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1. [bookmark: _Toc50575173]Introduction:
Biocontrol, short for Biological Control, is the management of a pest, typically invasive species, by introducing a natural predator into the environment. Biocontrol is a method of controlling pests such as insects, mites, weeds and plant disease using other organisms. It relies on predation, parasitism,   herbivory or other natural mechanisms, but typically also involves an active human management role. It can be an important component of integrated pest management(IPM) programs.

The term "biological control" was first used by Harry Scott Smith at the 1919 meeting of the Pacific Slope Branch of the American Association of Economic Entomologists, in California. It was brought into more widespread use by the entomologist Paul H. DeBach (1914–1993) who worked on citrus crop pests throughout his life. The first reported case of a classical biological control attempt in Canada involves the parasitoidal wasp Trichogramma minutum.

 Biocontrol reduces the pest population and their impacts on the environment. Biocontrol has many advantages. Natural enemies are an environmentally friendly alternative to pesticides that are often used to control invasive species. Biocontrol is long term and sustainable, the major cost for controlling an introduced species is the research involved in determining the safety and effectiveness of a biocontrol agent. Therefore biocontrol can be cost effective in the long-term.  In the process of  attaining  higher  levels  of  food production to  keep pace  with  population  growth  during  the  past  four  decades , emphasis was  laid  on  intensive  agriculture  practices . In intensive agriculture practices use of chemical fertilizers is initially encouraged to increase the productivity of the crop, which has now proved to be very hazardous to human beings and the environments. These chemicals enter our body while eating of crops and drinking polluted water that gets deposited in the adipose fat of the body. At later stages they also cause various dreadful diseases like cancer, which has been scientifically proved (Sharma and Agrawal, 2004).  Excessive soil erosion, degradation of soil quality, and decline in soil productivity are also the resultant effect of this agriculture practices (Chisci and Morgan, 1986).



2. [bookmark: _Toc50575174]Importance of Biocontrol:
The increased indiscriminate use of agro-chemicals has further led to insurgence in pest population. Some of the pests have even acquired resistance against commonly used pesticides.  Use of chemicals in crop production is a major challenge for sustainability of agriculture Agriculture, being a major livelihood, farmers now has realized the bad impact of agro-chemicals, and is trying hard to introduce alternative system that is sustainable, and suitable in local condition.
Due to the technological advancement in entomological sector there are many possibilities to use biological and microbial and botanical pesticides, which are effective against the various pest. Neupane (2003), reported 324 species of botanical plants having pesticidal properties in Nepal. Indigenous botanicals like Malabar nut tree (Adhtoda vasica Nees), neem (Azadirachta indica), China berry (Melia azedarch L.) and Indian privet (Vitex nigundo L.) at the rate of 200gm green leaves in 1 litre water soaking for 12- 15 hours and applied once a week for 5-6 times, can control the Spilarctia casignata (Neupane, 2000). G.C. and B. Ranabhat (2000-2001) tested a total of seven different types botanicals extracts namely- Titepati (Artimisia vulgaris L.), Asuro (Justicia adhatoda L.), garlic (Allium sativum L.), Bakaino (Melia azedederach L.), peach (prunus sinensis L.), Sisnu (Urtica dioca L.) and Khirro (Holarrhena pubescence Buch. -Ham.) against Spilarctia casignata Koll. They indicated that all the plant materials had some sort of antifeedant effects to the larval development, however, the baikaino (Melia azedederach L.) was found significantly effective for its inhibition effect to the larval development into the subsequent pupae. Budhathoki (1992), reported Successful control was achieved by the foliar spray or topical application of crude extract of leaves of the neem tree and Melia azaserach against many lepidopterous insects. 
In the management of the aphid, the role of natural enemies including parasitoids, predators and entomopathogenic fungi is inevitable (Debach, 1964; Pimental, 1991). Among entomogenous fungi, some species of Entomophthora parasitise on aphids and contribute significantly to check pest population (Ramakrishnan and Kumar, 1981; Kotwal and Bhalla, 1985). The parasitoid, Aphidius matricariae, has been widely used as a biological control agent against M. persicae in greenhouses. Similarly, neem based pesticide is also effective for the management of M. persicae (Sulzer) (Lowery et al., 1993). The parasitoid, Aphidius matricariae, has been widely used as a biological control agent against M. persicae in greenhouses.
Various natural plant products with pesticidal activity, have been as well as are being explored in order to develop safe pesticides. These products are easily biodegradable and locally available, which are more useful especially to the farmers who can not afford for expensive, synthetic pesticides. At present, serious attention has been drawn to extract from higher plants known to contain antifungal substances in the form of alkaloids prohibitins, which help in resisting the pathogens (Kaitisha,1995).In Nepal, Farmers are using different botanical extract, and cattle urine for the control of different pests and diseases,However ,a systematic study on the above mention materials in controlling the leaf spot and blight in radish is lacking. Therefore, the study will be carried out. 

3. [bookmark: _Toc50575175]Types of Biocontrol:
There are three basic strategies for biological pest control: classical (importation), where a natural enemy of a pest is introduced in the hope of achieving control; inductive (augmentation), in which a large population of natural enemies are administered for quick pest control; and inoculative (conservation), in which measures are taken to maintain natural enemies through regular reestablishment.
[bookmark: _Toc50575176]3.1 Importation:
[bookmark: _Toc50575177]Importation or classical biological control involves the introduction of a pest's natural enemies to a new locale where they do not occur naturally. Early instances were often unofficial and not based on research, and some introduced species became serious pests themselves. To be most effective at controlling a pest, a biological control agent requires a colonizing ability which allows it to keep pace with changes to the habitat in space and time. Control is greatest if the agent has temporal persistence, so that it can maintain its population even in the temporary absence of the target species, and if it is an opportunistic forager, enabling it to rapidly exploit a pest population. 
[bookmark: _Toc50575178]One of the earliest successes was in controlling Icerya purchasi(cottony cushion scale) in Australia, using a predatory insect Rodolia cardinalis (the vedalia beetle). Alligator weed was introduced to the United States from south America.  It takes root in shallow water, interfering with navigation, irrigation and flood control.. The  alligator weed flea beetle and two other biological controls were released in  Florida, greatly reducing the amount of land covered by the plant. 
[bookmark: _Toc50575179]3.2 Augumentation
Augmentation involves the supplemental release of natural enemies that occur in a particular area, boosting the naturally occurring populations there. In inoculative release, small numbers of the control agents are released at intervals to allow them to reproduce, in the hope of setting up longer-term control, and thus keeping the pest down to a low level, constituting prevention rather than cure. In inundative release, in contrast, large numbers are released in the hope of rapidly reducing a damaging pest population, correcting a problem that has already arisen. Augmentation can be effective, but is not guaranteed to work, and depends on the precise details of the interactions between each pest and control agent. 
An example of inoculative release occurs in the horticultural production of several crops in green houses . Periodic releases of the parasitoidal wasp, Encarsia formosa , are used to control greenhouse white fly , while the predatory mite Phytoseiulus  persimilis  is used for control of the two-spotted spider mite. 
The egg parasite Trichogamma  is frequently released inundatively to control harmful moths. Similarly, Bacillus thuringiensis and other microbial insecticides are used in large enough quantities for a rapid effect. Recommended release rates for Trichogramma in vegetable or field crops range from 5,000 to 200,000 per acre (1 to 50 per square metre) per week according to the level of pest infestation. Similarly, nematodes that kill insects (that are entomopathogenic) are released at rates of millions and even billions per acre for control of certain soil-dwelling insect pests.
[bookmark: _Toc50575180]3.3 Conservation:
The conservation of existing natural enemies in an environment is the third method of biological pest control. Natural enemies are already adapted to the habitat and to the target pest, and their conservation can be simple and cost-effective, as when nectar-producing crop plants are grown in the borders of rice fields. These provide nectar to support parasitoids and predators of plant hopper pests and have been demonstrated to be so effective (reducing pest densities by 10- or even 100-fold) that farmers sprayed 70% less insecticides and enjoyed yields boosted by 5%.Predators of aphids were similarly found to be present in tussock grasses by field boundary hedges in England, but they spread too slowly to reach the centres of fields. Control was improved by planting a metre-wide strip of tussock grasses in field centres, enabling aphid predators to overwinter there. 
Cropping systems can be modified to favor natural enemies, a practice sometimes referred to as habitat manipulation. Providing a suitable habitat, such as a shelterbelt, hedgerow, or beetle bank  where beneficial insects such as parasitoidal wasps can live and reproduce, can help ensure the survival of populations of natural enemies. Things as simple as leaving a layer of fallen leaves or mulch in place provides a suitable food source for worms and provides a shelter for insects, in turn being a food source for such beneficial mammals
4. [bookmark: _Toc50575181]Biocontrol agents:
Natural enemies of insect pests, also known as biological control agents, include predators,parasitoids, pathogens and competitors.  and . Biological control agents of plant diseases are most often referred to as antagonists. Biological control agents of weeds include seed predators, herbivores and plant pathogens.
[bookmark: _Toc50575182]4.1 Predators:
Predators are mainly free-living species that directly consume a large number of prey  during their whole lifetime. Given that many major crop pests are insects, many of the predators used in biological control are insectivorous species. Lady bird beetles , and in particular their larvae which are active between May and July in the northern hemisphere, are voracious predators of aphids , and also consume mites, scale insects and small caterpillars. The spotted lady beetle is also able to feed on the eggs and larvae of the Colorado potato beetle . The larvae of many  hoverfly  species principally feed upon aphids , one larva devouring up to 400 in its lifetime. Their effectiveness in commercial crops has not been studied.
Several species of entomopathogenic nematode  are important predators of insect and other invertebrate pests. Entomopathogenic nematodes form a stress–resistant stage known as the infective juvenile. These spread in the soil and infect suitable insect hosts. Upon entering the insect they move to the  hemolymph  where they recover from their stagnated state of development and release their bacterial symbionts . The bacterial symbionts reproduce and release toxins, which then kill the host insect. Phasmarhabdits hermaphrodita  is a microscopic nematode  that kills slugs.
[bookmark: _Toc50575183]The bug  Orius insidiosus has been successfully used against the two spotted spider mite and the western flower thrips  (Frankliniella occidentalis). Predators including Cactoblastis cactorum can also be used to destroy invasive plant species. As another example, the poison hemlock moth  (Agonopterix alstroemeriana) can be used to control poison hemlock  (Conium maculatum).
[bookmark: _Toc50575184]4.2 Parasitoids:
Parasitoids lay their eggs on or in the body of an insect host, which is then used as a food for developing larvae. The host is ultimately killed. Most insect parasitoids are wasps or flies, and many have a very narrow host range. The most important groups are the ichneumoid wasps, which mainly use caterpillars  as hosts;braconid wasps , which attack caterpillars and a wide range of other insects including aphids;chalcid wasps , which parasitize eggs and larvae of many insect species; and tachinid flies , which parasitize a wide range of insects including caterpillars, beetle  adults and larvae, and true bugs . Parasitoids are most effective at reducing pest populations when their host organisms have limited refuges to hide from them. 
[bookmark: _Toc50575185][bookmark: _Toc50575186] Encarsia formosa is a small predatory chalcid wasp which is a parasitoid of whitefly, a sap-feeding insect which can cause wilting and black sooty moulds  in glasshouse vegetable and ornamental crops. It is most effective when dealing with low level infestations, giving protection over a long period of time. The wasp lays its eggs in young whitefly 'scales', turning them black as the parasite larvae pupate. Parasitoids are among the most widely used biological control agents. Commercially, there are two types of rearing systems: short-term daily output with high production of parasitoids per day, and long-term, low daily output systems. In most instances, production will need to be matched with the appropriate release dates when susceptible host species at a suitable phase of development will be available
[bookmark: _Toc50575187]4.3 Pathogens:
Pathogenic micro-organisms include bacteria, fungi and viruses. They kill or debilitate their host and are relatively host-specific. Various microbial   insect diseases occur naturally, but may also be used as biological pesticides. When naturally occurring, these outbreaks are density-dependent in that they generally only occur as insect populations become denser. 
Bacteria used for biological control infect insects via their digestive tracts, so they offer only limited options for controlling insects with sucking mouth parts such as aphids and scale insects. Bacillus thuringiensis , a soil-dwelling bacterium, is the most widely applied species of bacteria used for biological control, with at least four sub-species used against Lepidopteran (moth, butterfly), Coleopteran (beetle) and Dipteran (true fly) insect pests. 
Entomopathogenic fungi, which cause disease in insects, include at least 14 species that attack aphids .Beauveria bassiana  is mass-produced and used to manage a wide variety of insect pests including  whiteflies, thrips , aphids and weevils. Lecanicillium  spp. are deployed against white flies, thrips and aphids. Metarhizium spp. are used against pests including beetles,locusts  and other grasshoppers.
Paecilomyces fumosoroseus  is effective against white flies, thrips and aphids; Purpureocillium  lilacinus is used against root knot nematodes  and 89 Trichoderma species against certain plant pathogens. Trichoderma viridae has been used against Dutch elm diseases.
Baculoviruses are specific to individual insect host species and have been shown to be useful in biological pest control. For example, the Lymantria dispar multicapsid nuclear polyhedrosis virus   has been used to spray large areas of forest in North America where larvae of the gypsy moth  are causing serious defoliation. The moth larvae are killed by the virus they have eaten and die, the disintegrating cadavers leaving virus particles on the foliage to infect other larvae
[bookmark: _Toc50575188]4.4 Competitors:
The legume vine Mucuna pruriens   is used in the countries of benin  and  Vietnam as a biological control for problematic  Imperata cylindrical grass: the vine is extremely vigorous and suppresses neighbouring plants by out-competing them for space and light. Mucuna pruriens is said not to be invasive outside its cultivated area. Desmodium uncinatum can be used in push-pull farming to stop the parasitic plant, witchweed (Striga).






5. [bookmark: _Toc50575189]Drawbacks: 
Many of the most important pests are exotic, invasive species that severely impact agriculture, horticulture, forestry and urban environments. They tend to arrive without their co-evolved parasites, pathogens and predators, and by escaping from these, populations may soar. Importing the natural enemies of these pests may seem a logical move but this may have  unintended consequences; regulations may be ineffective and there may be unanticipated effects on biodiversity, and the adoption of the techniques may prove challenging because of a lack of knowledge among farmers and growers. 
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