
EXERCISE – 1
METHODS OF DIAGNOSIS AND DETECTION OF VARIOUS INSECT PESTS 

Date:______________
1.1 Objectives

To know the pest and its damage in crop plants which is the perquisite for the effective

pest management. 

1.2 Materials 

The materials required for the lab and field diagnosis is depend on the type of crop plants

and its parts to be observed or diagnosed. Some of the common materials required are sharp

knife, magnifying lens, scissor, sample container, microscope, camel hair brush, spade etc.

1.3 Diagnosis of pest damage 

Insect and non-insect pests cause a particular type of damage to the plant parts often

characteristic to particular pests. The pest mostly insect not present on the site of damage makes

it difficult to know the causal agent.  Sometimes, the symptoms of damage caused by insects

may closely resemble to those resulted due to  pathogens or due to nutritional  disorders.  So,

practical experience makes familiar about the correct diagnosis on the basis of visual symptoms

of damage to take appropriate control measures.

The pest mostly insect not present on the site of damage makes it difficult to know the

pest.  Sometimes,  the symptoms of damage caused by insects  may closely resemble to  those

resulted due to pathogens or due to nutritional disorders. So, practical experience makes familiar

about  the  correct  diagnosis  on the  basis  of  visual  symptoms of  damage to  take  appropriate

control measures. 

It  is  very  important  to  know  and  study  about  the  symptoms  of  damage  by  various

phytophagous insect pests for proper, effective and economic management. Insect-pests found to

be cause injury to plant either directly or indirectly to secure food, their development and further

generations. Insect-pests attack on various parts of plant viz., root, stem, bark, leaf, bud, flower

and fruit.  Based on the  nature  and symptoms of  damage,  insect-pests  can  be classified  into

different groups as mentioned below.

Moreover,  the  process  of  diagnosing a  plant  health  problem without  any  specialized

laboratory equipment is called field diagnosis. This is the situation at a plant clinic and when

making a farm visit.  Many times farmer brought the plant sample to us, they may have collected

the wrong part of the plant or the sample may have deteriorated in transit. It may be necessary to

visit the field to see fresh symptoms and to gain other information on the pest. If you intend to

1



send a sample to a colleague or a formal diagnostic support service, it is usually a good idea to

visit the field yourself and to select a fresh sample of your own. 

1.4 General points to take in consideration during diagnosis

 Don’t be in too much of a hurry. Slow down, cut open the plant and have a look inside. 

 Use a hand lens to look for small insects and their stages. 

 Most importantly, talk to the farmer and ask questions relating to what you are looking at

and the ideas that are forming in your mind.

1.5 The following is a summary of what to do when visiting a field to observe the symptoms

in the context of the entire crop. 

Step 1: 

Get in close

• What parts are affected?

• Describe symptoms using the correct terminology.

• Observe changes in shape, colour and growth.

• Look for visible signs of insect pests and non-insect pests.
Step 2: 

Look  at  the  whole

plant (including Roots)

• Where are the symptoms within the plant?

• Which growth stages are affected?

• How do the symptoms progress from early to late stages?

• How severe is the attack?
Step 3: 

Examine  groups  of

plants

• Incidence: how many plants are affected?

• Distribution:  random,  edge  of  the  plot  only,  in  patches,  pattern

caused by use of machinery?

• Remember: consider plant variety, age and how it is grown.
Step 4: 

Speak To farmers and

other  local  extension

workers

• When did the problem appear? Is this the first time?

• Record local name for the problem.

• Consider soil type and climate (patterns).

• Obtain information on the varieties used, recent history of chemical

inputs used, etc.
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1.6 Line drawings of the major insect pest groups for primary identification 

Aphid Mealy bug Scale Psyllid Thrips Bug

Whitefly Grasshopper Larvae Grub Maggot Mite
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1.7 Classification of insect pests based on the damage with special reference to the parts

they damage for effective insect pests diagnosis

Sr.
No.

Plant Part damaged Symptoms of damage

1 Root feeding insects Insect larvae feed on roots, root nodules; nymphs and adults

suck  sap  from  roots,  resulting  in  stunted  growth,  poor

tillering,  drying  of  plants  in  isolated  patches  etc.  White

grubs, grubs of rhinoceros beetles, termites, rice root weevil

& ragi root aphid
2 Stem borers Larvae enter into the shoot of main stem, tillers and feed on

the central growing point. As a result, nutrient supply from

the main plant beyond the infested part is affected leading to

withering, wilting and drying up exhibiting symptoms such

as dead heart / white ear / over growths of bunchy top etc.

Stem borers  of  paddy,  millets,  sugarcane,  brinjal,  bhendi,

cotton etc.
3 Shoot borers Larvae  attack  tender  shoots  and  bore  inside  during  the

vegetative stage of crop growth and cause wilting, dropping

of  terminal  plant  part  which  later  dries  up.  Shoot  fly  of

sorghum, early stem borer in sugarcane, stem fly in black

gram/ French bean, soybean, shoot borers of brinjal, bhendi,

cotton, castor etc.
4 Tree borers Larvae  bore  deep  into  the  tree  trunk,  tunnels  in  zigzag

manner  and  feed  on  inner  tissues,  affecting  nutrient  and

translocation  of  sap  to  upper  portions  of  branches  /  tree

exhibiting symptoms such as withering of leaves, drying of

twigs or complete dying of tree. Presence of fresh powdered

material, ooze of gummy, exudations etc. from the affected

portion on the tree trunk is also seen in some cases. Tree

borers of mango, cashew; coconut red palm weevil etc.
5 Bark borers Larvae enter into the bark and tunnel into the branches. The

larvae  remain  hiding  in  the  galleries  formed  from floss  /

fecal matter and silken saliva on the stem and continue to

scrape the bark. Larval feeding results in drying of branches
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and breaking of affected portion with wind or gale.

Bark eating caterpillars of citrus, mango, guava, casuarinas,

jack etc.
6 Gall formers Larvae/nymphs feeding inside the stem! tiller  /leaf/  flower

bud affect the tissue by nibbling the meristamitic tissues and

secretion of auxins that results in excessive growth of cells

at  the  affected  portion  leading  to  distorted  growth  and

malformation  of  plant  parts  known  as  'Gall'.  Paddy  gall

midge,  chilly  midge,  gingelly  midge,  cucurbit  stem borer,

mango  malformations,  tobacco  stem  borer,  cotton  stem

weevil, mango inflorescence midge, chilli midge etc.
7 Leaf folders Larvae  fasten  the  margins  of  individual  leaves  from

margins / fold longitudinally or roll leaves into bell  shape

and  feeds  within  by  scrapping  the  chlorophyll.  Rice/

maize/leaf folder, cotton leaf roller, red gram / black gram

leaf folder.
8 Leaf miners Larvae fasten the leaves /leaflets by means of silken threads

(derived from saliva) and scrape the chlorophyll content by

remaining  within  the  web.  Fecal  pellets  /  frass  remain

present in the web. Leaf webbers on groundnut / gingelly,

Webbers of mango / sapota/Cashew.
9 Leaf webbers Larvae fasten the leaves /leaflets by means of silken threads

(derived from saliva) and scrape the chlorophyll content by

remaining  within  the  web.  Fecal  pellets  /  frass  remain

present in the web. Leaf webbers on groundnut / gingelly,

Webbers of mango/sapota/Cashew.
10 Defoliators/ 

Skeletonizers

Larvae feed on the leaves completely leaving only midrib /

veins or scrape the chlorophyll  content of leaves or cause

numerous  holes.  Castor  semilooper,  red  hairy  caterpillar,

bihar hairy caterpillar, snakegourd semilooper, ash weevils,

tobacco caterpillar, brinjal epilachna beetle.
11 Pod/Capsule borers During the reproductive stage of crop, larvae bore into the

flowers, pods, capsules and fasten the adjacent  plant parts

with  silken  threads,  fross  and  excreta  and  feed  on  the
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internal  contents  within  the  web.  Spotted  pod  borer  in

legumes,  capsule  borers  of  castor  /  gingelly;  pod  borer

complex in pulses, gram caterpillar, pink bollworm, tobacco

caterpillar, chilly pod borer etc.
12 Fruit borers/ Bollworms Larvae enter into the tender fruits bolls and feed on internal

content /pulp and plug the larval burrow with excreta. Fruit

borer of brinjal/bhendi/tomato, mango fruit borer, fruit fly,

mango  stone  weevil,  cashew  apple  and  nut  borer,  Anar/

guava fruit borer, Cotton bollworm etc.
13 Seed feeding insects/ 

stored grain pests

Larvae  feed  on  stored  seeds  either  as  internal/  external

feeders / by webbing the food particles. Rice weevil, lesser

grain borer, red rust flour beetle, rice moth, cigarette beetle,

saw ^ toothed beetle etc.
14 Sap sucking insects/ 

Feeders

Nymphs  and  adults  suck  sap  from  the  base  of  the

plant/leaves / tender terminal plant parts and affect the vigor

and growth of the plants. Different insects exhibit different

symptoms. Most of the sap suckers suck; sap in excess of

their requirement and excrete honey dew, which is rich in

sugars,  a  resource  for  sooty  mold  development.  Aphids,

leafhoppers  (jassids),  plant  hoppers,  white  flies  etc  on

important crops.
Nymphs  and  adults  suck  juice  from  developing

ovaries/milky grains resulting in the formation of shriveled /

chaffy  grains.  Rice  gundhi  bug,  sorghum  ear-head  bug,

sorghum midge.

1.8 Exercise

1) Visit to the nearby crop field and collect the damages and prepare the damage album.

2) Write the damage symptoms caused by sucking pest of major crops of south Gujarat.

3) List out the pests of different crops with their nature of damage.

4) Follow the instructions given by the course teacher during practical classes.

EXERCISE – 2
METHODS OF INSECT PESTS SAMPLING
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Date:______________
2.1 Objective: 

To know the  effective  sampling  methods  for  the estimation  of  insect  population  and

damage.

2.2 Sampling of insect population:

It  is not possible or even desirable to count all  the insects in a habitat.  Therefore,  to

estimate the population density of a pest or the damage caused by it to the crop, one has to resort

to sampling. Randomization and choice of sample unit are the fundamentals of sampling. The

total  number of  samples  to be taken depends on a degree  of precision  required.  In general,

sampling  programme  is  of  two  types,  extensive  and  intensive.  Extensive  programme  is

conducted over broad areas to determine the species distribution or the status of injurious insect

stages. In this, usually only a single insect stage is sampled and only one or a few samples are

taken per season. On the other hand, intensive programmes are conducted as part of research in

population ecology and dynamics. In this case sampling is done frequently, often more than once

per week in a small area (a few fields). Usually all or most stages in life cycle of an insect are

sampled and a high degree of precision sought.

2.3 Methods used for sampling of insect pest’s population:
Sr.
No.

Sampling methods Sr. No. Sampling methods

01 In-situ (direct) count e) Suction trap
02 Knockdown f) Window trap 

a) Jarring g) Water trap
b) Chemicals h) Sticky trap
c) Heating i) Pitfall trap

03 Netting j) Removal trapping
a) Sweep netting 05 Extraction from soil
b) Vacuum netting a) Sieving
c) Aerial netting b) Flotation

04 Trapping 06 Mark, release and recapture technique
a) Light trap 07 Indirect techniques
b) Bait trap 08 Remote sensing
c) Pheromone traps
d) Malaise trap

2.4 Common Sampling Techniques and their application:

Sampling techniques is the way how insects are counted, weather with necked eye or

taking help of some equipment. There is no single sampling technique which can work for all
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categories of pests. The selection of sampling techniques also depends on the pest’s biology and

ecology. Some of the most commonly used techniques and their application are discussed below.

Sr.
No.

Sampling
method

Details of method

1 In situ count It involves direct counts or direct observation and often requires no

special equipment but rely on good eye. For example, making count of

leaf  hopper  nymph on  cotton  leaves  or  recording  of  egg or  larval

population of Helicoverpa armigera etc. This technique is useful for

counting large and conspicuous insects usually on a part of a plant

(e.g. leaves) or whole plant (if plant is small). However for smaller

insects like aphids and thrips or for mite, help of hand lens may be

taken  in  making  counts.  Further  when  these  insects  are  in  a  large

number, 1 cm2 windows may be cut out in a thick paper sheet and

placed  on  a  leaf  surface  for  counting  the  insects  visible  through

window.
2 Knockdown Knockdown is similar to in situ counting, except that the insects are

dislodged from the plants  causing them to fall  into either  a tray,  a

funnel or on a sheet or a piece of cloth and are subsequently counted.

The method of dislodgement may be jarring, chemicals or heating:
a. Jarring: It is probably the most common method of knocking down

insects from the plants and particularly useful in collecting the white

grub beetles (Holotrichia spp.) from the trees soon after these emerge

from soil during night after first heavy rains. Here, a piece of cloth is

placed on the ground and a branch is given jerks several times with the

help of an iron hook attached to a stick to dislodge the beetles. Beetles

falling  on  the  cloth  are  counted.  Similarly,  gram  pod  borer

(Helicoverpa armigera) larvae may be sampled by shaking chickpea

plants vigorously over a piece of cloth or a chart sheet and the larvae

falling on the sheet may be counted. This is also known as drop sheet

method. However, jarring may not be effective for species concealed

within vegetation e.g. galls, leaf-miners, etc. Beat-bucket method also

uses similar technique in which top 25 cm portion of cotton plant is

bent in a plastic bucket and is beaten against the sides of the bucket to
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dislodge pests as well as arthropod predators.
b. Chemicals: In certain cases, the whole plant or several plants may

be  enclosed  in  a  polyethylene  envelope  and  treated  with  a  quick-

knockdown insecticide such as pyrethrum or dichlorvos. After some

time, the plants may be shaken to remove dead or immobilized insects

on a cloth or other container for counting.
c. Heating: Heating envisages forcing the insects to come out of their

dwellings  by  increasing  the  temperature  of  their  habitat.  Here,  the

plant sample harbouring insects may be placed in a special device, the

Berlese  funnel  that  heats  the  sample.  Finding  the  plant  habitat

inhospitable,  insects  move out  of  the  plant  material,  fall  through a

funnel, and are retrieved from a receptacle for counting. This approach

saves  time  and  effort  but  sometimes  insects  may  die  during  the

extraction  process.  Thus,  insects  may  not  come  out  and  not  be

counted.  The  other  techniques  of  dislodging  insects  from  their

substrates include washing insects  from plants and plant  parts  with

soap, alcohol or other solutions. To remove mites from the leaves, a

special brushing machine may be used.
3 Netting Netting of insects is one of the most widely used techniques which are

relatively simple and inexpensive. It is particularly useful in the case

of  small  insects  and  those  with  poor  clinging  habit.  However,  the

major disadvantage of this technique is that there is great sampling

variability. This technique is closely related to jarring when used to

sample insects in a plant canopy. Netting may be of several types:
a. Sweep netting: Here, muslin net is swept through the crop canopy

(generally  20  cm deep)  and  the  plant  is  jarred  so  that  the  insects

present  on  the  plant  may  fall  into  the  net.  After  20-25  swings  or

sweeps,  plant  debris  is  removed  and  the  insects  are  counted.

Efficiency of sweep net varies with species, crop height, wind speed,

time of the day and the person doing sweeping. The sweep catch is

expressed as the mean number of insects per sweep. The limitation

with  sweep  netting  may  be  that  if  there  are  changes  in  vertical

distribution  of  the  pest  within  the  vegetation,  the  pest  may  not  be
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detected at all. Further, various crops may require different sweeping

technique which need to be standardized.
b. Vacuum netting: In this technique, engine power is used to create

strong vacuum which sucks the insects from plant canopy. Such nets

have been used for sampling insects like leafhoppers.   
c. Aerial netting: Aerial nets are used for sampling air-borne insects.

A true  aerial  net  is  a  mesh-bag net  with  a  handle  which  is  swept

through the air to capture an insect. Other aerial nets include rotary net

and tow net. The rotary net consists of one or two nets at the ends of

beams that are rotated by a motor-driven shaft. The insects collected

are counted after a given period of time. Tow (pull) nets are attached

to the moving aircraft, automobiles or ships to detect insects.
4 Trapping Insects  attracted  to  different  visual,  chemical  or  olfactory  cues  to

communicate with each other or find suitable hosts. This weakness of

insects  has  been  exploited  through  the  use  of  traps.  Traps  are

particularly useful for detecting the initial appearance of a pest and can

give an indication for a correct time of initiation of control measures.

Seasonal activity of various pests can also be monitored through the

use of traps. Different types of traps have been used to sample insects.

Traps are installed at specific locations and the insects trapped in them

are counted at regular intervals. Sometimes, some lures/attractants are

placed in the traps so that specific insects get attracted and trapped.

However, some limitations  with such traps are that it  is difficult  to

define the area of influence and that sometimes insect responses may

change with time. Use of different types of traps has been made to

monitor the activity of various pests:
a. Light trap: It  is the most widely used visual trap employed for

sampling agricultural  pests, particularly moths,  hoppers and beetles,

etc. A light trap essentially consists of a light source above a funnel

and  a  container  below  to  collect  the  catch.  It  is  covered  with  a

protective roof. The light source is generally an oil lamp or electric

bulb  or  a  fluorescent  tube.  Insecticides  with  quick  knockdown  or

fumigant  action,  such  as  dichlorvos,  are  sometimes  added  in  the
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container for killing of the trapped insects. Many moths (particularly

Noctuidae) are attracted to short wavelengths of the light spectrum or

the backlight. Light traps have been used in the past for mass trapping

of  insects  like  red  hairy  caterpillar  (Amsacta  moorei).  The  major

problem with light traps is that, sometimes, large number of non-target

species, which may include useful ones also, get trapped which not

only make sorting cumbersome but also disturbs ecological balance.

When insects get in to the region of high luminous flux, their eyes

rapidly  become  light  adopted.  UV  and  visible  radiation  cause

migration  of  the  ommatidial  protective  pigments  from nocturnal  to

diurnal  position  and  visual  sensitivity  decrease  by  hundreds  and

thousand times and insect cannot distinguish object at lower level of

illumination. The lamp is the only thing the insects are now able to see

and they cannot fly to the sides of it in darkness of the night. Thus,

insect’s attraction to light and their  trapping is purely a function of

contrast effect in illumination.
b. Bait trap: Bait trap rely on an insect olfaction, sense of smell, for

attraction. A common attractant is food; e.g. a mixture of yeast and

molasses in a cone trap to sample corn maggot (Delia platura) adults.

The utility of such traps is often short lived due to infection of the bait

by micro-organisms. Therefore, the bait needs to be changed frequent

to keep the trap active. For monitoring sorghum shoot fly (Atherigona

soccata) a fish-meal trap is quite effective.
c.  Pheromone  traps: Pheromone  traps  have  been  widely  used  in

detecting  or  sampling  fruit  flies  (Dacus spp.),  spotted  bollworms

(Earias spp.), cotton bollworm (Helicoverpa armigera), codling moth

(Cydia  pomonella),  pink  bollworm  (Pectinophora  gossypiella)  and

leaf eating caterpillar (Spodoptera litura). Since pheromone traps are

specifically  attractive  to  the  target  species,  there  is  no  sorting  or

identification problem. Further, no power is required as in the case of

light traps. So, these can be installed in any field. On the other hand,

the major disadvantage with such traps is that almost all traps detect

only the adult males. 
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d. Malaise trap: The malaise trap is basically a tent made of cotton or

nylon mesh with one side open that intercepts flying insects. The roof

of  the tent  slopes  upwards  to  a peak where a  container  with some

preservative  is  located.  Insects  tend  to  move  upward  and  into  the

container while flying and get collected in the container.
e. Suction trap: A suction trap consists of a wire-gauze funnel leading

to a collecting jar and a motor-driven fan is situated below the funnel

to create the suction. Such traps are useful for sampling winged aphids

and leafhoppers.
f. Window trap: This is a kind of interception trap consisting of a

large  sheet  of  glass  that  sits  in  a  collecting  trough  supported  by

wooden legs. Insects flying into the glass are knocked down into the

trough containing soapy water.
g. Water trap: It consists of a shallow open pan or tray mounted on a

wooden post which is filled with water having some detergent or soap

or an oil  film to aid in wetting or drowning the insects.  An omni-

directional  baffle  is  usually  set  in  the  pan  for  the  interception  of

insects.  The baffle  and interior  of  pan  are  sometimes  painted  (e.g.

yellow for aphid) to add physical attraction to the trap. Water traps are

useful in sampling rice pest’s e.g. brown plant hopper. However, these

require protection from weather and catch is to be removed and traps

refilled regularly.
h.  Sticky  trap: These  traps  are  installed  on  a  wooden  stack  or  a

bamboo stick at various heights above a plant canopy. The insects get

stuck in the adhesive applied to the trap's surfaces. Sticky traps are

useful  only  against  the  actively  flying  insects  and  provide  useful

information on height of flight as well  as on direction.  Insects like

aphids, hoppers, flies, hymenopterans and beetles etc. get trapped in

such traps. The pheromone traps are a kind of baited sticky traps. The

catch requires regular removal at each observation particularly if it is

high, so that the surface maintains it’s sticking properties.
i.  Pitfall  trap: It  captures  ground  moving  insects.  The  pitfall  trap

consists  of  a  smooth  sided container  or  a  jar  or  bottle  sunk in  the

ground with a funnel at the soil surface that empties into the container.
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The  trap  collects  both  mature  and  immature  insects  which  fall

accidentally into it. Pitfall traps are more useful in dry areas since in

other  areas  rain  may  flood  them  and  render  them  non-functional.

However, it cannot detect immobile insects. It is useful for monitoring

ground  dwelling  predators  such  as  carabids,  staphylinid  beetles,

spiders and predatory mites, etc.
5 Removal

trapping

It  involves  reduction  in  pest  population  by  removing  individual

through repeated catches so that catch per unit  time decreases.  The

population size is estimated from the rate at which the catch decreases.
a.  Extraction  from  soil: Sampling  of  insects  from  soil  is  often

complex and expensive since the insects  usually  cannot  be seen or

easily extracted from it. About 90 per cent of insect species spend at

least  one  stage  in  the  soil  or  at  the  soil  surface.  Therefore,  soil

sampling  can  give  useful  information  on  the  insect’s  population.

Sampling  for  soil  pests  may  be  done  by  digging  in  a  quadrate  or

drilling the soil with some equipment and insect counts are made from

a fixed  volume of  soil.  Common techniques  used  for  extraction  of

insects from soil samples are: using Berlese funnels, sieving, washing

and flotation. Soil sample may be taken with cores, golf hole bores,

bulb  cutters,  shovels,  trowels,  metal  frames,  or  other  equipment.

Berlese funnels are more frequently used to sample small, abundant

arthropods in the soil e.g. mites, springtails and beetles. For termites,

the insects are attracted by placing some paper on the soil or fixing

some wooden blocks or pieces in the soil.
b. Sieving: Sieving techniques do not depend on insect movement for

extraction.  Both dry and wet sieving techniques  are used to sample

insects.  In  dry  sieving,  one  or  more  sieves  of  varying  coarseness,

beginning with a coarse mesh to screen out large soil particles and

other debris and ending with a fine mesh are employed. Standardized

soil  sieves  may  be  purchased  or  may  be  fabricated  depending  on

requirement with respect to the insect’s body size. Wet sieving follows

the same principle as dry sieving, except that water is used to facilitate

the movement of soil particle through the sieves.
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c.  Flotation: Flotation  technique  is  another  widely  used  extraction

procedure that may be used alone or in conjunction with sieving and

other  techniques.  The efficiency  of  flotation  could be increased  by

adding  some  salt  such  as  magnesium  sulphate  to  increase  the

medium's specific gravity.
6 Mark,  release

and recapture

technique

This technique is useful for estimating populations of mobile insects.

In this technique, the insects are first captured from the field, marked

with some suitable paint or dye, released in the field and recaptured

along with the unmarked individuals. The population can be estimated

by using following,  

Lincoln index:   P= an/r

Where, P = population size; a= total number of marked and released

individuals;  n = total number of individuals recaptured; and r = the

number of marked individuals recaptured.
7 Indirect

techniques

In indirect techniques, insect population are estimated by measuring

the effect of insects on crop plants or through some indirect sampling

methods called population indices e.g. number of leaves mined by leaf

miners, percentage defoliation by hairy caterpillars and armyworms,

percentage  of  plant  attacked,  percentage  of  fruiting  forms  or  bolls

damaged, leafhopper injury grade in cotton, number of wilted or dead

plants by termites, plants with "dead hearts" caused by borers, etc. The

sampling  technique  involved with most  of  these  measures  is  direct

observation of results of insect injury. Sometimes, pest populations are

assessed  with  the  help  of  insect  products  which  include  larval  and

pupal  skins  (exuviae),  frass,  honey  dew  (e.g.  secreted  by  aphid,

whitefly) and nests of colonial insects. The measurement of frass drop

in a collecting tray has been used to assess population size of several

forest pests.
8 Remote

sensing

Remote sensing techniques such as radar can automatically monitor

the height, horizontal speed, direction, orientation, body mass and the

shape  of  arthropods  intercepting  the  radar  beam.  It  can  provide

information of aerial migration of pests and natural enemies. It can be

particularly useful for monitoring locust swarms. Imagery provided by
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remote sensing satellites could be utilized in identifying pest affected

areas and intensity of pest damage. This could be particularly useful

for pests which produce visible symptoms of crop damage over large

area e.g. hopper burn symptoms in paddy, blacking of cotton leaves

caused by sooty mold growing on honey dew secreted by aphid and

whitefly, etc. Similarly satellite data have also been used to identify

areas of vegetation capable of supporting desert locusts. Further, such

data can also find application in studying the effect of environmental

changes on build up, long distance migration and flight behaviour of

air-borne pests.

2.5 Exercise

1) What is sample?

2) What is remote sensing?

3) What is light trap? Give its advantages and limitations.

4) List out the different traps used for the sampling of pest population.

5) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 3
MONITORING OF INSECT PEST POPULATION

Date:______________
3.1 Objective 

To find out the techniques for the survey and surveillance of the pest and its damage in

various crops for timely control measures.

3.2 Monitoring

Monitoring or surveillance and forecasting of pests are vital components of Integrated

Pest Management. Pest monitoring or surveillance forms an integral part of any and all control

measures applied to crop and that no pesticide should be applied without sufficient justification

which can be obtained only through monitoring or surveillance. 

3.3 Agro Eco system Analysis (AESA)

AESA is an approach, which can be gainfully employed by extension functionaries and

farmers to analyze field situations with regard to pests, defenders, soil conditions, plant health,

the influence of climatic  factors and their  interrelationship for growing healthy crop. Such a

critical analysis of the field situations will help in taking appropriate decision on management

practices. The basic components of AESA are:

1) Plant health at different stages

2) Built in compensation abilities of the plants

3) Pest and defender population dynamics

4) Soil conditions

5) Climatic factors

3.4 Survey

It refers to the supervision or assessing the incidence or population of key or major pests

once in three to five years. A survey may be conducted to study the distribution and abundance

of a pest species.

3.5 Surveillance

It refers to the constant watch on the population dynamics of pests, its incidence and

damage on each crop at fixed intervals.

3.6 Objectives of pest monitoring programme

1) To know the existing and new pest species.

2) To assess the level of pest population and damage during different growth stage of crop.

3) To study the influence of seasonal weather parameters on the pests.
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4) To determine the behavior of minor pests in attaining major pest status.

5) To assess the natural enemies of pests and their influence.

6) To assess the behavior of pests under changing cropping pattern and new varieties.

7) To fix up hot spot, endemic and epidemic areas of the pests.

8) To forewarn the farmers for making the timely decisions of control measures.

3.7 Survey may be qualitative and quantitative. 

1) Qualitative survey: 

 It is generally aimed at pest detection and provides list of pest species present

along with reference to density like common, abundant, and rare. 

 These are usually employed with newly introduced pests to understand the extent

of infestation. 

 These  surveys  are  mostly  adopted  at  international  borders  where  agricultural

commodities are inspected to avoid invasion of any new species.

2) Quantitative survey: 

 This survey defines numerically  the abundance of pest population in time and

space. 

 It provides information on the damaging potential of a species and data can be

used to predict future population trends. 

 These surveys provide the basis to decision making for adopting control measures

for a pest by the farmers. 

3.8 Survey/surveillance can also be classified as fixed plot and roving. 

1) Fixed plot survey: 

 In this survey, the pest population or damage due to insect pests is assessed from a

fixed plot selected in a field. 

 The data are recorded regularly from sowing till harvest of the crop from the same

fixed plot in a particular field. 

 The data collected in these surveys are used to develop forecasting models. 

 The direct counting of population on plant,  light traps, sticky trap,  pheromone

traps, etc. are techniques which can be used to monitor population in this survey. 

 Counting  total  tillers  and  number  of  tillers  affected  by  stem  borer  from  20

randomly selected plants from fixed five spots of 1m2 in one ha is an example of

fixed plot survey.
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2) Roving survey: 

 This  survey includes assessment of pest  population or damage from randomly

selected spots in a short period of time over a large area. 

 It provides information on pest level which helps in determining the timing of

adopting appropriate control measures. 

 The surveys are made to monitor the initial development of pests in endemic areas

in the beginning of crop season. 

 Based on these surveys, the farmers are instructed to monitor the pest incidence in

their  respective  fields  by  the  agriculture  extension  specialists  and  take

interventions to manage the pests accordingly. 

 The  counting  of  whitefly  adults  from  lower  surface  of  leaf  from  randomly

selected cotton plants on a predetermined route after a definite period of intervals

is an example of roving survey.

3.9 Exercise

1) What is AESA?

2) Define survey and surveillance.

3) Why one should go for surveillance activity before taking management decision?

4) What is roving survey?

5) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 4
ASSESSMENT OF CROP LOSSES CAUSED BY INSECT PESTS

Date:______________
4.1 Objective

To know the different terminologies of crop loss assessment caused by insect pests. 

4.2 Terminologies

Crop 
A crop is  a population of plants to provide food, fiber,  medicine,  seed,  fuel or other

products.

Yield
Yield  is  the  measurable  produce  of  economic  value  from a  crop.  The yield  may  be

evaluated in terms of quantity and/or quality. The distinction between total yield and marketable
yield  of  a  crop  is  particularly  important  if  the  marketability  and/  or  value  of  the  crop  is
determined by its quality, i.e. commercial class or grade.

Production 
Production is defined as the total amount harvested in a country or region in one year.

Theoretical yield potential 
It is the yield obtained when crops are grown under optimal environmental conditions

using all available production and pest control technologies to maximize yield. It is limited by
genetic factors only and can be regarded as a constant for a particular crop. It can, however, be
increased by breeding better cultivars.

Attainable yield 
It  is  the  site-specific  maximum yield  that  can  be  obtained  under  the  geographic  and

ecological conditions at a location, using the best production techniques to avoid biotic stress. It
is determined by, among other factors, climate, latitude and the variety grown.

Actual yield 
It is the site-specific yield obtained when the crops are grown using current cultivation

and plant protection practices at the farm level.

Economic yield 
It is the yield level that optimizes the input/output ratio involving production costs vs.

financial return. In crop protection terms, it means the yield using crop protection practices in the
most cost-effective manner, i.e. to yield the largest profit In many instances, it lies somewhere
between the actual and the attainable yield. 
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Yield levels as reference points for crop loss assessment
Primitive yield 

It is the yield of local varieties in subsistence agriculture. Generally, the yield obtained
without the use of crop protection practices (no protection scenario), i.e. assuming that, apart
from  crop  protection,  all  the  other  recommended  cultivation  techniques  are  employed,  is
considered instead of the primitive yield.

Crop loss
A crop loss is any reduction in quantity and/or quality of yield and is the equivalent of

'damage'. Crop loss is measured as the difference between actual yield and attainable yield due to
the  effects  of  one  or  more  pests.  The  term 'yield  loss'  should  be  restricted  to  describe  the
reduction in yield caused by a single pest.

Direct losses
These relate to the decrease in productivity (quantitative) or intrinsic value/acceptability

of the produce (qualitative). Direct quantitative losses include killing of flowers, buds, twigs of
whole plant due to infestation by pests like locusts and grasshoppers, bollworms, fruit borers,
root-borer, etc. The examples of direct qualitative losses include light infestations of fruits by
scales, puncturing of normal fruits immediately before harvest owing to feeding or ovipositional
activity. Damage by the pests to the fruit trees from the blooming to harvesting periods results in
quantitative losses in the earlier phase and qualitative losses in the latter phase.

Indirect losses
These are primarily of economic interest, i.e. decreased purchasing power of farmers due

to reduced production. These will lead to decrease in related activities, reduced productivity of
agro-based industries and forced acceptance of less desirable substitute products.
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Actual losses
These include the total value of losses, both direct and indirect, cost of control measures

along with the amount spent on researches for developing pest control technology and also the
expenditure incurred for diffusing pest control knowledge among farmers.

Potential losses
The  potential  losses  refer  to  the  losses  likely  to  be  sustained  without  the  adoption  of  crop
protection measures.

Avoidable losses
It  is  that  proportion  of  crop  losses  which  can  be  saved  by  proper  use  of  currently

available crop protection technology.

Unavoidable losses
It  is  that  proportion  of  crop  losses  which  cannot  be  prevented  by  use  of  currently

available crop protection technology.

Recognized and hidden losses
These are subjective terms depicting as to whether the factors determining the losses are

known or not.

Efficiency of crop protection
It is defined as the percentage of avoidable yield losses which are actually prevented by

use of crop protection measures.

Efficiency of crop protection =
Actual yield - Yield without crop protection
Attainable yield - Yield without crop production

Most developing countries have a lower efficiency of crop protection resulting in lower
actual yield. In contrast, the developed countries with a higher efficiency of crop protection have
higher actual yield which approaches the attainable yield in many cases.

4.3 Methods of estimation of crop losses
 The estimation of crop loss due to pests is critical to pest management. The evaluation of

pest damage is useful in pest management in the following ways:   Defining the economic
status of a given pest species.

 Establishing economic injury levels and economic threshold. Estimating the effectiveness
of pest control measures. Evaluating crop varieties for their reaction to insect pests.

 Helping in deciding the allocations for research and extension in plant protection, and
 Helping in assigning priorities on the basis of relative importance of different pests.
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4.4 Techniques adopted for the assessment of crop losses caused by insect pests 

Sr.
No.

Technique Details

1 Mechanical
protection

The crop is grown under enclosure of cotton cloth or wire gauze in order to
keep the pests  away from the crop.  The yield under such enclosures  is
compared  with  that  obtained  from  the  infested  crop  under  similar
conditions.  This technique has been used with various modifications for
estimating the losses caused by jassid and whitefly in cotton. The barriers
may  be  substituted  for  cages  in  the  case  of  non-flying  insects.  The
limitation in case of enclosures is that the plants generally become weak
and pale due to changes in micro-environment. This technique cannot be
employed on large scale because it is time consuming and impracticable
under field conditions.

2 Chemical
protection

The  crop  is  protected  from  pest  damage  through  the  application  of
pesticides. The yield of the treated crop is compared with that of the one
which has been subjected to normal infestation. This technique has been
extensively used and can be employed on a large scale in farmers' fields. It
should, however, be ensured that treated and untreated fields/plots should
be as similar as possible in respect of soil type, variety, fertilization and
cultural practices. The major shortcoming in this approach is that the crop
treated  with  chemicals  may be  physiologically  affected  and hence  may
give either more or less yield.

3 Comparison of
yield in

different fields.

The yield is calculated per unit area in different fields carrying different
degrees of pest infestation. The correlation between crop yield and degree
of infestation is worked out to estimate the loss in yield. This technique
can be used for estimating crop loss due to different pests over a larger
area.  The yield  in  different  fields  may,  however,  be  influenced  by soil
heterogeneity.

4 Comparison of
yield of

individual
plants.

In this case, the individual plants from the same field are examined for the
incidence of pests and their yield is determined individually. The average
yield of healthy plants is compared with that of plants showing different
degrees of infestation and the loss in yield is estimated. The same data can
also be used for working out a correlation between yield and infestation on
the basis of individual plants. This technique has been used with various
modifications in maize borer, sugarcane borers and aphids. In this method,
soil  heterogeneity  factor  is  considerably  reduced  as  compared  to  the
previous  method,  where  comparison  is  made  among  different  fields.
However, the fact that different plants show varying degrees of infestation
is  itself  an  indication  that  plants  differ  from  one  another  in  some
unidentified  factor(s)  due  to  which  they  exhibited  different  degrees  of
infestation. This factor may be genetic, physiological or it may be mere
soil heterogeneity in the same field. Moreover, this method is also time
consuming and involves lot of labour.

5 Damage
caused by
individual

insect

Preliminary information is obtained from studies on biology of the pest
species. The details regarding the amount of damage caused by different
ages or stages of the insect pest are worked out and the amount of loss is
calculated.  This  technique  is  quite  convenient  in  case  of  leaf-feeding
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insects. However, it is difficult to use this technique over a large area since
it is time consuming.

6 Manipulation
of natural
enemies

The pest is controlled by introducing parasitoids/ predators into the field
and the  yield  of  such a  crop is  compared  with  mat  on  which  no such
measures  have  been  adopted.  This  technique  has,  however,  not  been
widely used. This method is feasible only on small plots and not applicable
on a field scale.

7 Simulation of
damage

In this  case,  pest  injury is  simulated by removing or injuring leaves  or
other parts of the plant. The simulated damage may, however, not always
be equivalent to the damage caused by an insect. Insects may inject long-
acting toxins rather than producing injury instantly. Feeding on margins of
leaves  may  not  be  equivalent  to  tissue  removal  from the  center  of  the
leaves. Insect feeding is usually extended over a period of time and it is
rather difficult  to incorporate the concept of rate of injury in simulation
studies. Furthermore, the period of leaf removed may be important, as for
example the age, quality and position of the leaf on the plant. In addition,
time of simulating damage with respect to the stage of plant growth is also
critical. Simulated studies have been conducted on spotted bollworms on
cotton in India.

4.5 Exercise

1) Enlist the various terminologies used in assessment of crop losses caused by insect pests.

2) List out the techniques adopted for the assessment of crop losses.

3) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 5
POPULATION DYNAMICS OF INSECT PESTS

Date:______________
3.1 Objective 

To find out the cause of the fluctuation of the pest population in the crop fields during the

different seasons. 

3.2 Methods

To study the population dynamics of any pest, select 20 m x 20 m plot untreated plot

from each crop. Observations should be taken from the plot at weekly interval. The data should

be  correlated  with  the  weather  parameters  o  know the  cause  of  the  fluctuation  of  the  pest

population.

The fluctuation in the insect population observed over period of time, due to different

nature factors acting on them is known as population dynamics. Here the insect population level

fluctuates around the general equilibrium position (GEP).

3.3 Factors affecting the dynamics of pests population

Sr.
No.

Factors Details

1 Biotic factors Biotic factors of the environment tend to modify the activities of

insects.  Individuals  within  a  population  enter  into  varied

interactions  with each other  besides interacting  with the adjacent

population.  These  interactions  may  be  positive  or  negative

according to whether it produces beneficial or harmful effects on

the interacting individual or population. In the positive interaction

the individuals live adjusting each other which is known as either

mutualism or commensalism.
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1. Competition The active demand by two or more individuals of the same species

of  population  (Intraspecific  competition)  or  members  of  two  or

more species at the same trophic level (Interspecific competition)

for a common resource or requirement, which is limiting is known

as competition. Both the types of competition lead to density and

diversity of a population. Example for this type of competition is

given below.
Interspecific

competition

Accidental  introduction  of  oriental  fruit  fly  Bactrocera  dorsalis

replaced Mediterranean fruit fly ceratitis capitata in Hawai (1940).
Intraspecific

competition

Crowding  in  aphids  results  in  dispersal  of  winged  form.

Cannibalism is noticed in American bollworm larvae and chrysopid

grub.  Increased  crowding  (population  pressure)  in  rice  weevil

Sitophilus oryzae leads to reduction in fecundity.
2. Parasites and

Predators

Parasite: An  organism  which  is  dependent  for  some  essential

metabolic factors on another throughout it all life stages, which is

always larger than itself.
Parasitoid: An insect parasite of an arthropod which is parasitic in

its immature stage Wiling its Host in the process of development

and adults are free living.
Predator: An organism that captures and feeds on other insects.
Interactions  between  predator  and  prey  are  different  from  the

parasite-host  relationship  in  that  the  predator  and  prey  maintain

equilibrium  more  dynamic  than  the  parasite  and  its  hosts.  The

parasites in general when the rate of parasitism high, cause death

and result in elimination of hosts. But the predator never eliminates

the prey completely.
2 Abiotic factors Temperature: It has got a profound influence on the life cycle of

insects by affecting the number of generation. Normal life activities

go on smoothly at a specific temperature or at a specific range of

temperature  called  optimum  range  of  temperature.  The  rate  of

chemical  reactions  and  metabolic  processes  are  influenced  by

temperature. Insect enter into diapause, if the temperature is below

optimum called hibernation or above optimum called aestivation.

Life  in  this  universe  exists  within  a  range  of  -200  to  100°C.
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Maggots  of  Chironomids  and  other  dipterans  thrive  upto  55°C.

Snowfleas (Collembola) survives near polar region of earth at high

mountain ranges.
Light: Regularly occurring daily cycles of light and darkness have

been known to exert influence on the behaviour and metabolism of

organisms. The response of organisms to environmental rhythms of

light  and  darkness  is  termed  photoperiodism.  Each  daily  cycle

inclusive  of  a  period  of  illumination  followed  by  a  period  of

darkness is called photoperiod. Photoperiod is an important factor

in diapause induction, because the intensity of diapause is directly

related to day length. Influence of light on some insects is given

below. 

 Silkworm  moth  Bombyx  mori long  day  late  embryonic

development induces the adult to lay diapausing egg. 

 Aphids short day length produces sexual forms and long day

length produces asexual forms like parthenogenetic viviparous

reproduction. This is known as seasonal dimorphism.
Humidity: Entomogenous fungi,  fungus attacking insect  requires

high  humidity  for  multiplication  and  spread.  Coffee  green  bug

Coccus  viridis  is  controlled  by  white  halofungus  Verticillium

lecani,  which  multiplies  faster  at  high  relative  humidity.  High

humidity  induces  the incidence  of BPH rice  and aphids  in  other

crops. For termites (Isoptera) humidity is an important ecological

factor. They move towards zone of high humidity. Worker termites

have a humidity preference of 90.to 95 per cent and live longer at

100 percent relative humidity under starved condition. Groundnut

leaf miner incidence is less irrigated crop than rainfed crop due to

RH factor. Influence of humidity on fecundity is given below

 Migratory locust  Locusta migratoria failed to produce eggs at

40 per cent RH, but at 70 per cent RH only it sexually matures.

 Rice weevil  Sitophilous oryzae fecundity is less at 34 per cent

RH and maximum at 70 per cent RH.
Rainfall: Some of the effects of rain fall on the biology of insects
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are given below

 Red hairy caterpillar (RHC) and cutworms rain fall is essential

for adult emergence and pupation

 Excess rainfall brings the (white grubs) to soil surface, so that

get predated by birds. Excess rainfall  control aphids diamond

back moth (DBM). Intermittent low rainfall increases BPH and

thrips incidence in rice.
Wind: It helps in the dispersal of insect species besides interfering

with their normal feeding, mating and multiplication. With the help

of the wind current Helicoverpa adult fly up to 90 km. It also helps

in the dispersal  of aphids  over  large area.  Indirectly  it  helps  the

insects by altering the temperature and RH. Mites also get dispersed

by wind.
Topographic factors:  Besides mountain, large areas under water,

viz., lake, sea, etc. also act as physical barrier for the spread.
Soil type: It plays an important role in the multiplication of insect

species wire worms multiply in heavy clay soil with poor drainage

and white grubs multiply in loose sandy soil with better drainage.
Water:  Standing water helps in the multiplication of insects like

mosquito  and  certain  beetles.  Running  stream  is  preferred  by

odonates, caddis flies etc.

3.4 Exercise

1) Visit to the nearby crop field and take the observation of key pests and write the data in

your manual.

2) Write the role of weather parameters in the dynamics of pest population.

3) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 6
IDENTIFICATION OF BIOCONTROL AGENTS

Date:______________
6.1 Objective 

To identify the predators and parasitoids used in pest management programme.

6.2 Biological control

Biological control is a process in which one species population lowers the numbers of

another species by mechanisms such as predation,  parasitism, pathogenesis or competition or

Biological control involves use and manipulation of natural enemies by man.

6.3 Predator

A predator is free living organism throughout its life, it kills and prey, is usually larger

than its  prey and require more than one prey to complete its development.  e.g.  Chrysoperla

zastrowi sillemi.

6.4 Parasitoid

A parasitoid is a specific kind of parasite which is often about the same size as its host,

kills  its  host and requires only one host (prey) for development  in to free living adults.  e.g.

Braconids wasp.

6.5 Parasite

A parasite  is  an  organism which  is  usually  much smaller  than  its  host  and 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.

6.6 List of order bearing Parasitoids and predators

28



Sr.
No.

Name of order Name of family Examples

A. Parasitoids
1 Hymenoptera Ichneumonidae Eriborus  trochanteratus,  a  larval  parasitoid  on

coconut  black  headed  caterpillar,  Opisina

arenosella.
Braconidae Bracon  brevicornis,  a  larval  parasitoid  on  O.

arenosella,  Chelonus  blackburni,  egg  larval

parasitoid on cotton spotted bollworms, Earias spp.
Chalcididae Brachymeria  nephantidisa  larval  parasitoid  on  O.

arenosella.
Trichogrammatida

e

Trichogramma chilonis,  an egg parasitoid on many

lepidopterous pests.
Eulophidae Trichospilus  pupivora  and  Tetrastichus  israeli,

pupal arasitoids on O. arenosella.
Bethylidae Parasierola (=  Goniozus)  nephantidis,  a  larval

parasitoid on O. arenosella.
2 Diptera Tachinidae Sturmiopsis  inferens,  a  larval  parasitoid  on

sugarcane shoot borer, Chilo infuscatellus
3 Lepidoptera Epiricanidae Epiricania  melanoleuca Parasitic  on  nymphs  and

adults of sugarcane leafhopper, Pyrilla perpusilla
B. Predators

1 Odonata Aeshnidae Anax guttatus
2 Dictyoptera Mantidae Mantis religiosa
3 Hemiptera Reduviidae Harpactor costalis on the red cotton bug Dysdercus

cingulatus
Pentatomidae Eucanthecona furcellata  on the larvae of red hairy

catepillar,  Amsacta albistriga  and gram caterpillar,

Helicoverpa armigera.
Belostomatidae Giant water bug feeds on variety of aquatic insects.

Miridae Green  mirid  bug,  Cyrtorhinus  iividipennis  feeds

mainly on the eggs and early stage nymphs of green

leaf hopper (GLH), brown plant hopper (BPH) and

white backed plant hopper (WBPH) in rice.
Veliidae Microvelia  atrolineata  feeding  on  the  first  instar

caterpillar of lepidopteran pests and GLH, BPH and

WBPH in rice ecosystem.
4 Neuroptera Myrmeliontidae Antlions
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Chrysopidae Green lace wings
5 Diptera Asilidae Robber flies

Syrphidae Hover fly
6 Coleoptera Coccinellidae Lady bird beetles feeds on aphids

Carabidae Ground beetles
Cicindelidae Tiger beetles
Staphylinidae Rove beetles

7 Hymenoptera Vespidae Wasps
Sphecidae Digger wasps
Formicidae Red ant

6.7 Exercise

1) What is biological control?
2) Enlist the different predators and parasites.
3) Visit to the nearby field and collect as well as preserve the different bioagents according

to order in the insect collection box.
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EXERCISE – 7
STUDY OF PESTICIDE FORMULATIONS

Date:______________
7.1 Objective 

To know the characteristics of different formulations of the pesticides which are used in

the pest management.

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 leave uniform and persistent deposit upon the plant

surface. The toxicant is to be made available in a diluted form or in a form easily distributed.

Therefore the compound containing the toxicant must be formulated in a form suitable for use as

a spray, dust or fumigant.

7.2 Common formulations of pesticides:

Sr.
No.

Type of
formulation

Name of the formulation

1 Solid

formulation

s

Dusts: 

 In a dust formulation, the toxicant is diluted either by mixing with or

by impregnation on a suitable finely divided carrier. 

 The carrier may be an organic flour or pulverized mineral or clay. e. g.

Fenvalrate 47 % dust, Methyl parathion 2 % dust.
Granular: 

 In a granular formulation,  the particle is composed of a base as an

inert  material  or  vegetable  carrier  impregnated  or  fused  with  the

toxicant which is released from the formulation in its intact form or as

it disintegrates giving controlled release. 

 Granules  are  prepared  in  three  ways:  i)  Impregnation  technique  ii)

Agglomeration technique iii) Stick-on technique. e.g. Carbofuran 3G
Wettable powders (WP) or water dispersible powders (WDP): 

 It  is  a  powder formulation  which  yields  a  rather  stable  suspension

when diluted with water. 

 It  is  formulated  by  blending  the  toxicant  with  a  diluent  such  as

attapulgite, an auxillary material and surfactant. e.g. Carbaryl 50 WP,

Diflubenzuron 25 WP.
Water soluble powder (SP or WSP): 

 It  is  a  powder  formulation  readily  soluble  in  water.  Addition  of

31



surfactants improves the wetting power of the spray fluid. 

 This  formulation  usually  contains  a  high  concentration  of  active

ingredient  and  therefore  convenient  to  store  and  transport.  e.  g.

Acephate 75 SP, Methomyl 40 SP, Cyfluthrin 10 WSP.
Poison baits: 

 Formulated  baits  contain  low  levels  of  toxicants  incorporated  into

materials  such  as  food  stuffs,  sugar,  and  molasses  etc.  that  are

attractive to the target pest. e. g. wax cake for rodents (Roban).
2 Liquid

formulation

s

Emulsifiable concentrate (EC): 

 The formulation contains the toxicant, a solvent, an emulsifying agent

and other spray additives. 

 It is a clear solution and yields an emulsion of oil-in-water type when

diluted with water to spray. 

 When  sprayed  the  solvent  evaporates  quickly  leaving  a  deposit  of

toxicant from which water also evaporates.
Suspension concentrate or Flowable (F): 

 This formulation is developed when an active ingredient is insoluble

in either water or organic solvents. 

 The active ingredient is milled with a solid carrier (e. g. inert clay) and

subsequently dispersed in a small quantity of water. 
Water dispersible Granules (WDG) or Dry Flowable (DF): 

 It  is  like  as  wettable  powder  except  prepared  as  granules.  e.  g.

emamectin benzoate 5 WG, Thiamethoxam 25 WDG, Flubendiamide

20 WG. 
Solution concentrate (SC): 

 The  liquid  formulation  contains  the  active  ingredient  in  a  water

miscible solvent. When mixed with water during spraying the solvent

dissolves in water leaving the active ingredient alone. 

 Addition  of  a  surfactant  provides  wetting  power.  e.g.

Chlorantranilirpole 20 SC, Thiachloprid 48 SC.
Concentrated insecticide liquids: 

 The  technical  grade  of  the  toxicant  at  highly  concentrated  level  is

dissolved in non-volatile solvents. 

 A more  volatile  solvent  is  also  added  to  enable  solution  and drop
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formation.
Microencapsulation: 

 Particles of a pesticide, either liquid or dry, surrounded by a plastic

coating are with water and applied as a spray, the toxicant is released

slowly.
3 Gas

formulation

s

Aerosols: 

 The toxicant is suspended as minute particles (0.1 to 50 microns) in air

as a fog or mist. 

 The  toxicant  is  dissolved  in  a  liquefied  gas  under  pressure.  e.g.

Mosquito repellant 
Fumigants: 

 A chemical compound which is volatile at ordinary temperatures and

sufficiently toxic is known as a fumigant. 

 Fumigants  are  mostly  used  against  storage  pests  and  in  confined

enclosures. e.g. Aluminum phosphide, Zinc phosphide
Fogging concentrates: 

 These are used for mosquito management and sold for public health

use for pest control operations. 

 Fogging machines generate fog (droplets of 1-12 micron) 

7.3 Exercise

1) Visit  to the nearby shop of pesticide retailer  and collect  the information  on different

pesticides with their formulation. 

2) List out the solid, liquid and gaseous formulation of pesticides. 
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EXERCISE – 8
CALCULATION OF DOSES OF INSECTICIDES

Date:______________
8.1 Objective 

To know the exact dose required for the preparation of spray fluid to be applied. 

All insecticides are toxic not only to insects but also to warm blooded animals including

human.  Active  ingredients  of  pesticides  are  generally  available  in  concentrated  forms  with

primary producers. They have to be diluted and formulated as per recommended concentration or

strength and it varies with the nature of pest and the type of crop to be treated. The preparation of

recommended spray or dust in the field should be known to a plant protection worker and should

get acquainted with the calculation of quantities of diluents and formulated insecticides required

to prepare the same.

The insecticides available in the market contain different percentage of active ingredient.

e.  g.   Carbaryl  50 % WP, Dimethoate  30 % EC, Triazophos  40% EC,  etc.  Insecticides  are

recommended in two ways.

8.2 On the basis of a.i./ha 

e. g. Dimethoate 300 g a.i./ha, Carbaryl 2 kg a.i./ ha.

8.3 On the basis of concentration of insecticide in spray fluid 

e. g. Dimethoate 0.03 %, Monocrotophos 0.04 %, Carbaryl 0.2 %.

Thus, it is necessary to work out the quantity of formulated insecticide to be mixed in

given quantity of water to obtain a desired concentration of insecticide in the spray fluid. This

can be done by using following formula.

Quantity of

insecticide required

(kg/l)

+

=

Quantity of spray fluid to be

prepared (l)
X Concentration of spray

fluid (%)

Concentration of a.i. in the formulation (%)

8.4 Study carefully the following examples: 

1. Groundnut  crop  is  infested  with  aphids.  It  is  required  to  be  sprayed  with

monocrotophos  0.04  % @ 500  l/ha.  Calculate  the  quantity  of  Nuvacron  36  % EC

required for 1 spray to cover two hectare area and calculate the cost of insecticides for

one spray. The price of nuvacron is Rs. 250/ l 

   500 X 0.04
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Q =   -----------------   = 0.555 l/ha 
36 

Requirement of insecticide is 1.11 l for 2 ha area 

Cost of insecticide = 250 X 1.11 = 277.55 Rs. 

2. Carbofuran 3 G is recommended @ 1 kg a.i./ ha. It is available in market as Furadan 3

G. Calculate the quantity of insecticide to be purchased for 2 ha area. 

For 3 kg a.i., carbofuran,         100 kg Furadan 3 G is required. 

Therefore, for 1 kg a.i.,                        ? 

1 X 100 
= -------------------     = 33.33 kg Furadan 3 G is required.

     3 

For 2 ha, 66.66 kg Furadan 3 G is required.

8.5 Exercise

Solve the following examples:

1. A  farmer  has  0.5  ha  of  brinjal  crop  which  is  infested  by  shoot  and  fruit  borer.  It  is

recommended  to  spray  with  Quinalphos  0.05  %  or  chlorpyriphos  0.05  %  @  500  l/ha.

Calculate the quantity of both the insecticides required for 2 sprays. State which spray will be

cheaper? The market price of Ekalux 25 EC is Rs. 275/l and Durmet 20 EC is Rs. 300/l. 

2. A farmer has one ha Mango orchard having the trees planted at a distance of 10 m X 10 m.

He is advised to apply carbaryl 0.2 % on tree trunk @ 2 l/ tree after withdrawal of monsoon,

dichlorvos 76 EC 35 EC @ 21 ml/ 10 l at blossom i.e. emergence of inflorescence and one

spray of imidacloprid 0.005 % at the peanut stage of mango fruits. The spray solution of 10 l

is required to spray one tree. The carbaryl and imidacloprid is available in the market as 50 %

WP and 17.8 % SL, respectively. Calculate the quantity of each insecticide to be purchased

from the market.

3. Cypermethrin is available as 10 % EC. It is recommended to apply cypermethrin @ 90.0 g

a.i./ha in cotton ecosystem. Requirement of spray fluid in 1 ha area is about 500 l. Calculate

quantity  of cypermethrin  required  for  one spray for  2  ha of cotton field  and quantity  of

insecticide for preparation of 10 l of spray fluid? 

35



EXERCISE – 9
CALCULATIONS BASED ON ECONOMICS OF IPM

Date:______________
9.1 Objective

To estimate the actual economics of IPM programme for getting benefit after applying all

plant protection measures.

9.2 Cost : Benefit Ratio

Cost  :  Benefit  ratio  is  an  indicator,  used  in  cost  benefit  analysis  that  attempts  to

summarize the overall value for money of a project or proposal. It is the ratio of the cost of a

project  or  proposal,  expressed in  monetary  terms,  relative  to  the  benefits,  also  expressed  in

monetary terms. Cost : Benefit analysis can be made with the help of a partial budget. A partial

budget is an estimate of the changes in income and expenses that would result from carrying out

a proposed change. 

It quickly establishes an estimated cost of the application of a technology and compares it

to the estimated change in income that results from the use or application of the technology. If

the difference is a positive change in net income, it is usually recommended that the technology

be adopted. 

9.3 Incremental Cost Benefit Ratio

 Incremental Cost Benefit Ratio (ICBR) should be worked out for each treatment. For this

purpose, gross realization should be worked out for all the treatments including control

by deducting the cost of insecticide as well as the cost of labour required for spray, from

the total income of the marketable fruit yield. 

 Net gain over control was calculated by deducting realization of each treatment. 

 At the end, the benefit to cost ratio for each treatment can be calculated by dividing the

net gain over control by total cost of insecticides including cost of labour for spray.
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9.4 Example of economics calculation

 In order to know the economics of different treatments against S. litura infesting castor,

Incremental Cost Benefit Ratio (ICBR) need to worked out. 

 For this purpose, total cost of insecticidal treatment per hectare can be calculated for each

treatment based on prevailing market price. 

 The increased yield over control can be calculated by subtracting the yield obtained in

control  treatment  from  the  yield  obtained  in  each  biocidal/synthetic  insecticidal

treatment. 

 Then, the gross realization over control can be worked out for each treatment based on

the increased yield (q/ha) over control. 

 The  net  gain  (`/ha)  for  each  treatment  can  be  computed  by  deducting  the  cost  of

insecticidal treatment from the values of gross realization over control. 

 The ICBR i.e. net gain in rupees per rupee cost of insecticidal treatment can be calculated

by dividing net gain with the cost of treatment. This gives values of gross ICBR. 

 To calculate the value of net ICBR (NICBR) i.e. additional profit gained per rupee cost of

treatment, 1 rupee should be subtracted from ICBR obtained in each treatment.
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9.3.1 Economics of biocides used for the control of S. litura in castor

Biocides Conc.
(%)

Qty. of biocide
required for
two sprays

(litre or kg/ha)

Total cost of
treat. for

two sprays
(`/ha)

Yield
(q/ha)

Gross
realization 

(`/ha)

Net
Realization
over control

(`/ha)

Net profit
(`/ha)

ICBR NICBR

NSKE 5 62.5 1718 22.85 79975 28301 26583 1: 15.48 1: 14.48
Neem oil 0.3 3.75 1055 21.22 74282 22607 202474 1:19.19 1: 18.19
Tobacco 
decoction

2 25 1155
19.19

67177 15502
14347 1:13.42 1: 12.42

NLE 10 125 1280 18.19 63653 11979 10699 1:9.36 1: 8.36
Azadirachtin 0.0006 5 6620 23.51 82273 30599 23979 1: 4.62 1: 3.62
SNPV 250

LE/ ha
1.25 1305 28.33 99155 47480 46175 1: 36.38 1: 35.38

Bt 0.15 1.88 2913 26.30 92040 40366 37453 1: 13.86 1: 12.86
Bb 0.4 5 1680 26.77 93683 42009 40329 1: 25.01 1: 24.01
Nomuraea 
rileyi

0.4 5 2180
18.38

64330 12656
10476 1: 5.81 1: 4.81

Control - - - 14.76 51674.23 0.00 0.00 - -
Labour charge: Normal- ` 120/labour/day Market price of castor seed: 3500/quintal

For spraying- `170/labour/day 
NSKS : Neem seed kernel extract NLE    : Neem leaf extract Bb  : Beauveria bassiana
Bt       : Bacillus thuringiensis SNPV  : Spodoptera litura NPV Nr : Nomuraea rileyi

9.4 Exercise

1) Why we should calculate the economics of IPM?
2) What is ICBR?
3) Solve the examples pertaining to the calculation of economics given by course teacher.
4) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 10
IPM MODULES AND DECISION MAKING

Date:______________
10.1 Objective 

To know the process of integrated pest management by taking timely decision.

10.2 Definition (by FAO)

Integrated pest control is 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.

10.3 Component of IPM module

1) Legislative methods

2) Cultural control methods 

3) Mechanical control methods 

4) Physical control methods 

5) Biocontrol methods 

6) Botanical control methods

7) Chemical control methods

8) Biotechnological control methods

9) Biorational and other innovative methods 

10.4 Decision Making Systems

 Pest  management  is  a  combination  of processes  that  include  decision making,  taking

action against a pest, and obtaining the information to be used in reaching these decisions

(Ruesink  and  Onstad,  1994).  In  assessing,  evaluating  and  choosing  a  particular  pest

control option, farmers are likely to take three major factors into account.

 Farmers'  perception  of  the  problem and  of  potential  solutions  is  the  most  important

factor. Here, the farmer's ability to identify pests, his assessment of likely and potential

pest losses, and his opinion regarding the efficacy of different control options will affect

the decision process.

 The way in which control options are assessed will depend on the farmers' objectives. 

 Subsistence farmers may opt for a guaranteed food supply while commercial farmers are

more concerned with profit.
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The process of decision making in IPM (after Reichelderfer el al, 1984)

 The number of options that a farmer can feasibly use would depend on the constraints set

by the resources available.

10.5   Various  alternative  pest  control  options  could  be  evaluated  for  their  cost

effectiveness

 Determine from experimental results both the per hectare cost and a measure of effect of

each  alternative  practice.  If  effectiveness  can  be  measured  in  terms  of  output  (yield

and/or  crop  quality),  use  partial  budgeting  or  other  analytical  techniques  to  evaluate

alternatives.  If  effectiveness  cannot  be  measured  in  these  terms,  proceed  with

determination of cost- effectiveness.

 Using the same units in which effectiveness is measured (e.g. reduction in pest numbers

or damage) specify an effectiveness target that is appropriate, given the experimental data

and information at hand (e.g. a 50% reduction in pest population).

 Multiply the cost of each practice times the effectiveness target, then divide that product

by the actual level of effectiveness achieved by the practice. This gives a set of relative

cost-effectiveness figures in rupees per hectare. 
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 Compare the cost-effectiveness of alternative practices. The practice that has associated

with it the least cost to achieve the effectiveness target is the most cost-effective practice.

10.6 Essential requisites for decision making in IPM

IPM is a knowledge intensive system and a lot of background information regarding the

pest abiotic and biotic factors, agro ecosystem and management tactics is required for taking

decisions regarding execution of IPM programmes.

Sr. No. Particulars Details
1 Identification of insect

pest(s)

Proper identification of the insect pest causing damage in a

given situation is essential for collecting further information

about the pest as well as for undertaking necessary control

measures.  Correct  identification  will  lead  to  published

information  on  the  insects'  life  history,  behaviour  and

ecology which are important in the development of suitable

control measures.

Correct identification may help to direct biological control

workers to know the area of origin of the pest. On the other

hand,  wrong  identification  of  the  target  organism  in  the

native  habitat  may  lead  to  the  introduction  of  the  wrong

natural enemy, which may also fail to get established in the

new area. Such mis-identification was one of the reasons for

repeated failures in the biological  control  of California  re

scale. Aomdiclla aurantii (Maskell) which was misidentified

as a species of Chrysotnphalus a genus believed to be of

South American origin.
2 Life  history  and

behaviour of the pest

In addition to the information obtaine from literature, it is

essential  to  study  the  life  history  of  the  pest  including

duratio  of  different  developmental  stages,  fecundity  and

number of generations per year, i the target area. Host range

of  the  insect  pests  including  the  sequence  of  crops,

noncultivated plants and weeds should also be known.

Behaviour of the pest including mode of feeding, plant parts

(roots, foliage reproductive parts, etc.) attacked, external or

internal feeding behaviour and mobility of the pest are also
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important considerations for undertaking control measures.
3 Natural  regulating

factors

Most of the insects occurring on a crop are held ' check by

natural regulating factors. It is essential to know the biotic

(parasitoids  predators,  pathogens,  etc.)  and  abiotic

(temperature,  moisture,  etc.)  factors  which  regulate  the

population  of  important  insect  pests  on a  particular  crop.

Correct identification of natural enemies is also important in

order to manipulate them for their utilization in IPM.
4 Need  for  control

measures

Insects  are  ubiquitous  in  agricultural  as  well  as  natural

ecosystems. The need for taking control measures against a

particular  insect  pest  depends  on  a  large  number  of

interacting factors including number of insects, crop value,

type  of  damage,  idiosyncrasies  of  the  consumer  and

economic and environmental costs of the control measures.

In IPM, location specific environmentally based economic

injury levels may be used for taking decisions regarding the

need for control measures.
5 Timing  of  control

measures

Timing of application of control measures is a criti factor in

IPM decision making. The application must be made at a

time  at  which  pest  is  present  at  a  susceptible  stage.  For

instance,  it  is  important  to apply insecticide  against  early

instars of H. armigera before they bore into the pod or fruit

where  it  is  difficult  to  control.  Timing  may  also  be

important in relation to augmentative releases of parasitoids.

Parasitoids should not be released before a pest population

is large enough to allow natural enemy establishment  but

not too late that they cannot exert sufficient levels of control

before damage is caused. Where a combination of measures

is  used,  for instance,  pesticides  and natural enemies,  then

the timing of pesticide application needs to be adjusted to

minimize the harm to populations of natural  enemies and

other beneficial organisms.
6 Selection  of  suitable An array of control  measures  is  usually  available  for use
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control measures against a particular pest. The prophylactic measures have to

be taken well in advance of the appearance of the pest or

even before the time of sowing of the crop. These include

resistant  varieties,  cultural  control  measures  and

environmental  manipulations  for  strengthening  of  natural

control. The curative control measures including the use of

chemical  and  biologically  based  pesticides  may  be

undertaken based on economic injury levels. It is important

that  appropriate  control  measures  are  selected  that  are

compatible  and  their  combined  use  is  practicable  and

effective. The selection of chemical or biological pesticide

depends  on  its  efficacy  against  the  pest,  formulation  and

method  of  application,  cost  of  application,  residual

effectiveness, effect on non-target organisms, environmental

cost, etc. Pest management ratings, contingent valuation and

environmental impact quotient are some of the parameters

used for selecting pesticides for use in IPM.

10.7 Exercise

5) Define the IPM?
6) Write the essential requisites for decision making in IPM. 
7) Follow the instructions given by the course teacher during practical classes.
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EXERCISE – 11
IPM AWARENESS CAMPAIGN AT FARMER’S FIELD

Date:______________
11.1 Objective

To implement effective integrated pest management programme at farmers field.  

Government of India has taken several measures for proper use of pesticides by the farmers

in the country. The pesticide residue data generated under the “Monitoring of Pesticide Residues

at National Level” are shared with State Governments and concerned Ministries/Organizations to

initiate  the  corrective  action  for  judicious  and  proper  use  of  pesticides  on  crops  with  an

Integrated Pest Management approach and to generate awareness amongst farmers.

11.2 Mealy bug Awareness Programme (Source: Success Stories of Integrated Pest 

Management in India, ICAR-NCIPM, New Delhi)

Mealybug (P. solenopsis), a pest never reported earlier in India, made its appearance for

the first time on Bt cotton in Gujarat in 2004 and became a threat to cotton by 2005-06. The pest

entered into Punjab in 2006 along with Bt-seed cotton and by 2007 acquired the status of major

pest in all the eight major cotton-growing districts of Punjab causing a loss of 1590 millions to

the farmers. Its epizootic in Punjab was threatening the crop in adjoining states of Haryana and

Rajasthan. To overcome the mealybug menace, NCIPM developed an integrated management

strategy, which was successfully implemented through the Mealybug Awareness Programme-

Punjab (sponsored by Ministry of Agriculture, Government of India to NCIPM) in collaboration

with  PAU  Regional  Research  Station,  Faridkot,  State  Agriculture  Department,  Punjab  and

CIPMC, Jalandhar during 2008-09 in eight districts of Punjab viz., Ferozepur, Moga, Faridkot,

Muktsar, Bhatinda, Mansa, Barnala and Sangrur. 

In Punjab 320 villages were covered under the surveillance programme as fixed villages,

whereas another 160 villages were randomly surveyed at weekly intervals. Surveillance activity

was focused on the species  composition  and infestation  of  mealybug on cotton  crop and its

secondary host, i.e., Parthenium throughout the cotton season of 2008-09. Accordingly, suitable

alerts were issued to Chief Agriculture Officer of respective districts for further dissemination

and management at hotspots.

44



11.3 Training and extension

Master Trainers  were trained from eight  cotton growing districts  of State  Agriculture

Department  (Punjab)  on  identification,  life  cycle,  dispersal  and  management  strategies  of

mealybug. During the training they were provided with extension material such as posters and

folders, for further multiplication and distribution to farmers (Table 1). 

The master trainers in-turn trained the progressive farmers of the 950 selected villages,

who further imparted the knowledge to other fellow farmers in their respective villages. A video

film in Hindi titled “Kapas mein mealybug ka samekeet prabhandhan” (13 min) was prepared by

ICAR-NCIPM. Punjabi version of the DVD “Kapas che mealybug da sarvapakkhi prabhandhan”

was also prepared in collaboration with CIPMC, Jalandhar (Punjab). Around 1000 copies each of

Hindi  and  Punjabi  DVDs  were  produced  and  distributed  to  the  extension  functionaries

throughout the country. 

The Punjabi DVDs were also distributed to the “Sarpanchs” of 320 villages for onward

dissemination of the knowledge to the farmers through “Panchayat Ghars”. The knowledge and

management strategy for the emerging pest, mealybug was disseminated to majority of farmers,

improvising their knowledge to tackle the likely menace during 2008-09 season.

11.4 Management strategies

 Application  of  chlorpyriphos  in  neglected  unattended  fields  having  weeds  such  as

Trianthimum monogynae, Parthenium, etc.  infested with mealybug.

 Removal of Parthenium and other weeds near residence premises, roads, railway line,

dumping them in trenches and spray with Verticillium lecanii / chlorpyriphos (June to

September)

 Application of malathion dust around heaps of dry cotton sticks. Dry cotton sticks used as

fuel by farmers in different states are generally stacked in the fields or near the villages

which act as a reservoir for spread of mealybugs. During winter, the mealybug remains

on these sticks in the form of ovisacs or female mealybugs and on arrival of favourable

weather conditions during January, the crawlers emerge from the ovisacs and move to

nearby crops or weeds. To prevent such spread of mealybug, the disposal of cotton sticks

was advocated.  The remaining cotton stacks were applied with malathion dust on the
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boundary as a layer (Fig. 1) to prevent crawling of mealy bug nymphs from cotton sticks

to nearby crops / weeds.

 Regular  monitoring  for  mealy  bug  appearance  in  cotton  and  spot  application  of

profenophos only on infested plants at early stage instead of spraying the whole field,

conserved the natural ecosystem and saved the cost incurred on chemical pesticides (for

spraying the whole field).

 Proper precautions were taken while conducting survey as any person entering the field

could act as a carrier of mealy bug crawlers. Similarly all the equipment needed proper

cleaning while moving from one field to another to avoid the transport of mealy bug

crawlers.

 Need-based application of appropriate chemical pesticides in highly infested fields.

 Organizing periodic meetings  with farmers to  bring awareness about  mealy bugs and

their management.

 Avoidance of chemical pesticide application if natural parasitoids are observed in fields.

11.5 Exercise

1) Organize the IPM awareness programme to a nearby village.

2) List out the IPM awareness programmes running in the country.

3) Follow the instructions given by the course teacher during practical classes.
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