
           VOL. XII, ISSUE XXXXV, Jan 2023                              MULTILOGIC IN SCIENCE                                               ISSN 2277-7601 
An International Refereed, Peer Reviewed & Indexed Quarterly Journal for Applied science 

NAAS Rating 2022 - 4.51  533 

           NEEM BASED PESTICIDE FORMULATIONS AND AGRO-ENTREPRENEURSHIP 

Ashwini M. Charpe1 and Mohini M. Dange2    
1 Assoc. Prof. (Pl.Path.), AICRP on PHET, Dr.PDKV, Akola (MS) – 444 104 

2 Asstt. Prof. (Agril. Process Engg.), Dept. of APE, CAET, Dr.PDKV, Akola (MS) – 444 104 

                                                                                                 ashwinicharpe@yahoo.com 

(MS Received: 24.11.2022; MS Revised:06.12.2022; MS Accepted: 07.12.2022)  

MS 2977                                                               (RESEARCH PAPER IN AGRICULTURE.)   

Abstract: 

Neem (Azadirachta indica) is well studied tree specie that has repeatedly demonstrated immense pesticidal efficacy due to active ingredients like 

azadirachtin, nimbin, nimbicidin, etc. Neem based pesticide formulations are reported to control plant parasitic fungi, bacteria, virus, nematodes, 

insects and mites. Indian mainland provide suitable climate for the growth of A. indica. According to the Report of an Ad Hoc Panel of the Board 

on Science and Technology for International Development National Research Council (1992), neem has been planted in many parts of Asia, Africa 

and some other areas of the world. However over 60% of the entire neem population is in India (Neem Foundation, 1997). It may be a lucrative 

business to further grow neem tree through community plantings and social forestry and promote agro-entrepreneurships to develop pesticide 

formulations on commercial levels. In India, bio-pesticides represent only 4.2 per cent of the overall pesticide market which is expected to exhibit 

an impressive annual growth rate of around 10 per cent in the coming years. According to the estimates of Neem Foundation (a voluntary, 

independent and non-profit organization) stated by EXIM Bank report, there are about 20 million neem trees in India. As per industry estimates, 

neem bears 3.5 million tonnes of kernels every year, and from this, around 7 lakh tonnes of neem oil can be obtained. Therefore, there is immense 

potential of neem based products in India, which can be tapped if the medicinal plant, as part of agro-forestry and Integrated Rural Development 

Program (IRDP), is popularized and its value added products are rolled out through village industries, says the Bank report. Recently, few such 

initiatives are taken by farmers and they are coming up with organized neem farming.   
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Introduction 

Neem (Azadirachta indica L.) commonly known as Indian Neem Plant 

is an evergreen, hard tree native to Indian sub-continent. It can easily 

be grown in a nutrient poor soil and survive even in dry harsh 

conditions. Both leaves and fruit of neem plant are known to have bitter 

taste having fungicidal, insecticidal and nematicidal properties. A 

tetranorterpenoid limonoid Azadirachtin and Saponins are responsible 

for the biopesticidal potential of this wonder plant. Azadiractin not only 

has a unique  mode  of  action  against  insects,  it  also has  adverse  

effects  on  fungi,  viruses,  nematodes and protozoans (Raizada et al., 

2001). Biopesticides are good alternative to the synthetic pesticides as 

they are eco-friendly and has low toxicity level to humans and non-

target organisms (Copping and Menn 2000; Nathan et al., 2005). Neem 

is recognized as one of the most reliable botanical sources of 

biopesticides. 

Insecticidal Properties of Neem 

The principle component that has insecticidal  activity  in  neem  

extracts  is  a limonoid,  Azadirachtin.  It  has  been  evaluated as  the  

most  promising  insecticide  of  botanical origin,  used  against  more  

than  400  species  of insects. Up  till now  nine  types  of  azadirachtin  

has  been  identified  in  neem seed  extract. Azadirachtin has a 

molecular formula C35H44O16  and  chemically it is a 

tetranorterpenoid. Azadirachtin have many reactive functional groups 

which are closely associated with each other which makes it a highly 

oxidized limonoid (Ley, Denholm and Wood, 1993). The major 

component of neem seeds is azadirachtin A. Azadirachtin acts on the 

mitotic cells and blocks the microtubule polymerization in insects. 

Certain activities of genes and proteins are also altered by azadirachtin. 

Azadirachtin acts on endocrine and neuroendocrine systems which  are  

important  to  regulate  the developmental  processes  of  insects. It may 

cause a reduction in feeding habit, suspend the molting process, larvae 

and pupae death and also cause sterility in the emerging adults, this all 

depend on the given dose and thereby lowers their population density. 

It has been revealed that the anti-proliferating effect of azadirachtin is 

due to blocking of cell cycle and induction of apoptosis (Huang et al., 

2011). In addition to this nuclear DNA is directly damaged by 

azadirachtin and also  binds  to  a  large  protein  complex  including  

heat  shock protein 60 (Robertson et al., 2007). Among various 

agricultural pests neem is reported to suppress pine weevil in forestry, 

rice leaf folder, Plutella xylostella on vegetables. Other target insect 

species include Anopheles stephensi (Lucantoni et al., 2006), A. 

culicifacies (Chandramohan et al., 2016), Ceraeochrysa 

claveri (Scudeler et al., 2013, 2014; Scudeler and dos Santos, 

2013), Cnaphalocrocis medinalis (Senthil Nathan et al., 

2006), Diaphorina citri (Weathersbee and McKenzie, 

2005), Helicoverpa armigera (Ahmad et al., 2015), Mamestra 

brassicae (Seljasen and Meadow, 2006), Nilaparvata lugens 

Stal (Senthil-Nathan et al., 2009), Pieris brassicae (Hasan and Shafiq 

Ansari, 2011), and Spodoptera frugiperda (Tavares et al., 2010). 

Arachnid targets include Hyalomma anatolicum excavatum (Abdel-

Shafy and Zayed, 2002) and Sarcoptes scabie var. cuniculi larvae (Xu 

et al., 2010). Nathan et al. [22]  studied the effects of neem limonoids 

azadirachtin,  salannin,  deacetyl gedunin,  gedunin,  17-hydroxyaz-

adiradione  and deaceytl nimbin  on  the  enzymes  present  in  the  gut  

of  the  larvae  of  the  rice  leaf  folder.  The activities  of  acid  

phosphatases  (ACP),  alkaline  phosphatases  (ALP)  and  

adenosinetriphosphatases (ATPase) of rice leaf folder larvae gut were 

affected when they were fed on rice  leaves  treated  with limonoids.  

Azadirachtin  proved  to  be  most  effective  in  inhibiting  all enzymes.  

Subrahmanyam  et  al. (23)  reported  that  the  antifeedant azadirachtin  

is  responsible  for  the  reduction  in  food  consumption  in  female 

Locust amigratoria. Nathan[22] reported the effect of azadirachtin on 

the mid gut enzymatic profile of Spodoptera litura Fab. Similarly, the 

effect of neem limonoids on lactate dehydrogenase of an insect, rice 

leaf folder (Cnaphalocrocis medinalis) was also reported [Nathan et al., 

2006]. Tribolium  castaneum (Herbst)  is  one  of  the  chief  storage  

pests  that  rely  on  starch  and  is  responsible  for  the severe  loss  of  

stored  grains  [Butterworth and Morgan, 1971].  As  the  insects  are  

totally  dependent  on  starch  hydrolyzing enzymes  for  their  survival,  

these  enzymes  are  good  candidates  for  the  inhibition  by  plant 

derived  molecules.  Azadirachtin  is  an  antifeedant,  and  is  involved  

in  the  inhibition  of  glutathione  synthesis  and inhibition of various 

neuroendocrine processes in the brain of locust (Schistocerca 

gregaria)[ Parangama, Connolloy and Strang, 2003]. A  computational  

dissection  of Triboilum  castaneum endoglucanaseenzyme,  deduced  

from T. castaneum genome,  showed  that  there  were  five  cys  

involved in  the  formation  of  disulphide  bridges  in  the  molecule.  

The  disulfide  bridges  did  not provide  any  protection  to  
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endoglucanase  active  site and   beta-1,4-endoglucanase  activity of T.  

castaneum was  inhibited by azadirachtin. In a study it was 

demonstrated that azadirachtin has a latent effect on T. confusum 

progenies  as  manifested  by  the  reduced  growth  and  development  

of  immature  and  mature stages, and lesser production of adults [Najat, 

2011]. Azadirachtin can also interfere in mitosis, in the same way as 

colchicine, and has direct histopathological effects on insect gut 

epithelial cells, muscles, and fatty tissues, resulting in restricted 

movement and decreased flight activity (Wilps et al., 1992; Mordue 

(Luntz) and Blackwell, 1993; Qiao et al., 2014). Moreover, azadirachtin 

can inhibit the release of prothoracicotropic hormone and allatotropins 

from the brain-corpus cardiacum complex, resulting in problems of 

fertility and fecundity (Mulla and Su, 1999). 

 

Saponins also have insecticidal properties. Saponins were able to inhibit 

beta-1,4 endoglucanase enzyme activity, present in pine weevil in 

forestry, rice leaf folder and P. xylostella on vegetables. Repellancy test 

for T. casteneum revealed that each group of compounds (Saponins and 

Azadirachtin) was able to repel the insect. Saponins may be considered 

as a part of the plant defense system (Morrissey and Osbourn, 1993). It 

has been reported that saponins can be activated by the plant enzymes 

in response to tissue damage by insects (Gus-Mayer et al., 1994). 

Azadirachtin, salanin and other limonoids present in neem oil also 

inhibit ecdysone 20-monooxygenase, the enzyme responsible for 

catalyzing the final step in conversion of ecdysone to the active 

hormone, 20-hydroxyecdysone, which controls the insect 

metamorphosis process (Morgan, 2009). Meliantriol and salannin also 

act to inhibit the feeding of insects (EMBRAPA, 2008). 

Several studies have described the action of neem oil in specific groups 

of insects. Among the major insect groups, neem oil has shown action 

against (i) Lepidoptera: anti-feeding effect and increased larvae 

mortality (Mancebo et al., 2002; Michereff-Filho et al., 2008; Tavares 

et al., 2010); (ii) Hemiptera: early death of nymphs due to inhibition of 

development and ecdysis defects (Weathersbee and McKenzie, 

2005; Senthil Nathan et al., 2006; Formentini et al., 2016); (iii) 

Hymenoptera: food intake decrease, reduced larval and pupal 

development, larvae death during the molting process (Li et al., 2003); 

(iv) Neuroptera: severe damage in the midgut cells of larvae, injury and 

cell death during the replacement of midgut epithelium, and changes in 

cocoons, with increased porosity and decreased wall thickness affecting 

pupation (Scudeler et al., 2013, 2014; Scudeler and dos Santos, 2013). 

In another class, the Arachnida, exposure of the Ixodidae group to neem 

oil decreased egg hatching and caused malformation, deformities, and 

death of larvae and adults (Abdel-Shafy and Zayed, 2002). 

Antifungal Properties of Neem 

Fungi have also been reported sensitive to azadirachtin and saponins 

(Mordue (Luntz), Morgan and Nisbet, 2005). Saponins  may  be  

considered  as  a  part  of  the  plant  defense  system  (Morrissey  and  

Osbourn, 1993).  It  has been  reported    that  saponins  can  be  activated  

by  the  plant  enzymes  in  response  to  pathogen attack (Gus-Mayer 

et al., 1994). Saponins  are  the  surface-active  glycosides  that  naturally 

occur  in  certain  plants,  animals  and  microorganisms.  Mainly they 

are produced by plants but lower amount in marine animals and some 

bacteria. Saponins are named because of their soap like characteristics.  

Usually  saponins  consist  of  a sugar  moiety  containing  glucose,  

glactose,  glucuronic  acid, xylose, rhamnose or methyl pentose (Wang 

et al., 2000). A glycosydic linkage is present  between  sugar  moiety  

and hydrophobic aglycone that may be  a  terpenoid or steroid in nature. 

The aglycone could contain one or more C-C unsaturated bonds. 

Adepoju et al. (2014) studied the effects of Neem seed oil on four fungi, 

Fusarium sp. Rhizopus sp. Curvularia sp. and Aspergillus sp. which are 

pathogenic in nature. The crude extract of neem seed prepared using 

petroleum ether was used that demonstrated suppression of Fusarium 

sp., Curvularia sp. and Aspergillus sp. Mulla  and  Su  (1999)  and  

Biswas  et  al.(2002) has also confirmed the antifungal activities of 

Neem oil. Da-Costa  et  al.  (2010) confirmed the inhibition of  fungal  

growth  (i.e.  mycelia  dry  weight,  diameter  of  colony  and growth  

rate)  of  Aspergillus  flavus  on  solid  media  when Neem  extract  was 

used at  concentrations of 0.5 to 5.0%  v/v, although  it  significantly 

increased sporulation  in the  same  conditions. Locke (1995), Martinez  

(2002) and Da-Costa et al. (2010) reported that due to the antifungal  

efficacy of neem seed  extract,  its biodegradability and  minimum  side  

effects, azadirachtin, a tetranortriterpenoid obtained from  the seed has  

emerged  as  a  natural  biopesticide.  They further confirmed that neem 

seed extracts had higher inhibition percentage than that of neem leaf 

extracts. There have been reports of the use of neem extract for 

phytopathogen control. For example, neem extract could inhibit the 

growth of Alternaria solani (which causes early blight disease in 

potatoes and tomatoes), Fusarium oxysporum (which causes Fusarium 

wilt disease in a variety of plants), Rhizoctonia solani (which causes 

damping-off in a variety of seedlings), and Sclerotinia 

sclerotiorum (which causes Sclerotinia, or white mold disease, in most 

vegetables) (Moslem and El-Kholie, 2009; Hassanien et al., 2010; Al-

Hazmi, 2013). Al-Hazmi (2013) found that alcohol extracts of neem 

seeds could efficiently inhibit phytopathogens such as Pythium 

aphanidermatum, Alternaria alternata, and Helminthosporium sp. 

However, the neem seed extract created using a water extraction 

process was a poor inhibitor of the same phytopathogens. 

Antihelminth Properties of Neem 

Root-knot nematodes (Meloidogyne  spp.) is the most important 

nematode pest of both tropical and sub-tropical regions. There  are  

more  than  2000  plant  spp  including  herbaceous,  wood  plants  of  

mono  and  dicotyledons which  are  being  affected  by  nematodes  that  

are  obligate parasite  of  these  plants.  M. incognita and  M. javanica  

cause most  of  the  damage  to  field  crops,  vegetables and  fruit  trees. 

Neem leaves, oil cake and azadirachtin have been proved to have 

nematicide activity as they are reported to reduce number of eggs and 

egg mass of nematodes. Application of 0.1% w/w of azadirachtin is 

reported to reduce the invasion of juvenile nematodes (Javed et al., 

2007). Sivakumar and Gunasekaran (2011) and Mohammad Akhtar 

(2000) has demonstrated the reduction of root knot nematode 

population by 48.6, 51.7 and 39.6 per cent over control on tomato, chilli 

and brinjal, respectively when neem oil formulation No 60 EC (C) was 

used as seed treatment and seedling root dip @ 2ml / lit. . 

Antiviral Properties of Neem 

Viruses have also been reported sensitive to azadirachtin (Mordue 

(Luntz), Morgan and Nisbet, 2005). Among various limonoids nimbin 

and nimbidin mainly present antiviral activity (Embrapa, 2008). 

Transmission of potato vims Y to sweet pepper by the green peach 

aphid, Myzus persicae (Sulzer), was inhibited by foliar applications of 

1.0% or 2.0% neem seed oil to infected source plants or to uninfected 

recipient plants. Neem seed oil interfered with virus acquisition and 

inoculation in a manner comparable to that of commercial horticultural 

oil, while an oil-free neem seed extract did not reduce rates of 

transmission compared with controls. The finding that neem seed oil 

inhibits virus transmission, while oil-free neem seed extract does not, 

suggests that the presence of the oil rather than biologically active 

limonoids such as azadirachtin interfere with virus transmission. None 

of the treatments affected rates of infection when potato virus Y was 

transmitted mechanically, or the resulting virus titre and symptom 

expression. In addition to direct control of insect pests, formulated 

neem oils may help reduce or delay the spread of non-persistent plant 

viruses (Lowery, Eastwell and Smirle,  2008). 

Other target organisms (Bacteria, Protozoa  & Mites)  
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According to Mulla and Su (1999) and Biswas et al (2002), neem oil, 

extracted from the seeds of A. Indica, has versatile medicinal properties, 

including antibacterial activities against clinical bacteria such 

as Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus 

aureus, and against phytopathogenic bacteria such as Xanthomonas 

vesicatoria, Ralstonia solanacearum (Sukanya et al., 2009; Al-Hazmi, 

2013; Jain et al., 2013).Protozoa have also been reported sensitive to 

azadirachtin (Mordue (Luntz), Morgan and Nisbet, 2005).  

Azadirachtin have also been explored as inhibitor of sexual 

development of malaria parasite and larvicidal against mosquito larvae. 

It is also being investigated for having inhibitory effect on replication 

of dengue virus type-2. Chloroform  extracts  and  petroleum  ether  

extracts  of  neem  oil  have  also  been  found  to  exhibit potent  

acaricidal  activity  against  Sarcopte  scabiei  var.  cuniculi larvae (Du  

et  al.,  2008,  2009).  According  to  Mulla  and  Su  (1999)  and  Biswas  

et  al.(2002),  neem  oil,  extracted  from  the  seeds  of  A. indica,  has  

versatile  medicinal  properties,  including  antifertility,  antifungal,  

antibacterial,  immunostimulant,  antipyretic and  acaricidal  activities. 

Effect on Non-targeted organisms 

As  a  biopesticide  Azadirachtin  is  known  to have  very  little  effect  

on  non-targeted  organisms  for  example  pollinators (Mordue (Luntz), 

Morgan and Nisbet, 2005; Mordue  (Luntz), 1993; Naumann and 

Isman, 1996). It is completely nontoxic to vertebrates (Salehzadeh et al, 

2002). Neem products have very low toxicity level against human 

beings (Nathan et al., 2009). Neem based insecticides are among the 

least toxic insecticides to  humans and shows very low toxicity to 

beneficial organisms. Usually pests do not become resistant to this 

pesticide (Feng and Isman, 1995). Sahayaraj et al. (2011) evaluated the 

use of different neem-based products in colonies of Beauveria 

bassiana, Isaria fumosoroseus, and Lecanicillium lecanii, and the 

results showed that these entomo-pathogenic fungi were compatible 

with most products tested. Raguraman and Kannan (2014) conducted a 

review in order to score the impact and safety of different botanical 

insecticides in the presence of parasitoids and predators (beneficial 

arthropods), with the aim of standardizing strategies and application 

methods to achieve better management of agricultural pests. Neem 

extract and pure azadirachtin are both considered nontoxic to beneficial 

organisms such as earthworms, and safe for human consumption 

(Khalid and Shad, 2002; Boeke et al., 2004). 

Effect of Neem on Beneficial Soil Microbes  

Sarawaneeyaruk, Krajangsang and Pringsulaka (2015) found that both 

azadirachtin and neem extract usage reduce the number of root nodules 

on mung bean plants, as well as the T. Asperellum population in the 

rhizosphere. Azadirachtin in particular reduced the populations of soil 

and rhizosphere microorganisms. Therefore, the use of azadirachtin and 

neem extract should be supplemented with organic fertilizer or the 

application of effective microorganisms. 

Biopesticide Preparation from Neem 

Neem oil is extracted from the neem tree, A. indica Juss., a member of 

the Meliaceae family that originates from the Indian subcontinent and 

is now valued worldwide as an important source of phytochemicals for 

use in human health and pest control. Neem oil contains at least 100 

biologically active compounds. Among them, the major constituents are 

triterpenes known as limonoids, the most important being azadirachtin 

(which appears to cause 90% of the effect on most pests. The compound 

has a melting point of 160°C and molecular weight of 720 g/mol. Other 

components present include meliantriol, nimbin, nimbidin, nimbinin, 

nimbolides, fatty acids (oleic, stearic, and palmitic), and salannin. The 

main neem product is the oil extracted from the seeds by different 

techniques. The other parts of the neem tree contain less azadirachtin, 

but are also used for oil extraction (Norten and Putz, 1999; Nicoletti et 

al., 2012; Forim et al., 2014). Products derived from neem can 

contribute to sustainable development and the resolution of pest control 

problems in agriculture (Lokanadhan et al., 2012). Neem products can 

effectively contribute to organic agriculture, being used as organic 

pesticides and as soil fertilizers. In addition, growing concerns about 

conventional agriculture and the demand for products that do not 

generate waste justify increased adoption of the use of biopesticides by 

farmers, which contributes to the growth of organic agriculture (Dubey 

et al., 2010; Seufert et al., 2012; Gahukar, 2014). 

Limitations of Neem Based Formulations 

Despite its many promising properties, there are limitations that hinder 

effective large-scale use of neem. These impediments must be 

overcome and many uncertainties clarified so that the full potential of 

neem can be exploited. One of the main problems facing the 

commercial development of neem is a lack of industrial interest, largely 

due to the difficulty of patenting natural products, as well as a shortage 

of scientific evidence to support claims regarding the benefits of these 

substances. As a results, the products are not widely publicized in the 

farming community and elsewhere (Pant et al., 2016). Disadvantages of 

neem are its low stability under field conditions, due mainly to a high 

rate of photodegradation, as well as a short residence time and slow 

killing rates, compared to conventional pesticides (Isman, 2006; de 

Oliveira et al., 2014; Miresmailli and Isman, 2014). Genetic factors are 

mainly responsible for determining the chemical composition of neem 

oil. However, environmental factors and the type of extraction method 

can lead to significant differences in composition. As a result, there is 

no standard active ingredient in the composition of this botanical 

insecticide, which limits its application in the control of agricultural 

pests (Ghosh et al., 2012; Tangtrakulwanich and Reddy, 

2014;  Siegwart et al., 2015). Neem oil contains a group of active 

ingredients with different chemical characteristics. It was therefore 

believed that the development of insect resistance would be virtually 

impossible. However, as studies have progressed, it has been observed 

that due to the low residual power of botanical insecticides, multiple 

applications are required in order to control pests, which can increase 

selection pressure on the pest population, possibly leading to resistance 

(Ghosh et al., 2012; Tangtrakulwanich and Reddy, 2014; Siegwart et 

al., 2015). Currently, most of the botanical insecticides that are being 

studied and that are effective against many pests are those with feeding 

deterrent action, so their indiscriminate use could result in the 

development of resistance (Tangtrakulwanich and Reddy, 

2014; Mpumi et al., 2016). Feng and Isman (1995) evaluated the 

behavior of two lines of Myzus persicae, which were exposed to pure 

azadirachtin or to refined neem seed extract at the same concentration 

as azadirachtin. It was found that after forty generations, the line treated 

with azadirachtin had developed ninefold greater resistance to 

azadirachtin, compared to a control line, whereas the line treated with 

the extract did not show resistance. 

Nanoencapsulation to Overcome Limitations of Neem Based 

Formulations   

In order to overcome the above-mentioned limitations, nanotechnology 

has emerged as a novel tool to address the problems of agricultural 

sustainability and food security (Khot et al., 2012; Kah and Hofmann, 

2014; Kookana et al., 2014; Kah, 2015; Kashyap et al., 2015; Fraceto 

et al., 2016). Many studies have shown that the encapsulation of 

agrochemicals in nanoparticulate systems can enhance the efficacy of 

the active ingredient, decrease toxicity toward the environment and 

humans, and reduce losses due to volatilization, leaching, and 

photobleaching (Kulkarni et al., 1999; Riyajan and Sakdapipanich, 

2009; Devi and Maji, 2010; de Oliveira et al., 2014; Bakry et al., 

2016; Giongo et al., 2016). From the point of view of sustainable 

agriculture, nanotechnology can help in the development of 

environmentally friendly agricultural inputs, improving the safety and 
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stability of active agents, enhancing their activity in pest control, and, 

consequently, increasing their acceptance by producers (Nair et al., 

2010; Srilatha, 2011; Khot et al., 2012; Agrawal and Rathore, 

2014; Ram et al., 2014). The use of nanoparticles provides an effective 

means of protecting neem oil against premature degradation, resulting 

in prolongation of its effect on the target pest. Sustained release of the 

active agent is achieved, and environmental damage is minimal because 

the polymers employed are biodegradable. Furthermore, the number of 

applications of neem oil can be reduced, bringing substantial economic 

benefits (Kulkarni et al., 1999; Isman et al., 2001; Isman, 2006; de 

Oliveira et al., 2014; Isman and Grieneisen, 2014; Miresmailli and 

Isman, 2014). Although studies have demonstrated the beneficial 

effects of nanoencapsulation of neem oil, some issues need to be 

resolved so that the synergistic effect of nanoparticles associated with 

this botanical insecticide can significantly contribute to the control of 

insect pests. These issues include the need for: (a) regulation of the use 

of nanomaterials in agriculture; (b) nanoformulations that are easily 

scalable; (c) comparative studies employing neem formulations 

available commercially to prove the cost/benefit of nanoformulations; 

(d) detailed studies of the degradation and behavior of these 

nanopesticides in the environment; and (e) evaluation of toxicity toward 

non-target organisms (De Jong and Borm, 2008;  Servin and White, 

2016). Given the importance of neem oil and its worldwide use for 

combating numerous pests in different crops, the nanoencapsulation of 

this oil should enable the production of more stable formulations for the 

control of insects that damage crops, especially those that are essential 

for human consumption. In addition, the use of nanotechnology is an 

excellent way to combat the development of resistance in insects due to 

the indiscriminate use of neem oil. 

Neem Based Agro-enterprizes  

In  many  Asian  countries  neem  is  still  being  used  as  pest controlling 

agent for protecting plant in rural environment. In the western world the 

formulation of neem extract have been approved to be used in the 

management of pests in USA and many other European countries.  

Currently  no  neem  products have  been  licensed  for  use in  UK 

forestry  or  agriculture,  but the  register  of  organic  food  standard  of  

UK  has  mentioned the  neem  extract  as  an  acceptable  product  that  

could  be used within organic farming operations. At present, within 

UK formulations of neem extract have been approved for use as 

repellent mixed with various lotions shampoos and soaps for human 

use.  It  has  been  revealed  that  neem  extract  play  a major  role  in  

protecting  seedling  confers  from  attack  of  H. abietis.  These neem 

formulations are environment friendly and it can reduce the use of 

synthetic pesticides (Thackera et al., 2003). Neem has acquired 

commercial recognition due to its various beneficial properties, which 

have been extensively investigated over time. Compared to 

conventional chemicals, which are generally persistent in the 

environment and highly toxic, botanical pesticides are biodegradable 

and leave no harmful residues. Most botanical pesticides are non-

phytotoxic and are also more selective toward the target pest. In terms 

of commercial applications, biopesticides can provide substantial 

economic advantages, since the infrastructure required is inexpensive, 

compared to conventional pesticides (Pant et al., 2016). Several patents 

related to processes and products based on neem have been deposited 

in the United States, India, Japan, Australia, and elsewhere. Many of 

the products derived from neem are manufactured by crushing the seeds 

and other plant parts, followed by the use of solvents to extract the 

active ingredients possessing pesticide activity. The different methods 

and techniques employed to obtain neem products can result in different 

concentrations of the active compounds, as well as different biological 

effectiveness (Roychoudhury, 2016). The main application of neem oil 

is in agriculture. In the agriculture industry, neem oil is generally used 

as a natural pesticide, insecticide, and fungicide. Containing different 

ppm azadirachtin in neem oil, it is used for a different purpose in 

different dosages. Another industrial use is neem coated chemical 

fertilizer like urea. Since neem is native to Indian sub-continent there is 

tremendous potential to establish agro-entreprizes to extract neem oil 

and azadirachtin for supply to agro-industries and to develop product 

based agro-entreprizes to develop biopesticide formulations for local as 

well as global markets. Other than agriculture neem oil has wide market 

potential in the cosmetic industry. In manufacturing skincare, haircare, 

body care product s, neem oil is an essential raw material. In the 

Ayurveda cosmetic industry which is now booming, neem oil is an 

essential ingredient. Neem oil is also an essential product in the herbal 

medicine industry.     

The global neem extracts market demand was 503.5 USD million in 

2013 and is projected to grow at a CAGR of 14.8% from 2014 to 2020. 

The market is expected to witness growth on account of rising 

demand from various end-use industries including personal care, 

pharmaceutical, animal feed, and agriculture. Furthermore, increasing 

consumer awareness about the health benefits of neem, particularly in 

developed regions, is anticipated to boost the market growth over the 

forecast period.   The global neem extract market generated revenue 

worth $653.7 million in 2015 and is expected to register a CAGR of 

16.3% during the forecast period (2016–2022).   USA and Italy are the 

leading importers of neem extracts from India. With USD 2.62 million 

imports in 2011-12, USA was the largest importer of neem extracts 

from India, according to the report. Japan was the largest importer of 

neem oil cakes from India, valued at USD 0.28 million in 2011-12, and 

Spain the largest importer of neem seeds from India. 

According to the estimates of Neem Foundation (a voluntary, 

independent and non-profit organisation), stated by the EXIM Bank 

report there are about 20 million neem trees in India,. 

As per industry estimates, neem bears 3.5 million tonnes of kernels 

every year, and from this, around 7 lakh tonnes of neem oil can be 

obtained. There is immense potential of neem based products in India, 

which can be tapped if the medicinal plant, as part of agro-forestry and 

Integrated Rural Development Program (IRDP), is popularised and its 

value added products are rolled out through village industries, says the 

Bank report. However, total neem oil produced in India is about 2.5 

lakh tonnes, which is only 30 per cent of the total potential, the report 

said, indicating the scope for optimising yield. In India, bio-pesticides 

represent only 4.2 per cent of the overall pesticide market which is 

expected to exhibit an impressive annual growth rate of around 10 per 

cent in the coming years (Business news, 2013). 

Conclusion  

In  the  past  few  decades  neem  based  pesticides  are  gaining more  

attention  because  of  their  non-toxic  and  environmental friendly 

nature. Azadirachtin and many other neem products have shown very 

impressive results as biopesticide against many diseases and pests of 

agricultural importance.  There  are  few  issues  associated  with  the  

commercial  use of  neem  based  pesticides  like  photosensitivity  of  

azadirachtin  has  to  be  managed  for its  long  lasting  effectiveness. 

Agro-industries based on neem oil and azadirachtin extraction as well 

as preparation of neem based pesticide and other formulations may 

create a boom in start-up ecosystem of India fetching global attention 

and demand. 
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