
 
Ex No. 2           Date: 
 
SAMPLING TECHNIQUES FOR THE ESTIMATION OF INSECT 

POPULATION AND DAMAGE 
 
 
Objective: 
 
To understand sampling techniques for the estimation insect pest population and their damage 
 
Estimation of Insect Population 
 
Population studies are helpful in pinpointing the factors that bring about numerical changes in the 
natural population and also in understanding the functions of the life-system of the pest species. 
Extensive s tudies over a  l arge area are needed to understand the di stribution patterns of  a  pest 
population, to predict the damage it is  likely to cause to initiate control measures and to relate 
changes i n the pest pop ulation to certain climatic or  ed aphic f actors. T he t ype of  popul ation 
estimation will depend on the objectives in view. The estimates are of three types. 
 

I) Absolute estimates  
II) Relative estimates  
III) Population indices 

 
I. Absolute estimates 
 
The t otal num ber o f i nsects pe r uni t area ( acre or  he ctare) is t he absolute popul ation. T he 
numbers pe r uni t a rea o f t he h abitat ( per pl ant, per s hoot o r pe r l eaf) i ndicates t he de nsity of  
population. The estimates of absolute population and population density are useful to know and 
analyze the key mortality factors. 
 

The following methods are commonly employed for knowing the absolute estimates. 
1. Quadrate method 
 
Small ar eas or  qu adrates w ill be  chos en at  random f rom a l arge ar ea w hich contains t he 
population. The area of the quadrate relative to the whole area is estimated and also population in 
the quadrate is known exactly. From a quadrate the insects can be counted or collected directly 
and their number can be correlated directly with the field population. The reliability of estimates 
made from this method depends on how representative the quadrates are of the whole population 
and how close one gets to count the numbers. 
 
2. Line-transect method 
 
In t his m ethod a  pe rson w ill w alk i n a  s traight line a t a  c onstant s peed through a ha bitat, t he 
number of  i ndividuals e ncountered can b e counted. The d ata based on s uch encounters c an b e 



used in estimating the absolute population of locusts and grasshoppers. The number of encounters 
in i nfluenced b y the s peed of  pe rson, t he s peed of  i ndividuals c omprising t he popul ation t he 
distance over which they can be perceived and the density of the population under studies. 
 
3. Capture, Marking, Release and the Recapture Technique 
 
The number of  f lying insects can not  be assessed by any of the methods described earlier. The 
capture recapture method can be used for these studies. The losses or gains in a population over a 
period can be determined with the help of this method. 
 
For t he ef fective appl ication of capt ure-recapture t echnique i n popul ation e stimations t he 
following conditions must be satisfied. 
 

1. The marking of individuals should not lead to changes in their behavior or longevity and 
marks do not get lost easily. 

 
2. The m arked individuals af ter be ing r eleased becomes com pletely m ixed up with the 

unmarked individuals of the population. 
 

3. The population is sampled randomly with respect to it’s mark status. 
 
 

4. The method of marking should be such as to distinguish between different dates of capture. 
 

a)  Group marking methods 
 
The mos t impor tant pr e r equisite in the te chnique is  th at t here s hould be no i nfluence on  t he 
longevity or behavior and the natural camouflage of the marked individuals. 
 
The different marking methods are as follows : 
 

i. Paints and solutions of dyes: Different colours of paints can be used for marking moths, 
locusts and grasshoppers, beetles and many other insects. Florescent pigments with gum 
Arabic glue can also be used. 

 
ii. Dyes and fluorescent substances in powder from: The hairy insects can be marked by 

dusting them with various dyes. 
 
iii. Labels: The locusts and butterflies have often been marked by attaching small labels as a 

part of their wing. 
 
iv. Mutililation: Clipping t he w ings o f l epidopterans, da maging t he e lytra of  be etles by 

incising edges or cutting small holes are some of the examples. 
 

v. Radioactive i sotopes: There are two m ethods of  marking with i sotopes. Those may be  
used as l abels out side t he or ganism or  alternatively can be f ed and incorporated i n t he 



tissues radioactive metals such as, cobalt (Co60) and Tantalum (Ta182) are widely used. In 
recapture studies the marked individuals can be detected by the use of Geiger Muller tube 
or by autoradiography. 

 
b) Individual marking methods:  

In these methods individuals are marked singly and they provide good information on t he longevity 

and di spersal of  m arked individuals. In i nvolves t he use of  small l abels which m ay be  a ttached t o 

wings or by having a combination of spots in various positions on the body and by the use of different 

colours. 

II. Relative estimates 

In t hese estimates t he popul ation i s m easured i n i ndeterminate uni ts w hich a llow c omparison. 
The relative estimates are obtained by catch per unit time by using various traps. Various types of 
collection nets are available for use in different habitats and the sweep net is most widely used 
for sampling the insects from vegetation. Only those individuals on the top of the vegetation and 
those that do not fall off or fly away on the approach of the collector can be caught with a sweep 
net. Various traps like, flight aquatic traps, pit fall trap, light trap can be used to collect insects 
and their trap catch can be correlated with the actual population existing in the field. 
 
III. Population indices 
 
In this type the bio products of pests such as exuviae, nests, webs, frass or their effects (damage to the 

host) are considered instead of pests themselves. 
 
Estimation of Insect Pests Damage 
 
A species that interferes with activities of plant and cause damage to yield is known as pest. The 
total y ield losses b y di fferent pe sts to all a gricultural c rops a t global level ar e estimated to be 
42.1% of attainable production. 
 
Estimation of crop losses caused by insects to economic crops are exceedingly difficult because, 
 

1. They variable in nature of damage. 
 

2. Insect population fluctuates both in time and space. 
 
The nature of damage caused by insect pests of crop plants is a function of pest population. So it 
is mostly insect capacity to increase in number rather than the nature of damage. 



 
 
The following four points should be kept in view to estimate the losses. 
 
1. Any i nsect which cause s ome ki nd of  t he da mage t o c rop c an be come pe st w hen i ts 
population increase abo ve a critical l evel. The critical l evel de pends u pon the na ture of  t he 
damage caused by the insect. 
E.g. In case of leaf feeders, the leaf eaten is near index of the losses caused by caterpillars. 
In case of insect vectors of virus of disease a very small population of infective individuals can 
spread the disease to whole crop. 
 
2. The l osses caused va ry both i n t ime a nd s pace from 0 t o 100 %.The e stimation i s f airly 
easy at  these two extremes, but there are large numbers of  factors which tend to invalidate any 
estimation in between these extreme limits. 
 
3. The loss may be either quantitative or quality. In case of quantitative loss reduced yield is 
observed, where as in qualitative loss, quality may be affected. 
 
E.g. In case of  w heat b ug ( Eurygastor integriceps) i s know n t o a ffect a dversely t he ba king 
quality of wheat. 
 
4. Insect losses in terms of money are also objected. That the selling price of the commodity 
would be reduced, if insect infestation were to be greater extent. 
 

The measures generally followed for estimating the losses caused by insect pests are based on 
either growing a crop as free from insect infestation as possible or then comparing its yield with 
that of  check c rop i n w hich i nsect a ctivity ha s been nor mal, o r b y m aking us e o f di fferential 
infestation and comparing the yield. 
 

The above ones are used in the following methods for estimating the crop losses. The methods 
are as follows, 
 

1. Mechanical protection of crop from insect pest damage 
2. Chemical protection of the crop 
3. Comparison of  yields i n di fferent f ields ha ving di fferent de grees of  pe st 

infestation 
4. Comparison of average yield of healthy plant with that of infested plants 
5. The average amount of damage caused by individual insect 
6. Manipulation of natural enemies 
7. Simulated damage 

 
 
 
 
 



1. Mechanical protection of crop from insect pest damage: 
 
The crop is grown under the enclosures of wire gauze or cotton cloth. These enclosures keep the 
pest aw ay from t he cr op. T hen, t he yield of  c rop unde r s uch e nclosures i s c ompared w ith t he 
yield obtained from the infested crop under similar conditions. 
 
 
This technique has been used with that various modifications for estimating the losses caused by 
leafhoppers and whitefly to cotton 
 
Flaw: 
 
a. The limitation in the case of enclosures is that the plants generally become pale and weak due 
to changes in micro environment. 
 
b. This technique can not be adopted on an extensive scale because it is very time consuming and 
impracticable on a field scale. 
 
2.  Chemical protection of the crop: 
 
The c rop is p rotected from pe st d amage b y best s cheduled ch emical r ecommendation of 
pesticides. T hen, t he yield of  t reated c rop i s c ompared w ith t hat s ubjected t o nor mal i nsect 
infestation. 
This technique has been very widely used and it can be adopted on a large scale in cultivator’s 
field. 
Flaw: 

The crop treated with the chemical protection can also be physiologically affected for better o r 
worse because of the effect of the chemical protectant. 
 
3. Comparison of yields in different fields having different degrees of pest infestation: 
 
The yield i s de termined pe r uni t a rea i n di fferent f ields h aving di fferent de grees o f pe st 
infestation. The correlation between the yield and degrees of infestation is worked out to estimate 
the loss in yield. 
 
Israel (1959) estimated the damage by stem borer at two stages of plant growth i.e., dead hearts in 
early vegetative growth phase and white ears produced at f lowering stage. Then, the following 
equations were obtained 
 

Y=2110.85-5.935X1 ------ Dead heart stage. 

Y =22 - 3.41 X2 ---- White ears stage 

Where,   
 

Y= Yield of paddy, X1 and X2 = Degree of pest incidence 



There was 0.28% loss in yield per unit increase in dead hearts and 0.624% loss in yield per unit 
increase in white ear heads. This technique can be used for estimating crop loss due to different 
pests and diseases over a large area. 
Flaw: 
The yield in different fields can also be influenced by the soil heterogeneity 
 
4. Comparison of the average yield of healthy plants with that of attacked plants: 
 
In this process individual plants from the same field are examined for the pest incidence and their 
yield is determined individually. The loss in yield is estimated by comparing the average yield of 
healthy plants with that of plants showing different degrees of infestation. The same data can also 
used for working out  t he correlation be tween the yield and infestation on t he basis of  i nfested 
individual plants. 

 
Pradhan and Prasad worked out the correlation between damage by Chilo partellus and 

the yield of sorghum in the following equation; 
 

Y = 6.6204 X 1- 0.9257X2 -27.17 
Where, 

 
Y = Yield of sorghum grain per plant 
 
X1= Number of ears per plant 
 
X2= Percentage of stalk length infested 
 
Advantage: 
The a dvantage of  t his t echnique ove r t he a bove m ethod i s s oil he terogeneity factor i s 
considerably reduced 
 
Flaw: 
 
a. The different plants showing various degrees of infestation in itself is a proof that plants differ 
from one  a nother i n s ome unknow n f actors du e t o w hich they ca rried di fferent de grees of  
infestation. This factor may be genetic or physiological or it ma y be mere soil heterogeneity in  
the same field. 
 
b. It is a time consuming and involves lot of labor. 
 
5. The average amount of damage caused by individual insect: 
 
For t his m ethod, t he pr eliminary i nformation i s obt ained f rom s tudies on bi ology o f t he p est 
species. The details regarding the amount of damage caused by different stages or stages of the 
insect, and the exact nature and amount of loss caused are then worked out. 



 
 
E.g. It ha s be en e stimated i n t he c ase o f pha dka grasshopper ( Hieroglyphus negrorepletus). It 
consumes on average 42 grams of green leaves of maize during its life time. It was estimated that 
this insect would cause 18% loss in yield of maize at a population level of 10 g rasshoppers per 
square yard. 
 
Flaw: It is very difficulty to use this technique over large area and it is time consuming. 
 
6. Manipulation of Natural Enemies: 
 
The manipulation of natural enemies of a pest species offers a means of evaluating plant damage. 
This t echnique ha s not  be en w idely us ed. T he pe st i s c ontrolled b y i ntroducing p redators o r 
parasites into the field and the yield of such crop is compared that on which no such pest control 
measures have undertaken. 
 
This method is feasible only in small plots and is not practicable on field. 
 
7. Simulated damage: 
 
Many investigators have attempted to simulate pest injury by removing or injuring leaves or other 
parts of the plant. The simulated damage may not always be equivalent to the damage caused by 
an i nsect. Insects m ay persist ove r a  p eriod of  t ime or  i nject l ong acting t oxins r ather t han 
producing their injury. Feeding on margins of leaf may not be equivalent to tissue removal from 
the centre of the leaves. Insect feeding is usually extended over a period of time and is difficult to 
incorporate the concept of rate of injury. 
 
E.g. s imulated da mage s tudies ha ve be en conducted on t he s potted boll w orm on c otton. 
Detopping of cotton plant reduces the monopodial branches by 9.69%. The number of sympodial 
branches, squares and flowers increased by 14.5, 47.8, 2.54 %. Shedding of fruiting forms was 
greater i n de topped pl ant t hat i s 83.5%  t han c ontrol pl ant 71.4% . T his r esults i n 12.8 t o 22.1  
reduction in boll formation and yield of cotton. 
 
Record Work: 
 
Visit the  near by crop f ield, observe and r ecord the populations of  available i nsect pests, t heir 
nature and extent of damage. 
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