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IDEOTYPE BREEDING
Crop ideotype refers to model plants or ideal plant type
for a specific environment.
In broad sense an ideotype is a biological model which
is expected to perform or behave in a predictable manner
within a defined environment.
More specifically, crop ideotype is a plant model which is
expected to yield greater quantity of grains, fibre, oil or other
useful product when developed as a cultivar.
The term ideotype was first proposed by Donald in 1968
working on wheat.
Ideotype Breeding
Ideotype breeding can be defined as a method of crop
improvement which is use to enhance genetic yield potential
through genetic manipulation of individual plant character.

Main features of ideotype breeding are
1. Emphasis on individual trait
In ideotype breeding, emphasis is given on individual morphological and
physiological trait which enhances the yield.
2. Includes yield enhancing traits
Only those characters which exhibit positive association with yield are
included in the model.
3. Exploits physiological variation
Ideotype breeding makes use of genetically controlled physiological variation
in increasing crop yields, besides various agronomic traits.
4. Slow progress
Incorporation of various desirable characters from different sources into a
single genotype takes long time.
5. Selection
Focused on individual plant character which enhance the yield
6. Designing of model
In ideotype breeding, the phenotype of new variety to be developed is
specified in terms of morphological and physiological traits in advance.
7. Interdisciplinary approach
Ideotype breeding is in true sense an interdisciplinary approach, it involves
scientist of genetics, breeding, physiology, pathology, entomology etc.
8. A continuous process
Ideotype breeding is a continuous process, because new ideotypes have to
be developed to meet changing and increasing demands.
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Features of crop ideotypes
The
crop
ideotype
consists
of
several
morphological
and
physiological
traits
which
contribute for enhanced yield or higher yield than
currently prevalent crop cultivars.
The morphological and physiological features of
crop ideotype differ from crop to crop and sometimes
within the crop also depending upon whether the
ideotype is required for irrigated cultivation or rainfed
cultivation.

Wheat
The term ideotype was coined by Donald in 1968 working on wheat. He
proposed ideotype of wheat with following main features:
1. A short strong stem. It imparts lodging resistance and reduces the
losses due to lodging.
2. Erect leaves. Such leaves provide better arrangement for proper light
distribution resulting in high photosynthesis or CO2 fixation.
3. Few small leaves. Leaves are the important sites of photosynthesis,
respiration and transpiration. Few and small leaves reduce water loss
due to transpiration.
4. Larger ear. It will produce more grains per ear.
5. An erect ear. It will get light from all sides resulting in proper grain
development.
6. Presence of awns. Awns contribute towards photosynthesis.
7. A single culm.

RICE
The concept of plant type was introduced in rice breeding by Jennings in
1964, through the term ideotype was coined by Donald in 1968. He
suggested that in rice an ideal or model plant type consists of
1. Semi dwarf stature
2. High tillering capacity and
3. Short, erect, thick and highly angled leaves
4. More panicles /m2,
5. High (55% ore more) harvest index.

MAIZE
IN 1975, Mock and Pearce proposed ideal plant type of maize.
1. Stiff-vertically-oriented leaves above the ear.
2. Maximum photosynthetic efficiency.
3. Efficient translocation of photysynthate into grain.
4. Short interval between pollen shed and silk emergence.
5. Small tassel size.
6. Photoperiod insensitivity
7. Cold tolerance
8. Long Grain -filling period

FACTORS AFFECTING IDEOTYPES
1. Crop Species
Ideotype differs from crop to crop. The ideotype of monocots significantly
differs from those of dicots. In monocots, tillering is more important whereas
in dicots branching is one of the important features of ideotype.
2. Cultivation
The ideotype also differs with regard to crop cultivation. The features of
irrigated crops differ from that of rainfed crop. The rainfed crop needs
drought resistance, fewer and smaller leaves to reduce water loss through
transpiration. In dicots, indeterminate types are required for rainfed
conditions, because indeterminate type can produce another flush of flowers
if the first flush in affected by drought conditions.
3. Socio -economic Condition of Farmers
Socio-economic condition of farmers also determines crop ideotype. For
example, dwarf Sorghum is ideal for mechanical harvesting in USA, but it is
not suitable for the farmers of Africa where the stalks are used for fuel or hut
constructions.
4. Economic Use
The ideotype also differ according to the economic use of the crop, for
example, dwarf types are useful in Sorghum and pearl millet when the crop is
grown for grain purpose. But when these crops are grown for fodder purpose,
tall stature is desirable one. Moreover, less leafy types are desirable for grain
purpose and more leafy genotypes for fodder purpose. The larger leaves
are also desirable in case of fodder crop.

STEPS IN IDEOTYPE BREEDING
Ideotype breeding consists of four important steps,
1. Development of Conceptual Model
The values of various morphological and physiological traits are specified to
develop a conceptual theoretical model. For example, values for plant height,
maturity duration, leaf size, leaf number, angle of leaf, photosynthetic rate
etc., are specified. Then efforts are made to
achieve this model.
2. Selection of Base Material
Selection of base material is an important step after development of
conceptual model of ideotype. Genotypes to be used in devising a model plant
type should have broad genetic base and wider adaptability. Genotypes for
plant stature, maturity duration, leaf size and angle and resistance are
selected from the global gene pool of the concerned crop species. Genotypes
resistant or tolerant to drought, soil salinity, alkalinity, diseases and insects
are selected from the gene pool with the cooperation of physiologist, soil
scientist, pathologist and entomologist.
3. Incorporation of Desirable Traits
The next important step in combining of various morphological and
physiological traits from different selected genotypes into single genotype .
Various breeding procedures, viz single cross, three way cross, multiple
cross, backcross, composite crossing, intermating, mutation breeding,
heterosis breeding etc., are used for the development of ideal plant types in
majority of field crops.

4. Selection of Ideal Plant Type
Plants combining desirable morphological and physiological traits are
selected in segregating populations and intermated to achieve the desired
plant type. Morphological features are judged through visual observations
and physiological parameters are recorded with the help of sophisticated
instruments. Screening for resistance to drought, soil salinity, alkalinity,
disease and insects is done under controlled conditions.

PRACTICAL ACHIEVEMENTS
Ideotype breeding has significantly contributed to enhanced yields in
cereals (wheat and rice) and millets (Sorghum and pearl millet) through the
use of dwarfing genes, resulting in green revolution. Semidwarf varieties of
wheat and rice are highly responsive to water use and nitrogen application
and have wide adaptation. The Norin 10 in wheat and Dee-geo-Woo-gen in
rice are the sources of dwarfing genes. The genic cytoplasmic male sterile
systems in Sorghum and pearl millet laid the foundation of green revolution
in Asia (Swaminathan, 1972). Thus ideotype breeding has been more
successful for yield improvement in cereals and millets than in other
crops.
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BREEDING FOR DISEASE RESISTANCE

Disease: Abnormal condition in the plant produced by an
organism or an environmental factor.
Stress: Constraining influence, force, pressure or adverse
conditions for crop growth caused by biological or
environmental factors.
Host : Plant effected by a disease or which can accommodate
pathogen.
Pathogen : An organism that produces the disease
Disease : an abnormal conditions in the plant caused by an
organism (pathogen)
Pathogenicity : The ability of a pathogen to infect a host strain
Virulence : Capacity of a pathogen to incite a disease
Avirulence : The inability of a pathogen to cause or incite a
disease
Physiological race : Strains of a single pathogen species with
identical or similar morphology but differ in pathogenic
capabilities.
Pathotype : Strains of a pathogen classified on the basis of
their virulence to known resistance genes present in the host.
Epidemic : Severe and sudden out break of disease beginning
from a low level of infection.

Variability in fungal pathogens:

a) Hybridization:
Recombination of genes of the two parental nuclei takes place
in the zygote, and the haploid nuclei or gametes resulting after meiosis are
different both from gametes that produced the zygote and from each other.
Thus every diploid pathogen individual is genetically different from
any other pathogen even within the same species and variability of the new
individual pathogens is continued indefinitely. e.g., Phytophthora infestans.
b) Heterokaryosis: Condition in which fungal hyphae that are genetically
different come together in the same cell to form heterokaryons.
c) Parasexualism : Parasexuality – re-assortment of genetic material both in
haploid and diploid condition, ready for natural and artificial selection.
Mixtures of races grown together on a susceptible host combine genetically to
produce new races e.g. phytophthora infestans
d) Mutation: The mutation rate varies from gene to gene and from pathogen to
pathogen. e.g. Melampsora lini – new race produced with UV rays (Flor 1956)
e) Cytoplasmic adaptation: There are several examples of cytoplasmic
inheritance of important characteristics such as growth rate and virulence
(Jinks 1966). Virulence of P.graminis f. sp. Avenae, carrying gene E, is maternally
inherited and may be controlled by single plasma gene (Johnson et al 1967)

Generation of variability in pathogens:
Created by mutation, sexual reproduction, heterokaryosis and parasexual
reproduction.

MECHANISMS OF DISEASE RESISTANCE:
There are different ways of disease resistance viz.,
disease escape, disease endurance or tolerance disease
resistance and immunity.

1. Disease escape
The ability of susceptible host plants to avoid attack of
disease due to environmental conditions factors, early varieties,
charge in the date of plating, change in the site of planting;
balanced application of NPK etc.
Eg. Early varietie s of groundnut and potato may escape ‘Tikka’
and ‘Late blight’ diseases respectively since they mature before
the disease epidemic occurs.
Changing planting season in sugarcane from June to
October has successfully escaped leaf-rust.
Virus free seed potato is produced by sowing the crop in
October in Jullundher and other places instead of November,
the normal planting time.

2. Disease endurance or tolerance :
The ability of the plants to tolerate the invasion of
the pathogen without showing much damage. This
endurance is brought about by the influence of external
characters. Generally, tolerance is difficult to measure
since it is confounded with partial resistance and disease
escape. To estimate tolerance the loss in yield and some
other trait of several host varieties having the same
amount of disease eg., leaf area covered by disease etc.,
is compared.
Eg. In Barley the variety Proctor shows 13% yield loss as
compared to 20% loss in the varieties Zephy and Sultan.
· Wheat varieties when fertilized with potash and
phosphorus are more tolerant to the rust and mildew
infection.
· The Rice crop fertilized with silicate is resistant to
blast infection in Japan.

3. Disease Resistance :
The ability of plants to withstand, oppose or
overcome the attack of pathogens. Resistance is a
relative term and it generally refers to any retardation
in the development of the attacking pathogen.
In case of resistance, disease symptoms to
develop and the rate of reproduction is never zero i.e., r
o but it is sufficiently lower than 1 (the rate of
reproduction on the susceptible variety) to be useful.
The inhibition of growth of the pathogen is believed to
be nutrional in nature and in some cases chemical
growth inhibitors may be involved.
Resistance is largely controlled by inherited
characters may be controlled by single dominant gene in
Ottawa 770 B, Newland flax variety, wheat all rusts NP
809

4. Immunity:

When the host does not show the symptoms of disease it
is known as immune reaction. Immunity may result from
prevention of the pathogen to reach the appropriate parts of
the host e.g. exclusion of spores of ovary infecting fungi by
closed flowering habit of wheat and barley.
It is more generally produced by hypersensitive reaction
of the host usually immediately after the infection was
occurred. In immune reaction the rate of reproduction in zero
i.e. r = 0
5. Hypersensitivity:

Immediately after the infection several host cells
surrounding the point of infection are so sensitive that they
will die. This leads to the death of the pathogen because the
rust mycelium cannot grow through the dead cells. This super
sensitivity (hypersensitivity) behaves as a resistant response for
all practical purposes.
Phytoalexins are specific polyphenolic or terpenoid chemicals
and are produced by the host in response to the infe ction by a
pathogen. Phytoalexins are either fungicidal or fungistatic. Eg.
Rust fungi and virus attack.

Factors for disease resistance (Causes of
Disease resistance)
a. Morphological characters
Certain morphological features of the host may
prevent infection.
Eg. Resistance to Jassid attack in cotton has been
shown to be correlated with the hariness of varieties :
hairy type resists the attack more, than glabrous types.
Failure to germinate rust spores on the leaves of
the barley due to waxy coating.
Young sugarbeet leaves practically immune to
attack of the circos pora because the stomata size is very
small.

b. Physiological characters
Protoplasmic factors or chemical interactions :
By virtues of its chemical composition the protoplasm
may exert an inhibitory influence on the pathogen bringing
about the desired resistance in the plant.
Eg. : Resistance of grape to powdery mildew is highly
correlated with the acidity of cell sap.
Presence of toxic substance in the red pigment in the
coloured onions.
c. Anatomical: More secondary thickening of the cell walls of
resistant potato varieties which resists the mechanical
puncture of the invading Pythium pathogen.
d. Nutritional factors : Reduction in growth and in spore
production is generally supposed to be due to unfavourable
physiological conditions within the host.
e. Environmental factors : In addition to the above the
environmental factors have marked effect on the pathogen
attack. Temperature, moisture, humidity and soil PH and
fertility status of the soil effects the pathogen reaction
greatly.

Types of resistance : by Van der Plank
Vertical resistance: Specific resistance of host to particular
race of pathogen. Governed by major genes.
Discontinuous variation, classification of genotypes
R & S possible.
Transfer of oligogenic resistance is simple.
High heritability and can be easily identified in the
breeding programme.
Horizontal resistance: Resistance of host to all the races of
pathogen. Race non specific/pathotype nonspecific/partial resistance/general resistance.
Controlled by polygenes.
Continuous variation,.
Low heritability, hence identification of resistance
types difficult.
It provides protection from several races of pest.
Difficult to transfer polygene resistance.

Feature

Vertical resistance

Horizontal resistance

1. Pathotype – specificity

Specific

Non specific

2. Nature of gene action

Oligogenic

Polygenic; rarely oligogenic

3. Response to pathogen

Usually, hypersensitive

Resistant response

4. Phenotypic expression

Qualitative

Quantitative

5. Stage of expression

Seedling to maturity

Expression increases as
plant matures

6. Selection and evaluation

Relatively easy

Difficult

7. Host pathogen interaction

Present

Absent

8. Commonly used, synonyms Major: gene, race -specific
seedling, monogenic,
pathotype specific
resistance

Polygenic, race nonspecific,
pathotype-nonspecific,
mature plant,
adult plant, field uniform
resistance

9. Efficiency

Variable, but operates
against all races

Highly efficient against
specific races

Gene for gene hypothesis :
Concept by Flor 1956 based on his work on linseed
for rust (Malampsora lini).

Hypothesis states that for each gene controlling
resistance in the host, there is a corresponding gene
controlling resistance in the pathogen. The resistance of
host is governed by dominant genes and virulence of
pathogen by recessive genes. The genotypes of host and
pathogen determine the diseases reaction.

Genetics of resistance:
• Oligogenic resistance: By major genes, has large & easily
identifiable effects. may be dominant or recessive

gene. Dis-

continous variation.eg. Bunt resistance in wheat.
• Polygenic resistance: Several genes having small & additive
effect. Not easily detectable. Provides protection from all races
of pathogen. Not possible to classify plants to classes. More
durable than oligogenic. eg. Bacterial blight in cotton.
• Cytoplasmic resistance: By cytoplasmic genes.
•eg. In maize, T male sterile cytoplasm strains (cms-T) are
extremely susceptible to Helminthosporium leaf blight, while
normal or non-T cytoplasm resistant to disease.

Vertifolia Effect :
Vander plank introduced the term vertifolia effect and refers
to epidemic development in a variety carrying vertical resistance
genes (oligogenes) leading to heavy economic losses. Total failure of
vertical resistance leading to a disease epidemic is known as
vertioalia effect.
This failure occurs because of two reasons :
1. The level of horizontal resistance in varieties carrying oligogenes is
usually low and
2.The pathogen is able to evolve new virulent pathotypes.

Resistance to diseases may be obtained from four different sources :
1. A known variety:
Disease reactions of most of the cultivated varieties are documented and a
breeder may find the resistance he needs in a cultivated variety. Resistant
plants were also lated from commercial varieties as in the case of cabbage
yellows in cabbage curlytop resistance etc. These provide the basis for new
resistance varieties.
2. Germplasm collection : When resistance to a new disease or a new pathotype
of a disease is not known in a cultivated variety germplasm collection should
be screened. Several instances disease resistance were found from the
germplasm collections. Eg. resistance to neckblotch in barley resistance to wilt
in watermelon
3. Related species : Often the resistance to a disease may be found in related
species and transferred through interspecific hybridization. Eg. Resistance to
stem, leaf & stripe rusts of wheat
4. Mutation : Resistance to diseases may be obtained through mutation arising
spontaneously or induced through mutagenic treatments. Eg. Resistance to
Victoria blight in oats was induced by irradiation with x-rays or thermal
neutrons / also produced spontaneously, Resistance to stripe rust in wheat,
Resistance to brown rust in oats, Resistance to mildew in barley, Resistance to
rust in linseed, Resistance to tikka leaf spot and stem root in groundnut

Methods of Breeding for Disease Resistance
The methods of breeding for disease resistance are essentially
same as those used for other agronomic traits.They are :
1. Introduction
2. Selection
3. Hybridization
4. Budding & Grafting
5. Mutation Breeding
6. Biotechnological methods.

1. Introduction : Resistant varieties may be introduced
for cultivation in a new area.
· Early varieties of groundnut introduced from USA have
been resistant to leaf spot (Tikka)
· Kalyanasona and Sonalika wheat varieties originated
from segregating material introduced from CIMMYT,
Mexico, were rust resistant.
· African bajra introductions have been used in
developing downy mildew resistant cms lines.
2. Selection : Selection of resistant plants from
commercial varieties is easiest method.
· Kufri Red potato is selection from Darjeeling Red round
· Pusa Sawani behind (yellow mosaic) selection from a
collection obtained from Bihar
· MCU I was selection from CO4 for black arm resistance
in cotton
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3. Hybridization :
a.Pedigree method is quite suitable for horizontal resistance.
Artificial disease epiphytolics are produced to help in selection
for disease resistance.
Eg. In wheat Kalyana Sona, Sonalaka, Malvika 12 Malvika 37,
Malavika 206, Malavika 234
Laxmi in Cotton (Gadag 1 x CO2) for leaf blight resistance
b. Backcross method is used to transfer resistance genes from
an undersirable agronomic variety to a susceptible, widely
adoptable and is agronomically highly desirable variety.
If the resistant parent is a wholly unadapted variety,
backcross method is a logical choice.
If resistant variety also possess some good qualities then
chose pedigree method of handling segregating material.
4. Budding & Grafting : The disease resistance in vegetatively
propogated material is transferred by adopting either by
budding or grafting. By grafting or budding the resistant
material, the resistance can be transferred.
5. Mutation Breeding : When adequate resistance is not
available in the germplasm ; This is also used to break the
linkagesb between desirable resistant genes and other desirable
genes.

Precautions
1. The donor parent must possess the required amount of
resistance
2. It must be simply inherited without any linkage
3. The recovery in the recipient parent should be more
4. Proper condition for full expression of the resistant genes
has to be provided
Advantages with breeding for disease resistance
1. Helps in reducing the losses caused by patogens
2. Reduces the high cost of disease control by chemical
treatment
3. Helps to avoid the use of poisonous fungicides
4. Only method available to some specific diseases like viruses,
wilt etc.
Limitations
1. Linkage of resistant genes with genes of inferior quality
2. Occurrence of physiological races of varying capacities
3. Self sterility in host plants

Varieties resistant to different diseases
Rice : Blast Co25, Co26,
Wheat : all three rusts : NP 809
Yellow rust : NP 785, NM86
Black rust : NP 789
Brown rust : NP 783, NP 784
Sugarcane : Red rot Co 419, Co 421, Co 527
Cotton : Wilt Vijay, Kalyan, Suyog
Groundnut : Tikka leafspot Ah 45
Chilli : Mosaic resistant Pusa red, Pusa orange
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BREEDING FOR INSECT
RESISTANCE

Global average loss due to insect pests is 14%. Estimated
losses in individual crops vary from 5% in wheat to 26.7% in rice
and still more in crops like cotton & sugarcane.
Insect Resistance :
The ability of a plant to withstand, oppose or overcome the
attack of an insect in known as insect resistance.
Biotypes : Strains of a species of an insect pest, differing in their
ability to attack different varieties of the same host species
Host Habitation :

1. Polyphagy : Insects feed on a vide range of hosts avoiding few
plant species. Eg. Scales & moths.
2. Oligophagy : Live on one taxonomic unit only. Eg. Hessianfly on
wheat
3. Seasonal oligophagy : Insects may live on many species in one
part of the year and on few in another part of the year. Eg : Aphids.
4. Monophagy : Avoid all hosts except one particular species or
variety Eg. Boll weevil on cotton.

Mechanism of Insect Resistance :
Insect resistance is grouped into four categories :
1. Non preference : Host Varieties exhibiting this type of resistance
are unattractive or unsuitable for colonization, oviposition or both
by an insect pest. This type of resistance
in also termed as non-acceptance and anti-xenosis. Non preference
involves various morphological and biochemical features of host
plants such as – color, hairness, leaf angle, taste etc.
2. Antibiosis : Antibiosis refers to an adverse effect of feeding on a
resistant host plant on the development and/or reproduction of the
insect pest. In severe cases, it may even lead to the death of the
insect pest. Antibiosis may involve morphological, physiological or
biochemical features of the host plant; some cases of insect
resistance involve a combination of features. Eg. Resistance to BPT
is due to antibiosis & non preference

3. Tolerance : An insect tolerant variety is attacked by the insect
pest to the same degree as a susceptible variety. But at the same
level of infestation, a tolerant variety produces a higher yield than a
susceptible variety. Tolerance is mainly a host character and it may
be because of greater recovery from pest damage. Eg. Rice varieties
tolerant to stem borer/gall midge produce additional tillers to
compensate yield losses (as in stem borer in sorghum) or due to the
ability of host to suffer less damage by the pest eg. aphid tolerance
in Sugarbeet & Brassica sps. And green bugs tolerance in cereals.
Inheritance of tolerance is complex in many cases and is supposed
to be governed by polygenes.
4. Avoidance : Pest avoidance is the same as disease escape , and
as such it is not a case of true resistance. Mostly insect avoidance
result from the host plants being at a much less susceptible
developmental stage when the pest population is at its peak.
Eg. 1. Early maturing cotton varieties escape pink boll worm
infestation, which occurs late in the season.

Nature of Insect Resistance / Factors for insect –resistance Insect
resistance may involve :
1. Morphological features : Morphological factors like, hairiness, colour,
thickness and toughness of tissues etc. are known to confer insect
resistance.
a) Hairiness of leaves is associated with resistance to many insect pests leaf
beetle in cereals, in cotton to Jassids , in turnip to turnip aphid.
b) Colour of plant : Color may contribute to non preference in some cases.
For example : Red cabbage, Red leaved brussel’s sprouts are less favored
than green varieties by butterflies and certain Lepidoptera for oviposit ion.
Boll worms prefer green cotton plants to red ones.
c) Thickness and Toughness of plant – Tissues prevent mechanical
obstruction to feeding and oviposition and thereby lead to non-preference
as well as antibiosis. Eg. 1. Thick leaf lamina in cotton contributes to
Jassid resistance
2. Solid stem in wheat confers resistance to wheat stem sawfly
3. Thick and tough rind of cotton bolls makes it difficult for the boll worm
larve to bore holes and enter the bolls.
Other characters : also contribute to insect resistance.
Eg. 1. Gossypium arboretum varieties with narrow lobed and leathery leaves
are more resistant to Jassids than are those with broad lobed and succulent
leaves.
2. Cotton varieties with longer pedicels are more resistant to boll worms.

2. Physiological Factors : Osmotic concentration of cell sap, various
exudates etc; may be associated with insect resistance.
Eg. 1) Leaf hairs of some solanum sps. secrete gummy exudates.
Aphids and coloradobeetles get trapped in these exudates.
2) Exudates from secondary trichomes of Medicago disciformis
leaves have antibiotic effects on alfalfa weevil.
3) Cotton- High osmotic concentration of cell sap is associated with
Jassid resistance.
3. Biochemical Factors : Several biochemical factors are associated
with insect resistance in many crops. It is believed that biochemical
factors are more important than morphological and physiological
factors in conferring non-preference and antibiosis.
Eg.
1) High concentrations of gossypol is associated with resistance in
several insect pests
in cotton.
2) In rice – high silica content in shoots gives resistance to shoot
borer

Genetics of Insect Resistance
Insect resistance is governed by –
1. Oligogenic Resistance : Insect resistance is governed by one or few major
genes or oligogenes. Oligogenic resistance may be conditioned by the
dominant or the recessive allele of the concerned gene. The differences
between resistant and susceptible plants are generally large and clear-cut.
In several cases, resistance is governed by a single gene.
Eg. In wheat to green bugs In cotton to Jassids In apple to woolly aphis In
rice to plant & leaf hopper
2. Polygenic Resistance : It is governed by several genes, each gene
producing a small and usually cumulative effect. Such cases of resistance.
1) Involve more than one feature of the host plant
2) Are much more durable
3) Difference of resistance & susceptible plants are not clear cut
4) Transfer of resistance is much more difficult
Examples for polygenic resistance
1) In wheat to cereal leaf beetle
2) In alfalfa to spotted aphid
3) In rice to stem borer
4) In maize to ear worm and leaf aphid
3. Cytoplasmic Resistance : governed by plasmagenes
Eg. 1. Resistance to European corn borer in maize
2. Resistance to root aphid in lettuce

Sources of Insect Resistance

1. Cultivated variety : Resistance to many insect pests may be found
among the cultivated varieties of the concerned crop.
Varieties SRT 1, Khand waz ; DNJ 286 and B 1007 of G.
hirsuturn are good sources of resistance to Jassids.
2. Germplasm collection :
1) In apples for rosy apple aphid, green apple, apple maker and
apple saw-fly.
2) In cotton, several strains resistant to Jassids.
3. Related wild species :
1) Resistance to both the species of potato nematodes has been
transferred from Solanum vernei to potato
2) Jassid resistances is known in wild relatives of cotton G.
tomentosum; G.anomalum and G.armourianum
4. An unrelated organism : It is done through recombinant DNA
technology a) T he ‘Cry’ gene of Bacillus thuringiensis is the most
successful example. Other genes of importance are the
b) Protease inhibitor encoding genes found in many plants eg. the
cowpea pea, trypsin inhibitor (cp TI) gene.

Breeding Methods for Insect Resistance
1. Introduction :
Eg. Phylloxera vertifoliae resistance grape root-stocks from U.S.A. into
france.
2. Selection :
Eg.
1) Resistance to potato leaf hopper
2) Resistance to spotted alfalfa aphid
3. Hybridization : Pedigree oligogenic characters
Back cross Polygenic characters
4. Genetic Engineering : B.theningiensis (cry gene) resistance in
maize, soybean, cotton etc.

Screening Techniques for determining resistance
The most crucial and, perhaps , the most difficult task in breeding for
insect resistance is the identification of insect resistant plant during
segregation generations. There are two types of screeings
1. Field Screening :
The techniques designed to promote uniform infestation by an insect pest
in the field are
1. Inter planting a row of known susceptible variety between two rows of
testing material.
2. Screening in highly prone areas
3. in case Soil insect pests to be tested in sick plots only
4. Testing in a particular season when the infestation is very high.
Eg. Rice stem borer in off season.
5. Transferring manually equal number of eggs or larvae to each test
plant.
2. Glass house screening
Result from glass house tests are much more reliable than those from
field tests since both the environment and the initial level of infestations
are more or less uniform for all the plants being tested.

Problems in Breeding for Insect Resistance :

1. Breeding for resistance to are insect pest may leads to the
susceptibility to another pest.
Eg. Glabrous strains of cotton are resistant to bollworms but
susceptible to Jassids.
2. Reduction is quality or make unfit for consumption.
3. Linkage between desirable & undesirable genes. Inter specific
varieties are generally low yielding and their produce is often of
inferior quality.
4. Screening for resistance is the most critical and difficult step is a
breeding programme it necessitates a close co-ordination among
scientists belonging to different disciplines.
5. It is a long term programme

Achievements
INDIA
Cotton varieties – G 27, MCU 7, LRK 516 – resistant to boll worms.
2. Rice – variety vijaya – resistant to leaf hopper
Rice – TKM 6, Ratna – Stemborer
Rice –Vajram, chaitanya, Pratibha – BPH
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BREEDING FOR ABIOTIC STRESS
RESISTANCE DROUGHT RESISTANCE

Drought: Scarcity of moisture (soil moisture) which
restricts the expression of full genetic yield potential
of a plant.

Drought resistance: The ability of crop plants to
grow, develop and reproduce normally under
moisture stress.

Mechanisms of drought resistance
There are 4 mechanisms of drought resistance.
1. Drought Escapes :
It is due to ability of a genotype to mature early, before occurrence of
drought. Drought escape is most common is plants grown is desert region.
Eg. Early maturing varieties of sorghum, maize, bajra, wheat, rice etc; give
more yield than late maturing under drought.
2. Drought Avoidance (Dehydration avoidance) :
It is due to the ability of plants to maintain favourable water balance
even under stress. The plants which avoid drought retain high moisture
content is their tissues and lose less water. This is possible either because of :
i) Increased water uptake (due to increase in root development) plants are
called water spenders.(or)
ii) Reduced water loss (due to reduction in growth of aerial parts are called
water savers (i.e. to avoid transpiration)
Dehydration avoidance is interpreted as the ability of genotypes to
maintain high leaf water potential when grown under soil moisture stress:
Leaf rolling, folding and reflectance narrow leaves, increased
pubescence on aerial organs, presence of awns, osmatic adjustment of
stomata, cuticular wax, increased water uptake ;
Reduced Transpiration : Increase is concentration of Abscisic Acid (ABA),
closure of stomata, ABA plays role in reduction of leaf expansion, Promotion of
root growth etc.

3. Drought Tolerance (Dehydration tolerance) :
Ability of plants to produce higher yield even under ‘low water
potential’. In cereals drought tolerance generally occur during reproductive
phase. Tolerant cultivars exhibit better germination, seedling growth and
photosynthesis. Drought tolerance may be because of
i. high proline accumulation
ii. maintenance of membrane integrity
4. Drought Resistance :
It is the sum total of avoidance and Tolerance. It refers to the
genetic ability of plants to give good yield under moisture stress
conditions.

Various morphological, physiological and biochemical features
/ parameters associated with drought resistance
a. Morphological
1. Earliness
2. Reduced tillering
3. Leaf characters : Leaf rolling , Leaf folding, Leaf shedding, Leaf
reflectance
4. Reduced leaf area : Narrow leaf, Change in leaf angle
5. Hairiness (presence of hairs on leaf and other parts, lowers leaf
temperature and
reduce transpiration)
6. Colour of leaves
7. Wax content
8. Awns (eg. wheat and barley)
9. Root system (rooting depth and intensity)

b. Physiological
1. Photosynthesis (efficient system like C4) under stress,
photosynthetic efficiency is reduced due to chloroplast damage.
2. Reduced Transpiration and reduced respiration losses
3. Stomatal behavior (closure of stomata, also change in size and
number of stomata)
4. Osmotic adjustment
5. Leaf enlargement (increase in thickness)
6. Leaf cuticle wax (increases)
c. Biochemical
1. Accumulation of proline and betaine
2. Increase in Abscisic acid (barley) and Ethylene (maize & wheat)
3. Protein synthesis (increases under stress)
4. Nitrate – reductase activity

Sources of drought resistance
1. Cultivated varieties
2. Land (old or desi primitive varieties)
3. Wild relatives (reported in several crops)
4. Transgenes

Screening / Evaluation
1. Field Env. Highly desirable
2. Green house Env. More precisely controlled than field
:

Breeding Methods and Approaches
It is important that drought resistance be incorporate in
material with high genetic potential for yield.
1. Yield and yield components are best evaluated under non
stress / optimal environments, while
2. Drought resistance must be evaluated under water stress.
Breeding methods :
Methods are same as for yield and other economic
characters. Breeding for drought resistance refers to breeding for
yield under moisture stress, i.e. developing varieties
which can give high yields under stress. The common methods
are
1. Introduction
2. Selection
3. Hybridization
4. Mutation
5. Biotechnology

Limitations :
1. Generally resistant varieties have low yield
2. Do not have much wider adaptability (as abiotic resistant is
location specific)
3. Drought resistant genes may have linkage with undesirable
genes.
4. Transfer of resistant genes from wild types may post problem.
5. Drought resistance is a consequence of a combination of
characters and single character can be used for selection.
6. Measurement of many drought resistant traits is difficult and
problematic, since virtually all the useful drought resistant traits
are under polygenic control. (So pedigree method most common).
But if resistant genes is from agronomically inferior race
then 1-2 backcrossing with cultivated type in made. If resistance
gene is from wild species-go for backcrossing breeding.
7. Creation of controlled moisture stress Environments
8. Selection require considerable resources

WATER LOGGING
As per Levitt (1980 b) flooding (i.e. water logging) is the
presence of water in soil excess of field capacity. It leads to
deficiency of O2 and build up of Co2, Ethylene and other toxic gases
and this leads to reduction in aerobic respiration.
Effects of water logging:
1. Once soil becomes water logged, air space in soil is displaced
with water, the O2 in the soil in dissolved in water. i.e. O2 decreases;
Co2 ethylene and other toxic gases increases.
2. O2 replacement in the soil is very inefficient. Diffusion of
atmospheric O2 into the water logged soils is very inefficient
(because of the slow diffusion of atmospheric O2 to water logged
soil).
3. Root systems are suddenly plunged into an anaerobic condition.
This switching from aerobic to anaerobic respiration disrupts root
metabolism.
4. Carbohydrates level get depleted it is due to
a. Dissipation of metabolism
b. High water temperature
c. Low light

Characteristics of plants in response to water logging stress :
1. Reduced growth / elongation.
2. Chlorosis, senescence and abscission of lower leaves
3. Wilting & leaf curling
4. Hypertrophy (increase in size of organ due to increase in
cell size)
5. Epinasty (downward growth of petioles)

Mechanisms of tolerance:
1. Adventitious root formation on lower part of stem (close to
surface so that O2 tension is quickly restored after transient water
logging) eg. Tomato
2. Lenticel (i.e. raised pores in the stem of plants) formation
3. Aerenchyma formation (soft plant tissue continues air spaces
found in acquatic plants) in the cortex that provide canal paralled
to the axis of the root through which gases can diffuse
longitudinally (eg. rice)
4. Elongation capacity (In rice – best elongation response give 100%
recovery from submergence and poorest elongation gives upto 49%
recovery) Scoring for elongation can be done between booting and
flowering stage after flooding the crop to varying depths. In
sugarcane, S. spontaneum has more tolerance to flooding. Some
canes gave upto 70% of their production potential when in
continuous flood for 5 months (in an east at canal point Florida,
USA)

Ideotype for flooded areas :
The postulated ideotype for flooded areas should have the
following characteristics.
1. Capacity to carry out functional activity at low O2
concentration (i.e. High cytochrome activity)
2. Ability for photosynthesis under low light intensity
3. Capacity to synthesis food rapidly
4. Regeneration capacity of shoots when damaged by flood
5. Ability to withstand drought at later growth stage
6. Deep root system
7. Narrow, medium long and dark green leaves with high sugar
and protein content.

Breeding Methods for Water
logging Resistance
1. Introduction :
2. Selection :
3. Hybridization :
4. Genetic Engineering :

BREEDING FOR SALT
TOLERANCE

Salt Tolerance: refers to the ability of plants to
prevent, reduce or overcome injurious effects of
soluble salts present in their root zone.
It is a global problem as saline and alkali soils are
fond in almost all the countries of the world, more in
Semi Arid Tropic (SAT) of world.
Problem of salinity can be overcome by two ways:
1. Soil reclamation : costly, time consuming and short
lived
2. Resistant varieties : less costly, more effective, long
lasting require longer period to develop.

Behavior / characteristics of plants to salt :
1. Land races more tolerant than High yielding varieties. Tolerant
plants varieties are found is salt affected areas
2. Salt tolerance capacity differs from species to species. Also
genetic differences exist among cultivars for their salt tolerance
capacity.
3. Different crop plants show differential response to salinity
Salinity Crops
a. Highly tolerant crops Sugarbeat, sunflower, barley (grain), cotton,
datepalm, asparagus
b. Moderately Tolerant crops Barley (Forage), rye, soghum, wheat, safflower,
soybean
c. moderately sensitive Rice, corn, foxtail millet, cow pea, peanut,
sugarcane, tomato, potato, sweet potato, radish, alfalfa, cabbage
d. Extremely sensitive Citrus, straw berry, melon, peas, other legumes,
apple, rajmabean, carrot, okra, onion (orange)

4. Higher ploidy level crops are more tolerant than lower ploidy level
crops. Eg. Hexaploid wheat more tolerant than tetraploid, Tetraploid
Brassica more tolerant than diploid Brassica
5. In rice tall, coarse grained, late maturing varieties- more tolerant
6. In sugarcane different strains have differential tolerance Barley
more tolerant than wheat.

Symptoms of plants to salt stress :
1. Retardation / cessation of growth
2. Necrosis
3. Leaf abscission
4. Loss of turgor
5. Ultimate death of plant

Mechanisms of salt tolerance :
1. Salt Tolerance : Plants respond to salinity stress by
accumulating salt, generally in their cells or glands and
roots etc.
2. Salt avoidance : plants avoid salt stress by
maintaining their cell salt concentration unchanged
either by water absorption eg. Rice, chenopodiaceae
family or by salt exclusion eg. Tomato, soybean, citrus,
wheat grass Glycophytes (Non-halophytes) plants owe
their resistance primarily to avoidance.
Eg. Barley Hallophytes (plants that grew in salty or
alkaline soils) show tolerance by ion accumulation
mechanism

Breeding methods
Breeding methods are same but breeding strategies are
1. Breeding for yield potential should have greater emphasis than breeding
for salt resistance per se (As screening is done on the basis of yield reduction
in stress environment as compared to non-stress Environment.).
2. Selection should be done is stresses target environments (As abiotic stress
resistance is an important part of Environ. Fitness & is bound to be location
specific i.e. it is related tomorrow adaptation.

Screening Techniques
1. Sand culture by using nuturient solution in sand & irrigation
with saline water
2. Solution culture by using solution culture tanks (Hydroponic
culture)
3. Microplot techniques by using small microplots
Microplot Techniques: By using small microplots of size 6 x 3 x 1 m
(CSSRI, Karnal, Haryana) at central soil salinity Research Institute.
Then Multilocation Trial (MLT) conducted over seasons to get more
reliable results.
Selection criteria
1. Germination (%) is saline medium
2. Dry matter accumulation (seeding / plant dry wt.) / Early vigour
3. Leaf senescence or death – Estimated by total dead leaf area or
No. of dead leaves
4. Leaf necrosis
5. Leaf ion content
6. Osmoregulation (Determined as maintenance of turgor under
stress) Measured as proline or CHO accumulation or accumulation
of glycine, betaine etc.
7. Yield – Economic yield

Problems
1. Creation of reliable controlled salinity Environment
2. Scoring for salinity resistance
3. Genetic control – it is complex & polygenic
4.

Mechanisms

of

resistance

poorly

understood.

Salinity may have interaction with other stresses.

COLD TOLERANCE
When temperatures remain above-freezing i.e. >00C to
<100-150C it is called chilling
When temperature. remain below freezing i.e.<00C it is
called Freezing.

Chilling Resistance:
Chilling sensitive plants are typically tropical plants.
Temperate plants are generally tolerant to chilling
injury.

Effects of chilling stress on plants :
1. Reduced germination
2. Poor seedling establishment
3. Stunted growth
4. Wilting
5. Chlorosis
6. Necrosis
7. Pollen sterility
8. Poor fruit set / seed formation
9. Reduced root growth
10. Locked open stomato

11. ABA accumulation
At subcellular level
12.
13.
14.
15.

Reduces membrane stability
Poor chlorophyll synthesis (affected)
Reduced photosynthesis & respiration
Toxicity due to H2O2 formation

Chilling Tolerance
Ability of some genotypes to survive / perform better under chilling
stress than other genotypes is called chilling tolerance. It is because
of chilling hardening, i.e. an earlier exposure to a near chilling
temperature for a specifie d period as a result of which chilling
tolerance of the concerned plants increases.
Mechanisms of chilling tolerance:
1. Membrane lipid un-saturation
2. Reduced sensitivity of photosynthesis
3. Increased chlorophyll accumulation
4. Improved germination
5. Improved fruit / seed set
6. Pollen fertility
Sources of chilling Tolerance :
1. Late adopted breeding populations eg. maize
2. Germplasm (eg. That collected from high altitude , low
temperature geographic regions)
3. Induced mutants for cold tolerance
4. Cold tolerant somaclonal variants
5. Related wild species eg. Tomato

Selection criteria
Based on 1. Germination test
2. Growth under stress (measured as plant dry matter
accumulation)
3. Chlorophyll Loss under chilling stress eg. rice, cucumber,
tomato (measured as seedling
colour)
4. Membrane stability : (Assayed in terms of solute leakage from
tissues)
5. Photosynthesis : Chilling injury to photosynthesis is assayed as
variable chlorophyll fluorescence at 685 nm
6. Seedling mortality
7. Seed / Fruit set
8. Pollen fertility (apply during injury at PMC)

B. Freezing Resistance
Freezing injury / Frost injury / cryo injury
Freezing Stress : Dormant state is conducive to freezing
resistance, while resistance in actively growing tissue is rare : Thus
Freezing resistance largely involves surviving freezing stress in
such a manner as to enable subsequent regrowth when the
temperature rises.
As water in plants cools below 00C, it may either
1. Freeze i.e. form ice or 2. Super cool without forming ice.

Effects of freezing stress
1. Ice formation : Two types Intercellular ice formation
Intracellular ice formation
- Initiation of ice formation on plant surface is sufficient to induce freezing
of the internal (intercellular & xylem vessels etc.)
- It is more lethal may be due to physical disruption of subcellular structure
by ice crystal. Intracellular ice formation is the major and terminal freezing
stress.
Extracellular ice formation in a cases the concentrations of extracellular
solutes, the re by water is withdrawn from the cells during extracellular ice
formation. This creates water stress in the frozen tissue / plant.
2. Membrane disruptions :
• Freezing causes disruptions or alter the semipermeable properties of
plasma membrane
•Loss of solutes from the cells occur
•Cells remain plasmolyzed even after thawing which is often called as frost
plasmolysis
•Cells may become highly turgid due to uptake of excess water.

3. Suspercooling :
• Cooling of water below 00C without ice crystal formation is called
super cooling
• In plants water may cooldown to -1 to-150C is herbeceour sps and
to -40 to -450C in hardy trees.
• This becomes possible apparently because internal ice-nucleators
are absence in such cases.
• This is regarded as an important. Mechanism of freezing avoidance
4. Stress due to external factors :
Consequent to freezing
1) Ice sheet formation below and above the ground causes reserve
depletion anoxia etc. in plants.
2) Tissues killed during freeze-thaw are highly prone to pathogen
attacks
3) Auto toxicity mary occur

Mechanism of Freezing Resistance :
The ability of a genotype to survive freezing stress and to recover and re grow
after thawing is known as freezing resistance. Freezing resistance is a
complex trait involving physiological, chemical & physical processes at the
tissue and cell level.
Mechanism of Freezing resistance.
1. Freezing avoidance : The ability of plant tissues / or genes (but the
whole plants) to avoid ice formation at sub zero temperature is called
freezing avoidance. Super cooling is a mechanism of freezing avoidance it is
controlled by
1. Lack of ice-nucleators
2. Small cell size
3. Little or no intercellular space
4. Low moisture content
5. Barriers against external nucleators
6. Presence of antinucleators
2. Freezing Tolerance : Ability of plants to survive the stresses
generated by extra cellular ice formation and to recover and regrow after
thawing is known as freezing tolerance.
The various components of freezing tolerance are as follows:
1) Osmotic adjustment
2) Amount of bound water
3) Plasma membrane stability
4) Cell wall components properties
5) Cold-responsive proteins Eg. ABA

Sources of freezing tolerance
1. Cultivated varieties
2. Germplasm lines
3. Induced Mutations
4. Related wild species Eg. Wheat Agropyron sps; rye
Barley – H. jubatum, H.brachyantherum x H.bogdanii, H.jubatum x
H.compressum, Oats – Avena sterilis
5. Transgenes : Eg. chemical Synthe sized antifreeze protein gene,
ala 3, in tobacco
Selection criteria:
Based on
1. Field survival
2. Freezing test in laboratory
3. Cryo freezing
4. Osmoregulation

Problems in breeding for freezing tolerance
1. Freezing Tolerance is a complex trait & involves several
components. So, it is not ready measurable under field
conditions
2. Breeding work under field conditions is highly influenced by other
environ factors and biotic stresses
3. Due to large G X E for the trait field survival shows poor
heritability
4. Freezing tolerance also shows a large GXE interaction which
limits progress under selection
5. Laboratory tests are yet to be developed to screen large breeding
population
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Genotype – Environment – Interaction and Adaptation
It is established that P = G + E,
Phenotype (p) is the function of the genotype (G) and
environment (E). this is relevant to an individual subjected to a
particular environmental condition. When the same individual is
subjected to more than one kind of environment, its phenotypic
expression for any trait may often change. Then, the differences is
phenotypic expression for any trait cannot be accounted for by G
and E alone, since P > G + E.
This lack of correspondence between heritable and non heritable effects, or the remainder of ‘P’ that cannot be accounted for
by ‘G and ‘E’, is attributed to the interaction of G with E (i.e. G X E).

P = G + E + (G X E)
This holds true for all the individuals or populations
which

tend

to

behave

differentially

in

diverse

environmental conditions due to genotype x environment
interaction.

Genotypes, Environments and their Interaction
1. Genotypes (G) : Comprises all the crop varieties (cultivars),
improved or unimproved, homogeneous or heterogeneous, under
domestication, and genetic stocks in the breeder’s nursery.
2. Environments (E) : Plants surrounded and influenced by
physical, chemical and biological conditions of their habitat. All
these conditions constitute an environment. These conditions
might vary over time (years or seasons) and space (locations or
altitudes).

According to Comstock and Moll, 1963 there are two types
environments Micro Environment & Macro Environment.
Micro -environment : The environment of a single plant or organism
as opposed to that of another growing at the same time in almost the
same place is known as micro environment. Each member of a
population is subjected to a specific environment of its own. The
individual itself contributes to its environment by way of maintaining
a certain level of temperature and humidity around it. This micro
environ differ from one individual to another in a pop. And includes
solar radiation, disease and pest incidence and soil factors and
weather fluctuations.

Macro -environment : The environment associated with
variables having large and easily recognizable effect is termed
as macro-environment and may include differences over years,
locations (latitude / altitude) fertilizer levers, planting dates,
irrigation schedules etc. A macro environment can be viewed as a
collection of micro environments whose individuals effects on
organism are quite small.

Allard and Bradshaw (1964) : classified the environmental
variation into two types:
1. Predictable and 2. Unpredictable variations.
Predictable component variations : include all the permanent
attributes features of the environment, such as climate, edapthic
factors (soil types), day length (photo period), agronomic practices
such as planting dates, plant density, water management, fertilization
etc.
Unpredictable variations / component : All the uncontrollable
factors i.e. it include fluctuations, mild or violent, in weather / season
/ year with respect to annual precipitation (rainfall), temperature,
relative humidity, etc. coupled with variant agronomic practices.

Genotypes x Environment Interaction:- It is the differential
behaviour of the genotype under varietal environmental
conditions. This concept was put forth by Allard.
The performance of a crop variety in there resultant effect of
its genotype and the environment in which it grows. The variety may
perform differently in different environments.
The interplay of genetic and non-genetic effects causing
differential
(varieties)

relative
in

performances

different

of

environments

environment (GE) interaction.

different
is

called

genotypes
genotype

ADAPTATION : It is the capacity of genotypes to adjust themselves
in a specific or particular environmental condition, so as to reach a
certain level of phenotypic expression.
TYPES OF ADAPTATION
There are four types of adaptation, viz., (1) specific genotypic adaptation,
(2) general genotypic adaptation,
(3) specific population adaptation and
(4) general population adaptation.
These are briefly described below.
1. Specific Genotypic Adaptation: It is the close adaptation of a
genotype to a limited environment.

2. General Genotypic Adaptation: It refers to the capacity of a genotype
to produce a wide range of phenotypes compatible with a range of
environments. Semi-dwarf varieties of wheat and rice which can be grown
over a wide range of environmental conditions are examples of this type of
adaptation (i.e., adaptability).
3. Specific Population Adaptation: It refers to the capacity of a
heterogeneous population to adapt to specific environment. A composite or
a varietal mixture giving stable production is an example of this category.
4. General Population Adaptation: It is the capacity of heterogeneous
populations to adapt to a variety of environments. Synthetic varieties of
forage crops are example of this type of adaptation.

Factors affecting adaptability
1. Heterogenity :- the heterogeneous population have broad genetic
base, hence it have greater capacity to stabilize production over
wide range of environmental condition.
2.

Heterozygosity : F1 hybrids are more stable than their
homozygous parents to environmental variation.

3.

Genetic polymorphism : The regular occurrence of several
phenotypes in a genetic population is known as genetic
polymorphism. It maintain due to superiority of heterozygotes
over both the homozygotes.

4.

Mode of pollination : C.P. crops have greater buffering capacity
than S.P. crops due to heterozygosity.

Classification of G x E interaction
Four types
1. Type -1 : with no change in genotype rank order and
very little interaction.
2. Type-2 : with change in rank order and low interaction.
3. Type -3: with no change in rank orders and low
interaction
4. Type-4 : with change in rank orders and high interaction

Implications of G x E interaction
1. Adaptation of genotypes to local condition
2.

The presence of G x E interaction reduces the
correlation between phenotype and genotype making it
difficult to asses the genetic potential of a particular
genotype, hence multilocation as well as multiyear testing
is essential for identifying stable genotypes.

3. The complete absence of G x E interaction coupled with
high yield indicate that the genotype are suitable for
general adaptation in the range of environments
considered.

Different approaches to the study of G x E interaction
1. The analysis of variance approach for the statistical analysis of G xE
interaction.
2. Regression technique to partition the G x E interaction variance in to
linear and non linear components with a view to study the response
pattern of different genotypes under different environmental
condition.
3. Fitting of genetic models to observed generation means, leading to
test of adequacy of genetically and environmental specification.
4. The concept of genetic correlation arising from G x E interaction in a
range of environment.
Influence on yield performance : Varietal adaptability to environmental
fluctuation is important for the stabilization of crop production both over
regions and years.

ADAPTABILITY : is the ability of a genotype to produce a
relatively narrow range of phenotypes in different
environments. It is the result of genetic homeostatis, refers
to the buffering capacity of a genotype to environmental
fluctuations.
STABILITY: It refers to its performance with respective
changing environmental factors overtime within a given
location. This means that a stable variety is less sensitive to
the temporal environmental changes that may take place.

Stability analysis is done from the data of
replicated trials conducted over several locations or for
several years on the same location or both. The stability
analysis consists of following steps.
•Location or environment-wise analysis of variance.
•Pooled analysis of variance for all the locations/
environments. If GxE interaction is found significant, the
stability analysis can be carried out using one of the four
models, viz.,
•Finaly and Wilkinson model (1963)
•Eberhart and Russell model (1966)
•Perkins and Jinks model (1968)
•Freeman and Perkins model (1971)

•Finley and Wilkinson model :The first systematic approach to the analysis of phenotypic
stability of cultivars or genotypes was made by Finley and Wilkinson
(1963). They use two parameters 1. Mean performance over the
environments,

2.

Regression

of

performance

environments over the respective environmental mean

in

different

The following inferences can be drown from the analysis.
1. The regression coefficient of unity indicates average stability.
2. If the regression coefficient is greater than one, it means below
average stability
3. If the regression coefficient is less than one, it means the
genotypes has greater resistance to environmental changes
having above average stability.
4. Regression coefficient of zero would be express absolute
stability

Merits :The analysis of model is simple. Here to parameters, viz, mean
yield over locations and regression coefficient are use to assess the
phenotypic stability.

Demetits :In this model the deviations from the regression line are not
estimated which are important for stability analysis. More over, greater
emphasis is given on mean performance over environments than
regression coefficients in assessing the stability of a genotype.

2) Eberhart and Russell model (1966):The main features of this model are given below:•This model consist of three parameters, viz.,
1)Mean yield over locations or seasons,
2)Regression coefficient, and
3)Deviation from regression.
•Analysis of stability parameter is simple as compared to other models of
stability analysis.
•The degree of freedom for environment is e-2.
•This model is less expensive than Freeman and Perkins model as it
requires less area for experimentation.
•This model does not provide independent estimation for mean
performance and environmental index.

ANOVA table for stability as per Eberhart and Russell (1966)
Where, g, e and r represent the number of
genotypes, environments and replications, respectively.
Source of Variation
Genotypes
Environment (E) + interaction
(GxE)
Environment (linear)
GxE (linear)
Pooled deviations
Genotype-1
Genotype-2
Pooled error

D.F.
g-1
g (e – 1)
1
g-1
g (e-2)
e-2
e-2
ge (r-1)

Eberhart and Russell (1966) defined a stable variety as one with
a)A regression coefficient of unity (b = 1)
b)A minimum or non-significant deviation from the regression
line (s2d = 0)
a)High mean yield over environments.

MeritsThis model major three parameter of stability, viz,
•Mean yield over environments,
•Regression coefficient
•Deviation from regression line and thus provide reliable information
about stability. The analysis is also simple.
Demerits :In this model the estimation of mean performance and
environmental index is not independent. There is combined estimation
of s.s. for environments and interactions, which is not proper

3.Perkins and Jinks model :In 1968, Perkins and Jinks proposed a different model for
stability analysis. In this model the total variance is 1st divided into
three components,
•Genotypes
•Environments
•Genotypes x environment.
The G X E variance is sub divided into
•Heterogeneity due to regression, and
•Sum of square due to remainder. The s.s. reminder is further divided
into s.s. due to individual genotype.

ANOVA table for stability based on Perkins and Jinks model (1968):Source of variation
Genotypes (G)
Environment (Joint regression)
Genotypes x environment
Heteogenity among regression
Remainder
Error

d.f.
g-1
e-1
(g-1) (e-1)
g-1
(g-1) (e-2)
ge (r-1)

Where g, e and r represent the number of genotypes, environments and replication
respectively
In this model, the s.s. due to heterogeneity is the same as, s.s. due to GX E
(linear) of Eberhart and Russell, and s.s. due to remainder is equal to s.s. due
to pooled deviation in the Eberhart and Russell model. In this model also,
regression coefficient and deviations from the regression are used as the
parameter of the stability.

Metits :-This model also uses three parameters of stability like
Eberhart and Russell model and provides reliable results about stability
genotype. The interaction is split in to two parts viz.,
•Heterogeneity between regression and
•s.s. due to remainder.
Demerits :In this model also the estimation of mean performance and
environmental index is not independent. The s.s. due to environment
(linear) of Eberhart and Russell is the same as s.s. due to environment
(joint regression) of this model, yet the degree of freedom is one in the
former and e-2 in the latter, which is not proper.

4 Freeman and Perkins model (1971)
In this model the total variance is 1st divided into three components
1.genotypes
2.environments
3.interactions (G X E)
The environmental s.s. is sub divided into two components namely,
1. combined regression
2. residual 1.
The interaction variance is also sub divided into two parts,
1.homogeneity of regression
2.residual 2.
Source of variation
Genotypes (G)
Environments (E)
Combined regression
Residual 1
Interaction(G X E)
Heterogeneity of regressions
Residual (2)
Error (between replication)

d.f.
g-1
e-1
1
e-2
(g-1) (e-1)
g-1
(g-1) (e-2)
ge (r-1)

Merits:This model provide independent estimation of mean performance and
environmental index.

Demerits:This model adds to the cost of experiment by providing independent
estimation of mean performance and environmental index.

Application / Uses of stability analysis : It helps in understanding the adaptability of crop varieties over
wide range of environmental conditions and in the identification of
adaptable genotypes.
 The use of adaptable genotypes for general cultivation over a
wide range of environmental condition helps in achieving
stabilization in crop production over location and years.
 Use of suitable genotypes in hybridization programme.
 Yield stability is genetically controlled has been shown from maize
(Scott, 1987) and hence selection for yield stability can be effective.
 Important tool for plant breeders in predicting response of various
genotypes over changing environments.

Eberhart and Russell model Perkins and Jins model
Involves 3 parameters i.e.
same as in first model
mean yield, regression
coefficient and deviation from
regression

Freeman & Perkins model
same as in first model

Variation is divided in to
two fractions i.e. genotypes,
E+ G x E
The E + G x E subdivided into
3 parts i.e. Env. (linear), G x E
(linear) and Pooled deviations.

Variation is divided into three
fractions i.e. genotypes,
environments, and G x E
The Env. divided into combined
regression & residual 1. The G
x E is sub divided in to
heterogeneity of regression &
residual 2
calculation is very difficult
It provides independent
estimation of mean performance
and environmental index.

Variation is divided into
three fractions i.e. genotypes,
environment, and G x E
The G x E is divided into
heterogeneity due to
combined regression and s.s.
due to remainder

Calculation is simple
calculation is difficult
Does not provide independent same as first model.
estimation for mean
performance and
environmental index.
Less expensive
same as first model
D.f. =1 for environment

d.f. = e-2 for environment

more expensive than first and
second model
d.f. = e-2 for environment
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IPR (Intellectual Property Rights)
 Property:-Wealth or valuable things earned by a

person.
 Ex. Land, building, gold etc
 Types of property
1) Immovable:- land, building etc
2) Movable:- animals, farm machines, gold etc
3) Intellectual Property:- The product, process or idea
that is outcome of human intellect and can be used
on commercial scale.

Different forms of IP
 IPR as a collective term, includes following independent

IP rights, which can be used for protecting different
aspects of an inventive work for multiple protection :1. Patent
2. Copyrights
3. Trademark
4. Industrial design
5. Semiconductor integrated circuit design
6. Trade secret or undisclosed information
7. Geographical indication
8. Plant varieties and farmer’s right
9. Traditional knowledge

IPR (Intellectual Property Rights)
 IPR:
IPR:-- Rights to intangible property that is an outcome of

human intellect are known as IPR
 Forms of IPR/ Laws
A) Primary rights:- Copyrights, patents, trademarks,
industrial designs, utility models, GI, Trade secrets, related
rights, trade names, domain names.
B) Sui-generic rights:- Database rights, mask work, PBR,
FR, moral rights, SPC, IIP.

A) Primary rights
Copyrights ::- Document which grants exclusive rights to
author to publish & sell literary or musical or artistic work.
-It provides protection to books, movies, music, paintings,
software etc
2) Patents ::- Documents granting an inventor sole rights to
his invention for production and marketing of his
product/process/invention to derive benefits.
- It is granted for limited period
- It also prevents others from copying the invention
1)

3) Trademark ::- Distinctive sign used by an individual business
organization or legal entity to uniquely identify the source of his
product to consumer and to distinguish his product from others
4) Industrial design ::- ornamental or aesthetic aspects of an article
produced by industry or handicraft.
5) Utility models ::- it is similar to patent they are also referred as
petty patent/small patent/petty inventions or petty innovations
 Similar to those granted by patents has a shorter term most suited to
incremental inventions.
inventions

6) GI (Geographical Index) :: The name of a region, a specific place or in exceptional cases

a country used to describe an Agricultural, natural or
manufacture goods product or foodstuff
 GI refers to sign used on product which corresponds to
specific geographical location or origin.

7) Trade secrets: Anything a formula, process, method, mechanism, tool,

pattern or device which the disclosing party desires to keep
secret.
 No specific period, it may continue lifelong.
 No need of registration.
 Not applicable to books, equipments, plant varieties, designs
openly used.

8) Related Rights: Similar to authors right but which are not related to actual author

of work.

9) Trade name: The name under which business trades for commercial purpose.

Although its registered name may be another.
 Registered as trade mark or regarded as Brand.
 Ex. Aspirin (Acetyl salicylic acid) the single chemical may have
variety of trade names depending upon no's of manufacturers

10) Domain name :: The unique name that identifies internet sites.
 Ex. www.google.com

Patent
 A patent is a powerful business tool for companies to gain






exclusivity over a new products or process, develop a strong
market position and earn a additional revenues through
licensing
Patent provide exclusive rights to an inventors or their
assignee for fixed period of time
Patent right is territorial (applicable for a fixed locality)
To get the patent rights in other country, inventor has to
process separately
The life of patent is 20 years from the date of filing

Patent in picture
 The first ever patent in the world was granted to a German

engineer in 1323 for his model grain mill
 In United state the first patent was granted in 1787 for
specially design grain elevator
 In India first patent was passed in the year 1857 but a proper
legislation was passed in the year 1970 in the form of Patent
act, 1970 – Which was the first landmark step for industrial
development in India
 Purpose of Patent act, 1970 – to encourage inventions in India
and facilitate commercialization of inventions without undue
delay

Importance of patent
 Patents are important to
 Encourage industrial development
 Encourage complete disclosure of invention
 Prevent duplication of research
 Focus on commercial relevance of the invention
 Prevent exploitation of researchers by giving them

recognition as inventor and providing them royalty, when
invention gets commecialized
 Generate revenue when invention gets commecialized
 Provide an important source of technical information

Stages of patent application
 Filing application (provisional or complete specification)
 Publication (after 18 months from date of file application)
 Examination (it happen only after request for examination

is made and application is being published)
 First Examination Report (FER) that is sent to the
applicant upon the examination of patent application
 Grant or Rejection of the patent

Copyright
Its set of exclusive rights granted to the author or creator of an original
work
 It gives rights to the copy, distribute and adapt the work
 These rights can be licensed, transferred and/or assigned
 After certain period of time it enters into a public domain
 In india copy right comes into picture in 1957 (Copy Right Act, 1957)
 Copy right gives protection for the expression of ideas, whereas patent
system will provide protection for the implementation of an ideas)
Example –Text book of physics containing heat or mechanics
 The total protection for literary work is the life of Author + 60 year
 For Films, records, photographs, publications, work in government and
other international agencies is for 60 years

Criteria for the copyright protection
1. Idea expression dichotomy
o
o

2.

Original / creative
o

3.

Copyright law protects the expression of ideas not the idea itself
Example – Movies based on comedy / Love story
The work should be the originated from authors mind

Fixation
o
o
o

Work should be fixed
Songs / Drama – It should be recorded
Computer program – It should be written

Work to be protected by copyrights
 Literary work – computer database
 Dramatic work – scene arrangements
 Musical work – work related to music
 Artistic work – painting, drawing, map, chart
 Cinematograph film – visual recording
 Sound recording – phonogram or CD rom sound

Who owns the copyright in a work ?

General rule – Person who has created a work
EXCEPTION MADE FOR HIRE

Rights for the copyright owner
1.
2.
3.
4.
5.
6.
7.




To reproduce the work
To issue the copies
To perform in public or communicate in public
To make the film or sound recording in respect of the work
To make the translation of work
To make adaptation of work
Sell or give on hire
Violation of any of the above rights is called as infringement
Example – Electronic database piracy
For infringement either civil or criminal offence may be possible

B) Sui generic Rights
 Rights which are granted to the owners of \small class of work

having its uniqueness
1. Data based rights
Rights which IPR granted to the computer database, these are
provided by European Union laws (1996)
Duration : 15 years but can be extended
Protection : to substantial part of the database
 The information is protected not expression.
2. Mask work right :
It protects 2D or 3D layout of IC (integrated circuit)
Duration: 2 yrs for unregistered and 10 yrs for registered

3. PBR / PVR
 IPR granted to Breeder of New variety of Plant.
 These can be granted to NOVEL varieties which meets DUS

(Distinctiveness Uniformity and Stability) standards
 These are provided to Breeder or his successor

4. Farmers Right
 Legal rights granted to farmer to save, sow, use, replant,

exchange, share or sale his farm produce including seed of
variety protected under plant variety protection act.
 Specially in the center of Origin or Diversity of Plant
Genetic (PGR) and Animal Genetic Resources (AGR) for
their protection.

5. Moral Rights
 MR are special extensions to copyright that gives originator a

copyrighted work rights over its use, he can specify moral
conditions on further use exploitation of their creation even
when they are sold or licensed to others.
 these rights provided by Berne convention 1989, it provides
a. right to attribute
b. right to integrity
Transfer : it can not be transfers, the owner can object any
contamination of his invention which will prejudice to his
reputation

6. SPC (supplementary protection
certificate )
 Rights given to medicinal and plant protection products
 It is extension to patent for long term authorization of patent

for marketing
 It comes in force after expiry of patent
 Duration : 5yrs when granted after 10 yrs after filling date of
patent and less than 5yrs when granted after 5 yrs after filling
date of patent

7. Indigenous property rights
 It covers matured long standing tradition or practice of

certain regional indigenous or local communities.
 Knowledge about plant, animals treatment of diseases by
tradition practices
 Combination of traditional and non-traditional knowledge
will form a rich and distinctive understanding of world and
life
Hence its protection is very necessary otherwise it will
loss gradually.

PBR

 IPR granted to breeder of new plant variety, it results in obtaining prior

authorization from breeder before the material is used for commercial purpose
 Features of PBR
1.

Registration : it is essential to get legal rights

2.

Duration : for trees and vines 9 to 18 yrs
for field crops 6 to 15 yrs
for extant varieties 6 to 15 yrs

3.

Validity : only in country of registration

4.

Matters covered : all botanical genera and species designated by international
code of nomenclature.

5.

Requirements : Novelty and DUS

6.

Transfer : Breeder has rights to authorized others for commercial production
and marketing

7.

Control : Rights to prevent others from infringement

8.

Enforcement : immediately after registration

9.

Other : it protects variety, not standard breeding procedures
provides monopoly of new variety for limited period
Gene sequences can be patented and variety can be protected under PBR
Protected varieties can be used to breed new variety.

Rights protected
1.
2.
3.
4.
5.

Rights for commercial seed production
Rights for marketing
Rights to export and import
Rights to authorization
Rights to prevent infringement

Infringement
 Unauthorized production and marketing of registered variety

by other person
 Owner can take legal action against them
 Authority can recovers both damage and profit.
 It provides penalties against them in USA $ 55000 for
individuals and $ 275000 companies.

Exemptions of PBR
 Breeders’ exemptions : rights to plant breeders to use

protected material for further research
 Farmers exemptions : rights to save, use , share or sale or
exchange his farm produce of protected varieties.

UPOV

Sr.No.

Particulars

UPOV Act 1978

UPOV Act 1991

1

Criteria for protection

i. Distictiveness
ii. Uniformity
iii. Stability

i. Novelty
ii. Distictiveness
iii. Uniformity
iv. Stability

2.

Authorization of rights

Admissible

Admissible

3.

Rights provided to the
breeders

Commercial
production, marketing
and export of his
variety

Same as UPOV act
1978

4.

Breeders privilage

provided

Not provided

5.

Farmers privilage

provided

Not provided

6.

Period of protection
a) Field crops

15 years

20 years

b) Forest, fruits and
ornamentals shrubs and
vines

18 years

20 years

Sr.
No.

Breeders Right

1.

Legal rights provided to an Legal rights provided to farmers
originating plant breeders or to save, exchange, share or sell
owner of a variety to regulate his farm produce of a variety
production and marketing of
his/her variety

2.

PBR’s are specialized patent like Not patent like system.
system for cultivated plant species.

3.

It allows farmers previlage and It is the right to hold material as
research exemption.
seed source for subsequent
generation.

4.

Enables breeder to give license to It arises from the past, present
multiply market his variety
and future contribution of
farmer.

Farmers Right

Advantages of PBR
Breeders get benefit of his variety
2. Faster development of seed industry
3. Improvement in quality due to competition
4. Enrichment of genetic resources
1.

Disadvantages
 It promotes monopoly
 Encourages unhealthy practices
 Increase in prices
 Reduction in genetic variability
 Compulsion purchase fresh seed every year

Geographical indication (in relation to goods)
 An indication which identifies such goods as agricultural goods,

natural goods or manufactured goods as originating or manufactured in
the specific territory of the country, where a specific quality, reputation
or specific characteristic arising is known as geographical indication
 Example :
 Basmati rice from western Himalayan foot hills
 Mangoes from Malihabad (UP) or Ratnagiri (Mah)
 Tea from Darjeeling
 Sarees from Banaras
 Kanchipuram silk from Mysore
 Chappals from Kolhapur

GIs have great economic significance b’cos
• It serves to identify the source of the product distinguishing
their product from those of producer from other regions.
• For the customers GI is the assurance of the particular
quality, features or characteristic
Goods : Any agriculttural, natural or manufactured item is
known as goods
Indication : It includes any name, geographical or figurative
representation or any combination of them suggesting the
geographical origin of goods to which it applies
Registration of GI is possible or not ?
Geographical Indication registry at Chennai

Requirements for the registration of geographical
indications
Statement designating that goods as originating from the
concerned region
2. The class of the goods for which the geographical indication
shall apply
3. Geographical map of the country in which a particular good is
manufactured
1.

If all requirements is fulfll than for minimum 10 years the GI is
registered
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