white fly from 62.40 to 74.80 per cent in aubergine after 7 to 14 days of 

application. 

Nanocapsules developed from extract of eucalyptus exhibited mortality in 

adults of M. persicae with LC50 value of 14.93 mg mL-1 (Khoshraftar et al., 2019).  

2.2.1.7. Granules 

Wiwattanapatapee et al. (2009) developed water dispersible granules using 

Derris extract and claimed that it was effective in reducing the population of        

S. litura.  

2.2.1.8. Aerosols 

Misni et al. (2011) reported 80 per cent mortality in A. aegypti and 71.60 

per cent mortality in A. albopictus with the application of aerosol formulation of 

essential oil from P. aduncum. Meanwhile, Bakar et al. (2012) opined that 
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essential oil from paper bark tree, Melaleuca cajuputi Powell @ 5% when 

formulated into aerosols resulted in mortality of 22.90 and 20.00 per cent each in 

both these insects.  

2.2.1.9. Pellets 

Pellet formulation containing 1,8-cineole was prepared by Marzanghi et 

al. (2013) and reported it was lethal to C. chinensis and LC50 and LC95 values 

were  0.017 and 0.050 mL L-1 air respectively. 

2.2.2. Botanical Insecticides 

2.2.2.1. Neem based Insecticides 

The commercial formulation of neem, NeemAzal, exhibited 83 per cent 

mortality in melon thrips, Thrips palmi Karny when it was applied at 0.05% v/v 

(Avilés et al., 2001). Susaimanickam et al. (2012) determined the effectiveness of 

a formulation based on neem and pungam oils (PONNEEM), against H. armigera 

and S. litura.  

Islam et al. (2011) observed that application of neemazal @ 5mL-1 of water 

reduced the population of hadda beetle, Henosepilachna vigintioctopunctata F. to 

the extent of 64 per cent. Packiam et al. (2012) reported that 20 µL L-1 of 

PONNEEM (a formulation containing azadirachtin and karanjin) resulted in 77.48 

per cent deterrence in feeding activities by S. litura and H. armigera. Pinto et al. 

(2013) reported that commercial product Neemseto® controlled cotton aphid 

(Aphis gossypii Glover) completely. The LC50 value of NeemAzal T/S, containing 

1% of Azadirachtin A was 0.075 g L−1 and that of Rock Effect, another 

formulation was 0.582 g L−1 on 2 DAT (Kovarikova and Pavela, 2019).  

2.2.3. Chemical Insecticides 

2.2.3.1. Malathion 50 EC 

Treatment with malathion 50 EC (250 g a.i. ha-1)  during 50 per cent 

flowering stage resulted in 98.70 per cent mortality in blister beetles, Mylabris 

pustulata Thunberg and Epicauta spp. (Boopathi et al., 2009). Sisay et al. (2019) 

claimed that malathion 50 EC was moderately effective against S. frugiperda with 

a mortality of 51.70 per cent at 72 HAT. Application of malathion 50 EC @ 

0.05% along with the usage of yellow sticky traps reduced the population of white 
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fly (2.08 per cent) and jassids (3.98 per cent) in okra (Nath et al., 2020). Kumar et 

al. (2020) observed that application of malathion 50 EC reduced the incidence of 

H. armigera in fruits of tomato by 85.04 per cent. 
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Materials and Methods 

 



3. MATERIALS AND METHODS 

The present study was carried out in the Department of Agricultural 

Entomology, College of Agriculture, Vellayani, Kerala and Council of Scientific 

and Industrial Research – National Institute for Interdisciplinary Science and 

Technology (CSIR-NIIST), Thiruvananthapuram during 2018 to 2021. The study 

was conducted with the objectives of isolation and and identification of the 

bioactive compounds from the bark and seed of S. indica, and to develop 

bioformulations against Diaphania indica Saund. and Henosepilachna septima 

(Dieke). 

3.1. SCREENING OF VARIOUS PARTS OF THE PLANT FOR 

INSECTICIDAL PROPERTIES  

3.1.1. Maintenance of Insect Culture 

3.1.1.1. Diaphania indica 

First instar larvae of D. indica were collected from snake gourd growing 

fields of Thiruvananthapuram district and transferred to a container (30 × 15 cm) 

covered with muslin cloth. The larvae were provided with fresh tender leaves of 

snake gourd daily till pupation. Pupae were left undisturbed for the emergence of 

adults and these adults were provided with 10% honey solution as food. The 

container was covered with a black cloth to facilitate easiness in oviposition. 

Whitish coloured eggs were seen scattered around the sides of the container and 

on the cloth. The insect culture thus developed was used for further studies (Plate 

1). The species was confirmed with Indian Agricultural Research Institute (IARI), 

New Delhi (Plate 2).  

3.1.1.2.Henosepilachna septima 

Egg masses of H. septima were collected from host plants at various parts 

of Thiruvananthapuram district and kept in a Petri plate for hatching. The hatched 

out grubs were transferred to a container (30 × 15 cm) covered with muslin cloth 

and were provided with tender leaves from snake gourd daily. Fresh leaves were 

provided to the grubs till pupation. Further, pupae were left undisturbed for 
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 emerging as adults. Emerged adults were fed with leaves smeared with droplets 

of vitamin E tablets to facilitate egg laying. Cigar shaped yellowish eggs were laid 

on the sides and top of the container. Eggs were transferred into Petri plate, and 

on hatching the grubs were transferred into a rearing jar (size). The insect culture 

thus developed was used for further studies (Plate 3). The species identity was 

confirmed with National Research Centre for Banana (NRCB), Trichi (Plate 4). 

3.1.2. Processing of Plant Parts 

Niepa bark tree (Samadera indica (Gaertn.) (family Simaroubaceae) was 

used for the isolation of active principles to prepare bioformulation againt the 

targeted pests.  The identity of the tree was confirmed by the Department of 

Botany, University of Kerala, Kariavattom, Kerala, India,  and a voucher 

specimen was deposited in the herbarium of this Department with the Accession 

Number KUBH 11062 (Plate 5). 

3.1.2.1. Collection and Processing of Samadera indica Bark 

Bark of S. indica (Plate 6) was collected from various parts of Alappuzha 

district in polythene bags free of moisture. It was chopped into small pieces of 

approximately three to five cm and shade-dried at 28±5ºC for three weeks. This 

was then ground into powder and stored in airtight containers for making aqueous 

and solvent extracts. 

3.1.2.1.1. Extracts from Bark 

Different concentrations of the extracts from the powdered bark of            

S. indica were prepared by cold extraction method (Wetwitayaklung et al., 2007) 

(Plate 7). Sequential extraction method was employed wherein 20 g of powder of 

the bark was dissolved in 150 mL of n-hexane, acetone, ethyl acetate, ethanol and 

distilled water successively. The solvents were added in the order of increasing 

polarity. All the solvents chosen for the experiment were of HPLC grade. These 

were then stirred using a Remi rotary shaker for 72 h and the filtrates were  

separated out through cheese cloth and Whatman No. 1 filter paper successively.  
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              Plate 1. Rearing of Diaphania indica 

Plate 1B. First instar larvae of      

D. indica 

Plate 1C. Pupation of D. indica    

    within container 

Plate 1D. Pupae  Plate 1E. Adults feeding on   

honey solution 

              Plate 1A. Larvae kept within rearing jar 



  

Plate 2. Developmental stages of Diaphania indica 

A. Egg                                                                                   B. Larvae 

C. Pupa D1. Adult male D2. Adult female 

 

 



  

   Plate 3. Rearing of Henosepilachna septima 

 

              Plate 3. Rearing of Henosepilachna septima 

      Plate 3A. Grubs of H. septima     

  within rearing jar 
            Plate 3B. Egg mass  

             Plate 3C. Egg mass prior to hatching                  Plate 3D. Second instar grubs 

                    Plate 3E. Pre-pupa                                Plate 3F. Pupa 

  



  

C. Pupa                          D. Adult  

B. Grub 

Plate 4. Developmental stages of Henosepilachna septima 

         A. Egg mass 



 

  

Plate 5. Samadera indica 

   Plate 6. Dried bark of Samadera indica  Plate 8. Seeds of Samadera indica  

 

 



 

  

A. Powdered bark/seeds 

B. Addition of plant powder to 

solvents 

C. Shaken using rotary shaker 
D. Filtration using cheese cloth and      

 Whatman No. 1 filter paper 

F. Solvent-free extract used for extract level 

studies 

E. Evapouration of solvents using 

rotary vacuum flash evapourator 

Plate 7. Cold extraction method 



The filtrate was further subjected to evaporation using Heidolph rotary 

vacuum flash evaporator to obtain solvent-free extract. 

3.1.2.2. Collection and Processing of Samadera indica Seeds 

Seeds of S. indica (Plate 8) collected from trees during June – July from 

various parts of Alappuzha district were decorticated and shade-dried at 28±5ºC 

for three weeks. Grinding these into powder, those were stored in airtight 

containers for preparing extracts. 

3.1.2.2.1. Extracts from Seeds 

Extracts from seeds were prepared by cold extraction method as described 

in 3.1.2.1.1. Further experiments were carried out using this extract, which was 

preserved in refrigerated condition.  

3.1.3. Preparation of Neem Seed Kernel Extract (NSKE) 

 Neem seeds (50 g) ground into coarse powder were stored in muslin cloth 

bag. It was immersed in 1 L of water and after keeping it overnight, the cloth bag 

was squeezed thoroughly till clear liquid is obtained. 

3.1.4. Effect of Bark Extracts of Samadera indica on Diaphania indica 

3.1.4.1. Estimation of Lethal Doses 

Solvent extracts at varying concentrations, ranging from 0.5 to 5% as fixed 

by trial and error method were sprayed on the larvae (20 nos.) taken in a Petri 

plate using potter precision laboratory spray tower. The larvae were provided with 

fresh leaves of snake gourd daily. Mortality of the larvae were observed for a 

period of 72 h and expressed in percentage (Paramasivam and Selvi, 2017).The 

data was subjected to probit-dose analysis to obtain LD50 and LD90  values using 

the software GRAPES (General R-shiny based Analysis Platform Empowered by 

Statistics), developed by KAU (Kerala Agricultural University). 

The extracts at LD50 and LD90 were taken for further experiments 

involving the assessment of antifeedant effect, insecticidal effect and effect of 

extracts on biology of the test insect, D. indica.   
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3.1.4.2.Assessment of Antifeedant Effect 

Antifeedant effect of S. indica extract at LD50 and LD90 of the extracts 

were tested by no-choice method (Bentley et al., 1984). Leaf discs of 

approximately 5 cm diameter were taken and sprayed with LD50 and LD90 of the 

extracts. A third instar larva pre starved for four hours was kept in the leaf disc 

after removing excess moisture from the leaves. Care was taken to avoid drying of 

leaves by wrapping moist cotton on the petioles. The experiment was conducted 

in CRD with 10 treatments and three replications. 

Quantity of leaf consumed by the larvae (W) at 24, 48 and 72 HAT was 

calculated by the formula  

W = W1 – W2 

where  

W1 - Weight of remaining leaf disc after consumption by larvae on previous 

day.W2 – Weight of leaf disc after consumption by larvae on that day  

The following were the treatments applied: 

T1: LD50 of hexane extract  

T2: LD90 of hexane extract  

T3: LD50 of acetone extract  

T4: LD90 of acetone extract  

T5: LD50 of ethanol extract  

T6: LD90 of ethanol extract   

T7: LD50 of aqueous extract  

T8: LD90 of aqueous extract  

T9: NSKE 5% (Check) 

T10: Distilled water  
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3.1.4.3.Assessment of Insecticidal Effect 

Insecticidal effect of S. indica extract at LD50 and LD90 was estimated, 

wherein second instar larvae were treated with the extract topically (Pung and 

Srimongkolchai, 2011).Three replications of each treatment were done with 

twenty insects in one replication. Percentage mortality was calculated using the 

formula given by Abbot (1925). 

Treatments given were as, except T9 that was Malathion 50 EC @ 0.1% 

(Check). 

3.1.4.4. Assessment of Effect on Biology of Diaphania indica 

The effect of bark extracts of S. indica on the biology of D.indica was 

studied by observing deformed larvae/pupae/adults, larval duration (days), pupal 

weight (g), pupal duration (days), adult longevity (days), fecundity (nos.), egg 

hatchability (nos.), pre-oviposition period (days) and incubation period of eggs 

(days). Here, topical application of the extract was carried out. Second instar 

larvae of D. indica, 20 nos. each, were topically applied with the insecticides 

mentioned under 3.1.4.2.  

3.1.4.4.1. Deformities in Larvae, Pupae and Adults 

 

 Larvae, pupae and adults emergence were observed for malformations due 

to the treatments.  

3.1.4.4.2. Effect on Larval Duration  

Mean number of days required from second instar larval stage till the 

completion of last larval instar was observed.  

3.1.4.4.3. Effect on Pupal Weight  

 Mean weight of pupa (g) was recorded from those that have been 

developed from plant extract treated larvae. 

3.1.4.4.4. Effect on Pupal Period  

Mean time period between the onset of pupal development and adult 

emergence was estimated. 
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3.1.4.4.5. Effect on Adult Longevity 

The effect of S. indica extracts in altering the life span of adults of            

D. indica was assessed.  

3.1.4.4.6. Effect on Fecundity, Egg Hatchability, Pre-oviposition Period and 

Incubation Period 

The effect of S. indica extracts on fecundity, hatching of eggs, alteration in 

pre-oviposition period and incubation period of eggs in comparison to control was 

studied on adults emerging from topically treated larvae.  

3.1.5. Effect of Bark Extracts of Samadera indica on Henosepilachna septima 

3.1.5.1.Estimation of Lethal Doses 

The grubs (20 nos.) were sprayed with S. indica seed extracts at varying 

concentrations, ranging from 0.5 to 15% as fixed by trial and error method. 

Mortality of the insects was observed for a period of 72 h and expressed in 

percentage. LD50 and LD90 of the extract were obtained from probit-dose analysis 

done using the software GRAPES.  

The extracts at LD50 and LD90 were taken for further experiments 

involving the assessment of antifeedant effect, insecticidal effect and effect of 

extracts on biology of the insects as in 3.1.4.  

3.1.5.2.Assessment of Antifeedant Effect, Insecticidal Effect and Effect on 

Biology of Insects 

Antifeedant effect of S. indica bark extract at LD50 and LD90 was tested by 

no-choice method (Bentley et al., 1984) as in 3.1.4.2. Insecticidal effect of                 

S. indica extract at LD50 and LD90, expressed as percentage mortality was 

estimated as per the method described in 3.1.4.3. The effect of bark extract of       

S. indica on various parameters of insect biology was studied as in 3.1.4.4. 

3.1.6. Effect of Seed Extracts of Samadera indica on Diaphania indica 

3.1.6.1. Lethal Doses 
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Various doses of aqueous and crude extracts ranging from 0.5 to 15 per 

cent were checked for mortality in second instar larvae of D. indica as in 3.1.4.1. 

and LD50 and LD90 were estimated using the software GRAPES. These values 

were used for further estimation of antifeedant effect, insecticidal effect and effect 

on biology of insects. 

3.1.6.2. Antifeedant Effect 

 Antifeedant effect of S. indica extract was assessed by no-choice method 

by Bentley et al. (1984) as in 3.1.4.2.  

3.1.6.3. Insecticidal Effect 

Insecticidal effect of S. indica seed extracts on D. indica was studied by 

topical application as in 3.1.4.3.  

3.1.6.4. Effect on Biology of Insects 

  The effect of seed extract of S. indica on various parameters of insect 

biology was studied as in 3.1.4.4. 

3.1.7. Effect of Seed Extracts of Samadera indica on Henosepilachna septima 

3.1.7.1. Lethal Doses 

Aqueous and crude extracts of various doses concentrations ranging from 

0.5 to 15% were tested for mortality in second instar grubs of H. septima as in 

3.1.4.1. and LD50 and LD90 values were estimated using the software GRAPES. 

Studies on antifeedant effect, insecticidal effect and biology of insects were 

studied using these values. 

3.1.7.2. Antifeedant Effect 

 Feeding deterrence of H. septima towards seed extract of S. indica was 

evaluated by no-choice method developed by Bentley et al. (1984). Experimental 

set up and observations were as in 3.1.5.2.  

3.1.7.3. Insecticidal Effect 
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Mortality of H. septima on the application of S. indica seed extract was 

studied as in 3.1.5.3.  

3.1.7.4. Effect on Biology of Insect 

 The effect of seed extract of S. indica on various parameters of insect 

biology was studied as in 3.1.5.4.  

3.1.8.Fractionation of Effective Extract 

  To isolate the bioactive compounds from the bark and seed of S. indica, 

the solvent extract was subjected to column chromatography followed by Thin 

Layer Chromatography (TLC). Column chromatography was performed with a 

column of 90 cm length and 4.50 cm width. The base of the column was closed 

with a small bit of cotton and it was placed in position using a long glass rod. 

Silica gel (100 to 200 mesh) was mixed with n-hexane to form slurry and this was 

poured into the column using a funnel. Sides of the column were tapped 

intermittently for better adsorption of hexane onto silica and excess hexane was 

removed through nozzle at the bottom. After filling three-fourth of the column 

with hexane slurry, 1 g of sample was loaded on the top and a layer of cotton was 

kept above it. Hexane that was retained above cotton was eluted out. Then the 

packed column was left as such for half an hour for better adsorption of 

compounds with silica gel. After this, the column was eluted using a solvent 

system comprising of non-polar solvents followed by polar solvents (gradient 

elution technique). Elution rate was 5 to 10 drops per minute. 

The following were the mobile phases used in column chromatography: 

Hexane – 100% 

Hexane: Ethyl acetate – 95:5 

Hexane: Ethyl acetate – 90:10 

Hexane: Ethyl acetate – 85:15 

Hexane: Ethyl acetate – 80:20 

Hexane: Ethyl acetate – 75:25 

Hexane: Ethyl acetate – 70:30 
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Hexane: Ethyl acetate – 65:35 

Hexane: Ethyl acetate – 60:40 

Hexane: Ethyl acetate – 50:50 

Hexane: Ethyl acetate – 40:60 

Hexane: Ethyl acetate – 20:80 

Hexane: Ethyl acetate – 10:90 

Ethyl acetate – 100% 

Ethyl acetate: Methanol – 95:5 

Ethyl acetate: Methanol – 90:10 

Ethyl acetate: Methanol – 40:60 

Methanol – 100% 

From each eluent system, certain number of fractions (10 mL each) were 

collected (based on colour change) in 15 mL test tubes. These fractions were then 

concentrated using a rotary evaporator at 50°C to obtain dry powder.  

Few drops of DMSO (Dimethyl sulfoxide) were added to dry powder to 

solubilise it and the powder in dissolved form was spotted onto a TLC (silica 

coated) plate using capillary tube and the plate was left to dry. This plate was kept 

in a solvent chamber containing solvent combination from which the dry powder 

was obtained. Once the solvent rose to three-fourth of TLC plate by capillary 

action, the plate was removed from solvent, dried under room temperature and 

visualized under Ultra Violet (UV) torch to observe the fractions containing UV 

active compounds.  

3.2.BIOEFFICACY STUDY OF ISOLATED BIOACTIVE COMPOUND 

Detection of Retention Factor (Rf) is important for identifying and 

combining UV active fractions which contain bioactive compounds. Retention 

Factor (Rf) was calculated for UV active fractions using the equation 

Rf = Distance travelled by the solute (spot) (cm)/Distance travelled by solvent 

front (cm) 
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The concentrated sub-fractions from column chromatography with same 

Rf values, in combination, were clubbed together and checked for their efficacy on 

test insects. 

3.2.1. On Diaphania indica  

Concentrated fractions with same Rf value and no residual solvent were 

clubbed together and made upto 5, 2.5 and 1.25% levels each, using distilled 

water. Addition of DMSO facilitated easy mixing of the fractions in distilled 

water. Bioefficacy of the prepared extract fractions were assessed on second 

instar larvae of D. indica. The experiment was conducted in CRD with four 

replications. Check treatments were neemazal @ 0.2% and malathion 50 EC @ 

0.1% 0.1%. Observations were taken on quantity of leaf consumed by the treated 

larvae at 1, 3, 5 and 7 days after treatment (DAT) and mortalityat 24, 48 and 72 

HAT. 

3.2.2. On Henosepilachna septima 

Bioefficacy of chromatographic fractions was tested on second instar 

grubs of H. septima as in 3.2.1. 

3.3. STRUCTURAL CHARACTERISATION OF THE BIOACTIVE 

COMPOUND 

 The chromatographic fraction containing effective bioactive 

compound/compounds isolated from 3.2. were compared for their similarities 

with the marker compounds (quassinoids). Quassinoids were identified using 

NMR technique. For NMR, proton (1H) and carbon (13C) NMR experiments were 

employed. Structures of the compounds were drawn using ChemDraw software, 

developed by PerkinElmer Informatics. 

3.4. DEVELOPMENT OF SUITABLE FORMULATIONS OF BIOACTIVE 

COMPOUNDS 

Formulations of extracts containing bioactive compounds were developed 

with the objectives of enhanced availability at the target site, easiness in delivery 

and better storage life. Suitable formulations containing effective bioactive 
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compound/compounds were developed by temperature of inversion phase 

technique (Fernandes et al., 2013). Formulations were prepared by adding extract 

containing active ingredient/bioactive compound, emulsifier/surfactant and 

solvent in suitable proportions. The emulsifiers and suitable proportions were 

standardized based on HLB (Hydrophilic Lipophilic Balance) values.  

3.4.1. Stability of Formulation 

The stability of the formulation was assessed for a period of one week by 

physical tests described by BIS (Bureau of Indian Standards), 1987.  

3.4.1.1. Colour of Formulation 

 Colour of the formulations was noticed for a period of one week.  

3.4.1.2. Appearance of Formulation 

 The formulations were checked for their oily or viscous nature.  

3.4.1.3. Filter Paper Test 

 The formulations were added to filter paper and checked for the pattern of 

spreading.  

3.4.1.4. Acidity 

 Acidity of the formulations was estimated using pH meter. 

3.4.1.5. Electrical Conductivity (EC) 

 Electrical Conductivity (EC) was estimated using EC meter and expressed 

in µS. 

3.4.1.6. Cold Test 

 Hundred mL of formulations each were taken in a beaker and cooled to 

10ºC. These were stirred intermittently for 1h and thereafter examined for 

turbidity or separated oily/solid matter.  
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3.4.1.7. Heat Stability 

Test for heat stability was performed as per the procedure by Allawzi 

(2016). Formulations for analysis (100 mL) were taken in clean transparent 

containers and heated to 25, 35, 45and 55ºC on 7, 14, 21, 28 and 35th day. Then, 

they were cooled to room temperature and further examined for the presence of 

turbidity or separated oil/solid matter. 

3.4.1.8. Bloom Test 

Bloom test was done to rate the quality of emulsions in terms of creaming, 

sedimentation and presence of oil particles. It was done as per the procedure given 

by Bessette (2007). One mL of each of the formulations was added to 99 mL of 

distilled water by dipping the tip of the micropipette two cm into distilled water. 

The quality of emulsions was rated based on the bloom observed and emulsion 

was coded accordingly. 

Bloom rating Code Observations 

Excellent 5 White bulging emulsion with no oil droplets 

Good 4 White bulging emulsion with very few oil droplets 

Fair 3 White emulsion with some oil droplets 

Poor 2 Poor emulsion with many oil droplets 

Unacceptable 1 - 0 No emulsion with only oil droplets 

 

3.4.2. Bioefficacy Studies of Formulation  

 The insecticidal properties of formulation were assessed by subjecting the 

formulation to bioefficacy studies on test insects. 

3.4.2.1. On Diaphania indica 
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Based on LD50 and LD90 of effective extract, two effective doses of each 

of the two formulations were selected and tested for their efficacy against second 

instar larvae of D.indica by assessing mortality rate at 72 HAT. Design adopted 

for the experiment was CRD, with three replications. Neemazal @ 0.2% and 

malathion 50 EC @ 0.1% were taken as checks. Untreated larvae were taken as 

control. 

3.4.2.2. On Henosepilachna septima 

 Efficacy of two effective doses of each of the two formulations was 

assessed on second instar grubs of H. septima in terms of mortality at 72 HAT. 

Experimental set up and treatments adopted were same as in 3.4.2.1. 

3.4.3. Safety Evaluation of Formulation 

 Safety assay was carried out on pollinators and parasitoids. 

3.4.3.1. Evaluation of Safety to Pollinators 

 Among pollinators, safety test was done in Indian honey bees (Apis cerana 

indica (Fabricius)). For the experiment, formulations at effective dose and double 

the effective dose were smeared at the base of the round bottom container using 

cotton. Fifty per cent honey was also smeared on the sides of the container as food 

(Sharma and Abrol, 2005). Neemazal @ 0.2% and malathion 50 EC @ 0.1% have 

served as check treatments and the experiment was replicated thrice. There were 

10 insects per replication and observations were taken on the number of dead bees 

at 6, 12 and 24 HAT and expressed as percentage mortality. 

3.4.3.2. Evaluation of Safety to Parasitoids 

 Among parasitoids, the test insects chosen for safety assay were those that 

parasitize D. indica viz., Apanteles taragamae Viereck (Hymenoptera: 

Braconidae). Adults of A. taragamae were obtained from cocoons present on 

parasitised larvae of D. indica and the identity of the specimen was confirmed at 

Integrated Farming Systems Research Station, Karamana, Kerala. The test insects 
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were taken in a test tube and the mouth was covered with cheese cloth. The 

insects were treated by ‘dry film technique’ wherein the bottom of the test tube 

was coated with thin film of the extract and it was left to dry under air for a few 

seconds. The parasitoids were fed with 10% honey solution. Treatments were 

given at effective dose and double the effective dose (Desneux et al., 2006). 

Check treatments adopted were neemazal @ 0.2% and malathion 50 EC @ 0.1%. 

The experiment was replicated thrice with ten insects per replication. 

Observations were taken on the number of dead insects at 1, 3 and 5 DAT and 

expressed as percentage mortality.  

3.4.4. Shelf Life of Formulations 

3.4.4.1. Against Diaphania indica 

 Formulations A and B @ 0.5 and 1% were subjected to shelf life 

assessment by observing mortality of insects at 72 HAT for a period of six months 

at monthly intervals. The experiment was conducted in CRD with three 

replications, each containing twenty insects.  

3.4.4.2. Against Henosepilachna septima 

 Formulations A and B @ 0.5 and 1% were subjected to shelf life 

evaluation by observing mortality of grubs at 72 HAT for a period of six months 

at monthly intervals. Experimental design was CRD with three replications, each 

containing twenty insects.  

3.5. FIELD EVALUATION OF FORMULATION AGAINST LEAF FEEDING 

PESTS IN SNAKE GOURD 

 For field evaluation of effective formulation, snake gourd plants of variety 

Kaumudi were raised in pits with a spacing of 2 × 2 m (Plate 9). Seeds of snake 

gourd were procured from Department of Vegetable Science, College of 

Agriculture, Vellayani. The crop was raised in plots of size 6 × 2 m, as per 

Package of Practices recommendations of Kerala Agricultural University (KAU, 

2016).  
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Plate 9. Layout of experimental field 



 

Effective formulations developed in 3.4. at double the dose were evaluated 

for their efficacy against leaf feeding pests in snake gourd viz., D. indica and       

H. septima at vegetative stage and 50 per cent flowering. 

3.5.1. Efficacy of Formulation  

3.5.1.1. At Vegetative Stage  

3.5.1.1.1. Pest Population 

The effective dose of formulation standardized from 3.4.2.1. was tested in 

field at vegetative stage for its efficacy against leaf feeding pests by taking pre-

count and post-count of insects on alternate days of treatment upto one week. The 

experiment was laid in RBD with four treatments and five replications.  

The following were the set of treatments: 

T1: Effective treatment from 3.6.2.1. 

T2: Neemazal 1 % @ 0.2% 

T3: Malathion 50EC @ 0.1% 

T4: Untreated 

3.5.1.1.2. Damage on Leaves 

 Damage caused by pests was assessed on alternate days of treatment by 

counting the number of infested leaves out of 10 randomly selected leaves and 

expressed as percentage. 

3.5.1.2. At 50 per cent Flowering 

3.5.1.2.1. Pest Count 

 Data was collected on pre-count and post-count of insects as in 3.5.1.1.1. 

3.5.1.2.2. Damage on Leaves 

 Damage caused by leaf feeding pests was assessed on alternate days of 

treatment as in 3.5.1.1.2.  

3.6. STATISTICAL ANALYSIS  

The tabulated data were subjected to statistical analysis using one way 

analysis of variance after suitable transformations (Panse and Sukhatme, 1967).  
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4. RESULTS

The results of the work entitled "Development of formulations from

Samadera indica Gaetm. for the management of leaf feeding pests in snake gourd

(jTrichosanthes anguina L.)" carried out during 2018 to 2021 in the Department of

Agricultural Entomology, College of Agriculture, Vellayam and Council of

Scientific and Industrial Research — National Institute for Interdisciplinary

Science and Technology (CSIR-NIIST), Thiruvananthapuram is presented below.

The work was conducted under four main modules viz., bioefficacy of extracts

from seeds and bark of S. indica, identification of bioactive compounds in

effective extract, development of effective formulations containing bioactive
compoimds, field evaluation of the formulations against pumpkin caterpillar,
Diaphania indica Saund. and epilachna beetle, Henosepilachna septima (Dieke).

4.1. SCREENING OF BOTANICAL PREPARATIONS FOR INSECTICIDAL
PROPERTIES

4.1.1. Effect of Bark Extracts of Samadera indica on Diaphania indica

4.1.1.1. Estimation of Lethal Doses

Lethal doses of bark extracts of S. indica effective against D. indica,
expressed as LDso (Median Lethal Dose) and LD90 (Lethal Dose 90) are given in
Table 1. It was observed that LD50 values of the extract in hexane, acetone,
ethanol and aqueous extract were 1.66, 1.03, 1.51 and 2.38% respectively.
Meanwhile, values of LD« were 6.49, 7.05, 5.24 and 9.17% respectively. Dose-
response curve for D. indica in ethanol which exhibited lowest LDso value is
depicted in Fig.l.

4.1.1.2. Antifeedant Effect

Data on antifeedant effect showed signifieant difference among all the
treatments. Among the treatments NSKE 5% showed maximum antifeedant
activity at 24 HAT followed by ethanol extract @ 5.24%. The mean quanhty of

•  treatments was 0.19 and 0.21 g respectively,leaves consumed by larvae in these treatm
rn) 7 05% with mean leaf consumption of

This was followed by acetone extract @
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Table 1. Lethal doses of Samadera indica bark extracts in different solvents
against Diaphania indica

Solvents

Lethal Doses (%) df P value

LDso LD90

Hexane L66±0.88 6.49±0.29 0.013 8 1

Acetone 1.03±0.035 7.05±0.89 0.035 8 1

Ethanol L51±0.89 5.24±0.31 0.033 8 1

Water 2.38±0.88

•A -vroliiA 0

9.17±0.29 0.017

^ A AC 1 1

8 1

- Median Lethal Dose, LD90 - Lethal Dose 90

LDso-l.Sl

Fig. 1. Dose-response curve tor Diaphania indica n response to ethanol extract
from Samadera indica bark
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0.23 g. Next effective treatments were hexane extract @ 6.49% and aqueous
extract @9.17% which were on par. Mean quantity of leaf consumption in these
treatments was 0.25 and 0.26 g, each. In treatment with acetone extract @ 1.03%,

mean leaf consumption was 0.29 g. Followed by these were the treatments hexane
extract @ 1.66%, ethanol extract @ 1.51% and aqueous extract @ 2.38% which
exhibited statistical similarity. Mean leaf consumption in these treatments ranged
from 0.30 to 0.31 g. Larvae treated with distilled water consumed 0.34 g leaves
(Table 2).

At 48 HAT, it was observed that the extracts of S. indica in ethanol @
5.24% and acetone @ 7.05% exhibited similar degree of feeding repellence. The
mean quantity of leaves consumed by treated larvae was 0.18 g each. These
treatments were next to NSKE 5%, in which the mean leaf consumption was 0.16
g Effect of hexane extract @ 6.49% and aqueous extract @ 9.17% was
statisUcally similar to each other, with values 0.21 and 0.20 g respectively. Next

savtrart ̂ 2) 1 51% and it showed statistically significant
best treatment was ethanol extract (gj i i

superiority to hexane extract @ 1.66%. ethanol extract @ 1.51% and aqueous
extract @ 2.38%. The mean leaf consumption in these treatments ranged from

an flveraee of 0.37 g leaves in control.
0 23 to 0.26 g. Larvae consumed an average oi b

At 72 HAT it was noticed that the extracts of 5. indica in hexane @
6 49% ethanol @ 5.24%, acetone @ 7.05% and aqueous extract @ 9.17% were
statistically similar and the mean values were in the range of 0.16 to 0.17 g. These

.. MCITF 5% With mean value of 0.12 g. Next was the treatment withwere next to NSKE 5/0 wim I . . , . -i -a. -.u

^ , C1«/ rol9 K), which exhibited statistical sumlanty withethanol extract @ 1.51/o (.".i ^
^ o 170/ m 17 g) This was followed by hexane extract @aqueous extract @ 9.17/0 (U.i/ s;- ^^.,00/ -^i, 1 f

.  45) 1 03% and aqueous extract @ 2.38% with average leaf1.66%, acetone extract @ .
,  T in rnntrol treatment consumed an average ofconsumption of 0.22 g each. Larvae m control tr

0.43 g of leaves.

4.1.13. Insecticidal Effect
..A in terms of percentage mortality at 24, 48 andInsecticidal effect assessed m terms p

en rt Th^ data revealed statistically sigmficant difference
72 HAT is shown in Table 3. The , . .1. 1. 1

« TT A 7^ it was observed that the treatments with ethanol
all treatments. At 24 HAl,among
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Table 2. Antifeedant effect of bark extracts of Samadera indica in different
solvents on larvae of Diaphania indica

Solvents (%

*Mean leaf consumption (g)

Hexane(1.66)

Hexane (6.49)

Acetone (1.03)

Acetone (7.05)

Ethanol (1.51)

Ethanol (5.24)

Aqueous (2.38)

Aqueous (9.17)

Check (NSKE 5%)

Control

CD (0.05)

- Hours After Treatment; NSKE "
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Table 3. Insecticidal effect of bark extracts of Samadera indica in different 

solvents on larvae of Diaphania indica 

Solvents (%) 

                          *Mean larval mortality (%) 

HAT 

24  48             72  

Hexane (1.66) 
11.67 (19.89)d 46.67 (43.09)ef 51.67 (45.96)c 

Hexane (6.49) 
35.00 (36.27)b 61.67 (51.76)bc 90.00 (71.57)ab 

Acetone (1.03) 
11.67 (19.89)d 48.33 (44.04)e 53.33 (46.91)c 

Acetone (7.05) 
41.67 (40.20)a 63.33 (52.74)bc 91.67 (73.40)ab 

Ethanol (1.51) 
20.00 (26.57)c  53.33 (46.91)d 53.33 (46.91)c 

Ethanol (5.24) 
38.33 (38.25)ab 65.00 (53.73)ab 93.33 (75.24)a 

Aqueous (2.38) 
10.00 (18.05)d 43.33 (41.16)f 50.00 (45.00)c 

Aqueous (9.17) 
33.33 (35.25)b 60.00 (50.77)c 88.33 (70.12)b 

   Malathion 50 EC @ 0.1% 43.33 (41.16)a 68.33 (55.77)a 93.33 (75.24)a 

SE (m) 0.99 1.40 1.06 

Control 0e 0g 0d 

                CD (0.05) (3.759) (2.409) (3.928) 

 

HAT – Hours After Treatment; Figures in parentheses are arc sine transformed 

values 
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extract @ 5.24% and acetone extract @ 7.05% were statistically similar to 

malathion 50 EC @ 0.1% and the mean percentage mortality in the above 

treatments were 38.33, 41.67 and 43.33 respectively. This was followed by 

treatments with aqueous extract @ 9.17% and hexane extract @ 6.49% which 

were statistically on par with ethanol extract @ 5.24%. Mean larval mortality in 

these three treatments ranged from 33.33 to 38.33 per cent. In treatment with 

ethanol extract @ 1.51%, mean mortality was 20.00 per cent. This was succeeded 

by the treatments with hexane extract @ 1.66%, acetone extract @ 1.03% and 

aqueous extract @ 2.38%, which were statistically on par and mean mortality 

percentage ranged from 10.00 to 11.67 per cent. 

 At 48 HAT, effect of ethanol extract @ 5.24%, acetone extract @ 7.05% 

and hexane extract @ 6.49% were statistically on par with malathion 50 EC @ 

0.1%. In these treatments mean mortality rate varied from 61.67 to 68.33 per cent. 

This was followed by the treatments acetone extract @ 7.05%, hexane extract @ 

6.49% and aqueous extract @ 9.17%, which were statistically similar. Here, mean 

mortality rates observed were 63.33, 61.67 and 60.00 per cent respectively. 

Ethanol extract @ 1.51% exhibited larval mortality of 53.33 per cent and it was 

significantly superior to hexane extract @ 1.66%, acetone extract @ 1.03% and 

aqueous extract @ 2.38%. Mean mortality percentage in these three treatments 

ranged from 43.33 to 48.33. 

At 72 HAT, hexane extract @ 6.49%, acetone extract @ 7.05% and 

ethanol extract @ 5.24% were found as effective as chemical control, malathion 

50 EC @ 0.1%. Here, mortality percentage varied from 90.00 to 93.33. Next was 

the treatment with aqueous extract @ 9.17% which was also statistically similar to 

hexane extract @ 6.49% and acetone extract @ 7.05%. These were followed by 

hexane extract @ 1.66%, acetone extract @ 1.03%, ethanol extract @ 1.51% and 

aqueous extract @ 2.38%. Effect of these four treatments was statistically on par 

and mortality in these treatments ranged from 43.33 to 53.33 per cent.  

4.1.1.4. Effect on Biology of Insect  
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 The effect of bark extracts of S. indica on insect biology was studied by 

observing malformed larvae/pupae/adults, larval duration, pupal duration, pupal 

weight, adult longevity, fecundity, egg hatchability, preoviposition period and 

incubation period of eggs. The data pertaining to these observations are presented 

in Table 4.  

4.1.1.4.1. Deformities in Larvae, Pupae and Adults 

 

It was observed that larvae of D. indica treated with various plant extracts 

have undergone pupal discolouration and the adults got malformed. 

4.1.1.4.2. Effect on Larval Duration  

 There was a general increase in larval duration with the application of 

extracts and all treatments showed statistically significant variation among 

themselves. All solvent extracts @ 5.24 to 9.17% exhibited increase in larval 

duration and it was statistically on par with NSKE 5%, in which the mean values 

ranged from 14.00 to 15.33 days. Solvent extracts (except aqueous) @ 1.03 to 

1.66% were significantly inferior to the above treatments and the mean larval 

duration observed with these treatments ranged from 11.67 to 12.67 days. In 

treatment with aqueous extract @ 2.38%, larval duration was 11.33 days, while in 

control larvae survived for 9.67 days only.  

4.1.1.4.3. Effect on Pupal Weight 

 All treatments exhibited significant variation in mean pupal weight. 

Treatment with ethanol extract @ 5.24% resulted in mean pupal weight of 0.19 g 

each and it was statistically equivalent to NSKE 5% with mean pupal weight of 

0.18 g. This was followed by ethanol extract @ 1.51% (0.23 g) which was 

statistically similar to acetone extract @ 7.05% and hexane extract @ 6.49%, with 

mean pupal weights being 0.21 and 0.24 g each. Treatment with aqueous extract 

@ 9.17% was statistically on par with hexane extract @ 6.49% and acetone 

extract @ 1.03%. Mean weight of pupae ranged from 0.24 to 0.27 g in these 

treatments. Application of hexane extract @ 1.66% resulted in mean pupal weight 

of 0.27 g and was on par with acetone extract @ 1.03% and aqueous extract @ 

9.17%, with mean pupal weight of 0.27 and 0.25 g respectively. Pupal weight 

noticed in control was 0.31 g. 
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Table 4. Effect of bark extracts of Samadera indica on biology of larvae of 

Diaphania indica  

Solvents (%) 

Mean  

No. of 

malformed 

insects 

Larval 

duration 

(days) 

Pupal 

weight 

(g) 

Pupal 

period 

(days) 

Longevity  

of adults 

(days) 

P A 

Hexane (1.66) 
0 0 11.67c 0.27bc 3.67d 5.67bcd 

Hexane (6.49) 
0.66 0.33 14.33ab 0.24e 4.00bc 5.00de 

Acetone (1.03) 
0.33 0 12.33c  0.27cd 4.33abc 5.33cd 

Acetone (7.05) 
0.66  0.33 14.33ab 0.21fg 4.33abc  4.67de 

Ethanol (1.51) 
0.33 0.66 12.67c 0.23ef 4.67ab 5.33cd 

Ethanol (5.24) 
1.00 0.66 15.00ab  0.19gh      5.33a   4.33e 

Aqueous (2.38) 
0 0 11.33d 0.29ab      2.67d 6.67ab 

Aqueous (9.17) 
0 0        14.33ab 0.25de 3.33cd 6.33bc 

          NSKE 5% 1.00 0.66 15.33a 0.18h      5.33a  4.33e 

Control 0 0 9.67d 0.31a 2.67d  7.67a 

SE (m) 0.22 0.24 0.39 0.32 0.24 0.30 

              CD (0.05) 
NS NS       1.164 0.021     1.077 1.077 

NSKE – Neem Seed Kernel Extract; P – Pupae, A – Adults 
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4.1.1.4.4. Effect on Pupal Period 

The application of botanicals resulted in lengthening of pupal period with 

significant variation among the treatments. Highest mean pupal period was 

observed in NSKE 5% and it was superior to all other treatments. In treatments 

with extracts in acetone @ 1.03 and 7.05% and ethanol @ 1.51 and 5.24%, mean 

pupal period ranged from 4.33 to 5.33 days. Treatment with hexane extract @ 

6.49% was statistically on par with acetone extract @ 1.03 and 7.05%, ethanol 

extract @ 1.51% and aqueous extract @ 7.90%. In these treatments, pupal period 

lasted for an average of 3.33 to 4.67 days. The treatment with aqueous extract @ 

9.17% was statistically on par with hexane extract @ 1.66% and aqueous extract 

@ 2.38%, with mean pupal duration of 3.33, 3.67 and 2.67 respectively. In control 

treatment, pupae existed for 2.67 days only. 

4.1.1.4.5. Effect on Adult Longevity 

 Regarding adult longevity, there was statistically significant difference 

among various treatments. Application of hexane extract @ 6.49% was 

statistically on par with NSKE 5%, ethanol extract @ 1.51 and 5.24%, acetone 

extract @ 1.58 and 5.63%, ethanol extract @ 1.51% and hexane extract @ 1.66%. 

Mean adult longevity in these five treatments varied from 4.33 to 5.67. Effect of 

aqueous extract @ 2.38%, aqueous extract @ 9.17% and hexane extract @ 1.66% 

was statistically similar, with mean values ranging from 5.67 to 6.67 days. Insects 

underwent treatment with distilled water had a longevity of 7.67 days.  

4.1.1.4.6. Effect on Fecundity, Egg Hatchability, Preoviposition Period and 

Incubation Period 

About 10 to 50 per cent of the larvae survived till adult stage. As the adults 

emerged from surviving larvae did not lay eggs, further experiments could not be 

carried out. Adults from larvae treated with distilled water laid an average of 

184.33 eggs and 181.33 eggs hatched out of them. These insects took an average 

of 4.67 days for oviposition and the incubation period of eggs was 4.00 days. 
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It can be generalised that among various solvent extracts from S. indica 

bark, ethanol extract @ 5.27% was more effective against second instar larvae of 

D. indica as it exhibited good antifeedant property, insecticidal effect and affected 

insect biology negatively.  

4.1.2. Effect of Bark Extracts of Samadera indica on Henosepilachna septima 

4.1.2.1. Estimation of Lethal Doses 

The LD50 and LD90 of bark extracts against H. septima are depicted in 

Table 5. Values of LD50 observed in the extracts with n-hexane, acetone, ethanol 

and aqueous extract were 2.17, 1.95, 1.68 and 2.49%. Values of LD90 observed 

were 9.53, 6.60, 6.17 and 9.02% respectively. Dose-response curve for H. septima 

in ethanol which exhibited lowest LD50 value is illustrated in Fig. 2. 

4.1.2.2. Antifeedant Effect 

 All the treatments exhibited statistically significant variation with regard 

to antifeedant effect against grubs of H. septima. At 24 HAT, maximum 

antifeedant effect was observed in NSKE 5%, followed by ethanol extract @ 

6.17% in which mean leaf consumption was 0.16 and 0.19 g respectively.  This 

was followed by acetone extract @ 6.60% and ethanol extract @ 1.68%, with 

average leaf consumption of 0.26 g, each. Effect of these two treatments was 

statistically on par. Insects consumed 0.29 g leaf when the leaves were treated 

with hexane extract @ 9.53%. This exhibited statistical similarity with acetone 

extract @ 1.95% and aqueous extract @ 9.02% with mean quantity of leaf 

consumption of 0.31 and 0.33 g respectively. Effect of hexane extract @ 2.17% 

and aqueous extracts @ 2.49% was statistically on par with average leaf 

consumption of 0.35 and 0.36 g respectively. Grubs in control consumed 0.37 g 

leaves (Table 6). 

 At 48 HAT, ethanol extract @ 6.17% remained as effective extract of        

S. indica and mean quantity of leaf consumption by grubs was 0.17 g. This 

treatment preceded NSKE 5% (0.13 g). Acetone extract @ 6.60% exhibited 

statistical similarity with hexane extract @ 9.53% and ethanol extract @ 1.68%,  
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Table 5. Lethal doses of Samadera indica bark extracts in different solvents 

against Henosepilachna septima 

Solvents  
Lethal Doses (%) χ2 df P Value 

              LD50 LD90 

Hexane  2.17±0.88 9.53±0.29 0.009 8 1 

Acetone  1.95±0.88 6.60±0.29 0.01 8 1 

Ethanol  1.68±0.89 6.17±0.31 0.03 8 1 

        Aqueous  2.49±0.88 9.02±0.29 0.02 8 1 

χ2 - chi-square value, not significant at p > 0.05 level, df - degrees of freedom, LD50 

– Median Lethal Dose, LD90 – Lethal Dose 90 

 

 

Fig. 2. Dose-response curve for Henosepilachna septima in response to ethanol 

extract from Samadera indica bark 

  

LD50 – 1.68 
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Table 6. Antifeedant effect of bark extracts of Samadera indica in different 

solvents on grubs of Henosepilachna septima 

 

 

HAT – Hours After Treatment; NSKE – Neem Seed Kernel Extract 

 

 

 

 

 

 

Solvents (%) 

*Mean quantity of leaf consumed by grub (g) 

HAT 

24  48  72  

Hexane (2.17) 0.35a 0.26bc 0.22b 

Hexane (9.53)        0.29c 0.19e 0.17c 

Acetone (1.95) 0.31bc 0.25bc 0.22b 

Acetone (6.60) 0.26d 0.20de 0.17c 

Ethanol (1.68) 0.26d 0.21d 0.17c 

Ethanol (6.17) 0.19e 0.17f 0.14d 

Aqueous (2.49) 0.36a 0.25bc 0.21b 

Aqueous (9.02) 0.33b 0.27b 0.22b 

NSKE 5% 0.16f 0.13g 0.10e 

Control 0.37a 0.39a 0.40a 

SE (m) 0.007 0.006 0.006 

CD (0.05) 0.021 0.018 0.019 
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with mean values of 0.20, 0.19 and 0.21 g. Treatment with hexane extract @ 

2.17% was statistically on par with acetone extract @ 1.95% and aqueous extract 

@ 2.49 and 9.02%. Mean leaf consumption by grubs ranged from 0.25 to 0.27 g 

in these four treatments. Insects consumed an average quantity of 0.39 g leaves 

when treated with distilled water.   

At 72 HAT also, similar trend was observed with ethanol extract @ 6.17% 

being the effective bark extract, was preceded by NSKE 5%. Mean leaf 

consumption in these treatments was 0.14 and 0.10 g respectively. This was 

followed by the extracts in hexane and acetone @ 9.53 and 6.60% each and 

ethanol @ 1.68%, which were statistically similar to each other, with mean leaf 

consumption being 0.17 g each.  Next best treatments in the order of effectiveness 

were hexane extract @ 2.17%, acetone extract @ 1.95% and aqueous extract @ 

2.49 and 9.02% each with mean quantity of leaf consumption ranging from 0.21 

to 0.22 g. Grubs consumed an average of 0.40 g of leaves when treated with 

distilled water. 

4.1.2.3. Insecticidal Effect 

Observations on insect mortality recorded at 24, 48 and 72 HAT witnessed 

significant variation among the treatments (Table 7).  

At 24 HAT, it was noticed that the treatments ethanol extract @ 6.17% and 

acetone extract @ 6.60% exhibited 56.67 and 51.67 per cent mortality each and 

were statistically similar to malathion 50 EC @ 0.1% with 56.67 per cent 

mortality. The treatment acetone extract @ 6.60% also exhibited statistical 

similarity with hexane extract @ 9.53% and aqueous extract @ 9.02% and the 

mean mortality values ranged from 51.67 to 48.33 per cent. Next was the 

treatment with ethanol extract @ 1.68%, which was on parity with acetone extract 

@ 1.95%, hexane extract @ 2.17% and aqueous extract @ 2.49% with 26.67 to 

33.33 per cent mean mortality.   

 On 48 HAT, the treatments acetone extract @ 6.60%, ethanol extract @ 

6.17% and hexane extract @ 9.53% were observed to be statistically equivalent  
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Table 7. Insecticidal effect of bark extracts of Samadera indica in different 

solvents on grubs of Henosepilachna septima 

Solvents (%) 

 

*Mean mortality of grubs (%) 

 

HAT 

 

24 48 72 

 

Hexane (2.17) 30.00 (33.16)cd 35.00 (36.27)de 48.33 (44.04)c 

Hexane (9.53) 48.33 (44.04)b 48.33 (44.04)b 90.00 (71.57)ab 

Acetone (1.95) 28.33 (32.14)cd 38.33 (38.25)cd 51.67 (45.96)c 

Acetone (6.60) 51.67 (45.96)ab 51.67 (45.96)b 90.00 (71.57)ab 

Ethanol (1.68) 33.33 (35.25)c 41.67 (40.20)c 51.67 (45.96)c 

Ethanol (6.17) 56.67 (48.84)a 50.00 (45.00)b 91.67 (73.40)a 

Aqueous (2.49) 26.67 (31.07)d 33.33 (35.25)e 51.67 (45.96)c 

Aqueous (9.02) 46.67 (43.09)b 40.00 (39.23)c     86.67 (68.66)b 

   Malathion 50 EC @ 0.1% 56.67 (48.85)a 63.33 (52.74)a 91.67 (73.40)a 

Control 0e 0f 0d 

SE (m) 1.18 0.76 1.12 

CD (0.05)      (3.489) (2.237) (3.301) 

 

HAT – Hours After Treatment; Figures in parentheses are arc sine transformed 

values 
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with mean values being in the range 48.33 to 51.67 per cent. These were preceded 

by chemical treatment, which witnessed mortality of 63.33 per cent. Next best 

treatments in the order of effectiveness were aqueous extract @ 9.02% and 

ethanol extract @ 1.68%, which were observed to be statistically on par with 

acetone extract @ 1.95%. The mortality percentage in these treatments ranged 

from 38.33 to 41.67. In hexane extract @ 2.17% and aqueous extract @ 2.49%, 

mean mortality values varied from 33.33 to 35.33 and were observed to be in 

parity with acetone extract @ 1.95%. 

At 72 HAT, it was observed that treatment with ethanol extract @ 6.17%, 

acetone extract @ 6.60% and hexane extract @ 9.53% exhibited statistically 

similar mortality rate as with malathion 50 EC @ 0.1% which ranged from 86.67 

to 91.67 per cent. This was followed by hexane extract @ 2.17%, acetone extract 

@ 1.95%, ethanol extract @ 1.68% and aqueous extract @ 2.49% with mean 

mortality of 48.33 to 51.67 per cent in treated grubs. 

4.1.2.4. Effect on Biology of Insect 

 The effect of S. indica bark extracts on the biology of H. septima is 

presented in Table 8. 

4.1.2.4.1. Deformities in Grubs, Pupae and Adults 

There was pupal discolouration and poor sclerotization in adults of 

epilachna beetles treated with solvent extracts. 

4.1.2.4.2. Effect on Duration of Grubs 

 There was significant variation among various treatments with regard to 

duration of grubs (days). It was observed that in NSKE 5%, mean grub period was 

17.33 days and it was on par with ethanol extract @ 6.17% (16.33 days). These 

were followed by acetone extract @ 6.60% which also exhibited statistical 

similarity with ethanol extract @ 6.17%, with mean grub duration of 15.33 and 

16.33 days respectively. The treatments with hexane extract @ 2.17 and 9.53%, 

acetone extract @ 1.95%, ethanol extract @ 1.68% and aqueous extract @ 9.02% 

resulted in grub period of 13.33, 14.33, 12.67, 12.33 and 12.33 respectively. 
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Table 8. Effect of bark extracts of Samadera indica in different solvent extracts on 

biology of grubs of Henosepilachna septima  

Solvents (%) 

Mean  

  

No. of 

malformed 

insects 

Duratio

n of 

grubs 

(days) 

Pupal 

weight 

(g) 

Pupal 

period 

(days) 

Longevity 

of adults 

(days) P A 

Hexane (2.17) 
0.33 0 13.33

c
 1.29  6.00

e
 15.33bc 

Hexane (9.53) 
0.66 0.33 14.33

c
 1.06 7.67

cd
 

13.33f 

Acetone (1.95) 
0.33 0.33 12.67

c
 0.89 6.67

de
 

14.33de 

Acetone (6.60) 
0.66 0.66 15.33

b
 0.84 8.00

bc
 

13.33f 

Ethanol (1.68) 
0.66 0.33 12.33

c
 0.87 7.67

cd
 

14.00ef 

Ethanol (6.17) 
0.66 0.66 16.33

ab
 0.74 8.33

b
 

11.33g 

Aqueous (2.49) 
0 0 11.00

d
 1.34 5.00

f
 

16.00b 

Aqueous (9.02) 
0 0 12.33

c
 1.33 6.00

e
 

15.00cd 

Check (NSKE 5%) 0.66 0.33 17.33
a
 0.55 10.00

a
 

9.33h 

Control 0 0 10.33
d
 1.34 4.33

g
 19.33a 

SE (m) 0.28 0.26 0.45 0.19 0.26 0.28 

CD (0.05) NS NS 1.077 NS 0.762 0.823 

NSKE – Neem Seed Kernel Extract; P – Pupae, A – Adults 
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Effect of these treatments was statistically on par and was significantly superior to 

aqueous extract @ 2.49%, with mean value of 11.00. In control, grubs remained 

in larval period for 10.33 days.  

4.1.2.4.3. Effect on Pupal Weight 

 Regarding mean pupal weight, there was no statistically significant 

difference among various treatments. 

4.1.2.4.4. Effect on Pupal Period 

 There was an elongation in pupal period in treated insects with 

considerable variation among different treatments. The treatment acetone extract 

@ 6.60% was statistically on par with hexane extract @ 9.53% and ethanol 

extract @ 1.68 and 6.17%, with mean pupal period ranging from 7.33 to 8.33 

days. These treatments preceded NSKE 5% with mean pupal duration of 10.00 

days. There was statistical similarity between treatments with acetone extract @ 

6.60% (8.00 days), hexane extract @ 6.82% (7.67 days) and ethanol extract @ 

1.68% (7.67 days). Treatments with extracts in hexane @ 2.17% exhibited 

statistical similarity with acetone extract @ 1.95% and aqueous extract @ 9.02%.  

Mean pupal period observed in above treatments were 6.00, 6.67 and 6.00 days 

respectively. Pupal duration in control was 4.33 days.  

4.1.2.4.5. Effect on Adult Longevity 

There was statistically significant variation among all treatments in adult 

longevity. It was observed that the adults developed from grubs treated with 

various extracts showed significant reduction in their life span when compared to 

control, wherein adults survived for 19.33 days. Ethanol extract @ 6.17% 

exhibited mean adult longevity of 11.33 days and was preceded by NSKE 5% 

(9.33 days). Effect of ethanol extract @ 1.68% was statistically on par with 

acetone extract @ 6.60% and hexane extract @ 9.53%, with mean adult longevity 

ranging from 13.33 to 14.00 days. The treatment with ethanol extract @ 1.68% 

also exhibited similarity with acetone extract @ 1.95% (14.33 days). There was 

statistical similarity between aqueous extract @ 9.02%, acetone extract @ 1.95% 

and hexane extract @ 2.17%, with mean longevity of adults varying from 14.33 to 

15.33 days.  
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4.1.2.4.6. Effect on Fecundity, Egg Hatchability, Preoviposition period and 

Incubation Period 

 As only less number of treated grubs got transformed into adults, they 

could not lay eggs. Hence, it was not possible to study the effect of extracts on 

fecundity and adult emergence. Grubs treated with distilled water laid an average 

of 168.67 eggs, out of which 157.00 eggs got hatched. Mean preoviposition period 

was 6.67 days and incubation period was 3.67 days.  

It can be concluded from the above experiment that ethanol extract from     

S. indica bark @ 6.17% is effective against H. septima in bringing feeding 

repellency in the pest, mortality and detrimental effects on biology of the pest. 

4.1.3. Effect of Seed Extracts of Samadera indica on Diaphania indica 

4.1.3.1. Estimation of Lethal Doses 

Lethal doses of S. indica seed extract effective against D. indica has been 

illustrated in table 9. The LD50 values of hexane, acetone, ethanol and aqueous 

extract were observed to be 1.79, 0.59, 1.03 and 1.54% respectively. LD90 values 

of extracts were 6.99, 5.17, 7.05 and 7.90% respectively. Dose-response curve for 

D. indica in acetone which exhibited the lowest LD50 value is shown in Fig. 3. 

4.1.3.2. Antifeedant Effect 

 The antifeedant effect of S. indica seed extracts on D. indica assessed in 

terms of quantity of leaves consumed by the larvae (g) at 24, 48 and 72 HAT is 

given in Table 10. Among different extracts tested, maximum leaf protection was 

observed in acetone extract @ 5.17% in which the larvae consumed 0.14 g leaf at 

24 HAT. It was statistically on par with NSKE 5% in which the larvae consumed 

0.15 g leaf. Next best treatments in the order of effectiveness were 0.59% of 

acetone extract and 7.05% of ethanol extract with mean leaf consumption of 0.21 

and 0.20 g, each. These were followed by treatments with aqueous extract @ 

7.90% (0.37 g) and ethanol extract @ 1.03% (0.35 g) which exhibited statistical 

similarity among them and also with the treatments hexane extract @ 1.79% and  
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Table 9. Lethal doses of Samadera indica seed extracts in different solvents 

against Diaphania indica 

Solvents 

Lethal Doses (%) χ2 df P Value 

LD50 LD90 

Hexane extract 1.79±0.88 6.99±0.29 0.021 8 1 

Acetone extract 0.59±0.88 5.17±0.30 0.019 8 1 

Ethanol extract 1.03±0.87 7.05±0.29 0.021 8 1 

Aqueous extract 1.54±0.87 7.90±0.28 0.024 8 1 

χ2 - chi-square value, not significant at p > 0.05 level, df - degrees of freedom, LD50 

– Median Lethal Dose, LD90 – Lethal Dose 90 

 

 

Fig. 3. Dose-response curve for Diaphania indica in response to acetone extract 

from Samadera indica seed 

  

LD50 – 0.59 
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Table 10. Antifeedant effect of seed extracts of Samadera indica in different 

solvents on larvae of Diaphania indica 

HAT – Hours After Treatment; NSKE – Neem Seed Kernel Extract 

 

 

 

 

 

 

Solvents (%) 

*Mean leaf consumption (g) 

HAT 

24  48  72  

Hexane (1.79) 0.35bc 0.28b 0.19c 

Hexane (6.99) 0.34c 0.23c 0.14d 

Acetone  (0.59) 0.21d 0.15e 0.13de 

Acetone  (5.17) 0.14f 0.11f 0.11ef 

Ethanol  (1.03) 0.35bc 0.20d 0.17c 

Ethanol  (7.05) 0.20e 0.19d 0.13de 

Aqueous  (1.54) 0.36abc 0.26b 0.22b 

Aqueous  (7.90) 0.37ab 0.21cd 0.17c 

NSKE 5% 0.15f 0.11f 0.10f 

Control 0.37a 0.40a 0.43a 

SE (m) 0.007 0.009 0.008 

CD (0.05) 0.020 0.026 0.023 
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aqueous extract @ 1.54%. Larvae treated with distilled water consumed 0.37 g 

leaves. 

At 48 HAT also, almost similar trend was observed in the case of acetone 

extract @ 5.17% in which the larvae consumed 0.11 g leaves as it was statistically 

on par with NSKE 5% (0.11 g). The second best treatment was acetone extract @ 

0.59%, with mean leaf consumption of 0.15 g. Effect of ethanol extracts @ 1.03 

and 7.05% and aqueous extract @ 7.90% was statistically on par and average leaf 

consumption by larvae ranged from 0.19 to 0.21 g. Mean leaf consumption in 

treatments with hexane extract @ 1.79% and aqueous extract @ 1.54% were 0.28 

and 0.26 g respectively and effect of these two treatments was statistically on par. 

Larvae in control consumed 0.40 g leaves.  

At 72 HAT, effect of acetone extract @ 5.17% was statistically on par 

with NSKE 5%, ethanol extract @ 7.05% and acetone extract @ 0.59% and mean 

leaf consumption in these treatments ranged from of 0.10 to 0.13 g. Larvae fed 

with leaves treated with hexane extract @ 6.99% consumed 0.14 g and was 

statistically on par with ethanol extract @ 7.05% and acetone extract @ 0.59%. 

The treatments hexane extract @ 1.79%, ethanol extract @ 1.03% and aqueous 

extract @ 7.90% were significantly inferior to other treatments and the mean leaf 

consumption ranged from 0.17 to 0.19 g. In the treatment with aqueous extract @  

1.54%, larvae consumed 0.22 g leaves and it was significantly superior to control 

treatment in which leaf consumption was 0.43 g. 

4.1.3.3. Insecticidal Effect 

The insecticidal effect of S. indica seed extracts against D. indica is shown 

in Table 11.  The observations indicated that there was statistically significant 

variation among all treatments. Among solvent extracts, acetone extract @ 5.17% 

and ethanol extract @ 7.05% exhibited 48.33 and 45.00 per cent mortality 

respectively and it was statistically on par with malathion 50 EC @ 0.1% (46.67 

per cent) at 24 HAT. This was followed by hexane extract @ 6.99%, with mean 

mortality percentage of 35.00. Acetone extract @ 0.59% exhibited statistical  
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Table 11. Insecticidal effect of seed extracts of Samadera indica in different 

solvents on larvae of Diaphania indica 

Solvents (%) 

                  *Mean larval mortality (%) 

 

HAT 

24  48  

 

72  

 

Hexane (1.79) 
18.33 (25.31)de 

48.33 (44.04)ef 46.67 (43.08)c 

Hexane (6.99) 
35.00 (36.27)b 

61.67 (51.76)bc 83.33 (66.15)ab 

Acetone  (0.59) 
21.67 (27.71)cd 

55.00 (47.87)d 48.33 (44.04)c 

Acetone  (5.17) 
48.33 (44.04)a 63.33 (52.74)ab 86.67 (68.86)ab 

Ethanol  (1.03) 
25.00 (29.93)c 50.00 (45.00)e 46.67 (43.08)c 

Ethanol  (7.05) 
45.00 (42.13)a 63.33 (52.74)ab 86.67 (68.86)ab 

Aqueous  (1.54) 
11.67 (19.89)f 45.00 (42.13)f 46.67 (43.09)c 

Aqueous  (7.90) 
16.67 (24.05)e 58.33 (49.80)cd 68.33 (61.26)b 

   Malathion 50 EC @ 0.1% 46.67 (43.09)a 66.67 (54.75)a 91.67 (73.40)a 

Control 0g 0g 0d 

SE (m) 1.10 0.93 1.84 

CD (0.05) (3.245) (2.729) 

 

     (9.436) 

 

 

HAT – Hours After Treatment; Figures in parentheses are arc sine transformed 

values 
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similarity with the treatments ethanol extract @ 1.03% and hexane extract @ 

1.79%, with mean percentage mortality of 21.67, 25.00 and 18.33 respectively. 

Treatment with hexane extract @ 1.79% was also in parity with aqueous extract 

@ 7.90%, and the mean mortality ranged was 16.67 and 18.33 per cent 

respectively.   

 At 48 HAT, acetone extract @ 5.17% and ethanol extract @ 7.05% 

exhibited similarity with chemical control and mean mortality percentages were 

63.33, 63.33 and 66.67 each. Treatment with hexane extract @ 6.99% exhibited 

statistical similarity with acetone extract @ 5.17%, ethanol extract @ 7.05%, 

aqueous extract @ 7.90% and acetone extract @ 0.59%. Here, mean mortality rate 

varied from 55.00 to 63.33 per cent. Effect of hexane extract @ 1.79% was on par 

with ethanol extract @ 1.03% and aqueous extract @ 1.54%, with percentage 

mean mortality ranging from 45.00 to 50.00 per cent. 

 At 72 HAT, hexane extract @ 6.99%, acetone extract @ 5.17% and 

ethanol extract @ 7.05% exhibited statistically similar percentage of mortality, 

ranging from 68.33 to 86.67. In chemical control, mortality was 91.67 per cent 

and was on par with hexane extract @ 6.99%, acetone extract @ 5.17% and 

ethanol extract @ 7.05%. Followed by these were the treatments hexane extract @ 

1.79%, acetone extract @ 0.59%, ethanol extract @ 1.03% and aqueous extract @ 

1.54%, which were statistically on par with each. 

other. Mean mortality values ranged from 46.67 to 48.33 per cent in these 

treatments. 

4.1.3.4. Effect on Biology of Insect 

 The effect of seed extracts of S. indica on biology of D. indica is given in 

Table 12. 

4.1.3.4.1. Deformities in Larvae/Pupae/Adults 

 Deformities as in 4.1.1.4.1. were noticed in pupae and adults. 
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Table 12. Effect of seed extracts of Samadera indica in different solvent extracts 

on biology of larvae of Diaphania indica 

Solvents (%) 

Mean  

  

No. of malformed 

insects 
Larval 

duration 

(days) 

Pupal 

weight (g) 

Pupal 

period 

(days) 

Longevity 

of adults 

(days) 
P A 

Hexane (1.79) 0.33 0 15.33d 0.30c 7.67bc 7.33ab 

Hexane (6.99) 0.66 0.33 15.67cd 0.28de 
     

8.33ab   
6.67bc 

Acetone  (0.59) 0.33 0.33 16.67b  0.28e  8.00abc 6.67bc 

Acetone  (5.17) 0.66 0.66 17.00b 0.25f 8.67a 6.33c 

Ethanol  (1.03) 0.33 0 16.33bc 0.29cd 7.67bc 6.67bc 

Ethanol  (7.05) 0.33 0.33 16.67b    0.25f  8.33ab 6.67bc 

Aqueous  (1.54) 0 0 14.33e 0.34b 7.33c 7.33ab 

Aqueous  (7.90) 0 0      15.33d 0.28e 7.67bc 7.33ab 

NSKE 5% 0.66 0.66 18.00a 0.25f 8.67a 5.33d 

Control 0 0 12.67f 0.35a 5.33d 7.67a 

SE (m) 1.60 0.24 0.30 0.003 0.32 0.33 

CD (0.05) NS NS 0.880 0.009 0.933 0.983 

NSKE – Neem Seed Kernel Extract; P – Pupae, A- Adults 
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4.1.3.4.2. Effect on Larval Duration 

 There was an increase in larval duration with the application of solvent 

extracts of S. indica seed and the treatments varied considerably among them. It 

was noticed that larval duration observed with the application of extracts in 

acetone (0.59 and 5.17%) and ethanol (1.03 and 7.05% each), were statistically on 

par with each other and the mean values were in the range of 16.33 to17.00 days. 

These treatments were preceded by the check, NSKE 5% (18.00 days). When 

larvae were treated with 6.99% of hexane extract, larval duration was extended to 

15.67 days. This treatment exhibited statistical similarity with hexane extract @ 

1.79%, ethanol extract @ 1.03% and aqueous extract @ 7.90%, with mean larval 

duration of 15.33, 16.33 and 15.33 days respectively. In control treatment, larval 

period was 12.67 days.  

4.1.3.4.3. Effect on Pupal Weight 

 Application of plant extracts resulted decrease in pupal weight in all 

treatments with considerable variation among them. It was observed that the seed  

extracts of S. indica in acetone @ 6.63% and ethanol @ 7.05% were statistically 

on par with NSKE 5%, with mean pupal weight of 0.25 g each. This was followed 

by hexane extract @ 6.99%, acetone extract @ 0.59% and aqueous extract @ 

7.90%, wherein the mean pupal weight was 0.28 g, in each. Next best treatments 

were hexane extract @ 1.79 and ethanol extract @ 1.03%, with mean pupal 

weight being 0.29 and 0.30 g respectively. These treatments exhibited statistical 

similarity among them. When larvae were treated with aqueous extract @ 1.54%, 

pupal weight was 0.34 g. Pupal weight observed in control treatment was 0.35 g. 

4.1.3.4.4. Effect on Pupal Period 

 The observations indicated that there is extension in pupal period with the 

application of various plant extracts and all the treatments showed statistically 

significant difference. Application of extracts in hexane @ 6.99%, acetone @ 0.59 

and 5.17% and ethanol @ 7.05% witnessed significant increase in pupal duration 

and were statistically equivalent to NSKE 5%. Mean pupal period varied from 

8.00 to 8.67 days in these treatments. Application of hexane extract @ 1.79%, 

ethanol extract @ 1.03% and aqueous extract @ 7.90% resulted in mean pupal 
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period of 7.67 days. These treatments showed statistical similarity with hexane 

extract @ 6.99%, ethanol extract @ 7.05% and acetone extract @ 0.59%. Pupal 

period in control was 5.33 days. 

4.1.3.4.5. Effect on Adult Longevity 

 There was a reduction in life span of adult insects when solvent extracts of 

S. indica seed were applied topically on insect larvae. Moreover, all the treatments 

showed statistically significant variation. Application of NSKE 5% resulted in 

significantly lower longevity in adults (5.33 days). Effect of hexane extract @ 

1.79%, aqueous extract @ 1.54 and 7.90% was statistically on par with hexane 

extract @ 6.99%, acetone extract @ 0.59% and ethanol extract @ 1.03 and 7.05% 

with mean adult longevity of 6.67 to 7.33 days. Treatment with acetone extract @ 

5.17% exhibited statistical similarity with hexane extract @ 6.99%, acetone 

extract @ 0.59% and ethanol extract @ 1.03 and 7.05%. Mean adult longevity in 

these five treatments varied from 6.33 to 6.67 days. Adults from larvae treated 

with distilled water survived for 7.67 days.  

4.1.3.4.6. Effect on Fecundity, Egg Hatchability, Preoviposition Period and 

Incubation Period  

 

 As there was very little number of adults, they did not lay eggs. Hence, 

further experiments could not be done. Meanwhile, adults from larvae treated with 

distilled water laid 177.00 number of eggs and all the eggs hatched out of them. 

Mean preoviposition period was 4.33 days with incubation period of 5.00 days. 

 It can be deduced that seed extract of S. indica in acetone @ 5.17% 

possessed pronounced antifeedant properties, insecticidal effect and resulted in 

deformities in the developmental stages of D. indica. 

4.1.4. Seed Extracts of Samadera indica on Henosepilachna septima 

4.1.4.1. Estimation of Lethal Doses 

The lethal doses of S. indica seed extract effective against H. septima is 

given in Table 13. LD50 of the extract in hexane, acetone, ethanol and water were 

1.63, 0.83, 1.60 and 2.43% respectively. Meanwhile, LD90 of the extract in 

corresponding solvents were 6.82, 5.27, 7.94 and 7.85% respectively. Dose- 
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Table 13. Lethal doses of Samadera indica seed extracts in different solvents 

against Henosepilachna septima 

Extracts  

Lethal Doses (%) χ2 df P 

Value LD50 LD90 

Hexane extract 1.63±0.86 6.82±0.28 0.026 8 1 

Acetone extract 0.83±0.88 5.27±0.30 0.021 8 1 

Ethanol extract 1.60±0.87 7.94±0.29 0.013 8 1 

        Aqueous extract 2.43±0.87 7.85±0.28 0.020 8 1 

χ2 - chi-square value, not significant at p > 0.05 level, df - degrees of freedom, LD50 

– Median Lethal Dose, LD90 – Lethal Dose 90 

 

 

 

Fig. 4. Dose-response curve for Henosepilachna septima in response to acetone 

extract from Samadera indica seed 

LD50 – 0.83 
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response curve for H. septima in acetone which showed lowest LD50 value is 

depicted in Fig. 4. 

4.1.4.2. Antifeedant Effect 

 The antifeedant effect of S. indica seed extract on grubs of H. septima 

expressed as quantity of leaves consumed by the grubs upto third day of treatment 

is shown in Table 14. The amount of leaf consumption by the grubs varied 

between treatments. At 24 HAT, it was noticed that the quantity of leaves 

consumed by the insects when fed by leaves treated with acetone extract @ 0.83 

and 5.27% were 0.20 and 0.19 g each, and were statistically on par. This treatment 

was next to NSKE 5% with 0.16 g of leaf consumption. The treatment ethanol 

extract @ 7.94% (0.22 g) was also statistically similar to hexane extract @ 6.82% 

(0.23 g). These treatments were followed by hexane extract @ 1.63% and ethanol 

extract @ 1.60%, with the mean quantity of leaf consumption being 0.27 g, each. 

Next best treatments in the order of effectiveness were aqueous extract @ 2.43 

and 7.85% with 0.35 and 0.31 g respectively. These treatments statistically 

differed among them. Grubs in control consumed 0.36 g leaves. 

 At 48 HAT, it was observed that with acetone extracts @ 0.83 and 7.94% 

exhibited mean leaf consumption of 0.15 and 0.14 g, each. This was on par with 

NSKE 5%, wherein mean leaf consumption was 0.14 g. Treatment with ethanol 

extract @ 7.94% resulted in mean leaf consumption of 0.18 g. The treatments 

hexane extract @ 1.63 and 6.82% and ethanol extract @ 1.60% with mean leaf 

consumption of 0.22 to 0.24 g were statistically similar among them. Next best 

treatments in the order of effectiveness were aqueous extract @ 7.85 and 2.43% 

which did not exhibit statistical similarity among them. Mean quantity of leaf 

consumption in these treatments was 0.28 and 0.31 g respectively. Grubs treated 

with distilled water consumed 0.37 g leaves. 

 On third day of treatment, it was observed that the quantity of leaves 

consumed by the grubs fed by leaves treated with the extracts in acetone @ 0.83 

and 5.27% and ethanol @ 7.94% were statistically on par with NSKE 5%. Here, 
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Table 14. Antifeedant effect of seed extracts of Samadera indica in different 

solvents on biology of grubs of Henosepilachna septima  

 

HAT – Hours After Treatment; NSKE – Neem Seed Kernel Extract 

 

 

 

 

 

Solvents (%) 

*Mean leaf consumption (g) 

HAT 

24  48  72  

Hexane (1.63) 0.27
c

 0.23
d

 0.20d 

Hexane (6.82) 0.23
d

 0.24
d

 0.19d 

Acetone (0.83) 0.20
ef

 0.15
f

 0.13e 

Acetone (5.27) 0.19
f

 0.14
f

 0.12e 

Ethanol (1.60) 0.27
c

 0.22
d

 0.18d 

Ethanol (7.94) 0.22
de

 0.18
e

 0.12e 

Aqueous (2.43) 0.35
a

 0.31
b

 0.29b 

Aqueous (7.85) 0.31
b

 0.28
c

 0.25c 

NSKE 5% 0.16
g

 0.14
f

 0.12e 

Control 0.36
a

 0.37
a

 0.39a 

SE (m) 0.007 0.009 0.01 

CD (0.05) 0.022 0.026 0.033 
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the mean values were in the range of 0.12 to 0.13 g. The treatments with hexane 

extract @ 1.63 and 6.82% and ethanol extract @ 1.60% succeeded the above 

treatments with mean leaf consumption in the range 0.18 to 0.20 g. The treatments 

with aqueous extracts @ 2.43 and 7.85% differed significantly among themselves 

and the values observed were 0.29 and 0.25 g respectively. In control, mean leaf 

consumption by grubs was observed to be 0.39 g. 

4.1.4.3. Insecticidal Effect 

 The mean mortality of insects showed statistically significant variation 

among treatments. At 24 HAT, it was observed that acetone extract @ 5.27% and 

ethanol extract @ 7.94% were statistically on par with each other, with mean 

mortality values of 46.67 and 45.00 per cent respectively. These were in parity 

with malathion 50 EC @ 0.1% also, with mean mortality of 48.33 per cent. 

Followed by these were the treatments hexane extract @ 1.63 and 6.82%, acetone 

extract @ 0.83% and ethanol extract @ 1.60%, and the values ranged from 16.67 

to 30.00 per cent. Hexane extract @ 1.63% was equally effective as aqueous 

extract @ 7.85% also, and the mean values of mortality were observed to be 16.67 

and 13.33 per cent, each. Followed by these were aqueous extract @ 2.43 and 

7.85%, which were statistically equivalent to each other. Here, mean mortality 

was 11.67 and 13.33 per cent respectively (Table 15). 

 At 48 HAT, it was noticed that there was no significant difference between 

hexane extract @ 6.82%, acetone extract @ 5.27% and ethanol extract @ 7.94%.  

Mean mortality percentages observed were 63.33, 65.00 and 65.00 respectively. 

Treatment with aqueous extract @ 7.85% exhibited statistical similarity with 

acetone extract @ 0.83% and hexane extract @ 6.82%, with mean mortality 

values of 60.00, 56.67 and 63.33 per cent each. Effect of hexane extract @ 1.63% 

(50.00 per cent) was statistically similar to ethanol extract @ 1.60% (51.67 per 

cent) and aqueous extract @ 2.43% (46.67 per cent). 

 At 72 HAT, it was observed that there was statistical similarity among the 

treatments hexane extract @ 6.82%, acetone extract @ 5.27%, ethanol extract @ 

7.94% and aqueous extract @ 7.85%, with mean values of 85.00, 86.67, 86.67 and 

83.33 per cent respectively. These treatments except aqueous extract were 
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Table 15. Insecticidal effect of seed extracts of Samadera indica in different 

solvents on grubs of Henosepilachna septima 

Solvents (%) 

*Mean larval mortality (%) 

 

HAT 

 

24  48  

 

    72  

 

Hexane (1.63) 16.67 (24.05)cd 50.00 (45.00)ef 46.67 (43.08)c 

Hexane (6.82) 30.00 (33.16)b 63.33 (52.74)bc 85.00 (67.41)ab 

Acetone (0.83) 20.00 (26.57)c 56.67 (48.84)d 55.00 (47.88)c 

Acetone (5.27) 46.67 (43.09)a 65.00 (53.73)b 86.67 (68.86)ab 

Ethanol (1.60) 21.67 (27.71)c 51.67 (45.96)e 53.33 (46.92)c 

Ethanol (7.94) 45.00 (42.13)a 65.00 (53.73)b 86.67 (68.86)ab 

Aqueous (2.43) 11.67 (19.89)e 46.67 (43.09)f 46.67 (43.09)c 

Aqueous (7.85) 13.33 (21.15)de 60.00 (50.77)cd 83.33 (66.15)b 

   Malathion 50 EC @ 0.1% 48.33 (44.04)a 68.33 (55.77)a 91.67 (73.40)a 

Control 0f 0g 0d 

SE (m) 1.32 0.69 2.05 

CD (0.05) (3.897) (2.039)         (6.047) 

 

HAT– Hours After Treatment; Figures in parentheses are arc sine transformed 

values 
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statistically on par to chemical treatment (91.67 per cent mean mortality). Effect 

of hexane extract @ 1.63%, acetone extract @ 0.83%, ethanol extract @ 1.60% 

and aqueous extract @ 2.43% were statistically similar to each other. Here, mean 

mortalities were in the range 46.67 to 55.00 per cent. 

4.1.4.4. Effect on Biology of Insect 

 The effect of S. indica seed extract on various biological aspects of               

H. septima is expressed in Table 16. 

4.1.4.4.1. Deformities in Grubs/Pupae/Adults 

 Pupae and adults from various treatments showed malformations as in para 

4.1.2.4.1.  

4.1.4.4.2. Effect on Duration of Grubs 

 There was an increase in duration of grubs owing to the application of 

various plant extracts. The treatments exhibited statistically significant variation 

among them. There was statistical similarity between ethanol extract @ 7.94%, 

acetone extract @ 5.27% and acetone extract @ 0.83% with NSKE 5%. Here, 

mean duration of grubs was 13.67 to 14.67 days. The treatments hexane extract @ 

1.63 and 6.82% and ethanol extract @ 1.60% were also similar, with mean values 

in the range of 12.67 to 13.33.   Aqueous extracts @ 2.43 and 7.85% exhibited 

statistical similarity in larval duration (11.33 and 12.33 days each). In control, 

grubs existed in same stage for 11.33 days.  

4.1.4.4.3. Effect on Pupal Weight 

 There was reduction in mean pupal weight due to the application of plant 

extracts, with statistical significance among all treatments. Acetone extract @ 

5.27% and ethanol extract @ 7.94% formed the best treatments and was found to 

be statistically on par with NSKE 5% (1.25 g each). These were followed by 

ethanol extract @ 1.60% and aqueous extract @ 7.85% with mean value of 1.28 

days each. In treatment with hexane extract @ 6.82%, pupal weight observed was 

1.29 g. Mean pupal weights observed in acetone extract and hexane extract @ 

0.83 and 1.63% were 1.29 and 1.30 g respectively and were on par with each  
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Table 16. Effect of seed extracts of Samadera indica in different solvents on 

biology of grubs of Henosepilachna septima  

Solvents (%) 

Mean 

No. of 

malformed 

insects 

Larval 

period 

(days) 

Pupal 

weight 

(g) 

Pupal 

period 

(days) 

Longevity 

of adults 

(days) P A 

Hexane (1.63) 0.33 0.33 12.67cd 1.30c 7.00bcd 15.00b 

Hexane (6.82) 0.66 0.33 13.33bcd 1.29d 
     

7.33abc 
13.67c 

Acetone (0.83) 0.33 0.33 13.67abc 1.29cd 7.33abc 13.33cd 

Acetone (5.27) 0.66 0.66 14.00ab 1.25f 8.00a 12.33d 

Ethanol (1.60) 0 0 13.33bcd 1.28e 7.00bcd 13.67c 

Ethanol (7.94) 0.33 0.33 13.67abc 1.25f 7.33abc 12.33d 

Aqueous (2.43) 0 0 11.33e 1.34b 6.33d 15.33b 

Aqueous (7.85) 0 0     12.33de  1.28e 6.67cd 14.33bc 

NSKE 5% 1.00 1.00 14.67a 1.25f 7.67ab 10.67e 

Control 0 0 11.33e 1.35a 4.33e 19.67a 

SE (m) 0.24 0.24 0.37 0.003 0.28 0.45 

CD (0.05) NS NS 1.077 0.009 0.823        1.319 

P – Pupae, A- Adults; NSKE – Neem Seed Kernel Extract 
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other. With aqueous extract @ 2.43%, mean pupal weight was observed to be 1.34 

g. Mean weight of pupae in control was 1.35 g. 

4.1.4.4.4. Effect on Pupal Period 

 An elongation in pupal period was observed with the application of plant 

extracts. All treatments differed considerably. The increased pupal duration 

observed with the application of hexane extract @ 1.63 and 6.82%, acetone 

extract @ 0.83 and 5.27%, ethanol extract @ 1.60 and 7.94% and aqueous extract 

@ 7.85% were significantly high and statistically equivalent to NSKE 5%. In 

these treatments, pupal period was observed to be in the range of 6.67 to 8.00 

days. Succeeded by these was the treatment with aqueous extract @ 9.02% (6.67 

days), which was statistically on par with aqueous extract @ 2.43% (6.33 days), 

hexane extract @ 1.63% (7.00 days) and ethanol extract @ 1.60% (7.00 days). 

Pupae existed for 4.33 days in control. 

4.1.4.4.5. Effect on Adult Longevity 

 There was a decrease in longevity of adults on application of plant extracts 

and this effect exhibited statistical variation across the treatments. On application 

of ethanol extract @ 7.94%, acetone extract @ 0.81 and 6.17%, adults were alive 

upto a mean period of 12.33 to 13.33 days. This was preceded by NSKE 5% with 

10.67 days as mean life span in adult beetles. Adult longevity observed with the 

application of hexane extract @ 6.82%, ethanol extract @ 1.60% and aqueous 

extract @ 7.85% were statistically similar to acetone extract @ 0.83%. The mean 

values were noticed to be 13.67, 13.67, 14.33 and 13.33 each. Next were the 

treatments hexane extract @ 1.63% and aqueous extract @ 2.43% which were on 

par with aqueous extract @ 7.85%, wherein the mean values ranged from 14.33 to 

15.33 days. In treatment with distilled water, adults survived for a mean period of 

19.67 days.  

4.1.4.4.6. Effect on Fecundity, Egg Hatchability, Preoviposition period and 

Incubation Period 
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 Only 10 to 50 per cent of grubs were left out after 72 HAT. These were 

unable to lay eggs. Hence, further experiments on adult emergence could not be 

carried out. Adults from untreated control laid mean number of 198.20 eggs and 

177.00 eggs hatched out of them. It took an average of 5.67 days from adult 

emergence for oviposition and the mean incubation period was 4.33 days. 

The results of this experiment revealed that acetone extracts of S. indica 

seeds @ 5.27% exhibited greater feeding deterrence, mortality and adverse effects 

on biology of epilachna beetles.  

  With regard to lethal doses, LD50 and LD90 observed with seed extract of 

S. indcia in acetone was the lowest, when compared with the bark extract. Hence, 

seed extract in acetone was used for further experiments.  

4.1.5. Fractionation of Effective Extract 

 Fractionation of acetone extract from seeds of S. indica using column 

chromatography resulted in the development of 86 fractions (Table 17). 

4.2. BIOEFFICACY STUDY OF ISOLATED BIOACTIVE COMPOUND 

Based on TLC (Thin Layer Chromatography) profile, chromatographic 

fractions were clubbed into six main fractions viz., A, B, C, D, E and F. Table 18 

shows the list of main fractions, constituent fractions and the corresponding Rf 

(Retention Factor) values. UV active spots were not detected in Fraction A 

comprising of 24 sub-fractions. This might be due to the presence of oil in these 

fractions leading to the assumption that no UV-active compounds were present in 

these fractions. Hence, all fractions, exempting fraction A were taken for 

bioefficacy studies on insects.  

4.2.1. On Diaphania indica 

4.2.1.1. Antifeedant Effect  

  Antifeedant effect of chromatographic fractions, expressed as quantity of 

leaf fed by treated larvae on one, three, five and seven DAT is given in Table 19. 

It was observed that all these treatments differed statistically.  

  Observations on 1st DAT indicated that fractions from acetone extract 

exhibited significant antifeedant effect in a dose-dependent manner. In treatment  
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Table 17. Chromatographic fractions collected using different solvent 

combinations   

Sl. No. Solvent combinations 
No. of fractions 

collected 

1 Hexane – 100% 1-5 

2 Hexane: Ethyl acetate – 90:10 5-10 

3 Hexane: Ethyl acetate – 80:20 10-18 

4 Hexane: Ethyl acetate – 70:30 19-23 

5 Hexane: Ethyl acetate – 60:40 24-28 

6 Hexane: Ethyl acetate – 50:50 29-33 

7 Hexane: Ethyl acetate – 40:60 34-38 

8 Hexane: Ethyl acetate – 30:70 39-43 

9 Hexane: Ethyl acetate – 20:80 44-50 

10 Ethyl acetate – 100% 51-57 

11 Ethyl acetate: Methanol – 95:5 58-64 

12 Ethyl acetate: Methanol – 90:10 65-71 

13 Ethyl acetate: Methanol – 60:40 72-78 

14 Ethyl acetate: Methanol – 40:60 79-81 

15 Methanol – 100% 82-86 
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Table 18. Chromatographic fractions from acetone extract of Samadera indica 

seeds  

Rf – Retention Factor

Chromatographic fractions Constituent fractions Rf value 

Fraction A 1 – 24 
UV active spots 

were not detected 

Fraction B 25 – 35 0.86 

Fraction C 36 – 43 0.83 

Fraction D 44 – 51 0.76 

Fraction E 52 – 61 0.33 

Fraction F 62 – 86 0.27 
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Table 19. Antifeedant effect of chromatographic fractions from acetone extract of Samadera indica seeds on Diaphania indica 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    

 

 

 

                 DAT – Days After Treatment 

Treatments 

*Mean quantity of leaves consumed by larva (g) 

DAT 

1  3  5  7  

Fractions from acetone extract @ 5% 0.14cd 0.10c 0.07c 0.04bc 

Fractions from acetone extract @ 2.5% 0.16c 0.10c 0.06c 0.04bc 

Fractions from acetone extract @ 1.25% 0.21b 0.16b 0.09b 0.06b 

Neemazal @ 0.2% 0.13d 0.09d 0.07c 0.03c 

Malathion 50 EC @ 0.1% 0.09e 0.05e 0.02d 0.01d 

Control 0.36a 0.41a 0.46a 0.49a 

SE (m) 0.006 0.005 0.005 0.006 

CD (0.05) 0.017 0.014 0.016 0.018 
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with malathion 50 EC @ 0.1%, mean leaf consumption was 0.09 g. This was 

succeeded by treatment with fractions from acetone extract @ 5% (0.14 g) which 

was on par with neemazal @ 0.2% (0.13 g). Treatments with fractions @ 2.5% 

(0.16 g) exhibited statistical similarity with fractions @ 5%. In treatment with 

fractions @ 1.25%, mean quantity of leaf consumption was 0.21 g. Larvae in 

control consumed 0.36 g leaves. 

  After 72 h, it was noticed that larvae that consumed the leaves treated 

with chromatographic fractions of acetone extract @ 5 and 2.5% were statistically 

similar and the values were 0.10 g each. This was preceded by neemazal @ 0.2% 

with 0.09 g, being the mean quantity of leaf consumption. In leaves treated with 

chemical control, average leaf consumption was 0.05 g. Larvae fed an average of 

0.16 g of leaves when fed with leaves treated with acetone fractions @ 1.25%. 

Larvae in control fed an average of 0.41 g leaves. 

  On the 5th day of treatment, it was observed that the mean quantity of leaf 

consumption in treatments with acetone fractions @ 5% and 2.5% were in parity 

with neemazal @ 0.2%, thus proving them to be the effective treatments. The 

mean values observed were 0.07, 0.06 and 0.07 g, each. When leaves were treated 

with fractions from acetone extract @ 1.25%, larvae consumed an average of 0.09 

g of leaves. Larvae consumed 0.02 g leaves when leaves were treated with 

chemical insecticide. These treatments differed significantly among each other. 

Larvae consumed an average of 0.46 g leaf when treated with distilled water. 

  At one week after treatment, it was observed that the treatments with 

fractions from acetone extract @ 2.5% was statistically similar in effect with 5 

and 1.25% of the extracts and neemazal @ 0.2%, with the mean values of leaf 

consumption being 0.04, 0.04, 0.06 and 0.03 g respectively. These were preceded 

by malathion 50 EC @ 0.1% (0.01 g) which differed statistically among them. In 

treatment with distilled water, larvae consumed an average of 0.49 g leaves. 

4.2.1.2. Effect on Mortality of Larvae 
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  The effect of chromatographic fractions on larval mortality at 24, 48 and 

72 HAT is expressed in Table 20. The data exhibited statistical variation among 

the treatments. At 24 HAT, it was observed that there was 53.33 per cent 

mortality with fractions from acetone extract @ 5% and this was found to be 

statistically on par with neemazal @ 0.2%, with a mortality of 56.67 per cent. 

These were preceded by malathion 50 EC @ 0.1%, with 66.67 per cent mortality. 

The treatments with chromatographic fractions from acetone extract @ 2.5 and 

1.25 per cent differed significantly among each other and the values were 

observed to be 40.00 and 23.33 per cent, each.  

  At 48 HAT, fractions from acetone extract @ 5% exhibited mortality 

equivalent to that of neemazal @ 0.2% and the values were 54.78 and 63.33 per 

cent respectively. These were observed to be just behind malathion 50 EC @ 

0.1% with 76.67 per cent mortality. The percentage mortality exhibited by 

chromatographic fractions from acetone extract @ 2.5 and 1.25% were 46.67 and 

40.00 per cent and were statistically on par. 

  On third day of treatment, it was observed that treatment with malathion 

50 EC @ 0.1% resulted in 93.33 per cent mortality in treated larvae. This was 

followed by fractions @ 5% which was statistically on par with that of neemazal 

@ 0.2% and fractions from acetone extract @ 2.5%. Mean percentage mortality 

observed in these treatments was 73.33, 76.67 and 60.00 respectively. Followed 

by these were the treatments with fractions from acetone extract @ 1.25%, with 

mean mortality of 53.33 per cent.  

 4.2.2. On Henosepilachna septima 

 4.2.2.1. Antifeedant Effect 

  The repellent effect on feeding action of grubs of epilachna beetles 

expressed as quantity of leaf consumed by treated grubs on one, three, five and 

seven DAT is given in Table 21. There was significant variation among various 

treatments. 

  On the initial day after treatment, it was noticed that the mean quantity of 

leaves consumed by grubs when fed with leaves treated with the chemical, 

malathion 50 EC @ 0.1% was 0.09 g. Next were the treatments with  
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 Table 20. Effect of chromatographic fractions from acetone extract of Samadera 

indica seeds on Diaphania indica 

 

HAT – Hours After Treatment; Figures in parentheses are values after arc sine 

transformation 

  

Treatments 

*Mean mortality of larvae (%) 

HAT 

24  48  72  

Fractions from acetone extract @ 5% 
53.33 

(46.92)b 

54.78 

(52.78)b 

73.33 

(59.00)bc 

Fractions from acetone extract @ 2.5% 
40.00 

(39.23)c 

46.67 

(43.08)c 

60.00 

(50.77)cd 

Fractions from acetone extract @ 1.25% 
23.33 

(28.78)d 

40.00 

(39.23)c 

53.33 

(46.92)d 

Neemazal @ 0.2% 
56.67 

(48.85)b 

63.33 

(66.67)b 

76.67 

(61.22)b 

Malathion 50 EC @ 0.1% 
66.67 

(54.78)a 

76.67 

(61.22)a 

93.33 

(77.71)a 

Control 0e 0d 0e 

SE (m) 2.72 1.66 2.93 

CD (0.05) (5.084) (5.135) (9.008) 
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Table 21. Antifeedant effect of chromatographic fractions from acetone extract of Samadera indica seeds on Henosepilachna septima 

 

                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DAT – Days After Treatment

Treatments 

*Mean quantity of leaves consumed by grubs (g) 

DAT 

1  3  5  7  

Fractions from acetone extract @ 5% 0.16d 0.14c 0.09c 0.07c 

Fractions from acetone extract @ 2.5%        0.17c 0.14c 0.09c 0.07c 

Fractions from acetone extract @ 1.25% 0.20b 0.17b 0.11b 0.09b 

Neemazal @ 0.2% 0.16d 0.12d 0.08d 0.05d 

Malathion 50 EC @ 0.1% 0.09e 0.06e 0.03e 0.01e 

Control 0.40a 0.44a 0.47a 0.49a 

SE (m) 0.003 0.005 0.004 0.006 

CD (0.05) 0.010 0.014 0.013 0.017 
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chromatographic fractions of acetone extract @ 5% and neemazal @ 0.2%, which 

were statistically on par. Mean quantity of leaf consumption in these treatments 

was 0.16 g, each. This was subsequently followed by the treatments with fractions 

from acetone extract @ 2.5 and 1.25% each, mean leaf consumption of 0.17 and 

0.20. These treatments differed significantly among each other. Mean leaf 

consumption in control was 0.40 g .  

  On 3rd day of treatment, it was observed that larvae fed with leaves 

treated with neemazal @ 0.2% and malathion 50 EC @ 0.1% consumed 0.12 and 

0.06 g respectively. These were followed by fractions from acetone extract @ 5 

and 2.5% with 0.14 g each being the average quantity of leaf consumption by 

grubs and these treatments were found to be statistically on par. Treatment with 

these at 1.25% resulted in 0.17 g of leaf consumption. An average of 0.44 g leaves 

was consumed by grubs when fed with leaves treated with distilled water. 

  On the 5th day of treatment too, similar trend was seen with fractions from 

acetone extract @ 5 and 2.5% each exhibiting statistical similarity among each 

other. The mean values observed were 0.09 g each. These were preceded by 

treatments with neemazal @ 0.2% and malathion 50 EC @ 0.1%, wherein mean 

quantity of leaf consumption was 0.08 and 0.03 g respectively. The average 

quantity of leaves consumed by grubs when fed with leaves treated with 

chromatographic fractions @ 1.25% was 0.11 g. When treated with distilled 

water, grubs consumed an average of 0.47 g leaves.  

  On 7 DAT, the mean quantity of leaf consumption observed with 

neemazal @ 0.2% and malathion 50 EC @ 0.1% were 0.05 and 0.01 g, each. The 

mean quantity of leaf consumption in treatments with fractions from acetone 

extract @ 5 and 2.5% were observed to be statistically similar and the mean 

values were 0.07 g, each. In treatment with fraction from acetone extract @ 

1.25%, mean quantity of leaf consumption was observed as 0.09 g. But, this 

treatment differed significantly from the above two treatments. In treatment with 

distilled water, 0.49 g was the mean leaf consumption. 

4.2.2.2. Effect on Mortality of Grubs 
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  Data on mortality of grubs due to the application of chromatographic 

fractions of acetone exhibited significant difference. On first day of treatment, 

fractions from acetone extract @ 5% and neemazal @ 0.2% exhibited statistically 

similar mortality and were next to malathion 50 EC @ 0.1% with 73.33 per cent 

mortality. In the former treatments, the mean mortality was 53.33 and 60.00 per 

cent each. The mean mortality exhibited by chromatographic fractions @ 2.5 and 

1.25 per cent was observed were 36.67 and 26.67 per cent respectively (Table 22). 

  At 48 HAT, fractions from acetone extract @ 5% were found to exhibit 

66.67 per cent mortality and it showed statistical similarity with the check 

treatment neemazal @ 0.2% with 73.33 per cent mean mortality. Insects treated 

with chromatographic fractions @ 2.5 and 1.25% showed mean mortality of 53.33 

and 36.67 per cent respectively. These treatments differed significantly from each 

other. 

  At 72 HAT, it was observed that fractions from acetone extract @ 5 and 

2.5% caused 73.33 and 63.33 per cent mortality each in grubs and effect of these 

two were statistically on par with neemazal @ 0.2% with mean mortality of 73.33 

per cent. But, these treatments differed statistically from malathion 50 EC @ 0.1% 

with 93.33 per cent mortality.  In treatment with 1.25% chromatographic fraction, 

percentage mortality in grubs was 53.33.  

  The above results indicated that application of chromatographic fractions 

from seed extracts of S. indica @ 5% resulted in higher degree of feeding 

repellency and higher mortality rate in young instars of D. indica and H. septima. 

 

4.3. STRUCTURAL CHARACTERISATION OF THE BIOACTIVE 

COMPOUND 

 

  Comparison of TLC (Thin Layer Chromatography) profiles of effective 

chromatographic fractions from acetone extract and that of the earlier identified 

marker compounds (quassinoids) available at CSIR-NIIST revealed similarity 

among the two. Hence, proton (1H) and carbon (13C) NMR data were derived to 

identify the similar compounds.  
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Table 22. Effect of chromatographic fractions from acetone extract of Samadera 

indica seeds on Henosepilachna septima 

 

HAT – Hours After Treatment; Figures in parentheses are values after arc sine 

transformation 

 

 

 

 

 

 

 

Treatments 

*Mean mortality of grubs (%) 

HAT 

24  48  72  

Fractions from acetone extract @ 5% 
53.33 

(46.92)b 

66.67 

(54.78)b 

73.33 

(59.00)b 

Fractions from acetone extract @ 

2.5% 

36.67  

(37.23)c 

53.33 

(46.92)c 

63.33 

(52.78)bc 

Fractions from acetone extract @ 

1.25% 

26.67 

(31.00)d 

36.67 

(37.23)d 

53.33 

(46.92)c 

Neemazal @ 0.2% 
60.00 

(50.77)b 

73.33 

(59.00)ab 

73.33 

(59.00)b 

Malathion 50 EC @ 0.1% 
73.33 

(59.00)a 

76.67 

(61.22)a 

93.33 

(77.71)a 

Control 0e 0e 0d 

SE (m) 1.71 1.90 3.04 

CD (0.05) (5.269) (5.842) (9.355) 
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Compound 1 was obtained as a colourless solid and showed a molecular 

ion peak at m/z 331.1211 [M+H]+ (calculated for C18H19O6, 331.12) in the 

HRESIMS (High Resolution ElectroSpray Ionisation Mass Spectrometry), and the 

molecular formula was established as C18H18O6. The 1H NMR spectrum of 

compound 1 (Fig. 5) displayed peaks at δ 6.24 (d, J = 1Hz, 1H), 6.02 (s, 1H), 4.82 

(d, J = 9 Hz, 1H), 4.30 (d, J = 3.5 Hz, 1H), 4.16 (dd, J1 = 9 Hz, J2 = 1.5 Hz, 1H), 

3.58 (d, J = 10.5 Hz, 1H), 3.45 (d, J= 1 Hz, 1H), 2.27 (dd, J1 = 1 Hz, J2 = 4.5 Hz, 

1H), 2.23 (d, J = 1.5 Hz, 3H), 1.73 (s, 3H) and 1.60 (s, 3H) ppm. The 13CNMR 

spectrum of compound 1 (Fig. 6) displaying the presence of 18 carbon atoms was 

ascertained with the carbon signals at δ 203.5, 193.8, 171.1, 168.8, 163.3, 134.1, 

116.8, 89.2, 81.8, 76.1, 69.0, 58.1, 57.4, 48.2, 40.2, 21.4, 20.9 and 13.7 ppm. 

Compound 1 was assessed to be samaderin A. 

Compound 2 was obtained as a colourless crystalline solid and showed a 

molecular ion peak at m/z 363.38 [M+H]+ (calculated for C19H23O7, 363.14) in the 

HRESIMS, and the molecular formula was established as C19H22O7. The 1H NMR 

spectrum of compound 2 (Fig. 7) exhibited peaks at δ 5.99 (d, J = 1Hz, 1H), 5.56 

(d, J= 4 Hz, 1H), 4.74 (d, J = 8.5 Hz, 1H), 4.63 (m, 1H),4.38 (d, J = 4.5 Hz, 1H) 

4.27 (d, J= 3.5 Hz, 1H), 4.23 (d, J = 2.5 Hz, 1H), 3.60 (d, J = 7 Hz, 1H), 3.42 (d, J 

= 1Hz, 1H), 3.07 (d, J = 13.5 Hz, 1H), 2.75 (m, 2H), 2.12 (d, J = 3.5 Hz, 1H), 

1.88 (s, 3H), 1.41 (s, 3H), 1.24 (s, 3H) ppm. From 13C NMR spectrum of 

compound 2 (Fig. 8), the presence of 19 carbon atoms was ascertained with the 

carbon signals at δ 205.3, 197.7, 171.9, 161.2, 124.2, 86.8, 83.6, 80.9, 74.6, 69.5, 

60.4, 55.3, 48.5, 46.7, 46.6, 38.4, 21.4, 20.4 and 9.9 ppm. Compound B was 

assessed to be samaderin B. 

Compound 3 was obtained as a colourless crystalline solid and displayed a 

molecular ion peak at m/z 365.1610 [M+H]+ (calculated for C19H25O7, 367.16) in 

the HRESIMS, and the molecular formula was established as C19H24O7. The 1H 

NMR spectrum of compound 3 (Fig. 9) exhibited peaks at δ 5.67 (d, J = 4.5 Hz, 

1H), 5.34 (s, 1H), 4.80 (t, J = 3 Hz, 2H), 4.66 (dd, J1 = 9 Hz, J2 = 5 Hz, 1H), 4.45   
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Fig. 5. 1H NMR spectrum of samaderin A 

 

 

 

 

Fig. 6. 13C NMR spectrum of samaderin A 

 

 



             

 

Fig. 7. 1H NMR spectrum of samaderin B 

 

 

 

            

      

Fig. 8. 13C NMR spectrum of samaderin B 

 



              

Fig. 9. 1H NMR spectrum of samaderin C 

 

 

 

                  

Fig. 10. 13C NMR spectrum of samaderin C 

 

              



(d, J = 5.5 Hz, 1H), 4.21 (d, J = 5 Hz, 1H), 3.90 (s, 1H), 3.59 (d, J = 8.5 Hz, 1H), 

3.43 (s, 1H), 2.55 (t, J = 4.5 Hz, 1H), 2.35 (d, J = 13 Hz, 1H), 1.75 (d, J = 3.5 Hz, 

1H), 1.55 (s, 3H), 1.40 (s, 3H), 1.26 (s, 3H) ppm. From 13C NMR spectrum of 

compound 3 (Fig. 10), the presence of 19 carbon atoms was established with the 

carbon signals at δ 206.0, 172.2, 132.4, 125.7, 86.8, 83.7, 80.5, 75.1, 71.5, 69.6, 

60.5, 55.7, 49.2, 47.5, 46.9, 43.0, 20.4, 20.1 and 10.3 ppm. Samaderin C was 

inferred to be the third compound. 

Compound 4 was obtained as a colourless crystalline solid and showed a 

molecular ion peak at m/z 365.16 [M+H]+ (calculated for C19H25O7, 365.16) in the 

HRESIMS, and the molecular formula was established as C19H24O7. The 1H NMR 

spectrum of compound 4 (Fig. 11) exhibited peaks at δ 5.96 (d, J = 1.5 Hz, 1H), 

5.10 (d, J = 3.5 Hz, 1H), 5.05 (d, J = 4 Hz, 1H), 4.69 (t, J = 3 Hz, 1H), 4.47 (d, J = 

8 Hz, 1H), 4.08 (d, J = 6.5 Hz, 1H), 4.04 (d, J = 3.5 Hz, 2H), 3.73 (s, 1H), 3.60 (d, 

J = 8.5 Hz, 1H), 3.06 (d, J = 12.5 Hz, 1H), 2.70 (s, 1H), 2.09 (t, J= 4.5 Hz, 1H), 

1.91 (m, 1H), 1.86 (s, 3H), 1.53 (t, J = 13 Hz, 1H), 1.33 (s, 3H), 1.12 (s, 3H) ppm. 

From the 13C NMR spectrum of compound 4 (Fig. 12), the presence of 19 carbon 

atoms was ascertained with the carbon signals at δ 198.3, 172.1, 164.4, 124.0,             

86.6, 83.4, 83.1, 74.4, 69.8, 69.4, 58.65, 54.3, 47.5, 44.0, 42.1, 40.1, 29.1, 22.1, 

20.7 and 10.4 ppm. Cedronin was assessed to be compound 4.  

The structures of the four bioactive compounds viz., samaderins A, B, C 

and cedronin described above are illustrated in Fig. 13. 

4.4. DEVELOPMENT OF SUITABLE FORMULATIONS OF BIOACTIVE 

COMPOUNDS 

 Two sets of formulations (Formulation A and Formulation B) were 

prepared by adding active ingredient/bioactive compound, emulsifier/surfactant 

and solvent in appropriate proportion. Formulation A (Plate 10) was prepared by 

adding acetone extract, tween 80 and water in the ratio 15: 5: 80. Acetone extract 

was added to tween 80 and water heated at 55+ 50C was added to this mixture. 

Formulation B (Plate 11) was also prepared in a similar manner as that of 

formulation A, except that tween 80 was replaced by a combination of tween 80  
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and span 80 in 1: 1 ratio. Crude formulations A and B were termed as 

Emulsifiable Concentrates (EC) and these became emulsions (Plate 12) when 

diluted with water prior to application. 

4.4.1. Stability of Formulation 

The results on assessment of stability of the formulations assessed for a 

period of one week are illustrated in Table 23. 

4.4.2. Bioefficacy Studies of Formulation  

4.4.2.1. On Diaphania indica 

 The efficacy of bioformulations from seed extracts of S. indica expressed 

as mean mortality (%) at 24, 48 and 72 HAT is given in Table 24. There was 

statistical difference among all treatments. At 24 HAT, application of formulation 

A @ 1% has resulted 41.67 per cent mortality and was preceded by malathion 50 

EC @ 0.1% and neemazal @ 0.2%, with 68.33 and 58.33 per cent mortality each. 

But, these treatments differed significantly among each other. In treatment with 

formulation B @ 1%, there was 33.33 per cent mortality in beetles. Treatments 

with formulations A and B @ 0.5% each showed statistically significant variation 

and mean mortality in these treatments was 18.33 and 15.00 per cent respectively.  

At 48 HAT too, the trend observed was similar. Among formulations of          

S. indica, formulation A @ 1% was the most effective one with 56.67 per cent 

mortality. This was followed by formulation B @ 1% with 48.33 per cent 

mortality. Both the formulations A and B @ 0.5% each witnessed similar 

mortality percentage in second instar larvae of D. indica which ranged from 33.33 

to 36.67. Mortality observed with the application of neemazal @ 0.2% and 

malathion 50 EC @ 0.1%was 71.67 and 76.67 per cent each and these two 

treatments differed significantly from each other. 

On third day of treatment, application of check treatment (malathion 50 

EC @ 0.1%) resulted in 96.67 per cent larval mortality. Formulation A @ 1%   
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Fig. 11. 1H NMR spectrum of cedronin 

 

 

 

                   

      

    Fig. 12. 13C NMR spectrum of cedronin 

  



 

  

       Fig. 13 A. Samaderin A        Fig. 13 B. Samaderin B 

       Fig. 13 C. Samaderin C        Fig. 13 D. Cedronin 

Fig. 13. Structure of bioactive compounds 



Table 23. Physical tests for stability of formulations A and B 

 

 

  

Physical tests Formulation A 

 

Formulation B 

 

Colour Yellow 
Light yellow 

 

Appearance Free-flowing 
Free-flowing 

 

Filter paper test 

 

Spreads out rapidly in 

filter paper (O/W 

emulsion) 

O/W emulsion 

Cold test 
No turbidity or separated 

oily or solid matter 

 

No turbidity or separated 

oily or solid matter 

 

Test for heat stability No turbidity 

 

Lesser turbidity 

 

Acidity pH  - 5.87 

 

pH  - 6.66 

 

Electrical Conductivity (EC ) 20 µS 

 

14 µS 

 

Bloom test 

Bloom was rated as 

excellent with code 5 

(Plate 13A) 

 

Bloom was rated as 

excellent with code 5 

(Plate 13B) 
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Table 24. Effect of formulations from Samadera indica seed extracts on 

Diaphania indica 

 

HAT – Hours After Treatment; Figures in parentheses are values after arc sine 

transformation 

 

 

 

 

 

 

 

 

 

Treatments 

*Mean mortality of larvae (%) 

HAT 

24  48  72  

Formulation A @ 1% 41.67 (40.20)c 56.67 (48.84)c 80.00 (63.74)bc 

  Formulation A @ 0.5% 18.33 (25.31)e 36.67 (37.26)e 46.67 (43.09)d 

      Formulation B @ 1% 33.33 (35.25)d 48.33 (44.04)d 71.67 (57.86)c 

 Formulation B @ 0.5% 15.00 (22.79)e 33.33 (35.25)e 43.33 (41.16)d 

   Neemazal @ 0.2% 58.33 (49.80)b 71.67 (57.86)b 88.33 (70.12)b 

Malathion 50 EC @ 0.1% 68.33 (55.77)a 76.67 (61.15)a 96.67 (81.30)a 

Control 0f 0f 0e 

SE (m) 0.89 0.95 2.26 

CD (0.05) (2.697) (2.882) (6.774) 
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Plate 13. White bulging emulsion with no oil droplets 

      Plate 13A. Formulation A 
      Plate 13B. Formulation B 

     Plate 10. Formulation A       Plate 11. Formulation B       Plate 12. Emulsion 

 



witnessed reduction in the population of D. indica to 80.00 per cent and mortality 

was statistically on par with neemazal @ 0.2% and formulation B @ 1%. Mean 

percentage mortality in these two treatments ranged from 71.67 to 88.33. Next 

were the treatments with formulations A and B at 0.5% each, which exhibited 

statistical similarity among them, with mean mortality ranging from 43.33 to 

46.67 per cent.  

4.4.2.2. On Henosepilachna septima 

 The data on mortality of H. septima witnessed significant difference. On 

first DAT, application of formulation A and formulation B @ 1% recorded 41.67 

per cent each against H. septima. Treatments with 0.5 per cent of the above 

mentioned formulations exhibited 18.33 to 20.00 per cent mortality and these 

were found to be statistically on par. In treatment with neemazal @ 0.2%, an 

average of half of the treated population exhibited mortality (50.00 per cent). It 

was observed that 56.67 per cent of the grubs died when treated with the chemical 

malathion 50 EC @ 0.1%. These two treatments differed significantly among each 

other (Table 25). 

At 48 HAT, formulation A @ 1% exhibited mean mortality of 58.33 per 

cent and was next to neemazal @ 0.2% with 66.67 per cent mortality.  

Meanwhile, formulation B @ 1% and formulations A and B @ 0.5% exhibited 

mean mortality of 31.67 to 48.33 per cent. These treatments were also found to be 

statistically on par with each other. The mean mortality of grubs in chemical, 

malathion 50 EC @ 0.1% was 78.33 per cent. 

 At 72 HAT, formulation A @ 1% caused mean mortality of 80.00 per 

cent, which was statistically on par with neemazal @ 0.2%, with 88.33 per cent 

mean mortality. This was succeeded by formulation B @ 1% with a mean 

mortality of 71.67 per cent. Subsequent were the treatments with formulations A 

and B @ 0.5% each, wherein mean values ranged from 43.33 to 46.67 per cent. 

The effect of these treatments was statistically on par. In chemical control, 

mortality of grubs was 96.67 per cent.  

89



Table 25. Effect of formulations from Samadera indica seed extracts on 

Henosepilachna septima 

 

HAT – Hours After Treatment; Figures in parentheses are arc sine transformed 

values 

 

 

 

 

 

 

 

 

Treatments 

*Mean mortality of grubs (%) 

HAT 

24  48  72  

Formulation A @ 1% 41.67 (40.20)c 58.33 (49.80)c 80.00 (63.74)b 

Formulation A @ 0.5% 20.00 (26.57)d 31.67 (34.23)d 46.67 (43.09)d 

Formulation B @ 1% 41.67 (40.20)c 48.33 (44.04)d 71.67 (57.86)c 

Formulation B @ 0.5% 18.33 (25.31)d 33.33 (35.25)d 43.33 (41.16)d 

Neemazal @ 0.2% 50.00 (45.00)b 66.67 (54.75)b 88.33 (70.12)b 

Malathion 50 EC @ 0.1% 56.67 (48.84)a 78.33 (62.29)a 96.67 (81.39)a 

Control 0e 0e 0e 

SE (m) 0.89 0.95 2.26 

CD (0.05) (2.402) (2.878) (6.853) 
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4.4.3. Safety Evaluation of Formulation  

 The observations on safety assay of formulations of seed extracts of          

S. indica on pollinators and parasitoids are shown below. 

4.4.3.1. Evaluation of Safety to Pollinators 

 The safety of bioformulation was assessed on Indian honey bee (Apis 

cerana indica (Fabricius)) and expressed in terms of mortality of test insect at 6, 

12 and 24 HAT (Table 26). All treatments showed statistically significant 

variation.  

Observations at 6 HAT indicated that application of malathion 50 EC @ 

0.1% resulted in mortality of 60.00 per cent in honey bees. Application of 

formulation A @ 2% resulted in mortality of 26.67 per cent bees and was on par 

with neemazal @ 0.2%, formulation B @ 2% and formulation A @ 1%. Mean 

mortality in these treatments ranged from 16.67 to 33.33 per cent. This was 

followed by formulation B @ 1% wherein there was 6.67 per cent mortality of 

bees only. At 12 HAT, spraying of malathion 50 EC @ 0.1% resulted 66.67 per 

cent mortality of bees. This was followed by neemazal @ 0.2% in which 36.67 

per cent mortality of bees was observed. Application of formulation B @ 2% 

exhibited statistical similarity with formulation A @ 2% and formulation A and B 

@ 1% each. Mean mortality percentage in these treatments ranged from 13.33 to 

26.67 per cent. 

 At 24 HAT, treatment with malathion 50 EC @ 0.1% and neemazal @ 

0.2% resulted in 76.67 and 46.67 per cent mortality of bees. Spraying of 

formulation B @ 1% showed 26.67 per cent mortality of bees. This treatment was 

on par with formulation A and B @ 2% each. Mean mortality of bees in these two 

treatments was 33.33 and 23.33 respectively.  

4.4.3.2. Evaluation of Safety to Parasitoids 

 The results on safety assessment of bioformulations of S. indica seed 

extracts expressed as mortality of the wasp, Apanteles taragamae Viereck at 1, 3  
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Table 26. Effect of formulations from Samadera indica seed extracts on Indian 

honey bee 

HAT – Hours After Treatment; Figures in parentheses are values after arc sine 

transformation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments 

*Mean mortality of honey bee (%) 

HAT 

6  12  24  

Formulation A @ 1% 16.67 (23.86)c 16.67 (23.86)d 30.00 (21.15)d 

Formulation A @ 2% 26.67 (31.00)bc 26.67 (31.00)c 33.33 (28.29)cd 

Formulation B @ 1% 6.67 (12.29)d 13.33 (21.15)d 26.67 (35.22)c 

Formulation B @ 2% 20.00 (26.57)bc 20.00(26.57)cd 23.33 (33.21)c 

Neemazal @ 0.2% 33.33 (35.22)b 36.67 (37.23)b 46.67 (43.08)b 

Malathion 50 EC @ 0.1% 60.00 (50.85)a 66.67 (54.78)a 76.67 (61.22)a 

Control 0e 0e 0e 

SE (m) 3.06 1.99 1.79 

CD (0.05) (9.288) (6.029) (7.626) 
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and 5 DAT is given in Table 27. All treatments showed statistically significant 

variation.  

 On the first day of treatment, spraying of both formulations at 1% and 2% 

each equally harmed the parasitoid and the mean mortality values ranged from 

20.00 to 26.67 per cent. Effect of these treatments was statistically on par. 

Significantly high mortality rate (53.33 per cent) was observed in chemical, 

malathion 50 EC @ 0.1%. 

 Observations at 3 DAT revealed that there was 56.67 per cent mortality in 

chemical treatment, malathion 50 EC @ 0.1%and it was significantly superior to 

other treatments. Spraying formulation A @ 2% exhibited statistical similarity 

with formulation A @ 1% and formulation B @ 1 and 2% each. Here, mean 

mortality ranged from 20.00 to 33.33 per cent.  

The trend observed in 5th DAT was same as in 1st DAT. Both formulations 

at a concentration of 1% and 2% each showed statistically similar effect in 

mortality of wasps (33.33 – 36.67 per cent). Treatment with malathion 50 EC @ 

0.1% resulted significantly higher mortality rate (76.67 per cent).  

It can be generalised that among the formulations prepared from solvent 

extracts of S. indica, both the formulations A and B retained stability. Formulation 

A @ 1% can be considered as the ideal one among the two as indicated by higher 

rate of mortality exhibited by the pests, D. indica and H. septima. Furthermore, 

both the formulations were safe against honey bees and parasitoids.  

4.4.4. Shelf Life Evaluation of Formulations 

The storage period of the botanical formulations evaluated in terms of 

mortality of the test insects is expressed below. 

4.4.4.1. On Diaphania indica 

 Data on shelf life of formulations evaluated on D. indica in terms of 

mortality at monthly intervals for a period of six months is shown in Table 28. 
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Table 27. Effect of formulations from Samadera indica seed extracts on Apanteles 

taragamae 

 

DAT – Days After Treatment; Figures in parentheses are values after arc sine 

transformation 

 

  

Treatments 

*Mean mortality of wasp (%) 

DAT 

1  3  5  

Formulation A @ 1% 23.33 (28.78)b 23.33 (28.78)cd 33.33 (35.22)b 

Formulation A @ 2% 26.67 (31.00)b 26.67 (31.00)bcd 36.67 (37.23)b 

Formulation B @ 1% 20.00 (26.57)b 20.00 (26.57)d 36.67 (37.23)b 

Formulation B @ 2% 26.67 (31.00)b 33.33 (35.22)b 36.67 (35.22)b 

Neemazal @ 0.2% 26.67 (31.00)b 30.00 (33.21)bc 36.67 (37.23)b 

Malathion 50 EC @ 0.1% 53.33 (46.92)a 56.67 (48.84)a 76.67 (61.22)a 

Control 0c 0e 0c 

SE (m) 1.83 1.58 1.89 

CD (0.05) (5.538) (4.802) (5.738) 
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Table 28. Shelf life evaluation of formulations from Samadera indica seed extracts on larvae of Diaphania indica  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DAP – Day After Preparation; MAP – Month After Preparation

Treatments 

*Mean mortality of larvae (%) 

0th DAP 1st MAP  2nd MAP    3rd MAP  4th MAP  5th MAP  

 

6th MAP 

 

Formulation A @ 0.5% 46.67 46.67 46.67  46.67  46.67  46.67  45.00  

Formulation A @ 1% 80.00  80.00  78.33  76.67  76.67  76.67  71.67  

Formulation B @ 0.5% 43.33  43.33  43.00         43.00  41.67   41.67 40.00  

Formulation B @ 1% 75.00  75.00  73.33  73.33  71.67  71.67  71.67  
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The mean mortality rate observed with formulation A @ 1% was 80.00, 

80.00 and 78.33 per cent on the day of preparation, one MAP (Month After 

Preparation) and two MAP, 76.67 per cent each on 3rd, 4th and 5th MAP and 71.67 

per cent on 6th MAP. Application of formulation A @ 0.5% resulted in mean 

mortality of 46.67 per cent from day of preparation to 5th MAP. Mean larval mean 

mortality became 45.00 per cent at the end of six MAP.  

Mean mortality values observed with the application of formulation B @ 

1% were 75.00 per cent each on the day of preparation and on 1st MAP. Then, 

mean percentage mortality became 73.33 each on 2nd and 3rd MAP. Thereafter, 

mean mortality values became 71.67 per cent till the end of observational period. 

When formulation B was applied @ 0.5%, mean mortality values noticed were 

43.33 per cent each at on the day of preparation and one MAP, 43.00 per cent at 

2nd and 3rd MAP and became 40.00 to 41.67 per cent during 4th, 5th and 6th MAP. 

4.4.4.2. On Henosepilachna septima 

 The shelf life of S. indica seed extracts against H. septima evaluated as 

mortality on test insect upto six MAP at monthly intervals is given in Table 29. 

 The mortality rates observed with formulation A @ 1% varied slightly 

over a period of six months, but not with wide variation. The mean mortality rates 

of grubs were observed to be 80.00, 80.00 and 78.33 per cent each from the day of 

preparation to second month. Then, the mortality rates became 76.67 per cent 

each on 3rd and 4th MAP and 71.67 per cent each on 5th and 6th MAP. When this 

formulation was treated at 0.5 per cent on the day of preparation, 46.67 per cent 

grubs witnessed mortality from 0th DAP to 4th MAP. Thereafter, mortality rates 

became 45.00 per cent upto 6th MAP. 

 With regard to formulation B, application of the formulation @ 1% caused 

75.00 per cent mortality of treated insects from zero to one MAP of formulation. 

Mortality became 73.33 per cent when observed in the next two months. There 

was further reduction in death rate of grubs to 71.67 per cent in 4th and 5th months 

of preparation of formulation. Seventy per cent insects died when treated during  
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Table 29. Shelf life evaluation of formulations from Samadera indica seed extracts on grubs of Henosepilachna septima  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DAP – Day After Preparation; MAP – Month After Preparation 

Treatments 

*Mean mortality of grubs (%) 

0th DAP 1st MAP  2nd MAP    3rd MAP  4th MAP  5th MAP  

 

6th MAP 

 

Formulation A @ 0.5% 46.67 46.67 46.67  46.67  46.67  45.00 45.00  

Formulation A @ 1% 80.00  80.00  78.33  76.67  76.67  71.67  71.67  

Formulation B @ 0.5% 43.33  43.33  43.00         43.00  41.67   40.00 40.00  

Formulation B @ 1% 75.00  75.00  73.33  73.33  71.67  71.67  70.00  
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the sixth month. It was observed that application of 0.5 per cent of the same 

formulation resulted in 43.33 per cent mean mortality at day of preparation and 

one MAP. Thereafter, mortality values observed were 43.00 per cent for next two 

months, 41.67 per cent in fourth month and 40.00 per cent each in fifth and sixth 

months of observation.   

 Shelf life evaluation of formulations indicated that both the formulations A 

and B remained effective with 40.00 to 80.00 per cent mortality upto six months 

under normal storage conditions. 

4.5. FIELD EVALUATION OF FORMULATION AGAINST LEAF FEEDING 

PESTS IN SNAKE GOURD 

 Efficacy of formulation A @ 2% was evaluated under field situation both 

at vegetative and 50 per cent flowering stage by spraying on leaf feeding pests in 

snakegourd. 

4.5.1. Efficacy of Formulation  

4.5.1.1. At Vegetative Stage  

The efficacy of formulation at vegetative stage of the crop assessed in 

terms of pest population and damage on leaves is given in Table 30. There was 

statistically significant difference among various treatments. 

4.5.1.1.1. Pest Population 

 On 1st day of treatment, it was observed that formulation A @ 2% was 

equally effective as neemazal @ 0.2%, with mean number of pests being 10.20 

and 9.60 each. These were preceded by malathion 50 EC @ 0.1% in which treated 

plants contained 8.40 pests. In untreated plants, there were a mean number of 

17.40 pests. 

 On 3rd day, formulation A @ 2% and neemazal @ 0.2% were statistically 

on par with average number of pests being 9.00 and 8.80 respectively. Treatment 

with malathion 50 EC @ 0.1% reduced pest population to an average of 6.00 

insects. In untreated plants, there was an average of 18.60 pests.  
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Table 30. Effect of formulation from Samadera indica seed extract on leaf feeding pests of snake gourd at vegetative stage 

 

*Figures in parentheses are square root transformed values; **Figures in parentheses are arc sine transformed values 

DAT  - Days After Treatment 

 

Treatments 
*Mean population of leaf feeding pests plot-1 

**Mean percentage of infested leaves plot-1 

 

Pre-count DAT DAT 

 

1 3 5 7 1 3 5 7 

 

Formulation A @ 

2% 
17.20 

10.20 

(3.19)b 

9.00 

(3.00)b 

7.60 

(2.84)b 

6.80 

(2.70)b 

32.00 

(34.44)b 

30.00 

(33.15)b 

25.00 

(29.77)b 

21.00 

(27.18)b 

Neemazal @ 

0.2% 
15.60 

9.60 

(3.10)b 

8.80 

(2.97)b 

7.40 

(2.81)b 

4.00 

(2.12)c 

30.00 

(33.18)b 

28.00 

(31.78)bc 

24.00 

(29.27)b 

17.00 

(23.43)b 

Malathion 50 EC 

@ 

0.1% 

16.20 
8.40 

(2.89)c 

6.00 

(2.45)c 

0.00 

(0.71)c 

0.00 

(0.71)d 

28.00 

(31.82)b 

23.00 

(28.56)c 

8.00 

(16.00)c 

5.00 

(12.92)c 

Untreated 16.00 
17.40 

(4.17)a 

18.60 

(4.31)a 

18.80 

(4.35)a 

19.20 

(4.42)a 

54.00 

(47.33)c 

63.00 

(49.61)a 

70.00 

(56.94)a 

75.00 

(60.28)a 

 

SE (m) 
 0.06 0.03 0.04 0.04 1.36 1.15 2.26 1.12 

CD (0.05) 

 

(0.199) (0.109) (0.156) (0.159) (4.107) (4.269) (6.099) 

 

(5.107) 
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On 5th DAT, the treatments with neemazal @ 0.2% and formulation A @ 

2% were statistically on par with each other with mean pest population of 7.40 

and 7.60 respectively. No pest was observed in plants treated with malathion 50 

EC @ 0.1%. In untreated plants, there was a mean of 18.80 pests. 

 Observations at one week after treatment showed that best treatments in 

the order of effectiveness were malathion 50 EC @ 0.1%, neemazal @ 0.2% and 

formulation A @ 2%, which differed statistically among each other. Mean pest 

population observed was 0.00, 4.00 and 6.80 respectively. In control, average pest 

population was 19.20. 

4.5.1.1.2. Damage on Leaves 

 Observations on 1st DAT indicated that plants sprayed with formulation A 

@ 2%, neemazal @ 0.2% and malathion 50 EC @ 0.1% had an average of 32.00, 

30.00 and 28.00 per cent infested leaves respectively. These treatments exhibited 

statistical similarity among them. Here, untreated plants had an average of 54.00 

per cent infested leaves. 

At the end of third day, it was noticed that plants treated with formulation 

A @ 2% had 30.00 per cent infested leaves. This treatment was statistically 

similar to neemazal @ 0.2% with 28.00 per cent infested leaves. Application of 

chemical treatment resulted in 23.00 per cent infested leaves and was on par with 

neemazal @ 0.2%. In untreated plants, there was an average of 63.00 per cent 

infested leaves. Observations at 5th DAT indicated that in plants treated with 

formulation A @ 2%, there was an average of 25.00 per cent infested leaves and it 

was on par with neemazal (24.00 per cent). Plants treated with malathion 50 EC 

@ 0.1% had an average of 8.00 per cent infested leaves. In untreated plants, there 

were 70.00 per cent infested leaves. 
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At one week after treatment, there were 21.00 and 17.00 per cent infested 

leaves each in plants treated with formulation A @ 2% and neemazal @ 0.2%. 

These treatments were statistically on par with each other. Treatment with 

malathion 50 EC @ 0.1% resulted in 5.00 per cent infested leaves. In untreated 

plants, the mean percentage of infested leaves was 75.00. 

4.5.1.2. At 50 per cent Flowering 

Data related to the population of pests and damage on leaves after 

treatment at 50 per cent flowering stage of the crop exhibited statistically 

significant variation among them as illustrated in Table 31. 

4.5.1.2.1. Pest Population 

 On first day of treatment, there were 13.20 and 11.40 pests each in plants 

treated with formulation A @ 2% and neemazal @ 0.2% and effect of these 

treatments found statistically on par. There was mean population of 10.80 pests in 

plants treated with malathion 50 EC @ 0.1% and this treatment exhibited 

statistical similarity with neemazal @ 0.2%. Untreated plants had an average of 

26.60 pests. 

On 3rd day of treatment, average pest population observed in treatments 

formulation A @ 2%, neemazal @ 0.2% were 11.40 and 10.80 respectively and 

were statistically on par. In treatment with chemical control, there was an average 

of 9.00 pests and this treatment differed statistically among others. Control plants 

had an average of 27.00 pests. 

 On 5th day of treatment, the treatments neemazal @ 0.2% and formulation 

A @ 2% were statistically similar with 10.20 each. There was no pest in treatment 

with malathion 50 EC @ 0.1%. Plants in control had a mean population of 29.00 

pests. 

 At 7 DAT also, spraying of malathion 50 EC @ 0.1%, neemazal @ 0.2% 

and formulation A @ 2% exhibited statistically significant difference among 

them. Here, mean pest population was 0.00, 5.00 and 9.60 respectively. In plants 

sprayed with distilled water, there was an average of 31.00 pests. 
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Table 31. Effect of formulation from Samadera indica seed extract on leaf feeding pests of snake gourd at 50 per cent flowering stage 

 

 

*Figures in parentheses are square root transformed values; **Figures in parentheses are arc sine transformed values 

DAT  - Days After Treatment

Treatments 

*Mean population of  leaf feeding pests plot-1 
**Mean percentage of infested leaves plot-1 

 

Pre-count 

DAT 
DAT 

 

1 3 5 7 1 3 5 
7 

 

Formulation A @ 

2% 
24.00 

13.20 

(3.63)b 

11.40 

(3.45)b 

10.20 

(3.26)b 

9.60 

(3.17)b 

48.00 

(43.85)b 

45.00 

(42.13)b 

41.00 

(39.80)b 

26.00 

(30.60)b 

Neemazal @ 

0.2% 
22.20 

11.40 

(3.37)bc 

10.80 

(3.28)b 

10.20 

(3.26)b 

5.00 

(2.33)c 

40.00 

(39.23)c 

38.00 

(38.04)c 

20.00 

(26.43)c 

10.00 

(17.97)c 

Malathion 50 EC 

@ 

0.1% 

23.60 
10.80 

(3.28)c 

9.00 

(3.00)c 

0.00  

(0.71)c 

0.00 

(0.71)d 

39.00 

(38.63)c 

17.00 

(24.30)d 

14.00 

(16.00)d 

7.00 

(15.13)c 

Untreated 25.40 
26.60 

(4.96)a 

27.00 

(5.19)a 

29.00 

(5.43)a 

31.00 

(5.60)a 

54.00 

(47.30)a 

56.00 

(48.46)a 

61.00 

(48.45)a 

65.00 

(49.61)a 

 

SE (m) 
 0.10 0.06 0.09 0.08 0.88 1.47 1.72 1.21 

CD (0.05)  (0.305) (0.241) (0.280) (0.408) (2.846) (3.246) (4.707) 
(4.579) 
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4.5.1.2.2. Damage on Leaves 

 Observations on the first day of treatment indicated that the mean 

percentage of infested leaves seen in plants treated with formulation A @ 2% was 

48.00  This was preceded by treatments with neemazal @ 0.2% and malathion 50 

EC @ 0.1% with 40.00 and 39.00 per cent of infested leaves each. There was an 

average of 54.00 per cent infested leaves in untreated plants. 

 On 3rd day of treatment, plants treated with formulation A @ 2%,   

neemazal @ 0.2% and malathion 50 EC @ 0.1% had 45.00, 38.00 and 17.00 per 

cent of infested leaves and these treatments differed statistically among them. In 

untreated plants, there was an average of 56.00 per cent infested leaves. 

 Observations on 5th day of treatment exhibited similar trend as on 3rd day 

of treatment. The average of infested leaves in treatments with formulation A @ 

2%,  neemazal @ 0.2% and malathion 50 EC @ 0.1% were 41.00, 20.00 and 

14.00 each. Control plants had an average of 61.00 per cent infested leaves. 

 Observations at one week after spraying indicated there were 26.00 per 

cent infested leaves in treatment with formulation A @ 2%. This was preceded by 

neemazal @ 0.2% and malathion 50 EC @ 0.1% with an average of 10.00 and 

7.00 per cent leaves each. In untreated plants, an average of 65.00 per cent leaves 

found infested.  

 It can be deduced that formulation A @ 2% was as effective as neemazal 

@ 0.2% as evident with reduction in pest population at vegetative and 50 per cent 

flowering stage of the crop. With regard to reduction in leaf damage, formulation 

A @ 2% excelled equally as neemazal @ 0.2% at vegetative stage.  
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5. DISCUSSION 

Snake gourd, a cucurbitaceous vegetable that is cultivated by the farmers 

across Kerala both commercially and on home-stead basis is prone to the attack of 

several pests and diseases. Some of the insect pests include leaf feeders like 

pumpkin caterpillar, Diaphania indica Saund. and epilachna beetle, 

Henosepilachna septima (Dieke). Proper management of these pests is of utmost 

importance to contain them and to increase the yield. Though there are several 

options to manage these pests, many of these are not environmentally viable. In 

this scenario, botanical pesticides can replace synthetic pesticides as they show 

less mammalian toxicity, more target specificity and are bio-degradable 

(Orlikowski and Skrzypczak, 2001).  

Effective utilisation of the anti-insect properties of botanicals demands 

identification and isolation of the bioactive compounds and developing them into 

appropriate formulations. Hence, the present study carried out in 2018 to 2021 

focused on exploring the anti-insect properties of Samadera indica Gaetrn. and to 

develop suitable formulations from it. Development of insecticidal formulations 

from S. indica is a de novo venture as per the realm of literature. 

5.1. SCREENING OF BOTANICAL PREPARATIONS FOR INSECTICIDAL 

PROPERTIES 

 

 Studies were conducted to assess antifeedant and insecticidal effect of bark 

and seed extracts in n-hexane, acetone, ethanol and aqueous extracts of S. indica 

on D. indica and H. septima under in vitro conditions. Effect on biology of the 

pests was also evaluated. 

The lethal doses of bark extract from S. indica in hexane, acetone, ethanol 

and aqueous extract against D. indica and H. septima are given in para 4.1.1.1. 

and 4.1.2.1. The results revealed that LD50 of bark extracts in hexane, acetone, 

ethanol and aqueous extract were 1.66, 1.03, 1.51 and 2.38% respectively against 

D. indica and 2.17, 1.95, 1.68 and 2.49% respectively against H. septima. 

Meanwhile, LD90 values were 6.49, 7.05, 5.24 and 9.17% respectively against      
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D. indica and 9.53, 6.60, 6.17 and 9.02% against H. septima.  LD50 values of seed 

extracts were 1.79, 0.59, 1.03 and 1.54% respectively against D. indica and 1.63, 

0.83, 1.60 and 2.43% against H. septima. LD90 values were 6.99, 5.17, 7.05 and 

7.90% against D. indica and 6.82, 5.27, 7.94 and 7.85% against H. septima (para 

4.1.3.1. and 4.1.4.1.). 

The results in para 4.1.1.2. and 4.1.2.2. revealed that S. indica bark 

extracts in ethanol @ 5.24 and 6.17% each exhibited more feeding repellency 

against D. indica and H. septima. Mean leaf protection of 60.47 and 65.00 per 

cent was observed with these extracts at 72 HAT (Hours After Treatment) (Fig. 

14). Antifeedant effect of S. indica was earlier studied by Anusree et al. (2018) 

wherein they reported that the leaf extract in methanol @ 5% exhibited 45.62 per 

cent leaf protection against tobacco cutworm, Spodoptera litura (F.). Antifeedant 

effect of bark extracts from other plants towards leaf feeders was also illustrated 

by Syahputra (2013) who reported that ethanolic extracts from stem bark of 

woundwort, Barringtonia sarcostachys (Blume) Miq. @ 0.80 - 0.24% inhibited 

feeding in cabbage head caterpillar, Crocidolomia pavonana (Fabricius) larvae by 

68.79 to 99.10 per cent. Likewise, Martinez et al. (2017) also reported that 

application of ethanolic extract from stem bark of Mexican poppy, Argemone 

ochroleuca Sweet @ 15.00 - 30.00% deterred feeding in 3rd instar larvae of fall 

armyworm, Spodoptera frugiperda (J. E. Smith) by 13.00 to 14.00 per cent. These 

results are in accordance with this study. 

The results in para 4.1.3.2. and 4.1.4.2. showed that acetone extract from 

S. indica seeds @ 5.17 and 5.27% each effectively inhibited feeding capacity in 

D. indica and H. septima respectively. Mean leaf protection offered by these 

extracts against the two pests were 74.41 and 69.23 per cent respectively (Fig. 

15). This finding is substantiated by the findings of Rani and Rajasekharreddy 

(2009) who reported that acetone extract from seeds of Strychnos nux-vomica L. 

showed feeding deterrence in S. litura (100 per cent) and castor semilooper, 

Achaea janata (L.) (20 per cent). As per current study, application of ethanolic 

extract from S. indica @ 7.05 and 7.94% also exhibited significant antifeedant  
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effect against D. indica and H. septima. This finding is in conformity with that of 

Tridiptasari et al. (2019) who reported that application of seed extracts of 

drumstick tree, Moringa oleifera Lam. in ethanol @ 20% exhibited antifeedant 

effect on third larval instars of S. litura.  

The present study on antifeedant properties of S. indica bark and seed 

extracts against D. indica and H. septima indicated that bark extract in ethanol @ 

5.24 and 6.17% each and seed extract in acetone @ 5.17 and 5.27% exhibited 

feeding deterrence in D. indica and H. septima. Feeding repellent properties of 

bark and seed extracts from S. indica could be attributed to the presence of bitter 

principles which act on chemosensillae of insects and make them unpalatable.   

The results on insecticidal effect of bark extract in para 4.1.1.3. and 

4.1.2.3. showed that treatment with bark extract in ethanol @ 5.24 and 6.17% 

each resulted in mortality of 93.33 per cent in D. indica and 91.67 per cent in               

H. septima at 72 HAT. Insecticidal property of S. indica was earlier reported by 

Anusree et al. (2018) who noticed that leaves of this plant in methanol extract 5% 

showed 73.55 per cent mortality in S. litura after three days of exposure. Toxicity 

of ethanolic extracts from bark against lepidopterans was reported by several 

researchers. Bark extract of B. sarcostachys in ethanol was insecticidal in larvae 

of C. pavonana and LC50 was 0.14% (Syahputra, 2013). Ali et al. (2014) proved 

that bark extract of loop-root mangrove, Rhizophora mucronata Lam. in ethanol 

was effective against fourth instar larvae of Aedes aegypti (L.) with LC50 value of 

0.03 ± 0.0076 μg mL-1 and LC90 value of 0.0915 ± 0.156 μg mL-1. Oigiangbe et 

al. (2007) claimed that aqueous extract from bark of cheese wood, Alstonia 

boonei de Wild. exhibited toxicity against pink stalk borer, Sesamia calamistis 

Hampson, with LC50 of 2.80%. This can be correlated with the present observation 

on insecticidal effect of aqueous extract from bark of S. indica wherein 

application of the extract @ 9.02% resulted in significant mortality (86.67 per 

cent) of H. septima at 72 HAT.  

Application of seed extract in acetone @ 5.17 and 5.27% each exhibited 

86.67 per cent mortality in D. indica and H. septima (para 4.1.3.3. and 4.1.4.3.). 
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This finding is supported by Lenin (2011) who found that contact application of 

seed extracts of annona @ 5% resulted in 100.00 per cent mortality of D. indica. 

Apart from acetone extract, ethanol extract from seed @ 7.05 and 7.94% also 

caused significant mortality in D. indica and H. septima at 72 HAT on topical 

application of the extract. This finding go hand in hand with that of Abbasipour et 

al. (2010) who observed that seed extract of wild rue, Peganum harmala L. in 

ethanol @ 30 and 40 mg mL-1 inflicted mortality of 66 and 100 per cent each in 

third instar larvae of Plutella xylostella (L.) when fed with extract treated leaves 

of cabbage. Moreira et al. (2007) opined that the lethality of botanical pesticides 

is associated with blockage of electron transportation in respiratory processes of 

insects, resulting in paralysis, death. 

Both bark and seed extracts of S. indica presented more lethal effects in   

D. indica and H. septima in comparison with antifeedant effect (Fig. 14 and 15). 

This might be due to the highly toxic nature of bioactive compounds in the extract 

and it also points out the prospects of developing effective insecticides from        

bark and seed extracts of S. indica.  

The results in para 4.1.1.4. and 4.1.2.4. showed the effect of bark extracts 

of S. indica on the biology of D. indica and H. septima. It was observed that 

ethanolic extract of bark @ 5.24% caused prolongation in larval and pupal period 

to 15.00 and 5.33 days each in D. indica. Meanwhile, there was reduction in pupal 

weight and adult longevity to 0.19 g and 4.33 days respectively. In control, larval 

period was 9.67 days, pupal period was 2.67 days, pupal weight was 0.31 g and 

adult longevity was 7.67 days. In H. septima also, application of ethanol extract @ 

6.17% resulted lengthening in grub duration (16.33 days), pupal period (8.33 

days) and reduction in pupal weight (0.74 g) and adult longevity (11.33 days). 

While in control, grub period was 10.33 days, pupal period was 4.33 days, pupal 

weight was 1.34 g and adult longevity was 19.33 days.  

In both insects, there was increase in duration of larvae/grubs and pupae. 

Observations on prolongation of larval duration as noticed in this study is in 

concurrence with that of Vasudev et al. (2015) who reported that there was 
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Fig. 14. Comparison between antifeedant effect and insecticidal effect of 

Samadera indica bark extracts in ethanol against Diaphania indica and 

Henosepilachna septima at 72 HAT 

 

 

 

 

Fig. 15. Comparison between antifeedant effect and insecticidal effect of             

Samadera indica seed extracts in acetone against Diaphania indica and 

Henosepilachna septima at 72 HAT 
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extension in larval period in melon fly, Bactrocera cucurbitae (Coquillett) when 

acetone extract from bark of gum Arabic tree, Acacia nilotica (Linn.) was applied 

@ 625 ppm. Silva et al. (2018) reported that larvae of diamondback moth,           

P. xylostella  treated with bark extracts of croton plants, Croton rhamnifolius 

Willd. (42.40 μg mL-1) and Croton jacobinensis Baill. (116.21 μg mL-1) in ethanol 

exhibited prolongation in larval duration. Extended pupal duration observed in 

this study was in accordance with that of Martinez et al. (2017) who also reported 

an increase in the duration of pupal stage in 3rd instar larvae of S. frugiperda with 

the application of whole plant extract of pale Mexican poppy, Argemone 

ochroleuca Sweet in ethanol @ 15%. 

The effect of seed extracts of S. indica on the biology of D. indica and     

H. septima presented in para 4.1.3.4. and 4.1.4.4. revealed that application of 

acetone extract from seed @ 5.17% resulted in elongation of larval stage to 17.00 

days and pupal stage to 8.67 days in D. indica. In the mean time, pupal weight 

was decreased to 0.25 g and adult longevity was reduced to 6.33 days. In control, 

larvae and pupae existed for 12.67 and 5.33 days respectively, pupal weight was 

0.35 g and adult longevity was 7.67 days. Application of acetone extract of                     

S. indica @ 5.27% extended grub stage and pupal stage in H. septima to 14.00 and 

8.00 days each. Here, pupal weight and adult longevity were reduced to 1.25 g 

and 12.33 days respectively. In control, duration of grubs and pupae were 11.33 

and 4.33 days each, pupal weight was 1.35 g and adult longevity was 19.67 days.  

In both insects, there was extension in larval/grub and pupal duration and 

reduction in pupal weight and adult longevity. Prolonged larval duration noticed 

in this study was in conformity with that of Atshan et al. (2017) who reported that 

application of aqueous extracts from seeds of Indian soapnut, Sapindus trifoliatus 

L. and red pea eggplant, Solanum trilobatum L. (100 mg kg–1) delayed pupation in 

lepidopteran pests in cabbage. An incongruity to this is the finding by Leatemia 

and Isman (2004) who reported reduction in larval period of S. litura and cabbage 

looper, Trichoplusia ni (Hubner) with the application of ethanolic seed extracts of 

sweetsop, Annona squamosa L. and soursop, Annona muricata L. Meanwhile, 
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there was reduction in pupal weight and adult longevity. Reduced pupal weight 

observed in this study was in agreement with that of Gokce et al. (2010) who 

reported that methanolic extract from seeds of H. lupulus @ 4% reduced pupal 

weight in oblique banded leaf roller, Choristoneura rosaceana (Harris).   

Reduced longevity in adults emerged from larvae treated with ethanolic 

extract from bark of S. indica and acetone extract of seeds in agreement with the 

findings of Khosravi et al. (2011). They reported that lesser was the longevity in 

adults of lesser mulberry pyralid, Glyphodes pyloalis Walker (4.53 days as against 

9.20 days in control) when larvae were treated with LC50 value of methanolic 

extract from leaves of sweet wormwood, Artemisia annua L.. 

Morphogenetic changes in D. indica and H. septima observed in this study 

were pupal discolouration in both D. indica and H. septima, malformation in the 

adults of D. indica and poor sclerotization in H. septima (Plates 14 and 15). This 

observation is well supported by the findings of Arivoli and Tennyson (2013) 

wherein there was reduction in size, deformities in head size, body length and 

darkened colouration on wings with the application of ethyl acetate extract of       

poison nut, Strychnos nux-vomica L. (0.05%) in S. litura. Malformation in adult 

insects due to hormonal imbalance might be responsible for their reduced 

longevity and absence of fecundity noticed in the present study. 

The present study established the bioefficay of S. indica bark extract in 

ethanol and seed extract in acetone on D. indica and H. septima. This can be 

correlated with the findings of Maheswari and Govindaiah (2017) who reported 

that population of second instar larvae of leaf roller (Diaphania pulverulentalis 

Hampson) was reduced to 46.87 per cent on fifth day of treatment with 2% of 

Lantana camara L. extract. Zhou et al. (2012) also reported that D. indica showed 

feeding repellency and lethality on application of alcoholic extract from castor 

leaves. Management of Epilachna spp. using leaf extracts of castor, Ricinus 

communis L., Sodom apple, Calotropis procera (Aiton W. T. Aiton and 

Indian thornapple, Datura metel L., fruit extracts of wild cherry, Antidesma  
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           Plate 14A. Pupal discolouration       Plate 14B. Malformation in adults  

           Plate 15A. Pupal discolouration          Plate 15B. Poor sclerotization in adults  

Plate 14. Morphogenetic changes in Diaphania indica 

Plate 15. Morphogenetic changes in Henosepilachna septima 



bunius (Bignay) and seed extracts of A. squamosa, neem (Azadirachta indica A. 

Juss), D. metel and R. communis was exemplified by Islam et al. (2011), Belmi et 

al. (2014) and Ara et al. (2015). 

In general, there was an increase in larval and pupal duration and 

reduction in pupal weight and adult longevity in D. indica and H. septima with the 

application of bark extract of S. indica in ethanol @ 5.24 and 6.17% and seed 

extract in acetone @ 5.17 and 5.27%. The findings by Ntalli and Menkissoglu-

Spiroudi (2011) substantiated that extension in larval and pupal period in treated 

insects is due to the interference of botanical extracts with the production of 

enzymes responsible for moulting, thus inhibiting growth and development. 

Reduced pupal weight noticed in treated insects may be due to poor sclerotization 

of puparium which is resultant of improper hormonal metabolism (Abdel-Aal, 

1996). Etebari et al. (2007) opined that botanicals intervene with digestive 

mechanism of insects resulting in storage of less quantity of lipids and glycogens 

during immature stages. This reduced quantity of nutrients result in various 

deformities in insect and reduces longevity and egg production. Emergence of 

adults with malformed wings as in this study may be associated with the inability 

of the insects to flatten the wings after emergence (Saxena et al., 1981). 

Josephrajkumar et al. (1999) opined that poor sclerotization in adults may be due 

to the difference in ecdysteroid titer, leading to changes in normal morphology. 

Ray et al. (2012) claimed that imbalance between growth stimulating and growth 

inhibiting hormones in insects is responsible for morphogenetic changes in 

insects. 

A comparison between lethal doses of effective extracts from bark and 

seeds of S. indica viz., ethanol extract and acetone extract pointed out that seed 

extract in acetone had a more pronounced effect than bark extract, indicating the 

presence of more potent insecticidal compounds in seed extract. Solvents used for 

extracting bioactive compounds from plants vary based on the solubility of 

compounds. Kchaou et al. (2013) and Do et al. (2014) suggested that ethanol, 

acetone, methanol and water: methanol (1: 1) are the best combination of solvents 

as they yield more quantity of bioactive compounds.  
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5.2. BIOEFFICACY STUDY OF ISOLATED BIOACTIVE COMPOUND 

    A comparison of lethal doses revealed that seed extract of S. indica in 

acetone exhibited more toxicity towards insects when compared to bark extracts. 

Accordingly, seed extract in acetone was subjected to column chromatography 

using gradient elution technique and chromatographic fractions with same Rf 

(Retention Factor), in combination at 5, 2.5 and 1.25% were assessed against 

second instar larvae and grubs of D. indica and H. septima for antifeedant effect 

and insecticidal effect.  

The results in para 4.2.1.1. and 4.2.1.2. showed that chromatographic 

fractions from acetone extract of seeds @ 5% exhibited better antifeedant 

properties in D. indica and H. septima. Mean leaf protection was 75.61 per cent in 

leaves fed by D. indica and 68.18 per cent in those consumed by H. septima at 72 

HAT. This finding is in accordance with that of Talukder and Howse (2000) who 

reported that sub-fractions from acetone extract of pithraj tree, Aphanamixis 

polystachya (Wall.) R. Parker seeds exhibited antifeedant effect on adults of red 

flour beetle, Triboliun castaneum (Herbst). Feeding deterrence observed with 

chromatographic fraction against H. septima in this study is in concurrence with 

that of Rumape (2015) who also observed feeding deterrence (71.00 per cent) in 

another species of epilachna beetle, Epilachna varivestis Mulsant on treatment 

with methanolic extract of leaves from castor, Ricinus communis L.  

Results on insecticidal effect of chromatographic fractions from acetone 

extract containing bioactive compounds on D. indica and H. septima illustrated in 

para 4.2.1.2. and 4.2.2.2. revealed that chromatographic fractions from acetone 

extract @ 5% exhibited 73.33 per cent mortality against second instars of            

D. indica and H. septima. The report on efficacy of chromatographic fractions in 

acetone is the first of its kind. As per the finding by Talukder et al. (2015), 

fractions in petroleum ether extract from rhizomes of Cassumunar ginger, 

Zingiber cassumunar Roxb. were found to be toxic to T. castaneum with LD50 

value of 225.91 μg cm-2. Similarly, Khanavi et al. (2017) also reported 100 per 

cent larvicidal activity in Anopheles stephensi with the application of hexane 
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fraction from ground pine, Ajuga chamaecistus tomentella Rech. f. @ 102 ppm. 

Sudrajat et al. (2018) reported termiticidal property with n-hexane and ethyl 

acetate fractions from stem bark extract of garlic nut, Scorodocarpus borneensis 

Becc.  

The efficacy of chromatographic fractions from acetone extract on 

antifeedant and insecticidal effect showed that fractionation of acetone extract 

might have resulted in isolation of most of the bioactive compounds from seeds of 

S. indica. These compounds, being bitter principles might have acted on gustatory 

system of insects or resulted in mortality of insects. Bioactive compounds in          

S. indica might be having more lethal effect rather than repellent effect as 

indicated in Fig. 16 and 17. 

5.3. STRUCTURAL CHARACTERISATION OF THE BIOACTIVE 

COMPOUND  

  Structural characterisation of bioactive compounds present in Samadera 

seed extracts excavated the presence of four quassinoids viz., samaderin A, 

samaderin B, samaderin C and cedronin in the extract. These quassinoids are 

bitter principles which are responsible for anti-insect properties of Samadera seed 

extracts. Govindachari et al. (2001) had isolated samaderins A, B and C from bark 

and seeds of the tree. In addition to samaderins, they had also isolated 

indaquassin, which is yet another quassinoid. According to them, samaderin C 

increased pupal duration and resulted in pupal mortality in S. litura. Meanwhile, 

indaquassin exhibited antifeedant effect. The antifeedant and insecticidal property 

of samaderins A and B and cedronin is reported for the first time in this study. 

  Quassinoids are degraded triterpenes present in plants belonging to the 

family Simaroubaceae like S. indica, Ailanthus altissima (Mill.) Swingle etc. 

Antifeedant properties of quassinoids from S. indica reported in our study is in 

agreement with that of Daido et al. (1995), in which quassinoids isolated from 

Indian quassiawood, Picrasma ailanthoides (D. Don) Benn. were effective against                                

P. xylostella in terms of antifeedant effect and insecticidal activity. Similarly, 

Masayuki et al. (1993) also reported the insecticidal activity of quassin from 

112



Ailanthus spp. against P. xylostella. The findings by Mao et al. (2019) also

revealed that bruceine D, a quassinoid in Maeassar kernel tree, Brucea javanica

(L.) Merr. showed feeding inhibition in P. xylostella, beet armyworm {Spodoptem

exigua Hiibner) and S. litura. Likewise, Yang et al. (2020) claimed that

quassinoids isolated from roots of Malaysian ginseng, Eurycoma longifolia Jack

also resulted in significant antifeedant effect on larvae of P. xylostella. However,

present investigation is the first report on bioefficay of quassinoids against

D. indica and H. septima.

5.4. DEVELOPMENT OF SUITABLE FORMULATIONS OF BIOACTIVE

COMPOUNDS

Two formulations of S. indica seed extract in acetone (para 4.4) were

prepared by mixing seed extract, emulsifier and distilled water in different

proportions. There are reports on the development of creams and ointments from

S. indica seeds in pharmacological industry. However, the development of

emulsions from S. indica for pest management is the first of its kind.

A pesticide formulation consists of an active ingredient, carrier (solvents)

and surface-acting agents (emulsifiers) (Libs and Salim, 2017). In this study,

formulation A was pr^ared by mixing acetone extract of Samadera seed, tween

80 and distilled water in 15: 5: 80 ratio. Formulation B contained seed extract of

Samadera in acetone, tween 80 and span 80 (I: 1) and distilled water in 15: 5: 80

ratio.

Emulsifiers used for preparing stable emulsions from S. indica seed extract

were tween 80 (polysorbate 20) and span 80 and solvent was distilled water.

Selection of tween 80 (HLB value - 16.7) as surfactant/emulsifier in formulation

A is supported by the findings of Griffin (1954), who claimed that surfactants

with HLB (Hydrophilic Lipophilic Balance) values ranging from 8 to 18 are ideal

for developing OAV emulsions. Appropriateness of the emulsifiers tween 80 and

span 80 (sorbitan monooleate) (1: 1) in developing a formulation is in line with

Bjorkegren et al. (2015) who claimed that these emulsifiers being hydrophilic in
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Fig. 16. Comparison between antifeedant effect and insecticidal effect of        

chromatographic fractions from acetone extract of seeds against Diaphania indica 

at 72 HAT 

 

 

 

 

 

Fig. 17. Comparison between antifeedant effect and insecticidal effect of        

chromatographic fractions from acetone extract against Henosepilachna septima 

at 72 HAT 
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nature reduces viscosity of emulsion and forms a homogenous solution. This is
further supported by Santos et al. (2020) and Anarakdim et al. (2020) who
claimed that mixture of both the emulsifiers in equal proportion had HLB value of
9.7 and exhibited low rate of creaming and no coalescence. Furthermore, both the
emulsifiers being food grade are environment-fiiendly and non-toxic to
applicators.

Results in para 4.4.3.1. and 4.4.3.2. indicated that application of
formulation A @ 0.5% caused mortality of 46.67 per cent in D. Mica and
H. septima respectively at 72 HAT. Mortality was 80.00 per cent ead. in
D Mica and H. septima with the application of formulation A @ 1%.
Melwhile, application of formulation B @ 0.5% resulted in 43.33 per cent
mortality in D. Mica and H. septima respectively. Formulation B @ 1% caused
mortality of 71 -67 per cent each in a Mica and H. septima. The results impUed
Zre effectiveness to foimulation A @ 1% under in vitro eonditions. Emulsions
rlllucal insecticides were developed by eertain researehers. Formulations
°  t 'nin pyrethrin (1.80%), p-assarone (7.80%) and eugenol (4%) @ 10 pL
T^Lt about mortality in the bugs Dasynus piperis L. (75 per cent) and
^  . t. Hi mist ̂ (92 per cent) (Wiratno, 2008). Purkait et al. (2019)Diconocons heweni v r

demonstrated that application of emulsions ftom seed extract of xl. sguamasa
40 EC @ 1% resulted in 80.70 per cent mortality in cabbage aphid, Brevicoryne

rr ^ 7? hours of treatment. The percentage mortalities observedbrassicae (L.) after /z nou

in these research works are in accordance wtth the present study.

Results on safety evaluation of the foimulation on beneficial insects
a 4 4 2.1. revealed that in honey bees, mortality was 30.00 perpresent^ '"^cation of formulation A @ 1% and it was 26.67 per cent with

cent wi , 94 hat There are many studies that illustrate the effect
1  f'/Mn R (S) 1 n-rk A .formulation O Application of citronella oil (10 mL L"'),

of botamc ins ^ ^ ^ toxic to adult worker
eucalyptus 01 ^ L ') induced
bees wi worker bees (Xavier et at., 2015). Similarly,

114



500 |il. of essential oil from oregano and thyme were sufficient to cause toxicity

in European honey bee, Apis mellifera L. when applied through contact and by

topical application (da Silva et al., 2020).

Results presented in para 4.4.2.2. showed that application of formulation A

@ 1% caused 23.33 per cent mortality in Apanteles taragamae Viereck and it was

26.67 per cent with formulation B @ 1%. There are several research works that

reports the toxicity of botanical insecticides to natural enemies. Application of
neem + sweet-flag and neem + sweet-flag + pongamia @ 0.12 and 0.18% each

resulted in mortality of upto 33.89 per cent in adults of the egg parasitoid,
Trichogramma chilonis Isliii (Boomathi et al., 2005). Ong et al. (2020) also
observed mortality in the pupal parasitoid Pteromalus venustus Walker with the

application of ajwain, cinnamon, clove, cumin, fennel, ginger, nutmeg, oregano
and turmeric @ 16 to 47 mg cm'^. An incongruity in above findings was reported
by Abdelgader and Hassan (2012) as per whom both azadirachtin and quassin
were safe to egg parasitoid, Trichogramma cacoeciae March. Among the two test
insects, formulation A @ 2% exhibited more safety towards parasitoids (Fig. 18).

Data presented in para 4.4.4.1. and 4.4.4.2. showed the shelf life of both

the formulations A and B at lab dose in terms of mortality of the pests. There was
mortality of 71.67 to 80.00 per cent each in D. indica and H. septima with the
application of formulation A @ 1%. Formulation B @ 1% resulted in mean
percentage mortality of 71.67 to 75.00 per cent in D. indica and from 70.00 to
75.00 per cent m H. septima. Both the formulations were shelf stable under
normal room temperature for six months as the effect of both formulations was
retained throughout the observational period. Similar was the finding by Una et
al. (2018) who reported that emulsifiable concentrates developed using extracts of
Vogel tephrosia, Tephrosia vogelii Hook. f. and spiked pepper, Piper aduncum L.
(1. 5) exhibited LC95 of 0.19, 0.34 and 0.21 per cent each against C. pavonana
after storing the formulation at a temperature below 4°C, at room temperature and
at 40°C.
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Fig. 18. Comparison between safety of formulations from Samadera indica seeds 

on beneficial insects  
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5.5. FIELD EVALUATION OF FORMULATION AGAINST LEAF FEEDING 

PESTS IN SNAKE GOURD 

Field experiment carried out to test the efficacy of the botanical in 

comparison with biopesticide and chemical at Instructional Farm, Vellayani in 

snake gourd (variety Kaumudi) revealed that formulation A @ 2% was effective 

against leaf feeding pests at vegetative stage and 50 per cent flowering stage. 

Application of formulation A @ 2% resulted in 64.58 and 69.03 per cent 

reduction in pest population at vegetative and 50 per cent flowering stage 

respectively at 72 HAT (Fig. 19). With regard to leaf damage, formulation A @ 

2% excelled equally as neemazal 1% @ 0.2% at vegetative stage (para 4.5.1.1. 

and 4.5.1.2.). The percentage of infested leaves observed in these treatments was 

21.00 and 17.00 respectively, as against 75.00 per cent in untreated plants.  

The efficacy of botanical insecticide formulations on leaf feeders was 

explored by several researchers. Dadang et al. (2009) reported that the application 

of emulsions developed from A. squamosa and Annona odorata Linden @ 0.1% 

decreased the population of C. pavonana and P. xylostella. Erler et al. (2010) 

opined that greeneem oil and water extracts of Origanum onites L. and Pimpinella 

anisum L. exhibited larvicidal activity against cedar leaf moth, Acleris undulana 

Walsingham. Treatment of turfgrass with 2% black pepper (Piper nigrum L.)  

effectively reduced the population of second and third instars of European chafer, 

Rhizotrogus majalis (Razoumowsky) (Scott et al., 2005).  

There are several reports on efficacy of botanical emulsions on other pests. 

Emulsions developed from pongam oil exhibited mortality ranging from 96.00 to 

97.00 per cent in M. persicae on 12th day of application (Pavela, 2009). Lucia et 

al. (2020) observed that application of A. squamosa 40 EC @ 1% in field reduced 

population of aphids (67.30 to 72.30 per cent) and whiteflies (67.50 to 75.60 per 

cent) within 5 to 14 days of treatment. Application of 0.75% of the botanical 

formulation containing neem (Azadirachta indica A. Juss) oil and D-limonene 

resulted in 62.40 per cent reduction in population of coffee berry borer, 

Hypothenemus hampei (Ferrari) (Brito et al., 2021).  
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The present study revealed that bark extract of S. indica in ethanol and 

seed extract in acetone exhibited feeding deterrence, insecticidal properties and 

caused adverse effects on biology of D. indica and H. septima with more efficacy 

attributed to seeds. Chromatographic fractions from acetone extract of seeds @ 

5% showed antifeedant action and insecticidal effect on test insects. Bioactive 

compounds present in seeds were identified and structurally characterised as 

samaderins A, B, C and cedronin. Formulation A was developed by mixing 

acetone extract of Samadera seed, tween 80 and distilled water in 15: 5: 80 ratio, 

while formulation B was prepared by mixing seed extract of Samadera in acetone, 

tween 80 and span 80 (1: 1) and distilled water in 15: 5: 80 ratio. Both these 

formulations @ 1% each were effective against D. indica and H. septima under in 

vitro conditions. Both the formulations were also stable for a period of six months 

under room temperature with no microbial contamination and field studies proved 

the efficiency of formulation A @ 2% on test insects in terms of reduced pest 

population and lesser leaf damage. The results obtained in this study clearly 

indicate the possibility of replacing chemical pesticides with a potent, but safer 

botanical insecticide from S. indica, which are rich sources of quassinoids.  
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Fig. 19. Comparative reduction in population of leaf feeding pests in snake gourd 

at both stages of spraying 
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6. SUMMARY 

The present study on “Development of formulations from Samadera 

indica Gaetrn. for the management of leaf feeding pests in snake gourd 

(Trichosanthes anguina L.)” was carried out during 2018 to 2021 in the 

Department of Agricultural Entomology, College of Agriculture, Vellayani and at 

Council of Scientific and Industrial Research – National Institute for 

Interdisciplinary Science and Technology (CSIR-NIIST), Thiruvananthapuram. 

Objectives of the study were exploration of anti-insect properties of bark and seed 

extracts from S. indica, identification of bioactive compounds in the effective 

extract, development of suitable formulations from the extract and field evaluation 

of the same on pumpkin caterpillar Diaphania indica Saund. and epilachna beetle 

Henosepilachna septima (Dieke). The salient findings of the study are 

summarised below. 

Bark and seed extracts of S. indica in various solvents viz., hexane, 

acetone and ethanol and aqueous extract were prepared by cold extraction method. 

These extracts in varying concentrations ranging from 0.5 to 5% were subjected to 

probit-dose analysis and LD50 and LD90 for D. indica and H. septima were 

assessed. LD50 of bark extract in hexane, acetone, ethanol and aqueous extract 

were 1.66, 1.03, 1.51 and 2.38% respectively against D. indica and 2.17, 1.95, 

1.68 and 2.49% respectively against H. septima. Meanwhile, LD90 values were 

6.49, 7.05, 5.24 and 9.17% respectively against D. indica and 9.53, 6.60, 6.17 and 

9.02% against H. septima.  With regard to seed extract, LD50 values were 1.79, 

0.59, 1.03 and 1.54% respectively against D. indica and 1.63, 0.83, 1.60 and 

2.43% against H. septima. LD90 values were 6.99, 5.17, 7.05 and 7.90% against 

D. indica and 6.82, 5.27, 7.94 and 7.85% against H. septima.  

Antifeedant effect of the extracts at LD50 and LD90 was assessed by no-

choice method and the quantity of leaf consumed by treated larvae/grubs at 24, 48 

and 72 HAT (Hours After Treatment) was recorded. Among bark extracts, ethanol 

extract @ 5.24% exhibited maximum antifeedant effect with mean leaf protection 

of 60.47 per cent against D. indica. In the case of H. septima, ethanol extract @ 
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6.17% resulted in 65.00 per cent leaf protection. Insecticidal effect and effect of 

the extracts on insect biology was studied by treating larvae/grubs topically with 

LD50 and LD90 of the extracts. Treatment with bark extract in ethanol @ 5.24% 

resulted in mortality of 93.33 per cent in D. indica and application of ethanol 

extract @ 6.17% brought about 91.67 per cent mortality in H. septima at 72 HAT. 

Considering effect on insect biology, ethanolic extract of bark @ 5.24% caused 

prolongation in larval and pupal period to 15.00 and 5.33 days each in D. indica. 

Meanwhile, there was reduction in pupal weight and adult longevity to 0.19 g and 

4.33 days respectively. In control, larval period was 9.67 days, pupal period was 

2.67 days, pupal weight was 0.31 g and adult longevity was 7.67 days. In             

H. septima also, application of ethanol extract @ 6.17% resulted lengthening in 

grub duration (16.33 days), pupal period (8.33 days) and reduction in pupal 

weight (0.74 g) and adult longevity (11.33 days). While in control, grub period 

was 10.33 days, pupal period was 4.33 days, pupal weight was 1.34 g and adult 

longevity was 19.33 days.  

In the case of seed extracts of S. indica, acetone extract @ 5.17% resulted 

in maximum leaf protection of 74.41 per cent against D. indica. Application of 

acetone extract @ 5.27% to leaves exhibited 69.23 per cent leaf protection in       

H. septima. Seed extract in acetone @ 5.17 and 5.27% each exhibited 86.67 per 

cent mortality in D. indica and H. septima. Application of acetone extract from     

S. indica seed @ 5.17% resulted in elongation of larval stage to 17.00 days and 

pupal stage to 8.67 days in D. indica. In the mean time, pupal weight was 

decreased to 0.25 g and adult longevity was reduced to 6.33 days. In control, 

larvae and pupae existed for 12.67 and 5.33 days respectively, pupal weight was 

0.35 g and adult longevity was 7.67 days. Application of acetone extract of           

S. indica seed @ 5.27% extended grub stage and pupal stage in H. septima to 

14.00 and 8.00 days each. Here, pupal weight and adult longevity were reduced to 

1.25 g and 12.33 days respectively. In control, duration of grubs and pupae 

were11.33 and 4.33 days each, pupal weight was 1.35 g and adult longevity was 

19.67 days. Morphogenetic changes were also observed in larvae and grubs 
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treated with both bark extract of S. indica in ethanol and seed extract in acetone. 

There was pupal discolouration in both D. indica and H. septima. Malformation 

was noticed in the adults of D. indica and in H. septima, the adults were poorly 

sclerotized.  

A comparison of lethal doses has revealed that acetone extract from seeds 

of S. indica exhibited more toxicity towards insects when compared to bark 

extracts. Accordingly, seed extract in acetone was subjected to column 

chromatography using gradient elution technique and a total of 83 fractions were 

collected. These fractions were clubbed to a total of five fractions based on 

Retention Factor (Rf). Further, those fractions with same Rf, in combination at 5, 

2.5 and 1.25 per cent each were tested for bioefficacy on larvae/grubs of D. indica 

and H. septima. Among these, chromatographic fractions @ 5% exhibited more 

antifeedant effect with mean leaf protection of 75.61 per cent in D. indica and 

68.18 per cent in H. septima at 72 HAT. Insecticidal effect was also higher at this 

concentration with mortality of 73.33 per cent each in D. indica and H. septima. 

  Chromatographic fractions with bioactive compound/compounds were 

compared for their similarities with the marker compounds (quassinoids) available 

in CSIR-NIIST, which were identified using NMR (Nuclear Magnetic Resonance) 

technique. The presence of samaderins A, B, C and cedronin were detected in 

seed extract and the molecular structures of these compounds were elucidated to 

confirm their identity. The antifeedant and insecticidal property of samaderins A 

and B and cedronin is reported for the first time in this study. 

Two formulations from S. indica were prepared using its seed extract in 

acetone as it possessed more antifeedant properties in comparison to bark extract. 

The formulations were prepared using seed extract, emulsifier and distilled water 

by ‘temperature of inversion phase’ technique. Formulation A contained acetone 

extract of S. indica seed, tween 80 and distilled water in 15: 5: 80 ratio. In 

formulation B, the components were seed extract of S. indica in acetone, tween 80 

and span 80 (1: 1) and distilled water in 15: 5: 80 ratio. Stability of both the 
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formulations was ascertained by performing physical tests as prescribed by BIS 

(Bureau of Indian Standards). Colour, appearance, EC (Electrical Conductivity) 

and pH of the formulations were observed and filter paper test, cold test, test for 

heat stability and bloom test were performed for a period of one week. Both the 

formulations remained yellow to light yellow in colour, free-flowing, spread out 

rapidly in filter paper, maintained acidic pH, retained stability under hot and cold 

conditions and formed white bulging emulsion with no oil droplets.  

Bioefficacy studies on formulations under in vitro conditions exposed that 

formulation A @ 0.5% caused mortality of 18.33 to 46.67 per cent in D. indica 

and 20.00 to 46.67 per cent in H. septima from 24 to 72 HAT. Mortality was 

41.67 to 80.00 per cent each in D. indica and H. septima with the application of 

formulation A @ 1%. Meanwhile, application of formulation B @ 0.5% resulted 

in 15.00 to 43.33 per cent mortality in D. indica and 18.33 to 43.33 per cent in    

H. septima from 24 to 72 HAT. Formulation B @ 1% caused mortality of 33.33 

to 71.67 per cent in D. indica and 41.67 to 71.67 per cent in H. septima.  

Safety evaluation of the formulation on beneficial insects revealed that in 

honey bees, mortality was 30.00 per cent with the application of formulation A 

@ 1% and it was 26.67 per cent with formulation B @ 1% at 24 HAT. 

Meanwhile, formulation A @ 1% caused 23.33 per cent mortality in Apanteles 

taragamae Viereck and it was 26.67 per cent with formulation B @ 1%. 

Shelf life of the formulation was assessed for six months under room 

temperature. Both the formulations remained stable under normal room 

temperature for six months. Formulation A @ 1% recorded 71.67 to 80.00 per 

cent mortality in D. indica and H. septima from the day of preparation till sixth 

month of storage. Meanwhile, formulation B @ 1% resulted in mortality of 71.67 

to 75.00 per cent in D. indica and 70.00 to 75.00 per cent in H. septima.  

Field experiment was carried out to test the efficacy of the botanical in 

comparison with biopesticide and chemical at Instructional Farm, Vellayani in 

snake gourd (variety Kaumudi). Formulation A @ 2% was evaluated for its 
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efficacy against leaf feeding pests at vegetative stage and 50 per cent flowering 

stage. Observations were taken on pest population and percentage of damaged 

leaves. It can be deduced that formulation A @ 2% was as effective as neemazal 

1% @ 0.2% as evident with reduction in pest population at vegetative and 50 per 

cent flowering stage of the crop. With regard to reduction in leaf damage, 

formulation A @ 2% excelled equally as neemazal 1% @ 0.2% at vegetative 

stage.  

The salient findings of the study were 

    Bark extract of S. indica in ethanol @ 5.24 and 6.17% exhibited feeding 

deterrence, insecticidal properties and caused adverse effects on biology of          

D. indica and H. septima. Likewise, seed extract in acetone @ 5.17% and 5.27% 

exhibited anti-insect properties in D. indica and H. septima. Seed extract of           

S. indica in acetone exhibited more toxicity towards insects when compared to 

bark extracts as revealed by lower values of lethal doses against both D. indica 

and H. septima. Chromatographic fractions from acetone extract of S. indica seeds 

@ 5% showed antifeedant action and insecticidal effect on test insects. Bioactive 

compounds present in seeds were identified and structurally characterised as 

samaderins A, B, C and cedronin. Formulations were prepared from S. indica 

using seed extracts in acetone. Formulation A was developed by mixing acetone 

extract of S. indica seed, tween 80 and distilled water in 15: 5: 80 ratio, while 

formulation B was prepared by mixing seed extract of S. indica in acetone, tween 

80 and span 80 (1: 1) and distilled water in 15: 5: 80 ratio. Formulations A and B 

@ 1% each were effective against D. indica and H. septima under in vitro 

conditions. Both the formulations A and B from S. indica seed extract @ 0.5 and 

1% were stable for a period of six months under room temperature. In vivo studies 

proved the efficiency of formulation A @ 2% containing acetone extract of           

S. indica, tween 80 and span 80 on D. indica and H. septima in terms of reduced 

pest population and lesser leaf damage.  

This study could standardize the protocol for developing insecticidal 

formulations from seeds of S. indica, which is the first attempt of its kind. The 
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results obtained in this study clearly indicate the possibility of replacing chemical 

pesticides with a potent, but safer botanical insecticide from S. indica, which are 

rich sources of quassinoids. The study also disclosed that exploration of 

indigenous plants with anti-insect properties will definitely facilitate safe and 

sustainable agricultural production in this era of ‘safe-to-eat’ vegetables. 

Synergistic interaction between insecticide from S. indica and other biopesticides 

can be evaluated. Molecular docking can be done to find out the mode of action of 

insecticide developed from S. indica seed extract. 
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ABSTRACT 

The study entitled ‘Development of formulations from Samadera indica 

Gaetrn. for the management of leaf feeding pests in snake gourd (Trichosanthes 

anguina L.)’ was carried out in the Department of Agricultural Entomology, 

College of Agriculture, Vellayani and at Council of Scientific and Industrial 

Research – National Institute for Interdisciplinary Science and Technology 

(CSIR-NIIST), Thiruvananthapuram during 2018 to 2021. Objectives of the study 

were exploration of anti-insect properties of bark and seeds of S. indica, 

identification of bioactive compounds in the effective extract, development of 

suitable formulations and field evaluation of the same against pumpkin caterpillar, 

Diaphania indica Saund and epilachna beetle, Henosepilachna septima (Dieke). 

Estimation of lethal doses viz., LD50 and LD90 of bark and seed extracts by 

probit dose analysis showed that LD50 of bark extract in hexane, acetone, ethanol 

extract and aqueous extract were 1.66, 1.03, 1.51 and 2.38% respectively against 

D. indica and 2.17, 1.95, 1.68 and 2.49% respectively against H. septima. 

Meanwhile, LD90 values were 6.49, 7.05, 5.24 and 7.90% respectively against     

D. indica and 6.82, 6.60, 6.17 and 7.85% against H. septima.  In the case of seed 

extract, LD50 values were 1.79, 0.59, 1.03 and 1.54% respectively against            

D. indica and 1.63, 0.83, 1.60 and 2.43% against H. septima. LD90 values were 

6.99, 5.17, 7.05 and 9.17% against D. indica and 9.53, 5.27, 7.94 and 9.02% 

against H. septima.  

Results of in vitro studies on antifeedant effect of S. indica bark extracts 

against D. indica showed that ethanol extract @ 5.24% exhibited the highest leaf 

protection of 62.79 per cent at 72 Hours After Treatment (HAT). In the case of       

H. septima, ethanol extract @ 6.17% resulted in 65.00 per cent leaf protection. 

Regarding insecticidal effect, ethanol extract @ 5.24% resulted in 93.33 per cent 

mortality of second instar larvae of D. indica. Meanwhile, in grubs of H. septima, 

ethanol extract @ 6.17% inflicted 91.67 per cent mortality. Insecticidal effect of 

both the extracts was found to be statistically on par with chemical check 



(Malathion 50 EC 0.1%). With regard to insect biology, there was increase in 

larval duration (15.00 days), pupal duration (5.33 days), reduction in pupal weight 

(0.19 g) and reduction in adult longevity (4.33 days) in D. indica, whereas in 

control, larval and pupal period were 9.67 and 2.67 days each, pupal weight was 

0.31 g and longevity of adults was 7.67 days. Similar trend was observed in         

H. septima.  

Among various extracts from S. indica seeds, acetone extract @ 5.17% 

resulted in the highest leaf protection of 74.41 per cent in D. indica and acetone 

extract @ 5.27% exhibited 71.79 per cent leaf protection in H. septima. With 

respect to insecticidal effect, acetone extract @ 5.17 and 5.27% each caused 86.67 

per cent mortality in D. indica and H. septima respectively. Considering biology 

of the insects, there was prolongation in larval period to 17.00 days, pupal period 

to 8.67 days, reduction in pupal weight to 0.25 g and reduction in adult longevity 

to 6.33 days in D. indica as against larval period of 12.67 days, pupal period of 

5.33 days, pupal weight of 0.35 g and adult longevity of 7.67 days in control. 

Similar was the trend with H. septima also. A comparison between LD50 and LD90 

of bark and seed extracts pointed out that seed extract contained more potent 

compounds with insecticidal properties. Hence, seed extract was taken for further 

studies.  

Chromatographic fractions from acetone extract of seeds @ 5% exhibited 

mean leaf protection of 91.83 per cent in D. indica and 85.71 per cent in             

H. septima. Meanwhile, there was mortality of 73.33 per cent in both the pests. 

Analysis of chromatographic fractions revealed the presence of quassinoids viz., 

samaderin A, samaderin B, samaderin C and cedronin in the seed extract. 

Molecular structures were elucidated to confirm the identity of the compounds.  

Two formulations of S. indica seed extract were prepared by mixing seed 

extract, emulsifier and distilled water in different proportions. Formulation A 

contained acetone extract of S. indica seed, tween 80 and distilled water in 15: 5: 



80 ratio. Formulation B was prepared by mixing seed extract of S. indica in 

acetone, tween 80 and span 80 (1: 1) and distilled water in 15: 5: 80 ratio.  

Both the formulations A and B were equally effective against D. indica 

and H. septima under in vitro conditions, with 80.00 per cent mortality each at 72 

HAT. Safety evaluation on beneficial insects indicated that formulation A @ 1% 

resulted in 30.00 per cent mortality in honey bee after 24 HAT, while in               

A. taragamae, it was 23.33 per cent. Furthermore, both the formulations were 

stable under normal room temperature for six months. Formulation A @ 1% 

recorded 71.67 to 80.00 per cent mortality in D. indica and H. septima from the 

day of preparation till sixth month of storage. Meanwhile, formulation B @ 1% 

resulted mean percentage mortality of 70.00 and 75.00 per cent in D. indica and 

H. septima. Considering the insecticidal effect under in vitro conditions and 

environmental feasibility, formulation A was chosen for in vivo studies. 

Field experiment was carried out to test the efficacy of the botanical in 

comparison with biopesticide and chemical at Instructional Farm, Vellayani in 

snake gourd (variety Kaumudi). Formulation A @ 2% was evaluated for its 

efficacy against D. indica and H. septima at vegetative stage and 50 per cent 

flowering stage. Observations were taken on pest population and percentage of 

damaged leaves. It can be deduced that formulation A @ 2% was as effective as 

neemazal @ 0.2% as evident with reduction in pest population at vegetative and 

50 per cent flowering stage of the crop. With regard to reduction in leaf damage, 

formulation A @ 2% excelled equally as neemazal @ 0.2% at vegetative stage.  

The study revealed that both bark and seed extracts of S. indica exhibited 

feeding deterrence, insecticidal properties and caused adverse effects in the 

biology of D. indica and H. septima. Anti-insect properties are more prevalent in 

the seeds and they contained the bioactive compounds samaderins A, B, C and 

cedronin. Formulations containing acetone extract of S. indica seeds, tween 80 

and distilled water (15: 5: 80) @ 1 and 2% each were effective against both the 

pests under in vitro and in vivo conditions respectively and were stable for a 

period of six months under room temperature. Hence, it can be concluded that 



formulations from S. indica can be considered as safer botanical insecticides in 

this era of organic farming. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



സംഗ്രഹം 

‘പടവലത്തിലല ഇലതീനിക്കീടങ്ങലെ നിയന്ത്രിക്കുവാനായി 

കരിങ്ങ്ങാട്ടയില് നിന്നുള്ള രൂപികകലെ (formulations) വികസിപ്പിക്കല്’ എന്ന 

തലലക്കങ്ട്ടാടുകൂടി 2018 മുതല് 2021 വലരയുള്ള കാലയെവില് ലവള്ളായണി 

കാര്ഷിക ങ്കാെജിലല കീടശാസതന്ത്ത വിഭാഗത്തിലുും തിരുവനരപുരത്തുള്ള 

‘ലകൌണ്സില് ഓഫത സയനതറിഫികത ആന്ഡത ഇനതഡസതന്ത്ടിയല് റിങ്സരതചത’ – 

‘നാഷണല് ഇന്റിറതറയൂട്ടത ഓഫത ഇനതലടര്ഡിസിപതെിനറി സയന്സത ആന്ഡത  

ലടകതങ്നാെജി’യിലുമായി നടത്തുകയുണ്ടായി. കരിങ്ങ്ങാട്ടയുലട 

പുറുംലതാലിയുലടയുും വിത്തിനതലറയുും ന്ത്പാണി-വിരുദ്ധ (anti-insect) 

സവിങ്ശഷതകള് കണ്ടു പിടിക്കുക, മികച്ച സത്തിലല സുംയുക്തങ്ങലെ കണ്ടു 

പിടിക്കുക, ഉചിതമായ രൂപികകള് നിര്മിച്ചത മത്തന് പുഴുവിനുും (ഡയഫാനിയ 

ഇന്ഡിക്ക) ആമവണ്ടിനുും (ഹീങ്നാസതഎപ്പിലാക്ക്ന ലസപ്ടിമ) എതിലര ന്ത്പകൃതിയില് 

പരീക്ഷിക്കുക എന്നിവയാണത ഈ പഠനത്തിനതലറ ലക്ഷയങ്ങള്. 

കരിങ്ങ്ങാട്ടയിലല പുറുംലതാലിയുലടയുും വിത്തിനതലറയുും സത്തില്  

മത്തന് പുഴുക്കള്ക്കുും ആമവണ്ടിനുും 50 ശതമാനും മാരകമായ വീരയവുും 90 

ശതമാനും മാരകമായ വീരയവുും ങ്ന്ത്പാബിറ്റത – ങ്ഡാസത വിശകലനും വഴി കലണ്ടത്തി. 

പുറുംലതാലിയുലട സത്തത ലഹകതങ്സന്, അലസങ്റ്റാനത, എഥങ്നാള്, ലവള്ളും എന്നിവ 

ഉപങ്യാഗിച്ചത ങ്വര്തിരിലച്ചടുത്തങ്പ്പാള് 1.66, 1.03, 1.51, 2.38% വീതും സത്തത മത്തന് 

പുഴുവിനു 50 ശതമാനവുും 2.17, 1.95, 1.68, 2.49% വീതും ആമവണ്ടിനു 50 ശതമാനവുും 

മാരകമായിട്ടുള്ളതായി  കലണ്ടത്തി. വിത്തിനതലറ സത്തത ഉപങ്യാഗിച്ചങ്പ്പാള് 1.79, 

0.59, 1.03, 1.54% എന്നീ വീരയത്തിലുള്ളവ മത്തന് പുഴുവിനുും 1.63, 0.83, 1.60, 2.43% 

എന്നീ വീരയത്തിലുള്ളവ ആമവണ്ടിനുും 50% മാരകമായി കലണ്ടത്തി.  മത്തന് 

പുഴുവിനത 6.99, 5.17, 7.05, 9.17% എന്നീ വീരയത്തിലുള്ളവയുും ആമവണ്ടിനു 9.53, 5.27, 

7.94, 9.02% എന്നീ വീരയത്തിലുള്ളവയുും 90% മാരകമായി കലണ്ടത്തി. 

കരിങ്ങ്ങാട്ടയുലട പുറുംലതാലിയില് നിലന്നടുത്ത സത്തത കീടങ്ങള് 

ആഹാരും കഴിക്കുന്നതിലന എങ്ങലന ബാധിക്കുന്നു (antifeedant effect) 

എന്നറിയുവാനായി ലങ്ബാറട്ടറിയില് ഒരു പരീക്ഷണും നടത്തി. ഇതില് എഥങ്നാള് 

ഉപങ്യാഗിച്ചത ങ്വര്തിരിച്ച സത്തത 5.24% ഇലകെില് തെിച്ചങ്പ്പാള് 72 മണിക്കൂറിനു 

ങ്ശഷും മത്തന് പുഴുവില് നിന്നുും മികച്ച സുംരക്ഷണും (62.79%) ലഭിക്കുന്നതായി 

കലണ്ടത്തി. എഥങ്നാെില് നിന്നത ങ്വര്തിരിച്ച സത്തത 6.17% ആമവണ്ടിലനതിലര 65% 

സുംരക്ഷണും നല്കുന്നതായി കലണ്ടത്തി. എഥങ്നാെില് നിന്നത ങ്വര്തിരിലച്ചടുത്ത 

സത്തത 5.24% മത്തന് പുഴുക്കെില് തെിച്ചങ്പ്പാള് മരണനിരക്കത 93.33 ശതമാനും ആയി 

കലണ്ടത്തി. ആമവണ്ടിനതലറ കുഞ്ഞുങ്ങെില് ഇതത 6.17% വീരയത്തില് തെിച്ചങ്പ്പാള് 

91.67 ശതമാനും ആയിരുന്നു മരണനിരക്കത. ഈ രണ്ടു സത്തുകെുലടയുും 



കീടനാശിനി സവിങ്ശഷത പരീക്ഷണത്തിനുപങ്യാഗിച്ച 

രാസകീടനാശിനിയുമായി (മാലത്തങ്യാണത 50 EC) തുലയതയിലാണത എന്നു 

കലണ്ടത്തി. പുറുംലതാലിയുലട സത്തത ഉപങ്യാഗിച്ചങ്പ്പാള് കീടങ്ങെുലട 

ജീവശാസതന്ത്തത്തില് ന്ത്പകടമായ മാറ്റങ്ങള് ഉണ്ടായി. സാധാരണ മത്തന് പുഴുക്കള് 

9.67 ദിവസങ്ങള് ലകാണ്ടത പുഴുദശയുും 2.67 ദിവസങ്ങള് ലകാണ്ടത സമാധിദശയുും 

പൂര്ത്തിയാക്കുങ്പാള് സത്തിനതലറ ന്ത്പങ്യാഗത്തിനത വിങ്ധയമായ പുഴുക്കള് പുഴുദശ 

പൂര്ത്തിയാക്കാന് 15 ദിവസങ്ങെുും സമാധിദശ പൂര്ത്തിയാക്കാന് 5.33 ദിവസങ്ങള് 

എടുക്കുന്നതായുും കണ്ടു. അതുങ്പാലല, സത്തത ഉപങ്യാഗിച്ചങ്പ്പാള് പുഴുക്കെില് 

സമാധിയുലട തൂക്കും 0.19 ന്ത്ഗാും ആയി കുറയുന്നതായുും പൂര്ണവെരതച്ചലയത്തിയവ 

4.33 ദിവസങ്ങള് മാന്ത്തും നിലനില്ക്കുന്നതായുും കലണ്ടത്തി. എന്നാല്, സാധാരണ 

പുഴുക്കെില് സമാധിക്കത 0.31 ന്ത്ഗാും തൂക്കും ഉള്ളതായുും പൂര്ണവെര്ച്ച എത്തിയവക്കത 

7.67 ദിവസും ജീവിതദദര്്യും ഉള്ളതായുും കലണ്ടത്തി. പുറുംലതാലിയുലട സത്തത 

ഉപങ്യാഗിച്ചങ്പ്പാള് മത്തന് വണ്ടിലുും ഇങ്ത മാറ്റങ്ങള് തലന്ന ന്ത്പകടമായി.  

കരിങ്ങ്ങാട്ടയുലട വിത്തിനതലറ അലസങ്റ്റാനില് ങ്വര്തിരിലച്ചടുത്ത സത്തത 

5.17% വീരയത്തില് ഇലകെില് തെിച്ചങ്പ്പാള് മത്തന്പുഴുവിലനതിലര 74.41 

ശതമാനും സുംരക്ഷണവുും 5.27% വീരയത്തില് തെിച്ചങ്പ്പാള് 71.79 ശതമാനും 

സുംരക്ഷണവുും കാണുവാന് സാധിച്ചു. വിത്തിനതലറ അലസങ്റ്റാണില് 

ങ്വര്തിരിലച്ചടുത്ത സത്തത 5.17% വീരയത്തില് മത്തനതപുഴുവിലുും 5.27% വീരയത്തില് 

ആമവണ്ടിലുും തെിച്ചങ്പ്പാള് രണ്ടു കീടങ്ങെിലലയുും മരണനിരക്കത 86.67 ശതമാനും 

വീതമായിരുന്നു. മാന്ത്തമല്ല, മത്തനതപുഴുവില് പുഴുദശ 17 ദിവസവുും സമാധിദശ 8.67 

ദിവസവുും നീണ്ടുനിന്നു. ഇവയില് സമാധിയുലട തൂക്കും 0.25 ന്ത്ഗാും ആയി 

കുറയുകയുും പൂര്ണവെര്ച്ചലയത്തിയ കീടും 6.33 ദിവസും മാന്ത്തും 

ജീവിക്കുന്നതായുും കലണ്ടത്തി. സാധാരണ മത്തനതപുഴുക്കെില് പുഴുദശ 12.67 

ദിവസവുും സമാധിദശ 5.33 ദിവസവുും ആയിരുന്ന .ു കൂടാലത സമാധിയുലട തൂക്കും 

0.35 ന്ത്ഗാമുും പൂര്ണവെര്ച്ചലയത്തിയവയുലട  ജീവിതകാലും 7.67 ദിവസവുും 

ആയിരുന്നു. പുറുംലതാലിയില് നിന്നുും വിത്തില് നിന്നുും എടുത്ത സത്തുകള് 

തമ്മില് താരതമയും ലചയ്യുങ്പാള് വിഷവീരയത്തിനതലറ അടിസ്ഥാനത്തില് 

കൂടുതല് മാരകമായതത വിത്തില് നിന്നുള്ള സത്തത ആയിരുന്നു. അതിനാല്ത്തലന്ന, 

തുടര്പഠനങ്ങള്ക്കായി വിത്തില് നിന്നുള്ള സത്തായിരുന്നു ഉപങ്യാഗിച്ചതത. 

അലസങ്ടാണില് നിന്നത ങ്വര്തിരിലച്ചടുത്ത വിത്തിനതലറ സത്തത 

‘ങ്ന്ത്കാമാങ്ടാന്ത്ഗഫി’ എന്ന ന്ത്പന്ത്കിയക്കത വിങ്ധയമാക്കിയ ങ്ശഷും അതില് നിന്നത ലഭിച്ച 

്ടകങ്ങള് 5% വീരയത്തില് ഇലകെില് തെിച്ചങ്പ്പാള് മത്തന് പുഴുവിലനതിലര 

91.83 ശതമാനവുും ആമവണ്ടിലനതിലര 85.71 ശതമാനവുും സുംരക്ഷണും ഉള്ളതായി 

കണ്ടു. അങ്തസമയും, രണ്ടു കീടങ്ങെിലുും മരണനിരക്കത 73.33 ശതമാനും ആയിരുന്നു. 

ഈ ്ടകങ്ങലെ വിശകലനും ലചയ്തങ്പ്പാള് അവയില് ‘കവാസ്സിങ്നായിടുകള്’ 



(സമാഡിറിന് എ, സമാഡിറിന് ബി, സമാഡിറിന് സി, ലസങ്ന്ത്ടാണിന്) എന്നീ 

സുംയുക്തങ്ങള് ഉലണ്ടന്നു കലണ്ടത്തി. ഇവയിലല തന്മാന്ത്തകെുലട ്ടന 

നിര്ണയിക്കുക വഴി ഇവയുലട സാന്നിധയും സ്ഥിരീകരിച്ചു. 

കരിങ്ങ്ങാട്ടയുലട വിത്തില് നിലന്നടുത്ത സത്തത, ‘എമല്സിഫയര്’, വാറ്റിയ 

ലവള്ളും (distilled water) എന്നിവ വിവിധ അനുപാതങ്ങെില് കൂട്ടിങ്ച്ചര്ത്തത  രണ്ടു 

രൂപികകള് (formulations) ഉണ്ടാക്കി. അലസങ്ടാണില് ങ്വര്തിരിലച്ചടുത്ത സത്തത, 

‘ടവീന്’ 80, വാറ്റിയ ലവള്ളും എന്നിവ 15: 5: 80 അനുപാതത്തില് കൂട്ടിക്കലര്ത്തിയാണത 

രൂപിക ‘എ’ തയാറാക്കിയതത. ങ്മല്പ്പറഞ്ഞ അനുപാതത്തില്ത്തലന്ന 

അലസങ്ടാണില് ങ്വര്തിരിലച്ചടുത്ത സത്തത, 1: 1 അനുപാതത്തില് ‘ടവീന്’ 80 യുും 

‘സ്പാന്’ 80 യുും, വാറ്റിയ ലവള്ളും എന്നിവ ങ്ചര്ത്താണത രൂപിക ‘ബി’ തയ്യാറാക്കിയതത. 

ലങ്ബാറട്ടറിയില് നടത്തിയ പരീക്ഷണത്തില് രണ്ടു രൂപികകെുും 

ഉപങ്യാഗിച്ചു 72  മണിക്കൂറിനു ങ്ശഷും മത്തനതപുഴുവിലുും ആമവണ്ടിലുും 80 

ശതമാനും മരണനിരക്കത കാണിച്ചു. അതിനാല്ത്തലന്ന ഈ രണ്ടു രൂപികകെുും രണ്ടു 

കീടങ്ങള്ക്കുലമതിലര ഒരുങ്പാലല ഫലന്ത്പദമാലണന്നത ലതെിഞ്ഞു. രൂപികകള് 

മിന്ത്തകീടങ്ങള്ലക്കതിലര സുരക്ഷിതമാങ്ണാ എന്നറിയാന് ലങ്ബാറട്ടറിയില് 

നടത്തിയ പരീക്ഷണത്തില് രൂപിക ‘എ’ 1% വീരയത്തില് ഉപങ്യാഗിച്ചത 24 

മണിക്കൂറിനു ങ്ശഷും ങ്തനീച്ചയില് 30 ശതമാനവുും ‘അപ്പാനതടീലസത താരഗലമ’ 

എന്ന പരാദത്തില് 23.33 ശതമാനവുും മരണനിരക്കത കാണിച്ചു. രണ്ടു രൂപികകെുും 

സാധാരണ താപനിലയില് ആറു മാസും വലര സ്ഥിരത നിലനിരതത്തുന്നതായി 

കലണ്ടത്തി. രൂപിക ‘എ’ 1% വീരയത്തില് ഉപങ്യാഗിച്ചങ്പ്പാള് മത്തനതപുഴുവിലുും 

ആമവണ്ടിലുും ആറുമാസും വലര 71.67 മുതല് 80 ശതമാനും വലരയായിരുന്നു 

മരണനിരക്കത. അങ്തസമയും, രൂപിക ‘ബി’ 1% വീരയത്തില് ഉപങ്യാഗിച്ചങ്പ്പാള് 

മത്തനതപുഴുവില് 70 ശതമാനവുും ആമവണ്ടില് 75 ശതമാനവുും ആയിരുന്നു 

മരണനിരക്കത. രൂപിക ‘എ’യുലട ലമച്ചലപ്പട്ട കീടനാശിനി സവിങ്ശഷതയുും 

പാരിസ്ഥിതിക സാധയതയുും കണക്കിലലടുത്തത ഈ രൂപികലയ നിലും 

പരീക്ഷണത്തിനു (field experiment) വിങ്ധയമാക്കി.  

കരിങ്ങ്ങാട്ടയില് നിന്നുള്ള കീടനാശിനിയുലട കാരയക്ഷമത 

ദജവകീടനാശിനിയുും രാസകീടനാശിനിയുമായി താരതമയും ലചയ്യുന്നതിനായി 

ലവള്ളായണി ഇനതസതന്ത്ടക്ഷണല് ഫാരതമില് ലകൌമുദി എന്നയിനും പടവലത്തില് ഒരു 

പരീക്ഷണും നടത്തുകയുണ്ടായി. ലചടി പൂവിടുന്നതിനത മുന്പുും 50% പൂവിട്ടതിനു 

ങ്ശഷവുും രൂപിക ‘എ’ 2% വീരയത്തില് മത്തനതപുഴുവിനുും ആമവണ്ടിനുലമതിരായി 

പരീക്ഷിച്ചു. കീടങ്ങെുലട എണ്ണും നിരീക്ഷിക്കുകയുും കീടങ്ങള് ആന്ത്കമിച്ച 

ഇലകെുലട ശതമാനും കണക്കാക്കുകയുും ലചയ്തു. ലചടിയുലട രണ്ടു 

വെര്ച്ചാ്ട്ടങ്ങെിലുും രൂപിക ‘എ’ 2% വീരയത്തില് ഉപങ്യാഗിച്ചങ്പ്പാള് ‘നീമസാല്’ 



0.2 ശതമാനും തെിക്കുന്നതിനു സമാനമായി കീടങ്ങെുലട എണ്ണും കുറയുന്നതായി 

കണ്ടു. അതുങ്പാലലതലന്ന, രണ്ടു കീടനാശിനികെുും ഒരുങ്പാലല ഇലയിലല 

കീടാന്ത്കമണും കുറയതക്കുന്നതായി കലണ്ടത്തി.  

കരിങ്ങ്ങാട്ടയുലട പുറoലതാലിയുലടയുും വിത്തിനതലറയുും സത്തത 

മത്തനതപുഴുവിലുും ആമവണ്ടിലുും ആഹാരും കഴിക്കുന്നതത തടസലപ്പടുത്തുകയുും, 

കീടനാശിനി സവഭാവും കാണിക്കുന്നതായുും ഈ കീടങ്ങെുലട ജീവശാസതന്ത്തത്തില് 

മാറ്റും വരുത്തുന്നതായുും ഈ പഠനത്തിലൂലട ലതെിയിക്കലപ്പട്ടു. കരിങ്ങ്ങാട്ടയുലട 

വിത്തിലാണത ന്ത്പാണി-വിരുദ്ധ സവിങ്ശഷതകള് കൂടുതലായി കാണലപ്പട്ടതത. 

കൂടാലത, ഇവയില് സമാഡിറിന്സത ‘എ’, ‘ബി’, ‘സി’, ലസങ്ന്ത്ടാണിന് എന്നീ 

സുംയുക്തങ്ങള് അടങ്ങിയിരിക്കുന്നു. അലസങ്ടാണില് ങ്വര്തിരിലച്ചടുത്ത 

കരിങ്ങ്ങാട്ടയുലട വിത്തിനതലറ സത്തത, ടവീന് 80, വാറ്റിയ ലവള്ളും (15: 5: 80) 1% 

വീരയത്തില് ലാബിലുും 2% വീരയത്തില് ന്ത്പകൃതിയിലുും രണ്ടു 

കീടങ്ങള്ക്കുലമതിലര ഫലന്ത്പദമാലണന്നത കലണ്ടത്തി. കൂടാലത, സാധാരണ 

താപനിലയില് ആറുമാസങ്ത്താെും സ്ഥിരത നിലനിരതതുന്നതായുും കലണ്ടത്തി. 

ചുരുക്കത്തില്, ദജവകൃഷിയുലട ഈ കാല്ട്ടത്തില് ലചടിയില് നിന്നുള്ള 

സുരക്ഷിത കീടനാശിനികൊയി കരിങ്ങ്ങാട്ടയില് നിന്നുള്ള രൂപികകലെ 

പരിഗണിക്കാവുന്നതാണത. 
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