Integrated Pest Management in major Vegetables
(Dr. R. Srinivasan, Entomology Unit, AVRDC – The World Vegetable Center, Shanhua, Tainan 741, Taiwan)
Integrated Pest Management (IPM), by definition is a system that, in the context of associated environment and population dynamics of the pest species, utilizes all suitable techniques and methods in as compatible a manner as possible and maintains pest populations at levels below those causing economic injury.

‘Integrated’ means that combining all available management techniques to manage the pest problems. The breadth of techniques ranges from traditional farmers’ practices to modern, sophisticated novel techniques like insect resistant transgenic plants. However, integration should consider the ecological feasibility and economic viability of the selected components.
‘Pest’ is an organism which could cause damage and/or loss to humans and his belongings. Hence, a pest may be a bird, insect, mite, pathogen, rodent, weed, etc.
‘Management’ is the art of adjustment with all available resources to a desirable end.

Scouting and Monitoring the Pest Populations – a first step in IPM

Scouting is an important and first step in any IPM program. It involves systematic surveillance for pests in the crop fields and thus measuring pest populations to make pest management decisions. The decisions could be made based on ‘economic threshold level (ETL)’. In other words, the cost of the pest damage (loss in produce) is weighed against the cost of the pest management in decision-making process. 
Before getting into ETL, it is imperative to know the other related terms. Economic damage is one such basic term, defined by Stern et al. (1959) as the amount of injury which will justify the cost of artificial control measures. 

This was later explained by Southwood and Norton (1973) with a mathematical expression, which is given below:

C(a) = {Y[s(a)] x P[s(a)]} – {Y(s) x P(s)}
Where

Y is yield
P is price per unit of yield
s is level of pest injury
a is control action

s(a) is level of injury as modified by the control action
C is cost of the control action
This equation simply states that cost of the pest control action equals to the yield multiplied with price of the produce when the pest control action is applied minus yield multiplied with price of the produce when the pest control action is not applied. Consequently, economic damage begins at this point, i.e., when the cost of pest damage equals to the cost of pest control action.


(Reference: Larry P Pedigo, http://ipmworld.umn.edu/chapters/pedigo.htm) 
Economic Injury Level (EIL) is another relevant term which was defined by Stern et al. (1959) as the lowest population density that will cause economic damage. Mathematically, the EIL is expressed as below by Pedigo et al., 1986.
EIL = C/(VIDK)

Where

EIL expressed as pest numbers or injury equivalents

C is cost of insect control
V is market value of a unit of the crop
I is injury units (damage) per insect
D is damage (proportion of yield loss) per injury unit
K is the proportional reduction of the insect population/injury
Economic Threshold Level (ETL) was also first introduced by Stern et al. (1959). Stern (1973) defines the ETL as the pest density at which control measures should be used to prevent an increasing pest population from reaching EIL. Another definition given by Glass (1975) defines ETL as the density of a pest population below which the cost of applying control measures exceeds the losses caused by the pests.
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Hence, the pest scouting and threshold information are useful for making decisions whether the pest management techniques should be applied at this stage or not to prevent the economic loss of a crop.

Components of IPM
1. Cultural method: Crop rotation, Removal of the damaged shoots, Destruction of the old plant stalks, Applying optimum quantity of fertilizers and manures, Proper soil tillage, Optimum irrigation and soil moisture, Intercropping and Trap cropping 

Examples:

a) Removal and prompt destruction of freshly wilted eggplant shoots harboring eggplant fruit and shoot borer (EFSB) larvae has potential in controlling this pest effectively
b) Prompt elimination of eggplant stubble from old plantings will prevent carryover of EFSB from season to season and this will help reduce damage of this pest to new eggplant crops
c) The field should be cleaned of plant debris after harvest, as diamondback moth (DBM) larvae and pupae remain in plant debris. Keep the crop weed-free because DBM can feed on certain weeds, especially crucifer weeds (http://www.avrdc.org/LC/cabbage/dbm.html)
d) Remove weeds in and around fields. Cover seedbeds with a very thin transparent fabric material to protect seedlings from adult feeding before transplanting. After harvest, the field should be plowed to expose larvae (http://www.avrdc.org/LC/cabbage/fleabeetle.html). 
e) Application of nitrogen fertilizers is believed to enhance the plant vigor and nutrients which may invite more insect pests. Hence, optimum quantity of nitrogen fertilizers is important in any vegetable crop production systems

f) Proper ploughing of the soil before new plantings will expose the pest pupae, for instance, the common armyworm, Spodoptera litura (which can cause damage in tomato, capsicum and chillies, onion, cabbage, etc) present in the soil to natural predators like birds. Hence, the population development in subsequent cropping will significantly be reduced

g) Higher irrigation levels (1000 liters/week) in onions would reduce the thrips damage, besides increasing the yield. Flooding soil for up to 48 h causes heavy mortality of soil-inhabiting immature stages of striped flea beetle, Phyllotreta striolata and S. litura in crucifer leafy vegetable production systems
h) Cabbage-Tomato intercropping is reported to reduce infestation of Diamond-back moth (DBM) in the cabbage. Intercropping vegetables with marigolds (Tagetes sp) is effective to manage root-knot nematodes (Meloidogyne spp.). 
i) Growing Chinese cabbage, radish, Indian mustard (Brassica juncea) and collards as trap crops in cabbage fields could effectively reduce the incidence of DBM, Cabbage webworm (CWW), Hellula undalis and Cabbage head caterpillar (CHC) Crocidolomia binotalis (http://www.avrdc.org/LC/cabbage/chc.html) 
j) Various cultural practices such as ridging of young plants, planting after green manure crop, crop rotation, fertilization and mulching with rice straw enhance plant growth and induce tolerance to bean fly damage. Avoid late plantings since infestations of bean fly are heavier then (http://www.avrdc.org/LC/mungbean/beanflies.html) 
k) Drying of mungbean seeds to moisture levels of 7% or lower before storing would reduce the Bruchids infestation 
l) Avoid planting tomato near corn, cotton, okra and peppers to prevent heavy pest infestations
2. Host plant resistance: Use of resistant/tolerant varieties to manage the insect pests
e.g., Eggplant accessions Pusa Purple Long, H-128, H-129, Aushey, Thorn Pendy, Black Pendy, H-165, H-407, Dorley, PPC-17-4, PVR-195, Shyamla Dhepa, and Banaras Long Purple have been reported to be tolerant or resistant to EFSB. Cultivars Arka Shirish, Hissar Selection 14 and Shankar Vijay were reported to resist damage of Epilachna vigintioctopunctata (http://www.avrdc.org/LC/eggplant/borer.html) in eggplant.
3. Mechanical methods 
a) Hand destruction: Removal and destruction of early larval stages in some insects. For example, the CAW and CHC are found in gregarious in early larval stages. Hence it is suggested to remove the leaves with the larvae and kill them. 
b) Exclusion by screens, barriers:  
(i) Net houses can be used to produce leafy vegetables in peri-urban areas. These structures vary in size and the protective materials used to construct them. The most economical and widely used structure is a 2m high iron infrastructure with a single door and covered with nylon netting. The netting is usually 16-mesh, which allows free flow of air, minimizes build-up of temperature inside the net-house, and reduces radiation levels by only about 15%. The porous nature of the net helps it to withstand strong winds without much damage. 
(ii) Cover crucifer seedlings with a fine nylon mesh net or plastic sheet to prevent DBM adults laying eggs on their leaves. In peri-urban areas where farm size is small, barrier nets can be used effectively to partially exclude DBM and other pests. The planting of crucifers should be confined on all four sides using a 2-m high barrier net (16 mesh size). At the top of the net, an additional 30-40 cm of the netting should be stretched outwards and then down to make an angle of 80° against the net wall (http://www.avrdc.org/LC/cabbage/dbm.html). 
(iii) Tomato seedlings can be protected from TYLCV infection by excluding whiteflies using a fine mesh (50-mesh or finer) screen.
4. Physical methods: Manipulation of temperature (heat/cold) and energy (light, radiation, sound, etc)
a) Use of materials like activated clay to prevent the bruchids in legumes in storage conditions
b) Use of yellow sticky trap to attract the insects like aphids, leafhoppers and whiteflies in nursery and main field

c) Use of light traps to attract the adult insects during night time e.g. Maruca vitrata adults in vegetable legumes

5. Biological control:
a. Use of parasitoids and predators
(i) An insect predator is larger in size, more active and has well developed structural adaptations and sense organs for catching the prey. They feed upon a large number of small insects every day. e.g. Green lace wings (Chrysopids) are predaceous on aphids, thrips, whiteflies and eggs of TFW, CAW, etc. Lady bird beetles will prey upon aphids, leafhoppers, thrips, whiteflies and other soft bodied insects. Syrphid flies could be used to control the aphids.
(ii) A parasitoid is an insect living on (ecto-parasitoid) or in (endo-parasitoid) the body of another insect, called the host from which it gets food during its immature stage and the adults are free living. In general, eggs are laid on or in the body of the host; the larvae feed on the body contents of the host, pupate either inside or outside the host body and emerge as adults. 
	Name of the pest
	Parasitoids

	Cabbage looper, Trichoplusia ni
	Voria ruralis, Eucelatoria armigera, Microplitis brassicae, and Chelonus texanus

	Diamondback moth, Plutella xylostella
	Egg parasitoid, Trichogrammatoidea bactrae and larval parasitoid, Cotesia plutellae (lowlands), larval parasite Diadegma semiclausum and pupal parasite Diadromus collaris (cool, highlands)

	Imported cabbage worm, Pieris rapae
	Apanteles glomeratus, Phryex vulgaris and Pteromalus puparum

	Striped flea beetle, Phyllotreta striolata
	Microtonus epitricis, M. punctulatae, M. vittatae and Townesilitus psylliodis

	EFSB, Leucinodes orbonalis
	Eriborus sinicus, Trathala flavo-orbitalis

	TFW, Helicoverpa armigera
	Trichogramma sp.


b. Pathogens on insects like virus, bacteria, fungi, protozoa and nematodes
(i) Entomopathogenic viruses: The viruses like cytoplasmic polyhedrosis viruses (CPV), nuclear polyhedrosis viruses (NPV) and granulosis viruses (GV) can infect and kill the insects. They are obligate pathogens requiring the living host insects for development and multiplication. Disease caused by the virus is called as virosis. They are highly specific and do not attack beneficial insects or other animals including man. 

Nuclear polyhedrosis virus (NPV): The virus particles are rod-shaped and are enclosed in an outer envelope which may enclose one or several virus rods. The viruses enclosed in the envelope are occluded in protein crystals called polyhedra. NPV is normally transmitted by oral ingestion of polyhedra. Ingested polyhedra dissolve, releasing virus rods into the lumen of the insect host insect’s midgut due to alkaline gut juice; the virions are liberated from the polyhedral coat which attack nuclei of cells of tissues viz., fat body, tracheal matrix, haemocytes, sarcolemma of muscles, neurilemma and nerve cells of ganglion and brain. The symptoms of infection include that insects become dull in colour, less appetite and larvae become pinkish white especially in the ventral side due to accumulation of polyhedra. In advanced stage larvae become flaccid, and the skin becomes very fragile and eventually ruptures to release the virus particles. Diseased larvae hang upside down from the plants. This is called tree top disease e.g. TFW (Helicoverpa armigera) NPV, CAW (Spodoptera litura) NPV
Granulosis virus (GV): GV particles are also surrounded by an envelope and occluded in a proteinaceous capsule similar to NPV. GV usually contains only one virus particle rather than many virus particles contained in NPVs and CPVs. The fat body of lepidopterous larvae is the primary site of infection. The symptoms include loss of appetite, sluggishness and appearance of milky white colour especially on the ventral surface. e.g. GV of DBM
Cytoplasmic polyhedrosis virus (CPV): The virus particles are not enclosed in membranes as NPVs, but are occluded in protein crystals similar to those of NPVs and GVs. CPV infects the cytoplasm of the midgut epithelium of lepidopterous larvae. CPVs are not highly significant in pest management as they will kill the infected larvae after a very long time of infection. e.g. CPV of Maruca vitrata
(ii) Entomopathogenic bacteria: Bacillus thuringiensis (Bt) is one of the most effective entomopathogenic bacteria and widely used in pest management against most of the lepidopteran (caterpillars) pests in vegetable production systems. The infected larvae cease to feed, become sluggish in movement, exhibit diarrhoea or vomitting, gradually become flaccid and die usually within 72-96 h of infection. The cadavers turn dark brown to black in colour and eventually dry down to a hard black scale. There are several commercial formulations like dipel, thuricide are available for practical uses.
(iii) Entomopathogenic fungi: The disease caused by fungus is known as mycosis in insects. The green muscardine fungus (Metarhizium anisopliae) and white muscardine fungus (Beauveria bassiana) are widely used in pest management. The infected insect exhibits softened body. Conidia germinate and fungus grows in insect's body until the insect is filled with mycelia. 

6. Chemical methods

Pesticides: The pesticide is a common term used to describe several kinds of chemicals used in pest management. The commonly used pesticides are defined here, with examples

1. Insecticides: The compounds that are used to control various insect pests attacking field crops, farm animals, stored products and man. e.g. endosulfan, carbaryl and carbofuran

2. Rodenticides: These are chemicals that are exclusively used to control various rats e.g. Zinc phosphide, warfarin

3. Acaricide: These are chemicals used to control mites feeding on various crops. e.g. Dicofol, tetradifon

4. Molluscicides: These are chemicals that are used to kill the snails and slugs in agriculture and public health services. e.g. Metaldehyde

5. Nematicides: These are chemicals that are used exclusively for the control of nematodes. e.g. aldicarb, carbofuran, phorate

6. Fungicides: They are chemicals that are exclusively used to control plant diseases caused by fungi. e.g. Copper oxychloride, carbendazim

7. Bactericides: These are exclusively used to control the diseases caused by plant pathogenic bacteria. e.g. Streptomycin sulphate and aureomycin

8. Herbicides: These chemicals are used to control the weeds and undesirable plants in crop production. e. g. 2,4-D, atrazine, paraquat

Insecticides are mainly grouped into four categories based on their chemical nature.

1. Chlorinated hydrocarbons: The basic constituents of these compounds are carbon, hydrogen and chlorine and certain compounds have oxygen and sulphur too. They are potent nerve poisons with quick knock down effects. They remain in the foliage and soil for longer periods and undergo slow degradation. e.g., DDT, BHC and endosulfan. 

2. Organophosphorus (OP) compounds: Organophosphorus insecticides are normally esters, amides, or thiol derivatives of phosphoric, phosphonic, phosphorothioic, or phosphonothioic acids. Insecticidal activity of OP compounds is due to inhibition of cholinesterase enzymes in insects’ nerve tissues. e.g. monocrotophos, chlorpyriphos, quinalphos, phorate, profenofos

3. Carbamates: They are the esters of carbamic acid. They act more as nerve poison by inhibiting cholinesterase enzyme mediated synaptic transmission. e.g. Carbaryl, carbofuran, aldicarb

4. Synthetic pyrethroids: They are based on the chemical structure and biological activity of pyrethrum, an extract from plants in the genus Chrysanthemum. The development of synthetic pyrethroids has involved extensive chemical modifications to make compounds that are more toxic and less rapidly degraded by light. These have good knock down effect in insects like natural pyrethrums. e.g. Cypermethirn, fenvalerate

Insecticide Formulations

An active ingredient is the specific toxic chemical in an insecticide that kills the insect. An active ingredient is mixed with less or non-toxic inert ingredients. The mixture of active and inert ingredients is called a pesticide formulation.
a) Dusting powders (D): Dust formulations contain an active ingredient and a powdered dry inert substance like talc, clay, etc. Technical grade pesticides and inert filler materials are ground to the required size usually in 200 microns. Inert filler material is effective for easy handling and storage stability. 

b) Granules: The active ingredient (toxin) is formulated onto large particles like granules. These granules formulations are ready to use easily
c) Wettable Powder (WP): These are dry, finely ground, powdery formulations. They look like dusts, but a wetting agent has been added to the other ingredients to help them to get dispersed and suspended with water. Wettable powders form a suspension rather than a true solution when added to water and it looks like cloudy, which requires constant agitation.

d) Soluble Powder (SP): These formulations dissolve in water to form a true solution. Once the powder is dissolved, the spray mixture requires no additional mixing or agitation. 

e) Emulsifiable Concentrates (EC): Technical grade materials are mixed with solvents, stabilizers and emulsifiers in required proportions. Suitable solvent is selected to prepare emulsifiable concentrates. The active ingredient is dispersed uniformly in the solvent. Stabilizers are used to avoid degradation and to keep the active ingredient more active. Emulsifier is the medium of dispersion between water and solvent, which dissolves the pesticides in water when it is mixed. 

f) Baits: A bait formulation is an edible or attractive substance, generally food materials mixed with a stomach poison. The rodenticides are usually formulated in baits.
g) Aerosols: The active ingredient in an aerosol formulation is dissolved in a volatile petroleum solvent with pressure. Aerosol formulations have a low percentage of active ingredients. These aerosols are most effective when the liquid contacts the insect directly
h) Micro-encapsulation: In microencapsulated formulations, the insecticide is contained inside very small spheres. This micro-encapsulation releases the insecticide very slowly, and thus increasing the durability of the toxins
Safety Measures of Pesticide Application

1. Handling and Mixing Pesticides
· Time of application: Crop stage – Pest stage – Pest life cycle. 

· Obtain proper equipment, including protective clothing, etc.

· Select the correct pesticide and the correct dose 

· Read the label in the pesticide containers 

· Carry out the necessary calculations for the required dilution of the pesticide 

· Mix chemicals in a well ventilated area. Carefully open original concentrate containers and never position any portion of the body directly over the openings of the pesticide containers

· Measuring containers should be thoroughly cleaned after each use.

· Persons engaged in mixing, handling or applying pesticides should not smoke, eat or drink while working.

2. Pesticide Application
· Use protective clothing 

· Be sure that the application equipment is in good working condition. 

· Do not spray or dust when it is likely to rain

· Take the most needed parts / tools to the field. 

· Do not blow out clogged nozzles with the mouth

· Apply pesticide at the proper time using recommended doses to prevent excessive residues in the harvestable produces of the crops. Read the waiting period on the label to schedule the harvest timings.

· Avoid drift of pesticides on to nearby crops, water bodies, livestock, etc.

· Avoid the pesticide from blowing into one’s face when spraying.

· If symptoms of poisoning are observed during handling or application, cease work and seek medical attention.

· Never allow children to apply pesticides.

· Wash all clothing and protective equipment after each day’s use.

· Never leave pesticides and used equipment unattended in the field.

Symptoms of Poisoning

1. Chlorinated hydrocarbons: They are mainly central nervous system (CNS) poisons, eliciting a variety of symptoms especially neuro-muscular and behavioral symptoms. They cause liver damage at high concentrations and liver enzyme induction, with initial symptoms of headache, lassitude, fatigue, loss of appetite, weight loss, insomnia, frequent nightmares, inability to concentrate, loss of memory and hyper irritability. 

2. Organophosphates: This group of insecticide is highly toxic. They are considered as irreversible cholinesterase inhibitors. The usual symptoms of OP poisoning in mammals are defecation, urination, lachrymation, muscular twitching fibrillation and convulsions, generally clonic (rapid repetitive movements), and less often tonic (limbs stretched and rigid). Death usually follows a clonic convulsion. Smaller doses result in less severe symptoms and occasionally local paralysis. Chronic poisoning usually produces protracted and milder forms of symptoms. Salivation, diarrhea and muscular weakness are commonly observed. As they are difficult to remove, skin absorption may be prolonged. High temperature and presence of dermatitis increase skin absorption.

3. Carbamtes:  Carbamates also act by inhibiting cholinesterase and the symptoms of poisoning are similar. 

4. Synthetic pyrethroids: In action they are more or less similar to DDT compounds. Typically synthetic pyrethroids affect the nervous system and acute exposure can lead to parasthaesia and irritation of the eyes, mouth, and the respiratory system. Disorders of the central and autonomic nervous system can follow: nausea, dizziness, headaches, diarrhoea, sweating and panic attacks. The condition can worsen for 2-6 weeks afterwards, giving rheumatic pains, squinting, asthma-like symptoms and difficulties in walking, writing and speaking. 

7. Behavioural methods 

a) Pheromones: Sex pheromones are chemicals produced by one sex of an insect, generally females, to attract the opposite sex, the males, for mating. These chemicals have been well exploited in pest management by developing trapping lures with the pheromone chemicals which can trap the adult insects, and thus preventing mating and subsequent population build-up. These chemicals are highly species specific. 
For instance, use of pheromone traps in eggplant attracted large numbers of male moths when traps were baited with 100:1 proportion of (E)-11-hexadecenyl acetate to (E)-11-hexadecen-1-ol. CAW could be controlled using sex pheromone traps. Pheromones for BAW are also commercially available. They are useful for monitoring, and especially to determine the entry of the pest into the field. Pheromones by themselves will not control BAW. They need to be accompanied by chemical or biological control measures
However, care should be taken while using the pheromone traps if the insect pest is polyphagous in nature, like tomato fruitworm (TFW), Helicoverpa armigera. Because, in areas where multiple cropping is followed and when the insect is polyphagous, the immigration of mated insects from the non-target crop to the treated crop will make the use of sex pheromone for TFW control almost impractical.
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