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 1. INTRODUCTION                                                                   

For global food security, the agricultural sector of the world economy must achieve a 

production level that ensures adequate food supply for increasing population. 

Worldwide, agriculture suffers from huge annual losses of crops due to insect-pests, 

diseases and weeds. The agricultural crop loss due to insect-pests, diseases, 

nematodes and weeds has been recorded even up to 50% in spite of the application of 

modern crop protection measures (Devakumar et al., 2007). Of these, a considerable 

annual crop loss is due to plant diseases caused by phytopathogenic fungi, estimated 

up to about 20% and poses continuous challenge to modern agriculture disease 

management system. These phytopathogenic fungi infect seeds, seedlings and mature 

plants in the field causing many diseases such as collar rot, wilt, damping off and dry 

root rot (Aggarwal et al., 2009). Among these fungi, Rhizoctonia solani and 

Sclerotium rolfsii infect many field crops. At present, quick and effective 

management of most of plant pathogen fungi is generally achieved by the use of 

synthetic fungicides. In recent years, a large number of synthetic fungicides are 

banned in western world because of their undesirable attributes such as acute toxicity, 

long degradation periods, accumulation in food chain and toxicity to non- targeted 

organisms (Gatto et al., 2011). 

  Spodoptera litura (Fab.) (Noctuidae: Lepidoptera), commonly known as 

tobacco caterpillar, is an economically important polyphagous insect of seasonal 

crops in many countries including India, Japan, China and Southeast Asia (Sahayarij 

et al., 2007). It is responsible for huge yield losses in many economically important 

cultivated crops; sometimes causes up to 100% yield loss in field (Abbas et al., 2014). 

Various insecticides have been used for management of S. litura. However, due to 

their extensive use, this pest has developed multiple types of resistance, perhaps 

contributing to difficulties in controlling it in the field (Abbas et al., 2012). Outbreak 

of this pest occurred during 1987-88 in Andhra Pradesh and Tamil Nadu, where it 

caused 66% loss in the yield of seed cotton running into a loss of few hundred crores 

of rupees (Dhaliwal and Arora, 2001).  

The use of pesticides is indispensable for the production of high crop yields in 

agriculture, but there is a considerable public concern about the unintentional adverse 

impact of pesticides on non-target organisms and environmental quality mainly soil, 
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water and air (Mohamed, 2007). These problems compelled researchers to find out 

alternative control measures, such as botanicals, which are effective, safe, 

environment friendly and also reduce the dependence on synthetic fungicides. In 

addition to a wide group of secondary metabolites such as flavonoids, terpenoids, 

sulphur compounds, saponins, cyanogenic glycosides and glucosinolates 

(Dissanayake and Jayasinghe, 2013), essential oil, a complex mixture of organic 

compounds from plants are reported to have antibacterial, antifungal, antivirual, 

antiparasitic and antidermatophytic properties (Tabassum and Vidyasagar, 2013), 

which could be useful to develop effective biopesticide of plant origin. 

  Azadirachta indica A. Juss (Family: Meliaceae), commonly known as neem, is 

native of south eastern Asia, mainly cultivated in Indian sub-continent and used for 

the development of industrial products (Jerobin et al., 2012). It possesses medicinal, 

antibacterial, antifungal and pest control properties and is a rich source of 

azadirachtin, an insect control agent (Lucantoni et al., 2006; Ghotbi et al., 2014; 

Chary, 2011). Several compounds have been reported from neem tree. Among these, 

azadirachtin-A, nimbin and salanin are the major triterpenoids having several 

biological activities (Biswas et al., 2002; Subapriya and Nagini, 2005). Azadirachtin 

is widely used in agriculture to combat insects, nematodes, fungi and bacteria. 

However, because of its susceptibility towards light, temperature and also degradation 

by microorganisms, it is not stable for prolonged period (Khater, 2011). Efforts have 

been made in the past to stabilize azadirachtin-A, either through structural 

modification, such as reduction to dihydro- and tetera hydro-derivatives or by using 

stabilizers, including antioxidants and UV/sun screens (Sharma et al., 2006). Also, 

formulations of azadirachtin-A have been developed using capsules of sodium 

alginate, reticulated with glutaraldehyde and coated with natural rubber, encapsulation 

efficiency greater than 90% was achieved for azadirachtin (Riyajan and 

Sakdapipanich, 2009). Bioassays showed that the nanoparticles containing 

azadirachtin (5000 mg/kg) were effective in combating Plutella xylostella, with 100% 

mortality of the larvae (Shah et al., 2016). Costa et al. (2014) prepared different types 

of formulations viz., nanocapsules, microparticles and emulsion concentrates 

containing azadirachtin. It was found that the nanocapsule formulation was more 

stable to degradation by UV radiation. The unencapsulated compound was completely 
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degraded within seven days, while the encapsulated azadirachtin showed only 20% 

degradation after 14 days.  

 Neem oil plays influential role as an effective natural pesticide having strong 

antifeedant and growth regulating properties (Chang et al., 2005). The oil of the neem 

seeds (A. indica A. Juss) contains potentially bioactive compounds, which are 

effective in controlling pests of stored grains (Boeke et al., 2004). Nanoemulsion of 

neem oil in Tween 20 was found as potent larvicidal for Culex quinquefasciatus 

(Anjali et al., 2011). Okumu et al., (2007) reported the emulsions of neem oil with 

emulsifier and isopropanol to be effective against Anopheles gambiae. 

Cymbopogon nardus (L.) Rendle (Family: Poaceae), commonly known as 

citronella, is a perennial aromatic grass used for production of citronella oil besides C. 

winterianus Jowitt, which is used as mosquito repellent, household fumigant and in 

soaps and cosmetics. Previous studies revealed that citronella oil has antibacterial and 

antifungal activities. The main chemical constituents of C. nardus oil are citronellol, 

geranial, citronellal, citral and geranyl acetate (Nakahara et al., 2003).  

 The US Environmental Protection Agency has registered some essential oils 

including Citronella, Lemongrass and Eucalyptus oils, as insect repellent ingredients 

suitable for application to skin (Nerio et al., 2010). There are reports on the insect 

repellency from mint (Teucrium leucocladum), citronella (Cymbopogon nardus), basil 

(Ocimum basilicum) and their cultivars, thyme (Thymus vulgaris L.), neem 

(Azadirachta indica A. Juss), and lemongrass (Cymbopogon citratus) (Jaenson et al., 

2006). Previous studies using the disc diffusion method had revealed that citronella 

oil exhibited antibacterial and fungicidal activities (Nakahara et al., 2003). Citronella 

oil has demonstrated good efficacy against mosquitoes with nontoxic action in 

concentrations ranging from 0.05% to 15% (w/v) alone or in combination with other 

natural or commercial insect repellent products (Fradin, 1998).  

Nanoemulsions are known as isotropic, thermodynamically stable, transparent 

system of oil; water and surfactant with a droplet size usually in the range of 10-100 

nm (Shafiq et al., 2007; Mei et al., 2003). Nanoemulsions have advantages over 

conventional emulsions due to small size, large surface area, slow release of active 

compounds and stability against sedimentation and other properties (Wang et al., 

2007). A study showed that no precipitation occurred in the nanoemulsion 

https://en.wikipedia.org/wiki/Basil
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formulation of β-cypermethrin on dilution in contrast to commercial micro emulsion 

with slower release (Zeng et al., 2008). Similarly, nanoemulsion of neem oil showed 

increased larvicidal effect against Culex quinquefasciatus and LC50 decreased with 

droplet size, indicating an increased uptake of smaller droplets (Anjali et al., 2011). 

Though, research on nanoemulsions is growing, very little work has been reported 

where plant oils have been utilized in crop protection due to their insolubility in 

water. This limitation can be overcome by encapsulating these oils in oil-in-water 

emulsions or nanoemulsions. (Chang et al., 2012; Ziani et al., 2011). It is reported 

that spontaneous emulsification of essential oils into nanoemulsion is simple and cost-

effective method (Chang et al., 2013). The bioactive essential oils which are volatile 

and sensitive to degradation are suitable for such nanoemulsions (Oliveira et al., 

2014).     

        (The present work envisaged to develop and evaluate nanoemulsions based on 

neem and citronella oils using low energy spontaneous emulsification technique, 

which, to the best of our knowledge, is first report of its kind. The objectives of 

proposed work are as follows:  

1. To develop nanoemulsions based on neem and citronella oils using low energy 

spontaneous emulsification technique. 

2. To study the physio-chemical parameters of the developed formulations. 

3. To study the fungicidal activity of the developed formulations of neem and 

citronella oil against Rhizoctonia solani and Sclerotium rolfsii. 

4.  To study the insect growth regulator activity of the developed formulations of 

neem and citronella oil against Spodoptera litura larvae.)  

 



2. REVIEW OF LITERATURE 

2.1 Phytopathogenic fungi and insect pests 

For global food security, the agricultural sector of the world economy must 

achieve a production level that ensures adequate food supply to feed the increasing 

population. Also, productivity of crops grown for human consumption is at risk due to 

incidence of pests, especially weeds, pathogens and insect pests. According to the 

report of FAO, US $120 billion losses worldwide were caused by 20-40% decrease in 

crop yield, due to the attack from pathogenic organisms and insect-pests (Suresh et 

al., 2017). Crops losses due to harmful organisms can be substantial and may be 

reduced through crop protection measures (Oerke, 2006). Insect pests and diseases are 

among the most important limiting factors that affect crop production, causing annual 

yield loss conservatively estimated at 50%. More than 70 different types of diseases 

caused by fungi, bacteria, viruses or nematodes have been reported (Singh et al., 

2015). 

  Rhizoctonia solani, a soil borne pathogenic fungi, is widely dispersed and 

invades a broad range of plants, including staple food crops such as rice, wheat and 

potato, as well as cash crops such as cotton and sugar beet and is a threat worldwide 

(Agrios, 2015; Woodhall et al., 2007). This fungus causes major losses to the 

production of important crops including wheat, rice, soybean, maize, potato, sugar 

beet and many more (Sneh, 1991). R. solani commonly causes disease by infecting 

roots and stems and inducing necrotic lesions from which plant obtains nutrients. 

Black scurf of potato caused by R. solani is a common and important disease of potato 

tubers in potato growing areas of the world. This disease affects potato development 

from emergence to harvest (Bokhari et al., 2015).  

  Rice (Oryza sativa) is the staple food crop of over half of the world’s 

population. Losses due to pests and diseases are one of the major constraints in rice 

production. Sheath blight and bacterial blight diseases of rice cause considerable loss, 

especially, in areas where high yielding varieties are grown (Kagale et al., 2004). R. 

solani is a major fungal pathogen of rice (Oryza sativa L.), and causes sheath blight 

that results great yield losses in all rice-growing regions of the world (Zheng et al 

2013). It is a serious disease in all rice growing countries. It causes considerable yield 
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loss, accounts for 6 to 10% annually under high-input and high production 

environments in both temperate and tropical regions (Mew et al., 2004). 

   Sheath blight of rice caused by R. solani, first reported from Japan, is 

emerging as a very destructive disease under favorable weather conditions in rice 

growing areas of the world which ultimately causes substantial yield losses (Ali et al., 

2015). The symptom in infected plants appears on the sheath and spreads to the 

leaves. The disease causes more than 50% economic loss (Suharti et al., 2016). R. 

solani is best known to cause various plant diseases such as collar rot, root rot, 

damping off and wire stem.  

In addition, Sclerotium rolfsii, soil-borne fungal pathogen also causes disease on a 

wide range of agricultural and horticultural crops such as sweet potato (Ipomea 

batatas), pumpkin (Cucurbita pepo L.), corn (Zea mays), wheat (Triticum vulgare) 

and peanut (Arachis hypogea) (Errakhi et al., 2007). It can also cause a variety of 

disease in plants, including wilt and southern blight. It has a very extensive host range 

which includes more than 500 plants particularly in the tropical, subtropical and warm 

temperate areas (Shakil et al., 2010). Disease caused by this pathogen leads to heavy 

losses in vegetable crops, especially during the wet season when weather conditions 

are favorable for both crop production and growth and dissemination of the sclerotia 

of the pathogen (Shakil et al., 2010). 

Synthetic fungicides are mainly used for effective management of 

phytopathogenic fungi in field. However, the chemical methods of disease 

management are expensive and can affect the beneficial microbial population present 

in the ecosystem. The obvious pollution problems due to indiscriminate use of 

synthetic pesticides and their toxic effect on non-target organisms have prompted 

investigations on exploiting pesticides of plant origin. Natural plant products are 

important sources of new agrochemicals for the control of plant diseases (Kagale, 

2004). In recent years, a large number of synthetic fungicides have been banned in 

western world because of their undesirable attributes such as acute toxicity, long 

degradation periods, accumulation in food chain and toxicity to non- targeted 

organisms (Gatto et al., 2011).  
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2.2 Insect pest  

  Spodoptera litura (Fab.) (Noctuidae: Lepidoptera), commonly known as 

tobacco caterpillar is an economically important polyphagous insect in many 

agricultural and horticultural crops in many countries including India, Japan, China 

and Southeast Asia (Sahayrij et al., 2007). It also has a wide range of host, which 

belongs to about 40 plant families. It may also cause loss of many economically 

important cultivated crops even up to 100% in field (Abbas et al., 2014).  In India, 

outbreak of this pest occurred during 1987-88 in Andhra Pradesh and Tamil Nadu, 

where it caused 66% loss in yield of cotton seed and also caused a loss of crores of 

rupees (Dhaliwal and Arora, 2001). It is reported to attack more than 200 different 

species of plants, of which 40 species are grown in India mainly, crucifers, cucurbits, 

groundnut, maize, castor, tea, tobacco, cotton, jute, lucerne, rice, soybean, cabbage, 

capsicum, potato including some ornamental plants (Abdul Razak et al., 2014). In 

groundnut, 26-100% yield loss was reported due to S. litura (Maqsood et al., 2016). 

Besides these, this insect pest was reported to cause 60% damage to a number of 

vegetable and other crops in India (Maqsood et al., 2016). Various insecticides have 

been used for management of S. litura. However, due to their indiscriminate use, it 

has developed multiple types of resistance causing difficulties in controlling it in the 

field (Abbas et al., 2012). It has shown resistance against almost all the insecticide 

groups  such as organochlorines, carbamates, organophosphates (OPs) and 

pyrethroids (Kranthi et al., 2002; Ahmad et al., 2007) including new insecticides like 

lufenuron, fipronil, avermectins, indoxacarb, spinosad and insect growth regulators 

(Sudhakaran, 2002; Ahmad et al., 2008).  

Botanical insecticides are generally pest-specific and are relatively harmless to 

non-target organism including human. They are also biodegradable and harmless to 

the environment (Adeyemi, 2010). More than 2000 species of plants are known to 

possess some insecticidal properties (Klocke, 1989; Saxena, 1998) and some of them 

could be useful for development of effective and safe biopesticide for the 

management of agricultural insect-pests. Among the botanicals, essential oils are 

reported as rich source of bioactive compounds, including larvicides, repellents, insect 

growth regulators, antifeedants, ovicidal, oviposition, deterrents, and compounds that 

reduce fecundity and fertility (Zibaee et al., 2016). Essential oils are complex 

mixtures of highly volatile chemicals that are typically derived from the steam 
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distillation of aromatic plant foliage and most of them are relatively non-toxic to 

mammals and fish in toxicological tests, and meet the criteria for “reduced risk” 

pesticides (Koul et al., 2008). Although, the research interest on the insecticidal 

activity of plant essential oils has been gaining more attention recently, most of the 

studies still focus on simple screening of active plant source or identification of active 

compounds (Tak and Isman, 2016). Not much research efforts have been reported to 

develop formulations of these essential oils for achieving optimum activity against 

target pest in actual field condition. 

 In recent years, alternative to synthetic pesticides for effective pest control in 

different agro-systems has been investigated. Amongst them, plant-derived products 

have proved to be eco-friendly, residue free, biodegradable and cost effective. 

Utilization of these products drew attention of researchers and policy makers in 

developing and less developed countries (Gahukar, 2014). Plant biodiversity has 

provided an excellent source of biologically active substances (phytochemicals) that 

are produced by plants acquired for defense (Satya, 2007).  

 2.3 Neem (Azadirachta indica)  

 Among tree species, A. indica A. Juss (Family: Meliaceae), commonly known 

as neem, is a native of South Eastern Asia, mainly cultivated in Indian sub-continent 

and used for the development of industrial products (Jerobin et al., 2012). It is one of 

the richest sources of secondary metabolites in nature. Neem tree is an attractive, 

broad-leafed evergreen that can grow up to 30 m in height, with spreading branches 

extending some 10 m. (Paulsen, 2010).  

2.4 Medicinal properties of various parts of neem tree 

 Neem (A. indica) is well known in India and its neighboring countries for 

more than 2000 years as one of the most versatile medicinal plants having a wide 

spectrum of biological activity.  It is cultivated on large scale for medical purpose and 

as raw materials for bio-pesticides in Africa, Latin America, Australia, India and 

China (Schmutterer, 2002). The medicinal utilities have been described, especially for 

leaf, fruit and bark (Biswas et al., 2002). Neem is believed to possess antiseptic, anti-

helminthic, anti-diabetic and antihypertensive properties (Darshan and Doreswamy, 

2004). Neem oil, bark and leaf extracts have been therapeutically used as folk 

medicine to control leprosy, intestinal helminthiasis, respiratory disorders, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tak%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=27742357
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constipation and also as a general health promoter (Biswas et al., 2002). All parts of 

Neem tree are used in traditional Indian medicine as household remedy against 

various human diseases such as pain, fever and infection (Botelho, 2008). Research 

undertaken in the University of Nigeria showed the medicinal properties of 

fractionated acetone/water neem leaf extract (Anyaehie, 2009). Tests conducted at the 

King Institute of Preventive Medicine, Chennai in December 2012 found that the 

Siddha neem preparation brought down symptoms and hastened the recovery of 

patients affected by dengue (Narayan, 2012). Neem is also used in cancer (Mahapatra 

et al., 2011), skin disorders (Adel-ghaffer and Semmler, 2007), diabetes (Dixit et al., 

1986), ulcers (Maity et al., 2009), antibacterial (Dhayanithi et al., 2010), antifungal 

(Wang et al., 2010) and antiviral (Tiwari et al., 2010). The United Nation declared 

neem tree as tree of 21st century and the US National Academy of Science published a 

report in 1992 entitled Neem: a Tree for Solving Global Problem (Kumar and 

Navaratnam, 2013). Some of the medicinal attributes of various parts of neem have 

been summarized in (Table 2.1). 

Table 2.1 Some medicinal uses of various parts of neem (Biswas et al., 2002) 

Part Medicinal use 

Leaf Leprosy, eye problem, epistaxis, intestinal worms, anorexia, 

biliousness, skin ulcers 

Bark Analgesic, fever 

Flower Bile suppression, elimination of intestinal worms and phlegm 

Fruit  Piles, intestinal worms, urinary disorder, epistaxis, phlegm, 

eye problem, diabetes, wounds and leprosy 

Twig Cough, asthma, piles, phantom tumour, intestinal worms, 

spermatorrhoea, obstinate urinary disorder, diabetes 

Gum Skin diseases  (ringworms, scabies), wounds and ulcers 

Seed pulp Leprosy and intestinal worms 

Oil Leprosy and intestinal worms 

Root, bark, leaf, 

flower and fruit 

together 

Blood morbidity, biliary afflictions, itching, skin ulcer, 

burning sensation and leprosy 
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 2.4.1. Antibacterial activity   

 Recent research shows the isolation and identification of the antibacterial 

active compounds from petroleum ether extract of neem oil (Zhang et al., 2010). Pu et 

al., (2010) showed antifungal activity of 9-octadecanoic acid- hexadecanoic acid-

tetrahydrofuran-3, 4 diyl ester from neem oil. Elavarasu et al., (2012), studied in vitro 

anti-plaque activity of neem oil. Experiment was conducted to evaluate the 

antibacterial activity of the bark, leaf, seed and fruit extracts of A. indica (neem) on 

bacteria isolated from adult mouth and results revealed that bark and leaf extracts 

showed antibacterial activity against all the test bacteria. Furthermore, seed and fruit 

extracts showed antibacterial activity only at higher concentrations (Singhal and 

Bhatt, 2016).  

 Azadirachtin has been shown to possess different biological activity such as 

antibacterial, antimalarial and antifungal (Ghotbi et al., 2014). The oil from the neem 

leaves is recognized to possess antibacterial activity against a wide spectrum of Gram-

negative and Gram-positive microorganisms, including Mycobacterium tuberculosis 

and Streptomycin-resistant strains (Subapriya and Nagini, 2005).  

2.4.2 Antifungal activity 

 Antimycotic activity of the extracts of different parts of neem has been 

reported (Akhila and Rani, 1999). Extracts of neem leaf are effective against certain 

human fungi, including Trichophyton, Epidermophyton, Microsporum, Trichosporon, 

Geotricum and Candida (Khan et al., 1987). The antifungal activity of neem has been 

attributed to volatile sulfides, limonoid and gedumin (Iyer, 1991).  

 2.4.3 Antiviral activity  

 Galhardi et al., (2012) studied in vitro antiviral property of A. indica 

polysaccharides against polio virus. Saha et al., (2010) showed water extracted 

polysaccharides from A. indica leaves with anti-bovine herpes virus type 1 (BoHV-1) 

activity. The research of Xu et al., (2012) showed the in vitro antiviral activity of 

neem seed kernel extracts against duck plague virus. Tiwari et al., (2014) showed in 

vitro antiviral activity of neem (A. indica L.) bark extract against herpes simplex virus 

type-1 infection. 
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 2.4.4 Anticancer activity 

 Chatterjee et al., (2010) identified sulfonoquinovosyl diacylglyceride (SQDG) 

from A. indica and conducted studies on its cytotoxic activity and DNA binding 

properties. A review of the anticancer activity of A. indica was carried out by Paul et 

al., (2011). Veeraraghavan et al., (2011) showed the effect of neem leaf extract on 

protein-regulated cell death/ radio sensitization in pancreatic cancer cells. Mahapatra 

et al., (2011) showed novel molecular targets of A. indica associated with inhibition 

of tumor growth in prostate cancer.  

2.4.5 Skin diseases 

 Neem has an effect on chronic skin diseases such as acne, psoriasis, eczema, 

ringworm and even stubborn warts which can clear up easily when high quality, neem 

oil is used. Neem oil and leaves has been used in Siddha medicine for the treatment of 

skin diseases (Thas and Siddha, 2008). In addition, neem oil can be used as an 

excellent component of cosmetics to help clear, beautify and rejuvenate the skin.  

2.4.6 Antiparasitic agents   

 Historically, neem has been used to rid the body of all forms of parasites.  

Neem quickly kills external and internal parasites. Neem extracts have hormone 

mimics that interfere with the life cycle of parasites, inhibit their ability to feed and 

prevent the eggs from hatching (Kumar and Navaratnam, 2013). Abdel-Ghaffar et al., 

(2012) studied the efficacy of a single treatment of head lice with a neem seed extract.   

2.4.7 Antimalarial agent   

 Neem extract and neem powder have been used by the urban people of 

African country as mosquito repellent (Karunamoorthi et al., 2009). Neem leaf 

slurries can also be used as sustainable method to reduce the larvae density of malaria 

vector, Anopheles gambiae (Luong et al., 2012). Experiment was conducted to 

evaluate the antimalarial activity of extracts using Plasmodium berghei infected 

albino mice and results revealed that neem leaf and stem bark extracts reduced the 

level of parasitemia in infected mice by about 51-80% and 56-87%, respectively 

(Akin et al., 2013). Some other studies showed that azadirachtin and other limonoids 

available in neem extracts are active on malaria vectors (Nathan et al., 2005).  
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2.5 Pest control properties of neem  

 The compounds from neem have been reported to be effective bioinsecticides 

(Chary, 2011) and found useful in controling of nearly 400 insects of medical and 

veterinary species and flies, Amblyomma variegatum, lice, head louse, spiders, 

mosquitoes, cockroaches and fleas (Abdel-Ghaffar et al., 2012). All these attributes 

make neem the most promising botanical pesticide. It is environment friendly and 

controls insect pests primarily through physiological or behavioral effects. It is poor 

knockdown agent and takes long time to reveal its effect. This is often a disadvantage 

in a large scale adoption of neem pesticides. 

 Azadirachtin, a complex tetranortri-terpenoid limonoid from neem plant, is the 

main component responsible for antifeedant, repellent properties, growth disruptant 

effect and adverse effect on reproduction against insects (Roy and Gurusubramanian, 

2011). It possesses antibacterial, antifungal and pest control properties (Lucantoni et 

al., 2006; Ghotbi et al., 2014; Chary, 2011). Azadirachtin is considered non toxic to 

mammals, fish and pollinators, having low mammalian toxicity with LD50 >5000 

mg/kg for rat and is classified by Environment Protection Agency (EPA) as class IV 

(Dubey et al., 2010). Azadirachtin is widely used in agriculture to combat insects, 

nematodes, fungi and bacteria. However, because of its sensitivity towards light, 

temperature and also degradation by microorganisms, it is not stable for prolonged 

period (Khater, 2011). Efforts have been made in the past to stabilize it, either through 

structural modification such as reduction to dihydro- and tetra hydro- derivatives or 

by using stabilizers, including antioxidants and UV/sun screens (Sharma et al., 2006).  

2.5.1 Antifeedant activity 

 Limonoids (like azadirachtin, salanin and toosendanin from family Meliaceae 

and limonin from Rutaceae), clerodane diterpenoides, saponins, withanolides, 

quassinoids, sesquiterpenes, monoterpenes coumarins and isoflavonoids are well 

studied for their antifeedant activity (Parmar and Walia, 2001; Isman, 2006; 

Szczepanik et al., 2005). Azadirachtin has both antifeedant and insect growth 

inhibiting properties. The research of Vattikonda and Sangam, (2016) showed that 

azadirachtin from A. indica has potential antifeedant activity against Papilio demoleus 

L. This compound can affect about 200 species of insects by acting as antifeedant and 

growth disruptor (Khalil, 2013). 
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2.5.2 Insect growth regulator activity 

 Neem has strong insect antifeedant and growth regulating substances (Wu et 

al., 2006). Neem extracts have shown effect on regulation of growth as well as 

repellency (Tiwari et al., 2014). Insect growth regulatory effects were seen in some 

other ingredients of neem seed kernels, namely 22-23-dihydro-23{3-

methoxyazadirachtin, 3- tigloylazadirachtol, and 1-tigloyl-3-acetyl-l l-

mcthoxyazadirachtin. Insect growth regulatory activity of azadirachtin is supposed to 

be due to its interaction with neuro-endocrine system of insect (Mordue et al., 2005). 

At the physiological level, azadirachtin blocks the synthesis and release of molting 

hormones (ecdysteroids) from the prothoracic gland leading to incomplete ecdysis in 

mature insects (Franck et al., 2009). In adult female insect, a similar mechanism of 

action leads to sterility (Isman, 2006). 

2.5.3   Repellent activity  

 Repellents are substances  that act locally or at a distance, deterring an 

arthropod from flying to, landing on or biting human or animal skin (or a surface in 

general) (Choochote et al., 2007). Neem seeds formulations have shown antifeedancy, 

fecundity suppression, ovicidal, larvicidal activity, growth regulatory and repellent 

activity against a number of arthropods, at very low dosages (Egho, 2012; Benelli et 

al., 2015). Azadirachtin is the main component responsible for antifeedant, repellent 

properties and growth disruptant effect and adverse effect on reproduction against 

insects (Roy and Gurusubramanian, 2011). 

2.5.4 Antifungal activity  

 Neem has demonstrated antifungal activity against fungi that cause certain 

plant diseases viz., rots, smuts, wilts, mildews, diebacks, blights and other plant 

diseases (Singh et al., 2015). Its extract is one of the most important plant products 

which inhibit mycotoxin production. The main chemicals of neem oil with antifungal 

activities are a mixture of triterpenoidal and tetranortriterpenoid compounds. Neem 

leaf constituents are known to potentially inhibit aflatoxin production 

in Aspergillus parasiticus without affecting fungal growth (Ghorbanian et al., 

2008). Studies on the effect of neem extracts on growth, sporulation, and 

morphology and OTA production by Penicillium verrucosum and P. 

brevicompactum were investigated. The results show that neem extracts have 
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fungitoxic activity, even though their mode of action is still not fully understood 

(Mossini et al., 2009). Nimbin also demonstrated antifungal activity by inhibiting the 

growth of Tinea rubrum (Biswas et al., 2002).  

2.6 Different chemical compounds of neem 

 Neem contains a vast array of biologically active compounds that are 

chemically diverse and structurally variable with more than 140 compounds isolated 

from different parts of the tree (Subapriya and Nagini, 2005). The compounds isolated 

from neem have been divided in to two major classes: isoprenoids and 

nonisoprenoids. The isoprenoids include diterpenoids and triterpenoids containing 

protomeliacins, liminoids, azadrone, and its derivatives, gedunin, vilasinin type of 

compounds and C- secomeliacins as nimbin, salanin, and azadirachtin. The non 

isoprenoids include proteins and carbohydrates, sulphur compounds, polyphenolics 

such as flavonoids and their glycoside, dihydrochalcone, coumarin, tannin, aliphatic 

compounds etc. Azadirachtin, 6-deacetyl-nimbin, azadiradione, nimbin, salanin and 

epoxyazadiradione were the major compounds obtained from neem. 

  Azadirachtin (0.068% w/v) is present in very low concentration (Anjali et al., 

2011). Other limonids such as, salannol, gedunin, nimbolide, azadiradione, 

azadirachtol etc. which exert toxic activities are being investigated for their 

effectiveness (Schmutterer, 2002). Chemical structures of some of the bioactive 

compounds are presented in Figures-2.1, 2.2 and 2.3.  

 

OTg

O

OH

O

MeOOC
AcO

COOMe

OH
O

O O

OH

H

 

Figure-2.1 Structure of Azadirachtin 
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                                  Figure-2.2 Structure of Nimbin 

 

 

 

Figure-2.3 Structure of Salanin 

2.7 Cymbopogon 

 Cymbopogon (Poaceae) is a genus comprising about 140 species, of which 45 

species were reported from India (Rana et al., 2016). Cymbopogon sp. occurs in 

tropical and subtropical regions of Asia, Africa, and America, from hilly areas to arid 

zones. Some species of the Cymbopogon genus, viz., C. flexuosus, C. winterianus, C. 

martini var. motia, C. martini var. Sofia, and C. nardus var. nardus, are used as the 

source of lemongrass oil, citronella oil, and palmarosa oil (Kumar et al., 2009). It is 

an aromatic plant which can potentially control pathogens causing plant disease 

and/or induced resistance in plants (Maia et al., 2014). It is cultivated for commercial 

production of an essential oil; which has huge demand in perfumery, cosmetics, 

soaps, toiletries, tobacco, and other products (Agarwal, 2008). Cymbopogon plants 
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have been traditionally used to repel mosquitoes in jungle regions such as the 

Bolivian Amazon (Moore et al., 2007). This genus produces the most used natural 

repellents in the world (Trongtokit et al., 2005).  

 C. nardus Randle is a perennial grass cultivated in Southeast Asia. The 

essential oil from C. nardus is known as citronella oil, traditionally used as mosquito 

repellent, household fumigant, or fragrance agent in food commodities, soaps. 

Citronella oil has an acaricidal (De Mello et al., 2014) and repellent effect (Labinas 

and Crocomo, 2002). Acaricidal properties of this oil are attributed to the presence of 

volatile substances such as citronellal, geraniol and citronellol (Almeid, 2011). 

Previous studies also revealed that citronella oil has antibacterial and antifungal 

activities (Nakahara et al., 2003; Nakahara et al., 2003).  

 The compositions of essential oil are affected by several factors such as 

cultivation and isolation technique. The most common components are citronellal 

(42.0%) and geraniol (21.0%) and other terpenes as shown in Figures-2.4 and 2.5. 

Tests done in tree nurseries showed that citronellal oil provided weed control without 

causing adverse effects on dormant broadleaf trees (Franck et al., 2009). The US 

Environmental Protection Agency has registered some essential oils including 

Citronella oil, Lemon grass, and Eucalyptus oils, as insect repellents suitable for 

application to skin (Nerio et al., 2010). 

 

CHO

 

Figure-2.4 Citronellal 
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Figure-2.5 Geraniol 

 

2.8 Nanotechnology 

 Pesticides are used in different ways based on physical and chemical 

characteristics. Due to several degradation processes such as leaching or destruction 

by light, temperature, microorganisms or water (hydrolysis), a small amount of these 

chemicals reaches the target site. For these reasons, repeated application becomes 

necessary for efficient control of target pests, which increase the cost and cause 

undesirable consequences to ecosystem and human health (Gavrilescu, 2005). 

Formulation technology tries to overcome such problems, however with variable 

success; nanotechnology is one promising way to do so efficiently. 

 Nanotechnology is the design, characterization, production and application of 

structures, devices and systems by controlling shape and size at nanometer scale 

(Murphy, 2008). Nanotechnology is a recent scientific approach that includes 

materials and equipments capable of manipulating physical as well as chemical 

properties of a substance at molecular levels (Rohini et al., 2015). Nanotechnological 

innovations have the potential to create revolution in agricultural practices (Scott 

and Chen, 2002). International Organization for Standardization (ISO) materials with 

external dimensions or internal structure on nanoscle is referred to a nanomaterials 

and the term nanoscale is generally limited to about10- 100 nm. 

 Developing nanoformulations of materials allows a sufficient increase in water 

solubility, dissolution rate, dispersion uniformity upon application and increase the 

surface area (Muller and Keck, 2004). Insecticides, sensitive to light and other 

environmental degradation factors, may benefit from encapsulation into porous silica 

nanoparticles. Many essential oils have insecticidal activity but oils are volatile and 
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sensitive to degradation, and thus suitable for nanoencapsulation to overcome these 

disadvantages (Oliveria et al., 2014). Nanoformulations are a l s o  used extensively 

in the area of pharmaceutical and personal care products (Anton and Vandamme, 

2011). Numerous applications of nano materials have been found, in electronics, 

energy, textiles, pharmaceuticals, cosmetics, drug delivery systems and 

biomedicines (Table 2.2). This trend is flourishing rapidly with the promise that 

nanotechnology can provide possible solutions to almost everything, such as 

improved performance and new functionalities along with a great reduction in the 

use of resources and the waste generation. Therefore, nano materials are generally 

believed to increase profitability and sustainability over the conventional materials. 

 The principle objectives of nanopesticides are to increase solubility of poorly 

soluble active ingredient (a.i.) or  it slow release or protect it from degradation, with 

better efficacy and low dose (Kah et al., 2013). The most common pesticides 

formulations for poorly water soluble active ingredient are emulsfiable concentrates 

(ECs) and oil-in water emulsions (O/Ws). The main disadvantages of ECs  are the use 

of organic solvent leading to increase in  the cost and flammability as well as dermal 

toxicity for the handlers and, most important of all, relatively poor stability after 

dilution (Knowles, 2005). O/W emulsions have been proposed as alternative to ECs. 

O/Ws generally consist of a mixture of surfactant, block polymer and polymeric 

surfactants. The drawback of O/W emulsions is that emulsification required a high 

energy input with particle size ranging from 500 nm to 2µm (Knowles, 2005). Most 

nanoformulations aiming to increase the solubility of a.i. are derived from these two 

mentioned approaches. 
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 Table 2.2 Other applications of nanotechnology (Hubbe et al., 2008) 

The application of nanotechnology in pest management is slowly increasing. 

Specific application of nanotechnology in agriculture sector includes nano  

fertilizers,  nano sensors,  nano  based  treatment  of  agricultural  wastes,  nano  

pesticides  etc.  (Figure-2.6). Different  types  of formulations   have   been found in 

literature such as emulsions (especially nanoemulsions), polymeric  nanocapsules  

and  engineered  nanoparticles  containing product viz., nanoclays, metals, metal 

oxides etc (Kookana et al., 2014, Table 3). 

Nanotechnologies Example Potential 

applications 

Energy storage, 

production and 

conversion. 

Novel hydrogen storage based on 

carbon nanotubes. 

Carbon nanotubes in composite 

film coatings for solar cells 

Cheaper, clean 

energy improved 

rechargeable 

batteries. 

Agriculture Nanoporous zeolites for slow 

release and efficient delivery of 

water and fertilizers for plants and 

nutrients and drugs (nanovaccines) 

for livestock. 

Nanocapsules for herbicide delivery 

Nanosensors for soil quality and 

plant health monitoring 

More efficient and 

sustainable 

production that 

requires fewer 

inputs. 

Food processing 

and storage 

Nanocomposites in plastic film for 

food packaging. 

Antimicrobial nanoemulsions for 

decontamination of food. 

Nanotechnology based antigen 

detection of contaminants. 

 

Cheaper, safe food 

products with longer 

storage life. 

Vector and pest 

detection and 

control 

Nanosensors for pest and pathogen 

detection. 

Nanoparticles for new pesticides, 

insecticides and insect repellents. 

More rapid 

development of safer 

control strategies 

with reduced losses. 
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Figure-2.6 Applications of nanotechnology in agriculture 

 

Table 2.3 Various nanoformulations reported in literature 

Nanoformulation Primarily aiming Reference 

Microemulsion Increasing solubility Katagi, 2008 

Increased or decreased sorption of the a.i. 
depending on concentration and type of 
surfactant (literature review) 

Slower or faster degradation depending on 
a.i. and type of surfactant 

Katagi, 2008 

Nanoemulsion Reduced  hydrolysis (by up to 35%)/ 
triazophos technical grade. 

Song et al., 2009 

Reduced volatilization (stable over 5 
months storage)/ free garlic essential oil. 

Yang et al., 2009 

Slower release (60 min)/ beta-
cypermethrin EC (10 min) 

Zeng et al., 2008 

Polymer-based Controlled release Salma et al., 2010 

Reduced leaching from treated wood (2 up 
to 6-fold less  concentrated leachates)/ 
aqueous solution of tebuconazole 

Enhanced penetration in plants/ classical 
suspension of ethiprole (demonstrated 

Boehm et al., 2003 
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indirectly through the comparison of 
contact and systemic efficacy). 

 Release of a.i. can be adjusted by changing 
the proportions   and molecular weight of 
the polymers. 

 

Shakil et al., 2010;  
Sarkar et al., 2012; 
Pankaj et al., 2012;  
Kaushik et al., 
2013; Koli, et al., 
2014 and 
Majumder  et al., 
2016 

Solid lipid 
nanoparticle 

Lower evaporation (after 48 hr, 
cumulative loss by evaporation was 
reduced by half)/ emulsion of Artemisia 
arborescens L essential oil. 

Lai et al., 2006 

Porous hollow  

Silica nanoparticles 

Slower degradation due to UV-shielding 
(20% a.i.  Remaining after 720 min)/ free 
a.i. and similar formulation using SiO2 
nanoparticles as carrier for avermectin 
(complete photodegradtion within 120 
min). 

Liu et al., 2006 

Slow release following first order, second 
order, power equation, or multistage 
pattern kinetic and influenced by pH, 
temperature. 

Bin Hussein et al., 
2002; Park et al., 
2010; Qui et al., 
2009 

Layered double 
hydroxides 

and clays 

Prolonged persistence (e.g., DT50 of 
cinnamic acid  in soil were 6 days for an 
aqueous solution and 17 days  when 
formulated with layer double hydroxides) 
similar   bioavailability in soil 
(mineralization rate) /free atrazine. 

El-Nahhal et al., 
1999; Maqueda et 
al., 2009; Park et 
al., 2010 

Reduced leaching (up to 5 times smaller 
total amount leached) but similar 
persistence for an organo clay formulation 
of diuron/commercial formulation. 

Trigo et al., 2010 

Trigo et al., 2009 

Metal and organic 
a.i. 

Similar half-life in plant and soil / 
suspension concentrates of chlorfenapyr. 

Cao et al., 2005 

Faster degradation / suspension concentrate 
of imidachlorprid in soil (half-lives of 2.8 
and 6.2 days, respectively) and in soya 
bean plants (1.9–4.5 days). 

Guan et al., 2010 
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 Nanopesticides were primarily classified on the basis of their intended use, 

with the view of analyzing the possible consequences which are affecting their 

environmental fate. Sub-categories of nanopesticides were further classified which are 

based on the quantities and type of adjuvants sand expected discrepancies in terms of 

environmental fate (Figure-2.7). 

Increase the solubility of poorly water-soluble (a.i.) 
Micro-emulsion 

(6-50 nm) 
Nano-emulsion 

(20-200 nm) 
Nano-dipersion 

(50-200 nm) 

   

Slow/targeted release and protection against premature degradation 
Soft matrix Hard matrix 

Polymer-based 
(10-300 nm) 

Solid lipid 
(200 nm-100 µm) 

 

Porous hollow silica 
(100-200 nm) 

L  LDH and 
clays 

(µm range) 

 
 

 

 

Containing nano -metal or oxides 
Associated with another (a.i) 

(µm range) 
Alone 

(1-30 nm) 
 

 

 

 

Figure-2.7 Overview of nanopesticides (Kah et al., 2013) 

  Recently, nanogels have been proposed for use in plant protection products as 

possible way to meet organic farming standards. Bhagat et al., (2013) proposed the 

immobilization of pheromones within nanogel. Evaporation of pheromones in the 

nanogel was significantly reduced compared to the evaporation of the pure a.i, 

extending their effectiveness for up to 33 weeks compared to only three weeks for the 

pure a. i. The efficacy of nanogel formulation of essential oil extracted from Lippia 

sidoides was also shown to be superior to that of free oil (Bhagat et al., 2013). Brunel 
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et al., (2013) proposed the use of pure chitosan to improve the performance of 

antifungal treatment based on copper. Many recent work using polymer based 

nanoformulations have shared the common objective of developing less harmful plant 

products through the use of biodegradable polymer.  

Table 2.4 Efficacy comparison of nanoformulations with conventional 

formulations 

Nanoformulation Efficacy Reference 
Nanoemulsion 
 

Permethrin nanoemulsion was found to 
be more efficient as larvicide 

(Anjali et al., 
2011) 

The efficacy of nanoemulsions of 
permethrin was significantly higher than 
that of the pure a.i., which again 
interpreted as indicating an increasing 
uptake of the nanoemulsions a.i. 

(Kumar et al., 
2013) 
 

Garlic essential oil nanoemulsion was 
better than free garlic oil against T. 
castaneum 

(Yang et al., 
2009) 
 

β-cypermethrin nanoemulsion showed 
higher stability and increased bioefficacy.  

(Wang et al., 
2007)  

Nanoemulsion of neem oil showed 
Increased larvicidal effect against Culex 
quinquefasciatus and LC50 decreased with 
droplet size, indicating an increased 
uptake of smaller droplets.  

(Anjali et al., 
2011) 

Slightly slower release of β- cypermethrin  
from nanoemulsion than from a 
commercialal EC. 

(Zeng et al., 
2008) 

Nanodispersion Nanoparticles containing azadirachtin 
(5000 mg/kg) were effective in combating 
Plutella xylostella, with 100% mortality 
of the larvae. 

Shah et al., 
2016) 

Polymer based 
 
 
 
 

Polymer based tebuconazole 
nanoformulation showed higher efficacy 
possibly inhibiting development of fungi 
to greater extent.  

(Salma et al., 
2010) 

Formulations of azadirachtin developed 
using capsules of sodium alginate, 
reticulated with glutaraldehyde and coated 

(Riyajan and              
Sakdapipanich, 
2009) 
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with natural rubber. Encapsulation 
efficiency greater than 90% was achieved 
for azadirachtin.  

 

Nanocapsules, microparticles and 
emulsion concentrates containing 
azadirachtin were found more stable to 
degradation by UV    Radiation. 

Costa,  et al. 
(2014) 

Nanometal + a.i. 
 

Imidacloprid when used along with 
nanometal showed better toxicity against 
adult stage of Martianus dermestoides, 
as compared to the aqueous formulations.  
 

(Guan et al., 
2008) 

 Various types of nanoformulations, attempted to achieve specific 

characteristics of pesticides are listed in Table 2.5. 

Table 2.5 Potential applications of nanotechnology in pesticides sector (Kookana et 

al., 2014) 

Function How this can be achieved  Current examples 

Enhanced apparent 

solubility 

Nano- and microemulsion Emulsion-based registered  

pesticides, banner  

MAXX of Syngenta 

Faster 

decomposition 

 in soil/plant 

Nanocatalyst- conjugated 

 a.i in microcapsules 

SDS-modified TiO2/Ag  

conjugates with a.i  

such as Imidacloprid. 

Targeted delivery  Nanocapsule Nanoencapsulted glyphosate. 

Protection against 

degradation 

Nanocapsule TiO2-M262  

polymer netaflumizone 

Enhanced uptake  Nano- and microemulsion Nanopermethrin;  

nanosphere insecticides 

Enhanced toxicity 

 to target organisms  

Nanodispesion  

and nanosuspension 

Nanodispersed triclosan 

Nanoparticles as a.i Nanomaterials  

and nanoclay 

Registred nano-Ag biocides; 

 Nano-Si. 
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2.9 Nanoemulsions 

 Nanoemulsions are known as isotropic, thermodynamically stable, transparent 

system of oil; water and surfactant with a droplet size usually in the range of 10-100 

nm (Shafiq et al., 2007; Mei et al., 2003). Enormous interest in nanoemulsion is 

triggered by the wide range of applications in the pharmaceutical, cosmetic, food and 

chemical (Solons and Sole, 2012). Nanoemulsions can be developed by a number of 

different techniques, which are usually categorized as either high energy or low 

energy methods (McClements and Roa, 2011). The high energy emulsification system 

makes use of mechanical energy using homogenizer, shear stirring, high pressure 

homogenizers or ulter sound generators, whereas low energy emulsification methods 

use the chemical energy stored in the components of the system (Forgiarini et al., 

2001). Low energy methods mainly rely on the spontaneous formation of droplets at 

the boundary between oil and water phases and depend strongly on the nature of any 

surface of active molecules present, e.g., their solubility and molecular geometry. A 

number of different low energy approaches have been developed to form 

nanoemulsions, including spontaneous emulsification, phase inversion temperature 

(PIT), and phase inversion composition (PIC) methods (McClement and Roa, 2011).  

 Nanoemulsions contain lower concentration of surfactant (5-10%) than 

microemulsion (about 20%). The nanoemulsion have distinct properties such as 

higher efficacy (Anjali et al., 2011), reduced hydrolysis (Song et al., 2009), reduced 

volatilization of a.i. (Yang et al., 2009) as compared to other formulations, e.g., ECs. 

There are advantages of microemulsions which include improved tank mix, 

compatibility and low flammability due to low solvent contents in a continues water 

phase (Knowles, 2005). However, they suffer from disadvangtes such as low a.i. 

content (< 30%), high concentrations of surfactant (20%) (Lawrence, 2000), limited 

number of suitable surfactant system and handler toxicity issues (Knowles, 2005). 

Pesticide formulations contain various solvents made mostly from petroleum and 

there is a concern about using such solvents in pesticide formulations. The use of such 

solvents demands large amounts of surfactants and other additives which makes the 

cost of the formulations high. Hence, there is a need to develop a formulation which is 

simple, safe and cost effective to provide stable and efficacious products. 

Consequently, there is a need to identify ways and methods to enhance the efficacy of 

botanical extracts for their wide spread acceptance as a pesticide. Recently, 
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nanoemulsions are emergening as a promising tool for delivery system (Anjali et al., 

2011).    

 Most botanicals are readily biodegradable and are reportedly devoid of the 

various harmful effects associated with the use of synthetics (Ghosh et al., 2012). The 

use of botanical pesticides including plant oils is increasing for protection of 

agricultural crops from insect-pests and diseases. However their use in agriculture 

faces a major drawback of low water solubility and volability. This limitation can be 

overcome by encapsulating these oils in oil-in-water (O/W) emulsions or 

nanoemulsions (Ziani, 2011; Chang, 2012). Nanoemulsions with plant based oils are 

finding growing interest due to its bioavailability and biocompatibility. Nanoemulsion 

based delivery systems have previously been used to encapsulate various kinds of 

lipophilic bioactive components, including antitumor agents, anti-inflammatory 

agents, vitamins and antimicrobials. Though, research on nanoemulsions is growing, 

very little work has been reported where plant oils have been utilized in crop 

protection due to their insolubility in water. It is reported that spontaneous 

emulsification of essential oils into nanoemulsion is simple and cost-effective method 

(Chang et al., 2013). The bioactive essential oils which are volatile and sensitive to 

degradation are suitable for such nanoemulsions (Oliveira et al., 2014).     

 In the past decades, new techniques, with an aim to improve the 

performance of pesticides, are being used by chemical industries and plant 

protection researchers through nanotechnological interventions. Encapsulation of 

active ingredients and reducing the particle size of the formulation are the key 

areas in which a group of researchers are actively working for developing 

innovative formulations. (Following are the potential applications of nanotechnology 

in agriculture: 

1.  Enhancement in the bio-efficacy of synthetic and natural pesticides.  

2.  Possible solutions of problems associated with plant protection products 

such as photodegradation, lower efficacy etc. 

3.  Reduced risk to environment and non target organisms. 

4.  Ensuring better handling safety to the user by coating of active ingredient in 

nano matrices.) 

 



                           3. MATERIALS AND METHOS  

3.1. Materials 

Neem and citronella oils were purchased from local market. Tween 20, Triton-

X 100 and Potato Dextrose Agar (PDA) were obtained from Himedia Labs, India. 

Distilled and standard hard water D. All the chemicals used were of analytical grades.  

3.2 Instrument 

Particle size analyzer                        :   Microtrac (ZetatracTM) particle size and 

                                                               Zeta Potential analyzer. 

Transmission Electron Microscope  :    TEM-JEOL1011, USA. 

                                                                                                                                                                       

Magnetic stirrer                                :    Labman™ digital magnetic stirrer with 

                                                              Temperature control (SUNSIM, India.)    

                                                                 

Mechanical stirrer                            :      (RQ-123, RPM 4000, REMI Motors,  

                                                                Mumbai-53, India). 

Fourier transforms 

Infrared Spectrometer                        :    Bruker Alpha-E sample.                                                            

Other instruments used were, sonication chamber, centrifuge, pH meter, 

constant temperature bath, Biochemical Oxygen Demand (BOD) Incubator, 

autoclave, laminar flow hood hot plate etc.  

3.3 Glass and plastic ware 

  Conical flasks, plastic beakers, magnetic beads, glass stopped graduated 

measuring cylinder (100 ml), homeo vials, measuring cylinder and Petri plates.                  

3.4 Fungus 

Cultures of R. solani (ITC4576) and S. rolfsii (ITCC6856) were obtained from 

Indian Type Culture Collection (ITCC) Center, Division of Plant Pathology, ICAR-

Indian Agricultural Research Institute, New Delhi. The cultures were maintained on 

PDA slants at 25 ºC and were sub cultured prior to bioassay. 
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3.5 Test Insect 

The larvae of S. litura collected from the field of Indian Agricultural Research 

Institute (IARI), New Delhi, and identified by Dr. Chitra Srivastava, Head, Division 

of Entomology, IARI, New Delhi, India. The larvae reared under laboratory 

conditions 60±5% relative humidity and 3rd instar larvae were used for bioassay. 

3.6 Methods 

3.6.1 Preparation of primary emulsion of neem (PEN) 

Primary emulsions were prepared using spontaneous emulsification procedure 

(Chang et al., 2013). In brief, neem oil and surfactant (Tween-20) were first mixed 

together in different ratios and slowly added into aqueous phase drop wise followed 

by stirring (600 rpm) for 6 hours at room temperature. Different proportions of neem 

oil, surfactant and water (1:1:8, 0.5:1:8.5, 1:0.5:8.5, 0.5:0.5:9) were standardized.  

3.6.2 Preparation of primary emulsion of citronella (PEC) 

Similarly, emulsions containing various ratios of citronella oil, surfactant 

(Triton-X100) and distilled water (1:1:8, 0.5:1:8.5, 1:0.5:8.5, 0.5:0.5:9) were used for 

preparation of primary emulsion and their ratio standardized.  

3.6.3 Preparation of neem nanoemulsion (NNE) with citronella oil 

Standardized primary emulsion of neem (neem oil, surfactant and water 

(0.5:1.0:8.50) was used to prepare neem nanoemulsion (NNEs) with different 

concentrations of citronella oil (0.5-5.0%) by similar procedure as stated above.  

3.6.4 Preparation of citronella nanoemulsion (CNE) with neem oil 

Similarly, standardized primary emulsion of citronella (citronella oil, 

surfactant and water (0.5:1.0: 8.5) was used to prepare citronella nanoemulsion (CNE) 

with different concentration of neem oil (0.50-5.00%) by similar procedure mentioned 

above.  

3.6.5 Characterization of developed formulations 

3.6.5.1 Determination of particle size of nanoemulsions 

The micelle size of the nanoemulsions were determined using a dynamic light 

scattering instrument (ZetatracTM), according to a method reported previously (Ali et 

al., 2017), is based on Dynamic Light Scattering (DLS) which detects the fluctuation 
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of the scattering intensity due to the Brownian motion of particles in suspension. DLS 

measurements were performed at 25 oC and light scattering was detected at a fixed 

angle. 200 mg L-1 sample solution was prepared in distilled water. 5 ml of the sample 

solution was taken into a glass vial. Minimum quantity (50 µL) of chloroform was 

added to the emulsions and the vial was sonicated for 5 minutes to form a proper 

emulsion. Dual optical probe technology was used for particle size analysis. Optical 

light sources were dual solid-state laser diodes in 780 nm (near-infrared) wavelength. 

3.6.5.2 Determination of morphology of nanoemulsions 

The morphology of the neem nanoemulsions and citronella nanoemulsions 

were studied by transmission electron microscope (TEM). In this analysis, a drop of 

neem nanoemulsions and citronella nanomulsions were placed on carbon-coated 

copper grids (400 mesh size) and allowed to dry in vacuum (Baboota et al., 

2007),  washed with distilled water and stained with a negative stain (2% uranyl 

acetate). The excess water was dried gently using a filter paper and then viewed under 

TEM at different magnification levels.  

3.6.5.3 Fourier Transform Infrared Spectrophotometer (FT-IR) 

The loading of citronella oil and neem oil in the nanoemulsion formulations 

were tested using the functional group analysis of citronella oil, neem oil, triton-X-

100 and nanoemulsion employing Bruker attenuated total reflection (ATR)-Fourier 

Transform Infrared Spectrophotometer (ATR-FT-IR) (Model: Alpha). 

3.6.5.4 Determination of nanoemulsion stability 

Nanoemulsion stability was tested according to CIPAC method (MT 36.1) by 

using standard hard water D, prepared by method no. 18.1.4 in CIPAC hand book 

(CIPAC, 1970). Briefly, measuring cylinder (100 mL) was filled with standard hard 

water D (95 mL) at 30±1 oC. Nanoemulsion formulations (5 ml) were poured gently 

in measuring cylinder (100 ml) and mixed by inverting the cylinder once and after 30 

sec, observation was taken. Emulsion stability on standing was tested by inverting the 

cylinder 10 times and allowing its content to stand undisturbed at 30±1 º C for 24 

hours. The volume of any free oil, forth and cream formed at the top or at the bottom 

of the cylinder, after standing for 30 min, 2 hour and 24 hours were measured. Re-

emulsification after standing for 24 hours was measured by inverting the cylinder 10 

times and standing for 30 sec only. Final emulsion stability was measured by allowing 
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the cylinder to remain undisturbed for a further period of 30 min and the volume, if 

any, of free oil, froth, cream, or solid matter present at the end of the 30 min period 

was recorded. 

3.6.5.5 Determination of pH of nanoemulsions 

The pH of neem and citronella nanoemulsions was determined using pH meter 

at 20±1 ºC. 

3.7. Rearing insect 

   A nucleus culture of S. litura was maintained at 25±1ºC, 60±5% relative 

humidity and 16:8 hour photo: scotophase on artificial diet. An artificial diet of the 

composition given in (Table 3.1) was used in the study. Kidney bean (Phaseolus 

vulgaris) seed procured from market were washed thoroughly and soaked overnight 

in water. Soaked seeds were grinded in an electric grinder thoroughly with the 

addition of 400 ml double distilled water. Wheat bran, wheat germ, ascorbic acid, 

casein, yeast powder, methyl parahydroxybenzoate, sorbic acid, cholesterol, 

streptomycin sulphate, formaldehyde and multivitamin (A. B. D. E. C drops) were 

added to the ground material and mixed thoroughly. Agar was boiled in 200 ml 

double distilled water with constant stirring till it attained necessary consistency and 

then grinded with the rest of the ingredients once again. The whole mixture was 

poured into plastic trays and covered with thin plastic film. After cooling, the diet 

was kept in refrigerator and used after 24 hours of ageing. Neonates, upon hatching 

from eggs, were transferred to glass jars containing fresh thoroughly washed castor 

leaves. Five-day old larvae were transferred to plastic boxes (30 cm long, 20 cm 

wide and 7 cm high) containing pieces of diet  in groups of two larvae (Figures 3.1 

and 3.2). Boxes were cleaned daily and larvae were fed with fresh diet. When the 

larvae exhibited gut purge and entered into non feeding wandering stage, they were 

transferred to boxes containing saw dust for pupation. Pupae were collected after 

four to five days and disinfected with 0.02% sodium hypochlorite. Upon emergence 

of adults, they were transferred to oviposition cages. Adults were fed with 20% 

honey solution containing vitamin C, E and streptomycin sulphate. Castor leaves 

with their petiole dipped in water were provided for oviposition inside the cages. All 

the containers used for rearing were periodically disinfected with Protasan DS® 

(Qualigens). This enabled to maintain a disease-free and healthy stock culture for 
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further experiments. Larvae for experimental purpose were reared on washed and 

dried castor leaves in plastic boxes. Care was taken to avoid overcrowding and strict 

hygiene was maintained to prevent any infection. 

Table 3.1 Composition of semi-synthetic diet for S. litura 

Content Quantity 

Kidney bean 65.00 g 

Wheat bran 55.00 g 

Wheat germ 10.00 g 

Casein 3.00 g  

l-ascorbic acid 4.00 g  

Yeast 25.00 g 

Sorbic acid 0.92 g 

Methyl paraben 0.40 g 

Cholesterol 0.25 g 

Multivitamin (A. B. D. E. C) drops ) parke-Davis India pvt. Ltd) 3 drops 

Streptomycin sulphate 0.10 g 

Formaldehyde 2.00 ml 

Agar 10.00 g 

Double distilled water 600 ml 
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Figure-3.1 Experimental set up to evaluate the insect growth regulatory activity 

against Spodoptera litura 

 

 

Figure-3.2 3rd instar larva of Spodoptera litura 
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3.8 Bioassay evaluation against R. solani and S. rolfsii 

3.8.1 Preparation of media 

In brief, potato dextrose agar (39.0 g) was suspended in distilled water (1000 

ml) and sterilized in an autoclave at 15 psi for half an hour prior to use. Molten potato 

dextrose agar medium was poured in sterilized glass petri plate and 7.80, 15.625, 

31.50, 62.50, 125 and 250 ppm of neem and citronella nanoemulsions were separately 

added to each petri plate, mixed under aseptic conditions in a laminar flow and 

allowed the media to solidify. Each plate was inoculated with R. solani and S. rolfsii 

using 5 mm thick disc of fungus (spores and mycelium) along with control and 

incubated at 25±1 ºC till the fungal growth in the control petri plate was almost 

complete. The incubation period was observed to be 4-5 days for R. solani and 3-4 

days for S. rolfsii. The antifungal activity was evaluated by measuring the relative 

growth of fungus in treatment vis-à-vis control in triplicates. The mycelial growth 

(mm)  of the fungi both in treated (T) and control (C) was measured diametrically in 

three different directions and percent inhibition in radial growth (I) was calculated 

using the formula (Vincent, 1947). 

I (%) = (C-T)/C*100; 

I= Inhibition of mycelia growth 

C= Growth of fungus in control 

T= Growth of fungus in treatment  

The inhibition (I) was converted to corrected % inhibition (IC) by using the formula 

IC= (I-CF)/ (100-CF)*100, 

Where CF (Correction factor) = (90-C)/C x 100, 90 is the diameter (mm) of the dishes 

and C is the growth of the fungus (mm) in control. 

ED50 (mg L-1) value (Effective dose for 50% inhibition) were calculate using Probit 

analysis package.  
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3.8.2 Bioassay against S. litura 

Insect growth inhibitory activity of neem and citronella nanoemulsions were 

studied against the third instar larvae of S. litura by leaf dip method in a chamber with 

a controlled temperature 25±1 ºC, 60±5% relative humidity and 16 hours photophase 

(Sabri et al., 2016). Different parameters were used to assess the insect growth 

regulatory (IGR) effect of the developed nanoemulsions viz. larval mortality, Pupal 

mortality, larval weight reduction, Abnormal adult, Normal adult and Insect Growth 

Regulatory (IGR) activity 3rd instar larvae of S. litura were released on treated leaves 

of castor for 48 hrs; dead larvae were counted and live one were transferred to plastic 

vial with artificial diet for further observation. Larval mortality and larval weight 

reduction after 24 hrs, 48 hrs and 72 hrs were recorded; larvae were counted as dead 

when they were unable to move even after pressing with a brush. Larval weight 

reduction was recorded. Abnormal adults were with shrunken and partially 

stretched/wrinkled wings. These adults were unable to fly and died after some time. 

Insect growth regulatory activity and per cent reduction in larval weight reduction was 

calculated as follows. 

Larval mortality (%) = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑟𝑟 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

 ×  100 

Larvae weight reduction (%) =𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

× 100 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (%) =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

× 100                           

I𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (%) = 100 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎                         

3.9 Statistical analysis 

All the data recorded were subjected to analysis of variance (ANOVA), after 

transformation of data in a completely randomized block design (CRB). The analyses 

were carried out using (SAS 9.4) software package. 

 



                                                                                     4. RESULTS                                                        

4.1 Preparation of primary and nanoemulsions 

Neem oil, Tween-20 and distilled water were used as ingredients for the 

preparation of primary oil-in-water (O/W) emulsions of neem oil. Similarly, citronella 

oil, Triton-X 100 and distilled water were used for the preparation of (O/W) primary 

emulsions of citronella oil. Studying, the different combination of ingredients, it was 

observed that the best ratio of oil, surfactant and distilled water for making primary 

emulsions of both the oils was 0.5:1.0:8.5. The increase in surfactant to neem oil or 

citronella oil ratio caused a decrease in droplet size. Ten neem nanoemulsions with 

different concentration of citronella oil and ten citronella nanoemulsions with 

different concentrations of neem oil were prepared and characterized (Figure-4.1).  

 4.2 Droplet size of neem nanoemulsions 

The droplet size of various neem nanoemulsions are shown in (Table 4.1.) The 

average droplet size of neem nanoemulsions with different percentage of citronella oil 

ranged from 11.23±3.86 nm to 17.80±4.52 nm (Figure-4.2) The prepared 

nanoemulsions with 1.0 and 1.5% citronella oil (NNE-2 and NNE-3) showed the 

minimum droplet size and were found to be 11.23±2.78 and 11.23±3.86 nm, 

respectively.  

  The size of droplets of the citronella nanoemulsions are shown in (Table 4.2 

and Figure-4.3.) The average droplet size of citronella nanoemulsions with different 

concentrations of neem oil ranged from 8.12±2.80 nm to 12.04±3.74 nm and 

nanoemulsion with 4.50% neem oil (CNE-9) showed the smallest size 8.12±2.80 nm 

(Figure-4.4). The droplet size was found to decrease with increase in surfactant 

concentration. 
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   Table 4.1 Composition of neem nanoemulsions (NNEs) and their size 

SL 

No. 

Nanoemulsion composition Code Size of 

nanomicelle 

(nm) 

Neem oil 

(%) 

Citronella oil 

(%) 

Tween-20 

(%) 

1 5 0.5 1 NNE-1 12.34± 3.47 

2 5 1.0 1 NNE-2 11.2± 2.78 

3 5 1.5 1 NNE-3 11.23± 3.86 

4 5 2.0 1 NNE-4 12.69± 3.99 

5 5 2.5 1 NNE-5 13.84± 4.18 

6 5 3.0 1 NNE-6 11.60± 6.00 

7 5 3.5 1 NNE-7 15.45± 4.11 

8 5 4.0 1 NNE-8 15.30± 4.40 

9 5 4.5 1 NNE-9 14.75± 4.05 

10 5 5.0 1 NE-10 17.80± 4.52 

   Table 4.2 Composition of citronella nanoemulsions (CNEs) and their size 

SL 

No. 

Nanoemulsion composition Code Size of 

nanomicelle 

(nm) 

Citronella 

oil (%)  

Neem oil  

(%) 

Triton-X 100 

(%) 

1 5 0.5 1 CNE-1 10.25 ±3.47 

2 5 1.0 1 CNE-2 10.88 ±3.17 

3 5 1.5 1 CNE-3 12.04 ±3.74 

4 5 2.0 1 CNE-4 10.88 ±3.44 

5 5 2.5 1 CNE-5 10.25 ±1.64 

6 5 3.0 1 CNE-6 10.68 ±1.59 

7 5 3.5 1 CNE-7 11.24 ±1.60 

8 5 4.0 1 CNE-8 11.26 ±2.16 

9 5 4.5 1 CNE-9  8.12  ±2.80 

10 5 5.0 1 CNE-10  8.70  ±2.07 
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Figure-4.1 Neem nanoemulsions with different percent of citronella oil 
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Figure-4.2 Micelle size of (A) NNE-4 (PEN+2.0% Citronella oil) and (B) NNE-10 

(PEN+5.0% Citronella oil) as measured by DLS 

 

 

(A) 

(B) 
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Figure-4.3 Citronella nanoemulsions with different percent of neem oil 
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Figure-4.4 Micelle size of (A) CNE-9 (PEN+4.50% Neem oil) and (B) CNE-3 

(PEN+1.50% Neem oil) as measured by DLS 

 

 

(A) 

(B) 



41 
 

 

4.3 Morphology of nanoemulsions 

The morphology of neem and citronella oil nanoemulsions was confirmed by 

Transmission Electron Microscope (Figures-4.5 and 4.6). Results showed that some 

nanomicelle clusters were present in the nanoemulsions, which may be due to 

aggregation of nanomicelles formed during sample preparation, causing variation in 

particle size. Transmission electron microscopic study also revealed the presence of 

the spherical particles in nanoemulsions.  
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Figure-4.5. Transmission electron microscopy (TEM) image of (A) NNE-4 

(PEN+2.0% Citronella oil) and (B) NNE-10 (PEN+5.0% Citronella oil) 

 

 

(A) 

 

(B) 
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Figure-4.6 Transmission electron microscopy (TEM) image of (A) CNE-4 

(PEC+2.0% Neem oil) and (B) CNE-10 (PEC+5.0% Neem oil) 

 

 

 

 

(A) 

 

(B) 
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4.4 Fourier Transform Infrared Spectrophotometer (FT-IR) 

The FT-IR spectra of citronella oil, neem oil, Triton-X-100 and nanoemulsions 

are shown in (Figure-4.7 and Table 4.3.) Citronella oil showed major bands at 3365, 

2925, 1724 and 1669 cm-1 corresponding to OH stretching, methylene C-H 

asymmetric stretching, carbonyl stretching and olefinic unsaturation stretching, 

respectively. The characteristic bands of neem oil were observed at 2922, 2852, 1744, 

1464 and 1160 cm-1 corresponding to OH stretching, aromatic/vinyl C-H stretching, 

aliphatic C-H stretching, carbonyl stretching and ether stretching, respectively. The 

developed nanoemulsion showed characteristics bands of both citronella oil and neem 

oil. The characteristic bands of Triton-x-100 were not clear in the FT-IR spectra of 

nanoemulsion due to similarity of functional groups with oils. 
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Figure-4.7 FT-IR spectra of citronella oil (A), neem oil (B), Triton-X-100 (C) and 

representative nanoemulsion (CNE-10) (D) 

 



46 
 

 

Table 4.3 FT-IR data showing major functional groups in citronella oil, neem oil, 

Triton-X-100 and nanoemulsion 

 Wave number (cm-1) Functional group assigned 

Citronella Oil 3365 O-H stretching 

2925 Methylene C–H asymmetric 

stretching 

1724 C=O stretching 

1669                             Olefinic unsaturation C=C 

Stretching 

Neem Oil 2922 Alkenyl C–H stretching 

2852 Alkyl C-H stretching 

1744 C=O stretching 

1464 Alkyl C-H bending 

1160 C-O stretching 

Triton-X-100 2945 Aromatic  C–H stretching 

2867 Alkyl C-H stretching 

1099 C-O stretching 

Nanoemulsion 3344 O-H stretching 

1735 C=O stretching 

1094 C-O stretching 

 

4.5 Emulsion stability 

No foaming or separation of oily matter was observed in any of the developed 

NNEs. On dilution with standard hard water D, NNEs formed stable, nearly 

transparent emulsion. The emulsion stability on standing was checked and found that 

no free oil, frothing or any cream was formed in the test cylinders. Again on re-

emulsification, no abnormality and separation of cream, froth and oil was observed. 

The image of the emulsion stability test is shown in (Table 4.4 and Figure-4.8.) 
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Figure-4.8 Images of neem nanoemulsions (NNEs) and their stability test after 24 hrs. 

 

 

              

 

 

NNE-3 NNE-2 NNE-1 NNE-4 NNE-5 NNE-6 NNE-7 NNE-8 NNE-9 NNE10 
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Table 4.4 Emulsion stability and re-emulsification of neem nanoemulsions  

 

Likewise, the developed citronella nanoemulsions (CNEs) showed high 

stability as no foaming and separation of oily matter was observed. On dilution with 

standard hard water D, CNEs formed stable nearly transparent emulsion. The 

emulsion stability on standing was checked and found that no free oil, frothing or any 

cream was formed in the test cylinders. Again on re-emulsification, no abnormality 

and separation of cream, froth and oil was observed (Table 4.5 and Figure-4.9). 

 

          

 

 

 

 

 

 

 

 

Formulati

ons 

Initial 

emulsification 

Emulsion stability on standing Re-

emulsification 

after standing 

for 24 hrs 

Final emulsion 

stability for 

24hrs 

30 Sec 30 min 2 hrs 24 hrs 30 sec 30 min 
Froth 

(ml) 

Free oil   

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

NNE-1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NNE-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NNE-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 

NNE-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 

NNE-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NNE-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NNE-7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 

NNE-8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NNE-9 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

NNE-10 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 
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Figure-4.9 Images of citronella nanoemulsions (CNEs) and their stability test after 24 hrs. 
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Table 4.5 Emulsion stability and re-emulsification of citronella nanoemulsions  

Formulati

ons 

Initial    

emulsification 

Emulsion stability on standing Re-

emulsification 

after standing 

for 24 hrs 

Final 

emulsion 

stability for 

24hrs 

30 Sec 30 min 2 hrs 24 hrs 30 sec 30 min 
Froth 

(ml) 

Free oil   

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

Froth 

(ml) 

Free oil 

(ml) 

CNE-1 0.60 0.00 0.40 0.00 0.30 0.00 0.00 0.00 0.60 0.00 0.40 0.00 

CNE-2 0.40 0.00 0.40 0.00 0.30 0.00 0.00 0.00 0.70 0.00 0.20 0.00 

CNE-3 0.20 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

CNE-4 0.40 0.00 0.30 0.00 0.20 0.00 0.00 0.00 0.70 0.00 0.30 0.00 

CNE-5 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

CNE-6 0.50 0.00 0.60 0.00 0.40 0.00 0.00 0.00 0.60 0.00 0.20 0.00 

CNE-7 0.60 0.00 0.40 0.00 0.20 0.00 0.00 0.00 0.60 0.00 0.40 0.00 

CNE-8 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

CNE-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 

CNE-10 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00 0.00 

 

4.6 pH of nanoemulsions 

The pH of neem and citronella oil nanoemulsions measured is given in (Table 

4.6.) The pH values of neem nanoemulsions ranged from 3.53-4.51 and that of 

citronella nanoemulsions from 2.30 to 5.85. No relation was found for the pH change 

with increasing concentrations of plant oils in nanoemulsions. 
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Table 4.6 pH values of neem nanoemulsions and citronella nanoemulsions 

Sr.No. Citronella nanoemulsion 

(CNE) 

pH Sr.No. Neem nanoemulsion 

(NNE) 

pH 

1. CNE-1 2.39 1. NNE-1 4.51 

2. CNE-2 2.51 2. NNE-2 3.53 

3. CNE-3 5.38 3. NNE-3 3.66 

4. CNE-4 5.83 4. NNE-4 3.79 

5. CNE-5 5.85 5. NNE-5 3.96 

6. CNE-6 5.38 6. NNE-6 4.51 

7. CNE-7 4.72 7. NNE-7 3.71 

8. CNE-8 5.26 8. NNE-8 3.66 

9. CNE-9 4.80 9. NNE-9 3.75 

10. CNE-10 4.65 10. NNE-10 4.43 

 

4.7 Antifungal activity of neem nanoemulsions against Rhizoctonia solani and 

Sclerotium rolfsii 

Different concentrations viz., 7.80, 15.625, 31.25, 62.50, 125 and 250 ppm of 

neem nanoemulsions were screened for their antifungal activity against R. solani and S. 

rolfsii by poisoned food technique (Sharma and Tripathi, 2008) (Table 4.7 and Figures- 

4.10, 4.11, 4.12 and 4.13) ED50 values were found to vary from 13.69 to 109.71 mg L-1 

for R. solani and 14.71 to 85.97 mg L-1 for S. rolfsii (Figure-4.14).  
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Table 4.7 Antifungal activity of neem nanoemulsions against R. solani and S.  rolfsii 

Nanoemulsions 
 

Conc. 
(ppm) 

R. solani  S. rolfsii 
Inhibition (%) ED50 

(ppm) 
 Inhibition (%) ED50 

(ppm) 

NNE-1 
 
 
 
 
 

250.00      
125.00       
  62.50     
  31.25  
  15.63  
    7.80        

61.74efgh 
50.26ijklm 
40.81mnopqrs 
35.44qrstu 
33.59rstuv 
18.89yz 

109.71b 
 

 61.07fghijk 
55.59ijklmnopq 
41.19stu 
41.15stu 
40.85stuv 
17.93z 

85.97b 
 

NNE-2 250.00      
125.00      
  62.50     
  31.25     
  15.63   
    7.80         

64.11defg 
49.19ijklmno 

42.63klmnopqrs 
37.52pqrst 
35.07qrstu 
21.22xy 

98.37bc 
 

 63.26efghij 
60.26fghijkl 
41.48stu 
42.33rstu 
41.74stu 
20.85yz 

70.32b

c 
 

NNE-3 250.00      
125.00       
  62.50     
  31.25     
  15.63   
    7.80        

65.22cdef 
51.81hijkl 
44.44jklmnopq 
39.33opqrs  

37.11pqrst 
22.22xy 

82.01bcd 
 

 64.44defghi 
63.26efghij 
44.89qrst 
46.81opqrst 
42.30rstu 
22.07xyz 

56.67c

d 
 

NNE-4 250.00     
125.00       
  62.50      
  31.25     
  15.63  
    7.80         

66.11bcdef 
55.56fghi 
46.70jklmnop 
40.07nopqrs 
38.48pqrst 
29.15tuvwx 

63.62cde 
 

 65.78defghi 
65.85cdefghi 
47.07opqrs 
48.33nopqrs 
45.07pqrst 
23.70xyz 

47.62d

e 
 

NNE-5 250.00      
125.00       
  62.50      
  31.25     
  15.63  
    7.80        

69.48abcde 
61.41efgh 
49.59ijklmn 
41.67mnopqrs 
39.11pqrst 
23.00wxy 

54.70de 
 

 70.85abcdefg 
68.78bcdefgh 
48.48nopqrs 
51.30klmnopqrs 
47.11opqrs 
24.22xyz 

38.13e

f 
 

NNE-6 250.00      
125.00       
  62.50     
  31.25    
  15.63  
    7.80       

72.41abcd 
64.52def 
51.85hijkl 
46.96jklmnop 
40.22mnopqrs 
32.89stuvw 

38.56ef 
 

 72.96abcde 
68.15bcdefgh 
49.37mnopqrs 
53.33jklmnopq 
47.41opqrs 
24.44xyz 

36.05e

f 
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NNE-7 250.00      
125.00      
  62.50      
  31.25     
  15.63  
    7.80        

74.67abc 
66.26bcdef 

53.70ghij 
49.48ijklmn 
41.56mnopqrs 
32.89stuvw 

24.69ef 
 

 76.96ab 
70.89abcdef 
58.48hijklmn 
55.93ijklmn 
49.81lmnopqrs 
24.74xyz 

27.77f

g 
 

NNE-8 250.00      
125.00       
  62.50     
  31.25     
  15.63  
    7.80         

75.04Abc 
70.33abcde 
57.67fghi 
52.67hijk 
42.41lmnopqrs 
34.11rstuv 

27.99ef 
 

 78.30ab 
73.11abcde 
60.00ghijklm 
60.67fghijkl 
52.93jklmonpqr 
26.56WXYZ 

22.79f

g 
 

NNE-9 250.00      
125.00       
  62.50      
  31.25     
  15.63  
    7.80  

76.15ab 
72.37abcd 
61.74efgh 

53.56ghij 
43.30klmnopqr 
36.04qrstu 

23.91ef 
 

 78.74ab 
74.41abcd 
62.96efghij 
61.56fghijk 
56.26ijklmo 
29.89wxy 

18.51g 
 

NNE-10 250.00      
125.00      
  62.50      
  31.25  
  15.63  
    7.80  

77.15a 
74.96abc 
66.07cdef 
57.26fghi 
46.11jklmnop 
37.07pqrst 

13.67f 
 

 80.63A 
76.67abc 
68.30bcdefgh 
65.59defghi 
61.48fghijk 
30.07vwxy 

14.71g 
 

Neem oil  250.00      
125.00      
  62.50      
  31.25  
  15.63 
    7.80 

44.79jklmnopq 
26.21uvwxy 
24.64vwxy 
10.97z 
10.21z 
10.50z 

532.04a 
 

 41.24stu 
36.08tuvw 
32.06uvwx 
26.57wxyz 
26.49wxyz 
16.09z 

871.5
0a 
 

p-Value  <.0001 <.0001  <.0001 <.0001 
CV (%)  5.60 11.49  5.61 4.09 
SE(d)  2.146 9.116  2.322 3.919 
Tukey HSD at 1%  10.063 39.902  10.885 17.155 
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Figure-4.10 Growth inhibitory effect (%) of neem nanoemulsions against R. solani 

 

 

 

Figure-4.11 Growth inhibitory effect (%) of neem nanoemulsions against S. rolfsii 
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A=7.80 ppm, B=15.63 ppm, C=31.25 ppm D= 62.50 ppm, E=125.00 ppm, F=250.00 

Figure-4.12 Fungicidal activity of neem nanoemulsion (NNE-5) against R. solani 

 

 

 

 

 

 

 

 



56 
 

 

 

 

 

 

A=7.80 ppm, B=15.63 ppm, C=31.25 ppm, D= 62.50 ppm, E=125.00 ppm, F=250.00 

Figure-4.13 Fungicidal activity of neem nanoemulsion (NNE-5) against S. rolfsii 
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Figure-4.14 ED50 of neem nanoemulsions 

4.8 Antifungal activity of citronella nanoemulsions against R. solani and S. rolfsii 

  Similarly, different concentrations (7.80, 15.625, 31.25, 62.50, 125 and 250 

ppm) of citronella nanoemulsions were evaluated for their antifungal activity against R. 

solani and S. rolfsii by the poisoned food technique. The ED50 values of different 

nanoemulsions are given in (Table 4.8 and Figures-4.15, 4.16, 4.17 and 4.18). The 

results showed that the ED50 of citronella nanoemulusions (CNEs) against R. solani and 

S. rolfsii decrease with increase in the amount of neem oil (0.50 to 5.0%) Figure-4.19. 
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Table 4.8 Antifungal activity of citronella nanoemulsions against R. solani and S. 

rolfsii 

Nanoemulsions Conc. 
(ppm) 

R. solani   S. rolfsii  

Inhibition (%) ED50  

(ppm) 
 Inhibition (%) ED50  

(ppm) 

CNE-1 
 
 
 
 
 

250.00      
125.00       
  62.50      
  31.25    
  15.63  
    7.80       

54.19 fgh 
37.04 rstuvw 
35.07 uvwx 
33.15 wxy 
32.81 wxy 
22.96 z 

311.0   4ab 
 

 53.22 efghi 
36.30 rstu 
34.63 stuv 
44.44 jklmnopqr 
44.40 jklmnopqr 
22.26 xy 

405.75b 

CNE-2 250.00    
125.00     
  62.50    
  31.25  
  15.63   
    7.80         

56.37 efg 
40.00 nopqrstu 
39.96 nopqrstu 
35.07 uvwx  

34.89 vwx 
29.04 y 

228.62bc 
 

 56.67 cdefgh 
35.56 rstuv 
35.37 rstuv 
44.44 jklmnopqr 

 44.40 jklmnopqr 
26.67 vwx 

348.66b 
 

CNE-3 250.00      
125.00      
  62.50      
  31.25    
  15.63  
    7.80         

57.52 def 
40.56 nopqrs 
40.00 nopqrstu 
37.26 qrstuvw 
36.81 stuvw 
29.41 y 

302.63ab 
 

 
 

59.63 bcde 
40.74 nopqrs 
48.52 hijklmnop 
45.56 ijklmnopq 
40.00 pqrst  
27.26 uvwx 

110.62c 
 

CNE-4 250.00      
125.00       
  62.50      
  31.25    
  15.63 
    7.80         

60.63 cde 
40.15 nopqrst 
40.19 nopqrst 
38.56 pqrstuv 
38.81 pqrstuv 
31.00 xy 

166.04bc 
 

 62.74 abcd 
41.85 klmnopqrs 
49.89 fghijklmn 
50.26 fghijklm 
40.60 opqrst 
31.48 tuvw 

9.98cd 
 

CNE-5 250.00      
125.00       
  62.50      
  31.25    
  15.63 
    7.80        

62.48 cd 
40.96 nopqrs 
40.22 nopqrs 
39.93 nopqrstu 
40.30 nopqrs 
32.37 wxy 

140.75bc 
 

 64.41 abc 
47.52 hijklmnop 
50.19 fghijklm 
50.48 efghijkl 

 40.70 opqrst 
33.70 stuvw 

59.89cd 
 

CNE-6 250.00      
125.00      
  62.50      
  31.25     

63.41 bc 
47.56 jklm 
44.44 klmno 
40.33 nopqrs 

90.69c 
 

 65.44 abc 
49.33 ghijklmno 
50.89 efghijk 
50.59 efghijk 

51.90cd 
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  15.63  
    7.80        

40.78 nopqrs 
34.81 vwx 

40.90 nopqrs   
37.04 qrst 

CNE-7 250.00      
125.00       
  62.50      
  31.25   
  15.63 
    7.80         

64.74 bc 
49.44 ghi 

47.22 ijkl 
44.81 klmn 
41.96 mnopqr  

35.19 tuvwx 

60.60c 
 

 68.00 ab 
51.85 efghi 
54.85 defgh 
50.70 efghijk 
41.30 mnopqrs 
37.15 qrst 

40.89cd 
 

CNE-8 250.00     
125.00      
  62.50     
  31.25    
  15.63  
    7.80         

65.30 bc 
62.37 cd 
50.93 hij 

47.44 ijkl 
42.15 mnopq 
38.89 pqrstuv 

37.97c 
 
 

 69.41 a 
56.67 cdefgh 
58.63 cdef  
50.93 efghijk 
41.30 lmnopqrs 
39.74 pqrst 

35.56cd 
 

CNE-9 250.00      
125.00       
  62.50     
  31.25     
  15.63  
    7.80  

68.37 ab 

62.63 c 
60.81 cde 
48.63 ijk 
41.59 nopqrs 
39.63 opqrstuv 

29.38c 
 

 69.70 A 
59.63 bcde  
62.56 abcd 
1.11 efghij 
41.90 klmnopqrs 
40.85 nopqrs 

26.93d 
 

CNE-10 
 

250.00     
125.00       
  62.50     
  31.25  
  15.63  
    7.80  

70.81 a 
62.96 c 
61.81 cd 
51.52 ghij 
41.81 nopqrs 
40.81 nopqrs 

25.64c 
 

 71.26 a 
62.74 abcd 
62.67 abcd 
58.52 cdefg  

42.00 klmnopqrs 
41.81 klmnopqrs 

20.88d 
 

Citronella oil 250.00     
125.00       
  62.50     
  31.25  
  15.63 
    7.80 

43.33 lmnop 
28.89 y 
17.78a 
11.67b 
  8.33c 
  4.44c 

452.90a 
 

 41.21 mnopqrs  
25.36 wx 
18.46 xyz 
15.04 yza 
10.00 za 
7.22 a 

747.89a 
 

p-Value  < 0.0001 < 0.0001  < 0.0001 < 0.0001 
CV (%)  3.06 35.09  5.28 12.02 
SE(d)  1.072 48.093  1.962 17.203 
Tukey HSD at 
1% 

 5.0248 210.51  9.1973 75.301 

 

  



60 
 

 

 

Figure-4.15 Growth inhibitory effect (%) of citronella nanoemulsions against R. solani 

 

 

 

 

Figure-4.16 Growth inhibitory effect (%) of citronella nanoemulsions against S. rolfsii 
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A=7.80 ppm, B=15.63 ppm, C=31.25 ppm, D= 62.50 ppm, E=125.00 ppm, F=250.00 

Figure-4.17 Fungicidal activity of citronella nanoemulsion (CNE-5) against R. solani 
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A=7.80 ppm, B=15.63 ppm, C=31.25 ppm, D= 62.50 ppm, E=125.00 ppm, F=250.00 

Figure-4.18 Fungicidal activity of citronella nanoemulsion (CNE-5) against S. rolfsii 
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Figure-4.19 ED50 of citronella nanoemulsions 

4.9 Larvicidal activity of neem oil nanoemulsion against Spodoptera litura (Fab) 

4.9.1 Larval and pupal mortality 

Bioactivity of neem nanoemulsions were studied against 3rd instar larvae of S. 

litura through leaf dip method at three different concentrations (1.0, 1.50 and 2.0%). 

Larvae were allowed to feed on treated leaf and were counted as dead when they were 

unable to move even after pressing with a brush. During observation, some of the 

larvae were found unable to molt and died during the molting process, while some 

were not able to grow. The mortality of larvae increased (0.0 to 80.0%, 0.0 to 60.0% 

and 13.33 to 80.0%) at 24 hrs, 48 hrs and 72 hrs, respectively. Maximum larval 

mortality (80%) occurred in NNE-7, NNE-8, NNE-9, and NNE-10 after 72 hrs 

followed by NNE-6 (66.67%) and NNE-5 (60.0%) whereas, remaining concentrations 

showed the mortality less than 50.0%.  

 During the study, pupal mortality was recorded by counting dead pupae which 

were darker in color and small in size. Pupal mortality ranged from 0.0 to 6.67% 

(Table 4.9). Maximum (6.67%) pupal mortality was observed at NNE-7, NNE-8, 

NNE-9 and NNE-10. 

  For larval weight reduction, larvae were weighted after 24 hrs, 48 hrs and 72 

hrs. Effect of neem nanoemulsions on the weight reduction of S. litura at 24 hrs, 48 
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hrs and 72 hrs ranged from 49.67 to 88.0%, 50.33 to 91.0% and 52.33 to 90.33%, 

respectively (Table 4.9). NNE-10 showed the highest larval weight reduction (91.0%) 

at 2% concentration after 48 hrs, while minimum larval weight reduction was 

observed in NNE-1 (49.67%) at 1.00% concentration after 24 hrs (Table 4.9). 

The adult emergence was found to be 86.67 and 0.0% in NNE-1 and NNE-10, 

respectively as against 86.67% in control. But only 1.33% abnormal malformed adult 

were noticed in NNE-7, NNE-8, NNE-9 and NNE-10. In NNE-1 at1.0 and 1.5% 

concentrations, 86.67% normal adult emergence occurred with 13.33% IGR activity. 

While using NNE-10, 100% IGR activity was observed. It was found that abnormal 

adults were formed only at a higher concentration of citronella oil (>3.00%) in 

nanoemulsion.  
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 Table 4.9 Effect of NNEs on mortality and weight reduction of 3rd instar larvae of S. litura 

Formulations  Conc 
(%) 

Larval mortality 
(%) 

Larval weight reduction 
(%) 

Pupal 
mortality 

(%) 

Adult 
emergence 

(%) 

Malformation 
(%) 

IGRA. 
(%) 

  24hrs 48hrs 72hrs 24hrs 48hrs 72hrs     
NNE-1 1.00 0.00f 

(0.00f) 
0.00b 

(0.00b  ) 
13.33hi 

(17.71gh) 
49.67s 

(44.81q) 
50.33t 

(45.19u) 
52.33o 

(46.34s) 
0.00 

(0.00) 
86.67ab 

(72.29abc) 
0.00b 

(0.00b) 
13.33 

1.50 0.00f 

(0.00f) 
0.00b 

(0.00b ) 
13.33hi 

(17.71gh) 
53.00rs 

(46.72pq) 
53.00t 

(46.72tu) 
54.00o 

(47.29s) 
0.00 

(0.00) 
86.67ab 

(72.29abc) 
0.00b 

(0.00b) 
13.33 

2.00 0.00f 

(0.00f) 
6.67ab 

(8.86ab) 
20.00Ghi (2

1.93fg) 
55.00qr 

(47.87pq) 
55.67st 

(48.25stu) 
56.00no 

(48.45rs ) 
0.00 

(0.00) 
80.00abc 

(68.07abcd) 
0.00b 

(0.00b) 
20.00 

NNE-2 1.00 0.00f 

(0.00f) 
6.67ab 

(8.86ab) 
20.00Ghi (2

1.93fg) 
58.00pq 

(49.61op) 
59.00rs 

(50.19rst) 
59.33n 

(50.38qr) 
0.00 

(0.00) 
80.00abc 

(68.07abcd ) 
0.00b 

(0.00b) 
20.00 

1.50 0.00f 

(0.00f) 
6.67ab 

(8.86ab) 
26.67Fgh 
(30.79efg) 

61.00op 

(51.36no) 
62.00qr 

(51.95qrs) 
63.67m 

(52.93pq) 
0.00 

(0.00) 
73.33abcd 

(59.21abcdef ) 
0.00b 

(0.00b ) 
26.67 

2.00 0.00f 

(0.00f) 
13.33ab 

(17.71a) 
26.67fgh 
(30.79efg) 

61.67nop 

(51.75mno) 
62.00qr 

(51.95qrs) 
64.33lm 

(53.34P) 
0.00 

(0.00) 
73.33abcd 

(59.21abcdef ) 
0.00b 

(0.00b ) 
26.67 

NNE-3 1.00 0.00F 

(0.00f) 
13.33ab 

(17.71a) 
33.33efgh  
(35.01defg) 

62.67mnop 

(52.34mno ) 
63.33pqr 

(52.73pqr) 
64.67lm 

(53.53P) 
0.00 

(0.00) 
66.67bcde 

(54.99bcdefg) 
0.00b 

(0.00b ) 
33.33 

1.50 0.00f 

(0.00f) 
13.33ab 

(17.71a) 
26.67fgh (30

.79efg) 
64.67lmno (53

.53lmn ) 
64.67pq (53.

53opqr) 
65.00lm 

(53.73op) 
0.00 

(0.00) 
73.33abcd (63

.85abcde) 
0.00b 

(0.00b) 
26.67 

2.00 0.00f 

(0.00f) 
13.33ab 

(17.71ab) 
40.00defg 

(39.23cdef) 
66.00klmn 

(54.33klmn ) 
66.67opq (54

.74nopq ) 
66.00klm 

(54.33op) 
0.00 

(0.00) 
60.00cde 

f(50.77cdefg) 
0.00b 

(0.00b) 
40.00 

NNE-4 1.00 0.00f 

(0.00f) 
13.33ab 

(17.71ab ) 
40.00defg (3

8.86cdef) 
66.67jklm 

(54.74jklm) 
67.33opq 

(55.14mnopq) 
67.67kl 

(55.35nop) 
0.00 

(0.00) 
60.00cdef 

(51.14cdefg) 
0.00b 

(0.00b) 
40.00 

1.50 6.67f 

(8.86ef) 
20.00ab 

(21.93ab) 
46.67cdef 

(43.08bcde) 
68.00jkl 

(55.56jkl) 
68.67nop (55

.96lmnop) 
69.00jk  

(56.17mno) 
0.00 

(0.00) 
53.33defg (46

.92defg) 
0.00b 

(0.00b) 
46.67 

2.00 6.67f 

(8.86ef) 
20.00ab 

(21.93ab) 
46.67cdef 

(43.08bcde ) 
70.67ijk 

(57.21ijk) 
70.67mno (5
7.21klmno) 

71.67ij 
(57.84lmn) 

0.00 
(0.00) 

40.00fg (39.
23fg) 

0.00b 

(0.00b) 
60.00 
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NNE-5 1.00 6.67f 

(8.86ef) 
26.67ab 

(26.15ab) 
53.33bcde (4
6.92bcde  ) 

71.00ij 

(57.43ij) 
72.00lmno 

(58.06klmn) 
73.00hi  

(58.70klm) 
0.00 

(0.00) 
46.67efg 

(43.08efg) 
0.00b 

(0.00b) 
53.33 

1.50 13.33ef (17
.71def) 

26.67ab 

(26.15ab) 
53.33bcde 

(46.92bcde) 
73.00hi (58.7

0hi) 
73.00klmn 

(58.70jklm) 
73.67ghi (59

.15jkl) 
0.00 

(0.00) 
40.00fg 

(39.23fg) 
0.00b 

(0.00b) 
60.00 

2.00 13.33ef (17
.71def) 

26.67ab 

(26.15ab) 
60.00abcd 

(50.77abcde) 
73.33hi 

(58.92hi) 
74.00jklmn 

(59.35ijkl) 
74.33ghi 
(59.58jkl) 

0.00 
(0.00) 

40.00fg (39.
23fg) 

0.00b 

(0.00b) 
60.00 

NNE-6 1.00 13.33ef (17
.71def) 

26.67ab 

(26.15ab) 
60.00abcd (5
1.14abcde) 

75.00ghi (60.
00ghi) 

75.67ijklm 

(60.45hijk) 
76.67fgh 
(61.12ijk)) 

0.00 
(0.00) 

40.00fg 

(38.86fg) 
0.00b 

(0.00b) 
60.00 

1.50 13.33ef (17
.71def) 

26.67ab 

(26.15ab ) 
66.67abc (54

.99abcd) 
75.33ghi 

(60.22ghi) 
76.33hijkl (6

0.89ghijk) 
77.33fg 

(61.57ij) 
0.00 

(0.00) 
33.33g 

(35.01g) 
0.00b 

(0.00b) 
66.67 

2.00 13.33ef (17
.71def) 

26.67ab 

(26.15ab) 
66.67abc 

54.99abcd) 
77.00fgh 

(61.35fgh) 
78.00ghijk 

(62.03fghij) 
80.00ef 

(63.44hi) 
0.00 

(0.00) 
33.33g  (35.0

1g ) 
0.00b 

(0.00b) 
66.67 

NNE-7 1.00 20.00def 

(26.57cdef) 
26.67ab 

(26.15ab) 
73.33ab 

(59.21abc) 
78.33efg 

(62.27fg) 
79.00ghij 

(62.73fghi) 
81.33de 

(64.41gh) 
6.67 

(8.86) 
2.00h 

(6.56h ) 
0.00b 

(0.00b) 
98.00 

 1.50 20.00def 

(26.57cdef) 
26.67ab 

(26.15ab ) 
73.33ab 

(59.21abc) 
78.67efg 

(62.50efg) 
80.00fghi 

(63.45efgh) 
81.67de 

(64.66fgh) 
6.67 

(8.86) 
1.33h 

(5.42h) 
6.67ab 

(8.86ab) 
98.67 

2.00 20.00def 

(26.57cdef) 
26.67ab 

(26.15ab) 
73.33ab (59.

21abc) 
80.33def 

(63.68def) 
81.00efghi (6

4.16efgh) 
82.00de 

(64.90fgh) 
6.67 

(8.86) 
6.67h 

(8.86h ) 
1.33b 

(5.42b) 
93.33 

NNE-8 1.00 20.00def 

(26.57cdef) 
33.33ab 

(30.00ab) 
80.00a 

(63.43ab) 
80.67cdef (63.

92def) 
81.67defgh 

(64.65defg) 
82.67de 

(65.40fgh) 
6.67 

(8.86) 
0.00h 

(0.00h  ) 
1.33b 

(5.42b) 
100.00 

1.50 33.33cde 

(35.01bcde) 
40.00ab 

(34.22ab) 
80.00a (68.0

7a) 
82.67bcde 

(65.43cde) 
82.67cdefg 

(65.43cdef) 
84.00cd 

(66.43efg) 
6.67 

(8.86) 
0.00h 

(0.00h) 
1.33b 

(3.85b) 
100.00 

2.00 40.00cd 

(39.23abcd) 
33.33ab 

(30.00ab) 
80.00a 

(63.43ab) 
82.67bcde 

(65.41cde) 
85.00bcdef 

(67.22bcde) 
85.00bcd 

(67.22def) 
6.67 

(8.86) 
0.00h 

(0.00h ) 
13.33a 

(17.71a) 
100.00 

NNE-9 1.00 46.67c 

(43.08abcd) 
33.33ab 

(30.00ab ) 
80.00a 

(63.43ab) 
84.00abcd 

(66.43bcd) 
86.33abcde 

(68.32bcd) 
86.67abc 

(68.60cde) 
6.67 

(8.86) 
0.00h 

(0.00h ) 
13.33a 

(17.71a) 
100.00 

1.50 46.67c 

(43.08abcd) 
40.00ab (3

3.85ab) 
80.00a 

(68.07a) 
85.00abcd 

(67.22abc) 
86.33abcde 

(68.32bcd) 
87.33abc 

(69.15bcd) 
6.67 

(8.86) 
0.00h 

(0.00h) 
1.33b 

(3.85b) 
100.00 

2.00 53.33bc 

(46.92abc) 
46.67ab 

(38.07ab) 
80.00a 

(63.43ab) 
85.33abc 

(67.48abc) 
87.33abc 

(69.19abc) 
87.33abc 

(69.40abcd) 
6.67 

(8.86) 
0.00h 

(0.00h ) 
1.33b 

(5.42b) 
100.00 
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NNE-10 1.00 73.33ab 

(59.21ab) 
53.33ab 

(42.29ab) 
80.00a 

(63.43ab) 
86.00ab 

(68.04abc) 
87.00abcd 

(68.93abc) 
88.33ab 

(70.03abc) 
6.67 

(8.86) 
0.00h 

(0.00h) 
1.33b 

(5.42b) 
100.00 

1.50 80.00a 

(63.43a) 
53.33ab 

(42.29ab) 
80.00a (63.4

3ab) 
87.00ab 

(68.87ab) 
89.33ab 

(70.94ab) 
89.67a   

(71.25ab) 
6.67 

(8.86) 
0.00h 

(0.00h ) 
1.33b 

( 5.42b) 
100.00 

2.00 80.00a 

(63.43a) 
60.00a 

(51.14a) 
80.00a 

(63.43ab) 
88.00a 

(69.73a) 
91.00a 

(72.56a) 
90.33a 

(71.89a) 
6.67 

(8.86) 
0.00h 

(0.00h) 
1.33b 

(5.42b) 
100.00 

NE 1.00 0.00f 

(0.00f) 
0.00b 

(0.00b  ) 
0.00i 

(0.00h) 
- - - 0.00 

(0.00) 
86.67ab 

(76.92ab ) 
0.00b 

(0.00b) 
13.33 

 1.50 0.00f 

(0.00f) 
0.00b 

(0.00b) 
0.00i 

(0.00h) 
- - - 0.00 

(0.00) 
93.33a 

(81.14a) 
0.00b 

(0.00b) 
6.67 

2.00 0.00f 

(0.00f) 
0.00b 

(0.00b) 
0.00i 

(0.00h) 
- - - 0.00 

(0.00) 
93.33a 

(81.14a ) 
0.00b 

(0.00b) 
6.67 

p-value  <.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

0.8191 
(0.8191) 

<.0001 
(<.0001) 

0.0007 
(0.0025) 

 

CV (%) 35.28 
39.06) 

68.39 
(58.17) 

22.54 
(21.90) 

1.77 
(1.43) 

2.00 
(1.74) 

2.28 
(2.01) 

269.87 
(269.87) 

28.04 
(29.53) 

271.01 
(208.77) 

SE(d) 5.412 
(5.942 

12.861 
(10.452) 

9.220 
(7.773) 

1.050 
(0.689) 

1.204 
(0.849) 

1.385 
(0.987) 

5.342 
(7.095) 

9.367 
(8.742) 

2.950 
(4.364) 

LSD at 1% 24.392 
(26.78) 

57.962 
(47.105) 

24.479 
(20.637) 

4.7082 
(3.0915) 

5.4026 
(3.8072) 

3.6884 
(2.628) 

NS 
(NS) 

24.868 
(23.209) 

7.8327 
(11.586) 

* Values given are the mean of three replicates in % and arc sine transformed values in parenthesis followed by same letter (s) are not 
significantly different. 
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4.10 Larvicidal activity of Citronella oil nanoemulsions against Spodoptera litura 

(Fab) 

 Larval and pupal mortality  

Bioactivity of citronella nanoemulsions were also studied against 3rd instar 

larvae of S. litura through leaf dip method at three different concentrations (1.0, 1.5 

and 2.0%). The mortality of larvae increased (0.0 to 66.67%, 0.0 to 66.67% and 6.67 

to 73.33%) at 24 hrs, 48 hrs and 72 hrs, respectively. Maximum (73.33%) larval 

mortality occurred in CNE-8, CNE-9, and CNE-10 after 72 hrs followed by CNE-7, 

CNE-6 (60.0%) and CNE-5 (53.33%) whereas; remaining concentrations showed the 

mortality less than 50.0%.  

Pupal mortality also ranged from 0.0 to 6.67% (Table 4.10). Maximum pupal 

mortality (6.67%) was observed in CNE-8, CNE-9 and CNE-10. 

The mean per cent larval weight reduction at 24 hrs, 48 hrs and 72 hrs ranged 

from 49.33 to 87.67%, 49.67 to 88.33% and 50.0 to 97.67%, respectively (Table 15). 

CNE-10 showed the highest larval weight reduction (97.67%) at 2% concentration 

after 72 hrs, while minimum larval weight reduction was observed in CNE-1 

(49.33%) at 1.00% concentration after 24 hrs (Table 4.10). 

The adult emergence was found to be between 93.33 and 13.33% in CNE-1 

and CNE-10, respectively while 86.67% in control. But only 6.67% abnormal 

malformed adult was noticed in CNE-8, CNE-9 and CNE-10. In CNE-1 at 1.0 and 

1.5% concentrations, 93.33% normal adult emergence occurred with 6.67% IGR 

activity. While using NNE-10, 86.67% IGR activity was observed. It was found that 

abnormal adults were formed only at higher concentration of neem oil (> 4.00%) in 

citronella nanoemulsion.  
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Table 4.10 Effect of Citronella nanoemulsions (CNEs) on mortality and weight reduction of 3rd instar larvae of S. litura 

Formulations  Conc. 
(%) 

larval mortality 
(%) 

Larval Weight reduction 
(%) 

Percent 
pupal 

mortality 
at 7 DAT 

Normal 
adult 
(%) 

Malfor
mation 

(%) 

IGRA. 
(%) 

24hrs 48hrs 72hrs 24hrs 48hrs 72hrs 

CNE-1 1.00 0.00e 

 (0.00e)                                  
0.00g 

(0.00e )                 
6.67ef  

(8.86cd ) 
49.33s 

(44.62q )                  
49.67q     (44
.81p)             

50.00q 

  (45.00r) 
0.00  
(0.00) 

93.33a 

 (81.14a) 
0.00 
 (0.00) 

6.67 

1.50 0.00e 
(0.00e)                                  

0.00g 
(0.00e )                 

6.67ef 
 (8.86cd ) 

51.67rs 
(45.96q )                 

52.00q     
(46.15p)             

53.33pq  
(46.91qr) 

0.00 
 (0.00) 

93.33a  
(81.14a) 

0.00 
 (0.00) 

6.67 

2.00 0.00e 

 (0.00e)                                  
6.67fg 

 (8.86de )                
13.33def   (17
.71bcd) 

54.67qrs 

(47.68pq)                
55.00pq    (47
.87op)             

56.00opq  

(48.45pqr) 
0.00 
 (0.00) 

86.67ab  
(72.29ab) 

0.00  
(0.00) 

13.33 

CNE-2 1.00 0.00e  

(0.00e)                                  
13.33efg 

(17.71cd)                
13.33def  (17
.71bcd) 

57.00pqr 

(49.04opq)                
60.67op   (51
.16no)              

61.33nop 

(51.55opqr ) 
0.00 
(0.00) 

86.67ab 

 (72.29ab) 
0.00  
(0.00) 

13.33 

1.50 0.00e 

 (0.00e)                                  
13.33 

(17.71cd)                
20.00cdef (26
.57abcd) 

60.67opq 

(51.16nop)                
62.00no     (5
1.95mno)            

63.33mno (52.7
4nopqr ) 

0.00 
(0.00) 

80.00abc (
63.43ab) 

0.00 
 (0.00) 

20.00 

2.00 0.00e  

(0.00e)                                  
13.33efg 

(17.71cd)                
26.67bcdef  (3
0.79abcd) 

62.33nop 

(52.15mnop)                
64.00no    (53
.13lmn)             

65.00lmn (53.73
mnopq ) 

0.00  
(0.00) 

73.33abcd (
59.21ab) 

0.00  
(0.00) 

26.67 

CNE-3 1.00 0.00e 

 (0.00e)                                  
13.33efg 

(17.71cd)                
33.33abcdef (
35.01abcd) 

62.67nop 

(52.34lmno)                
64.67mno  (5
3.53klmn)          

65.67lmn (54.13
mnopq ) 

0.00  
(0.00) 

66.67abcd (
54.99abc) 

0.00  
(0.00) 

33.33 

1.50 0.00e  

(0.00e)                                  
13.33efg 

(17.71cd)                
40.00abcdef (
39.23abcd) 

64.00mnop 

(53.13klmno)               
66.00lmno   (5
4.33klmn )          

68.33klmn (55.7
6lmnop) 

0.00  
(0.00) 

60.00abcd 
(50.77abc) 

0.00 
 (0.00) 

40.00 

2.00 0.00e 

 (0.00e)                                  
13.33efg 

(17.71cd)                
40.00abcdef (
39.23abcd) 

65.33mno 

(53.93klmn)                
67.33klmn   (5
5.14jklmn )            

70.00jklm  (56.7
9klmno ) 

0.00 
(0.00) 

60.00abcd 
(50.77abc) 

0.00 
 (0.00) 

40.00 

CNE-4 1.00 0.00e  

(0.00e)                                  
20.00defg 

(26.57bcd )               
40.00abcdef (
39.23abcd) 

66.67lmno 

(54.74jklmn)               
68.00jklmn    (
55.55jklm)          

71.00ijklm (57.4
2klmno ) 

0.00 
(0.00) 

60.00abcd (
50.77abc) 

0.00 
(0.00) 

40.00 

1.50 0.00e  

(0.00e)                                  
20.00defg 

(26.57bcd )               
40.00abcdef (
39.23abcd) 

69.00klmn (5
6.17ijklm)              

70.33ijklm   (5
7.01ijkl)           

72.33ijkl (58.27j

klmno ) 
0.00 
(0.00) 

60.00abcd (
50.77abc) 

0.00  
(0.00) 

40.00 

2.00 0.00e 

 (0.00e)                                  
20.00defg 

(26.57bcd )               
46.67abcde (4
3.08abcd) 

70.00jklm  (5
6.79hijkl)               

70.67hijklm    (
57.21ijkl)         

73.33hijkl (58.9
2ijklmno ) 

0.00  
(0.00) 

53.33bcd (
46.92abc) 

0.00  
(0.00) 

46.67 
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CNE-5 1.00 0.00e 

 (0.00e)                                  
20.00defg 

(26.57bcd )               
46.67abcde (4
3.08abcd) 

70.67ijklm (5
7.21ghijk)              

71.00hijkl   (5
7.42hijk)           

74.67ghijk (59.7
9ijklmn) 

0.00  
(0.00) 

53.33bcd 

(46.92abc) 
0.00  
(0.00) 

46.67 

1.50 0.00e  

(0.00e)                                  
20.00defg 

(26.57bcd )               
53.33abcd (4
6.92abc) 

72.67hijkl (58
.48fghij )             

73.00ghijk    (
58.70ghij)          

76.33fghijk (60.9
4ijklm ) 

0.00  
(0.00) 

46.67cde (
43.08abc) 

0.00 
(0.00) 

53.33 

2.00 6.67de  

(8.86de )                
20.00defg 

(26.57bcd )               
60.00abc (50.
77abc) 

73.00hijkl 

(58.70fghij)              
74.00ghij   (5
9.35ghij)            

77.00fghij (61.3
7hijklm ) 

0.00 
(0.00) 

40.00de (3
9.23bc) 

0.00 
 (0.00) 

60.00 

CNE-6 1.00 6.67de 

(8.86de )                  
20.00defg 

(26.57bcd )               
60.00abc (50.
77abc) 

74.67ghijk 

(59.78efghi )              
75.67fghi 

(60.46fghi)               
78.67fghi (62.50
ghijkl  ) 

0.00 
(0.00) 

40.00de (3
9.23bc) 

0.00  
(0.00) 

60.00 

1.50 13.33cde (1
7.71cde )                

26.67def (30
.79abcd)               

60.00abc (50.
77abc) 

75.33fghijk 

(60.22efghi)             
76.67efgh   (6
1.12efghi)            

81.67efgh 

(64.69fghijk ) 
0.00  
(0.00) 

40.00de (3
9.23bc) 

0.00 
 (0.00) 

60.00 

2.00 13.33cde 

(17.71cde )                
33.33cde 

(35.01abc )                
60.00abc (50.
77abc ) 

76.67efghij 

(61.12defgh)             
77.33efg  (61
.58efgh)              

82.67defg (65.4
2efghij) 

0.00 
 (0.00) 

40.00de (3
9.23bc) 

0.00 
 (0.00) 

60.00 

CNE-7 1.00 13.33cde 

(17.71cde )                
33.33cde 

(35.01abc)                
60.00abc (50.
77abc) 

77.00efghij 

(61.35defg)             
78.67defg  (6
2.50efg)             

84.33def (66.73
efghi) 

0.00 
 (0.00) 

40.00de (3
9.23bc) 

0.00 
 (0.00) 

60.00 

 1.50 13.33cde 

(17.71cde )                   
33.33cde 

(35.01abc)                
60.00abc (50.
77abc) 

77.67defghi (6
1.81cdef)            

80.33cdef  (6
3.69def)             

87.33cde (69.19
defgh ) 

0.00 
 (0.00) 

40.00de (3
9.23bc) 

0.00 
 (0.00) 

60.00 

2.00 20.00cde (2
6.57bcd)                              

33.33cde 

(35.01abc)                
60.00abc (50.
77abc) 

78.33cdefgh 

(62.27cdef)             
80.67bcdef   (
63.96cdef)           

88.33bcde  (70.0
4defg) 

0.00  
(0.00) 

40.00de (3
9.23bc) 

0.00 
(0.00) 

60.00 

CNE-8 1.00 20.00cde (2
6.57bcd)                              

40.00bcd (39
.23abc)               

66.67ab (54.
99ab) 

80.33bcdefg 

(63.69bcde)             
81.00bcdef (6
4.22cdef)             

88.00bcde (69.7
4defg) 

6.67  
(8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

1.50 20.00cde (2
6.57bcd)                              

40.00bcd (39
.23abc)               

73.33a  

(63.85a) 
82.33abcdef 

(65.15abcd)             
82.33abcde  (6
5.17bcde)            

89.67abcde  (71.
28cdef ) 

6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

2.00 20.00cde (2
6.57bcd)                              

40.00bcd (39
.23abc)               

73.33a  

(63.85a) 
83.33abcde 

(65.91abc)              
84.67abcd (6
6.96abcd)              

90.67abcd (72.8
5bcde  ) 

6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

CNE-9 1.00 20.00cde (2
6.57bcd)                              

53.33abc 

(46.92ab)                
73.33a 

 (63.85a) 
83.67abcde 

(66.16abc)              
85.33abc     (6
7.50abcd)           

93.33abc  

(75.24abcd  ) 
6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

1.50 26.67bcd 

(30.79abcd)            
60.00ab 

(50.77ab )                 
73.33a 

 (63.85a) 
84.67abcd 

(66.96ab)               
85.67abc   (6
7.76abcd)             

93.67abc  

(75.57abcd )           
6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

2.00 33.33bc 

(35.01abc )                          
60.00ab 

(50.77ab)                 
73.33a 

 (63.85a) 
85.00abc 

(67.22ab)                
86.00abc 

(68.04abc)                
96.00ab 

 (78.52abc  ) 
6.67 
 (8.86) 

13.33e 
(17.71c) 

6.67 
(8.86) 

86.67 
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CNE-10 1.00 46.67ab 

(43.08abc )                            
60.00ab 

(50.77ab )                 
73.33a  

(63.85a) 
85.33abc 

(67.51ab)                
86.67ab   (68.
60ab)              

96.00ab  

(78.72abc ) 
6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

1.50 60.00a (50.
77ab)              
                

60.00ab 

(50.77ab)                 
73.33a  

(63.85a) 
86.33ab 

(68.31a)                 
87.67a     (69.
44a)             

97.00a 

 (80.65ab ) 
6.67 
 (8.86) 

13.33e  

(17.71c ) 
6.67 
(8.86) 

86.67 

2.00 66.67a 

(54.99a )                  
66.67a 

(54.99a )                  
73.33a  

(63.85a) 
87.67a (69.4
6a)                  

88.33a   (70.
05a)               

97.67a 

 (81.53a ) 
6.67 
 (8.86) 

13.33e (17
.71c) 

6.67 
(8.86) 

86.67 

CE 1.00 0.00e 

 (0.00e )                 
0.00g 

(0.00e  )                  
0.00f 

 (0.00d) 
-             - - 6.67  

(8.86) 
86.67ab 
(76.92ab) 

6.67 
(8.86) 

13.33 

1.50 0.00e 

 (0.00e )                 
0.00g 

(0.00e  )                  
0.00f  

(0.00d) 
-             -             - 6.67 

 (2.71) 
86.67ab (7
2.29ab) 

6.67 
(8.86) 

13.33 

2.00 0.00e  

(0.00e )                 
0.00g 

(0.00e  )                  
0.00f 

 (0.00d) 
-             -              - 6.67  

(8.86) 
86.67ab (7
2.29ab) 

6.67 
(8.86) 

13.33 

p-value  <.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001  
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

<.0001 
(<.0001) 

0.74 
  (0.76) 

<.0001 
(<.0001) 

0.7424  
(0.7424) 

 

CV (%)  52.28 
(52.99) 

24.87 
(24.95) 

27.11 
 (29.31) 

2.77  
(2.12) 

2.26 
(1.94) 

2.97 
(3.42) 

273.00 
(269.70) 

19.17 
 (23.91) 

258.90  
(258.90) 

SE(d)  5.174 
(5.717) 

5.334 
(5.523) 

10.063 
 (9.838) 

1.633 
 (1.013) 

1.356 
(0.942) 

50.00q  (45.00r) 
4.998 
(6.681) 

7.747 
 (8.757) 

5.125 
(6.807) 

LSD at 1%  23.317 
(25.765) 

24.039 
(24.89) 

45.352 
 (44.338) 

7.323 
 (4.545) 

6.0828 
(4.2267) 

53.33pq  (46.91
qr) 

Ns 
(ns) 

34.914 
(39.465) 

ns 
 (ns) 

* Values given are the mean of three replicates in % and arc sine transformed values in parenthesis followed by same letter (s) are not 

significantly different 
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                                                             4.  DISCUSSONS   

The primary oil-in-water (O/W) emulsion of neem oil was prepared using 

Tween-20, neem oil and distilled water as ingredients while citronella oil, Triton-X 

100 and distilled water were used for the preparation of (O/W) primary emulsion of 

citronella oil. The best ratio of oil, surfactant and distilled water for making primary 

emulsions of both the oils was 0.5:1.0:8.5. It was found that the increase in surfactant 

to neem oil or citronella oil ratio caused a decrease in droplet size (Tables 4.1, 4.2 and 

Figure-4.1). Nanoemulsions are known as isotropic, thermodynamically stable, 

transparent system of oil; water and surfactant with a droplet size usually in the range 

of 10-100 nm (Shafiq et al., 2007; Mei et al., 2003). The micelle size of the 

nanoemulsions was determined using DLS. In  DLS analysis, the average micelle size 

of neem nanoemulsions ranged from 11.23±3.86 to 17.80±4.52 nm and  that of 

citronella nanoemulsions from 8.12±2.80 to 12.04±3.74 nm for citronella 

nanoemulsions (Figures-4.2, 4.3 and 4.4), below the reported size range of similar 

nanoemulsions (Sakulku et al., 2009; Jerobin et al., 2012; Agrawal et al., 2017). The 

very low size range of nanomicelle of the present nanoemulsion formulation may be 

attributed to the use of Tween-20 and Triton-X-100 as emulsifiers, where as in the 

previous studies use of Tween-80, SPAN-80, poly (ethylene glycols), and other 

additives like glycerol, sodium alginates and starch (Sakulku et al., 2009; Jerobin et 

al., 2012; Agrawal et al., 2017) were reported. Triton-X-100 is a non-ionic surfactant, 

where poly (ethylene glycols) is attached with p-(1, 1, 3, 3-tetramethylbutyl)-phenyl 

group through ether linkage. The presence of the strong hydrophobic moiety (p-(1, 1, 

3, 3-tetramethylbutyl)-phenyl group) in PEG chain of Triton-X-100 may be attributed 

to the occurrence of very low size of developed nanomicelle. Previously, Triton-X-

100 was used in the development of nanoemulsion of α-tocopherol, cetylpyridinium 

chloride (Hwang et al., 2013; Saxena et al., 2017). Tween-20 was used as surfactant, 

because non-ionic surfactants are known to be less affected by pH and ionic strength. 

Increase in surfactant concentration in the emulsion leads to reduced droplet size and 

emulsion turbidity as emulsion turbidity is a function of particle concentration and the 

size of particle (Reddy and Fogler, 1981). 

The spherical form of developed nanoemuslion as revealed by Transmission 

Electron Microscope (TEM) (Figures-4.5 and 4.6) is similar to those obtained by Mao 

et al., (2009), who reported spherical morphology of β-carotene nanoemulsion 
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stabilised by Tween-20. Another study by Baboota et al., (2007) showed that 

celecoxib nanoemulsion exhibited size range between 19 and 78 nm by TEM studies. 

Reduction in droplet size increases the surface area of the droplet. This results in 

increasing the rate of accumulation of a.i on fungi and larvae causing increased 

fungicidal and larvicidal efficacy of the nanoemulsion.  

The FT-IR spectra of citronella oil, neem oil, Triton-X-100 and nanoemulsion 

are shown in Figure-4.7. Significant bands corresponding to important functional 

groups are listed in (Table 4.3). Citronella oil showed major bands at 3365, 2925, 

1724 and 1669 cm-1 corresponding to OH stretching, methylene C-H asymmetric 

stretching, carbonyl stretching and olefinic unsaturation stretching, respectively 

(Figure-4.7 A). These bands were due to presence of citronellal, citronellol, geraniol 

as major constituents in citronella oil (Wany et al., 2014). The characteristic bands of 

neem oil were observed at 2922, 2852, 1744, 1464 and 1160 cm-1 corresponding to 

OH stretching, aromatic/vinyl C-H stretching, aliphatic C-H stretching, carbonyl 

stretching and ether stretching, respectively (Jerobin et al., 2012), (Figure-4.7, B). The 

developed nanoemulsions showed characteristics bands of both citronella oil and 

neem oil (Figures-4.7, D). The characteristic bands of Triton-X-100 were not clear in 

the FT-IR spectra of nanoemulsion due to similarity of functional groups with oils 

(Figure-4.7, C).  

High degree of stability of neem nanoemulsions was observed according to 

CIPAC method. No foaming and separation of oily matter was seen in developed 

neem nanoemulsions even after 24 hrs (Table 4.4 and Figure-4.8). Also, citronella 

nanoemulsions formed stable, nearly transparent or translucent colloidal system, on 

dilution with standard hard water D (Table 4.5 and Figure-4.9). The emulsion stability 

on standing was checked and it was found that no free oil, frothing or any cream was 

formed. Again on re-emulsification, no abnormality and separation of cream, froth 

and oil was observed. The stabilization of nano droplet in the emulsions with 0.5.0: 

1.0:8.5 ratio of oil and surfactant would be due to surfactant, which reduces interfacial 

free energy and provides mechanical barrier to coalescence (Reiss, 1975). 

pH plays an important role in the stability of the emulsion system (Karthik et 

al., 2017). The pH of neem and citronella oils nanoemulsions measured are given in 

(Table 4.6). The pH values of neem nanoemulsions ranged from 3.53-4.51 and that of 
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citronella nanoemulsions from 2.30 to 5.85. No relation was found for the pH change 

with increasing concentrations of plant oils in nanoemulsions. 

The agricultural crop loss due to insect pests, diseases, nematodes and weeds 

has been recorded even up to 50% in spite of the application of modern crop 

protection measures (Devakumar et al., 2007). Of these, a considerable annual crop 

loss is due to plant diseases caused by phytopathogenic fungi, estimated up to about 

20% and poses continuous challenge to modern agriculture disease management 

system. These phytopathogenic fungi infect seeds, seedlings and mature plants in the 

field causing many diseases such as collar rot, wilt, damping off and dry root rot 

(Aggarwal et al., 2009). Among these fungi, Rhizoctonia solani and Sclerotium rolfsii 

infect many field crops.  

At present, quick and effective management of most of plant pathogen fungi is 

generally achieved by the use of synthetic fungicides. In recent years, a large number 

of synthetic fungicides are banned in western world because of their undesirable 

attributes such as acute toxicity, long degradation periods, accumulation in food chain 

and toxicity to non- targeted organisms (Gatto et al., 2011). However, the research of 

a new control system by botanical extract and bioagent is becoming a new possibility. 

Development of safe, effective and environment friendly botanical formulations has 

been thrust area of research since centuries as alternative strategy of pest 

management.  

In the current study, different concentrations (7.8, 15.625, 31.25, 62.5, 125 and 

250 ppm of neem and citronella nanoemulsions were screened for their antifungal 

activity against R. solani and S. rolfsii by poisoned food technique (Sharma and 

Tripathi, 2008). The neem nanoemulsions (NNEs) showed excellent fungicidal 

activity against R. solani and S. rolfsii (Table 4.7 and Figures-4.10, 4.11, 4.12 and 

4.13). ED50 values were found to vary from 13.69 to 109.71 mg L-1 for R. solani and 

14.71 to 85.97 mg L-1 for S. rolfsii (Figure.4.14). Results revealed that among the 

screened neem nanoemulsions, NNE-10 was found to be most effective against both 

R. solani (ED50 13.69 mg L-1) and S. rolfsii (ED50 14.71 mg L-1), but it has 

statistically insignificant difference with NNE-9. While the least antifungal activity 

against both R. solani (ED50 109.71 mg L-1) and S. rolfsii (ED50 85.97 mg L-) was 

shown in NNE-1. The results also showed that ED50 of neem nanoemulsions (NNEs) 

against R. solani and S. rolfsii decrease with increase in the amount of citronella oil 
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from (0.50 to 5%). The data further revealed that neem nanoemulsions showed 

significant fungicidal activity against, R. solani and S. rolfsii compared to neem oil. 

Our results were in agreement with Shivpuri and Gupta, 2001; Sarpeleh et al., 2009. 

 Several compounds have been reported from neem tree and among these, 

azadirachtin-A, nimbin and salanin were the major triterpenoids having several 

biological activities Biswas et al., 2002; Subapriya and Nagini, 2005). Azadirachtin is 

widely used in agriculture to combat insects, nematodes, fungi and bacteria. Wang et 

al., (2010) reported that neem extracts showed antifungal properties. Singh et al., 

(2015) reported that neem has demonstrated antifungal activity against fungi that 

cause certain plant diseases like rots, smuts, wilts, mildews, diebacks, blights and 

other plant diseases. Its extract is one of the most important plant products which 

inhibit mycotoxin production. The main chemicals of neem oil with antifungal 

activities are a mixture of triterpenoids and tetranortriterpenoid compounds. Neem 

leaf constituents are known to potentially inhibit aflatoxin production 

in Aspergillus parasiticus without affecting fungal growth (Ghorbanian et al., 

2008). Study on the effect of neem extracts on growth, sporulation, morhology and 

OTA production by Penicillium verrucosum and P. brevicompactum were 

investigated. The results show that neem extracts have fungitoxic activity, even 

though their mode of action is still not fully understood (Mossini et al., 2009). 

Nimbin also demonstrated antifungal activity by inhibiting the growth of Tinea 

rubrum (Biswas et al., 2002). Ghotbi et al., (2014) reported that azadirachtin possess 

antifungal properties. Ali et al. (2015) reported that neem extract at 1000 ppm 

concentration shown inhibition of R. solani (47.62%). The antifungal activity of neem 

has been attributed to volatile sulfides, and the limonoid, gedumin (Iyer, 1991). 

Sehajpal et al., (2009) reported that A. indica gave moderate effect against R. solani, 

and its fungitoxic activity may be due to the present of azadirchtin containing 

desactylmbin and azadiradione, a chemical constituent in A. indicia oil is known to 

possess antifungal activity (Sehajpal et al., (2009). 

Citronella nanoemulsions were evaluated for their antifungal activity against 

R. solani and S. rolfsii by the poisoned food technique and the ED50 values of different 

nanoemulsions are given in (Table 4.8). The citronella nanoemulsions (CNEs) showed 

excellent fungicidal activity against R. solani and S. rolfsii (Figures-4.15, 4.16, 4.17 

and 4.18). The results showed that the ED50 of citronella nanoemulsions (CNEs) 
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against R. solani and S. rolfsii decreased with increasing amounts of neem oil (0.50 to 

5%). ED50 values were statistically significant and varied from 25.64 to 311.04 mg L-1 

for R. solani and 20.88 to 405.75 mg L-1 for S. rolfsii (Table 4.8). Table 4.19) shows 

that citronella nanoemulsion (CNE-10) was most active against both R. solani (ED50 

25.64 mg L-1) and S. rolfsii (ED50 20.88 mg L-1), but statistically insignificant with 

CNE-9, while CNE-1was least active against both R. solani (ED50 311.04 mg L-1) and 

S. rolfsii (ED50 405.75 mg L-1). The data revealed that citronella nanoemulsion 

showed significant fungicidal activity against, R. solani and S. rolfsii compared to 

citronella oil. Results of current study were in agreement with many researchers. Li et 

al., (2013) found that different citronella oil inhibited the growth of Aspergillus niger.  

Nogueira et al., (2010) reported that the antifungal activity of essential oil might be 

related to their lipophilic characters which can penetrate the plasma membrane. 

Previous studies using the disc diffusion method had revealed that citronella oil 

exhibited antibacterial and fungicidal activity Nakahara et al., (2003) reported that the 

antifungal assay using the vapor-agar contact method showed crude essential oil from 

Cymbopogon nardus suppressed the growth of several species of Aspergillus, 

Penicillum and Eurotium species at dose of 250 mg L-1 in air; the most active 

compounds were citronellal and linalool. It has also been reported that nanoemulsions 

hold promise as an antimicrobial agent (Lawrence and Rees, 2000).   

According to the report of FAO, US $120 billion losses worldwide were 

caused by 20-40% decrease in crop yield, due to the attack from pathogenic 

organisms and insect pests (Suresh et al., 2017). Among the different insect pests, 

Spodoptera litura (Noctuidae: Lepidoptera), is an economically important 

polyphagous insect in many agricultural and horticultural crops in many countries 

including India, Japan, China and Southeast Asia (Sahayaij et al., 2007). It also has a 

wide range of host, which belongs to about 40 plant families. It also causes loss of 

many economically important cultivated crops even up to 100% in field (Abbas et al., 

2014). It is reported to attack more than 200 different species of plants, of which 40 

species are grown in India mainly, crucifers, cucurbits, groundnut, maize, castor, tea, 

tobacco, cotton, jute, lucerne, rice, soybean, cabbage, capsicum and potato including 

some ornamental plants (Abdul Razak et al., 2014). Various insecticides have been 

used for management of S. litura. However, due to their indiscriminate use, it has 

developed multiple types of resistance, causing difficulties in controlling it in the field 
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(Abbas et al., 2012). It has shown resistance against almost all the insecticide groups, 

such as, organochlorines, carbamates, organophosphates (OPs) and pyrethroids 

(Ahmad et al., 2007) including new insecticides like lufenuron, fipronil, avermectins, 

indoxacarb, spinosad and insect growth regulators (Ahmad et al., 2008). Research 

Worldwide since last few years is focused to overcome resistance problems using 

target-based biopesticides such as compounds based on bacteria, fungi, insect growth 

regulators and botanical pesticides.  In the current study, an alternative solution for 

the management of S. litura has been envisaged wherein innovative botanical 

formulations, viz: nanoemulsions of botanical oils mixture containinig different ratio 

of neem and citronella oils were developed and evaluated against 3rd instar larvae of 

S. litura (Fab). The present investigation was carried out to ascertain the biological 

activity of neem and citronella oils nanoemulsions.  

Bioactivity of neem nanoemulsions were studied against 3rd instar larvae of S. 

litura through leaf dip method at three different concentrations (1.0, 1.5 and 2.0%). 

The mortality of larvae was found to increase from 0.0 to 80.0%, 0.0 to 60.0% and 

13.33 to 80.0% at 24 hrs, 48 hrs and 72 hrs, respectively (Table 4.9). Maximum 

(80.0%) larval mortality occurred at NNE-7, NNE-8, NNE-9 and NNE-10 after 72 hrs 

followed by NNE-6 (66.67%) and NNE-5 (60.0%). The remaining nanoemulsions 

showed less than 50.0% mortality (Table 4.9). These results indicated that when 

citronella oil was added to the neem oil nanoemulsion, the insecticidal activity of the 

formulation was enhanced which showed that the chemical compounds present in 

citronella oil may be responsible for the larvicidal activity. Pinheiro et al., (2013) 

reported that essential oil of citronellal grass at 1.0% (w/v) caused significant 

mortality of Myzus persicae (96.9±1.57%). Citronellal, which is the major constituent 

of citronella oil, was reported to act synergistically with other natural complements, 

trans-anethole, thymol, and α-terpineol, in terms of both acute toxicity and feeding 

deterrence against S. litura (Hummelbrunner et al., 2001). Citronella oil has 

demonstrated good efficacy against mosquitoes in concentrations ranging from 0.05% 

to 15.0% (w/v) alone or in combination with other natural or commercial insect 

repellent products (Sakulku et al., 2009). Citronella oil is used as insect repellent 

against mosquitoes, fleas, black flies and ticks (Oussalah et al., 2006; Koba et al., 

2004). 



78 
 

Pupal mortality was recorded by counting dead pupae which were darker in color and 

small in size. Pupal mortality ranged from 0.0 to 6.67% (Table 4.9). Maximum of 

6.67% pupal mortality was observed in NNE-7, NNE-8, NNE-9 and NNE-10. 

Though, there was no statistically significant difference among them, nanoemulsions 

with citronella oil content more than 3.0% (NNE-7, NNE-8, NNE-9 and NNE-10) 

showed highest pupal mortality (6.67%) among the treatments. 

  Effect of neem nanoemulsions on the weight reduction of S. litura at 24 hrs, 

48 hrs and 72 hrs intervals ranged from 49.67 to 88.0%, 50.33 to 91.0% and 52.33 to 

90.33% respectively (Table 4.9). NNE-10 showed the highest larval weight reduction 

(91.0%) at 2.0% concentration after 48 hrs, while minimum larval weight reduction 

was observed in NNE-1 (49.67%) at 1.0% concentration after 24 hrs (Table 4.9). The 

larval weight reduction was increased when the amount of citronella oil increased 

from 0.5 to 5.0%. This reduction in larval weight may be due to reduced food intake 

and antifeedant activity of the oils. 

 The adult emergence was found to be between 86.67 and 0.0% in NNE-1 and 

NNE-10, respectively. But only 1.33% malformed adult were noticed in NNE-7, 

NNE-8, NNE-9 and NNE-10. In NNE-1 at 1.0 and 1.5% concentrations, 86.67% 

normal adult emergence occurred with 13.33% IGR activity. While using NNE-10, 

100% IGR activity was observed. It was found that  malformed adults were formed 

only at higher concentration of citronella oil (>3.00%) in nanoemulsion affected the 

molting and induced a wide range of anatomical abnormalities such as deformed 

body, incomplete wing base, twisted wing, shortened antenna, shortened mouth parts, 

stretched out mouth and twisted genitalia. The enhanced growth regulatory activity 

was due to addition effect of citronella oil in neem nanoemulsion. 

Similarly, bioactivity of citronella nanoemulsions (CNEs) were studied against 

3rd instar larvae of S. litura at three different concentrations (1.0, 1.5 and 2.0%). The 

mortality of larvae increased from 0.0 to 66.67%, 0.0 to 66.67% and 6.67 to 73.33% 

at 24 hrs, 48 hrs and 72 hrs, respectively (Table 4.10). Maximum larval mortality 

occurred at CNE-8, CNE-9, CNE-10 followed by CNE-7, CNE-6 and CNE-5. The 

remaining concentrations showed less than 50.0% mortality. These phenomena of 

high mortality of larvae with increase in concentration of neem oil in citronella 

nanoemulsion may be attributed to increased content of azadirachtin, insecticidal 

component of neem oil, in the nanoformulations. Citronella nanoemulsions (CNE-8, 
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CNE-9 and CNE-10) with 4.0% and more neem oil do not have significant difference 

among themselves (Table 15). These results indicated that when neem oil was added 

to citronella oil nanoemulsion, the insecticidal activity of the formulation was 

enhanced, a phenomenon which is in corroboration with the previous results (Ali et 

al., 2017). Study showed that the nanoparticles containing azadirachtin (5000 mg/kg) 

were effective in combating Plutella xylostella, with 100% mortality of the larvae 

(Shah et al., 2016). Nanoemulsion of neem oil in Tween-20 was found as potent 

larvicidal agent for Culex quinqueasciatus (Anjali et al., 2011). Okumu et al., (2007) 

reported that the emulsions of neem oil with emulsifier and isopropanol to be 

effective against Anopheles gambiae. The compounds from neem have been reported 

to be effective bioinsecticides (Chary, 2011) and found useful in controlling nearly 

400 insects of medical and veterinary species and flies Amblyomma variegatum, lice, 

head louse, spiders, mosquitoes cockroaches and fleas (Abdel-Ghaffar et al., 2012). 

Pupal mortality was also recorded and found to vary from 0.0 to 6.67% (Table 

4.10). The highest pupal mortality (6.67%) was observed in CNE-8, CNE-9 and CNE-

10.  

Also, the larval weight reduction at 24 hrs, 48 hrs and 72 hrs ranged from 

49.33 to 87.67%, 49.67 to 88.33% and 50.0 to 97.67%, respectively (Table 15). CNE-

10 showed highest larval weight reduction (97.67%) at 2% concentration after 72 hrs, 

while minimum larval weight reduction was observed in CNE-1 (49.33%) at 1.0% 

concentration after 24 hrs (Table 4.9). It has been found that the larval weight 

reduction increased when the amount of neem oil increased from 0.5 to 5.0%. This 

reduction in larval weight was due to reduced food intake and antifeedant activity of 

the oil. It was also reported that azadirachtin inhibited the production of fat body 

proteins resulting in weight reduction (Schluter et al., 1985). Similarly, neem oil was 

reported to cause reduction in larval weight of Helicoverpa armigera at 3 and 7 DAT 

ranging between 27.15 to 85.88% and 27.1 to 53.16%,  respectively (Jaydeep, 2008). 

The adult emergence was found to be between 93.33 and 13.33% in CNE-1 

and CNE-10 nanoemulsions, respectively. Only 6.67% abnormal malformed adult 

was recorded in CNE-8, CNE-9 and CNE-10 nanoemulsions. In CNE-1 at 1.0 and 

1.5% concentrations, 93.33% normal adult emergence occurred while 86.67% IGR 

activity was found in NNE-10. It was found that abnormal adults were formed only at 

higher concentration of neem oil (>4.00%) in citronella nanoemulsion. These results 
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are similar to previous study in which neem extracts were found to have growth 

regulation activity besides other activities like repellency against lice, ticks and 

mosquito (Tiwari et al., 2014). Growth regulatory and antifeedant activity of neem 

was due to presence of azadirachtin and other bioactive substances (Wu et al., 2006) 

and their interaction with the neuro-endocrine system of insects (Mordue et al., 2005). 

In the present study, enhanced growth regulatory activity was due to additional effect 

of neem oil in nanoemulsion. Azadirachtin from the neem plant is the main 

component responsible for antifeedant, repellent, growth disruptant and adverse 

activities on reproduction against insects (Roy and Gurusubramanian, 2011). Neem 

extracts have shown effect on regulation of growth as well as repellency (Tiwari et 

al., 2014). At the physiological level, azadirachtin blocks the synthesis and release of 

molting hormones (ecdysteroids) from the prothoracic gland leading to incomplete 

ecdysis in mature insects (Franck et al., 2009). 
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                                                              6. SUMMARY AND CONCULSION 

Biopesticides are considered to be safe, target specific, biodegradable and eco-

friendly. These, especially Azadirachta indica A. Juss. (neem) based biopesticides, 

are mainly used as emulsified concentrate (EC). There is growing interest in 

nanoemulsions based on phytochemical mixtures in pest control due to their better 

efficacy compared to conventional biopesticides. The seed oil of A. indica and 

Cymbopogon nardus (L.) Rendle (Citronella) oil are known to have pest control 

properties. However, their utilization is often restricted due to relatively low water 

solubility. This drawback can be overcome by encapsulating oils in oil-in-water 

(O/W) emulsions or nanoemulsions using low or high energy methods. Thus the 

thesis entitled “DEVELOPMENT OF INNOVATIVE FORMULATION(S) OF 

PHYTOCHEMICALS/OIL DERIVED FROM AZADIRACHTA INDICA A. 

JUSS AND CYMBOPOGON NARDUS (L.)” had an aim to develop nanoemulsions 

based on neem and citronella oils for their use in pest management. The main aim of 

this study was to develop neem and citronella oil nanoemulsions by using low energy 

spontaneous emulsification methods. Another area of research was to characterize the 

developed nanoemulsion formulations. 

Further, it was planned to study the  in vitro bio efficacy of different 

developed nano formulations against phtyopathogenic fungi, Rhizoctonia solani and 

Sclerotium rolfsii, and against Spodoptera litura larvae. In this study, the 

nanoemulsion formulations containing neem oil, Tween 20 and deionised water 

(NNEs) and nanoemulsion formulations containing citronella oil, Triton-X100 and 

deionized water (CNEs),  were successfully optimized by the low energy spontaneous 

emulsification method. The developed nanoemulsion formulations were characterised 

by Dynamic light scattering (DLS), Fourier transform infrared spectrophotometer 

(FT-IR), Transmission Electron Microscope (TEM), stability test and pH.  

The average size of droplets of neem nanoemulsion (NNEs) with different 

percentage of citronella oil ranged from 11.23±3.86 nm to 17.80±4.52 nm while that 

of citronella nanoemulsion (CNEs) with different percentage of neem oil ranged from 

8.12±2.80 nm to 12.04±3.74 nm. It was found that increase in surfactant ratio to neem 

oil or citronella oil decreases the size of droplets in nanoemulsions. The smallest 
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droplet size of 11.23±2.78 nm for neem nanoemulsions (NNEs) and 8.12±2.80 nm for 

citronella nanoemulsions (CNEs) were obtained.  

The loading of citronella and neem oil in the nanomicelle was confirmed using 

FT-IR, which showed characteristic bands of both the oils in the nanomicelle. TEM 

study showed the spherical shape of neem and citronella oil nanoemulsions. 

The developed nanoemulsion formulations were stable as per CIPAC 

guidelines. No foaming and separation of oily matter was seen even after 24 hrs. The 

nanoemulsions formed stable nearly transparent or translucent colloidal system on 

dilution with standard hard water D. The emulsion stability on standing was checked 

and found that no free oil, frothing or any cream was formed in the test cylinders. 

Again on re-emulsification, no abnormality and separation of cream, froth and oil was 

observed.  

Further, in vitro bioefficay evaluation of developed nano formulations was 

done against R. solani and S. rolfsii by poisoned food technique method. Results 

showed that neem nanoemulsion 10 (NNE-10) and citronella nanoemulsion 10 (CNE-

10) were most active against R. solani (ED50 13.67 mg L-1
 and 25.64 mg L-1) and S. 

rolfsii (ED50 14.71 mg L-1 and 20.88 mg L-1) respectively. The standardization of the 

composition and development of citronella essential oil and neem oil based 

nanoemulsions and their antifungal activity against these two fungi has been reported 

for the first time.  

Also developed nanoemulsion formulations were evaluated for their larvicidal 

and growth regulatory activity against 3rd instar larvae of S. litura (Fab) in laboratory 

conditions. In case of neen nanoemulsions (NNEs), it was found that increased 

concentration of citronella oil in the neem nanoemulsion resulted in enhanced larval 

mortality.  

The mortality of larvae increased from 0.00 to 80.00%, 0.00 to 60.00% and 13.33 to 

80.00% at 24 hrs, 48 hrs and 72 hrs respectively. Maximum larval mortality was 

observed in NNE-8 (citronella oil 4%), NNE-9 (citronella oil 4.5%) and NNE-10 

(citronella oil 5%) (80.00%) after 72 hrs followed by NNE-6 (66.67%) and NNE-5 

(60.00%) as compared to control (0.00%) whereas, in all remaining concentrations, 

the mortality was less than 50.00%. 
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 Pupal mortality ranged from 0.00 to 6.67% (Table 14). Nanoemulsions with 

citronella oil content more than 3.00% (NNE-7, NNE-8, NNE-9 and NNE-10) showed 

highest pupal mortality (6.67%). 

  The mean per cent larval weight reduction at 24 hrs, 48 hrs and 72 hrs ranged 

from 49.67 to 88.00%, 50.33 to 91.00% and 52.33 to 90.33% respectively (Table 14). 

NNE-10 showed the highest larval weight reduction (91.00%) at 2.00% concentration 

after 48 hrs, while minimum larval weight reduction was observed in NNE-1 

(49.67%) at 1.00% concentration after 24 hrs (Table 14). The larval weight reduction 

increased when the amount of citronella oil increased from 0.50 to 5.00%.  

 The adult emergence was found to be between 86.67 and 0.00% at NNE-1 and 

NNE-10, respectively as against 86.67% in control. But only 1.33% abnormal 

malformed adult were noticed at NNE-7, NNE-8, NNE-9 and NNE-10. At NNE-1 (1 

and 1.5%) concentrations, 86.67% normal adult emergence occurred with 13.33% 

IGR activity. While using NNE-10, 100% IGR activity was observed. It was found 

that abnormal adults were formed only at higher concentration of citronella oil 

(>3.00%) in nanoemulsion. The enhanced growth regulatory activity of S. litura was 

due to addition effect of citronella oil in neem nanoemulsion. 

  Bioactivity of citronella nanoemulsions (CNEs) was studied against 3rd instar 

larvae of S. litura. The mortality of larvae increased from 0.00 to 66.67%, 0.00 to 

66.67% and 6.67 to 73.33% at 24 hrs, 48 hrs and 72 hrs respectively. Maximum larval 

mortality was observed in CNE-8 (citronella oil 4.00%), CNE-9 (citronella oil 

4.50%), and CNE-10 (citronella oil 5%) (73.33%) after 72 hrs followed by CNE-7, 

CNE-6 (60.00%) and CNE-5 (53.33%) whereas, in all remaining concentrations the 

mortality was less than 50.00%. These phenomena of high mortality of larvae with 

increase in concentration of neem oil in citronella nanoemulsion may be attributed to 

increased content of azadirachtin, insecticidal component of neem oil, in the nano 

formulation (Kumar and Parmar, 1996). Citronella nanoemulsions (CNE-8, CNE-9 

and CNE-10) with 4.00% and more neem oil do not have significant difference among 

themselves (Table 15). These results indicate that when neem oil is added to the 

citronella oil nanoemulsion, the insecticidal activity of the formulation was enhanced,  

Pupal mortality ranged from 0.00 to 6.67% (Table 15). A maximum of 6.67% 

pupal mortality was observed in CNE-8, CNE-9 and CNE-10. Though there was no 
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statistically significant difference among them, nanoemulsions with neem oil content 

more 4.00% (CNE-8, CNE-9 and CNE-10) showed highest pupal mortality (6.67%). 

The mean% larval weight reduction at 24 hrs, 48 hrs and 72 hrs ranged from 

49.33 to 87.67%, 49.67 to 88.33% and 50.00 to 97.67% respectively (Table 15). 

CNE-10 showed the highest larval weight reduction (97.67%) at 2% concentration 

after 72 hrs, while minimum larval weight reduction was observed in CNE-1 

(49.33%) at 1.00% concentration after 24 hrs (Table 15). The larval weight reduction 

was increased when the amount of neem oil increased from 0.50 to 5.00%. The adult 

emergence was found to be between 93.33 and 13.33% in CNE-1 and CNE-10, 

respectively as against 86.67% in control. But only 6.67% malformed adults were 

noticed at CNE-8, CNE-9 and CNE-10. At CNE-1 (1 and 1.5%) concentrations, 

93.33% normal adult emergence occurred with 6.67% IGR activity. While using 

NNE-10, 86.67% IGR activity was observed. It was found that abnormal adults were 

formed only at higher concentration of neem oil (>4.00%) in citronella nanoemulsion.  

In the present study, neem and citronella nanoemulsions were found to be 

effective in controlling phytopathogenic fungi R. solani, S. rolfsii and the larvae of S. 

litura. The reduced size increased the fungcidal and larvicidal efficacy. Developed 

nanoemulsions, based on neem and citronella oil, can be utilized as an alternative for 

the management of pests as these can be easily prepared, are economically viable and 

less toxic to the environment than synthetic pesticides. 

 

 



Development of innovative formulation (s) of phytochemicals/oil derived from 
Azadirachta indica A. Juss and Cymbopogon nardus (L.) 

ABSTRACT 

Biopesticides are safe, target specific, biodegradable and eco-friendly. 

Azadirachta indica seed oil and Cymbopogon nardus (L.) Rendle (Citronella) oil are 

known to have pesticidal properties. However, their utilization is often restricted due 

to relatively low water solubility. This drawback can be reduced by encapsulating oils 

in oil-in-water (O/W) emulsions or nanoemulsions using low or high energy methods. 

In this study, various nanoemulsions of crude neem and citronella oils with 

surfactants were developed. The physio-chemicals properties of developed 

formulations (Particles size, TEM analysis, FT-IR, stability test and pH) were 

determined. The average size of droplets of neem nanoemulsions (NNEs) with 

different percentage of citronella oil ranged from 11.23±3.86 nm to 17.80±4.52 nm 

while that of citronella nanoemulsions (CNEs) with different percentage of neem oil 

ranged from 8.12±2.80 nm to 12.04±3.74 nm. It was found that increased surfactant 

ratio to neem or citronella oil decreases the size in nanoemulsions. The 

standardization of the composition and development of citronella essential oil and 

neem oil based nanoemulsions and their antifungal activity against these two fungi 

has been reported for the first time. NNE-10 and CNE-10 were most active against R. 

solani (ED50 13.67 mg L-1
 and 25.64 mg L-1) and S. rolfsii (ED50 14.71 mg L-1 and 

20.88 mg L-1) respectively. The neem and citronella nanoemulsion formulations have 

been evaluated for their larvicidal and growth regulatory activity against 3rd instar of 

Spodoptera litura (Fab) in laboratory conditions. Maximum (80.0%) larval mortality 

against 3rd instar larvae of S. litura occurred in NNE-7, NNE-8, NNE-9 and NNE-10 

after 72 hrs, while maximum (73.33%) larval mortality occurred in CNE-8, CNE-9 

and CNE-10 after 72 hrs. NNE-10 and CNE-10 showed the highest larval weight 

reduction (91.0% and 97.67%) at 2.0% concentration after 48 and 72 hrs respectively. 

Developed nanoemulsions, based on neem and citronella oil, can be utilized as an 

alternative for the management of pests as these can be easily prepared and are 

economically viable and less toxic to the environment than synthetic pesticides. 

 



,t+kMk;jsDVk bafMdk ,- tl ¼,oa½ flEcksiksxksu ukMZl¼,y-½ ls O;qRiUu ikni jlk;uksa@rsy dh uoksUes’kh 

QkewZys”ku ¼QkeZyw”kuksa½ dk fodkl 

lkj 

tSo&uk”khthouk”kh lqjf{kr]y{; fof”k’V] tSo&fuEuhdj.k ;ksX; ,ao i;kZoj.k&vuqdwy gSaA,t+kMk;jsDVk 

bafMdk ds chtksa ds rsy vkSj flEcksiksxksu ukMZl ¼,y-½ jsaMy ¼flVªksuSyk½ rsy esa uk”khthouk”kd xq.k 

fon~;eku gksrs gSaA rFkkfi]vkisf{kd :Ik ls de ty ?kqyu”khyrk ds dkj.k mudk mi;ksx izk;% lhfer gSA 

U;wu ,ao mPp ÅtkZ fof/k;ksa dk mi;ksx dj] ty&esa&rsy ¼vks@MCyw½ beY”ku ;k uSuksbeY”ku esa rsyksa dks 

dSIL;wy esa can dj bl leL;k dks de fd;k tk ldrk gSA bl v/;;u esa] vifj’d`r uhe ,ao flVªksuSyk 

rsy dks i`’B&lfdz;dksa ds lkFk feykdj dbZ uSuksbey”ku fodflr fd, x, gSaA fodflr dh xbZ bu 

QkewZys”kuksa ds HkkSfrd&jklk;fud xq.k ¼d.k&ifjek.k] Vh bZ ,e fo”ys’k.k],Q Vh vkbZ vkj] LFkkf;Ro ,ao ih 

,p eku½ Kkr fd, x,A flVªksuSyk rsy dh fHkUu&fHkUu izfr”krrk ds lkFk uhe uSuksbeY”ku ¼,u ,u bZ½ dh 

cwanksa dk vkSlr ifjek.k 11-23 +++$ 3-86 uSuks ehVj ls 17-80 $ 4-52 uSuksehVj dh lhek esa Fkk tcfd uhe ds 

rsy dh fHkUu izfr”krrk ds lkFk flVªksuSyk uSuksbeY”ku ¼lh ,u bZ½ dh cwanksa dk vkSlr ifjek.k 8-12 $2-80 

uSuks ehVj ls 12-04 $ 3-74 uSuksehVj dh lhek esa FkkA ;g ik;k x;k fd uhe ;k flVªksuSyk rsy esa 

i`’B&lfdz;d dk vuqikr c<+kus ls uSuksbeY”ku dk ifjek.k de gks tkrk gSaA flVªksuSyk vko”;d rsy vkSj 

uhe rsy vk/kkfjr uSuksQkewys”kuksa dk fodkl ,oa mudh lajpuk dk ekudhdj.k rFkk nks dodksa ds fo:n~/k 

budh dodfojks/kh lfdz;rk ds fo’k; esa ;g izFke lwpuk gSA ,u ,u bZ&10 dze”k% vkj- lksysukbZ¼bZ Mh50 

13-67 fexzk izfr yh ,oa 25-64 fexzk izfr yh½,oa ,l-jksYQlkbZ¼bZ Mh50 14-71 fexzk izfr yh ,oa 20-88 fexzk 

izfr yh½ ds fo:n~/k lokZf/kd lfdz; ik, x,A iz;ksx”kkyk ifjfLFkfr;ksa ds varxZr] LiksMksIVksjk fyV~;wjk ¼QSc½ 

ds rhljs bUlVkj ds fo:n~/k uhe ,oa flVªksuSyk uSuksbeY”ku QkewZys”ku dk mudh ykokZuk”kh ,oa o`n~f/k 

fu;ked lfdz;rk gsrw ewY;kadu fd;k x;kA ,u ,u bZ&7] ,u ,u bZ&8] ,u ,u bZ&10 esa 72 ?kaVs 

i”pkr ,l-fyV~;wjk ds rhljs bUlVkj ykoksZa ds fy, vf/kdre¼80-0%½ ykokZ&eR;Zrk ns[kh xbZ tcfd lh ,u 

bZ&8] lh ,u bZ&9 ,oa lh ,u bZ&10 esa 72 ?kaVs i”pkr vf/kdre ykokZ&eR;Zrk ns[kh xbZA ,u ,u bZ&10 

,oa lh ,u bZ&10 us 2-0%lksnzrk ij dze”k% 48 ,oa 72 ?kaVs i”pkr] ykokZ es Hkkj dh vf/kdre deh ¼91-0%½ 

,oa 97&67%½ n”kkZ;h A uhe ,oa flVªksuSyk ds rsy ij vk/kkfjr] fodflr dh xbZ bu QkewZys”kuksa dk 

uk”khthoksa ds izca/kukFkZ ,d fodYi ds :Ik esa mi;ksx fd;k tk ldrk gS D;ksafd bUgsa rS;kj djuk ljy gS] 

vkfFkZd :i ls mi;ksxh gSa vkSj la”ysf’kr uk”khthoukf”k;ksa dh rqyuk esa i;kZoj.k ds fy, budh fo’kkDrrk 

ux.; gSA 
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