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Prologue

Throughout their lives, plants interact
with a huge array of organisms, each
with their agenda.

These interactions take many forms.

Interaction between plants
and insects is continuing for
last over 350 million years.

There are about 1
million insect species
named and 45% of
them feed on plants.
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Plants are faced with a dilemma

 While they need to attract beneficial
pollinators and seed dispensers, they
must also minimise the damage
caused by the marauding army of
insect herbivores. Without some form
of protection the trees, for example,
would be stripped bare and smaller
plants would be completely
devastated.

Because plants stand still, they
cannot run away.

Insect herbivores are those insects
that consume entire plant or just
certain parts of a
plant.........................Herbivory.

and

Insect herbivores are of two 
types

• Parasitic herbivores - are those whose
feeding reduces plant growth but
generally does not kill plant hosts .

–An example, would be the monarch butterfly
(Danaus plexippus) caterpillar eating milkweed
(Asclepias syriaca)

Predatory herbivores – are those whose
feeding directly kills host
plants or potential host plants
(i.e., seeds). For example, stem
girdlers, seed feeders, and
many vertebrate herbivores.

An example, would be larval Cinnabar moth (Tyria

jacobaeae) feeding on some populations of ragwort  
(Senecio jacobaea)

Herbivore Host Range P la n t - I ns e c t  W a r f a r e

Insects attacks 
&  consumes 

plants

Plants defend 
against being 

eaten
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T h e  A r m s  R a c e  :  
C o E v o l u t i o nStep wise reciprocal 

changes
Successful 
consumer New defenses 

New offenses 
Successful 
defender

Thus, the study of plant-
insect interactions

is complex  - but still fun 
!!!

What is a defense?
Any trait that increases
plant fitness in the
presence of herbivores or
pathogens (compared to a
plant without that trait).

Traits that confer resistance or tolerance were
not necessarily selected for that purpose

Plant defence strategies

Tolerance = the ability of a plant to
withstand a given level of
damage without a reduction
in fitness.

Resistance =the ability of a plant to reduce
the amount of damage it
receives. Measured in terms
of preference or performance
of insect.
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Defence
types

Direc
t

Indire
ct

Physical

1. Thick 
cuticle

2. Trichom
es

3. Thorns

Chemical

1. Toxins

2. Repellen
ts

3. Digestibil
ity 

1. Green leaf 
volatiles

2. Volatile 
organic 
compounds

3. Extrafloral
nectars (EFN)

Physical Defences

Plant Cuticles

• Plant cuticles are protective,
hydrophobic, waxy coverings produced
by the epidermal cells of leaves, young
shoots and all other aerial plant organs.
• The main structural

components are the
unique polymers cutin
and/or cutan,
impregnated with wax.

Trichomes
• Diverse types

• Glandular
• Aglandular
• Hooked

Thorns
•Mostly effective against vertebrates
•Small thorns can deter large insects

Stored within leaf

Abrasive, non-nutritive

Damage mouthparts, 
digestive system

Calcium oxalate 
crystals
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Wood

• Low water, nitrogen content
• Cellulose difficult to digest
• Insects that tunnel may be “pitched”

Lignin

• Makes wood hard
• Difficult to chew

Multiple shapes

•Butterflies 
recognize leaf 
shapeIt has been hypothesized that Passiflora leaf 

shape variation might make it harder for 
Heliconius females to detect host plants.

Mimicry

•Fake eggs

•Some butterflies 
avoid egg laying 
on occupied 
leaves

Chemical Defences

Chemical defence of plants

It is reported that there are about 5 lac
secondary metabolites in plants.
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Proteinase inhibitors (PI)
 Each plant genome contains one to two hundred

different PI genes, grouped into twelve families and
inhibiting each of the four classes of proteolytic
enzymes (serine, cystein, aspartic, and metallo-
proteinases).

 PLANT-PIs is a database that currently contains
information for 495 inhibitors identified in 129
different plants.

 PIs are usually found in storage organs, such as
seeds and tubers, but their occurrence in the aerial
part of plants, as a consequence of several stimuli has
also been widely documented.

 Plant PIs vary from 4 to 85 kDa, with majority in the
range of 8 to 20 kDa.

 Most PIs have a high content of cysteine residues that
from disulphide bridges and confer resistance to heat,

Herbivore elicitors in insects’ oral secretions and 
ovipositional fluids

Different classes of insect herbivore-produced elicitors of 
plant defences have been chemically identified:

a. Fatty acid-amino acid conjugates (FACs)
(Fatty acid-amino acid conjugates)

a. Inceptins (Disulphide-bidged peptides derived from 
chloroplastic ATP synthase of the plant)

b. Caeliferins (Common in suborder Caelifera of
Orthoptera. They are composed of fatty acid chain of 15-19
carbons and may be saturated or monounsaturated)

c. Bruchins (Mono- and bis-(3-hydroxypropanoate) esters of 
C22 and C24 α, ω-diols).

d. Enzymatic elicitors (β-glucosidase)

Glucosinol
ate

Insect herbivore-induced signalling in plants

Herbivore attack induces a battery of molecular events in
plant cells, which transduce alarm signals and eventually
result in the accumulation of densive metabolites. All
these changes are mediated by:

• Cell membrane depolarization and Calcium influx

• MAPK signalling

• ROS

• Phytohormone signalling pathways
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Model of the signaling network required for terpenoid biosynthesis in 
chewing arthropod-damaged leaves and sucking arthropod-damaged 

leaves.

Priming effect, and
Invitation to friends to feast on foes

Inducible constitutive traits in 
indirect plan defence

Extrafloral nectar

Food body

Domati
a
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Epilogue

Indeed, there is an
interesting arms race
between plants and their
insect herbivores with
several applications and
hence is one of the
emerging fields of biology.


