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ABSTRACT 
Modern agriculture is highly inputted intensive and greatly dependent on chemical pesticides for the control of insect 
pests. Excessive use of pesticides in agriculture has played havoc with agro-ecosystem by polluting water and food chains 
and causing the emergence of pesticide resistance both in target and non-target pests. IPM techniques recognize the 
importance of bio-control agents used against pests. Bio-control agents including arthropod natural enemies, 
entomopathogens (fungi, bacteria, nematodes, viruses, protozoa and Rickettsia), botanicals and insect hormones are 
receiving significant interest as alternatives to chemical pesticides and as key components of integrated pest 
management system. Biotechnology can have a positive impact on food security from insect attack and can contribute to 
the sustainability of modern agriculture. National biosafety and regulatory systems for proper management of GMOs 
must be in place to enable the full exploitation of biotechnology. 
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INTRODUCTION 
The integrated pest management (IPM) is a method which employs a decision-based well-suited use of 
diverse methods for optimizing the management of all classes of pests in an ecological and economical 
sound manner. Many bio-control agents including, arthropod natural enemies, entomo-pathogens, 
botanicals and insect hormones are paying great interest as an alternative for chemical pesticides and as 
important key elements of integrated pest management system. Biotechnology and can genetically 
modified organisms (GMOs) can contribute to the sustainable agriculture by the positive impact on food 
security from an attack of insects by placing these methods in a right place to enable full exploitation. IPM 
integrates advanced knowledge of biotechnology with traditional methods and technology which will 
contribute to the sustainability of agriculture [28].This paper gives the idea of innovative approaches that 
are gaining a huge interest as substitutes to chemical pesticides for development of sustainable 
agriculture.  
 
ENTOMOPATHOGENS 
Entomopathogens are composed of microscopic living organisms (viruses, bacteria, fungi, protozoa, or 
nematodes) or the toxins produced by these organisms. They are formulated to be applied as 
conventional insecticidal sprays, dusts, or granules.  
Fungi 
Fungi are all heterotrophic eukaryotes, unicellular or hyphal and reproduce through sexual or asexual 
spores. The two most important orders are the Entomophthorales and Moniliales. Hirsutella thompsonii  
was the first registered myco-insecticide produced by Abbott Labs under the trade name Mycar®. H. 
thompsonii had been known to cause dramatic epizootics in spider mites as early as the 1920s [23]. Most 
of the fungal species, that cause insect diseases, are spread mainly through the asexual spores called 
conidia. Although, ability of conidia of different fungi to survive under adverse environmental conditions 
varies greatly, desiccation and ultraviolet radiation are important causes of mortality in many species. 
When viable conidia reach a susceptible host, free water or very high humidity is usually required for 
germination [15]. Insect fungi, Beauveria bassiana and Metarhizium anisopliae have broad host range 
which are effective against greenhouse lepidopteran and homopteran insects as well as coleopteran field 
insects [16].  
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Bacteria 
Most of phytogenic bacteria belong to families (Bacillaceae, Pseudomonadaceae, Enterobacteriaceae, 
Streptococcaceae, and Micrococaceae) [34]. In 1948 the first bacteria based microbial insecticides was 
registered in the U.S. which belongs to genus Bacillus. Two different species of Bacillus were registered to 
control the Japanese beetle, Popillia japonica (B. popilliae var. popilliae and B. popilliae var. lentimorbus).  
Bacillus thuringiensis 
Bacillus thuringiensis (Bt) is rod-shaped, spore-forming gram-positive bacterium. It is produced in large 
amounts of one or more proteins (Cry proteins) that dissolve in alkaline pH inside the gut of insect and 
crystallized intracellularly. These Cry proteins are harmful to insect larvae of order viz., Diptera, 
Lepidoptera and Coleoptera. Homoptera, Hymenoptera, Orthoptera, nematode, mites, lice and protozoa 
have been discovered recently [21].  Vegetative insecticidal proteins (VIP), a second class of protein being 
active against certain insects, alpha-endotoxin, and also a variety of secondary metabolites including 
zwittermycin from B. cereus strains may be responsive to genetic manipulation [3]. Enzyme inhibitors 
possess anti metabolic property in insects such as alpha-amylase inhibitor, protease inhibitor, cysteine, 
cholesterol and oxidase have been also proven to minimize the insect attack to transgenic plants which 
are showing these proteins [13].  
Other Bacteria 
There are two other bacterial pathotypes currently registered as microbial insecticides: Serratia 
entomophila and Bacillus sphaericus. B. sphaericus is a strictly aerobic spore former which is registered for 
mosquito control (VectoLex®). It is effective only against the members of genus Culex [7]. S. entomophila 
is a non-spore forming, gram-negative, anaerobic, rod-shaped bacteria in the family Enterobacteriaceae. 
Members of the genus Serratia are commonly found in nature as saprophytes in soil and water [22].  
Virus 
Important groups of viruses that have been studied for their potential use as insecticides are nuclear 
polyhedrosis viruses (NPVs). In NPVs, various virus particles are “packaged” together in a crystalline form 
within cell nuclei of insect. Single-nucleocapsid nucleopolyhedrovirus of Helicoverpa (Heliothis) zea 
(HzSNPV) was the first viral insecticide registered in 1971 [25]. NPV enters in the gut of insect and 
dissolves in the high alkaline environment of midgut to release virions  which penetrate columnar cells of 
midgut epithelium and unites DNA into the nucleus of midgut cells, and finally replicates within the nuclei 
of susceptible host [29]. Production, formulation and application technology in combination with genetic 
engineering for quick killing and wider host range will be important to increase the development of 
economic and more effective viral products for insect management [36]. 
Nematode 
The Entomopathogenic nematodes from families, Steinernematidae and Heterorhabditidae, have found to 
be the most effective as bio-control agents [33]. They parasitized their hosts either by entering through 
the natural openings in the host such as mouth, spiracles, anus or direct penetration through the cuticle. 
Insect dies not because of nematode itself but due to symbiotic bacterium that is released upon entry into 
the host. These specific symbionts belong to the genus Xenorhabdus associated with family 
steinernematids, and Photorhabdus associated with family heterorhabditids. Nematode’s third infective 
juvenile stage often referred to as the IJ3 stage or “dauer” stage is infectious [5].  
Protozoa 
Entomogenous protozoa are generally enervating and slow acting instead of quick and acute. Most 
protozoan infections causes sluggishness, and smaller rather normal, irregular or slowed growth, 
lessened feeding and reproduction, difficulty in molting, death may occur if  infection reaches to high level 
[20]. Insecticidal options have been searched from species of genera Vairimorpha, and Nosema. These 
genera includes pathogens which attack insects belonging to order Orthoptera (the grasshoppers and 
related insects), and Lepidopteran larvae. The micro sporidia of Nosema locustae is known which infect at 
least 60 different species of crickets and grasshoppers. It is sold with trade names as NOLO Bait. It works 
only upon ingestion by immature grasshoppers (early nymphal stages). Pathogen’s infection progresses 
slowly and the kills the grasshopper 3 to 6 weeks after initial infection [14].  
Biological control 
Biological control comprises three general approaches viz., importation, augmentation, and conservation 
of natural enemies [10, 34]. A natural enemy may be a predator, a parasitoid, or a competitor. 
Augmentation includes all activities performed to increase numbers or effect of existing natural enemies 
through mass culture, periodic release (either inoculative or inundative) and colonization, for 
suppression of native or exotic pests. Inoculative releases made once in a year to reestablish natural 
enemy. Here control is expected from the progeny and subsequent generations and not from the release 
itself. Inundative release comprises culturing in mass and subsequent release of natural enemies to 
suppress the pest population directly. Here control is from release itself. It is generally accepted that the 
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first successful case in terms of complete and sustained economic control of an insect pest by another 
insect is control of the cottony cushion scale, Icerya purchase, in California during the late 1800s, the 
vedalia beetle Rodolia cardinalis  (Coleoptera: Coccinellidae) is mostly credited for controlling the cottony 
cushion scale [27]. Mostly predators include rove and lady beetles, many ground beetles, true bugs, 
lacewings such as Orius and Podisus, larvae of syrphid fly, mantids, spiders and mites viz, Amblyseius and 
Phytoseiulus. Most parasitoids are highly host-specific. They lay their eggs on or into a single 
developmental stage of only one or a few closely related host species. For instance, there are egg and 
larval parasitoids, larval-pupal parasitoids (eggs are layed on or into the larval stage of the host, and the 
host pupate before it dies), pupal parasitoids, and also few species which parasitize adult insects., 
Trichogramma, Bathyplectes, Muscidifurax, Encarsia, Spalangia, and Bracon are some of the important 
parasitoids studied or used in agricultural systems [1]. Various other approaches for the conservation of 
parasitoids and predators include management of soil, water, and crop residue; modification of cropping 
patterns; manipulation of non-crop vegetation; and direct provision of resources to natural enemies [34]. 
In general, these approaches are aimed at enhancing the density of resident natural enemy populations or 
communities to increase their effectiveness in pest suppression. Microbial control agents (MCAs) offer 
selectivity and safety, hence appear to be ready-made components of integrated pest management (IPM) 
systems. Research is needed on improving efficacy of MCA, and economic competitiveness to embellish 
the role of MCAs in IPM [20]. Introduction of DNA into insect germ cells can be achieved by using physical 
means such as microinjection, biolistics and electroporation or by using biological means in which several 
transposable elements, Sindbis viruses and retrovirus are used as gene vectors [1].  
Botanical Insecticides  
These insecticides are relatively safe for natural enemies and higher organisms. However, still there share 
is only 2 percent of the agrochemical market in India [30].  One of the potentially used and safer 
components in integrated pest management (IPM) is the use of neem and its derivative, ‘Azadirachtin’. 
Azadirachtin is most popular and commercially available as different types of ready to use formulations. 
Neem (Azadirachta indica) derived products seem to be safe for the environment and IPM compatible. 
Some of the other promising plant species that are known to have pest control properties are: sweet flag, 
onion, garlic, pyrethrum, derris, common latana, holy basil, black pepper, and common ginger [35]. Bio-
pesticides with rapid degradation are beneficial because it minimizes the risks due to unwanted 
insecticidal residues in food, water, and the environment [18]. Natural pesticides which are oil-based may 
play an important role in IPM in vegetables [19].  
 
ATTRACTANTS AND TRAPS OF INSECT 
Insects secrete several secondary metabolites to reproduce and survive, but sensory (olfactory) 
information is most important one of sources of communication for many groups. They release volatile 
and non-volatile cues (containing important information) for locating the mates or hosts. Insects are also 
well adapted in receiving and analyzing such information. Semio-chemicals (The Greek word semeio 
means sign) are the odours that trigger specific behavioral responses in the organism. These include 
kairomones, pheromones including classes of other wide range of behaviorally active compounds [26]. 
Semio-chemicals can be used to arbitrate the behavioral response of the target organism in a several 
ways. The overviews of the potential role of semio-chemicals in IPM strategies, including trapping, 
monitoring and mating disruption are used in plant protection [31, 32, 17]. Pheromones are signal 
compounds which insects utilize to communicate and mate. It is one of the most wide methods used to 
control stored-product pests [8]. Semio-chemical (kairomones) also has been used for management of 
Japanese beetle (Popillia japonica, Scarabidae) fruit flies (Tephritidae), and Diabroticite rootworm beetles 
(Chrysomelidae) [24]. Sticky traps, also contain the chemical attractant for some pests (apple maggot), 
are very sensitive and can trap pest insects that are present at too low densities to detect with a 
reasonable amount of effort using other inspection methods [30]. The stimulo-deterrent diversionary 
strategy i.e. “push-pull” is a strategy which provides opportunities for enhanced control in sites where the 
pest becomes concentrated, by manipulating pest behavior using attractants and repellents [6]. 
Pheromone traps not only have got an advantage over other monitoring tools such as light and sticky 
traps but also being selective to specific pest, they have proven their usefulness in large-scale IPM 
validations in cotton, basmati rice, chickpea and pigeon pea [4, 6].   
 
BIOTECHNOLOGY AND GENETICALLY MODIFIED ORGANISMS  
Genetically modified crops (GMCs, GM crops) are plants used in agriculture. They contain modified DNA 
by using genetic engineering techniques. Examples of food crops include resistance to certain pests, 
diseases, or environmental conditions, reduction of spoilage (Flavr-savr tomato), or resistance to 
herbicide, or enriched nutrient profile crop [2]. The biotechnological approaches of pest-control include 
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the use of use of microbial and botanical pesticides, inundative releases for augmentative biological 
control, pheromones and attractants in pest management, transgenic crops and the advantages of bio-
pesticides are outlined and highlighted [9].  
 
CONCLUSION 
The success of IPM will depend on a wide range of technical expertise on research/ 
demonstration/training and extension projects. The implementation of these methods will require 
scientists/trained persons/extension worker and efficient extension media. In addition to these, they 
should also have the communication skills which are needed to work with the farmers. Similarly, farmers 
with their available resources could follow integration of all these methods in suitable combination for 
each crop cultivation system to increase the crop yield. 
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