Application of Viruses for biological control of insect pests

Why are viruses a good option for use for IPM?

Viruses are the most exciting and promising group of pathogenic micro-organisms under consideration for use in biological insect pest suppression. Viruses are inert protein coated nucleic acid particles that can multiply only in the living host and bring about the lysis or destruction of the host cells. Due to this property, they are now being widely used as Biological Control Agent (BCA) as a part of integrated pest management (IPM) system as a good option for providing safe, effective and sustainable control of a variety of insect pests. Both naturally occurring and commercial products are now being used for IPM especially against fruit pests.  

Which viruses are commonly used as BCAs? 

There are six groups of viruses according to the criteria and classification approved by the International Committee on Taxonomy of viruses.

1) Baculoviruses (BV):

Baculoviruses are pathogens that attack insects and other arthropods.They composed primarily of double-stranded DNA protected by a polyhedral protein coat. Most insect baculoviruses must be eaten by the host to produce an infection, which is typically fatal to the insect. They replicate in host cell nuclei. Most baculoviruses, unlike many other viruses, can be seen with a light microscope. The polyhedra of many viruses look like clear, irregular crystals of salt or sand when viewed at 400x or 1000x. The fluid inside a dead insect is composed largely of many billions of virus polyhedral. Baculoviruses can be found wherever insects exist and are of two types: Nucleo-polyhedrovirus (NPV) and Granulosis Virus (GV). 
Nuclear polyhedrosis virus (NPVs): The majority of baculoviruses used as biological control agents are in the genus Nucleo-polyhedrovirus  (NPV).  It gets its name from its polyhedral capsid. These viruses are known to infect over 600 insect species worldwide predominantly moths and butterflies. They infect the caterpillar stage of insect life cycle and are highly specific in their host range.NPV was once listed by the International Committee on Taxonomy of Viruses (ICTV) as a subgenus of Eubaculovirinae, but the term now refers to 35 species of the  genus  Baculoviridae mostly alpha baculoviruses,  one deltabaculovirus and two gammabaculoviruses. These are the best known and account for 41% of the described arthropod viruses. The rod shaped virion contains double stranded DNA and are 230-420 nm long. Polyhedral protein protects virion from action of chemical, drying, sunlight, enzymes and high temperature. Free virus particle is less stable. It is highly host specific with no effect on beneficial fauna. It is safe to plant birds and higher animals and man. It enters insect gut through mouth and cuticle. Infected insect appears dull in colour and inceptive. Feeding rate of insect is reduced. In advanced stage integument becomes fragile and ruptures on slight disturbance emitting liquefied content (whitish fluid). Incubation period is 4-5 in 20 days. Earlier instars are more susceptible than 5th of 6th instar. Infected larvae hang invertedly from twigs. [image: image1.jpg]



· Granulosis viruses (GVs): These viruses have shown considerable promise as agents for insect pest suppression. These capsulated viruses develop in either the nucleus or cytoplasm of host fat, tracheal matrix or epithelial cells. The rod shaped virion contains DNA and are similar to NPV viruses. They enter through ingestion. The diseased larvae are less active, flaccid and fragile and period from infection to death is 6 to 20 days.

2) Cytoplasm polyhedrosis Virus (CPV):

These are another group of viruses which have shown promising use as BCA. They develop only in the cytoplasm of host midgut epithelial cells. The spherical encapsulated virions contain double stranded RNA. Their average diameter is 60 nm. Infection by CPVs is not always lethal but shows larval growth reduces.

3) Entomopox viruses (EPV):

This is a recently discovered group. EPV replicate in the cytoplasm of host fat body cells and possible in heamocytes. Virions are ovoid cuboids, 200×300×200 nm and contain double stranded DNA. They have a close relationship to vertebrate pox viruses hence their it is necessary to confirm the safety before use.

4) No Occluded indescent Viruses (IV):
These non capsulated viruses multiply in cytoplasm of host fat body’s cells. The viruses crystalise spontaneously within the living insect to give it a characteristic  shine. The Tipula iridensect virus (TIV) is 130 nm in diameter and has icosahedral shape. It contains double stranded DNA.

Examples of commercial viral BCAs: 
Gemstar LC (Certis USA) [(nuclear polyhedrosis virus of Heliothis/Helicoverpa spp. (e.g., corn earworm, tobacco budworm)]; 
Spod-X LC (Certis USA) [(nuclear polyhedrosis virus of Spodoptera spp. (e.g., beet armyworm)]; 
CYD-X (Certis USA) and Virosoft CP4 (BioTEPP, Inc.) (granulosis virus of Cydia pomonella, the codling moth); 
CLV LC (Certis USA) [nuclear polyhedrosis virus of Anagrapha falcipera, the celery looper].

Gypsy moth baculovirus (NPV) preparations to control Lymantria dispar (commonly known as the gypsy moth), a serious pest of forest trees.

 Certain species of sawfly (Neodiprion sertifer, N. lecontei, N. pratti pratti, etc.), have also been successfully controlled by NPV treatments specific to them.

Members of the Heliothis genus—cosmopolitan insects that attack at least 30 food- and fibre-yielding crop plants—have been controlled by the application of Baculovirus heliothis. 

NPV preparations have also been used commercially against pests such as Trichoplusia (under the biotrol-VTN brand name) and the cotton leaf worm (under the biotrol-VSE brand name).

USDA Forest Service currently uses the gypsy moth nuclear polyhedrosis virus (LdNPV) to aerially spray thousands of acres of forest each year. This product, registered as Gypchek, is effective against gypsy moths but leaves all other animals unharmed.
What is the mode of action of viral BCAs?
Insects ingest the viral particles while feeding on plant material or from soil. The viral particles reach the gut and starts multiplying there.From the digestive system it spreads throughout the whole body of the host continuously multiplying in the body tissues. Soon the infected insect becomes dark in colour, sluggish and finally it dies. Due to the destruction of the internal tissues, dead insects often have a “melted” appearance. The contents of a dead insect can range from milky-white to dark brown or black and finally its body disintegrates. The viral particles are released in the environment and get attached to plant surfaces or mingle with soil. These particles can now infect new insect hosts. Movement of insects, their predators such as other insects or birds that come into contact with infected insects, or non-biological factors like water run-off, rain-splash or air-borne soil particles also result in the spread of viral particles . Mortality in infected insects is nearly 100%.

Symptoms of NPV infection include

· Discoloration (brown and yellow)

· Stress (regurgitation)

· Decomposition (liquefication)

· Lethargy (slow movement to no movement at all; refusal to eat)



The number of virus infection cycles within a growing season depends on the insect’s life cycle. Insect pests with multiple generations per season or longer life cycles can be more heavily impacted by virus outbreaks since there is a greater opportunity for multiple virus infection cycles within a growing season.
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Figure 1. Generalized life-cycle of insect viruses. Figure credit: Jim McNeil, Department of Entomology, Penn State University.
What are the Advantages and Disadvantages of Viral BCAs?
Advantages

1. Safe to handle:  No fear of infection to mammals, including humans since the virus is in the crystal-like capsid, it must be broken down by the alkaline digestive system of the insects to be released.Human cells are acid-based and NPV requires an alkaline cell in order to replicate. It is possible for the virus crystals to enter human cells, but not to replicate to the point of causing illness.

2. Host specificity: Risk of infecting non target beneficial insects is very low. 
3. Naturally present: May be already present in the environment. 
4. Repeat applications within a season not required:  Successful infection can spread the disease and continue to infect the successive generations.

Disadvantages

1. Usually insect viruses take several days to kill their host insect. The insect continues to destroy the plant during this time.

2.  Large number of particles required as insect death is dose dependent. 
3. Viruses are usually only effective against early larval life stages such as caterpillar stage. Mature insects become less susceptible to virus infection.
4. Virus particles are quickly inactivated by direct sunlight or high temperatures, which can limit their persistence within a given season. 
5. Cultural practices such as tilling, ploughing the field etc. buries the particle deep into soil and reduce persistence between seasons.
What is the correct time to apply viral BCA?
Viruses are mostly used in conjunction with other management strategies. Before use the viral product should be certified by authorities for use as safe and is allowed. Next the target pest should be identified. Viral product should be applied when the target pests are young but actively feeding. It should be ensured that plant surfaces are thoroughly coated for maximum coverage. Morning or evening application or application on cloudy days reduces degradation from sunlight. Since rain water washes away the particles application during rains must be avoided. Some commercial products are combined with ultraviolet (UV) light blockers and sticking agents to increase longevity. But it is necessary to confirm whether these formulations are eco- friendly and comply with organic standards. Soil disturbance should be minimal after application to  increase the persistence of virus particles in the system and may lead to better control within and between growing seasons.

General considerations for field application of BVs:

1. Method of application               : Foliar spray.

2. Stage of pest                              : Early in stars are highly susceptible.

3. Dose of virus preparations         : 2 to 3 sprays in early stages of pest.

4. Preparation of spray fluid           NPV in required strength is mixed with good quality soft water +0.1% teepol or Trition-x-100.

5. Time of application                   : Preferably in evening hours.

6. Frequency of application           :  2-4 application in case of NPV/weekly.

7. Application equipment                :  High volume applications are more effective than low volume.

8. Integration of chemicals             :  NPV is compatible with most of pesticides.

9. Use of adjuvants                       :  Skimmed milk, juggary, Teepol, sandovit
Relative Effectiveness

It is widely acknowledged that baculoviruses can be as effective as chemical pesticides in controlling specific insect pests. However, the expense of treating a hectare of land with a baculovirus product invariably costs more than an equally efficacious chemical treament. This difference in price is due primarily to the labor intensive nature of baculovirus production. Some viruses can be produced in vitro (within cell cultures in the laboratory, not requiring whole, living insects). These are less expensive than those that can only be produced in vivo, that is, inside of living insects. The cost of rearing live hosts adds greatly to the final cost of the product. It is to be hoped that insect cell culture systems currently being developed for other uses may ultimately make viral pesticides more cost-effective.
Examples: 
	COMMODITY
	INSECT PEST
	VIRUS USED
	VIRUS PRODUCT

	Apple, pear, walnut and plum
	Codling moth
	Codling moth granulosis virus
	Cyd-Xe(3)

	Cabbage, tomatoes, cotton, (and see pests in next column)
	Cabbage moth, American bollworm, diamondback moth, potato tuber moth, and grape berry moth
	Cabbage army worm nuclear polyhedrosis virus
	Mamestrin*(5)

	Cotton, corn, tomatoes
	Spodoptera littoralis
	Spodoptera littoralis nuclear polyhedrosis virus
	Spodopterin*(5)

	Cotton and vegetables
	Tobacco budworm Helicoverpa zea, and Cotton bollworm Heliothis virescens
	Helicoverpa zea nuclear polyhedrosis virus
	Gemstar LC, Biotrol, Elcar(3)

	Vegetable crops, greenhouse flowers
	Beet armyworm (Spodoptera exigua)
	Spodoptera exigua nuclear polyhedrosis virus
	Spod-X(3)

	Vegetables
	Celery looper (Anagrapha falcifera)
	Anagrapha falcifera nuclear polyhedrosis virus
	none at present

	Alfalfa and other crops
	Alfalfa looper (Autographa californica)
	Autographa californica nuclear polyhedrosis virus
	Gusano Biological Pesticide (3)

	Forest Habitat, Lumber
	Douglas fir tussock moth (Orgyia psuedotsugata)
	Orgyia psuedotsugata nuclear polyhedrosis virus
	TM Biocontrol(2)

	Forest Habitat, Lumber
	Gypsy moth
(Lymantria dispar)
	Lymantria dispar nuclear polyhedrosis virus
	Gypchek(1)


