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Introduction
The biological environment of any living thing consists of two components: external and internal. Most aspects of insect pest suppression by biological or other means concern themselves with the external environment and how it can be managed or modified to the detriment of the pest (e.g. increased mortality). However, the internal biological environment also lends itself to manipulations which can work against the pest insect. In this regard, particular attention has been accorded to the pest’s genetic constitution and its potential for useful modification (e.g. decreased fertility). It is surprising that more attention has not been given to the application of genetic cprinciples in insect pest suppression. This is especially true when we consider that so much of modern genetics has its foundation in work done on insects, particularly a vinegar fly, Drosophila melanogaster Meigen, the honeybee, Apis mellifera L. and the silkworm Bombyx mori L.

In order to reduce environmental contamination from chemical pesticides renewed emphasis has been placed on the development of effective bio-control agent for management of insect and mite pests. Among the advantages of bioinsecticides are their safety to non-target organisms and the environment, lack of mammalian toxicity, and absence of toxic residues. Some of the limitations of bio-insecticides, such as slow action, restricted host range, and limited persistence in the field, can be addressed by various strategies involving genetic manipulation. In addition to providing a means for improving a given insecticidal product, genetic engineering can also provide increased understanding of the biology and pathogenicity of the organism.
Genetics has found wide practical application in many phases of modern agriculture exclusive of insect control. However, the very characteristics which made insects ideal basic research subjects are not fully recognized for their equivalent value in applied areas of pest suppression. High reproductive potential, short life cycles, and relative ease in mass rearing are all qualities that can be used against insect pests. Also important are both the great genetic plasticity of insects (witness the widespread development of insecticide resistance) and their genetic diversity, either in naturally occurring races, or induced with various mutagenic agents to which they are vulnerable. 
Genetic manipulation is easily included under the broad definition we have adopted for biological insect pest suppression because it involves the use of a living organism (the pest itself) for the population suppression of a pest insect considered detrimental to man. The great specificity and environmental safety of the technique are also unsurpassed by other methods. Genetic engineering, also called genetic modification, is the direct human manipulation of an

organism’s genome using modern DNA technology. It involves the introduction of foreign DNA or synthetic genes into the organism of interest. Genetically modified organism (GMO) or genetically engineered organism (GEO) is an organism whose genetic material has been altered using genetic engineering techniques.

These techniques, generally known as recombinant DNA technology, use DNA molecules from different sources, which are combined into one molecule to create a new set of genes. This DNA is then transferred into an organism, giving it modified or novel genes. Recombinant DNA (rDNA) molecules are DNA sequences that result from the use of laboratory methods (molecular cloning) to bring together genetic material from multiple sources, creating sequences that would not otherwise be found in biological organisms.
Insect pest problems in agriculture have shown considerable shift during first decade of twenty-first century due to ecosystem and technological changes. In India, the crop losses have declined from 23.3 per cent in post-green revolution era to 17.5 per cent at present (Dhaliwal et al., 2010). Biological control has been accepted as an effective, environmentally non-degrading, technically appropriate, economically viable and socially acceptable method of pest management. It aims at suppression of insect pests of crops or other harmful organisms by using their natural enemies (parasites, predators and pathogens). It constitutes a deliberate attempt to use natural enemies, either by introducing new species or by increasing the effectiveness of the same those present already in the environment (Sankaran, 1986). In India the earliest and successful introduction of a natural enemy against an insect pest was the coccinellid beetle Cryptolaemus montrouzieri (Muls.) from Australia in 1898 (Rao et al., 1971).

Now a days, application of different pesticides may depress populations of beneficial insects as well as target pests. Recent research has shown that pesticide-resistant parasites selected in the laboratory can be established in the field and enhance IPM programs. Both laboratory selected or genetically engineered natural enemies may someday play an expanded role in IPM programs and the reduction of pesticide use.

Genetic manipulation of naturel enemies of insect pests offers promise of enhancing their efficacy in agricultural cropping systems. Genetic improvement projects with natural enemies of insects have been conducted for

· Improved climatic tolerances

· Improved host finding ability

· Changes in host preference

· Improved synchronization with the host

· Insecticide resistance

· Non-diapause

· Induction of thelytokous reproduction.

Monogenic traits (controlled by single gene) are easily liable to change over polygenic traits. Such manipulation of biological control agents seems to be a logical way of controlling pests in field condition.

Emerging technologies in augmentation of natural enemies
As in crop breeding, three potential genetic manipulation tactics are being utilised for achieving the above goals.

a. Artificial selection.

b. Hybridization or, use of Heterosis.

c. Use of Biotechnology (recombinant DNA (rDNA techniques).
Artificial Selection:

Artificial selection of arthropod natural enemies for resistance to pesticides has been proposed as a method for improving the usefulness of natural enemies in integrated pest management programs (Roush and Hoy, 1981; Hoy, 1985).

Genetic engineering of predators and parasitoids:
Genetic improvement of arthropod natural enemies to enhance their capacity to control pests has been achieved previously by artificial selection (Beckendorf and Hoy, 1985; Johnson and Tabashnik, 1994). An integrated pest management program featuring a predatory mite strain selected for insecticide resistance has been successfully implemented (Headley and Hoy, 1987). However, the development of recombinant DNA techniques has made it possible or at least conceivable to transfer genes specifying beneficial traits directly to arthropods (Ashburner et al., 1998; Heilmann et al., 1994; Hoy, 1994). The use of genetic engineering methods for the improvement of beneficial arthropods has two advantages over artificial selection.
The goal of genetic improvement can be achieved rapidly, without the generations of rearing required for classical selection protocols; Rather than selecting solely from the available gene pool of the arthropod natural enemy, any gene from any species can be used, in principle, for genetic improvement. Genetic engineering of arthropod natural enemies to improve their effectiveness as biological control agent requires the identification of beneficial traits, the cloning of genes that influence such traits, and the development of techniques for introducing these genes into the natural enemy species in such a way that they are appropriately expressed and stably transmitted to progeny. Heilmann et al. (1994) identified three beneficial traits that can be conferred to natural enemies: (1) pesticide and disease resistance; (2) cold hardiness; (3) sex ratio alteration for species where only one sex attacks the pest. These traits are monogenic (controlled by one gene) or are likely to be influenced strongly by a single gene. Complex, polygenic traits such as host finding ability and host preference are not well understood at the molecular level and hence are less amenable to modification.
Improving natural enemies by genetic engineering requires vectors for the stable and heritable introduction and expression of foreign genes in arthropods. Progress toward the routine transformation of arthropods other than drosophilid flies has been reported with transposable elements, and “para transformation” has been achieved by engineering symbiotic bacteria. Pantropic retrovirus vectors also show much potential as vectors for the transformation of a wide variety of arthropods.

The genetic improvement of beneficial organisms can be approached from two different aspects,

– Increasing genetic diversity and,

– Artificial selective breeding.
The importance of the Increasing Genetic Diversity was first recognized by Clausen (1936), who pointed out that beneficial organisms are not necessarily constant in their abilities and adaptations throughout their natural range of occurrence. Therefore, he suggested, it is best to make use of these available differences by importing the chosen beneficial organisms from many different regions, assuring the best chance of obtaining an effective strain well-adapted to the new environment. This may be even more important if the spatial distribution of the target pest in the new environment covers a diverse range of conditions. 
The second method of improving beneficial organisms for use in biological insect pest suppression involves the process of artificial selective breeding for increased fitness to the conditions of the new environment. The entire subject still remains largely conjectural even though the idea was suggested at least 60 years ago. The premise behind the suggestion is that, in light of the great successes achieved by selective breeding in improving varieties of domestic plants and animals, it should be possible to prove parasitoids, predators and insect disease organisms in the same manner. 
Whereas, in the method of genetic improvement suggested above, a diverse gene pool is presented to the environment in hopes of a post-colonization natural selection of a well adapted strain, in the second method, discerned weaknesses in adaptation are improved upon in the laboratory by artificial election before colonization.

Simmonds (1963) and Messenger and Van den Bosch (1971) have pointed out several disadvantages and difficulties in carrying out the laboratory selections. For example, because

of the inherent complexity of the natural environment, the exact factors to which a beneficial organism may be maladapted are frequently impossible to determine ex situ, and therefore cannot be dealt with in the laboratory. Lack of knowledge concerning the genetic basis for inheritance of desirable characteristics in beneficial organisms makes intelligent selective breeding a difficult and lengthy proposition. It is necessary to obtain a sufficiently broad genetic diversity to assure the availability of suitable characters on which to base selections.

Finally, after a suitable strain has been developed and released, will it breed true under natural conditions, or will reversion to the wild type occur, or natural selection act to produce the best adapted strain despite any amount of effort expended in the laboratory before colonization.
Case Studies: 
A number of workers have carried out selective breeding procedures on beneficial organisms with some degree of success. 

In the classical study of this kind, Wilkes (1942) was able to influence the temperature preference of certain strains of the eulophid parasitoid, D. fuscipennis, for oviposition; one strain selected 9 °C and another 25°C. Wilkes (1947) was able to improve his laboratory strain of D. fuscipennis by doubling the mean number of progeny per female, decreasing the number of sterile males produced from 35 to 2%, and reducing the variability in development, oviposition, and adult life span.

Simmonds (1947) achieved similar success by selecting out a strain of the ichneumonid, Mastrus (Aenoplex) carpocapsae (Cushman), which produced a high proportion of female progeny.
Development of endosulfan tolerant strain of Trichogramma: 

In India, chemical pesticides are widely used in the cotton crop and of the total chemical pesticides consumed, cotton crop accounts for the maximum consumption at 50% (FICCI, 2013). Endosulfan is reported to be one of the most commonly used pesticides in India against pests like thrips, whiteflies, aphids, leaf hoppers and lepidopteran larvae, particularly on vegetable crops, cotton and pulses (Jayashree and Vasudevan, 2007). The frequency of application of endosulfan can vary between three and five applications per crop season and the rate of application is 350 g a.i.ha-1. 

An endosulfan tolerant strain of T. chilonis was developed and transferred to a private industry, which is marketing it under the name of ‘Endogram’. The Endogram technology has spreaded in different states. This strain has been further developed for multiple tolerances to monocrotophos and fenvalerate at NBAIR, Bangalore. A monocrotophos tolerant strain of Chrysoperla carnea has been developed.

Tolerance to endosulfan was induced by exposing adult parasitoids sequentially from a sub-lethal concentration (0.004%) to the field recommended concentration (0.09%). The strain acquired tolerance to the insecticide after 341 generation of continuous exposure with LC50 values of 1074.96 ppm as compared to LC50 of (70.91 ppm) in susceptible strain. The genetical study showed that F1 crosses exhibited a semi-dominant response to endosulfan with degree of dominance value (D) of 0.58. The resistant factor of tolerant strain was 15.1 folds and of F1 cross were 8.53 folds over susceptible strain. Under pesticide pressure, the tolerant strain could provide significantly higher parasitism on Helicoverpa armigera eggs in comparison to the susceptible strain (Ballal et al.,2009).

Developing multiple-pesticide tolerant strain of Trichogramma: 
A multiple insecticides tolerant strain of T. chilonis (MITS-TC), tolerant to endosulfan, monocrotophos and fenvalarate was developed and was field evaluated against Helicovarpa armigera. The exposure of M1TS-TC to indoxacarb, spinosad and tebufenoside increased the tolerance levels by 761.4. 372.5 and 137.0 % over susceptible populations for 34 generations during the year. The strains of T. chilonis, namely, TcTl, TcCbl, TcT4 and TcT5. were found tolerant to endosulfan (LC50=76.46), spinosad (2x 105), lambda cyhalo-thrin (2x 104) and fenvalerate (1x103). Respectively (NAIP-ICAR 2012).

Charles et al. (2011) reported that the LC50 values of endosulfan, spinosad and lamda cyhalothrin tolerant strains of T. chilonis were found to be 278.03, 9.84 and 6.23 ppm respectively against the susceptible strains of values of 106.03, 4.78 and 3.45 ppm respectively. The endosulfan tolerance appeared to be recessive, spinosad tolerance was found to be semi dominant whereas, lamda cyhalothrin tolerance was completely dominant for crosses with the tolerant male and female parents.

It has been argued that laboratory selection for insecticide resistance will likely result in a polygenic mode of inheritance, because selection results in small, incre­mental increases in insecticide resistance over time (Roush and Mckenzie, 1987). However. Jalali et al. (2006) reported that involvement of large population >8.000 used for selection of resistance did not rule out the possibility that a single gene may determine resistance.

High temperature tolerant Trichogramma: 

It has been reported that the survival and ability of T. chilonis to parasitise decreases with increase in the temperature higher than 32oC (Jalali and Venkatesan, 2005). Recently, strains of T. chilonis namely TcUPI and TcUP2, were identified as tolerant to high temperatures of 32-40oC and with high biotic potential (65% females and fecundity of 116). Such strains could be used against sugarcane borers in hot weather conditions (NAIP-ICAR 2012).

Singh and Shenhmar (2008) reported the host searching range of genetically improved (through selection) high temperature tolerant strain and local Ludhiana strain of T. chilonis was up to 10 and 8 m from the release point. 
Monocrotophos resistant Green lace wing, Chrysoperla carnea: 
Patel and Yadav (1995) has reported the monocrotophos resistant strain of C. carnea. The same strain has showed cross-resistance to other insecticides viz., Dimethoate, Acephate, Phosphamidon and Methyl-odemeton (Patel and Yadav, 2000). 
Genetically manipulated predatory mite, Metaseialus occidentalis:  

Metaseialus occidentalis is a very versatile mite predator does best in warm weather (80° to 110 °F) and tolerates low humidity of inland valleys of California, USA. But it does not do well in cool coastal areas rather goes into diapause. In California, the predatory mite Metaseialus occidentalis is successfully genetically modified by artificial selection for resistance to carbaryl and permethrin.  Also multi-resistant strains of M. occidentalis were obtained through laboratory crosses and additional selections. Use of these strains could save $60 to $110/ hectare. Genetic improvement projects with several phytoseiid species have included selection for enhanced fecundity, temperature tolerance, and non-diapause as well as pesticide resistance (Hoy, 1984).

Some have speculated that the unusual parahaploid genetic system of phytoseiids could allow rapid evolution for resistance. Others have speculated that ecological attributes of phytoseiids (i.e., low vagility and rapid generation time) predispose them to develop pesticide resistances relatively rapidly (Hoy, 1985).

Carbaryl resistant parasitoid Aphytis melinus: 
Aphytis melinus is an important parasite of several species of armored scales including California red scale, latania scale, San Jose scale, and oleander scale. A. melinus are commercially available and often used in citrus groves for California red scale control. Aphytis are sensitive to many pesticides and it is important to check for pesticide residues before releasing the parasites.

Spollen and Hoy (1992) reported the carbaryl resistant strain of A. melinus from Valencia orange groves in McFarland and Springville, California, during 1989 were as tolerant to residues of carbaryl as a laboratory-selected (R) strain of the parasite. Bioassay studies suggested that endemic populations of A. melinus in these orchards had developed resistance to carbaryl. Given the high carbaryl tolerance of the endemic A. melinus populations, the establishment and recovery of the R strain could not be confirmed in either orchard.
Hybridization:
Development of Hybrid Trichogammatid: 
Hybrid T. chilonis strain was developed to express tolerance to both high temperature and repetitive pesticide sprays. The induction of temperature tolerance (32-38°C) in the multiple insecticides-tolerant strain of T. chilonis was done for its ability to survive and parasitise C. cephalonica eggs. Both strains were mixed together and allowed to mate for 24 h before exposure to insecticides and thereafter to higher temperature. The insecticides used were endosulfan (2.0 ml/ 1), monocrotophos (1.5 ml/l) and fenvalerate (0.4 ml/l). The survival of parasitoids after 6 and 24 h and percent parasitism after 5 days was recorded. Further, tolerance to newer insecticides (Avaunt. Tracer and Mimic) and tem­perature 32-40o C and 50% RH was induced in existing multiple insecticides-tolerant strain of T. chilonis. The initial dosage determined was 0.30, 0.30 ml/1 and 2.7 g/l for three insecticides, respectively. The initial mortality in indoxacarb was 91.5 in spinosad it was 100.0 and 94.0 in tebufenoside in the first exposure. However, after exposing parasitotds to increasing dosages, mortality declined and percent egg parasitism increased after continuous exposure for 34 generations (Jalali and Venkatesan 2005).

However, expression of temperature and pesticide tolerance will be governed by the nature of genes responsible for these traits. The traits could be monogenic (dominant or recessive) or polygenic. Expression of both traits in F1 hybrids can be expected only if their respective genes are of dominant nature. Alternately, if both traits are polygenic or recessive, hybrids are unlikely to express the traits and only homozygotes (pure lines) can be used.

Hybrid Chrysoperla carnea: 
Patel and Yadav (2000) has studied the estimation of heterosis and heterobeltiotis for some important traits of hybrids of C. carnea. There are certain limitations for the adoption of conventional breeding techniques as pointed out by Simmonds (1963). Due to inherent complexity of the natural environment, the exact factor to which a beneficial organism is susceptible is difficult to determine ex situ, and therefore cannot be dealt with in the laboratory. Furthermore, lack of knowledge concerning the genetic basis for inheritance of desirable characteristics in beneficial organisms makes selective breeding a difficult and lengthy proposition. It is also necessary to obtain a sufficiently broad genetic diversity to assure the availability of suitable characters on which selection can be adopted.  
Recombinant DNA (rDNA) techniques

In this technique desirable gene(s) must be identified, cloned and inserted into natural enemies, be incorporated into their genome, be stable, be expressed in the appropriate tissues and at the appropriate time, and transmitted to the progeny. The transformed natural enemy strain must then be fit and able to perform well in agricultural systems. Through the use of genetic engineering methods there could be rapid achievement without conventional rearing for many generations and also gene from any species can be used rather than selecting solely from the available gene pool of the arthropod natural enemy.

Mutagenesis and recombinant DNA technology are promising new techniques in genetic improvement while enhancing effectiveness through heterosis remains nearly unexploited. Research is needed to learn how to identify traits needing improvement, achieve transformation, maintain fitness of manipulated strains, and manage and maintain released strains. Protocols for the release of arthropod natural enemies that have been manipulated with recombinant DNA methods need to be developed.

Genetic transformations can be deployed in natural enemies to

1. Modify the genome of natural enemies

2. Change the sex ratio

3. Cryopreservation

4. Develop genetic linkage maps

5. Identify biotypes

6. Improve artificial diets

7. Monitor establishment and dispersal

8. Parentage analysis and genetic changes

DNA sequencing in predatory mite M. occidentalis:

Hoy (2009) reported that this predator contains multiple genomes, including the genomes of several microbial symbionts as well as its own mitochondrial and nuclear genomes. The mitochondrial genome is “mitey” large at 25 kb, due to duplication and triplication of genes. By contrast, the nuclear genome is “mitey” small at 88 Mb. This predator has already genetically improved for use in agriculture by developing strains that lacked the ability to overwinter in diapause or were resistant to multiple pesticides, and can be genetically modified using recombinant DNA methods. Sequencing the nuclear genome would provide useful insights that could enhance genetic improvement programs.

Genetic engineering in Bacillus thuringiensis: 

Field level limitations of Bt include poor persistence under field conditions, which results in the need for repeated spray application, and the dissemination of large numbers of spores. Two approaches have been taken to address these two factors concurrently, both of which involve engineering a bacterium that is not normally pathogenic to insects. In the first case ICP genes were cloned into a nonpathogenic strain of Pseudomonas fluorescent (Carlton, 1996). The bacteria were killed, resulting in encapsulated ICPs that had enhanced residual properties in the field and no Bt spores. The EPA approved small-scale field trials of this product in 1985, making it the first recombinant Bt product to be approved for outdoor testing. In the second case, a spoOA mutant strain of B. subtilis was engineered to express CryIIIA, which is active against Coleoptera (Lereclus et al., 1995). The gene spoOA is involved in initiation of sporulation, and disruption of this gene prevents sporulation. The result of this procedure is that the mutant strain can be cultured continuously, no spores are produced, and the insecticidal toxin is encapsulated within a cell and partially protected. Both of these novel formulations provide environmentally safe and stabilized Bt-based biopesticides.

Bt D-endotoxins have been engineered into the chromosomes of Pseudomonas fluorescens, which is a ubiquitous nonpathogenic soil bacterium that also colonizes corn roots (Obukowicz et al., 1986). Engineering this bacterium may be useful for increasing the range of habitats that can be exploited for Bt-based insect pest control.

Genetic engineering in entomopathogenic fungi: 
One major limitation of use of entomopathogenic fungi such as Beuveria bassiana and Metarhizium anisopliae is that the effectiveness of control is dependent on the relative humidity after application of the spores.

Genetically engineered Metarhizium anisopliae:  

Various genes relating to the formation of appresorium, virulence, and nutritional stress have been cloned from M. anisopliae. In order to enhance insecticidal efficacy, additional copies of the prl gene in M. anisopliae, which encodes a subtilin like protease involved in host cuticle penetration., were engineered to the genome of M. anisopliae (St. Leger et al., 1996). A constitutive promotor, gpd from Aspergillus nidulans was to drive expression. Four transformants were selected and each contained 3 to 6 copies of the prl gene. While prl gene is normally only expressed during the growth of the cuticle, prl was produced by recombinant fungus in the haemocoel of lepidopteran larvae infected with recombinant fungi. Infection with the recombinant strains were resulted in partial hydrolysis of haemolymph proteins and extensive melanisation of the larvae. Prl was found to activate trypsins which in turn activated the phenoloxidase system involved in initiation of the melanisation process and tyrosine metabolism in general. Larvae infected with the recombinant strains died 25% sooner than larvae infected with wild type M. anisopliae and feeding damage was reduced by 40%.

Genetic engineering in entomopathogenic nematodes:  
    In order to overcome the major limitations of Entomopathogenic nematodes (steinernematids and heterorhabditids) such as, susceptibility to environmental stress, temperature extremities, solar radiation, and dessication, and potential of genetic engineering to enhance these traits is under investigation. Entomopathogenic nematodes have a symbiotic association with bacteria in the genus Xenorhabdus (family: Enterobacteridae). The symbiosis is specific in that each nematode species carries its own unique species of bacterium. There is natural variation among nematode strains in virulence, dessication tolerance, host finding ability, and activity at low temperature, and hence classical selection can be used to optimize these parameters (Gaugler and Hashmi, 1996).

     Steinermatidae and Heterorhabditidae are in the superfamily as Caenorhabditis elegans which is a model organism for molecular genetics. Conserved genes in C. elegans are likely to be homologous in the steinernamatidae and heterorhabditidae. Efforts to engineer entomopathogenic nematodes have relied heavily on knowledge and techniques for manipulation of the C. elegans genome. This research has focused particularly on enhancing the environmental stability of the nematode H. bacteriophora strain HP88 with respect to heat tolerance. The ease of culture, short generation time, and ability to establish pure lines from hermaphroditic individuals facilitate genetic studies of Heterorhabditidae.

   H. bacteriophora has been transformed by microinjection of plasmid vectors used for C. elegans transformation, containing a C. elegans Hsp16/E. coli lacZ fusion transgene under the control of the hsp16 promotor, and the C. elegans rol6 gene for the roller phenotype. The rol-6 is a dominant allele of a collagen producing locus that causes C. elegans to roll over. Using the hsp16-lacZfusion construct, Hashim et al., (1995) developed and tested a novel apparatus for nematode transformation.

Genetic engineering in entomopathogenic virus: 
Recombinant DNA technology and advances in genomic mapping have been combined to improve the insecticidal qualities of naturally occurring baculoviruses. Host specificity of wild-type baculoviruses has make them ideal components of integrated pest management (IPM) programs but their usage in pest suppression has been limited to plants able to tolerate moderate levels of feeding damage while viral infection slowly kills the pests (Smith et al., 2000). Recently, the lengthy infection cycle has been significantly shortened by incorporating insecticidal toxin genes into the viral genomes. Genes coding for diuretic hormone (Maeda, 1989), juvenile hormone esterase (Hammock et al., 1990), maize mitochondrial protein (Korth and Levings 1993), mite neurotoxin (Popham et al., 1997, Tomalski and Miller 1991), and insect-specific scorpion neurotoxins (Carbonell et al., 1988, Maeda et al., 1991, McCutchen et al., 1991, Stewart et al., 1991) have been successfully incorporated to produce recombinant baculoviruses able to cause lethal infections and terminate feeding in their respective host larvae more rapidly than their wild-type progenitor viruses. Recombinant viruses of Autographa californica nucleopolyhedrovirus (AcMNPV) and Helicoverpa zea NPV (HzSNPV) have been engineered to express the insect-selective toxin genes of the scorpion Leiurus quinquestriatus hebraeus ( Birula ) (Scorpiones: Buthidae) (abbreviated as LqhIT2). These viruses naturally infect Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae) and Heliothis virescens (F.) (Lepidoptera: Noctuidae), key pests of cotton, Gossypium hirsutum, nontarget species, such as predators and parasitoids of the heliothine pest complex, are not able to support viral replication; thus they should not be directly affected by these toxin-producing viruses (Huang et al.,1997).

Constraints to initiate a genetic improvement project of naturel enemies

The process of developing a genetically modified natural enemy (fig. 1) face s constraints.

1. The factors limiting the efficacy of the natural enemy must be identified. A great deal must be known about the biology, ecology, and behaviour of the naturel enemy. Improper identification of the trait needing improvement could lead to an expensive and time-consuming project of little practical value.

2. Genetic variability must be available upon which one can select if using artificial selection. If such variability does not occur in naturel populations, it must be provided for through mutagenesis or, perhaps, through recombinant DNA methods. Third, the

3. Improved naturel enemy must be documented to be effective in the field.

4. Cost of the project should be justified by the benefits achieved.
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Fig 1: Processes of developing genetically modified natural enemy
Conclusions
Though the use of predator and parasitoids has no hazardous environmental impact but their efficacy under various conditions limits their usages. The improvement of their potency can boost their uses over the chemical mode of pest control. The cost–benefit ratio for classical biological control is highly favourable (1 : 250) and for augmentative control is similar to that of insecticides (1 : 2–1 : 5), with much lower development costs. Future pest management will depend strongly on biological control because it is the most sustainable, cheapest and environmentally safest system of pest management (Bale et al., 2008). Different biological attributes such as shortening developmental rate, enhancing progeny production, altering sex ratio, extending temperature and relative humidity tolerances and altering host or habitat preferences could enhance the effectiveness of natural enemies. A genetic improvement can be useful when the natural enemy is known to be a potentially effective biocontrol agent, the limiting trait in it is primarily influenced by a single major gene, the gene can be obtained by selection, mutagenesis or cloning, the manipulated strain is fit and effective, the released strain can be maintained on some form of reproductive isolation.
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