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Ag Ento. 2.2 Principles of Integrated Pest Management  Credit hours: 3(2+1) 

 

The term ecology is derived from the Greek term “oikos” meaning “house” combined with 

“logy” meaning “the science of” or “the study of”. Thus literally ecology is the study of 

earth’s household comprising of the plants, animals, microorganisms and people that live 

together as interdependent components. The term ecology was coined by a German biologist 

Ernst Haekel (1869). Odum (1953) defined ecology as ‘the study of the structure and 

functions of nature (or Environmental biology)’. 

Ecology related terminology 

i. Habitat is the place where the organism lives. 

ii. Population Population can be defined as ‘a group of individuals or a species occurring in a 

given area or locality at a specific time’. 

iii. Community Populations of different species live together and form a ‘Community’, 

meaning ‘all populations in the area at a specific time’. The community is influenced by its 

physical environment. 

iv. Ecosystem 

Ecosystem or ecological system is the functioning together of community and the nonliving 

environment where continuous exchange of matter and energy takes place. In other words 

ecosystem is the assemblage of elements, communities and physical environment. Ecosystem 

is the ultimate unit for study in ecology as they are composed of living organisms and the 

nonliving environment. Examples of natural ecosystem: Ponds, lakes and forests ecosystem 

v. Biosphere is the term used for all of the earth’s ecosystems functioning together on the 

global scale. 

The complex system of biotic and abiotic factors constitutes an ‘Ecosystem’. Whereas the 

crops, insects, other animals and the physical abiotic factors together constitute an ‘Agro-

ecosystem’. A typical agro ecosysyetm  is composed of  

i. more or less uniform crop-plant population  

ii. weed communities 

iii. animal communities (including insects) 

iv. microbiotic communities 

v. and the physical environment the react with. 
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Importance of Ecology in Pest Management: 

Indiscriminate uses of pesticides lead to a regular resurgence of pests due to the fact that the 

natural enemies get killed. The increase in pest population is also due to the interference of 

man by monoculture, using high yielding and susceptible varieties, giving more number of 

irrigations, use of high nitrogenous fertilizers etc. Because of which the balance of life in 

nature gets upset and the pest appears in severe form every year. The importance of ecology 

was then felt and integrated approaches in pest management are now made to avoid the 

violent fluctuations in pest populations. Ecological studies assist pest control programmes by 

explaining pest problems and suggesting alternate ways of combating insects. The outbreaks 

of the pests can also be predicted. The ecological studies investigate the causes for the 

changes in population number and the mechanism of natural control. The key mortality 

factors in a natural population help to integrate the various methods of control, without 

disturbing the balance of nature. The pest surveillance programmes form a part of ecology. 

Forecasting of the possible attack by different pests can be done and accordingly the control 

measures can be initiated in time. Suitable chemicals can be selected depending on the 

presence or absence of natural enemies. As such ecological studies form a basic part of the 

approach to the integrated pest management (IPM). 

In nature the living organism and the non-living substances of environment interact to form 

ecosystem. The environmental complex constitute (1) Biotic factors known as ‘Density 

dependent factors’ include a) Food and b) Other organism and 

2) Abiotic factors known as ‘Density independent factors’ comprise  a) Temperature b) 

Humidity c) Rainfall d) Light e) Air f) Water g) Soil etc 

Effect of Abiotic Factors on Insect Population 

a) Temperature 

This is the most important physical factor which determines the duration of the various stages 

in the insect life cycle and consequently the number of generations during any period of time. 

It acts on insects in two fold manner 

• Insects are poikilothermic - do not have mechanism to regulate body temperature - 

Body temperature depends on environmental conditions 

• Preferred or Optimum temperature is the temperature at which normal physiological 

activities take place - insects survive at this temperature. 

• Upper lethal limit - 40-50oC (even upto 60oC survival in some stored product insects) 

• Lower lethal limit - Below freezing point e.g. snow fleas 
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• The total heat required for completion of physiological processes in life – history is a 

constant - thermal constant. 

• At low temperature (winter) insect takes more days to complete a stage (larval or 

pupal stage) 

• At high temperature (summer) it takes less than to complete a stage. 

• Some insects when exposed to extremes of temperature Undergo - Aestivation (during 

summer) or Hibernation (during winter). During this period, there is a temporary 

developmental arrest, metabolic activities suspended. When temperature is  

favourable, they resume activity. 

Eggs undergo aestivation in summer 

Larva, pupa commonly undergo hibernation in winter 

Influence of temperature on fecundity (egg laying) 

• Grasshopper lays 20-30 times more eggs at 32oC compared to 22oC Oviposition of 

bed bug inhibited at 8-10oC 

• Early shoot borer of sugarcane attacks more high temp. 

• Larval period of sugarcane internode borer very short 16-24 days in summer 

• prolonged 141-171 days in winter 

• Swarm migration of locust occurs at 17-20oC 

b) Moisture/Humidity 

• Moisture required for metabolic reactions and transportation of salts in insects 

• Wax layer of cuticle prevents water loss 

• Other adaptations - Morphological, physiological prevent moisture loss in insects 

• Moisture scarcity leads to dehydration and death of insects - but very rare 

• Excessive moisture can be harmful in following ways 

i. Affects normal development and activity of insects 

ii. Encourages disease causing pathogens on insects 

Examples 

• White halo fungus Verticillium lecanii on coffee green scale Coccus viridis requires 

high RH for multiplication and spread 

• High RH induces BPH in rice and aphids in other crops 

• Termites prefer high humidity 90-95% RH 

• Low RH in rainfed groundnut crop induces leaf mines incidence 
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c) Rainfall 

• Rainfall is essential for adult emergence of cutworms and RHC 

• Heavy rain washes aphids, diamond back moth (DBM) 

• Intermittent low rain increases BPH and thrips 

d) Light 

The following properties of light influence insect life 

i. Intensity and illumination 

ii. Quality or wavelength 

iii. Duration or Photo period 

Photoperiodism 

The response of organisms to environmental rhythms of light and darkness 

Photo period 

Each daily cycle inclusive of a period of illumination followed by a period of darkness 

• Photo period influences induction of diapause (a resting stage) in most of the insects 

e.g. Long day during embryonic development causes adult to lay diapausing eggs in 

Bombyx mori. 

• Some insects are active in night - Nocturnal 

• Some are active during the day - diurnal 

• Some active during dawn and dusk - Crepuscular 

o Fruit flies lays eggs in dark 

o Lepidopterans like cotton bollworm, Red hairy caterpillar (RHC) oviposit in 

dark 

Use of light as a factor in insect management: 

Many insects are either attracted or repelled to artificial light and this reaction is known as 

phototaxis. Grubs of Trogoderma sp. show negative reaction and are termed photonegative 

species. Most of the moths are attracted to light and are known as photopositive or 

phototropic. Based on this principle artificial light can be employed as a source for attracting 

insects and thereafter they can be trapped and destroyed and these devices are known as light 

traps. 

e) Other factors: 

i) Atmospheric pressure: 



 

6 

 

it is generally of little importance.Locust show great excitement and abnormal activity about 

half an hour before the occurrence of storm when the atmospheric pressure is low. Drosophila 

flies stop moving when put under vacuum. 

ii) Wind and Air currents: 

Most of the insects will not take flight when speed of wind exceeds the normal flight speed. 

Air currents, especially in the upper air being strong, carries many insects like aphids white 

flies, scales etc. to far-off places and is an important factor in dispersal. Air movement may 

also be directly responsible for death of insects. Severe wind coupled with heavy rains cause 

mortality and moisture evaporation from body surface of insects. 

f) Edaphic (Soil) factors: 

Loamy soils allow digging and burrowing operation and are usually favourable for insects. 

Agrotis splive in soil of fairly light texture in which they move around freely in response to 

daily or seasonal temperature and moisture changes. 

 

� Biotic factors 

A) Food: 

Each insect species has certain nutritional requirements for completion of its life cycle. Under 

normal conditions there is a happy adjustment between the host and particular species of 

insect. But in the event of sudden increase in population, the densities of population become 

too high to be supported by the food available in the area. Hence competition for food as well 

as space will be there. According to nutritional requirements, insects are categorized into: 

1. Omnivorous: Which feed on both plants and animal. Eg. Wasps, cockroaches 

2. Carnivorous: which feed on other animal as parasites and predators. Eg: Predators (Lady 

bird beetles and Mantids) 

3. Herbivorous: which feed on living plants (crop pests) and these can again be categorized 

into 

(a) Polyphagous: which feed on wide range of cultivated and wild plants. Eg. Locusts, 

grasshoppers 

(b) Monophagous:which feed on single species of plants. Eg: Rice stem borer 

(c) Oligophagous:which feed on plants of one botanical family. Eg: Diamondback moth, 

Cabbage butterfly. 

4. Saprophagous (Scavengers): which feed on decaying plants and dead organic matter.  Eg: 

Drosophila flies, House flies, scarabaeid beetles. 
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B) Other organisms: Include beneficial and harmful insects. Associations of individuals of 

the same species is known as intra specific relations and it may be beneficial. Such 

association of two sexes, parental care, associations of social insects etc., phenomenon like 

overcrowding is harmful since shortage of food and space results. Disease outbreak may  

occur. Cannibalism may occur. Eg. Preying mantids, larvae of Helicoverpa, Tribolium feeds 

on its own eggs. Associations of individuals of different species are known as inter-specific 

relations and these may be beneficial or harmful. 

Beneficial associations: 

i) Symbiosis: Inter relationship between organisms of different species which live in close 

union without harmful effects are known as symbiosis, each member being known as 

symbiont. 

ii) Commensalism: One insect is benefited by living on or inside another insect without 

injuring the other and is known as comensal and it lives on the surplus food or the waste food 

of its host. Eg: Gall forming insects. When the commensal uses its host as a means of 

transport the phenomenon is termed as phoresy. 

Eg: Telonomus beneficiensparasitoid attaches themselves to the anal tufts of female moths of 

rice stem borer Scirpohaga incertulas (Walker) for their transport. The parasitoid parasitizes 

freshly laid eggs. 

iii) Mutualism: When both the symbionts are benefited by the association it is known 

mutualism Eg: Ants and aphids. Termites and flagellates. 

Harmful associations: 

Those that live with the expense of other living organisms are parasites and predators. 

Parasite: Parasite is one which attaches itself in the body of the other organism either 

externally or internally for nourishment and shelter at least for a shorter period if not for the 

entire life cycle. The organism which is attacked by the parasite is called host.  

Parasitoid:An insect parasite of arthropod is parasitic only in immature stages, destroys its 

host in the process of development and free living as an adult or Parasitoid is an insect that 

feeds on the body of another insect or arthropod during the larval stage of the their life cycle 

and adult is a free-living insect, no longer dependent on the host. 

Parasitisation: It is the phenomenon of obtaining nourishment at the expense of the host to 

which the parasite is attached. 

Parasites can be grouped into, 

Depending upon the nature of host, as 

1. Zoophagous : That attack animals (Cattle pests) 
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2. Phytophagous : That attack plants (Crop pests) 

3. Entomophagous: That attack insects (Parasitoids and Predators) 

Predators and Predatism: 

A predator is one, which catches and devours smaller or more helpless creatures by killing 

them in getting a single meal. Insect killed by predator is known as prey. 

Insect Predator: 

It is defined as the one, which is 

• Large in size 

• Active in habits 

• Capacity for swift movements 

• Structural adaptations with well developed sense organs to catch the prey 

• May remain stationary and sedentary 

• Suddenly seize the pray when it comes with in its reach  eg. Antlions 

• Feed upon large number of small insects every day 

Eg. Preying mantids and Lady bird beetle 

 

� Causes of pest outbreak 

 

Activity of human beings which upsets the biotic balance of ecosystem is the prime cause for 

pest outbreak. The following are some human interventions – Reason for outbreak 

i. Deforestation an bringing under cultivation 

• Pest feeding on forest trees are forced to feed on cropped 

• Biomass/unit area more in forests than agricultural land 

• Weather factors also altered - Affects insect development 

ii. Destruction of natural enemies 

• Due to excess use of insecticides, natural enemies are killed 

• This affects the natural control mechanism and pest outbreak occurs, e.g. Synthetic 

pyrethroid insecticides kill NE. 

iii. Intensive and Extensive cultivation 

Monoculture (Intensive) leads to multiplication of pests. Extensive cultivation of susceptible 

variety in large area - No competition for food - multiplication increases e.g. Stem borers in 

rice and sugarcane 

iv. Introduction of new varieties and crops. 
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Varieties with favourable physiological and morphological factors cause multiplication of 

insects. e.g. Succulent, dwarf rice varieties favour leaf folder.  Hybrid sorghum (CSH 1), 

Bajara (HB1) favour shoot flies and gall midges 

v. Improved agronomic practices 

• Increased N fertilizer - High leaf folder incidence on rice 

• Closer planting - BPH and leaf folder increases 

• Granular insecticides - Possess phytotonic effect on rice 

vi. Introduction of new pest in new environment 

Pest multiplies due to absence of natural enemies in new area. Apple wooly aphid Eriosoma 

lanigerum multiplied fast due to absence of Aphelinus mali (Parasit) 

vii. Accidental introduction of pests from foreign countries (through air/sea ports) e.g. 

• Diamondback moth on cauliflower (Plutella xylostella) 

• Potato tuber moth Phthorimaea operculella 

• Cottony cushion scale Icerya purchasi on wattle tree 

• Wooly aphid - Eriosoma lanigerum on apple 

• Psyllid - Heteropsylla cubana on subabul 

• Spiralling whitefly - Adeyrodichus dispersus on most of horticultural crops 

viii. Large scale storage of food grains Serve as reservoir for stored grain pests 

Urbanisation - changes ecological balance 

Rats found in underground drainage 

 

� Insect pests 

 

The word ‘Pest’ derived from the Latin word ‘Pestis’ meaning Plague. An insect reaches the 

status of a pest when its number increases and inflicts significant damage. ‘Pest’ is defined as 

insect or other organism that causes any damage to crops, stored produce and animals. 

Damage boundary is the lowest level of injury where the damage can be measured. Insect 

pests are divided into a) negligible 2) minor and 3) major depending upon the severity of 

damage caused on the plant. Pests that cause less than 5% loss in yield, is said to be 

negligible. Insects which normally cause a loss ranging from 5 to 10% are said to be minor 

pests and those which cause a loss of 10% or more in general called as major pests. 
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Different Categories of Insect Pests 

1. Regular pest: Occur most frequently (regularly) in a crop and have close association with 

that particular crop. Eg: Chilli Thrips Scirtothrips dorsalis , brinjal shoot and fruit borer, 

Leucinodes orbonalis 

2. Occasional pests: Here a close association with a particular crop is absent and they occur 

infrequently. Eg: Rice case worm, Nymphula depuctalis, mango stem borer, Batocera 

rufamaculata 

3. Seasonal pests: Occur mostly during a particular part of the year, and usually the 

incidence is governed by climatic conditions. Eg: Red hairy caterpillar on groundnut-June - 

July, Rice grasshoppers –June-July, Paddy climbing cutworms. 

4. Persistent pests: Occur on a crop almost throughout the year.Eg: Scales and mealybugs on 

many crops, thrips on chillies, paddy stem borer. 

5. Sporadic pests: Occur on a few isolated localities. Eg: Rice earhead bug - Leptocorisa 

acuta 

6. Epidemic pest: Occur in a severe form in a region or locality at a particular season or time 

only. Eg: Rice hispa, Dicladispa armigera, rice leaf roller, Cnaphalocrocis medinalis 

7. Endemic pest: Occur regularly and confined mostly to a particular area or locality. Eg: 

stem borers of rice, paddy gall fly in Warangal districts of A.P..  

Parameters of insect population levels 

General equilibrium position (GEP) 

The average density of a population over a long period of time, around which the pest 

population over a long period of time, around which the pest population tends to fluctuate due 

to biotic and abiotic factors and in the absence of permanent environmental changes. 

Economic threshold level (ETL) 

Population density at which control measure should be implemented to prevent an increasing 

pest population from reaching the ETL. 

Economic injury level (EIL) 

The lowest population density that will cause economic damage 

Damage boundary (DB) 

The lowest level of damage which can be measured. ETL is always less than EIL. Provides 

sufficient time for control measures. 
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� INTEGRATED PEST MANAGEMENT (IPM) 

Modern concept of pest management is based on ecological principles and integration of 

different control tactics into a pest management system Integrated control was defined by 

Stern et al., (1959) as applied pest control which combines and integrates the biological and 

chemical control. Later the concept of pest management has gained importance .The idea of 

managing pest population was proposed by Geier and Clark 1961 who called their concept as 

protective management which later was shortened as pest management. Later Smith and Van 

Den Borsch in 1967 mentioned that the determination of the insect numbers is broadly under 

the influence of total agro ecosystem and the role of the principle element is essential for 

integrated pest management. 

Pest Management (or) Integrated Pest Management – 

Definition IPM definition by FAO (1967) 

Integrated Pest Management (IPM) 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. 

IPM definition by Luckmann and Metcalf (1994) 

IPM is defined as the intelligent selection and use of pest control tactics that  will ensure 

favourable economical, ecological and sociological consequences. 

IPM refers to an ecological approach in the pests management in which all available 

necessary techniques are consolidated in unified programme, so that pest populations can be 

managed in such a manner that economic damage is avoided and adverse side effects are 

minimized (National Academic Science (NAS), 1969). 

Smith (1978) defined IPM as multidisciplinary ecological approach to the management of 

pest population, which utilizes a variety of control tactics compatibly in a single co-ordinated 

pest management system 

History of Integrated Pest Management 

• Michelbacher and Bacon (1952) coined the term “integrated control”  

• Stern et al. (1959) defined integrated control as “applied pest control which combines 

and integrates biological and chemical control” 

• Geier (1966) coined the term “pest management” 

• Council on Environmental Quality (CEQ, 1972) gave the term “Integrated Pest 

  Management” 



 

12 

 

• Food and Agricultural Organization (FAO, 1967) defined IPM as “a pest management 

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” 

• In 1989, IPM Task Force was established and in 1990. IPM Working Group 

(IPMWG) was constituted to strengthen implementation of IPM at international level. 

• In 1997, Smith and Adkisson were awarded the World Food Prize for pioneering 

work on implementation of IPM. 

Need for Pest Management (or) Why Pest Management 

1. Development of resistance in insects against insecticides e.g. OP and synthetic pyrethroid 

resistance in Helicoverpa armigera. 

2. Out break of secondary pests e.g. Whiteflies emerged as major pest when 

spraying insecticide against H. armigera. 

3. Resurgence of target pests e.g. BPH of rice increased when some OP chemicals 

are applied. 

4. When number of application increases, profit decreases. 

5. Environmental contamination and reduction in its quality. 

6. Killing of non-target animals and natural enemies. 

7. Human and animal health hazards. 

Stages in crop protection leading to IPM 

1. Subsistence phase : Only natural control, no insecticide use 

2. Exploitation phase : Applying more pesticides, growing HY varieties and get more yield 

and returns 

3. Crisis phase : Due over use pesticides, problem of resurgence, resistance, secondary pest 

out break, increase in production cost 

4. Disaster phase : Due to increased pesticide use - No profit, high residue in soil - Collapse 

of control system 

5. Integrated Management Phase : IPM integrates ecofriendly methods to optimize control 

rather than maximise it. 

Objectives of pest management 

• To reduce pest status below economic injury level. Complete elimination of pest is 

not the objective. 
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• To manage insects by not only killing them but by preventing feeding, multiplication 

and dispersal. 

• To use ecofriendly methods, which will maintain quality of environment (air, water, 

wild life and plant life) 

• To make maximum use of natural mortality factors, apply control measures only 

when needed. 

• To use component in sustainable crop production. 

Requirements for successful pest management programme 

• Correct identification of insect pests 

• Life history and behaviour of the pest 

• Natural enemies and weather factors affecting pest population 

• Pest surveillance will provide above data 

• Pest forecasting and predicting pest outbreak 

• Finding out ETL for each pest in a crop 

• Need and timing of control measure - Decision 

• Selection of suitable methods of control 

• Analysis of cost/benefit and benefit/risk of each control measure 

• Farmer’s awareness and participation 

• Government support 

• Consumer awareness on use of pesticides free products 

Concepts of IPM 

IPM seeks to minimize the disadvantages associated with use of pesticides and maximizing 

socio, economic and ecological advantages. 

1. Understanding the agricultural ecosystem 

An agro ecosystem contains a lesser diversity of animal and plant species than natural  

ecosystem like forests. A typical an agro ecosystem contain only 1-4 major crop species 

and 6-10 major pest species. An agro ecosystem is intensively manipulated by man and 

subjected to sudden alterations such as ploughing , inter cultivation and treatment with 

pesticides. These practices are critical in pest management as pest populations are greatly 

influenced by these practices. Agro ecosystem can be more susceptible to pest damage and 

catastrophic outbreaks owing to lack of diversity in species of plants and insects and sudden 

alternations imposed by weather and man. However, agro ecosystem is a complex of food 

chains and food webs that interact together to produce a stable unit. 
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2. Planning of agricultural ecosystem 

In IPM programme the agricultural system can be planned in terms of anticipating pest 

problem and also the ways to reduce them that is to integrate crop protection with crop 

production system. Growing of susceptible varieties should be avoided and related crops 

shouldn’t be grown. Bhendi followed by cotton increases incidence of the spotted borer. 

Groud nut followed by soybean increases incidence of the leaf miner. 

3. Cost benefit ratio 

Based on the possibility of pest damage by predicting the pest problem and by defining 

economic threshold level, emphasis should be given to cost benefit ratio. The crop life table 

to provide solid information analysis of pest damage as well as cost benefit ratio in pest 

management. Benefit risk analysis comes when a chemical pesticide is applied in an agro 

ecosystem for considering its impact on society as well as environment relevant to its 

benefits. 

4. Tolerance of pest damage 

The pest free crop is neither necessary in most cases for high yields nor appropriate for 

insect pest management. Castor crop can tolerate upto 25 per cent defoliation. Exceptions 

occur in case of plant disease transmission by vectors. 

The relationship between density of pest population and profitability of control measures 

is expressed through threshold values. The terms used to express the levels of pest population 

are 

a) Economic Injury Level (EIL): Lowest population at which the pest will cause economic 

damage or it is the pest level at which the damage can no longer be tolerated and therefore it 

is the level at or before which the control measures are initiated. The amount of injury which 

will justify the artificial control measures is termed as economic damage. EIL is usually 

expressed as the number of insects per unit area  

b) Economic Threshold Level (ETL): It is the index for making pest management 

decisions. ETL is defined as the population density at which control measures should be 

applied to prevent increasing pest population from reaching the economic injury level. 

Relationship between EIL and ETL can be expressed as when no action is taken at ETL the 

population reaches or exceeds EIL. 

E.g.:- ETL value for BPH in rice is 25 insects/hill; Grasshoppers or cutworms is 1 insect/hill; 

rice stem borer -5% dead hearts; Gall midge of rice-5% silver shoots. 

c) General equilibrium position(GEP) 
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It is the average population density of insect over a long period of time unaffected by 

temporary interventions of pest control .However the economic injury level may be at any 

level well above or below the general equilibrium. 

5. Leaving a pest residue 

Natural enemy population isgradually eliminated not only in the absence of their respective 

insect hosts because of the indiscriminate use of broad spectrum insecticides, which intern 

also eliminate natural enemies. Therefore, it is an important concept of pest management, to 

leave a permanent pest residue below economic threshold level, so that natural enemies will 

survive. 

6. Timing of treatments 

Treatment in terms of pesticide spray should be need based, with minimum number of sprays, 

timely scheduled, combined with improved techniques of pest monitoring and crop 

development E.g.: Use of pheromone traps for monitoring of pest population  

7. Public understanding and acceptance 

In order to deal with various pest problems special effort should be made for effective 

communication to the people for better understanding and acceptance of pest management 

practices. The IPM practices followed should be economical and sustainable. 

Limitations of IPM:An IPM program requires a higher degree of management: Making the 

decision not to use pesticides on a routine or regular basis requires advanced planning and 

therefore a higher degree of management. This planning includes attention to field histories to 

anticipate what the pest problems might be, selecting crop varieties which are resistant or 

tolerant to pest damage, choosing tillage systems that will suppress anticipated pest damage 

while giving the crop the greatest yield potential. IPM can be more labour intensive, 

consistent, timely and accurate field scouting takes time. Without this information, intelligent 

management decision cannot make. Success of IPM programmes can be weather dependant. 

Therefore good IPM planners will have a alternate plan for when these problems arise. 

Methods of Insect control: Any factor that is capable of making life hard for the insect that 

will kill, repel or interfere with its feeding, mating, reproduction or dispersal can be taken as 

method of insect control. 
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Methods and principles of Pest control: 

  

    

Natural control                  Applied or artificial control 

     

Climatic factors Prophylactic methods Curative or Direct methods 

(Temp. Humidity, Rain, Light) 
    

• Field and plant sanitation • Cultural methods 

Topographic factors • Proper cultural methods • Mechanical methods 

• (Mountains, Seas etc.) • Resistant varieties • Physical methods 

• Natural enemies • Others • Legal methods 

• (Predators and parasites)  • Biological methods 

  • Chemical methods 

  

• Recent trends or 

modern approaches in 

pest control 

A. Natural control: 

In nature: In nature, insect population is kept in check by many factors (variation in climate, 

topography and different enemies of the insect). The operation of these natural factors is not 

dependent upon man and not influenced by him; this is called “natural control”. 

1. Climatic factors: 

• Temperature: Extreme hot and cold weather directly kill the insect 

• Heavy rains: Adversely affected to small insects aphids and thrips which are washed 

down 

• Flooded soil: Insect may either get killed inside the soil itself or may come out to 

the  surface only to be devoured by birds. 

• High humid: Development of entomopathogenic fungi e.g. green scale on coffee. 

• Heavy wind: Flight during heavy wind, insect may buffeted and beaten to death. 

• Air currents: Indirectly influence the insect population by bringing about changes in 

temperature and humidity. 

2. Topographic factors: 

• Mountain ranges and seas: Act as physical barrier to the spread of insects and this 

factor also affects the climate of that area.  
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• Streams, lakes, ponds: Influence to the life of insects e.g. larvae of certain flies, 

mosquitoes, beetles. 

• Soil type:  

� Wire worm prefers - poorly drained heavy soils 

� White grub prefers – Light loamy soils 

� Soil type also affects the plant distribution which in turn affects the 

distribution of phytophagous insects. 

3. Natural enemies: 

• Parasitic insects or predators: Predatory mites, spider, birds, mammals, reptiles, fish 

• Disease causing viruses, bacteria, fungi 

• Cannibalism activities eg. Birds - Grass hoppers, Caterpillars, grubs from the soil 

       Fish – Feed upon larvae of aquatic insects,   

       Viruses, bacteria and fungi: Cause diseases in insects 

       Nematodes, protozoan: reduced the populations of insect 

B. Applied or Artificial Control 

Applied or artificial control: The control measures adopted by human agencies are called as 

Applied or artificial control 

I. Prophylactic methods 

II. Curative or Direct methods 

 

I. Prophylactic methods: 

• Field & Plant sanitation:  

- eliminate the source of infestation by regular removal of weeds, grass, pest 

affected parts  Eg. Removal of grass from bunds-minimized the mealy bugs 

on rice crop. 

- Clipping of dried branches- avoid the further multiplication of stem borer in   

citrus 

• Proper cultural methods: 

- Use of pest- free healthy seed and seed materials  Eg. Sugarcane scales and            

mealybug,  Potato weevil, banana rhizome weevil 

- Early variety- mature before attack by the pests. 

- Growing of pest resistant varieties: Tolerance, antibiosis, non-preference 
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• Other Prophylactic measures: 

- Seed treatment: with chemicals 

- Tar application to stem/trunks-prevent termite damage 

- Periodical ranking up manure pits- rhinoceros beetle 

- Drying of harvested/ stored materials periodically 

- Adjusting the time of sowing. 

- Application of oils on stagnant waters in ponds/ pools 

- Legal measures    

III. Curative or Direct methods 

- These are employed to destroy or check its further multiplication after it has 

already made it appearance in a crop. 

PEST MONITORING - PEST SURVEILLANCE AND FORECASTING  

Pest Monitoring 

Monitoring phytophagous insects and their natural enemies is a fundamental tool in IPM - for 

taking management decision 

Monitoring - estimation of changes in insect distribution and abundance 

- information about insects, life history 

- influence of biotic and abiotic factors on pest population 

Pest Surveillance 

Refers to the constant watch on the population dynamics of pests, its incidence and damage 

on each crop at fixed intervals to forewarn the farmers to take up timely crop protection 

measures. 

Three basic components of pest surveillance 

Determination of 

a. the level of incidence of the pest species 

b. the loss caused by the incidence 

c. the economic benefits, the control will provide 

Pest Forecasting 

Forecasting of pest incidence or outbreak based on information obtained from pest  

surveillance. 

Uses 

- Predicting pest outbreak which needs control measure 

- Suitable stage at which control measure gives maximum protection 
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Two types of pest forecasting 

a. Short term forecasting - Based on 1 or 2 seasons 

b. Long term forecasting - Based on affect of weather parameters on pest 

Objectives of Pest Surveillance 

to know existing and new pest species 

to assess pest population and damage at different growth stage of crop 

to study the influence of weather parameters on pest 

to study changing pest status (Minor to major) 

to assess natural enemies and their influence on pests 

effect of new cropping pattern and varieties on pest 

Survey 

Conducted to study the abundance of a pest species 

Two types of survey - Roving survey and fixed plot survey 

Roving survey 

- Assessment of pest population/damage from randomly selected spots representing larger 

area 

- Large area surveyed in short period 

- Provides information on pest level over large area 

Fixed plot survey 

Assessment of pest population/damage from a fixed plot selected in a field. The data on pest 

population/damage recorded periodic from sowing till harvest. e.g. 1 sq.m. plots randomly 

selected from 5 spots in one acre of crop area in case of rice. From each plot 10 plant selected 

at random. Total tillers and tillers affected by stem borer in these 10 plants counted. Total 

leaves and number affected by leaf folder observed. Damage expressed as per cent damaged 

tillers or leaves. Population of BPH from all tillers in 10 plants observed and expressed as 

number/tiller. 

Qualitative survey - Useful for detection of pest 

Quantitative survey - Useful for enumeration of pest 

Sampling Techniques 

Absolute sampling - To count all the pests occurring in a plot 

Relative sampling - To measure pest in terms of some values which can be compared over 

time and space e.g. Light trap catch, Pheromone trap 
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Methods of sampling 

a. In situ counts - Visual observation on number of insects on plant canopy (either entire plot 

or randomly selected plot) 

b. Knock down - Collecting insects from an area by removing from crop and (Sudden trap) 

counting (Jarring) 

c. Netting - Use of sweep net for hoppers, odonates, grasshopper 

d. Norcotised collection - Quick moving insects anaesthesised and counter 

e. Trapping - Light trap - Phototropic insects 

Pheromone trap - Species specific 

Sticky trap - Sucking insects 

Bait trap - Sorghum shootfly - Fishmeal trap 

Emergence trap - For soil insects 

f. Crop samples 

Plant parts removed and pest counted e.g. Bollworms 

Stage of Sampling 

- Usually most injurious stage counted 

- Sometimes egg masses counted - Practical considerations 

- Hoppers - Nymphs and adult counted 

Sample Size 

- Differs with nature of pest and crop 

- Parger sample size gives accurate results 

Decision Making 

- Population or damage assessed from the crop 

- Compared with ETL and EIL 

- When pest level crosses ETL, control measure has to be taken to prevent pest from reducing 

EIL. 

Economic Injury Level 

- Defined as the lowest population density that will cause economic damage (Stern et al., 

1959) 
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� Different methods of pest control / Components or tools of IPM are, 

I) Cultural methods 

II) Mechanical methods 

III) Physical methods 

IV) Biological methods 

V) Legislative methods and 

VI) Chemical methods 

� Cultural control 

Definition: Manipulation of cultural practices to the disadvantage of pests. 

I. Farm level practices 

S.No. 

 

Cropping Techniques 

 

Pest Checked 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Ploughing 

Puddling 

Trimming and plastering 

Pest free seed material 

High seed rate 

Rogue space planting 

Plant density 

Earthing up 

Detrashing 

Destruction of weed hosts 

Destruction of alternate host 

Flooding 

Trash mulching 

Pruning / topping 

Intercropping 

Trap cropping 

Water management 

Judicious application of fertilizers 

Timely harvesting 

Red hairy caterpillar 

Rice mealy bug 

Rice grass hopper 

Potato tuber moth 

Sorghum shootfly 

Rice brown planthopper 

Rice brown planthopper 

Sugarcane whitefly 

Sugarcane whitefly 

Citrus fruit sucking moth 

Cotton whitefly 

Rice armyworm 

Sugarcane early shoot borer 

Rice stem borer 

Sorghum stem borer 

Diamond back moth 

Brown planthopper 

Rice leaf folder 

Sweet potato weevil 

 

 



 

22 

 

II. Community level practices 

1. Synchronized sowing  : Dilution of pest infestation (eg) Rice, Cotton 

2. Crop rotation   : Breaks insect life cycle 

3. Crop sanitation 

a) Destruction of insect infested parts (eg.) Mealy bug in brinjal 

b) Removal of fallen plant parts (eg.) Cotton squares 

c) Crop residue destruction (eg.) Cotton stem weevil 

Advantages    Disadvantages 

1. No extra skill   1. No complete control 

2. No costly inputs   2. Prophylactic nature 

3. No special equipments  3. Timing decides success 

4. Minimal cost 

5. Good component in IPM 

6. Ecologically sound 

� Physical control 

Modification of physical factors in the environment to minimise (or) prevent pest problems. 

Use of physical forces like temperature, moisture, etc. in managing the insect pests.  

A. Manipulation of temperature 

• Sun drying the seeds to kill the eggs of stored product pests. 

• Hot water treatment (50 - 55oC for 15 min) against rice white tip nematode. 

• Flame throwers against locusts. 

• Burning torch against hairy caterpillars. 

• Cold storage of fruits and vegetables to kill fruitflies (1 - 2oC for 12 - 20 days). 

B. Manipulation of moisture 

• Alternate drying and wetting rice fields against BPH. 

• Drying seeds (below 10% moisture level) affects insect development. 

• Flooding the field for the control of cutworms. 

C. Manipulation of light 

• Treating the grains for storage using IR light to kill all stages of insects (eg.) 

Infra-red seed treatment unit (Fig.1). 

• Providing light in storage go downs as the lighting reduces the fertility of Indian 

meal  moth, Plodia. 

• Light trapping. 
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D. Manipulation of air 

• Increasing the CO2 concentration in controlled atmosphere of stored grains to 

cause asphyxiation in stored product pests. 

E. Use of irradiation 

• Gamma irradiation from Co60 is used to sterilize the insects in laboratory which 

compete with the fertile males for mating when released in natural condition. 

(eg.) cattle screw worm fly, Cochliomyia hominivorax control in Curacao Island 

by E.F.Knipling. 

F. Use of greasing material 

• Treating the stored grains particularly pulses with vegetable oils to prevent the 

oviposition and the egg hatching. eg., bruchid adults. 

G. Use of visible radiation :  

• Yellow colour preferred by aphids, cotton whitefly : yellow sticky traps. 

H. Use of Abrasive dusts 

• Red earth treatment to red gram : Injury to the insect wax layer. 

• Activated clay : Injury to the wax layer resulting in loss of moisture leading to 

death. It is used against stored product pests. 

• Drie-Die : This is a porous finely divided silica gel used against storage insects. 

� Mechanical control 

Use of mechanical devices or manual forces for destruction or exclusion of pests. 

A. Mechanical destruction : Life stages are killed by manual (or) mechanical force. 

Manual Force 

• Hand picking the caterpillars 

• Beating : Swatting housefly and mosquito 

• Sieving and winnowing : Red flour beetle (sieving) rice weevil (winnowing) 

• Shaking the plants : Passing rope across rice field to dislodge caseworm and 

shaking neem tree to dislodge June beetles 

• Hooking : Iron hook is used against adult rhinoceros beetle 

•  Crushing : Bed bugs and lice 

•  Brushing : Woolen fabrics for clothes moth, carper beetle. 

Mechanical force 

• Entoletter : Centrifugal force - breaks infested kernels - kill insect stages - whole 

grains unaffected - storage pests. 
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• Hopper dozer : Kill nymphs of locusts by hording into trenches and filled with 

soil. 

• Tillage implements : Soil borne insects, red hairy caterpillar. 

• Mechnical traps : Rat traps of various shapes like box trap, back break trap,  

wonder trap, Tanjore bow trap. 

B. Mechanical exclusion 

Mechanical barriers prevent access of pests to hosts. 

• Wrapping the fruits : Covering with polythene bag against pomegrante fruit borer. 

• Banding : Banding with grease or polythene sheets - Mango mealybug. 

• Netting : Mosquitoes, vector control in green house. 

• Trenching : Trapping marching larvae of red hairy catepiller. 

• Sand barrier : Protecting stored grains with a layer of sand on the top. 

• Water barrier : Ant pans for ant control. 

• Tin barrier : Coconut trees protected with tin band to prevent rat damage. 

• Electric fencing : Low voltage electric fences against rats. 

Appliances in controlling the pests 

1. Light traps : Most adult insects are attracted towards light in night. This principle is used 

to attract the insect and trapped in a mechanical device.  

a) Incandescent light trap : They produce radiation by heating a tungsten filament. The  

spectrum of lamp include a small amount of ultraviolet, considerable visible especially rich in 

yellow and red. (eg.) Simple incandescent light trap , portable incandescent electric. Place a 

pan of kerosenated water below the light source. 

b) Mercury vapour lamp light trap : They produce primarily ultraviolet, blue and green 

radiation with little red. (eg.) Robinson trap. This trap is the basic model designed by 

Robinson in 1952. This is currently used towards a wide range of Noctuids and other 

nocturnal flying insects. A mercury lamp (125 W) is fixed at the top of a funnel shaped (or) 

trapezoid galvanized iron cone terminating in a collection jar containing dichlorvos soaked in 

cotton as insecticide to kill the insect. 

c) Black light trap : Black light (Fig.5) is popular name for ultraviolet radiant energy with the 

range of wavelengths from 320-380 nm. Some commercial type like Pest-O-Flash, Keet-O-

Flash are available in market. Flying insects are usually attracted and when they come in 

contact with electric grids, they become elctrocuted and killed. 
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2. Pheromone trap : Synthetic sex pheromones are placed in traps to attract males. The 

rubberised septa, containing the pheromone lure are kept in traps designed specially for this 

purpose and used in insect monitoring / mass trapping programmes. Sticky trap (Fig.6), water 

pan trap  and funnel type models are available for use in pheromone based insect control 

programmes. 

3. Yellow sticky trap : Cotton whitefly, aphids, thrips prefer yellow colour. Yellow colour is 

painted on tin boxes and sticky material like castor oil / vaseline is smeared on the surface . 

These insects are attracted to yellow colour and trapped on the sticky material. 

4. Bait trap : Attractants placed in traps are used to attract the insect and kill them. (eg.) 

Fishmeal trap: This trap is used against sorghum shootfly. Moistened fish meal is kept in 

polythene bag or plastic container inside the tin along with cotton soaked with insecticide 

(DDVP) to kill the attracted flies . 

5. Pitfall trap : helps to trap insects moving about on the soil surface, such as ground beetles, 

collembola, spiders. These can be made by sinking glass jars (or) metal cans into the soil. It 

consists of a plastic funnel, opening into a plastic beaker containing kerosene supported 

inside a plastic jar . 

6. Probe trap : Probe trap is used by keeping them under grain surface to trap stored product 

insect . 

7. Emergence trap : The adults of many insects which pupate in the soil can be trapped by 

using suitable covers over the ground. A wooden frame covered with wire mesh covering and 

shaped like a house roof is placed on soil surface. Emerging insects are collected in a plastic 

beaker fixed at the top of the frame . 

8. Indicator device for pulse beetle detection : A new cup shaped indicator device has been 

recently designed to predict timely occurrence of pulse beetle Callosobruchus spp. This will 

help the farmers to know the correct time of emergence of pulse beetle. This will help them in 

timely sun drying which can bill all the eggs 

� Legal control methods 

Definition: Preventing the entry and establishment of foreign plant and animal pest in a 

country or area and eradication or suppression of the pests established in a limited area 

through compulsory legislation or enactment 

Pests Accidentally Introduced Into India 

1. Pink bollworm - Pectinophora gossypiella 

2. Cotton cushion scale - Icerya purchasi 

3. Wooly aphid of apple - Aphelinus mali 
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4. SanJose scale - Quadraspidiotus perniciosus 

5. Potato tuber moth - Gnorimoschima operculella 

6. Cyst (Golden) nematode of potato - Globodera sp. 

7. Giant african snail - Acatina fullica 

8. Subabul psyllid - Heteropsylla cubana 

9. Bunchytop disease of banana 

10. Spinalling whitefly - Aleyrodicus dispersus 

Foreign Pests From Which India Is Free 

Mediterranean fruitfly - Ceratitis capitata 

Grapeavine phylloxera 

Cotton boll weevil - Anthonomos grandis 

Codling moth of apple - Lasperysia pomonella 

Quarantine 

Isolation to prevent spreading of infection 

Plant Quarantine 

Legal restriction of movement of plant materials between countries and between states within 

the country to prevent or limit introduction and spread of pests and diseases in areas where 

they do not exist. 

PEST LEGISLATIONS 

1905 - ‘Federal Insect Pest Act’ - first Quarantine act against SanJose scale 

1912 - ‘US Plant Quarantine Act’ 

1914 - ‘Destructive Insects and Pests Act’ of India (DIPA) 

1919 - ‘Madras Agricultural Pests and Diseases Act’ 

1968 - ‘The Insecticides Act’ 

DIFFERENT CLASSES OF QUARANTINE 

1. Foreign Quarantine (Legislation to prevent the introduction of new pests, diseases 

and weeds from foreign countries) 

Plant quarantine inspection and treatments at sea ports of Mumbai, Kolkata, Cochin, Chennai 

and Visakapattinam and airports of Amritsar, Mumbai, Kolkata, Chennai and New Delhi 

Import by post parcel prohibited except by scientists 

Import of plant materials prohibited or restricted 

Import permits required for importation of plant material 

Phytosanitary certificate from the country of origin is required 
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Phytosanitary certificate is issued by State Entomologist and Pathologists to the effect that 

the plant or seed material is free from any pest or disease 

a. Fumigation of imported plant material based on need 

b. Taking care of pests of quarantine concern in India 

Restriction imposed on the importation of 

i. Sugarcane setts - to prevent West Indies sugar weevil 

ii. Coffee seeds - to prevent coffee berry borer 

iii.Cotton seeds - to prevent cotton boll weevil 

a. Export of pepper, cardamom and tamarind restricted 

b. In 1946, Directorate of Plant Protection, Quarantine and Storage, Government of India 

established - for inspection of export and import of agricultural commodities. 

2. Domestic quarantine (within different parts of country) 

- Flutted scale Icerya puchasi noticed in Nilgiris and Kodaikanal in 1943 in Wattle trees. 

Quarantine stations at Mettupalayam and Gudalur for Nilgiris and Shenbaganur for 

Kodaikanal to prevent spread of flutted scale in TN. 

- Preventing movement of Banana from Palani hills to prevent Bunchy top spread 

3. Legislation to take up effective measures to prevent spread of established pests 

Example: Cotton stem weevil, Groundnut RHC, Coffee stem borer, Coconut black headed 

caterpillar (BHC), Sugarcane top borer. 

Legislation to prevent the adulteration and misbranding of insecticides and to 

determine the permissible residues in food stuff. 

Legislation to regulate the activities of men engaged in pest control 

THE INSECTICIDES ACT, 1968 

• Implemented in 1971 (Insecticides Rule, 1971) 

• Safety oriented legislation 

• Regulates import, manufacture, storage, transport, sale, distribution and use of 

insecticides with a view to prevent risk to human beings and animals 

• Regulatory provision - compulsory registration, licensing, inspection, drawal and 

analysis of samples, detention, seizure and confiscation of stocks, suspension and 

cancellation of licences, etc. 

• Enforcement of the act is joint responsibility of central and state governments. 

• Statutory bodies 

• (i) Central Insecticides Board (CIB) (28 members) 
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• Chairman (CIB) - Director General of Health Services 

• (ii) Registration Committee (RC) (5 members) 

• Chairman (RC) - Deputy Director General, Crop Sciences, ICAR 

• Salient features of the insecticides act (1968) 

• Compulsory registration with CIB (Central level) 

• Licence for manufacture, formulation and sale at state level 

• Inter departmental/Ministerial/Organisational co-ordination achieved by high level  

• Advisory Board “Central Insecticides Board” with 28 members form various fields 

• RC to look after registration aspects of insecticides 

• Enforcement by Insecticide inspectors at state/central level 

• Power to prohibit the import, manufacture and sale of insecticides and also confiscate 

stocks. Guilty are punishable. 

Role of Plant Quarantine in the Export of Agricultural Commodities 

International Plant Protection Convention (1951) of FAO, UN. 

Article V of the convention makes it mandatory for member countries to issue Phytosanitory 

certificate (PSC) 

PSC should be conformity with Plant Quarantine Regulations of importing country. 

Agricultural commodities during export should be accompanied by PSC. 

 

� Host plant resistance 

Host Plant Resistance (HPR) 

Definition 

“Those characters that enable a plant to avoid, tolerate or recover from attacks of insects 

under conditions that would cause greater injury to other plants of the same species” (Painter, 

R.H., 1951). 

“Those heritable characteristics possessed by the plant which influence the ultimate degree of 

damage done by the insect” (Maxwell, F.G., 1972). 

Types of Resistance 

Ecological Resistance or Pseudo resistance 

Apparent resistance resulting from transitory characters in potentially susceptible host plants 

due to environmental conditions. Pseudoresistance may be classified into 3 categories 

a. Host evasion 
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Host may pass through the most susceptible stage quickly or at a time when insects are less or 

evade injury by early maturing. This pertains to the whole population of host plant. 

b. Induced Resistance 

Increase in resistance temporarily as a result of some changed conditions of plants or 

environment such as change in the amount of water or nutrient status of soil 

c. Escape 

Absence of infestation or injury to host plant due to transitory process like incomplete 

infestation. This pertains to few individuals of host. 

Genetic Resistance 

A. Based Monogenic resistance: Controlled by single gene 

Easy to incorporate into plants by breeding 

Easy to break also 

• Oligogenic resistance: Controlled by few genes 

• Polygenic resistance: Controlled by many genes 

• Major gene resistance: Controlled by one or few major genes (vertical resistance) 

• Minor gene resistance: Controlled by many minor genes. The cumulative effect of 

minor genes is called adult resistance or mature resistance or field resistance. Also 

called horizontal on number of genes resistance 

B. Based on biotype reaction 

- Vertical resistance: Effective against specific biotypes (specific resistance) - Horizontal 

resistance: Effective against all the known biotypes (Non specific resistance) 

C. Based on population/Line concept 

- Pureline resistance: Exhibited by liens which are phenotypically and genetically similar 

- Multiline resistance: Exhibited by lines which are phenotypically similar but genotypically 

dissimilar 

D. Miscellaneous categories 

- Cross resistance: Variety with resistance incorporated against a primary pest, confers 

resistance to another insect. 

- Multiple resistance: Resistance incorporated in a variety against different environmental 

stresses like insects, diseases, nematodes, heat, drought, cold, etc. 

E. Based on evolutionary concept 

- Sympatric resistance: Acquired by co evolution of plant and insect (gene for gene) 

Governed by major genes 
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- Allopatric resistance: Not by co-evolution of plant and insect. Governed by many genes 

Mechanisms of Resistance 

The three important mechanisms of resistance are 

• Antixenosis (Non preference) 

• Antibiosis 

• Tolerance 

Antixenosis: Host plant characters responsible for non-preference of the insects for shelter, 

oviposition, feeding, etc. It denotes presence of morphological or chemical factor which alter 

insect behaviour resulting in poor establishment of the insect. e.g. Trichomes in cotton - 

resistant to whitefly 

Wax bloom on carucifer leaves - deter feeding by DBM  

Plant shape and colour also play a role in non preference 

Open panicle of sorghum - Supports less Helicoverpa 

Antibiosis 

Adverse effect of the host plant on the biology (survival, development and reproduction) of 

the insects and their progeny due to the biochemical and biophysical factors present in it. 

Manifested by larval death, abnormal larval growth, etc. 

Antibiosis may be due to 

- Presence of toxic substances 

- Absence of sufficient amount of essential nutrients 

- Nutrient imbalance/improper utilization of nutrients 

Chemical factors in Antibiosis - Examples 

Chemicals present in plants Imparts resistance against 

1. DIMBOA (Dihydroxy methyl benzoxazin) Against European corn borer, Ostrinia nubilalis 

2. Gossypol (Polyphenol)  Helicoverpa armigera (American bollworm) 

3. Sinigrin    Aphids, Myzus persicae 

4. Cucurbitacin   Cucurbit fruit flies 

5. Salicylic acid   Rice stem borer 

Physical factors in antibiosis 

Thick cuticle, glandular hairs, silica deposits, tight leaf sheath, etc. 
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c. Tolerance 

Ability to grow and yield despite pest attack. It is generally attributable to plant vigour, 

regrowth of damaged tissue, to produce additional branches, compensation by growth of 

neighbouring plants. 

Use of tolerance in IPM 

- Tolerant varieties have high ETL - require less insecticide 

- Apply less selection pressure on pests. Biotype development is less 

Host Plant Resistance in IPM 

- HPR is a very important component of IPM 

- Selection and growing of a resistant variety minimise cost on all other pest management 

activities 

Compatibility of HPR in IPM 

a. Compatability with chemical control 

- HPR enhances efficacy of insecticides 

- Higher mortality of leaf hoppers and plant hoppers in resistant variety compared to 

susceptible variety 

- Lower concentration of insecticide is sufficient to control insects on resistant variety 

b. Compatibility with biological control 

- Resistant varieties reduce pest numbers - thus shifting pest: Predatory (or parasitoid) ratio 

favourable for biological control. e.g. Predatory activity of mired bug Cyrtorhinus  

lividipennis on BPH was more on a resistant rice variety IR 36 than susceptible variety IR 8 - 

Insects feeding on resistant varieties are more susceptible to virus disease (NPV) 

c. Compatibility with cultural method 

- Cultural practices can help in better utilization of resistant varieties. e.g. Use of short 

duration, pest resistant plants effective against cotton boll weevil in USA. 

Advantages of HPR as a component in IPM 

• Specificity: Specific to the target pest. Natural enemies unaffected 

• Cumulative effect: Lasts for many successive generations 

• Eco-friendly: No pollution. No effect on man and animals 

• Easily adoptable: High yielding insect resistant variety easily accepted and adopted by 

farmers. Less cost. 

• Effectiveness: Res. variety increases efficacy of insecticides and natural enemies 

• Compatability: HPR can be combined with all other components of IPM  
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• Decreased pesticide application: Resistant varieties requires less frequent and low 

doses of insecticides 

• Persistence: Some varieties have durable resistance for long periods 

• Unique situations: HPR effective where other control measures are less effective e.g. 

a. When timing of application is critical 

b. Crop of low economic value 

c. Pest is continuously present and is a single limiting factor 

Disadvantages of HPR 

• Time consuming: Requires from 3-10 years by traditional breeding programmes to 

develop a res. variety. 

• Biotype development: A biotype is a new population capable of damaging and 

surviving on plants previously resistant to other population of same species. 

• Genetic limiation: Absence of resistance genes among available germination 

� Biological control 

The successful management of a pest by means of another living organism (parasitoids, 

predators and pathogens) that is encouraged and disseminated by man is called biological 

control. In such programme the natural enemies are introduced, encouraged, multiplied by 

artificial means and disseminated by man with his own efforts instead of leaving it to nature. 

Techniques in biological control: 

Biological control practices involve three techniques viz., Introduction, Augmentation and 

Conservation. 

1. Introduction or classical biological control:It is the deliberate introduction and 

establishment of natural enemies to a new locality where they did not occur or originate 

naturally. When natural enemies are successfully established, it usually continues to control 

the pest population. 

2. Augmentation: It is the rearing and releasing of natural enemies to supplement the 

numbers of naturally occurring natural enemies. There are two approaches to augmentation. 

a. Inoculative releases: Large number of individuals are released only once during the 

season and natural enemies are expected to reproduce and increase its population for that 

growing season. Hence control is expected from the progeny and subsequent generations and 

not from the release itself. 

b. Inundative releases: It involves mass multiplication and periodic release of natural 

enemies when pest populations approach damaging levels. Natural enemies are not expected 
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to reproduce and increase innumbers. Control is achieved through the released individuals 

and additional releases are only made when pest populations approach damaging levels. 

3. Conservation: Conservation is defined as the actions to preserve and release of natural 

enemies by environmental manipulations or alter production practices to protect natural 

enemies that are already present in an area or non use of those pest control measures that 

destroy natural enemies. 

Important conservation measures are 

• Use selective insecticide which is safe to natural enemies. 

• Avoidance of cultural practices which are harmful to natural enemies and use favourable 

cultural practices 

• Cultivation of varieties that favour colonization of natural enemies 

• Providing alternate hosts for natural enemies. 

• Preservation of inactive stages of natural enemies. 

• Provide pollen and nectar for adult natural enemies 

Parasite:A parasiteis an organism which is usually much smaller than its hostand a single 

individual usually doesn’t kill the host. Parasite may complete their entire life cycle (eg. Lice) 

or may involve several host species. Or Parasite is one, which attaches itself to the body of 

the other living organism either externally or internally and gets nourishment and shelter at 

least for a shorter period if not for the entire life cycle. The organism, which is attacked by 

the parasites, is called hosts. 

Parasitism: Is the phenomena of obtaining nourishment at the expense of the host to which 

the parasite is attached. 

Parasitoid: is an insect parasite of an arthopod, parasitic only in immature stages, destroys its 

host in the process of development and free living as an adult. Eg: 

Braconid wasps 

Some successful examples 

• Control of cottony cushion scale, Icerya purchasi on fruit trees by its predatory 

vedalia beetle, Rodolia cardinalis in Nilgiris.  

• Control of shoot borers of sugarcane, cotton bollworms, stem borers of paddy with the 

egg parasitoid, Trichogramma australicum @ 50,000/ha/week for 4-5 weeks from one 

month after planting 

• Control of sugarcane pyrilla by nymphal adult parasite Epiricania melenoleuca 
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Qualities of a Successful Parasitoid in Biological Control Programme 

A parasitoid should have the following qualities for its successful performance. 

• Should be adaptable to environmental conditions in the new locally 

• Should be able to survive in all habitats of the host 

• Should be specific to a particulars sp. of host or at least a narrowly limited range 

of hosts. 

• Should be able to multiply faster than the host 

• Should be having more fecundity 

• Life cycle must be shorter than that of the host 

• Should have high sex ratio 

• Should have good searching capacity for host 

• Should be amendable for mass multiplication in the labs 

 

• Should bring down host population within 3 years 

• There should be quick dispersal of the parasitoid in the locality 

•  It Should be free from hyperparasitoids 

� Microbial control 

- It is a branch of biological control 

- Defined as control of pests by use of microorganisms like viruses, bacteria, protozoa, fungi, 

rickettsia and nematodes. 

I. VIRUSES 

Viruses coming under family Baculoviridae cause disease in Lepidoptera larvae. Two types 

of viruses are common. 

NPV (Nucleopolyhedro virus) e.g. HaNPV, SlNPV 

GV (Granulovirus) e.g. CiGV 

Symptoms 

Lepidopteran larva become sluggish, pinkish in colour, lose appetite, body becomes fragile 

and rupture to release polyhedra (virus occlusion bodies). Dead larva hang from top of plant 

with prolegs attached (Tree top disease or “Wipfelkrankeit”) 

II. BACTERIA 

Spore forming (Facultative - Crystalliferous) 

2 types of bacteria Spore forming (Obligate)  

Non spore forming 
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i. Spore forming (Facultative, Crystelliferous) 

The produce spores and also toxin (endotoxin). The endotoxin paralyses gut when ingested 

e.g. Bacillus thuringiensis effective against lepidopteran. Commercial products - Delfin, 

Dipel, Thuricide 

ii. Spore-forming (Obligate) 

e.g. Bacillus popilliae attacking beetles, produce ‘milky disease’ Commercial product - 

‘Doom’ against ‘white grubs’ 

iii. Non-spore forming 

e.g. Serratia entomophila on grubs 

III. FUNGI 

i. Green muscardine fungus - Metarhizium anisopliae attack coconut rhinoceros beetle 

ii. White muscardine fungus - Beaveria bassiana against lepidopteran larvae  

iii.White halo fungus - Verticillium lecanii on coffee green scale. 

Other Microbs: Protoza, Nematodes 

Limitations of biocontrol technique 

- Complete control not achieved - Slow process 

- Subsequent pesticide use restricted 

- Expensive to culture many NE 

- Requires trained man power 

� Chemical control 

Chemical Control: Management of insect pests using chemical pesticides is termed as 

chemical control. 

Pesticides: Chemicals which are used to kill pests 

History of insecticide development 

Year  Chemicals 

900 - Arsenites in China (Inorganic compound) 

1690 - Tobacco used in Europe (Plant/natural product) 

1787 - Soaps used in Europe 

1867 - Paris Green in US 

1874 - DDT synthezized by Zeidler 

1883 - Bordeau in France 

1925 - Dinitro compounds (First synthetic organic insecticide) 

1932 - Thiocyanates 
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1939 - DDT insecticidal property discovered by Paul Muller of Switzerland. Paul Muller 

awarded Nobel Prize in 1948 for discovering insecticidal property of DDT 

1941 - BHC in France and UK (in 1942) (BHC is presently called as HCH) 

1944 - Parathion (Organo phosphate) discovered by Gerhard Schrader in Germany 

1945 - Chlordane (Cyclodian compound) in Germany 

1947 - Carbamate insecticides in Switzerland 

1962 - Rachel Carson’s Silent Spring appears (US) (This is not a chemical. The book ‘ Silent 

Spring’ created awareness about ill effects of pesticides) 

1967 - First JH mimic (Juvenile Hormone mimic) used in US (Insect growth regulator) 

1970 - Development of synthetic pyrethroids (UK) (Fast degradation) (Effective at very low 

doses) 

1980 - Discovery of avermectins (derived from bacteria). Effective at low dose. Fast 

degradation. 

1990 - Discovery of newer groups like (1) Neonicotinoids (Imidacloprid), similar to natural 

nicotin, (2) Spinosyns (e.g. Spinosad) derived from actinomycet 

TOXICITY PARAMETERS 

Toxicity of a given chemical to an organism can be measured using various parameters as 

listed below. 

1) LD50 or Median lethal dose 

LD50 is defined as the amount of insecticide per unit weight which will kill 50% of the 

particular organism or insect. LD50 usually expressed as mg/kg body weight or g/larva or 

adult insect. 

2) LC50 or Median lethal concentration 

Defined as the concentration of insecticide required to kill 50% of the given organism or 

insect. This is used when the exact dose per insect is not known, but the concentration is 

known. LC50 is expressed in PPM (1/1,000,000) or Percentage (1/100) 

3) LT50 (Median lethal time) 

LT50 is defined as the time required to kill 50% of the population at a certain dose or 

concentration. LT50 expressed in hours or minutes. LT50 is used in field studies and also for 

testing insect viruses (NPV). 

4. KD50: Median knockdown dose Dose of insecticide or time required to 

5. KT50: Median knockdown time knockdown 50% of the insects 

Toxicity terms used to express the effect on mammals 

1. Acute toxicity : Toxic effect produced by a single dose of a toxicant 
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2. Chronic toxicity : Toxic effects produced by the accumulation of small amounts of the 

toxicant over a long period of time 

3. Oral toxicity : Toxic effect produced by consumption of pesticide orally  

4. Dermal toxicity : Toxic effect produced when insecticide enters through skin 

5. Inhalation toxicity : Toxic effect produced when poisonous fumes of insecticide are 

inhaled (fumigants) 

Ideal Qualities of an Insecticide 

An ideal insecticide should posses the following qualities 

• Kill the target insect effectively and quickly 

• Be less toxic to natural enemies 

• Be less toxic to honey bees, soil microorganisms 

• Be less toxic to fishes and mammals 

• Less hazardous and less toxic during handling or accidental consumption by human 

beings 

• Quickly degradable in environment and should be less persistent (Residues should be 

very less) 

• Should not cause resurgence of the target insect (i.e. Increase in population of target 

insect) e.g. Chlorpyriphos causes resurgence of BPH on rice. 

• Should not cause outbreak of secondary pest on a minor pest by killing the natural 

enemies 

• Should have a complex mode of action against which resistance development will 

take more time. e.g. Azadirachtin from neem tree has complex action 

• Should have a longer storage life or shelf life 

• It is advantageous to select an insecticide which can kill a relatively broad spectrum 

of target pests 

• It should be cost effective (High benefit/Cost ratio) and safe to use (High benefit/Risk 

ratio) 

Groups of pesticides : The pesticides are generally classified into various groups based 

on pest organism against which the compounds are used, their chemical nature, mode of 

entry and mode of action. 

1. Based on organisms 

a) Insecticides : Chemicals used to kill or control insects (eg.) Quinalphos, malathion 

b) Rodenticides : Chemicals exclusively used to control rats (eg.) Zinc phosphide 
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c) Acaricides : Chemicals used to control mites on crops / animals (eg.) Dicofol 

d) Avicides : Chemicals used to repel the birds (eg.) Anthraquionone  

e) Molluscicides : Chemicals used to kill the snails and slugs (eg.) Metaldehyde 

f) Nematicides : Chemicals used to control nematodes (eg.) Ethylene dibromide 

g) Fungicides : Chemicals used to control plant diseases caused by fungi (eg.) Copper oxy 

cholirde 

h) Bactericide : Chemicals used to control the plant diseases caused by bacteria (eg.) 

Streptomycin sulphate 

i) Herbicide : Chemicals used to control weeds (eg.) 2,4, - D 

2. Based on mode of entry 

a) Stomach poison : The insecticide applied in the leaves and other parts of the plant when 

ingested, act in the digestive system of the insect and bring about kill (eg.) Malathion. 

b) Contact Poison : The toxicant which brings about death of the pest species by means of 

contact (eg.) Fenvalerate. 

c) Fumigant : Toxicant enter in vapour form into the tracheal system (respiratory poison) 

through spiracles (eg.) Aluminium phosphide 

d) Systemic poison : Chemicals when applied to plant or soil are absorbed by foliage (or) 

roots and translocated through vascular system and cause death of insect feeding on 

plant. (eg.) Dimethoate. 

3. Based on mode of action 

a) Physical poison : Toxicant which brings about kill of one insect by exerting a physical 

effect (eg.) Activated clay. 

b) Protoplasmic poison : Toxicant responsible for precipitation of protein (eg.) Arsenicals. 

c) Respiratory poison : Chemicals which inactivate respiratory enzymes (eg.) hydrogen 

cyanide. 

d) Nerve poison : Chemicals inhibit impulse conduction (eg.) Malathion. 

e) Chitin inhibition : Chemicals inhibit chitin synthesis (eg.) Diflubenzuron 
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4. Based on toxicity: 

Sr 

No. 

WHO class LD50 for rat 

(mg/kg body weight) 

Colour of 

identification 

band on label 

Symbol in 

toxicity 

triangle   Oral  LD 50 Dermal LD 

50 

 Ia Extremely hazardous   <5 <50 Bright red Skull + 

Poison 

 Ib Highly hazardous   5-50 50-200 Bright yellow Poison 

 II Moderately 

hazardous   

50-2000 200-2000 Bright blue Danger 

 III Slightly hazardous   Over 2000 Over 2000 Bright green Caution 

 U Unlikely to present 

acute hazard   

5000 or 

higher 

  Caution 

 

 

5. Based on chemical nature 

Classification based on chemical nature of insecticides 

I. Inorganic pesticides 

Inorganic chemicals used as insecticides Eg. Arsenic, Fluorine, Sulphur, lime sulphur 

(Insecticides) zinc phosphide (Rodenticide) 

II. Organic pesticides 

• Organic compounds (constituted by C, H, O and N mainly) Hydrocarbon oil (or) 

Petroleum oil – eg. Coal tar oil, kerosine etc.,  

• Animal origin insecticides – eg. Nereistoxin extracted from marine annelids –  

commercially available as cartap, padan. 

• Plant origin insecticides : Nicotine from tobacco plants, pyrethrum from 

Chrysanthemum flowers, Rotenoids from roots of Derris and Lonchocarpus, Neem – 

Azadirachtin, Pongamia glabra, Garlic etc., 

• Synthetic organic compounds : These organic chemicals are synthetically produced in  

laboratory. 

i. Chlorinated hydrocarbon (or) organochlorines 

Eg. DDT, HCH, Endosulfan, Lindane, Dicofol (DDT, HCH banned) 

ii. Cyclodienes 



 

40 

 

Eg. Chlordane, Heptachlor (Banned chemicals) 

iii Organophosphates : (Esters of phosphoric acid) 

Eg. Dichlorvos, Monocrotophos, Phospamidon, Methyl parathion, Fenthion,  

Dimethoate, Malathion, Acephate, Chlorpyriphos 

iv. Carbamates: (Derivatives of carbamic acid) 

Eg. Carbaryl, Carbofuran, Carbosulfan 

v. Synthetic pyrethroids ; (Synthetic analogues of pyrethrum) 

Eg. Allethrin, Cypermethrin, Fenvalerate 

vi. Miscellaneous compounds 

Neonicotinoids (Analogues of nicotine) eg. Imidacloprid 

Spinosyns (Isolated from actinomycetes) eg. Spinosad Avermectins (Isolated from 

bacteria) eg. Avermectin, Vertimec  

Fumigants : Eg. Aluminium  phosphide, Hydrogen cyanide, EDCT 

Role of pesticides in IPM 

1. Pesticide should be applied only based on the need, i.e. if pest reaches ETL. 

2. It should be judiciously combined with other components of IPM and pesticides should be 

used as last resort. 

3. When pest population approaches ETL, insecticides are the only means of preventing 

economic damage. 

4. Insecticides are available in easy and ready to use packings. 

5. Easy to apply and large area can be covered. 

6. A range of insecticides are available depending on crop, insect and nature of damage. 

7. Pesticides which are cost effective (High benefic/cost ratio) and safe (High benefit/risk 

ratio) should be used in IPM. 

Formulations of Insecticides 

It is essential that the toxicant must be amenable to application in an effective manner so as to 

come into direct contact with the pest or leaf and uniform and persistent deposit upon the 

plant surface. Since very small quality of toxicant is required to be distributed over a large 

area, insecticides are formulated in a form suitable for use as a spray, dust or fumigant. 

Formulation is the processing of a compound by such methods that will improve its 

properties of storage, handling, application, effectiveness and safety to the applicator and 

environment and profitability. It is the final physical condition in which insecticide is sold. A 

single insecticide is often sold in several different formulations. Following are the different 

formulations of insecticides. 
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1. Dusts (D): These are ready to use insecticides in powder form. In a dust formulation the 

toxicant is diluted either by mixing with or by impregnation on a suitable finely divided 

carrier which may be an organic flour or pulverized mineral like lime, gypsum, talc etc., or 

clay like attapulgite bentonite etc. Eg. HCH 10% dust; Endosulfan 4% D. 

2. Granules or Pelleted insecticides(G): These are also ready to use granular or pelleted 

forms of insecticides. In this formulation the particle is composed of a base such as an inert 

material impregnated or fused with the toxicant which released from the formulation in its 

intact form or as it disintegrates giving controlled release. Eg: Carbofuran 3G, Phorate10 G, 

Cartap hydrochloride 4G 

3. Wettable Powders (WP): It is a powder formulation which is to be diluted with water and 

applied. It yields a stable suspension with water. Eg: Carbaryl 50%WP, Thiodicarb 75% WP 

4. Emulsifiable Concentrates (EC): Here the formulation contains the toxicant, a solvent for 

the toxicant and an emulsifying agent. It is a clear solution and it yields an emulsion of oil-in 

water type, when diluted with water. Eg: Endosulfan 35EC, Profenophos 50EC 

5. Soluble Powder or Water Soluble Powder (SP or WSP): It is a powder formulation 

readily soluble in water. Eg: Acephate 75 SP. 

6. Suspension Concentrate (SC): Active ingredient is absorbed on to a filler which is then 

suspended in a liquid matrix (water).It is not dusty and easier to disperse in water. Eg: 

Imidacloprid 50 SC 

7. Flowables (F): When an active ingredient is insoluble in either water or organic solvents, a 

flowable formulation is developed. The toxicant is milled with a solid carrier such as inert 

clay and subsequently dispensed in a small quantity of water. Prior to application it has to be 

diluted with water. Flowables do not usually clog nozzles and require only moderate 

agitation.Ex;Methoxyfenozide( Intrepid 2F) 

8. Water Dispersible Granules (WDG):This formulation appears as small pellets or 

granules. It is easier and safer to handle and mix than wettable powders. When the granules 

are mixed with spray water, they break apart and, with agitation, the active ingredient 

becomes distributed throughout the spray mixture. 

Ex: Thiamethoxam 25 WDG 

9. Solutions: Many of the synthetic organic insecticides are water insoluble but soluble in 

organic solvents like amyl acetate, kerosene, xylene, pine oil, ethylene dichloride etc., which 

themselves possesses some insecticidal properties of their own. Some toxicants are dissolved 

in organic solvents and used directly for the control of household pests. Eg. Baygon 
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10. Concentrated insecticide liquids: The technical grade of the toxicant at highly 

concentrated level is dissolved in non-volatile solvents. Emulsifier is not added. Generally 

applied from high altitudes in extremely fine droplets without being diluted with water at 

ultra volume rates. Eg: Malathion, Bifenthrin,Fenitrothion. 

11. Insecticide aerosels: The toxicant is suspended as minute particles 0.1 to 30 microns in 

air as fog or mist. The toxicant is dissolved in a liquified gas and if released through a small 

hole causes the toxicant particles to float in air with rapid evaporation of the released gas. Eg: 

Allethrin 

12. Fumigants: A chemical compound which is volatile at ordinary temperature and 

sufficiently toxic is known as fumigant. Most fumigants are liquids held in cans or tanks and 

quite often they are mixtures of two or more gases. Advantage of using fumigant is that the 

places not easily accessible to other chemicals can be easily reached due to penetration and 

dispersal effect of the gas.Eg; Aluminium phosphide 

13. Microencapsulation: Microencapsulated formulations consist of dry and liquid pesticide 

particles enclosed in tiny plastic capsules which are mixed in water and sprayed. After 

spraying, the capsule slowly releases the pesticide. The encapsulation process can prolong the 

active life of the pesticide by providing timed release of the active ingredient. Ex: Lambda-

cyhalothrin 

14. Insecticide Mixtures: Insecticide mixtures involve combinations of two or more 

insecticides in the right concentration into a single spray solution. Insecticide mixtures are 

widely used to deal with the array of arthropod pests encountered in greenhouse and field 

production systems due to the savings in labour costs. Ex:Profenofos 40% + Cypermethrin 

4% EC 

15. Baits: In baits a.i is mixed with edible substance. These are always stomach poisons and 

are used for poison baiting which is chiefly made up of 3 components, Poison (Insecticide 

carbaryl), Carrier or base(Rice bran), and Attractant (Jaggery) at ratio of 1:10:1 . Poison 

should be strong and easily soluble. Base is the filler like rice bran with just enough water. 

HAZARDS CAUSED BY PESTICIDES 

The adverse effect caused by pesticides to human beings during manufacture, formulation, 

application and also consumption of treated products is termed as the hazard. 

Pesticide hazard occurs at the time of 

a. Manufacturing and formulation 

b. Application of pesticides 

c. Consumption of treated products 
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Examples of hazards caused by pesticides 

1. In Kerala, in 1953, 108 people died due to parathion poisoning 

2. ‘Bhopal Gas Tradedy’ in 1984 at Bhopal where the gas called Methyl isocyanate (MIC) 

(an intermediate involved in manufacture of carbaryl) leaked killing 5000 people and 

disabling 50,000 people. Totally 2,00,000 persons were affected. Long term effects like 

mutagenic and carinogenic effects are felt by survivors. 

3. Cases of Blindness, Cancer, Liver and Nervous system diseases in cotton growing areas of 

Maharashtra where pesticides are used in high quantity. 

4. Psychological symptoms like anxiety, sleep disturbance, depression, and severe head ache 

in workers involved in spraying DDT, malathion regularly. 

Advantages of chemical control: 

1. Chemicals are powerful tools for pest management. 

2. Highly effective, rapid curative action and adoptable to most situation. 

3. Flexible in changing agronomic and ecological conditions. 

4. It is economical. 

5. Insecticides are only tools available when pest is crossing threshold levels. 

6. For many of pest problems chemical control is the only acceptable solution. 

7. They are easy to obtain and apply 

Limitations of chemical control: 

1. Harmful to non target organisms. 

2. Many pesticides bring about the secondary infestation of non target pests and 

resurgence of target pests. 

3. Other beneficial insects like pollinators, honeybees, weed killers may also be killed. 

4. There is a risk to man and livestock. 

5. Some pesticides may cause phytotoxicity. 

6. Some insecticides leave residues which cause environmental pollution. 

7. Some insects may develop resistance to insecticides. 

8. Some insecticides accumulate in body tissue become dangerous even without any 

prior indications. 

9. Some insecticides have a tendency to be passed over from one food source to another 

food source. 

� Chitin synthesis inhibitors, insect hormone mimics, agonists and recent methods 

of pest control 
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Chitin synthesis inhibitors disrupt molting by blocking the formation of chitin, the building 

block of insect exoskeleton. Without the ability to synthesize chitin, molting is incomplete, 

resulting in malformed insects that soon die. It suppresses egg-laying and causes egg sterility 

in treated adults through secondary hormonal activity. eg. Diflubenzuron 

 

� RECENT METHODS OF PEST CONTROL 

I)  Insect Repellents: Chemicals which cause insects to move away from their source 

are referred to as repellents (or) Chemically that prevent insect damage to plants (or) animals 

by rendering them unattractive, unpalatable (or) offensive are called repellents. 

Desirable traits of a good repellent 

a)  It should be effective for a long time and on a wide range of insects. 

b)  Weathering effects on it should be the least. 

c)  Should not be toxic (or) irritating to man and animals. 

d)  Should leave an acceptance odour, taste and touch 

e)  Should be harmless to clothes. 

f)  Should be cheap. 

Types of repellents 

Repellents are broadly classified as Physical repellents and Chemical repellents 

1)  Physical repellents 

These produce repellence by physical means and are of the following kinds. 

i.  Contact stimuli repellents 

These are substances (Such as dusts, granules, water, oils, leaf hairs, spines and waxes) that 

influence the surface texture of the plants to produce a disagreeable effect on the tactile sense 

of the insects. 

ii.  Auditory repellents 

Theses employ sound to ward off insects. For instance, an amplified sound has been found 

effective in repelling mosquitoes, pyralid moths and files. 

iii.  Visual repellents 

White light normally attracts insects but the yellow colour light is the least attractive and to 

some extent acts as a visual repellent to insects. 

iv.  Excitatory repellents 

Chemicals such as pyrethrum, DDT, BHC etc., which excite the insect’s tarsi by stimulating 

the sensory nerves and force them to leave the treated surface. 

v.  Feeding repellents 
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Substances that inhibit feeding in insects are called feeding repellents (or) Antifeedent. 

2.  Chemical repellents 

These are chemicals that affect tactile, olfactory (or) gustatory receptors of insects and could 

be plant origin (or) synthetic as follows. 

i.  Repellents of plant origin 

The oil of citronella remained a commonly used mosquito repellent and still continues to be a 

constituent of a popular brand of commercial mosquito repellent, Odomos. Pyrethrum is 

another plant product which not only acts as an insecticide but in low concentrations, also as 

a repellent for blood – sucking insects.  

ii.  Synthetic repellents 

Diethyl toluamide, protects the bearer against mosquitoes, ticks, fleas and biting files. The 

others Bordeaux mixture, Dimethyl pthalate, and Indalone acts as repellents for insects. 

Uses of repellents 

Repellents can find several uses such as 

1. They can be used on the body in some formulation to ward off insects. 

2. They can be used as fumigants in an enclosed area of insects. 

3. They can be used as dusts and sprays on domestic animal to protect them from noxious 

biting and blood – sucking insects. 

4. They can be used to drive insects from their natural breeding grounds to areas treated with 

an insecticide (or) a chemosterilant to kill (or) sterilize them. 

II)  Insect Antifeedants 

Antifeedant is a chemical that inhibits feeding but does not kill the insect directly; the insect 

often may remain on the treated plant material and possibly may die of starvation. These are 

also caused as “Feeding deterrents”  

Groups of antifeedants 

a)  Triazines 

Acetanilide.is an odourless and tasteless solid and not phytotoxic and inhibits feeding of most 

chewing surface feeders such as caterpillars, beetles and cockroaches. 

b)  Organotins 

Triphenyl tin acetate (Brestan) was one of the earliest organotins that was found to have an 

antifeedant effect on the foliage – feeding insects such as the cotton leaf worm, colorado 

potato beetle, larvae of potato tuber moth, Agrotis ipsilon and grasshoppers. 

c)  Carbamates 
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Several thiocarbamates inhibit the feeding of Mexican beetle, Colorado potato beetle and 

japanese beetle. The carbamate, arprocarb (Propoxur) is systemic antifeedant against the boll 

weevil, Anthonomus grandis. 

d)  Botanical Extracts 

i)  Pyrethrum 

From the flowers of Chrysanthemum cinerariaefolium, is not only insecticide but in small 

doses also acts as an antifeedant for the biting fly, Glossina. 

ii)  Margosa (Neem) 

The extracts of the leaves and fruits of neem trees (Azadirachta indica) act as very effective 

antifeedants against a large number of insects. 

iii) Solanum alkaloids 

Alkaloids (tomatine, solanine) extracted from some species of Solanum reduce feeding and 

survival of potato leaf hopper, Empoasca devastans.  

Advantages of Antifeedants: 

1. Antifeedants affect only the phytophagous insects and so do not harm the beneficial 

parasitoids, predators and pollinators. 

2. As the pest is not immediately killed by antifeedent, its parasites and predators continue to 

feed on it, thrive, and keep it under control. 

3. Antifeedants produce no phytotoxicity (or) pollution. 

Disadvantages of Antifeedants: 

1. Only the chewing type of insects is affected by antifeedants, the sucking pests remain 

unaffected. 

2. New growths of plant are not protected. 

3. As the insects are not immediately killed, they could move to untreated parts (or) other 

plants and damage them. 

4. Antifeedants are not effective enough to become a sole control measure. They could only 

be promising when included in the integrated control schemes. 

III)  Insect Attractants 

Chemicals that cause insects to make oriented movements towards their source are called 

insect attractants. They influence both gustatory (taste) and olfactory (smell) receptors (or) 

sensilla. 

Types of Attractants 

1. Pheromones 

2. Natural food lures 
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3. Oviposition lures 

4. Poison baits 

1)  Pheromones 

Chemical that is secreted into the external environment by an animal and that elicits a 

specific response in a receiving individual of the same species. It is also referred to as 

“ectohormone”. Depending on their mode of action pheromones are divided into two general 

classes. 

The pheromones that promote aggregation are sex pheromones and aggregation pheromones. 

a)  Sex pheromones 

A Sex pheromone released by one sex only triggers off a series of behaviour patterns in the 

other sex of the same species and thus facilitates mating. The male insects respond to the 

odorous chemical released by the female. In certain species of insects the males are known to 

produce the sex pheromone which attracts the females. 

Ex : In the cotton boll weevil Anthonomus grandis 

Bombycol : Silkworm, Bombyx mori 

Gyplure : Gypsy moth, Perthetria dispar; 

Gossyplure : Pink bollworm, Pectionophora gossypiella 

Cuelure : Melon fly, Bactroceracucurbitae 

Litlure : Tobacco cutworm, Spodoptera litura 

Helilure : Red gram pod borer, Helicoverpa. armigera 

Looplure : Cabbage looper ,Trichoplusia ni 

Ferrolure : Coconut Red Palm Weevil , Rhynchophorus ferrugineus 

Leucilure : Brinjal Shoot and Fruit Borer Leucinodes orbonalis 

Use of Sex pheromones in insect pest management 

1) Monitoring of insect pests: Traps baited with synthetic sex pheromones is useful in 

estimating population and detecting early stages of pests. Four pheromone traps per acre is 

recommended. 

2) Mass-trapping: (Male annihilation technique): Large numbers of pheromones baited 

traps can be used in the fields to capture male moths of newly emerged and reduce the 

number of males for mating. 

3) Control of pest by mating disruption: By permeating the atmosphere with higher 

concentration of the pheromone the opposite sex is rendered confused and unable to locate 

their mates. 

Merits: 
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1. The pheromones are species specific. 

2. They are safe to natural enemies and environment. 

3. They require in small doses. 

4. They are economical and compatible with other components of IPM. 

Demerits: 

1. Synthetic pheromones are available only for a few pest spec ies. 

2. Replacement of pheromone lures at regular interval is required for good catch of  moths. 

3. Pheromone traps attracts only target pest even when crop is attracted by many other pests. 

4. Pheromone reception and dispersal are not understood even for most important pests. 

b)  Aggregation pheromones 

The pheromone released by one sex only elicits response in both sexes of a species. In 

scolytid (or) bark beetles the males secrete the pheromone into the hind gut which gets 

incorporated in to the faceal pellets and through them attracts flying males and females 

towards the galleries.  

c)  Trial marking pheromone 

At low concentrations mostly used by foraging ants and white ants. Id) Alarm pheromones 

These substances are elaborated by mandibular glands, sting appartus, anal glands which 

typically results in fight or aggression. Dolichoderine ants – release a fruity odour by the 

worker that results in a erratic behavour of workers, when this is discharged into mandibles 

onto an intruding insects that becomes marked as agreessor. 

Natural Food lures 

These are Chemicals present in plant and animal hosts that attract (lure) insects for feeding. 

They stimulate olfactory receptors and may be 

1. A floral scent in case of the nectar feeding insects 

2. Essential oils for the phytophagous insects. 

3. Decomposing products for the scavenger 

4. Carbon dioxide, lactic acid and water for the blood sucking insects. 

Oviposition Lures 

These are chemicals that govern the selection of suitable sites for oviposition by the adult 

female for example, P-methyl acetophenone attracts adult female rice stem borers to oviposit. 

Poison Baits 

Poison baits are a mixture of food lures and insecticides. The effort is made to make the bait 

more attractive to insects than their natural food and also a smaller quantity should be able to 

attract the largest number of insects. Baits are used when for some reason spraying (or) 
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dusting of insecticides is not practicable. For instance, when insects live hidden under the 

soil, inside the fruits and vegetables (or) for household insects like ants, cockroaches and 

houseflies. 

Advantages of Attractants 

1. Attractants do not kill the insects and, therefore, do not disrupt the ecosystem (or) food 

chain. 

2. They are specific for some insects and so do not affect the non-targets. 

3. They can be used to mass trap the insects to be subsequently killed by insecticides. 

4. Since they are not long lasting, they do not cause environmental pollution. 

Disadvantages of Attractants 

1. Insects can always find untreated hosts, so their number may not be affected. 

2. The attractants can not be relied as a sole control measure – can only be used in integrated 

control programmes. 

� Genetic Insect Control 

The basic principle in genetic control of insects is to utilize factors which will lead to 

reproductive failure. Genetic control of insects is not limited to the use of insects sterilized by 

radiation or chemicals but also include cytoplasmic incompatibility, induced sterility, hybrid 

sterility etc. 

Use of genetic manipulation in insect control: 

• Deleterious gene has been identified in insect which could be introduced in to 

wild population to induce sterility. 

• Such type of  sterility has been employed in the eradication of mosquito. 

• Incompatible (sterile) male mosquito mated with female there was no 

development of off spring. 

 

� Biotechnological approches 

Biotechnology 

It is defined as the integrated use of molecular genetics, biochemistry, microbiology and 

process technology to supply goods and services employing microorganism, part of 

micronisms, or cells and a tissues of higher organism. 

The 3 componenst of modern plant biotechnology are 

• Recombinant DNA technology 

• Monoclonal antibody production 
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• Cell and tissue culture 

Development of transgenic plants 

The basic requirement of transformation is 

• A target genome 

• A vector to carry the gene 

• Modification of the foreign DNA to increase the level of gene expression 

• Method to deliver the plasmid DNA into the cell 

• Methodology to identify the transformed cell 

• Tissue culture to recover the viable plants from the transformed cell 

Transgenic plants 

Generally modified plants or transgenic plants are plants whose DNA is modified using 

genetic engineering techniques. In most cases the aim is to introduce a new trait to the plant 

which does not occur naturally in the species. Examples include resistance to certain pests, 

diseases or environmental conditions, or the production of a certain nutrient or 

pharmaceutical agent. 

Transgenic plants have been produced by addition of one or more following genes 

1. Endotoxin gene from Bacillus thuringiensis (Bt) 

2. Protease inhibitors 

3. Alpha amylase inhibitors 

4. Lectins 

5. Enzymes 

6. Pyramiding genes 

Steps in the development of transgenic plants are 

i. Transforming plants 

ii. Selection and Regeneration 

iii. Regeneration of whole plants 

i.  Transforming plants 

Transformation is the heritable change in a cell or organism brought about by the uptake and 

establishnment of introduce DNA. There are two main methods of transforming plant cells 

and tissues: 

1.  Bilistic method (particle gun) 

2.  Agrobacterium tumefaciens mediated transformation 

ii.  Selection and Regeneration 
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Selection of successfully transformed tissues: Following the gene insertion process, plant 

tissues are transferred to a selective medium containing an antibiotic or herbicide. Depending 

on which selectable marker was used. Only plants expressing the selectable marker gene will 

survive and it is assumed that these plants will also process the transgenic of interest. Thus 

subsequent steps in the process will only use these surviving plants. 

iii.  Regeneration of whole plants 

  To obtain whole plants from transgenic tissues such as immature embryos, they are 

grown under controlled environmental conditions in a series of media containing nutrients 

and hormones, a process known as tissue culture. Once whole plants are generated and 

produce seed, evaluation of the progeny begins. 

Advantages and limitation of biotechnology 

Advantages 

• Transgenic plants are compatible with other tactics of management of insect pests. 

• Since all the plant parts are covered with toxins dependence of weather for efficacy of 

sprays would be eliminated 

• There will be no need of continuous monitoring of pests 

• Transgenic plants provide protection to those plant parts which are difficult to be 

treated with pesticides 

• The cost of application of pesticides will be nil 

• No problem of contamination of in the form of drift 

• Since there are specific to target pest, hence safe to non target species and human 

beings 

• Transgenic plants eliminate the problems of shelf life and field stability 

• Reduce the use of chemical pesticides and minimizing the problem of environmental 

pollution 

Limitations 

• Development of resistance due to the continuous exposure of the insect to the toxin 

• Problem of development of super weeds due to introgress of genes into the weeds 

• Problem of secondary pest out break 

Integrated Pest Management (IPM) strategy of cotton : 

• Seed treatment with Imidacloprid @ 7.5 g/kg seeds. 

• Hand collection of infected shoots with spotted bollworms in the early stage. 
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• Planting of Maize as a inter crop (10:1), Marigold and Castor as trap crops in and 

around the cotton. 

• Installation of pheromone trap @ 5/ha. One week after germination. 

• Early release of Chrysoperla @ 10000 eggs or larva /ha (2 release) 

• Spraying of Neem form. or Neem seed kernel suspension @ 5%. 

• Release of Trichogramma @ 1.5 lakh/ha (3 releases). 

• Spraying of HNPV @ 450 LE/ha for Helicoverpa and SNPV @ 250 LE/ha for 

Spodoptera. 

• Hand collection of eggs and larva of Helicoverpa and eggs and larval masses of 

spodoptera from main and trap crops. 

• Need based application of insecticides for pests based on ETL. 

IPM (Integrated Pest Management) for Rice 

• Avoid use of excess nitrogenous fertilizer which induces BPH and leaf folder 

• Remove/destroy stubbles after harvest 

• Trim field bunds and keep field free from weeds 

• Control irrigation by intermittent draining to manage BPH (Alternate wetting and 

drying of field) 

• Avoid close planting, especially in BPH and leaf folder prone areas/seasons 

• Provide rogue spacing of 30 cm at every 2.5 m interval to take up plant protection 

operation 

• Use light traps to monitor incidence of pests 

• Avoid resurgence inducing chemicals against BPH like Methyl parathion and 

quinalphos 

• Remove stem borer egg masses by clipping off tip of rice seedling during 

transplanting 

• Select and use resistant varieties against major pests 

• Manage caseworm by passing rope on crop and draining water 

• Release egg parasitoid Trichogramma japonicum on 30 and 37th day after planting 

• against stem borer 

• Release egg parasitoid T. chilonis and bacteria Bacillus thuringiensis against leaf 

• folder 

• Use of Neem Seed Kernel Extract 5% (NSKE 5%) or Neem oil 2% against Earhead 

bug 

• Use insecticides as need based application if pest reaches ETL 


