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Abstract 

A successful and sustainable pest management depends on the knowledge of the 
strategy, pest biology and pest ecology in agroecosystem. The development of an 
effective pest control strategy is reliant and contingent on ten pillars including: 
1) correct identification of the pest and its pest-status; 2) determination of pest ETL; 
3) knowledge of the available control tactics; 4) selection of control tactic(s); 
5) decision of appropriate timing (when?), conducive technique (how?) and targeting 
site (where?); 6) determination and choice of the pest control goals; 7) selection of 
effective pest monitoring tool/techniques; 8) identification of factors causing failure 
of pest control tactics; 9) public awareness and long-term commitment; 10) planning 
for and improvement in in pest management strategies. A comprehensive knowledge 
of various pest and ecosystem associated aspects like pest population ecology and 
dynamics, pest population structure and interactions and structure, function and 
regulators of ecosystem is compulsory for determining an appropriate pest 
management strategy. Based on aforementioned information, appropriate strategy 
can be selected and implemented from already well defined four strategies including 
1) “Do-Nothing Strategy”, 2) “Reduce-Number Strategy”, 3) “Reduce-Crop-
Susceptibility Strategy” and 4) “Integrated-Strategy” to cope with the emerging or 
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prevailing pest condition. This chapter highlights the basic concepts and principles 
of sustainable pest management that are based on well-defined goals, estimates of 
population size, evaluation and comparison of available management options and 
monitoring as well as evaluation of practiced management activities/strategies 
regarding benefits and costs. Defined goals determine better and appropriate 
available management options in a prevailing situation; population estimates help in 
determining action threshold and deciding timeframe for initiation necessary actions. 
Effectiveness of available control options in stipulated time-period, environmental 
and social consequences and cost-benefit-ratio can help in ranking out the efficient, 
economical and ecofriendly management strategies. This chapter focuses on the 
fundamental concepts and principles, practical strategies and various techniques of 
insect pest management. 

Key words: Concept and principles; Pest monitoring and scouting; IPM theories; 
Decision levels; Cost-benefit-ratio 

2.1. Introduction 

Every organism interacts with biotic and abiotic components of ecosystem and 
struggle for its better survival and existence in nature. Different types of interactions 
exist between pests and other components of ecosystem, especially human, plants 
and animals. These interactions can create issues of competition for food and space; 
endemic or epidemic outbreak of diseases/ nuisance, damage to properties and injury 
to both plants and animals. Pest incidence as well as its population dynamics and 
control are regulated in such interactive agroecosystem by many forces and factors. 
The major of these are forces of destruction like environmental resistance, forces of 
creations like biotic potential and characteristics or components of an agroecosystem. 
A comprehensive knowledge of destructive forces including abiotic stresses (adverse 
environmental conditions/density independent factors), biotic stresses (density 
dependent factors like predators, parasites, pathogens, competitors etc.) and biotic 
potential (reproductive potential, survival potential, nutritive potential and protective 
potential) (Fig. 2.1) help us decide whether the time is to adopt “Do-Nothing 
Strategy”, “Reduce-Number Strategy”, “Reduce-Crop-Susceptibility Strategy” or 
“Integrated-Strategy” to manage the indeginous and exotic emerging pest problems 
(Pedigo and Rice 2009; Schowalter 2011). 

Pest management is a two-strand approach which mainly relys on the knowledge of 
the strategy, pest biology and pest ecology in agroecosystem (Fig. 2.1). The selection 
of appropriate pest control technology as well as its effective and efficient application 
mainly depends upon a comprehensive knowledge about it. The biological and 
ecological knowledge of pest helps to determine the most appropriate 
procedure/method (How), timing (when) and place (where) for effective use of any 
technology and economically effective management of any pest (Buurma 2008). 
Various aspects of any technology which lead towards its proper and effective 
application include: 

� Nature and type of technology 

� Method of its application (aerial, foliar, chemigation, baits, traps etc.) 
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� Durability of the technology 

� Equipments and accessories needed for its implementation 

� Performance limiting factors of technology 

� Compatibility of technology with other available management tools 

� Specificity of the technology (broad spectrum or target specific) ) 

� Mode of action       

(Pedigo and Rice 2009) 

The knowledge of various aspects of biology and ecology of pests lay the foundation 
of an efficient and economical pest control strategy is important for achieving key 
objectives of pest management. For examples, suck kind of knowledge reduces the 
threat of crop failure by endemic or epidemic pest outbreak.  Such knowledge also 
strengthens the effectiveness of pest control strategies, reduces operational cost of 
technique used, enhances productivity and profitability by reducing the amount of 
inputs and ultimately eliminates or reduces the threats of environmental degradation 
and hazards of human health (Knipling 1979; Norris et al. 2002). Various aspects of 
pest’s biology that can be helpful in devising efficient pest management strategies 
include: 

� What kind of habitat does the pest prefer? (Darkness, indoor, outdoor, 
humid, warm, temperate, aquatic, terrestrial etc.) 

� What kind of food does the pest prefer? 

� What is the total life span of pest? 

� What is longevity of incubation period of the pest? 

� Where are different life stages found? 

� What is the breeding place and season of the pest? 

� What kind of behavior does the pest exhibit in its life? 

(Trivedi 2002; Pedigo and Rice 2009; Jha 2010) 

Integrated application of multiple and highly compatible tactics; reduction in number 
or effects of pest below defined economic decision levels (EIL and ETL); and 
conservation of environmental quality are the key characteristics/elements of 
sustainable pest management (Pedigo and Rice 2009). However, Geier (1966) 
suggests some supplementary characteristics/elements of sustainable pest 
management system and deliberates that a pest management technology/system 
should be: 1) highly target specific i.e., very selective for pest and safe for nontarget 
organisms ; 2) Comprehensive and conducive for crop productivity (not be 
phytotoxic and  enhance plant-growth and yield); 3) highly compatible with the key 
principles of ecology and 4) tolerant to potential pests but within economically 
tolerable limit. A comprehensive and practical knowledge of above-mentioned 
elements guarantees the development of an ecofriendly, economical and efficient, 
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crop production and protection program (Buurma 2008; Alam 2010; Schowalter 
2011). 

Effective and sustainable insect pest management also depends on economic decision 
levels which are mendatory for determining the course of action, ensuring sensible 
pesticide application, reducing unacceptable economic damages, safeguarding the 
profits of producer and conserving the environmental quality in any pest situation 
(Alam 2010; Jha 2010). 

This chapter highlights the basic concepts and principles of sustainable insect pest 
management which are based on well-defined goals, estimates of population size, 
evaluation and comparison of available management options and monitoring as well 
as evaluation of practiced management activities/strategies regarding benefits and 
costs. Defined goals determine better and appropriate available management options 
in a prevailing situation; population estimates help in determining action threshold 
and deciding timeframe for initiation necessary actions. Evaluation and comparison 
of available management options, their effectiveness in stipulated time-period, 
environmental and social consequences and cost-benefit-ratio can help in ranking out 
the efficient, economical and ecofriendly options. Monitoring as well as evaluation 
of practiced management activities/strategies on the basis of benefits and costs is too 
imperative for improved adaptive management. All the principles of pest 
management are described. 

 

Fig. 2.1. Four pillars and their associated components which lay down the basis of 
sustainable management of insect pests. 
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2.2. General Principles of Pest Management 

The era of conventional crop production and protection has turned to ecofriendly and 
organic crop production and protection system where natural products based 
techniques are employed in the agricultural industry and toxic chemicals based 
techniques are being depleted from the agriculture system. A sustainable 
agroecosystem system composing of healthier and more productive crops with least 
utilization of toxic pesticides depends upon a holistic pest management approach 
(Joshi 2006; Dhaliwal and Koul 2007; Singh 2008) which is based on following basic 
principles (Fig. 2.3). 

2.2.1. Pest avoidance/exclusion 

It is kind of precautionary step which inhibits the entry of any insect pest into any 
agroecosystem and ensures pest free zone. This principle is based on the utilization 
of such techniques or practices which exclude and prevent the pest and it is always 
considered as a foundation step of any IPM program. Pest avoidance or exclusion 
techniques include hand-picking, screening, bagging, physical beating, banding, 
trapping, acausting (noise creation), physical barriers, burning, sieving and 
winnowing and rope dragging, etc., (Dhaliwal et al. 2006). 

2.2.2. Hand-picking 

Hand picking is kind of excluding technique which is not practicable for large scale 
pest management program; however, it can be practiced for small scale pest 
management program like in lawns, kitchen gardening, small-scale tunnel farming, 
inside greenhouses. This technique is the most practical way in certain conditions 
like, when cheap labour is available, insects and their eggs/egg-masses are large and 
conspicuous, insects are too sluggish, have congregating behavior and are easily 
accessible to the pickers. Handpicking of slow moving and visible larvae of Pieris 

brassicae (L.) (Cabbage butterfly) (Lepidoptera: Pieridae), lemon butterfly [Papilio 

demoleus Linn. (Lepidoptera: Papilionidae)], semiloopers and loopers (Lepidoptera: 
Noctuidae), cutworms (Lepidoptera: Noctuidae) and red pumkin beetle 
[Aulacophora foveicollis Lucas (Coleoptera: Chrysomelidae)] and visible eggs/egg-
masses of cabbage butterfly, armyworm [Spodoptera (Guenee) and Mythemna 
(Ochsenheimer,) spp. (Lepidoptera: Noctuidae)],  and borers [Pyralid borers, Noctuid 
borers, Crambid borers etc. (Lepidoptera)] is an easiest, direct and excellent method 
of controlling them especially when their infestation is restricted to only a few plants. 
In case of pink bollworm [Pectinophora gossypiella (Saunders) (Lepidoptera: 
Gelechiidae)] infestation in cotton, the rossetted flowers having pink bollworm 
larvae inside are picked and destroyed. Collection and destruction of egg masses of 
top borer [Scirpophaga nivella F. (Lepidoptera: Pyralidae)] in ratoon and seasonal 
sugarcane (Saccharum officinarum L.) crop reduces its endemic outbreak and losses. 
For reduction in incidence of gurdaspur borer [Acigona steniellus Hamp. 
(Lepidoptera: Pyralidae)], area-wide collection and destruction of infested canes 
harboring its gregarious larvae proves very effective. Deep burying or chemical 
treatment of fallen fruits reduced the incidence and periodic outbreak of fruit flies in 
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orchards. This conventional and oldest technique helps to collect and destroy the 
adults before they start laying their eggs, to gather and crash the eggs before they 
hatch, to pick and kill the larvae/nymphs before they cause economic losses and 
ultimately prevents the build-up of pest population and the resulting damage. 
Clipping and destruction of rosetted flowers infested with P. gossypiella larvae, 
withered top infested with spotted bollworm [Earias spp. (Fab) (Noctuidae: 
Lepidoptera)], splayed squares along with sheded fruiting and floral bodies attacked 
by bollworms, leaves having egg-masses or army of younger larvae of armyworm 
(Spodoptera spp.) and tobacco caterpillar [Spodoptera litura Fabricius (Lepidoptera: 
Noctuidae)] can minimize population buildup and extent of cotton damage by these 
insect pests (Saha and Dhaliwal 2012). Further outbreak and infestation of khappra 
beetle [Trogoderma granarium Everts (Coleoptera: Dermestidae)] can be reduced if 
its clustered population is collected and destroyed. 

2.2.3. Avoidance/exclusion by bagging, screening and barriers 

Bagging, screening and barriers installation is also considered very useful for 
protecting the crop and fruits from attack by insect pests as well as for keeping away 
the insect pests which either act as carrier or vectors of various fatal diseases in 
animals and man or create nuisance for man. For example, field bags’ dragging in 
the maize (Zea mays L.) or sorghum (Sorghum bicolor L.) field and sugarcane (S. 

officinarum L.) ratoon crop (April/May) to collect sugarcane pyrilla [Pyrilla 

perpusilla Walker (Homoptera: Lophopidae)] can reduce the chances of their 
massive migration from maize/sorghum to sugarcane and population buildup of 
pyrilla at the initial growth stage of sugarcane ratoon crop. Such type of field bags 
can also be used for the mass collection of various grasshoppers (Orthoptera: 
Insecta), bugs (Hemiptera: Insecta), crickets (Orthoptera: Insecta) and other minute, 
small and large insects harboring vegetation. Wrapping of individual fruits with 
paper bags, polythene bags, butter-paper bags or net bags protects 95% of these fruits 
from the infestation of fruit flies. Covering whole small trees with any transparent 
material can reduce the attack of various insects’ pests. Construction of water filled 
or dust (insecticide) treated drench between wheat (Triticum aestivum L.) field and 
burseem (Trifolium alexandrium L.) field can reduce the migration of armyworm 
(Spodoptera spp.) larvae from wheat to burseem fields and minimize their damage 
on burseem. Similar type of drenches can reduce the migration of bands of locust 
hoppers [Schistocerca gregaria (Forskål) (Orthoptera: Acrididae)] from the breeding 
placed to nearest field crops. Application of various types of bands around the tree 
trunks reduces the upward crawling of various crawling insects and protects their 
damage to leaves, floral parts and fruits. Sticky bands or funnel type bands installed 
around the stem of mango tree as a barrier for upward crawling mango mealybug 
[Drosicha stebbingi Green (Hemiptera: Margarodidae)] stop its nymphs below the 
bands and protect its damage to inflorescence, tender leaves and mango fruits. 
Yellow sticky traps are used for the management of aphids (Homoptera: Aphididae) 
on various crops. Red colored spherical traps are used for the control of fruit flies in 
orchards. Screening of windows, ventilators and doors of rooms and sheds with fine 
meshed wire gauze keep the house flies [Musca domestica L. (Diptera: Muscidae)], 
mosquito species [Culex spp., Aedes spp. (Diptera: Culicidae)] and other insect away 
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from human being and animals which remain protected from the insect borne 
diseases and nuisance. Heavy irrigation followed by rope dragging on crop cultivated 
on small scale help to shed away the larger wingless insects or their stages with or 
without infested plant parts especially flowers, bolls, fruits etc. from the plants into 
the water and are killed by drowning in water contaminated with insecticides. 

2.2.4. Avoidance/exclusion by trapping, shaking, sieving and 

winnowing 

Trapping tactic is widely used for the management of insect pest of various 
economical crops. Various types of traps including light-traps, pheromone-traps, 
bait-traps, suction traps etc. are used in trapping technique which is being used for 
monitoring, mass trapping, mating disruption and management of various types of 
insects. For example, pheromone traps are being practiced successfully for the 
monitoring, trapping, mating disruption and management of pink bollworm (P. 

gossypiella Saunders), gypsy moth [Lymantria dispar (L) (Lepidoptera: 
Lymantriidae)], cotton grey weevil [Anthonomus grandis Boheman (Coleoptera: 
Curculionidae)], pine beetle [Dendroctonus ponderosae Hopkins (Coleoptera: 
Curculionidae)], oriental fruit fly [Bactrocera dorsalis (Hendel) (Diptera: 
Tephritidae)], melon fruit fly [Bactrocera cucurbitae Coquillett (Diptera: 
Tephritidae)], European chaffer [Rhizotrogus majalis (Raz.) (Coleoptera: 
Scarabeidae)] (Fig. 2.2). Light traps associated with toxic compound are practiced 
for the trapping and killing of nocturnal insects pests. Bait-trap consisting of food 
source as kairomone and odorless insecticide as killing agent is used for attraction, 
trapping and killing of various insects. GF-120 food-bait is used for the management 
of fruit flies in orchards and cucurbits crops. Placing chopped turnips (Brassica rapa 
L.) or potatoes (Solanum tuberosum L.) in form of heap in cutworms (Lepidoptera: 
Noctuidae) infested crop provide a site of attraction and aggregation for cutworm 
larvae. From such heaps, the aggregated cutworm larvae can be collected and 
destroyed. Air-suction trap and tractor mounted light-plus-air suction traps can be 
employed for attraction and killing of various soft bodies small insects like whiteflies 
[Bemisia tabaci Genn. (Homoptera: Aleyrodidae)], thrips [Thrips tabaci Lindeman 
(Thysanoptera: Thripidae)], winged aphids, adults of Dipteran and Lepidopteran 
leafminers [Liriomyza trifolii (Burgess) (Diptera: Agromyzidae); 
Phyllonorycter spp. (Lepidoptera: Gracillariidae), Eriocrania spp. (Lepidoptera: 
Eriocraniidae), citrus leafminer [Phyllocnistis citrella Stainton (Lepidoptera: 
Phyllocnistinae)], adults of psyllids [(Homoptera: Psylloidea) like Diaphorina citri 
Kuwayama (Hemiptera: Psyllidae)] etc. The sluggish or immobile insects including 
mealybugs, aphids, psylids etc. can be separated from the plants/tree-canopy in case 
of small scale cultivation, kitchen gardening or landscaping by simple shaking and 
jarring technique. This technique can also be used against locust and defoliating 
beetles on small scale. Inside the godowns or any storage structures, various life 
stages of insect pests of stored grains can be separated, collected and destroyed by 
sieving and winnowing technique. 
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2.3. Identification of pest and its status: Tools and 

techniques 

Identification of pest, its various life stage and its effects is considered the key 
components of any integrated pest management plan. An accurate identification of 
pests helps to determine their pest status, population dynamics and effective control 
measures. However, an accurate identification of prevailing pest species at the spot 
is a challenging and difficult step too even for any qualified and expert entomologist. 
Continuous and constant efforts to recognize the prevailing pest species makes 
correct identification of pests of a particular crop comparatively easier. 

 

Fig. 2.2 List of pheromones used for monitoring, trapping, mating disruption and 
management of various insect pests. 

2.3.1. Strategies to identify pest species 

Several approaches can be used for an accurate identification of useful and harmful 
insects. The catches can be compared with pics/images available on the internet 
websites or in compendium/books. The collections can be sent to expert insect 
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taxonomists or entomologists who can identify insects and explain various questions 
related to the identified pest. Other strategies include hiring entomologists from local 
colleges, universities, or pest management companies (pesticide organization) or 
getting training from these organizations for exact identification of pests. After an 
accurate identification of the catches, reference collection should be maintained for 
future identification and training of the other stakeholders. 

2.3.2. Magnification 

For the exact identification of small or minute insects, 15-30 X magnification lens 
are required. Hand held magnifiers can be used for magnification and identification 
of small or minute insects. 

2.3.3. Identifying insect debris and damage 

Some insects are very difficult to observe, locate and identify because they mostly 
remain hiding during daytime and are active for very short period of time or during 
night. The presence of such insects can be determined based on their debris, damages, 
remnants, products etc. An intense vigilance is needed. For example, life stages of 
silverfish [Lepisma saccharina L. (Thysanure: Lepismatidae)], booklice 
(Psocoptera: Insecta) and other insects are difficult to locate due to their small size, 
camouflaging color and reclusive habits. The following signs can be used to 
recognize the commodities under attack of insects: 

2.3.4. Insect remains 

Sheded wings of termite, casing of larvae, exuvia of molted insects, dark egg pods 
of cockroaches, webbing of clothes moths [Tinea pellionella L. (Lepidoptera: 
Tineidae] are some prominent examples the signs which can be used for 
identification of insect pests. 

2.3.5. Frass 

The product of the insect's feeding and digestion is termed as frass. For example, 
sawdust collected in the excavated holes indicates the damage of powderpost beetle. 
Mud tunnels on any surface indicate the incidence and damage of termites. The frass 
color mostly resembles with color of digested food. The presence of frass every time 
below the infested object is probably the indication ofactive population of infesting 
insects. 

2.3.6. Visible damage 

Feeding damages are visible symptomologies which ensure the incidence of insect 
pests. The more prominent visible damages include enterrance and exit holes in 
damaged object or commodity. Presence of clothes moths (T. pellionella L.) may be 
concentrated on damaged spots on strata. Skinned paper is the indication of 
occurrence and grazing of silverfish (L. saccharina L.). The activities of wood boring 
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insects can be detected by the exit holes which indicate the damage has already been 
and adults emerging from the pupae have been escaped. 

2.3.7. Smell and sound 

Smell of faeces and decaying byproducts of feeding and digestion by insects also 
indicate their activities and incidence. Similarly, when insect perform feeding and 
other life activites, they produce specific sound. Such smell and sounds are detectable 
and can be perceived and heard, respectively by human. The activities of wood 
damaging beetles and can be confirmed by hearing special sound produced wood 
boring insects. The incidence of cockroaches can be defined by their pungent smell. 
The presence of termites and hollow tunnels/areas under the wood surface can be 
detected by gently tapping with finger across it and listening the differences in sound 
produced. 

Examples of insects’ identification strategies 

1) The adults of termites (Insecta: Isoptera: Kalotermitidae) consume wood or 
woody materials and create muddy tunnels or hollow areas internally under 
the wood. Termite activities do not appear in form of flight/exit holes rather 
sand-like frass and muddy tunnels towards the cellulosic food source 
(furniture, books, wodden-frames, etc.,) (Peterson et al. 2006). 

2) After hatching from eggs, the larvae of woodboring beetles including 
powderpost beetles [Xylopsocus capucinus (Fabridius) (Coleoptera: 
Bostrichidae)] and death watch beetles [Xestobium rufovillosum de Geer 
(Coleoptera: Anobiidae)], tunnel through the wood and consume it till the 
emergence of adults through exit holes. A talcum-powder like very fine 
frass is produced when powderpost beetle consumes wood or woody 
materials (O’Connor-Marer 2006; Lewis and Seybold 2010). 

3) Dark places with high humidity and starch stocks are preferred by Silverfish 
(L. saccharina L.) Skimmed papers and other starchy materials indicates its 
incidence (Nasrin 2016). 

4) Larvae of carpet beetles [Anthrenus flavipes (LeConte) (Coleoptera: 
Dermestidae)] prefer to graze across the surface of fabric-stuff, plant 
materials, fur/fleece, and feathers and its damage generally gives a 
shabby/ragging look to the damage material. 

5) Dermestids include larder beetle [Dermestes lardarius Linnaeus 
(Coleoptera: Dermestidae)] and hide beetles [D. maculatus DeGeer 
(Coleoptera: Dermestidae)]. These beetles are very voracious feeders and 
their larvae voraciuosly devour skins of animals and dried plants or their 
materials 

6) Identification of case making clothes moths (Tineola pellionella L.) larvae 
can be easily accomplished by the cases spun around their bodies from the 
materials they feed on. Similarly, the incidence and damage of webbing 
clothes moth [T. bisselliella Hummel (Lepidoptera: Tineidae)] larvae can 
be identified by the silk trail they leave when they move to feed on food. 



2 Principles of Insect Pests Management 27 

Both the moth are voracious feeders of woolen-materials, dried woody 
materials, feathers and fur. Their feeding results in gradual-thinning of the 
damage materials which can be used as indicators of their attack. 

7) A tiny pale colored booklice (Psocoptera: Insecta) feed mostly on mold, 
fungi present in books and on papers. They also feed of dead and decaying 
insect. 

8) Bookworms and larvae of cigarette beetle [Lasioderma serricorne F. 
(Coleoptera: Anobiidae)] and drugstore beetle [Stegobium paniceum (L.) 
(Coleoptera: Anobiidae)] feed on books, binding materials and dried plant 
parts. Their feeding results in burrows and holes in the infested materials. 
These damage patters can be used to identify these beetles when are present 
or absent in infested materials. 

9) Cockroaches (Insecta: Blattodea) mostly feed on residues of molds and 
starchy/protenecious materials deposited on different surfaces including 
wodden/plastic furnitures, clothings, papers, cardboards etc. Their faeces 
and drooping cause staining of the mataerials. The female cockroaches 
adhere their egg pouches to any ptotected objects. Presence of egg-cases 
and stained materials can be used as indicators of their presence. 

2.4. Understanding biology and ecology of pest: 

Theories and Practical 

 An efficient, effective and successful management of insect pests is always founded 
on a comprehensive knowledge of the biology, morphology, internal anatomy, 
behavior, growth (metamorphosis), life history and ecology of the insect pest. The 
morphological knowledge of an insect helps to develop an appropriate technology 
and decide the selection of appropriate insecticide. Chemotropism based techniques 
involving attractant or repellents have been developed for various insect pests. The 
development of such techniques depends upon knowledge about chemoreceptors 
like, gustatory, olfactory, sensory receptors etc. Development and selection of color 
of light of light-traps depend on the knowledge of structural components and 
physiology of compound eyes of insects (Dhaliwal and Arora 2003; Pedigo and Rice 
2009). The knowledge of structural components and physiology of compound eyes 
of insect provide information about the type of color which is highly attractive for 
any insect. For example, yellow sticky traps are used for the control of aphids as 
aphids are attracted to yellow colour (Saha and Dhaliwal 2012). The knowledge 
about the types of mouthparts of insect pests helps to decide what type of insecticides 
should be selected for successful control of the insect pest. For example, if the 
infesting insect pests have sucking type of mouthparts, then, insecticides with 
systemic and contact action are the most appropriate. Unlikely, if the infesting insect 
pests have chewing type of mouthparts then stomach poisons will give effective 
control. Unawareness of the knowledge of the mouthparts of insect pests leads to 
wrong selection of insecticides and ineffective management of insect pest in spite of 
investment of money in form of insecticides application (Saha and Dhaliwal 2012). 
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Knowledge of internal anatomy and physiology is also very advantageous in devising 
pest management tactic. For example, so many insecticide molecules with IGR or 
karomone activity have been discovered and their analogs have been synthesized for 
commercialization and management of insect pests. These molecules are based on 
growth hormones, parasitoid’s sting-glands peptides and hormones. The knowledge 
of spiracular respiration can be helpful in controlling the insect pests with fumigation 
(Hoffmann and Frodsham 1993). 

The knowledge of insect metamorphosis and its physiology provides so many useful 
informations about the week links of insect growth stages and their activity periods 
and sites which if targeted can ensure for effective management of any pest. Such 
knowledge can also be useful in synchronizing the timing of application of pest 
management tactics with week-link or susceptible growth stage of insect; thus, 
ultimately would be helpful in reducing blind use and application intensity of 
pesticide on crop. This information would lay the foundation of decision on when, 
where and how to use available and recommended insecticides or other pest 
management tactics. Information on the metamorphic stages like, eggs, 
larvae/nymphs/naiads, pupae and adults of insects comprehend the facts that which 
stage is notorious, devastating and damaging one and which are not. This information 
also precises the damaging-stage-specific application of control measures. 

Ecological Pest Management (EPM) is one of the key components of IPM. EPM 
emphasis on targeting many life stages of pest by pest control and minimizing its 
survival potential with least possible resources/ways (Schowalter 2011). These 
objectives of EPM can be achieved by following the ecological principles exactly in 
intimation with nature. It is imperative to devise a production system primarily on 
the pillars of solid and accurate information, multiple production and protection 
tactics and ecological principles. Such production system strengthens the individual 
and combined efficiency of the strategies being used, distribute the plant protection 
burden across multiple tactices and minimizes the chances of complete crop failure. 
This system also reduces the blind, chain-repeated and frequent use of one 
tactice/strategy and resultantly it not only minimizes the rate of resistance 
development but also lessens its inputs rquirements, reduces operating cost and 
enhances its productivity and profitability (Pedigo and Rice 2009) 

The study of the behavior of insects also laid the foundation of successful control of 
insect pests. Insect behavioral studies figure out following important facts of their 
life that can be helpful in controlling them. 

2.4.1. Egg laying behavior 

Some insects are endophytic (fruit flies) and some are exophytics (most of the 
bollworms and borers). Most of the insects deposit exposed eggs while some deposit 
the covered egg masses. Depending on egg laying behavior, pest management tactic 
is decided to control insect pest at egg stage. 
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2.4.2. Behavior of newly emerged young ones 

The young ones of most of the borers just after hatching enter the leaf whorls or stem 
of the plants, avoid the direct exposure of insecticides and become very difficult to 
kill with contact insecticides. Similarly, leaf miners just after hatching enter the 
cortex tissues forming mines and cannot be controlled with contact insecticides. 
Young ones as well as later instar larvae of cutworm remain hidden in cracks and 
crevices and insecticides application direct on plants during day time will not yield 
effective control. Their effective management can be ensured if chemigation of 
insecticides or bait application is employed. 

2.4.3. Feeding behavior in young ones 

Feeding habit of insect pest also help in deciding the types of tactics and method of 
their application for effective management of any insect pest. The insect pest which 
prefer to feed underside the leaf can be controlled effectively by application of 
systemic and translamiar insecticides. Similarly, borers (Insecta: Lepidoptera and 
Coleoptera) exhibit concealed feeding inside the stem which cannot be killed with 
contact insecticides; rather systemic insecticides will be the most appropriate tactic 
for the management borers. 

2.4.4. Breeding place 

Nipping the evil in the bud for insect pests is possible only if their exact breeding 
sites are known. It is possible only through comprehensive studies of their biology. 
The breeding places of mosquitoes are stagnant water and their treatment with 
larvicides, ovicides or oils help in controlling the breakout of adult population. 
Cockroaches breed in filthy places which should be targeted with insecticides 
treatment for their management at bud/root level (breeding places) for terminating 
their further population buildup and outbreak. For fruit flies, the breeding substrates 
are dropped fruits which should be collected and destroyed for their population 
management. 

2.5. Study of insect ecology and IPM 

The study of insect ecology provides the conceptual and theoretical framework which 
offers the practical ground for the application of pest management discipline 
(Driesche et al. 2008). Interactive effects of insects and other organisms of the 
agroecosystem influence insect pests management strategy (Schowalter 2011). The 
solution of insect problems majorly depends on ecological management which is 
considered as one of the oldest, least expensive and ecologically the most compatible 
tactics. Ecological studies of insects help in identifying and exploiting the weak links 
of seasonal life cycle of insects. Such studies also help to explore the food and 
physical factors which impact insect’s life negatively. By manipulating of such 
factors unfavorable for insect survival, insect pest’s outbreak, population buildup and 
damage impacts can be avoided in an ecofriendly way (Pedigo and Rice 2009). Study 
of insect ecology also laid the foundation of plant-insect-predators/parasitoids 
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interactions which help to frame out the pest management strategy for any insect 
pest. According to vegetable system defined by Joe Lewis and Steve Groff (Pattison 
2005), a combination of tillage and mulching of vegetables with cover crops 
conserves sufficient biodiversity for pests. Such integrated practices result in 
conservation of field and increase beneficial insect populations fourteen times higher 
than in the conventional fields. A conducive and effective balance between pest and 
beneficial fauna can be sustained in the crop production system on a farm by 
maintaining propotionate undisturbed areas on it. The natural enemies (predators and 
parasites) attacking pests mostly survive, established and conserved in the 
undisturbed sites like hedges, weedy borders, grassed alleyways, woodlots, grassed 
waterways, riparian buffers, and small undisturbed areas maintained between rows 
of major crop. Such undisturbed areas support multiplication of natural enemies and 
their migratation into crops fot biological control of pest population. Conservation of 
diversity in agroecosystem based on ecological studies of insect life can reduce pest 
problems. Maintenance of diverse cropping at different growth stages and utilization 
of diversed multiple management tactics will results in suppression of pests under 
broad-ranged stresses. These types of broad-ranged stresses create difficulties for the 
pests to locate their favourable crop hosts as well as to develop resistance rapidly 
against adopted pest management measures (Schillhorn et al. 1997; Pattison 2005). 

Insect ecological studies also help to select various alternate host plants which can 
serve as trap and cover crops. Such crops, when intercropped or border-cultivated, 
not only recruit entomophagous insects in their battle against insect pests on major 
crops but also create a nice habitat for feeding and overwintering of beneficial 
insects. Between his raspberry rows, dandelions flower serve as source of food for 
nectar- seeking and polliferous insects. Insect ecological studies also laid the 
foundation of insect chemical ecology that yielded the discovery of so many 
semiochemicals and their potential implementation in pest management program of 
so many insect pests (Pattison 2005). For example, discovery of pheromones (methyl 
eugenol for fruit flies and gossyplure for pink bollworm), allomones, kairomones and 
synomones are based on insect chemical ecology studies (Saha and Dhaliwal 2012). 

2.6. Management of insect ecosystem: Structure to 

implementation 

Ecosystem management influences the interaction of pests with other functional and 
structural components of ecosystem and determines the sustainability of pest 
management approaches. It is, therefore, imparative to understand the 
structure/components of the prevailing ecosystem (Schowalter 2011). 

Physical structure of an ecosystem represents the size and distribution of its density-
dependent (biotic) and density-independent (abiotic) components. These both types 
of components determine the types and intensity of application of pest management 
tactics/strategy. For example, an ecosystem having biotic and abiotic factor very 
severe for pest survival should be exhibited with do-nothing or at least with minimum 
anthropogenic pest management tactics. Unlikely, if the ecosystem is characterized 
by such biotic and abiotic factors which favour the pest outbreak and population 
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growth, intensified pest management program/strategies become mandatory to avoid 
the losses by insect pest population (Trenberth 1999; Juang et al. 2007). The physical 
structure of an ecosystem also determines the prevailing insect species and their 
competitors, accordingly determine the nature of pest complex and ultimately help 
in selection of pest management program. 

Another component of an ecosystem is the trophic structure which represent the 
numbers, mass (biomass), or energy content of organisms in each trophic level in 
form of numbers pyramids, biomass pyramids, or energy pyramids (Elton 1939). 
Trophic structure constitutes both herbivores and their predators as well parasites. 
The interaction of these herbivore and their natural enemies affect the complexity of 
herbivore and carnivore effects on ecosystem structure and function. If the trophic 
structures are favoring the herbivoric effects and limiting the carnivoric effects, then 
that trophic system support the implementation of pest management tactics. On the 
other hand, if the trophic structures are favoring the carnivoric effects and limiting 
the herbivoric effects, then that trophic system support the implementation of do-
nothing strategy because predators, parasites and other natural fatal factors are 
actively contributing to regulate biological equilibrium (Schowalter 2011). 

2.7. Pest management and economic decision levels: 

Decision staircase, concepts and practicality 

The decision staircase of pest management program shows that successful and 
sustainable pest management depend on certain pillars of pest management tactics 
that basically stand on the foundation of six slabs (biology, ecology, threshold, 
models, sampling and taxonomy) and one of those is economic decision levels 
(thresholds). Economic decision levels (EDLs) are indispensible for devising and 
implementing insect pest management program in an effective and economical way 
(Pedigo and Rice 2009). The comprehensive and true practical knowledge of such 
decision levels ensure the sensible and timely use of insecticides because these levels 
highlight the exact density of insect population that may cause economic damage if 
insecticides are not used. Ignorance of these economic decision levels leads to 
ridiculous economic gaffes spending more cost on pest management and crop 
protection than benefits a pest management strategy/tactics may ensure. A 
comprehensive and proper knowledge, understanding and use of these economic 
decision levels can enhance the profit ratio of the growers and ensure the 
conservation of the environment and biodiversity (Dhaliwal et al. 2006; Pedigo and 
Rice 2009).  Briefly, proper and sensible utilization of EDLs has following plus-
points (Knipling 1979; Pedigo and Rice 2009): 

1) Sensible use of insecticides and avoidance from the indiscriminate use of 
insecticides 

2) Reduction in insecticides use 

3) Increase producer’s profit ratio 

4) Conserve natural biodiversity 
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5) Conserve the environment quality 

6) Solution of some functional, biological and environmental issues like food-
safty and food-security, development of ecological-backlash in form of 3Rs 
(Resistance, Resurgence and Replacement) and negative impacts on 
environment, human and various non-target organisms. 

These EDLs include EIL (Economic Injury Level), ETL (Economic Threshold 
Level), GT (Gain Threshold) and DB (Damage Boundary). Among these, ETL is the 
practical operational level which is recommended to and being practiced by the 
growers for making pest management decisions in many situations. ETL is mostly 
used for making decision about the strategic implementation of curative/therapeutic 
management tactics including mainly insecticides. The use of ETL in pest 
management programs depend on following four decision rules (Knipling 1979): 

2.7.1. No-threshold rule 

No-threshold rule is applied when: i) sampling and scouting is uneconomical; ii) 
timely and practical implementation of remedy measures for the problem is difficult; 
iii) timely remedy and treatment of the problem is impractical; iv) too low ETL of 
pest; v) threats of quality losses, outbreak and transmission of fatal disease, too quick 
growth potential of pest/disease are confirmed); and vi) general equilibrium position 
of the pest always remains intensively above EIL. 

2.7.2. Nominal threshold rule 

This rule is established on the bais of skills, expertise and experiences of the 
entomologists. It is the most widely and frequently used economic threshold rule in 
any pest management program. An expert and professional entomologist defines 
ETLs for the prevailing pests based on his longlife field experiences. 

2.7.3. Simple threshold rule 

According to this rule, field experiments are conducted under controlled conditions 
for various infestation levels of a pest to determine its ETL. The ETL is calculated 
based on various parameters like market values of the commodity, cost of pest 
management practice, damage/loss done by specific pest density or pest infestation 
level and yield as well as monetary loss reduced by pest management practice on per 
plant or unit area basis. The ETLs calculated in this way are used in pest 
management. 

2.7.4. Comprehensive threshold rule 

This rule implies the ecological/environmental threshold levels. The determination 
and calculation of such economic threshold involves all possible interactive impacts 
of different biotic and abiotic stresses on tritrophic cascade of pest, plant and natural 
enemies. Calculattion and implementation of this comprehensive threshold is 
possible only if on-farm GPS and GIS based information collection and delivery 
setup is available. 
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2.8. Pest monitoring and scouting 

2.8.1. Pest monitoring 

Monitoring phytophagous insect pest and their natural enemies is the fundamental 
tool in IPM for making management decision (Dhaliwal and Arora 2003). 
Monitoring highlights the fluctuation in distribution and abundance of insect pests, 
outbreak and life history of insect pests and influence of biotic and abiotic factors on 
pest population. Monitoring helps in detection of outbreak of indigenous and exotic 
insect pest species, understanding ecological, climatological and biological factors 
regulating the pest movements, determining emergence pattern and generation peaks 
of important insect pests and detecting the rate of development of insecticide 
resistance in important insect pests. All these monitoring oriented information help 
to develop predictive models which are used to forewarn the growers regarding insect 
pest’s outbreak and to develop and use sampling schemes as well as initiate 
management strategies (Dhaliwal and Arora 2003). Monitoring also provides 
following important information: 

� Kind and category of pests prevailing the crop 

� Density of the pest 

� Whether the prevailing pest density demands control measures? 

� Have the implemented pest management practices suppressed the pest 
population significantly? 

Various sampling tools including absolute estimate, relative estimate and population 
indices are used for monitoring insect pests. Various techniques which can be used 
in monitoring programs of various insect include in-situ counts, knockdown (jarring, 
shaking, beating, heating or chemical knockdown), netting, trapping (light traps, 
pheromone traps, pit-fall trap, Malaise trap, sticky traps), extraction from soil by 
sieving, washing, floatation, berlese funnels and soil-sampler (Pedigo and Rice 2009; 
Saha and Dhaliwal 2012). 

2.8.2. Pest scouting 

Pest scouting is the inspection of a field to determine crop condition, severity of pests 
and their losses and density of beneficial fauna in a specific crop using already well 
defined and established pest-scouting methods/techniques. The philosophy and 
principles of pest control stress on the management of a pest only when its incidence 
is causing or is expected to cause damage above the acceptable/tolerable limit. The 
philosophy of pest management also emphasizes on the implementation of a pest 
management strategy which ensures a significant reduction in pest density to a 
tolerable level and encourages the conservation of non-target fauna of an 
agroecosystem (Dhaliwal and Arora 2003). Sustainably successful, effective and 
economical pest management program is always based on some important 
informations including: 1) which type of pest is prevailing in the system (pest 
identification), 2) What is the pest density per unit area? (ETL), 3) whether the pest 
density/population is increasing or decreasing (pest dynamics), 4) when the pest is 
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present (pest activity period) and 5) How much damage the crop can tolerate (Host 
plant resistance). These informations can be obtained by implementing regular pest 
scouting program in the crop during crop season. An efficacious and successful 
integrated pest management (IPM) program absolutely depends on accurate 
identification of insect-pest. A correct identification of any insect pest can be 
accomplished by conducting regular pest-scouting. This practice, if performed 
accurately, helps in early prediction of pest outbreak, selection of appropriate control 
measures from the available widest range of pest management options and bringing 
satisfactory socio-economical and ecological, benefits (Schillhorn et al. 1997; 
Rondon et al. 2008). A successful pest scouting program depends on accurate history 
and record-keeping of conditions and locations of farm, pest incidence, pest mapping 
and pesticides usage. These secords facilitate the farm-managers or growers in 
anticipating crop conditions, diagnosing epidemic or endemic pest problems and 
tracking each field of the farm. Pest scouting helps in identifying the pest(s) 
problem(s), determining the exact site of pest problem, deciding either control is 
needed or not, selecting true insecticides, knowing the types of available control 
measure, determining and selecting more appropriate, effective and economical 
control measure, evaluating the evidences of effectiveness of control measures used 
and assessing their risks and benefits. It also demonstrate pest population trends, crop 
conditions, insect growth stages, current weather conditions, to-date degree of 
damage to crop, crop growth stage, expected yield, other pest problems, activity and 
incidence of natural enemies, prevailing economic decision levels of key pest and 
success of already use pest management measures All these informations help in 
understanding population dynamics of insect pests and their potential impacts on 
yield and cost-benefit-ratio (CBR),  determining the either the pest management 
measures should be adopted or not?, selection of the types of control measure that is 
needed to prevent economic losses. Pest scouting determines either pest population 
is above or below ETL or insecticides should be used or not (Rondon et al. 2008; 
Omafra 2009; Jha 2010). 

Timing of pest scouting is also very crucial principle which ensures the successful 
and result-oriented pest scouting program and ultimately guarantees the success of 
pest management strategy. Time of pest scouting vary from crop to crop, insect pest 
species to species, plant growth-stage to growth-stage and locality to locality. Prompt 
identification of existing pests and appropriate selection as well as timely application 
of pest control strategies can minimize economic impacts of pests on any crop. Crop 
scouting calendars based on previous records and data illustrate the timing of 
scouting associated with crop and insect-pests found in any specific locality. 
Consistent and frequent monitoring and scouting is very imperative because insect-
pest dynamics keep on fluctuating quickly and frequently throughout cropping 
season. Optimum plant populations are very critical for obtaining good yield; that’s 
why crops scouting should be initiated within 1-2 weeks of plant emergence. Weekly 
scouting is appropriate early in the growing season. However, when insect pest 
population is approaching a control threshold, fields may require scouting daily; 
while, bi-weekly scouting is normally sufficient later in the season. For those insect 
pests which appear later in the season (like armyworms, aphids etc.) and may 
approach control thresholds in a matter of days when field and weather conditions 
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favour these later-season pests, scouting should be continued weekly (Rondon et al. 
2008; Omafra 2009). 

The crucial factors that laid down the foundation of accurate and successful pest 
scouting program include number of sampling and sampling patterns. The foundation 
of correct and accurate scouting program as well as of the collected data is laid on 
the appropriate number of sampling locations in a field that ultimately depends on 
field size, crop, pest type and stage of development, level of infestation, timing, etc. 
(Omafra 2009). Generally, the number of the recommended sampling locations for 
scouting insect-pests based on field size are 5, 8 and 10 locations for up to 8 (20 
acres), 8-12 (20-30 acres) and 12-16 (30-40 acres) hectares, respectively. However,  
the fields larger than 16 ha (40 acres) should be split into units of 16 ha (40 acres) or 
less for insect pest scouting. Scouting pattern is also very important for accurate pest 
scouting of any insect pest. Use a scouting pattern that address all plant-growth-
regulating factors including changes in variety/hybrid, soil type, past cropping 
history, fertilizer/manure application insect pest etc. (Rondon et al. 2008). Following 
information and criteria should be considered for determining the type of scouting 
pattern: 

• The pest-scouting pattern should cover whole of the field areas andlocation 
for observation should be different for each time the field is scouted. 
However, already scouted locations/fields should be rechecked to monitor 
the latest situation of pest development when hot spots are recognized in 
crop production system. For the insect pests, which are uniformly 
distributed across the field [like, corn borers (Insecta: Lepidoptera; 
Pyralidae), rice and sugarcane borers (Insecta: Lepidoptera), bollworms 
(Insecta: Lepidoptera), jassids (Insecta: Homoptera; Cicadellidae), 
whiteflies (Insecta: Homoptera; Aleyrodidae) etc.], select sampling 
locations randomly and evenly from whole the field and start pest-scouting 
leaving field border area of at least 20 m (66 ft) width. Principally, avoid 
pest-scouting in headlands or from some surrounding rows at field edges 
and always practice the scouting evenly throughout the field. 

• For insect pests expected to develop in headlands or outside rows, select 
sampling locations randomly and uniformly at the boundaries of field and 
perform pest-scouting preferable around the edges of the field. 

• For insect pests, which usually develop in a particular field areas, sampling 
locations should be selected and pest-scouting should be concentrated on 
those specific locations. However, other areas of affected fields should also 
be scouted. 

Lack of pest monitoring and scouting in the crops results in incorrect pest 
identification, inappropriate selection of pesticide, its dosage, application method 
and rapid development resistant in insect pest against insecticides (Dhaliwal et al. 
2006; Pedigo and Rice 2009). 
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2.9. Selection of control practices: principles and 

criteria 

Selection of an appropriate control practice or highly compatible control measures is 
a key to success of any pest management program. Following principles and criteria 
should be kept in mind while selecting single or set of control practices; 

2.9.1. Feasibility in available resources 

The selected control practice(s) should be feasible under resources available at farms. 
Principally, the availability of managerial time, adequate work-force/labor, as well 
as of appropriate and functional equipments, required for undertaking any particular 
pest management practice(s), should be predetermined. The availability or 
accessibility of above-mentioned farm resources are perhaps the major constraints in 
implementing prticular pest management strategies (Schillhorn et al. 1997) 

2.9.2. Flexibility in cropping program 

Before selecting control practice(s), it should be determined whether the cropping 
system under discussion has sufficient flexibility to respond and tolerate pests under 
the influence of specific pest control practice(s) (Knipling 1979; Inayatullah 1995). 

2.9.3. Economic feasibility 

The economic feasibility of the pest management practice(s) should be estimated and 
compared. After the establishment of economic thresholds for many pests in the field, 
there is no hard and fast economical pest control decision rule for the selection of 
one or many pest control strategies. As a rule, economic feasibility can be determined 
on some economic basis. First, the expected benefits of a given pest management 
practice(s) should be considered and if the expected costs exceed over time, the pest 
management practice(s) should not be adopted. If several pest management practices 
have estimated benefits/returns higher than their expected costs, then select only 
those which prove economically and operationally more efficient and sustainable in 
crop production system. If more than one falls into this category, select the one with 
the greatest expected return. Costs of a pest management practice(s) include the value 
of any special equipment and machinery, work-force, pest-management inputs and 
managerial time/services needed (Knipling 1979; Schillhorn et al. 1997). 

2.10. Goals of pest management 

Pest management measures should address the principle goals IPM program. The 
main goals of any pest control program/strategy include prevention (hinder pest 
outbreak from getting epidemic form), suppression (reducing density and/or damage 
of pest to a tolerable level) and eradication (complete destruction of pest) (Kogan 
1988; Farrell 1990; Pedigo and Rice 2009). 
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Prevention may be a goal of any pest management program/strategy when the 
incidence or abundance of any pest is foreseeable and predictable in advance. For 
example, for management of mosquito, house flies, household insect pests, locust 
swarm etc. prevention is the best principle goals for successful suppression and 
control of pest population (Knipling 1979). 

Suppression is a common goal of any pest management program/strategy in many 
pest situations. The philosophy of this specific goal is to supress pest density and 
minimize the pest damage to tolerable and acceptable level. This goal addresses the 
philosophy of the holistic concept of IPM program (Schillhorn et al. 1997; SP-IPM 
2008). 

Eradication is a common goal of any pest management program/strategy for in indoor 
areas and for those insect pests which infest food commodities or act as 
carriers/vectors of animal diseases where loss of single food-grain/commodity or life 
is not bearable. In indoor and closed areas, the achievement of this goal by any pest 
management program is comparatively easier than outdoor and opened areas because 
enclosed environment is comparatively less complex and easier to manage than 
outdoor areas/environment. For example, the prime goal of pest management 
program will be eradication of insect pests inside enclosed areas, like apartments, 
teaching institutions (schools, universities, colleges etc., offices, industrial units` 
because the incidence of certain pests and their losses cannot be tolerated there and 
zero-tolerance is set as basic principle and goal of pest management program 
(Schillhorn et al. 1997; Pedigo and Rice 2009). 

2.10.1. Ecological backlashes: Causes and management 

An effective pest management tactic suddenly loose its effectiveness or becomes 
totally ineffective. The failure of any pest management tactic suddenly or with the 
passage of time may be due to selection of inappropriate and incompatible tactics 
and improper application technique. However, if appropriate and compatible tactics 
are used with proper technique even then pest management tactic may face failure 
which is due the counter responses exhibited by the insect species against the stress 
imposed by that pest management tactic. Such counter responses are called 
ecological backlash which consist of three major sources of this phenomenon. These 
three sources include “three Rs” i.e., resistance, resurgence and replacement. An 
understanding of the philosophies of these sources of ecological backlashes also 
helps to make some decision on the use of any pest management tactic/strategy. If 
the pest management measure is facing the problem of ecological backlash, then use 
of more than one control measures is appropriate for delaying ecological backlash. 
For selection of appropriate pest management tactics/strategy, the need is to 
understand and have comprehensive knowledge of all the factors which influence the 
rate of development of ecological backlash in insects. These factors are categorized 
into operation and biological factors. The operational factors include the prolonged 
exposure of insect population to control tactic, selection pressure on every generation 
of insect pest, very high selection pressure of control tactic, absence of functional 
refuges, coverage on large geographical area, continuous application of insecticides 
with same mode of action and setting of very low population threshold. Biological 
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factors include exhibition of no or little migratory behavior by inset population, 
monophagous nature of feeding of pest population, short generation time of insect 
species and very high natality of insect species. The techniques which can slowdown 
the rate of development of ecological backlash include: 1) reducing selection 
pressure and conserve susceptible gene pool in population by moderation technique; 
2) saturating insect defense mechanisms by doses of pest management tactic that can 
overcome the ecological backlash; 3) reducing the selection pressure by adopting 
multiple attacking system/approach (Knipling 1979; Pedigo and Rice 2009). 

2.11. Development and implementation of IPM strategy 

 After the reception of any pest management containing both preventive and 
therapeutic practices, there is need to develop IPM strategy which depends on the 
principle of combining tactics. For the development of IPM strategy, first identify 
potential preventive and therapeutic measures, evaluate the tactics individually, 
formulate conceptual plan of potential system, conduct field trials with the system to 
determine costs, compatibility of the tactics, effectiveness of the system and deploy 
successful program that offer on-farm flexibility (Schillhorn et al. 1997; Pedigo and 
Rice 2009). Other than these, there are also so many other steps and procedures that 
should be adopted to develop an IPM program/strategy having high success and 
sustainability rate. The step-by-step procedures for developing an IPM 
program/strategy are given below (Norris et al. 2002; Pedigo and Rice 2009): 

� Identify all insect pests, their life stages as well as their natural enemies in 
the system. 

� Establish first crude and then refines as well as improved monitoring and 
pest scouting guidelines 

� Establish injury levels and action threshold for each pest species in the 
system 

� Establish a record keeping system for evaluating and improving any IPM 
program 

� Develop a list of acceptable management strategies for each pest preferably 
the preventive strategies and then therapeutic strategies. 

� Develop a specific criterion for the selection of pest management methods 
like; i) least destructive to natural control and beneficial fauna, least 
hazardous to human health, least toxic to non-target organisms, exhibit 
sustainable reduction of pest population, easy to carryout in the system and 
most cost-effective in the short- and long-term situation. 

� Develop guidelines for the selection of pesticide every time. 

�   Evaluate the sustainability of the IPM program 

After the development of IPM program, next step is to determine its implementing 
protocol which will ensure the removal of all the barriers expected to destroy the 
philosophy of IPM program. Following are some suggestions which help in 
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overcoming the barriers and smooth implementation of IPM program (SP-IPM 2008; 
Pedigo and Rice 2009). 

� Always initiate the IPM program on small scale as well as on one place 
addressing predetermines short-term objectives 

� Do not change everything at once; rather retain to the maximum degree all 
the procedures already in use. 

� Share the IPM program with all the management personnels involved in 
day-to-day IPM process as soon as possible so that they can understand 
and support the program. 

� Keep all the personnels informed about what is being planned, what is 
happening now, the expected outcomes and what will happen next. 

�  Identify benchmark objectives of IPM program and then build an reward 
system for the recognition of the personnels who are adopting IPM 
program in well manner 

� Publicize the IPM program through field staff, personnels, communication 
media and interview session, website development. 

� Involve the community by developing an advisory committee composed 
of interested IPM personnels and organizations. 

2.12. Factors causing failure of pest management 

strategies 

The sustainability of any pest management strategy depends on exploring the causes 
of its failure rather than rejecting it at once. Following are the main causes of the 
failure of pest management strategy (Schillhorn et al. 1997): 

� Incorrect identification of insect pest species: It results in wrong selection 
of control measures and failure of whole pest management strategy. 

� Selection of inappropriate control measures: It poses negative impacts 
on non-target beneficial organism but does not ensure the suppression of the 
target insect species. and failure of whole pest management strategy. 

� Selection of incompatible control measures: This cause reduces the 
efficacy of the selected control measures due to their antagonistic effects on 
the control potentials/properties of each other and ultimately the designed 
strategy face failure. 

� Selection of inappropriate application technique: Sometimes the control 
measures are very strong and effective but their application techniques 
reduce the effectiveness of the control measures and failure of the pest 
management strategy. 

� Improper timing of application of control measures: If very effective 
control measures are not applied at the correct time, it also leads toward the 
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failure of the strategy. For example, application of chemical control during 
the unfavorable climatic conditions- when there is expectation of rain or 
windstorm, application at noon etc. - will either yield no control or least 
control of the target insect pest species. 

� Application of same tactics excessively: This practice results in rapid 
development of resistance in insect pests against pest management measures 
and ultimately causes prompt reduction in the effectiveness of the pest 
management strategy. 

� Development of resistance in insect pest species against control 

measures: Development of resistance against control measure due to its 
excessive and blind use is the critical and vital factor which causes the 
failure of any pest management strategy. 

� Adverse climatic conditions: Sometimes climatic conditions, which are 
adverse for the performance of pest management strategy and favor the pest 
population growth, prove a big hurdle in the implementation pest 
management strategy, reduce its effectiveness and sometime result in its 
failure. 

� Use of incorrect dosage of pest control measure: Pest control measure, 
specifically chemical and biological control do not perform effectively if 
they are not applied at their recommended and effective dosages even 
though they are implemented with strong and productive strategy. Use of 
incorrect (under dose or over dose) dosage either results in futility of pest 
management strategy (in case of under dose application) or rapid 
development of resistance (in case of over-dose application) in insect pests 
against control strategy (FAO 2014). 

2.13. Public awareness, long-term commitment, 

planning and improvement: Procedures and 

strategies 

Success of any strategy and plan depends upon its adaptability to the public sector. 
A consistent and sustainable application of any pest management strategy is very 
important to get the desired results. The sustainability of any pest management 
program/strategy vitally relies on public awareness, long-term commitment of the 
involved personnels and planning as well as improvement in the existing pest 
management program. Most important step which ensures the sustainability of any 
pest management is awaring and demonstrating public with advantages and 
application strategies of introduced and developed pest management program so that 
they can implement it in strategically accurate and economically effective way 
(Metcalf and Luckmann 1975; Flint and Bosch 1981; Kogan 1988). There are 
different procedures or method which can be used for the public awareness about the 
pest management program. These methods include public awareness campaigns 
through paper and electronic media, involvement of various NGOs and farmer’s field 
school (FFS) working at the grass-root levels of the farming community, organizing 
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training workshops, symposia, conferences etc., and field demonstration of the 
technology. Creating public/stakeholder awareness is not enough guarantee for the 
long-term sustainability of the transferred pest management technology (Flint et al. 
2003). Every stakeholder should be committed to follow all the awareness-campaign-
highlighted pre-requisites which ensure the sustainability in the effectiveness of pest 
management program/strategy. If the IPM personnels/stakeholders do not remain 
committed to follow the pre-requisite of sustainability of IPM program in the long-
run, the IPM program will reduce its effectiveness and sustainability sooner or later. 
The IPM personnels/stakeholders of any specific area, locality or region must 
committedly consider, implement and monitor calendar, methods and tactics, 
strategies and emerging flaw/issues of implemented IPM program. Then another 
aspect of sustainable program includes planning to diagnose the cause of emerging 
issues and address their possible solutions for the improvement and long-term 
sustainability of already existing IPM program in the scenario of evolving pest issues 
and new technologies rather exploring and designing new pest management program 
(Flint et al. 2003; Dhaliwal et al. 2006). 

2.14. General principles of chemical and biopesticides 

All pesticides, being poisonous substances, can impose detriment effects on all living 
things; that’s why, they must be used in a judicious way. The selected techniques for 
insecticide application should ideally be target oriented so that the non-target 
organisms as well as the environment can be protected from the lethal residual and 
deteriorating impacts of insecticides (Grant et al. 2003; Van-der-Wulp and Pretty 
2005; Jha 2010). Additionally, comprehensive information of the equipment used for 
insecticide application is also very indispensible for: 1) the development of an 
anticipated dexterity of operations; 2) the selection and approximation of the number 
and kind of equipments for the optimized used of the selected equipment and accurate 
coverage of the crop in least spell of time (Omafra 2009; Pedigo and Rice 2009). 

For the successful implementation of insecticide based pest control program, 
comprehensive knowledge of application technique, target, application time, 
coverage requirement, droplet size, calibration requirement, precautionary measures 
for handling, agitation and mixing requirement and equipment and tools used are 
required. The determination of all knowledge based on knowledge of pest problem, 
insecticides, formulations, technique and equipment (Knipling 1979; Matthews 
2000). The knowledge of pest problem tells: 1) location of the pest-insect that helps 
in defining the target; 2) the most susceptible stage that aids to decide the time of 
insecticide application; and mobility/dispersal behavior of the pest that helps to 
define coverage and droplet-size requirement. The knowledge of the insecticides 
states: 1) their mode of action that define the application technique required; 2) their 
degree of phytotoxicity that define their calibration requirement; and their 
mammalian toxicity that determines the precautionary requirements for handling 
insecticides. The knowledge of insecticide formulations tells: 1) the type of solubility 
that defines the agitation requirements of the insecticides; and 2) the methodology of 
their mixing with water or other solvent for tank-mixing that determine the suitable 
measures and tools required. The knowledge of techniques and equipments states: 1) 
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the procedures/methods and protocols for their operation and maintenance so that 
they can be operated in the field without any field difficulties; 2) their capabilities 
that help to estimate the number of equipment needed; and the type of technique that 
should be selected and this information help to select the suitable and most 
appropriate equipments (Trivedi 2002; Sorby et al. 2005; Alam 2010). The various 
factors or principles which determine the success or failure of pest control by 
insecticides are discussed below: 

2.14.1. Selection of suitable application technique 

There are various techniques which are used for application of pesticides. The 
formulations of insecticides are made available in liquid, dust-powder, granule or 
slow-releasing forms which ensure their application in small quantities over large 
area. Application of insecticides in small recommended quantity is possible only if 
proper application technique is adopted. Therefore, selection and adoption of the 
most appropriate technique and equipment for pesticide application are very vital for 
depositing insecticides uniformly, performing pest control operation accurately and 
getting the effective results from any pesticides. The selection of pesticide 
application technique depends on the type, life-stage and feeding as well migratory 
behavior of the insect pest, site/substrate to be treated (on foliage, under the leaves, 
at root zone, plant whorl, breeding places etc), types of insecticide formulation, etc 
(Metthews 1979). For examples, granular insecticides against borers are applied by 
whorl application or by chemigation techniques but their foliar application will not 
yield the effective results. The most appropriate technique for the indoor control of 
mosquito is the use of chemicals in form slow-releasing or fogging technique. 
Effective monitoring and control of fruit flies is possible by pheromones when these 
are applied by trapping and insecticide coadministration technique. Similarly, for the 
control of eggs and young ones of mosquito and cockroach, the most appropriate 
technique is the breeding-site-treatment method for insecticide application. For 
cutworm control the most appropriate technique for the application of insecticides 
will the food-bait or chemigation technique. In short, it is the principle, while using 
insecticide, that the most appropriate technique should be used otherwise, the 
required results will not be achieved. 

2.14.2. Selection of appropriate and quality insecticides 

Various types of insecticides like OPs, OCs, pyrethroids, carbamates, IGRs, 
neonecotenoids, biorationals and many others with novel mode of actions are used 
for the management of different insect pests, obtaining quality yield and reducing 
yield losses. But selection of an appropriate insecticide of standard quality (i.e., 
proper quantity of fresh not expired active ingredient with standard and good quality 
inert material in proper proportion as described on label) is first principle that will 
assure the success of insecticide based pest control program (Matthews 2000; Food 
and Agriculture Organization 2014). 
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2.14.3. Decision on the timing of application 

After selection of an appropriate insecticide of standard quality, decision on the 
appropriate application timing is the next principle that can lay down the base of 
successful pest control program. Application of insecticide is very efficacious and 
yields the required result if applied at the most susceptible stage of the pest. The 
timing of insecticide application should prudently be considered and followed for 
good and economical results (Matthews 2000; Pedigo and Rice 2009). 

2.14.4. Proper application of insecticides 

Application of good quality insecticide at ideal timing does not yield good and 
economical results until or unless it is applied properly and qualitatively. The proper 
and quality application of insecticides is an imperative principle of pest control 
program. The proper and quality application of insecticides can be achieved if proper 
dosage is applied evenly, toxicant reaches the target, proper droplet size of 
insecticide is produces and sprayed and proper density of droplets is deposited on the 
target (Matthews 2000; Pedigo and Rice 2009). 

2.14.5. Application of proper and recommended dosage 

Every insecticide has its recommended dosage which is considered lethal for targeted 
insect pests but safe and non-phytotoxic for plants. The recommended dosage of 
selected insecticides should carefully be considered and applied to get good results. 
Over-dosage and under dose should be avoided because such practices do not yield 
the required results rather impose many destructive, hazardous and undesired impacts 
like, ecological backlash, environmental deterioration, phytotoxicity, health 
hazardous, deterioration of biodiversity etc. (Alam 2010; Jha 2010; FAO 2014). 

2.14.6. Selection of the most appropriate equipment and 

associated tools/materials 

Insecticides are applied by different methods including foliar-application/spraying, 
dusting, drenching, fogging etc. Depending upon the application method recommend 
for the selected insecticides, the most appropriate equipment and associated tools 
especially nozzles should be selected for getting good and economical results. 
Improper selection of equipments and nozzles results in poor and uneconomical 
control of insect pests. Different equipments which are used for insecticides 
application include hydraulic, centrifugal and gaseous energy sprayers, aerosols 
sprayers, dispensers, foggers, dusting equipments, granular applicators etc. 
Similarly, various types of nozzles like hydraulic energy nozzles (hollow-cone, 
fan/flat-fan and impact/deflector/floodjet, adjustable/triple-action nozzles), thermal 
energy nozzles, gaseous energy nozzles, centrifugal nozzles etc. are used for 
pesticides application. For tank-mixing before spray different solvents like water, 
oils etc. are used. The proper selection of spraying equipment and type of nozzle is 
very vital for achieving good coverage and accurate droplet size and ultimately 
successful and economical control program (Matthews 2000; FAO 2014). 
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2.14.7. Compatible and synergistic 

Selection of insecticides which don’t have any antagonistic; rather have synergistic 
interaction with other insecticides ensure the success of multiple-attack-system. 
Therefore, those insecticides should be selected for multiple-attack-system that are 
compatible with each other and synergize the toxic effects of each other. The 
selection and application of insecticides having antagonistic effects on each other 
result in the failure of multiple-attack-system. The selected insecticides should also 
be compatible with control measures other than insecticides or they should be 
manipulated in such way as reducing the side effects on other control measures (Joshi 
2006; FAO 2014). 

2.15. Conclusion 

Pest management is an integral and vital component of manipulating, managing and 
regulating natural resources and agricultural systems. An area-wide public awareness 
campaign about the emerging pest issue must be organized and comprehensive 
knowledge of pests must be outreached to transform the aptitude, enhance the 
capacity and motivate the willingness of individuals to manage pests. An effective 
pest management entails a long-term and enduring commitment to pest management 
or pest eradication program by the industry groups, government entities, society and 
community. Discussion, meetings, consultation, entrepreneurship and partnership 
arrangements between industry groups, civic and rural communities, local 
governments and state government agencies must be established to attain a 
concerted, corporative and collaborative approach and strategy to pest management. 
Pest management or pest eradication planning, as per status of the emerging pest, 
must be reliable, consistent and sustainable at local, regional, state and national levels 
and must guarantee resources target urgencies, priorities and primacies for pest 
management recognized at each level. Preventative and anticipatory pest 
management is accomplished by early detection of the pest outbreak, local, regional, 
state and national level inhibition of pest migration, dispersal and spread as well as 
by intervention measures and strategies to control pests. Pest management must also 
be based on integration of highly compatible as well as ecologically and socially 
responsible therapeutic pest management practices and strategies that ensure 
environmental protection, food security, productive capacity of natural resources and 
conservation of natural resources as well as diversity. Fundamental and applied 
research about emerging or major/key pests and consistence, systematic and regular 
monitoring and evaluation of pest control activities is essential and indispensable to 
improve pest management practices for their better sustainability in any pest 
management program and system. 
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Fig. 2.3. General Principles which lay down the foundation of successful and 
sustainable pest management. 
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