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• IV. GUT PHYSIOLOGY: Primary functions of the gut is to digest the ingested food and to absorb the metabolites. The digestion process is enhanced with the help of enzymes and microbes which 
were produced by digestive glands and special cells. 

• A. Digestive glands 

• (a)Salivary glands 

• In Cockroach a pair of labial glands acts as salivary gland where the salivary ducts open into salivarium. In caterpillars mandibular glands are modified to secrete saliva, where the salivary glands are 
modified for silk production. 

• Functions of saliva 

• (i) To moisten and to dissolve food 

• (ii) To lubricate mouthparts 

• (iii) To add flavour to gustatory receptors 

• (iv) In cockroach the saliva contains amylase for the digestion of starch. 

• (v) In honey bee saliva contains invertase for sucrosedigestion

• (vi) In Jassid saliva contains lipase and protease for lipids and protein digestion. Jassid saliva also contains toxins which produces tissue necrosis and phytotoxemia on the plant parts. 

• (vii) In plant bug saliva contains pectinase which helps in stylet penetration and extra intestinal digestion. 

• (viii) In mosquito, saliva contains anticoagulin which prevents blood clotting. 

• (ix) In gall midge saliva contains Indole Acetic Acid (IAA) which produces galls on plant parts. 

• (x) In disease transmitting insects (vectors) the salivapaves way for the entry of pathogens. 

• (b) Hepatic caecae and midgut epithelial cells: It secretes most of the digestive Juices. Two types of cells were involved in the enzyme secretion. 

• (i) Holocrine : Epithelial cells disintegrate in the process of enzyme secretion. 

• (ii) Merocrine : Enzyme secretion occurs without cell break down. 



B. Digestive enzymes

• B. Digestive enzymes

• Insect group Enzyme Substrate 

• Phytophagous larvae Amylase Starch 

• Maltase Maltose 

• Invertase             Sucrose 

• Omnivorous insects Protease Protein 

• Lipase Lipid 

• Nectar feeders  Invertase Sucrose 

• Wood boring Cerambycid grub and Termites 

• Cellulase Cellulose 

• Meat eating maggots   Collagenase Collagen and elastin 

• Bird lice Keratinase Keratin 



• C. Microbes in digestion: In the insect body few cells were housing symbiotic microorganisms 
called as mycetocyte. These mycetocytes aggregate to form an organ called mycetome. 

• (i) Flagellate protozoa - It produces cellulase for cellulose digestion in termites and wood 
cockroach. 

• (ii) Bacteria - It helps in wax digestion in wax moth. 

• (iii) Bed bug and cockroach obtain vitamin and aminoacids from microbes. 

• These microbes were transmitted between individuals through food exchange (mouth to mouth 
feeding) called trophallaxis and through egg called as transovarial transmission. 

• In plant bug and ant lion grub partial digestion occurs in the host body prior to food ingestion called 
as extra intestinal digestion. In most of the insects digestion occurs in mid gut. 



• Absorption 

• In many insects absorption of nutrients occurs through microvilli of midgut epithelial cells by 
diffusion. Absorption of water and ions occur through rectum. In cockroach lipid absorption occurs 
through crop. In termites and scarabaeids (White grubs) absorption occurs through ileum. In solid 
feeders, resorption of water from the faeces occurs in the rectum and the faeces is expelled as 
pellets. In sap feeders (liquid feeders) the faeces is liquid like. The liquid faeces of homopteran 
bugs (aphids, mealy bugs, Scales and psyllids) with soluble sugars and amino acids is known as 
honey dew, which attracts ants for feeding. 



• The PM represents a physical barrier between the gut contents and the midgut epithelia found in most 
insects. The PM is an extracellular mesh composed of chitin, sugars, and protein. Depending on the insect, 
the PM is produced by all of the cells of the midgut (Type I) or only the anterior cells of the midgut (Type II), 
and serves as a physical barrier surrounding the gut contents by preventing direct contact with the 
epithelium. The PM protects the midgut cells from abrasion by food, helps compartmentalize the food for 
digestion, and serves as an innate defense against viruses and other microbial pathogens (Lehane, 1997). 
The presence and type of PM produced by an insect is correlated with the microbial content of the diet; 
insects feeding on more sterile diets such as vertebrate blood, phloem, nectar, or hemolymph usually lack a 
PM, whereas those that feed on liquid diets such as urine puddles, fecally contaminated waters, muddy 
pools, and rotting flesh usually produce a PM (Lehane, 1997). Facultative production of PM based on current 
diet has also been described. Adult hematophagous Diptera producing Type II PM rarely vector arboviruses, 
in contrast to many other adult Diptera with Type I PM, and mosquito larvae, which produce Type II PM, 
prove much harder to infect with virus than the adults with a Type I PM (Lehane, 1997). This being said, even 
the Type I PM in mosquitoes likely does not constitute a barrier because an arbovirus likely binds to and 
infects midgut epithelial cells quite rapidly following blood ingestion prior to PM formation (Hardy et al., 
1983).
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• Peritrophins (or peritrophic membrane proteins, PMPs) are proteins 
composed of one to several chitin-binding domains (CBDs), which 
may include mucin-like domains (Tellam et al., 1999). Peritrophin
CBDs (Peritrophin-A chitin-binding domain, pfam ID: PF01607) are 
composed of six cysteine residues separated by variable amino acids 
in a consensus distribution predicted by Tellam et al. (1999) as CX15–

17CX5–6CX9CX12CX6–7X and revised by Jasrapuria et al. (2010) to CX11–

24CX5CX9–14CX12–16CX6–8X.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/membrane-protein


The anterior peritrophic membrane (p.a.) of Daphnia magna in the place of transition of the esophagus to the midgut, in 
cross section. c.oe., separating ectodermal cuticle of esophagus; P, Pansporella in space between the peritrophic membrane 

and the gut wall; p.a., peritrophic membrane; s. es., enterostomodeal emargination.





• Many homopteran insects feed on low concentrate plant sap. Their digestive tract 
shows a complex system called the ‘filter chamber’ where the extra solute water 
is made to flow directly from the initial to the terminal part of the midgut and the 
proximal regions of the ‘malpighian tubules’. The filter chamber of Cicadella
viridis shows the intra membrane particles presence on the whole surface of the 
microvilli and of basal membrane infolded cells. The inner surface of the 
membrane is covered with particles which are protruding into the cytoplasm. 
They correspond to the numerous number of the observed intra membrane 
particles on the P fracture face of the membrane. The outer membrane surface 
has a regular network which responds to observed on the E fracture face. SDS-
PAGE analyses performed on the filter chamber’s membranes 
of C.viridis and Philaenus spumarious .in both cases 2 major 
components 25kDa and 75kDa, were found. These 2 major components showed 
for the filter chambers when they can’t be found in membranes which were 
isolating from the midgut. The membrane of filter chambers would be water –
shunting complexes, which have structural and biochemical complexes which 
should be related to water permeability.





1. Cellulose digestion has been demonstrated in the Thysanura (Lepismatidae), Orthoptera (Cryptocercidae, Blattidae)
2. . Isoptera (Mastotermitidae. Kalotermitidae. Hodotermitidae, Rhinotermitdae, Termitidae). Coleoptera (Buprestidae. Anobiidae, Scarabaeidae,
3. Cerambycidae), and Hymenoptera (Siricidae).
2.
2. In all but the scarab beetles, cellulose digestion is brought about by a complex of three types of enzymes 
(C1-cellulases, Cx-cellulases, and cellobiases), as in fungi.
3.
3. Many insects are able to synthesize their own Cx-cellulases and cellobiases, but few (if any) can synthesize C1-cellulases.
4.
4. Insects compensate for their inability to synthesize C1-cellulases by exploiting the cellulolytic potential of protozoa, bacteria, or fungi.
5.
5. The maintenance of permanent populations of hindgut protozoa, the maintenance of permanent populations of hindgut bacteria, 
and the ingestion of fungal cellulases are described as three distinct mechanisms by which insects have been shown to use the cellulolytic potential 

of microorganisms.
6.
6. A process in which ingested cellulolytic bacteria proliferate in one region of the gut at the expense of ingested cellulose, only to be 
digested and assimilated in a more posterior section, is a fourth possible mechanism by which insects might accomplish the digestion of
cellulose with the help of microorganisms.



Questions

1) Proventriculus or gizzard is a part of

(A). Foregut (B). Midgut (C). Hindgut (D). Filter chamber

2) The expanded portion of the foregut just posterior to the oesophagus is

(A). Proventriculus (B). Crop (C). Small intestine (D). Ventriculus

3) Mid gut is………………………….. in origin

(A). Ectoderm (B). Mesoderm (C). Endoderm (D). None of the above

4) Peritrophic membrane is present in 

(A). Foregut (B). Midgut (C). Hindgut (D). All of these

5) Proctodaeum is also called as 

(A). Foregut (B). Midgut (C). Hindgut (D). Filter chamber

6) Alimentary canal is longer in 

(A). Carnivorous (B). Phytophagous insects (C). Parasites (D). Scavengers

7) The part involved in the formation of filter chamber are anterior ends of 

(A). Mid and hind gut (B). Fore and mid gut (C). Fore and hind gut (D). None of the above



8) Insect gut pH is about

(A). 7   (B). 5-6   (C). 6-8 (D). 8-10

9) Extra intestinal digestion is present in 

(A). Phytophagous insects (B). Carnivorous insects (C). Predators (D). Parasites

10) Filter chamber is present in 

(A). Homoptera (B). Thysanoptera (C). Heteroptera (D). Diptera

11) Salivary glands are also called 

(A). Mandibular glands  (B). Maxillary glands  (C). Labial glands (D). Pharyngeal glands





























































































































Questions

1) Chemoreceptors are present in 

(A). Tarsi (B). Maxillae   (C). Both (A) and (B) (D). Mandibles

2) Which of the following function as chemoreceptors in insects?

(A). Sensilla trichoidea (B). Sensilla basiconia (C). Sensilla coeloconia (D). All the above

3) The type of chemoreceptors are present on the maxillary palps of Lepidoptera larvae

(A).  Sensilla trichoidea (B). Sensilla basiconia (C). Sensilla coeloconia (D). All the above

4) Which of the following function as photoreceptors in insects?

(A). Dorsal ocelli (B). Lateral ocelli or stemmata (C). Compound eyes (D). All the above

5) Which of the following is a part of dorsal ocelli?

(A).  Cornea and corneagen layer (B). Retina (C). Pigment cells (D). All the above

6) Degenerated ocelli of cockroach is known as 

(A). Ommatidium (B). Ocellium (C). Stergites (D). Fenestra

7) The only visual organ in insect larvae are 

(A). Dorsal ocelli (B). Lateral ocelli or stemmata (C). Compound eyes (D). Dermal receptors



Questions

1) The basic functional system of nervous system is 

(A). Neuron (B). Ganglion (C). Synapse (D). All of these

2) Group of neurons is called as

(A). Ganglion (B). Synapse (C). Neuron (D). All of these

3) The points at which neurons receives information or conveys it to other cells are known 

as

(A). Axon (B). Neuropyle (C). Neurocyte (D). Synapse

4) Most insect neurons are

(A). Monopolar (B). Bipolar (C). Multipolar (D). All of these

5) Each neuron is covered by a proactive sheath made up which type of cells?

(A). Glial cells (B). Neuropyle (C). Neurocyte (D). Axon

6) Insect nervous system is

(A). Neurogenic (B). Chlorigenic (C). Myogenic (D). None of the above

7) Which one of them acts as blood brain barrier in nervous system? 

(A). Nerve sheath (B).  Glial cells (C). Neurocyte (D). Neuropyle





8) Which type of specialized structure receives the information from outer region and transmits 

through axon?

(A). Dendrites (B). Axons (C). Glial cells (D). Commissure

9) Which one is made up of outer non cellular neural lamella and inner cellular perineurium layers

(A). Axons      (B). Nerve sheath (C). Commissure         (D). Neurocyte

10) The transmission of stimuli in nervous system is 

(A). Chemical    (B). Electrical          (C). Both A and B (D). None of these

11) Which type of neurons carries impulses from the CNS to efferent muscles or sense organs?

(A). Motor neurons (B). Sensory neurons (C). Both A and B (D). None of these

12) Which type of neurons which carry impulses from the place of perception to CNS?

(A). Motor neurons (B). Sensory neurons (C). Both A and B (D). None of these

13) Gangilia which are connected by longitudinal tracts of nerve fibers

(A).  Commissures (B). Dendrites (C). Connectives (D). Axons

14) Gangilia which are connected by transverse tracts of nerve fibers

(A).  Commissures (B). Dendrites (C). Connectives (D). Axons

15) The maximum no. of abdominal ganglion are present in which insect ?

(A). House fly (B). Hadda beetle (C).  Stink bug (D). Silver fish



































Respiratory System

➢ The exchange of gases in insects

takes place through tubular

structures called Trachea

➢ Trachea distributed throughout the

body collectively called tracheal

system

➢ Trachea are circular or elliptical in

their cross section

➢ Trachea is again divided into very

fine tubes called tracheoles (0.1-1

um).



Questions

1) Taenidia does not come out at the time of moulting from

(A). Spiracles (B). Trachea (C). Tracheoles (D). Peritreme

2) Change in volume of tracheal system

(A). Ventilation (B). Tidal flow (C). Dialysis (D). Expansion

3) Apneustic condition is present in 

(A). Chironomid larvae (B). Neuropteran larvae (C). Lepidopteran larvae (D). None

4) A respiratory system in which all ten pairs of spiracles are functional is called

(A).  Holopneustic (B). Peripneustic (C). Hemipneustic (D). Propneustic

5) A respiratory system in which all spiracles are non-functional is called

(A).  Holopneustic (B). Apneustic (C). Hemipneustic (D). Propneustic

6) A respiratory system in which 1 mesothoracic and 8 abdominal spiracles are functional is 

called

(A). Holopneustic (B). Peripneustic (C). Hemipneustic (D). Propneustic



7) A respiratory system in which only 1 mesothoracic spiracles is functional is 

called

(A).  Holopneustic (B). Peripneustic (C). Hemipneustic (D). Propneustic

8) Spiracles are present in 

(A). Pleura (B). Ventral terga (C). Lateral terga (D). Sternum

9) The specialized hydrofuge hairs which hold a permanent thin film of air on the 

outside of the body of aquatic insects is

(A). Aquatron (B). Plastron (C). Mesotron (D). None of the above

10)Trachea is…………………… in origin

(A). Ectoderm (B). Mesoderm (C). Endoderm (D). None of the above



The Circulatory System

• Insects have an open type of circulatory system and the body cavity through which blood

(Haemolymph) flows is called haemocoel.

• Blood makes 15-75% volume of the insect body and contains Plasma + Blood cells

• Insects dorsal vessel (heart + aorta) the major organ of circulatory system is present in

dorsal side

• Circulation takes place by coordinated activity of dorsal vessel, dorsal and ventral

diaphragms and accessory pulsatile organs.



Questions

1) The anterior thoracic portion of dorsal vessel is called

(A). Aorta (B). Heart (C). Pulsatory organ (D). None of the above

2) The expanded condition of the heart after diastole is called

(A). Epistasis (B). Distatis (C). Mesostatis (D). Diastasis

3) Characteristic feature of insect haemolymph is

(A). More free amino acids (B). More trehalose (C). Both (a) and (b) (D). None of the above

4) In insects the heart beat is controlled by

(A). Myogenic (B). Neurogenic (C). Both (a) and (b) (D). None of the above

5) The type of haemocytes which are responsible for the production of other type of 

haemocytes

(A). Prohaemocytes (B). Plasmatocytes (C). Cystocytes (D). Granular haemocytes

6) The type of haemocytes which are responsible for plasmatic coagulation

(A). Prohaemocytes (B). Plasmatocytes (C). Cystocytes (D). Granular haemocytes



The Reproductive System

Female Reproductive System Consists of

A pair of ovaries

A pair of oviduct (common/Median oviducts)

Spermatheca

A pair of accessory glands

Bursa copulatrix/ copulatory pouch/vagina

Male Reproductive System Consists of

A pair of testis

A pair of vas deferens

Ejaculatory duct

Accessory glands and Aedeagus



Questions

1) Number of ovarioles present in aphids

(A). 4 (B). 1 (C). 5 (D). 100

2) Protein responsible for egg maturation is 

(A).  Sericin (B). Fibronin (C).  Yolk (D). Vitellogenin

3) The development and maturation of ova is known as 

(A). Oogenesis (B).  Ovagenesis (C).  Vitellogenesis (D). Spermatogenesis

4) In which type of ovariole nutritive cells are absent?

(A). Meroistic (B). Panoistic (C).  Both A and B (D). None of the above

5) Cells which nurse the egg cells are 

(A). Trophocytes (B).  Cyctocytes (C).  Procytes (D). All of these

6) In females, sperms are received and stored in 

(A). Spermatheca (B).  Spermatophore (C). Vagina (D). Accessory glands

7) Reabsorption of oocytes occur in 

(A). Phytophagous Hymenoptera (B).  Parasitic Diptera (C). Parasitic 

hymenoptera (D). Parasitic Hemiptera

8) Mushroom shaped glands present in the

(A). Cockroach (B). Mantids (C). Both A and B (D).  None of the above

9) In Which type of reproduction eggs are laid by females?

(A). Parthenogenesis (B).  Oviparity (C). Paedogenesis (D). Oviviviparity



10) Adenotrophic viviparity is found in?

(A). Mantids (B). Glossina (C). House Fly (D). Bees

11) Production of young ones without fertilization seen in which type of reproduction?

(A). Parthenogenesis (B).  Oviparity (C). Paedogenesis (D). Oviviviparity

12) Mother provides a special placenta like tissue develop in which type of reproduction?

(A). Pseudoplacental viviparity (B). Haomocoelous viviparity (C). Paedogenesis (D).    

Oviviviparity

13) In Strepsiptera which type of reproduction occurs?

(A). Parthenogenesis (B).  Viviparity (C). Paedogenesis (D). Haomocoelous viviparity

14) Parthenogenesis by which only males are produced 

(A). Arhenotoky (B). Thelytoky (C). Both A and B (D). None of the above

15) Ovarioles are absent in orders

(A).  Collembola (B). Diplura (C). Both A and B (D). None of the above



The Excretory System

• Malpighian tubules are the major excretory organ in insects.

• Malpighian tubules arise at the junction of midgut and hindgut

• Generally the number of malpighian tubules is 6.

• Other organs of excretory organs are Labial glands, Dorsal and lateral nephrocytes, Fat

bodies and Urate cells etc.



Questions 
1) The main excretory product of insects is 

(A). Urea (B). Uric acid (C). Ammonia (D). None of the above

2) In spittle bugs (Cercopids) the sticky substance is produced by

(A). Labial glands (B). Malphigian tubules (C). Head glands (D). None of the above

3) Luciferin ( responsible for light production in some insects ) is produced by

(A). Labial glands  (B). Hypopharyngeal glands (C). Head glands (D). Malphigian

tubules

4) Which of the following is associated with storage excretion in insects

(A). Goblet cells (B). Fat bodies (C). Malphigian tubules (D). None of the above

5) Excretion of uric acids by insects is a physiological activity mainly because 

(A). To reduce water loss (B). It is harmless (C). It crystallizes easily (D). All of these

6) Which of the following is a function of nephrocytes

(A). Storage excretion (B). Protein and lipid metabolism (C). Control of heart beat (D). 

All of these

7) The amount of uric acid in excreta of insects is about

(A). 20 % (B). 75% (C). 50% (D). 85%

8) Excretory product in red cotton bug is

(A). Uric acid (B). Allantoin (C). Ammonia (D). Urea

9)Major waste product of aquatic insects is 

(A). Uric acid (B). Hydrogen sulphide (C). Ammonia (D). Urea









• Spiracles

• Spiracles are the openings of the tracheal system on the integument of the 
insect. Some apterygote and larval insects lack valves in their spiracles and 
therefore have trachea that are always open to the environment, although 
these are often covered with sieve-like plates. However, 
most spiracles have valve-like structures that allow them to close (Fig. 2). 
Spiracles range tremendously from 27 μm2 in area for the 
second spiracle of the giant Petrognatha beetle to only a few 
microns square. Often the outside of the spiracle is fringed with hairs or 
covered with a filter to help resist entry of dust, water, or parasite

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spiracles
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/trachea
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spiracles


• The valve that closes the spiracle takes various forms but can appear as 
two lips of cuticle or as a bar of cuticle that pinches the trachea shut (Fig. 
2). The movement of the valve usually depends on the action of muscles 
that insert on or near it, and elastic elements in the cuticle. Some thoracic 
spiracles have only a closer muscle, and elastic elements tend to open the 
spiracular valve (Fig. 2A). Often the valve is recessed behind the atrium, an 
enclosed space behind the external opening (Fig. 2B). The most common 
situation (true for all abdominal spiracles studied to date) is for the spiracle 
to be recessed behind an atrium and to have both opener and closer 
muscles (Fig. 2B).

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cuticle
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/atrium




Apneustic
A tracheal system that lacks spiracles.
Atrium
The chamber immediately below the spiracle.
Brachial chamber
A region within the rectum of larval dragonflies that contains tracheal gills which
can extract oxygen from the water taken up through the anus.
The bubble of air that an aquatic insect collects from the surface is used as a physical gill 
to extract oxygen from the water until the nitrogen in the bubble diffuses away.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spiracles
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spiracles
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gills
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquatic-insects


Discontinuous gas exchange
A ventilatory cycle of many resting insects, characterized by phases of little to no carbon dioxide release.
Hemocyanin
Copper-containing respiratory proteins found mainly in non-insect arthropods and primitive insect orders.
Holopneustic
The condition of the respiratory system in which all spiracles are open and functional,
usually involving two thoracic and eight abdominal spiracles.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/respiratory-system


Incompressible gas gill
A bubble of air carried under the surface by aquatic insects that is held tightly by fine hairs,
with nitrogen in the bubble at equilibrium so that the gill remains permanent.
Metapneustic
The type of respiratory system in which only the spiracles on the last abdominal segment are functional.
Peritreme
The cuticular sclerite that surrounds a spiracle.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquatic-insects


Plastron
A physical gill found in aquatic insects in which a bubble of air is held in place by hydrofuge hairs,
allowing oxygen to be extracted from the water.
Propneustic
The configuration of the tracheal system in which only the anterior spiracles are open and functional.
Spiracle
The usually paired aperture in the integument that serves as the opening of the tracheal system to allow gaseous exchange.
Spiracular gill
An extension of the cuticle that surrounds a spiracle, forming a gill that allows both aquatic and terrestrial respiration to occur.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/integument
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cuticle


Taenidia
The spiral thickenings of the tracheal epicuticle that prevent the collapse of the tracheal tubes from air pressure.
Tracheal gills
Evaginations of the integument that are covered by a thin cuticle and richly supplied with tracheae to allow aquatic respiration.
Tracheoblast
An ectodermal cell that gives rise to a tracheole.
A tracheal end cell that transfers oxygen from the tracheal system to body tissues.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/trachea
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/tracheole


• Discontinuous Gas Exchange

• For many insects, especially those that are highly active, 
the spiracles close for only brief periods if at all, and oxygen and 
carbon dioxide are exchanged relatively continuously. However, many 
insects exhibit discontinuous gas exchange. During discontinuous gas 
exchange, periods of spiracular closure (in which no or reduced gas 
exchange occurs) alternate with periods of spiracular opening (and 
greatly increased gas exchange).

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spiracles


• Discontinuous gas exchange has been most extensively studied in 
ants and diapausing lepidopteran pupae. In lepidopteran pupae, 
spiracular openings can be separated by hours.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pupae






























































































































• TYPES OF OVARIOLES * There are 2 broad categories of ovarioles.

• 1. Panoistic - these are ovarioles lacking specialized nurse cells (which furnish nutrients) or 
trophocytes. These are found in primitive orders (Thysanura, Odonata, Plecoptera, Orthoptera, 
and Isoptera). Among the holometabola only the Siphonaptera have this type of ovariole.

• 2. Meroistic - these are ovarioles which have specialized nurse cells or trophocytes. 

• These can be divided into 2 types:

• a. 

• Telotrophic - in these, ovarioles have trophic tissue in the germarium. This is found in Heteroptera
and many Coleoptera. The trophocytes are derived from the oogonia. In this type of ovariole the 
trophocytes remain in the germarium.

• b. Polytrophic - in these the trophocytes accompany each oocyte and are enclosed within the 
follicle. This type occurs in the Dermaptera and in lice and throughout the holometabola except 
Siphonaptera. In these the oogonium divides to produce an oocyte and a trophocyte.



• VITELLOGENESIS * Vitellogenesis is the deposition of yolk in the 
oocyte and occurs in the lower parts of the ovarioles. This results in a 
rapid increase in the size of the oocyte. The yolk consists of a number 
of different components some of which are the protein yolk, the lipid 
yolk, and glycogen.



• ACCESSORY GLANDS * Female accessory glands often arise from the 
genital chamber or the vagina, but in some Orthoptera they are 
simply anterior extensions of the lateral oviducts. These glands are 
absent in some insects, but often in this case the walls of the oviducts 
themselves may be glandular. Often these glands produce a 
substance for attaching the eggs to the substratum during 
oviposition, and in this case are called colleterial glands. They may 
also produce substances which may have a number of different 
functions. For example, the frothy eggpods around some Orthoptera 
eggs come from these glands. Some Coleoptera can spin silk from 
these glands which form a coccoon around the eggs. 



• OOGENESIS * Each ovariole consists of a distal germarium in which oocytes 
are produced from oogonia, and a more proximal vitellarium in which the 
oocytes grow as the yolk is deposited in them. In mature insects, the 
vitellarium is quite large relative to the germarium. * The germarium 
contains prefollicular tissue and the stem line oogonia. The stem line 
oogonia are derived directly from the original germ cells. When one of the 
stem line oogonia divides one of the daughter cells retains the stem line 
oogonia function, while the other daughter cell becomes a definitive 
oogonium and develops into an oocyte. Oocytes enlarge as they pass down 
the ovariole. As each ovariole leaves the germarium, it is clothed by the 
prefollicular tissue which forms the follicular epithelium. The follicular 
epithelium initially is 2 or 3 cell layers thick, but eventually becomes just 1 
cell thick. The oocyte continues to grow and enlarge, and the follicular 
epithelial cells keep pace by cell division to form a cuboid or columnar layer



Insect nutrition

• How insects eat Some generalizations- Most
insects feed by chewing or piercing-sucking, but
there are many other variations. Immatures and
adults of a species may feed similarly
(Ametabola, Hemimetabola and some Holometabola)
or very differently (many Holometabola). What
they eat, plants, other insects, fungi, dung,
etc., influences how they eat and the form of
structures involved in feeding.



• Immature insects Phytophages (Page
96) Chewing May feed internally or externally,
ingest complete diet, but relatively low in N,
often with toxic compounds. Herbivore
mandible, robust, heavily sclerotized, with
grinding surfaces



• Immature insects Zoophages- Predators (Page
96) Chewing Chew and ingest entire prey, ingest
complete diet, high in N, rarely with toxic
compounds. Chewing predators
mandible, long, slender, falcate, with
cutting surfaces



• mmature insects Zoophages- Predators (Page
96) Piercing-sucking May use a rostrum (as
before) or modified (tubular) mandibles or
mandibles and maxillae Pre-oral digestion
common Ingest complete diet
Mandible
Food canal
Maxilla
Chrysopidae larval mouthparts



• Immature insects Zoophages- Parasitoids (Page
96) Early-instar parasitoid larvae ingest
hemolymph. This may be by drinking or by
absorption, directly or via trophamnion cells
which are them consumed. At some point,
parasitoid larvae all actively chew and consume
non-vital tissues. Late in the larval stage,
(most) parasitoid larvae consume vital tissues,
largely cleaning out the hosts body and killing
it. Most parasitoid larvae, including all
endoparasitoids, do not void waste. Their gut is
blind and waste is stored until pupation, when a
meconium is produced.



• Adult insects Phytophages (Pages 96
97) Hemimetabolous and many holometabolous adults
continue to feed as they did when immature. Some
holometabolous species change feeding
habits. Most remain phytophagous. Endophyophages
often become ectophytophagous. Many synoogenic
species shift to pollinivory (protein for
oogenesis). Many pro-oogenic species shift to
glycinophagy (nectar or honeydew for
energy). Shifts to predation are rare.



• Adult insects Predators (Page 97) Hemimetabolous
and many holometabolous adults continue to feed
as they did when immature. Some holometabolous
species change feeding habits. Neuroptera shift
from piercing-sucking to chewing. Some become
phytophagous, usually feeding on pollen and
nectar, e. g. some Chrysopidae. Without the need
to grow, the demand for protein decreases,
especially in pro-oogenic species.
Adult Syrphidae feeding on pollen and nectar



• Adult insects Parasitoids (Page 97) All are
holometabolous and the adults virtually always
change feeding habits dramatically. Only some
adult female Strepsiptera continue as
parasites. Typical predation is uncommon. Host
feeding is common (Chalcidoidea,
Ichneumonoidea). (see pages 98 99, good
source of protein, possible host
population regulation, complications in rearing)
Pteromalidae feeding via tube of accessory
gland fluid at oviposition wound in endo-
phytophagous host
Encyrtidae feeding at oviposition wound in
aphid host



• Adult insects Parasitoids (Page 97) Pollen is a
common food (many wasps, Tachinidae). (see
pages 99 100, good source of protein for
oogenesis, lipids, fat soluble amino
acids) Nectar/honeydew are common foods for
pro-oogenic species. (see page 99, source
of carbohydrates, longevity, search)
Chalcididae female (Conura sp., formerly
Spilochalcis) feeding on pollen and nectar



• Cellular level requirements (Page 101) Basically
very similar to humans. Water Universal, but
some insects on metabolic water Vitamins B-vitam
ins are required, water soluble,
co-enzymes, (specific vitamins listed in
handout) Vitamin C required or synthesized
(depends on diet, like mammals), water
soluble, co-enzyme Vitamin D not required, no
bones, limits Ca needs Vitamin K not required,
hemolymph coagulates differently



• Cellular level requirements (Page 101) Amino
Acids 10 essential amino acids, listed in
handout (like us) 9 other amino acids can be
synthesized (like humans) (possibly rare
exceptions) Carbohydrates Ingest glucose,
fructose sucrose and other mono- and
disaccharides, Converted to trehalose, a
trisaccharide, in the fat body, circulates in
hemolymph



• Cellular level requirements (Page
101) Salts Ions needed Calcium (Ca), sodium
(Na), chlorine (Cl), potassium (K), Magnesium
(Mg), sulfur (S), iron (Fe), copper (Cu), and
zinc (Zn) Just like us, except insects need far
less Ca, for muscle function, but not for bone
structure.



• Organismal level requirements (Pages 101
102) Sterols Cholesterol or phytosterol
required as ecdysone precursor, insects cannot
synthesize sterols Vitamin C Antioxidant
function slows side reactions in tanning
process Fatty acids Wing scale formation in
Lepidoptera, others



• Organismal level requirements (Pages 101
102) Vitamin A Retinal pigments in all insects
involve vitamin A, without it insects are
blind Red pigments in many insects, e. g.
Coccinellidae Vitamin E Required for
spermatogenesis



• Organismal level requirements (Pages 101
102) In addition to the strictly nutritional
needs, many insects require behavioral cues in
their foods. Feeding attractants kairomones,
synomones, e. g. sinigrin Phagostimulents Sugars
, salts, amino acids, secondary plant
cmpnds. Also be aware of feeding
deterrents allomones, e. g. secondary plant
compounds



• Organismal level requirements (Pages
102-104) Nutritional Symbiotes In nature, many
insect survive on diets that lack essential amino
acids and/or vitamins, incomplete diets. They
survive on incomplete diets with the aid of
symbiotic micro-organisms. Symbiotes are mostly
bacteria (s. l.), fungi and protozoa. Symbiotes
may be intracellular (most bacteria) or
extracellular (some bacteria, fungi and
protozoa). So what do the symbiotes do?



• Organismal level requirements (Pages
102-104) The Role of Nutritional
Symbiotes Symbiotes survive on the
incomplete diet synthesize essential
amino acids B-vitamins pass required
nutrients on to the insect (as secretions
or when symbiote digested) In some
cases, the symbiotes also supply enzymes to
digest the food.



• Nutritional Symbiotes (Pages 102-104) Biologically
interesting, but knowledge of symbiotic
relationships can be critical in the process of
rearing insects. Thus, it is necessary to know if
a symbiote is required by the insect you are
rearing and what type of symbiote is
involved. Consider the following You are
rearing an insect Bacteria infect the colony or
contaminate the diet You add an antibiotic to
the diet The problem goes away All the insects
die You wiped out the bacterial symbiote



• Nutritional Symbiotes (Pages 102-104) You may
also need to know how the symbiote is transmitted
from one individual to another. Extracellular
protozoa and yeasts are usually passed by
trophallaxis (stomodeal and/or proctodeal
feeding). Extracellular bacteria may be passed
transovum- on the egg. Intracellular bacteria may
be passed transovarially- in the egg. Consider
surface sterilization of eggs to reduce the risk
of disease, you would eliminate a transovum
symbiote.



• Nutritional Symbiotes (Pages 102-104) Extracellula
r symbiotes Olive fly, Bactrocera oleae, has
bacteria, Pseudomonas savastoni in their gut.
It contaminates eggs as they are deposited for
transovum transmission. Termites have flagellate
protozoa and bacteria in their hindgut to supply
cellulase as well as nutrients. They are passed
to newly hatched nymphs by trophallaxis. Chrysoper
la spp. adults have yeasts in their crops.
(Larvae do not need or house symbiotes. The
adults acquire symbiotes in feeding or by
trophallaxis at mating.



• Nutritional Symbiotes (Pages 102-104) Intracellula
r symbiotes Bacteria in mycetomes widespread,
Blattaria, Coleoptera, Hemiptera, etc., most are
passed transovarially.
An elaborate example Homopteran filter chamber
and mycetome
Homoptera are sap feeders.Ingest lots of water,
sugars, few amino acids or vitamins. Filter
chamber shunts water and sugars from anterior
foregut to hindgut, concentrating amino acids
for absorption in posterior midgut. Mycoplasma-l
ike organisms in mycetome supply additional
amino acids and B-vitamins
Esophagous
Anterior midgut
Posterior midgut
Malpighian tubule
Hindgut
Mycetome





History And Concept of 
Ecology



ECOLOGY
• Greek word oikos:house, Logous:study

• ECOLOGY  is the study of the interrelationship between organisms 
and their environment

• One of the first ecologist whose writings survive may have been 
Aristotle or perhaps his student Theophrastus both of whom had 
interest in many species of animals and plants.

• Buffoon (1749-1804) was the only prominent writer on natural 
history  durino the early period who opposed the orthodox study, 
structure and classification of animals and called for the study of 
biological or interrelations of organisms.



•Alxander von Humboldt (1806) studied the distribution of 
organisms in relation to the species and the factors 
affecting them.
•Geoffrey Saint –Hilaire (1859) used the term etiology to 

refer to the study of such relationships between the 
organisms and environment and defined as “the study of 
the relations of organisms within the family a d society in 
the aggregate and in the community.
• JHowever, there is some controversy over the time of 

introduction of the term ecology in literature But Saint 
Hilarie defined the subject matter which we now consider 
as ecology 



• The word ecology (okologie) was coined in 1866 by the
German scientist Earnst Haeckel (1834-1919) and defined it as
“the relation of the animal to its organic as well as its
inorganic environment, particularly its friendly or hostile
relations to those animals or plants with which it comes in
contact.”
•Darwin famous c in1859 on the origin of species by natural

selection placed ecology on a firm basis.
•Warming (1895, 1905) actually employed this science for the

study of organisms in relation to their environment
• The term oekologie wS soon substitute by the term ecology

which became much common, more popular and firmly
entrenched in literature



•Clements (1916) defined ecology as “the science of community 
“

• Elton (1927) defined as “scientific natural history dealing with 
the sociology and economics of animals.”

• Taylor (1936) as the science of all the relations of all organisms 
to all their environment. “

•Woodbury (1954) as “a scince which investigates organisms in 
which the word of life is interpreted in terms of initial process”

•Andrewartha (1961) defined ecology as a scientific approach to 
the study of environmental interactions which controls the 
welfare of living things regulating their distributions abundance 
production and evolution



• Simpson (1964) “given an existing population structure and an existing 
ecological situations and given the genetic variation of the population as it
moves through time, the action of selection seems to be fully deterministic

• Price1975 treats Ecology as the study of environment for evolutionary 
processes

Ecology is therefore related not only to all the branches of the biological 
Sciences but the Physical Sciences as well and contributing much in its 
development particularly in the study of population community and ecosystem

So we can conclude that all Sciences physical as well as biological are pouring 
at the common pool that is ecology



History of ecology in India

• In Indian writings of Vedic, Epic and puranic etc. there are many references 
of ecological thoughts 

• Chakra described the importance of vayu (gas and air) Jal (water) and disha
(topography) 

• similarly the concept of panchtattava (five elements )Earth (nutrients)
water, fire (energy),Sky (space) and air  (gases) reflect the idea of 
circulation of materials 

• we had always recognise the word as one family which could be equated to 
the existence of an ecological balance on this planet that is

• वसुधैव कुटुुंबकम



• We also have our age old and unbroken links with nature and with life 

• We must again learn to invoke the energy of growing things and to recognise, as 
did our ancients in Indian centuries ago that one can take from the Earth and the 
atmosphere only so much as one can put back into them 



Specialised branches of ecology
• Habitat Ecology 

• community Ecology 

• population Ecology 

• evolutionary Ecology 

• Taxonomic ecology

• Human Ecology 

• Applied Ecology

• Ecosystem dynamics 

• production Ecology 

• ecological energetic 

• physiological Ecology 

• chemical Ecology 



• ecological Genetics

• palaeoecology 

• Geographic Ecology 

• space Ecology

• Pedology

• radiation ecology

• Ethology 

• Sociology and 

• system ecology



Insect Ecology 

• Insect Ecology is the scientific study of how insects individually or as a 
community to track with the surrounding environment or ecosystem
(Schowalter, 2006)

• Insects play a significant roles in the ecology of the world due to their 
vast diversity of forms, function and Lifestyle, their considerable 
biomass; and their interaction with the plant life other organisms and 
environment 

• they are the major contributor to biodiversitu in the majority of the 
habitats except the sea they are accordingly play a variety of 
extremely important ecological role in the many functions of the 
ecosystem



• Insects form an important part of the food chain especially for and 
entomophagous vertebrates such as many mammals Birds amphibians and
reptiles

• Insects play an important role in maintaining the community structure and 
composition; in the case of plants through phytophagy and by the plant 
propagation through pollination and the seed dispersal 

• from anthropocentric Point of view insects compete with humans; they 
consume as much as much as 10% of the food produced by the humans and 
infect one in six human with pathogens



Role of insect Ecology in IPM

• Insects have the largest number of species in animal kingdom three 
fourth of the known species of animals on earth are insects such a great 
number of insect has enabled them to evolve a great diversity of habits 
and to invade a wide range of habitats 

• Animal relationship are better understood by the having two suitable
insect examples and biological control of weeds and insect by insects 
have been a major source of inspiration to workers in those areas



With the Publication of Rachael Carson’s book Silent Spring in 1962 a new Era  
started in the field of ecology as she laid stress on the association of ecology with the 
preservation of natural fauna and flora and on the need of conserving natural 
resources 

consequently the entire control procedures were regularized and the concept of the 
pest management was postulated where emphasis was given to bring a pest 
population below economic injury level rather than the eliminating the pest 

During the last decade economic injury levels and economic threshold have been 
worked out for a number of insect pest and their determination is mainly based on 
ecological principles.

With the advent of synthetic organic insecticide DDT in 1939 followed by a number of 
organophosphates terpenes carbamates and pyrethyroid etc and their indiscriminate 
use throughout the world led to hazands and disturbances to the balance of nature 
due to hazardous affect many insecticides are banned in different countries 

Tjust the ecological principles are of prime significance in conservation of nature and 
its resources and for evolving eco friendly pest management techniques



• Ecological studies assist pest Control Programme by explaining pest problems 
and suggesting alternate ways of combating insects

• the outbreak of the pests can also be predicted

• the ecological studies investigate the causes for the changes in the population 
number and the mechanisms of natural control

• the key mortality factors in the natural Population help in integrate the various 
methods of control without disturbing the balance nature 

• the best surveillance program form a part of ecology

• forecasting of the possible attack by different insect pests can be done and 
accordingly the control measures can be initiated in timely 

• suitable chemicals can be selected depending on the presence or absence of 
the natural enemies and as such ecological studies from a basic part of the 
approach of IPM.

• Ecological Engineering 



Insect Ecology



Factors affected on Insect Population

• Abiotic

• Biotic



Abiotic

• Temperature

• Moisture

• Rainfall

• Others



Temperature

• This is the most important physical factor which 
determines the duration of the various stages in 
the insect life cycle and consequently the number 
of generations during any period of time. 

• It acts on insects in two fold manner 
1. By acting directly on the survival and  

development which determine the abundance 
of a pest  

2. 2. Indirectly through food and other 
environmental factors such as moisture, rainfall, 
wind etc.   



• Depending on the maintenance of body
temperature, animal kingdom is divided into

1) Warm Blooded Animals (Homeothermic): These
animals maintain a constant body temperature
within certain narrow limits irrespective of the
temperature variations in the external
environment. These are also called as ‘Endothermic
animals’ because they rely on internal source of
heat to compensate the lost heat to cooler
surroundings. Eg. Mammals



• 2) Cold Blooded Animals (Poikilothermic) :
These animals are not capable of maintaining
constant body temperature .They do not have
internal mechanism of temperature regulation
and therefore their body temperature varies
with that of the surroundings. These are also
called as ‘Ectothermic animals’ as they depend
upon the environment than the metabolic
heat to raise their body temperature. Eg.
Insects



• 3) Socio-homeothermic Animals: These
organisms maintain their body temperature
slightly above the atmospheric temperature
and are able to air condition their nests. They
maintain their own temperature inside their
colony irrespective of the temperature
outside. Eg. Honey bees



• Temperature regulates the development,
fecundity, feeding, movement and dispersal and
distribution of insects.

• Development In general insects grow more
rapidly in warm weather than in cold weather. A
given species of insects is active within certain
limits of temperature. In general the optimum
temperature for the normal development of
insects is 10 to 35°C and is known as ‘Zone Of
Optimum or Normal Development’.



Depending on the development of insects at different 
temperature levels, 



1. Zone of Effective Temperature (10 to 35°C) in which 
some development takes place, the limits of which are 
known as 

a) Minimum effective temperature or threshold of 
development (10 to - 5°C): at which on descending 
scale development ceases and on ascending scale the 
development starts. The growth of poikilothermic
animals is arrested at 0°C and this temperature is called 
as ‘Developmental zero’ 

b) Maximum effective temperature (35 to 50°C): The 
upper vital limit at which on ascending scale the 
development ceases and on descending scale the 
development begins. 



2. Temperature Zones of Inactivity The
temperature immediately above and below
the zone of effective temperature are the
‘Zones of inactivity’. In these zones the insect
is alive but there will not be any development
and they can recover if removed to favourable
temperature.



3. Fatal low (-5 to -14°C)’ temperature zones, indicating
‘Minimum fatal (-14°C)’ and ‘Maximum fatal (60°C)’.

Death at fatal high temperature is due to loss of water,
coagulation of proteins, high metabolic rate,
accumulation of toxins and affected enzymatic activity.

Death at fatal low temperature is due to low enzymatic
activity, low metabolic rate and freezing of body fluids.

Some insects do not freeze but survive even under 0°C as
their body fluids contain polyols like glycerols. If an
insect is given a choice to move along a temperature
gradient it prefers a narrow limit of temperature known
as the ‘Temperature preferendum’ or ‘Preferred
temperature’.



• Thermal constant: The total heat energy
required to complete a certain stage of
development in the life cycle or in the
completion of a physiological process of a
species is constant and is termed as thermal
constant and measured in Day - Degrees.



• Under unfavourable seasonal temperature the
insects suspend their activities. These are of two
types

• 1) Hibernation: A period of suspended activity in
individuals occurring during seasonal low
temperature

• 2) Aestivation: A period of suspended activity of
individual occurring during seasonal high
temperature or in a dry weather.



Fecundity

• Fecundity Insects fecundity will be maximum at
moderately high temperatures and declines at upper
and lower limits of favourable temperature.

Aphids remain parthenogenetic under high temperature
and many hours of sunshine while the opposite
condition give rise to oviparous forms.

Distribution: Tropical and subtropical conditions as in
India are ideal for the distribution and establishment of
insects.



• Mediterranean fruit fly Ceratitis caiptata
Wiedemann could not establish in England and
North Europe since its immature stages cannot
stand below 10°C.

• Mosquitoes are more abundant at 70 to 80°F but
are rare at 112 to 113°F.

• Pink boll worm of cotton Pectinophora
gossypiella (Saunders) is serious in Punjab where
the temperature is within 95.5°F in August and
September and not present in West Pakistan due
to high temperatures at that period (99° F).



Dispersal and Movement:

• Insects try to move away from unfavorable
temperatures. The rice weevil Sitophilus
oryzae (Linnaeus) is found in the upper layers
of bins irrespective of whether the initial
infestation started at the depth of the bin or
at surface due to rise in temperatures i.e.
when the temperature reaches 32°C, the
adults migrate to cooler upper layer.



• Mass flight of desert locust Schistocerca gregaria
(Forskal) or migration starts at 17 to 22°C and
they do not migrate when temperature is in
between 14 to 16°C.

• Adaptations to temperature: At high
temperature, locusts expose minimum body
surfaces to sun’s rays by lying parallel to them
while they expose maximum body surface to
sun’s rays at low temperature lying at right angle
to them.



Moisture

• Insect body consists of 80 to 90 per cent 
water.  Aquatic larvae contain about 98 per 
cent while insects which feed on dry food like 
Tribolium sp,Sitophilussp etc.  constitute 
about 50 per cent.  Water is generally lost 
through spiracles and integument.  Insects 
cannot afford to lose more water than they 
take and hence conserve water depending on 
the situation.   



Adaptations to conserve moisture:

• 1. Body pigments:  Insects develop dark 
pigment in cooler areas which help to absorb 
more heat from sun for raising body 
temperature.  This aids in getting rid of 
excessive moisture from the body.  Light 
colour in desert insects helps to reflect sun’s 
rays and save them from excessive 
evaporation. 



• 2. Integument:   Well developed integument 
and fused sclerites in beetles end weevils aid 
in conserving body moisture.  Waxy coating of 
integument also saves from excessive 
evaporation.

• 3. Winglessness:   Grasshoppers and crickets in 
arid regions have poorly developed wings and 
some are wingless by which the area of 
evaporation is reduced.



• 4. Pilocity:   Dense hairs on the body prevent 
evaporation.   

• 5. Form of body:   Oval and compressed body 
of some desert beetles protects them from 
hot winds.  Some desert insects have 
burrowing habit by which they go into deeper 
layers of soil when sufficient moisture is not 
available.  



6. By reabsorption of water from products of 
excretion.   

7. Some insects links Amsacta spp. enter into 
aestivation when dry conditions prevail.



• Humidity: Unlike in temperature, there are no
definite ranges of favourable humidity to all insects.

• Different species and their different immature
stages have their own range. Humidity effects the
speed of development, fecundity, colour etc.

• If water content of the body is high, dry air
accelerates the development. Locusts sexually
mature quicker and the number of eggs laid are
more at 70% R.H.

• Rhinoceros beetle develops dark chitin in moist air
and light chitin in dry air. Survival is indirectly
affected by extremely high humidity conditions
that favours the spread of diseases in insects.



Rainfall
• Relative humidity is dependent on rainfall.
• The total amount of rainfall distribution in time

influences the abundance of insects in an area.
• More than 12.5 cm rain during May-June results in

increase in soil moisture which is not favorable to the
cutworms and hence forced to come out of the soil and
fall a ready prey to their parasites and predators.

• On the other hand if the rainfall is less than 10 to 12.5
cm during summer, cutworms remain protected in soil
and there is outbreak of the pest in next season. Hence,
the outbreak of pest can be forecasted, if the number
of wet days (0.8 cm) during May-July is noted.



• If there are less than 10 wet days there will be an increase of
cutworms in the following year.

• If there are more than 10 wet days there will be a decrease.
Desert locust does not lay eggs and even if laid does not hatch
unless soil has sufficient moisture.

• Rainfall also plays an important role in movement of swarms of
desert locust.

• Saturated condition of moisture is injurious for the development
of spotted boll worm Earias fabia Stoll.

• Red pumpkin beetle Aulacophora foveicollis Lucas withholds eggs
until it come across moist soil.

• Rain induces emergence of most of the insects from soil. Eg: Ants,
termites, red hairy caterpillar, root grub beetles etc., emerge out
from the soil after the receipt of rains.



Light
• Sunlight is the greatest single source of energy for all most all

biological systems.

• Light as an ecological factor has been defined as all shorter
wavelengths of radiant energy up to and including the visible
spectrum which is measurable.

• Wavelengths of visible parts of spectrum range from 4000
(Violet) to 7600 (Red) Angstroms.

• Light is a non lethal factor. It helps in orientation or rhythematic
behaviuour of insects, bioluminescence, period of occurrence
and inactivity.

• The different properties of light that influence organisms are
illumination, photoperiod, wave length of light rays, their
direction and degree of polarization.

•



Effect of Visible and ultra violet light 

Growth, moulting and fecundity: silkworms 
develop faster in light than in darkness.  

• Grubs of Trogoderma also develop more 
rapidly in light. 

• Moths of spotted boll worm of cotton and red 
hairy caterpillar lay most of their eggs during 
periods of darkness. 

• The bean weevil lays more eggs in total 
darkness than in light. 



Other activities:
In honey bees there is a correlation between hours of

sunshine and their activity.
Orientation of animals through directed movements by light is

called phototaxis which also depends on temperature,
moisture, food and age.

Green leafhopper, Nephotettix spp. are attracted to light on
hot and humid evenings but is indifferent to it during dry
weather.

Chafer beetles, many moths pass the day in concealment.
Cockroaches hide during day time.

Dusk is most usual time for flight and copulation of moths, for
emergence of winged whiteants etc.



Based on   daily activity cycle, insects 
or animals are categorized as  

Diurnal: Insects which are active during daylight 
hours  

Nocturnal: Insects which are active at night  

Crepuscular: Insects which are active at dusk 



Photoperiodism: 
• The number of hours of light in a day length (24 hours) is termed

as photoperiod and the response of organisms to the
photoperiod (length of the day) is known as photoperiodism,
photoperiod induces diapause.

Insects in which dispause is induced by long day are known as
short day species. Eg: Mulberry silkworm Bombyx mori
(Linnaeus).

• While the insects in which diapause in induced by short day
lengths are known as long day species. Eg. Pink bollworm of
cotton, Pectinophora gossypiella. Photoperiod also known to
control mode of reproduction, body form etc. In reduced
photoperiod sexual forms (winged) are produced in aphids.



Oviposition: Light stimulates oviposition in mantids and
inhibits in Periplaneta sp.

Pigmentation: In dark areas, pigmentation develops in
insects i.e., dark colour develops in dark areas.

Bioluminescence: Famous luminous insects are the glow-
worms and fireflies. The enzyme luciferase in the
presence of oxygen and adenosine triphosphate (ATP)
promotes the oxidation of luciferin. This causes the
production of light in insects. In most cases, females
produce flash of light to attract males for mating.



Use of light as a factor in insect 
management

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

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

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

• Based on this principle artificial light can be
employed as a source for attracting insects and
there after they can be trapped and destroyed
and these devices are known as light traps.



Other factors:

i) Atmospheric pressure: it is generally of little
importance.Locust show great excitement and
abnormal activity about half an hour before
the occurrence of storm when the
atmospheric pressure is low. Drosophila flies
stop moving when put under vacuum.



Wind and Air currents: Most of the insects will
not take flight when speed of wind exceeds the
normal flight speed. Air currents, especially in the
upper air being strong, carries many insects like
aphids white flies, scales etc. to far-off places and
is an important factor in dispersal. Air movement
may also be directly responsible for death of
insects. Severe wind coupled with heavy rains
cause mortality and moisture evaporation from
body surface of insects.

•



Edaphic (Soil) factors: Loamy soils allow digging
and burrowing operation and are usually
favourable for insects. Agrotis splive in soil of
fairly light texture in which they move
around freely in response to daily or seasonal
temperature and moisture changes



Predicting Biological Events: The 
Degree –Day Method

• The idea of using temperature and time to describe
development of cold blooded animals is more than 250 years
old.

• Among them the most prevalent methods of measuring and
estimating this so-called PHYSIOLOGICAL TIME is the degree
day method.

• Degree days represent the accumulation of heat units above
some minimum temperature for a 24 hours period. Below this
minimum, no development takes place, but above it, heat
units are accumulated towards development. For degree-day
accumulation, if the developmental minimum or threshold of
an insect is 150C and the average temperature for the day is
270C, then 12 degree days, (symbolized as DD or D) would
have accumulated on that day



• To predict the stage of development from degree 
days, the thermal constant for an event must 
have been established. This thermal constant is 
the number of degree days required for an event 
to occur. 

• Both thermal constant and developmental 
thresholds vary among different species of 
insects. 

• Thermal constant for painted lady butterfly 
(Vanessa cardui) is 440 celsius degree day

• Seed corn maggot is 370 celsius degree day



• DD= average daily temperature- developmental 
threshold

• There are four basic procedure for estimation 
avergae daily temperature (Recatngle method, sine 
wave method, cosine curve and triangle method.

• The most widely used is the rectangle or simple 
average method

• Average daily temperature=(Max. Temp +Min 
temp)/2



BIOTIC FACTORS

Food:
• Each insect species has certain nutritional

requirements for completion of its life cycle.

• Under normal conditions there is a happy adjustment
between the host and particular species of insect.

• But in the event of sudden increase in population,
the densities of population become too high to be
supported by the food available in the area.

• Hence competition for food as well as space will be
there.



According to nutritional requirements, 
insects are categorized into

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

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

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

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

(b) Monophagous:which feed on single species of plants.
Eg: Rice stem borer
(c) Oligophagous:which feed on plants of one botanical
family. Eg: Diamondback moth, Cabbage butterfly.

4. Saprophagous (Scavengers): which feed on decaying plants and
dead organic matter. Eg: Drosophila flies, House flies, scarabaeid
beetles.



Other organism
Include beneficial and harmful insects.

Associations of individuals of the same species is
known as intra specific relations and it may be
beneficial.

Such association of two sexes, parental care, associations
of social insects etc., phenomenon like overcrowding is
harmful since shortage of food and space results.
Disease outbreak may occur. Cannibalism may occur.

Eg. Preying mantids, larvae of Helicoverpa, Tribolium
feeds on its own eggs.



Interspecific association
Beneficial associations:

i) Symbiosis: Inter relationship between organisms of different species
which live in close union without harmful effects are known as
symbiosis, each member being known as symbiont.

ii) Commensalism: One insect is benefited by living on or inside another
insect without injuring the other and is known as comensal and it
lives on the surplus food or the waste food of its host. Eg: Gall
forming insects. When the commensal uses its host as a means of
transport the phenomenon is termed as phoresy.

• Eg: Telonomus beneficial parasitoid attaches themselves to the anal
tufts of female moths of rice stem borer Scirpohaga incertulas
(Walker) for their transport. The parasitoid parasitizes freshly laid
eggs.

iii) Mutualism: When both the symbionts are benefited by the
association it is known mutualism Eg: Ants and aphids. Termites and
flagellates.



Harmful associations:

Parasite: Parasite is one which attaches itself in the body of 
the other organism either externally or internally for 
nourishment and shelter at least for a shorter period if not 
for the entire life cycle.  The organism   which is attacked by 
the parasite is called host.

Parasitoid:An insect parasite of arthropod is parasitic only in 
immature stages, destroys its host in the process of 
development and free living as an adult  or   Parasitoid is an 
insect that feeds on the body of another insect or 
arthropod during the larval stage of the their life cycle and 
adult is a free-living insect, no longer dependent on the 
host. Parasitisation: It is the phenomenon of obtaining 
nourishment at the expense of the host to which the 
parasite is attached.  



• Parasites can be grouped into, Depending 
upon the nature of host, as  

• 1. Zoophagous : That attack animals (Cattle 
pests)  

• 2. Phytophagous :  That attack plants (Crop 
pests)  

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



CONCEPT OF BALANCE OF LIFE 

• The population of an insect or any animal may be
defined as the number of individuals of a particular
species existing in a particular area at a time.

• The population never remains constant for long, but
it tends to oscillate all the time about a theoretical
optimum for the species.

• Balance of life in nature is the maintenance of a
more or less fluctuating population density of an
organism over a given period of time within certain
definite upper and lower limits by the action of
biotic and abiotic factors.



• Factors Contributing to Population
Increase

• Any organism will multiply enormously if the
environment is optimum. Different organisms multiply
at different rates. Hence it is well known that every
organism has an inherent capacity to survive,
reproduce and multiply in numbers.

• The extent to which a species can multiply in a given
period of time if no adverse factors interfere is called
its ‘Biotic potential’ which is also known as ‘Maximum
reproductive power’. This concept was first introduced
by R.N. Chapman in 1928.



• The biotic potential or innate capacity to increase
depends on

1) Initial population: The more the initial population of
an organism the more will be its progeny,

2) Fecundity: It is the average number of eggs laid by a
female in its life. The more the fecundity the more
will be the resultant population.

3) Sex ratio: It is the ratio of females to the total
population and is represented by number of females
/ Total number of males and females. Up to a limit
the more the proportion of females, the more the
multiplication capacity.

4) Number of generations in an unit time or a year:
Obviously the greater the number of generations in a
unit time the larger will be the resultant population.



• Based on the above factors the biotic potential can
then be represented by the formula,

• B. P. = P (f s )n

• Where,

• P=Initial population

• f = Fecundity

• s = Sex ratio

• n = Number of generations in a unit time.

• Some insects like white ant queens and house flies
lay large number of eggs while others lay very few
eggs.



• Some insects reproduce very fast. 
• Mustard aphid has over 40 generations a year If all 

survive, 
a single pair of house flies may produce 191, 010, 000, 

000, 000, 000, 000, flies from April to August which if 
spread over the entire earth form a layer about 14 
meters deep. 

Similarly a progeny of a pair Drosophila flies produced in 
a year would cover the whole of Indian subcontinent 
and Myanmar with a solid cake of flies.

Such is the biotic potential of insects when there is no 
interference of biotic and abiotic factors of the 
environment



Factors Tending to Reduce Populations: 
• However, in nature there are other powerful factors

working against the biotic potential.

• These are (1) Abiotic or climatic factors and (2)
Biotic factors.

• These biotic and abiotic factors are known as the
constituents of environmental resistance which
always tend to destroy a considerable proportion of
insect life.



• The proportion of the population which is normally
eliminated as a result of environmental resistance is
known as ‘Normal Coefficient of destruction’ which
can be expressed by the formula,

• Qn = 1 – ( 1/s )n / fn.  

• Where, ‘Q ‘= the coefficient of destruction,

• ‘s= the sex ratio when population is taken as 1

• n = the number of generations in a unit interval of
time and

• ‘f ‘= fecundity.



• Balance of Life In nature there are two sets of tendencies namely the
biotic potential tending to increase the population and the
environmental resistance tending to reduce the population.

• As such there is a constant interaction between these two opposing
forces and then maintains a dynamic equilibrium known as ‘Balance
of life’.

• It is evident from the above that in any case, the insects or other
animals never attain the high density which they are potentially
capable of doing which is because of environmental limiting factors
like abiotic factors comprising mainly temperature and humidity
which at too high or too low levels adversely affects insects.

• Natural disturbance like heavy rain, hail storms, snow, sand storms,
dust storms, and very high wind velocity are adverse to insect life.

• Biotic factors i.e. limitation of food, competition for food and space
and natural enemies act adversely depending on the density of
population.



Introduction To IPM

















• According to FAO (1967), IPM was defined as “a
pest management system in the context of
associated environment and population dynamics in
pest species. It utilizes all suitable techniques and
methods in as compatible manner as possible and
maintains the pest population at levels below those
cause economic injury.

OR

• Protective management of the noxious pest in
which all available techniques should be evaluated
and consolidated to manage pest population so that
economic damage is avoided and adverse side
effects on the environment are minimized (Gieir
and Clark, 1961).













INSECT PESTS
• The word ‘Pest’ derived from the Latin word ‘Pestis’

meaning Plague.
• An insect reaches the status of a pest when its number

increases and inflicts significant damage.
• ‘Pest’ is defined as insect or other organism that causes any

damage to crops, stored produce and animals.
• Damage boundary is the lowest level of injury where the

damage can be measured.
• Insect pests are divided into depending upon the severity of

damage caused on the plant.
a) Negligible Pests: that cause less than 5% loss in yield, is said

to be negligible
b) Minor: Insects which normally cause a loss ranging from 5

to 10% are said to be minor pests
c) Major those which cause a loss of 10% or more in general

called as major pests.



Different Categories of Insect Pests
1. Regular pest: Occur most frequently (regularly) in a crop and have

close association with that particular crop.

Eg: Chilli Thrips, Scirtothrips dorsalis , brinjal shoot and fruit borer,
Leucinodes orbonalis

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

Eg: Rice case worm, Nymphula depuctalis castor slug caterpillar,
Parasa lepida , mango stem borer, Batocera rufamaculata

3. Seasonal pests: Occur mostly during a particular part of the year,
and usually the incidence is governed by climatic conditions.

Eg: Red hairy caterpillar on groundnut-June - July, Rice grasshoppers –
June-July, Paddy climbing cutworms.

4. Persistent pests: Occur on a crop almost throughout the year.

Eg: Scales and mealybugs on many crops, thrips on chillies, paddy stem
borer.



5. Sporadic pests: Occur on a few isolated localities.
Eg: coconut slug caterpillar –Macroplectra nararia, Contheyla

rotunda, Rice earhead bug - Leptocorisa acuta, castor slug
caterpillar-Latoia lepida

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

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

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

Eg: Red hairy caterpillar Amsacta albistrigaon groundnut in Kurnool,
Ananthapur, Kadapa, Chittoor, Srikakulam and Vizag districts, stem
borers of rice, paddy gall fly in Warangal districts.



Why Pest Management
1) Collapse of control system: During the massive use of pesticides, Rachel Carson, an 

American biologist, warned the people about the side effects of the use of 
pesticides through her book entitled, Silent Spring. Through her book, she raised a 
lot of questions about the real benefits of the use of pesticides as well as the risks 
of pesticides rendered in the environment and public health

2) Phases of crop protection (Collapse of control systems) Smith. R.F (1969) has 
classified World wide patterns of crop protection in cotton agro ecosystem into the 
following phases which are also applicable to other crop ecosystems 

A) Subsistence phase:. Crop protection is through natural control, hand picking, host 
plant resistance, other cultural practices and rarely insecticides are used.

B) Exploitation phase: The agricultural production increased from subsistence level to 
higher so as to reach the market. Pest control solely depend on chemical 
pesticides. 

C) Crisis phase: After few years in exploitation phase, more frequent applications of 
pesticides and higher doses are needed to obtain effective controlExcessive use of 
insecticides over a

• number of years led to serious problems like
• i) Pest resurgence
• ii) Pest resistance to insecticides
• iii) Change of pest status
• iv) Increase of production costs, etc.



• D) Disaster phase: As a result of all deleterious
effects, the cost of cultivation got increased and the
crops were not grown profitably. There were
frequent encounters of crop failures and produce
not acceptable at market (rejection of the produce
due to residues), and finally collapse of the existing
pest control system.

• E) Integrated control phase: In this phase it is
aimed to give the control measures to the optimum
and not to the maximum. Pest management
concept is followed to avoid crisis and disaster
phases



The terms used to express the levels of pest population are

• a) Economic Injury Level (EIL): Lowest population at which the pest
will cause economic damage or it is the pest level at which the
damage can no longer be tolerated and therefore it is the level at or
before which the control measures are initiated.

• The amount of injury which will justify the artificial control measures
is termed as economic damage. EIL is usually expressed as the
number of insects per unit area

• b) Economic Threshold Level (ETL): It is the index for making pest 
management decisions. ETL is defined as the population density at 
which control measures should be applied to prevent increasing pest 
population from reaching the economic injury level.

• Relationship between EIL and ETL can be expressed as when no 
action is taken at ETL the population reaches or exceeds EIL.

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

• insect/hill; rice stem borer -5% dead hearts; Gall midge of rice-5% 
silver shoots.



c) General equilibrium position(GEP)

• It is the average population density of insect over a
long period of time unaffected by temporary
interventions of pest control However the economic
injury level may be at any level well above or below
the general equilibrium.
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Occasionally their density reaches EIL when their population is
affected by unusual weather conditions or the injudicious use of
insecticides. At their peaks of population density, some sort of
intervention usually an insecticide is required to reduce their numbers
to tolerable level
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EIL’s are slightly above the GEP and intervention is necessary at
nearly every upward population fluctuation. The general practice is to
intervene with insecticides whenever necessary to produce a modified
average population density well below the EIL.



Severe Pest
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They have EIL below the GEP. Regular and constant interventions with 
insecticides are required to produce marketable crops.

MEP



Limitations of IPM
• An IPM program requires a higher degree of

management:

• Making the decision not to use pesticides on a
routine or regular basis requires advanced planning
and therefore a higher degree of management.

• This planning includes attention to field histories to
anticipate what the pest problems might be,
selecting crop varieties which are resistant or
tolerant to pest damage, choosing tillage systems
that will suppress anticipated pest damage while
giving the crop the greatest yield potential.



Limitation
• IPM can be more labour intensive, consistent,

timely and accurate field scouting takes time.
Without this information, intelligent management
decision cannot make.

• Success of IPM programmes can be weather
dependant.

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



Different components or tools of IPM

• 1) Pest surveillance

• 2) Cultural methods

• 3) Mechanical methods

• 4) Physical methods

• 5) Biological methods

• 6) Legislative methods and

• 7) Chemical methods



Pest surveillance
• Pest surveillance is the systematic monitoring of

biotic and abiotic factors of the crop ecosystem in
order to predict the pest outbreak or

• It is the study of the ecology of the pest which
provides the necessary information to determine
the feasibility of a pest management programme.

• By the Pest surveillance programmes, the
population dynamics and the key natural mortality
factors operating under field conditions can be
known which in turn helps in devising the
appropriate management strategies.



ADVANTAGE
• One can know how a pest is multiplying in an area 

and when it is expected.

• Minimize the cost of plant protection by reducing 
the amount of pesticides used and in turn reduce 
environmental pollution.

• Pest control measures can be initiated in time due 
to advance forecasting useful for pest forecasting.

• To find out natural enemy population

• To study the influence of weather parameters on 
pests

• Mark endemic areas

• Maintain the stability of the agro ecosystem



Components of pest surveillance

• Identification of the pest.
• Distribution and prevalence of the pest and its severity.
• The different levels of incidence and the loss due to the 

incidence.
• Pest population dynamics.
• Assessment of weather.
• Assessment of natural enemies etc.
• This study will give advance knowledge of probable pest 

infestation and will help to
• plan cropping patterns and to get best advantage of pest 

control measures.



Forecasting for Pest Management
• The Pest surveillance programmes are highly useful in 

forecasting of the pests. It is the advance knowledge of 
probable infestation by the pests in a crop. Insect 
forecasting service may serve

(1) To predict the forthcoming infestation levels of a pest 
which is very useful in taking control measures and

(2) To findout the critical stages at which the application of 
insecticides would afford

maximum protection.

• During 1941 a nation wide pest forecasting system was 
established in Japan. Locust warning station in India was 
established in 1939.



• Forecasting is mainly of two types.
1) Short term forecasting: Covers one or two seasons 

mainly based on the
• populations of the pest within the crop by sampling 

methods.
2) Long term forecasting: It covers large areas and based 

mainly on the possible effects of weather on the insect 
abundance. Eg. Locust warning stations.

• Forecasting is made through
1. Population studies carried over several years.
2. Studies on the pest life history.
3. Field studies on the effect of climate on the pest and its 

environment.
4. Predictions form the empirical data on the pests of the 

previous season.



Pest surveillance and monitoring in India 

• Pest surveillance and monitoring form an integral
part of IPM technology. Directorate of
PlantProtection , Quarantine and Storage (DPPQS),
Faridabad, is organizing regular rapid roving pest
surveys on major field crops in different agro
ecosystems in collaboration with ICAR and SAU’s
and a consolidated report then issued by Plant
Protection Adviser (PPA) to the GOI



HOST PLANT RESISTANCE
• “Relative amount of heritable qualities possessed by the plant

which influence the ultimate degree of damage done by the
insect is called ‘Host plant resistance’ to insect attack.”

• Lesser damage than average damage is taken as resistance
while more damage than average damage constitutes
susceptibility.

• A resistant variety produces higher yield than susceptible
variety when both are subjected to the same extent of
infestation by same insect at the same time.

• Resistance is a relative term only compared with less
resistance or susceptibility.

• Absolute resistance or Immunity refers to the inability of a
specific pest to consume or injure a particular variety under
any known-conditions.

• Immune varieties are rare.



Ecological or Pseudo or Apparent Resistance
• Ecological resistance relies more on environmental conditions than

on genetics. Certain crop varieties may overcome the most
susceptible stage rapidly and thus avoid insect damage. Early
maturing crop cultivars have been used in agriculture as an effective
pest management strategy. However, plants that evade insect attack
by this mechanism are likely to be damaged if the pest populations
build-up early.



Pseudoresistance may be one or combination of the following:

1. Host evasion: Under some conditions , a host plant may pass
through the most susceptible stage quickly or at time when insects
are less in number .
Eg:Early planting of paddy in kharif minimize the infestation of stem
borer Scirpophaga incertulas
Sowing of sorghum soon after onset of monsoon in June helps to
overcome shoot fly infestation

2. Induced resistance: is a form of temporarily increased
resistance asresulting from some conditions of plant or its
environment such as changes in the amount of nutrients or
water applied to the crop. Eg: Application of potassium
fertilizers.

3. Host escape: It refers to lack of infestation or injury to the
host plant because of transitory circumstances like
incomplete infestation, thus finding of uninfested plant in a
susceptible population does not necessarily mean that it is
resistant.



Genetic Resistance

• The factors that determine the resistance of host
plant to insect establishment include the presence
of structural barriers, allelochemicals and
nutritional imbalance.

• These resistance qualities are heritable and operate
in a concerted manner, and tend to render the plant
unsuitable for insect utilization.



Genetic resistance may be grouped based on
A. Number of genes
i) Monogenic resistance: When resistance is controlled by a single

gene, it is called monogenic resistance
ii) Oligogenic resistance: When resistance is governed by a few

genes, it is called oligogenic resistance.
iii) Polygenic resistance: When resistance is governed by many genes,

it is called polygenic resistance. This is also termed as horizontal
resistance.

B. Major or minor genes
i) Major gene resistance: The resistance is controlled by one or few

major genes. Major genes have a strong effect and these can be
identified easily. This is also called Vertical resistance.

ii) Minor gene resistance: The resistance is controlled by a number of
minor genes, each contributing a small effect. It is called minor
gene resistance. This is also referred to as horizontal resistance.



C. Biotype reaction
i) Vertical resistance: If a series of different cultivars of a crop

show different reactions when infested with different insect
biotypes, resistance is vertical. In other words, when
infested with the same insect biotype, some cultivars show
a resistant reaction while others show a susceptible
reaction. It is also referred to also as a qualitative or
biotype specific resistance. Vertical resistance is generally,
but not always, of a high level and is controlled by a major
genes or oligogenes. It is considered less stable.



ii) Horizontal resistance: Horizontal resistance
describes the situation where a series of different
cultivars’ of a crop show no differential interaction
when infested with different biotypes of an insect.
All resistant cultivars show similar levels of
resistance to all biotypes. This type of resistance is
called biotype-non-specific resistance, general
resistance or quantitative resistance. Generally,
horizontal resistance is controlled by several poly
genes or minor genes, each with a small
contribution to the resistance trait.

• Horizontal resistance is moderate, does not exert a
high selection pressure on the insect, and is thus
more durable or stable.



Host Plant Selection Process by an Insect
Host plant selection is a process by which an insect detects a resource

providing plant within an environment of large population of
diversified plant species. The process of host plant selection
involves a sequence of five steps

1. Host-habitat finding: The adult population of any species arrives at
general host habitat by phototaxis or anemotaxis and geotaxis.
Temperature and humidity play important role .Normally crop pests
stay within general area where crops are planted and hence, this
becomes less important in host plant selection.

2. Host finding: After locating habitat the insect pest makes a
purposeful search to locate its appropriate host plantfor its
establishment. The essential visual or olfactory mechanisms help
the contact. Once the pest reaches orcontacts the host plants,
tactile and olfactory sensory organs arrest further movement
causing the insects to remain on the plant.



3. Host recognition: Although larvae are with sensorial
receptors for host recognition, this phase is usually taken care
of by ovipositing female adult. It is usually done with the help
of specific volatile from the plants. Eg:-Onion maggots,Delia
sp attracted to its host by the odour of propryl disulphide.
Cabbage maggot fly,Delia brassica get attracted by crucifer
due to presence of few glucocyanolides.

4. Host acceptance: Various chemicals present in the host
species actually govern the feeding process of insects. These
chemicals responsible for initial biting,swallowing and
continuation feeding. Eg: Presence of phagostimulants like
morin in mulberry Morus albais key in continuation of feeding
of silkworm Bombyx mori.

5. Host suitability: The nutritional value in terms of sugars,
proteins, lipids and vitamins or absence of deleterious toxic
compounds determines the suitability of the host for the pest
in relation to the development of larvae, longevity and
feeding.



Mechanisms of Host Plant Resistance
• R. H. Painter (1951) has grouped the mechanisms of 

host plant resistance into three main categories.
1. Non-preference (Antixenosis) 2. Antibiosis and             
3. Tolerance

Though various workers have attempted to classify the 
mechanisms of resistance, the terms defined by Painter 
(1951) - non preference, antibiosis and tolerance were 
widely accepted. However, Kogan and Ortman (1978) 
proposed that the term non preference should be 
replaced by antixenosis because the former describes a 
pest reaction and not a plant characteristic. The three 
types of resistance are described in the context of the 
functional relationships between the plant and the 
insect.



Non-preference or Antixenosis
• The term ‘Non-preference’referes to the responce of the insect to the

charecteristics of the host plant, which make is unattractive to the
insect for feeding, oviposition or shelter.

• Kogan and Ortman (1978) proposed the term ‘Antixenosis’, as the
term ‘Non-preference’ pertains to the insect and not to the host
plant.

• Some plants are not choosen by insects for food shelter or
oviposition because of either the absence of desirable characters in
that plant like texture, hairyness taste, flavour, or presence of
undesirable characters.

• Such plants are less damaged by that pest and the phenomenon is
called non preference Eg. Hairy varieties of soybean and cotton are
not prefered by leafhoppers for oviposition

• Open panicle of sorghum supports less Helicoverpa armigera Wax
bloom on crucifers deter diamondback moth Plutella xylostella



Antibiosis:
Antibiosis refers to the adverse effect of host plant on the insect due to the

presence of some toxic substances or absence of required nutritional
components.

• Such plants are said to exhibit antibiosis and hence do not suffer as much
damage as normal plants. The adverse effects may be reduced fecundity ,
decreased size , long life cycle , failure of larva to pupate or failure of adult
emergence, and increased mortality. Indirectly, antibiosis may result in an
increased exposure of the insect to its natural enemies.

• Eg: The most classical example ofhost plant resistance is DIMBOA (2,4 Di
hydroxy -7- methoxy – 1,4 benzaxin – 3) content in maize which imparts
chemical defense against the European corn borer Ostrinia nubilalis.

• Nutrionally related antibiotic effect in rice variety Mudgo which is resistant
to BPH. When young females fed on variety Mudgo, ovaries of BPH are
underdeveloped andcontain few mature eggs in it due to less quantity of
aminoacid asparagine content in the resistant variety.



Tolerance
• Some plants withstand the damage caused by the insect by

producing more number of tillers ,roots, leaves etc in the
place of damaged plant parts such plants are said to be
tolerant to that particular pest .Tolerance usually results from
one or more of the following factors

1. General vigour of the plant,
2. Regrowth of the damaged tissues
3. Strength of stems and resistant to lodging
4. Production of additive branches
5. Efficient utilization of non vital plant parts by the insect and
6. Compensation by growth of neibhouring plants
• Eg: Early attack by the sorghum shoot fly on main shoot

induced the the production of a few synchronous tillers that
grow rapidly and survive to produce harvestable ear heads.
LRG 41 Red gram for H. armigera





INSECTICIDE 
CALCULATIONS



Coragen (chlorantraniliprole 18.5SC)



• Phosphamidon 100EC



• Gaugo (imidacloprid 600FS)



Pesticide Formulation
International Formulation Codes (UNIDO, 1992) Viena

Sl. No Code Expanded name

1 RB Bait (ready to use)

2 AB Grain Bait

3 CB Bait concentrate

4 GB Granular bait

5 PB Plate bait

6 SB Scrap bait

7 MC Microcapsule suspension

8 GR (G) Granule

9 CG Encapsulated granule

10 FG Fine granule

11 MG Microgranule

12 GG Macrogranule

13 SG Water soluble concentrate

14 WG (WDG) Water dispersible granule 

15 D Dust

16 DP Dustable Powder

17 DL Driftless dust



18 PW Powder

19 CM Cream

20 CR Crystal

21 PT Pellet

22 PD Poison drink

23 PA Paste

24 IM Impregnated material

25 LA Lacquier (Protective coating)

26 VP Vapour releasing product

27 MS Mist spray

28 NB Fogging concentrate

29 HN Hot fogging concentrate

30 KN Cold fogging concentrate

31 TB Tablet

32 WT Water soluble tablet

33 WS Slurry for seed treatment

34 ST Seed treatment

35 LS Liquid for seed treatment

36 FS Flowable concentrate for seed treatment

37 SS Water soluble powder for seed treatment

38 PS Seed coated with a pesticide

39 DS Dry seed treatment

40 SL Soluble concentrate



41 WSC Water soluble powder

42 WSP (SP) Water soluble powder

43 WDP Water dispersible powder

44 WW Water wettable

45 WP Wettable Powder

46 SC Suspension concentrate

47 CS Capsule suspension

48 SE Suspo- emulsion

49 UL Ultra low volume liquid

50 SU Ultra low volume Suspension

51 FU Fumigant

52 LF Liquid fumigant

53 EM Emulsion

54 EC Emulsifiable concentrate

55 EW Oil-in-water emulsion

56 EO Water-in-oil emulsion

57 AE Aerosol

58 DT Dispersible tablet



CALCULATIONS



Calculation on the basis of active ingredient:

Q. If chlothianidin 50WDG is used at the rate of 0.010 kg
a.i. per ha to control brown plant hopper in paddy, then
calculate the amount of formulation of chlothianidin
50WDG required for one hectare.

Solution: 100 gram of formulation of chlothianidin
50WDG contains 50 gram of active ingredient of
insecticide.

• Amount of formulation to get 50g chlothianidin 50WDG
active ingredient =100g

• Amount of formulation of to get 10g (0.01 kg)
chlothianidin 50WDG active ingredient
=(100x10)/50

• =20 g



Q. Avaunt (indoxacarb 15.8EC) to be sprayed at the rate of 0.050kg
a.i. per ha of 8000 m2 and Indoxacarb has 15.8% a.i. How much
liters of Avaunt is required?

Solution: 100 ml of Avaunt contains 15.8 gram of active ingredient of
insecticide.

Amount of formulation required to get 15.8g indoxacarb ai =100g
Amount of Avaunt required to get 50g (0.05kg) indoxacarb ai

=(100x50)/15.8

=316.46ml/ha
• Amount of required for one ha (10000m2) is =316.46ml
• Amount of formulation required for 8000 m2 is

=(316.46x8000)/10000
=253.17 ml



Calculate the dose of insecticides on the basis of 
known recommended concentration (%)

• Formula Amount of formulation required=

Recommended dose of 
insecticide in a.i. (%) X

Volume of spray 
required

% ai in formulation available in market



Q Calculate the amount of Decis (deltamethrin 2.5 
EC) @ 0.05% to spray in storage structure with a 
volume of 200 liter.

Solution:  \
Recommended dose of insecticide (Decis) in a.i. (%) = 0.05

• Volume of spray = 200 L

• Per cent of a.i available in formulation = 2.5

• Amount of Decis required = 0.05 x 200

• 2.5

• = 4.0 Liter



Q :For treatment of termites in sugarcane, 2.75 liter 
chlorpyriphos 20 EC is required for two hectare area. 
Calculate the dose of chlorpyriphos 20EC in spray solution. 

Solution:  

Suppose the dose of chlorpyriphos (%) = x

Volume of spray = 1100 liter

Per cent of a.i available in formulation = 20

Required amount of formulation is = 2.75 liter

•

– 2.75 = (X x 1100)/20

• Dose of insecticide in per cent =(2.75x20)/1100

=0.05%

•



Practice
• A recommendation for aphids calls for using

Imidacloprid 17.8 SC at 0.025kg a.i./ha. How much
imidacloprid would be needed per ha.

• Calculate the amount of granules of 0.3% fipronil
required to cover an area of 5×0.3mt rice seedlings. If
the rate of application of insecticide is 0.075kg a.i./ha?

• 100 ha of paddy is to be treated with 4% Kaldan (cartap
hydrochloride) granules recommendation indicates its
use of 0.25 kg a.i./ha. Calculate the amount of
formulation required?

• Quinophos (Ekalux 25EC) is required at the rate 0.6kg
a.i./ha to control bollworm. What amount is
commercial formulation is required for spray in two
hectare?



• Calculate the amount of methyl parathion 50EC required
prepare 1000L of 0.02% spray solution.

• What amount of commercial formulation of deltamethrin 1.8
EC will be required to be sprayed at the rate of 0.015 kg/ha?

• We need 500L of 0.1% of chlorntraniliprole and the
formulation available in the market is Malathion 18.5SC. How
much of it will be required for spraying in field?

• 5kg of diflubenzuron 25% WP was diluted to 3000L and was
sprayed in 30ha. Calculate the concentration of a.i. in the final
spray.

• The recommended dose of an insecticide flumendiamide
480SC is 0.024kg a.i./ha. Calculate the amount of formulation
of flubendiamide 480SC per hectare.

• 250 acres of soybean has to be sprayed with 0.02% Spinosad
@ 200lit/acre. Calculate the required amount of spinosad
formulations and amount of a.i. used/ha.


