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PREFACE TO THE FIRST EDITION

The preface 1s that part of the book which is placed first,
written last and read least

—Alfred Lotka

Plant Breeding is the applied branch of botany being taught
in B.Sc. (Ag) classes in all the Indian universities. The present
book entitled ‘Elementary Prineiples of Plant Breeding’ has been
written primarily to cover up the syllabi set for B Sc. (Ag ) plant
breeding course in various agricultural institutions of India It
deals with the basic concepts underlying the principles of plant
breeding. No doubt, there are some books on the subject but I
feel that they are very costly, voluminous, too advanced and
beyond the reach and comprehension of an average Indian student
of undergraduate classes. In the present text, which 1s although
elementary, an attempt has been made to clear up all the concepts
of plant improvement 1n such a way as to meet the primary need
of beginners so that their interest can be promoted in the subject.
As a student and later as a college teacher I have constantly
experienced the difficulties caused by the absence of any
book on the subject suitable for undergraduate students, This
situation inspired and initiated me to write the present book which
1s being put forth here as a remedy for the difficulties which
Indian students of agricultural education encounter.

‘The outhne, contents and subject matter of this book has
been represented and geared up according to the nmitches and needs
of average Indian student so that hefshe can take interest in going
through 1t to meet his/her ends. In all, the book comprises 12
chapters, each of which relates to the particular topic of plant
breeding course The topic of each chapter in turn has been
dealt under headings and sub-headings so that students can easily
understar.d and absorb the subject matter Every effort has been
made 1n each chapter to make the matter impressive and easily
understandable with the help of photos, diagrams, tables and
examples Since economic factor was an important judging
factor, only such photos and figures have been reproduced which
were felt essential to deal with the subject matter
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At the end of each chapter a series of questions have been
given covering entire topic to help the learner to check his under-
standing and grasping capacity.

Few references have been listed at the end of each chapter to
guide the students for detailed discussion into the particular
portion of the topic.

The glossary of plant breeding terms has been provided at the
end of the book to clanfy the definitions, differences and applica-
tion of terms used in the text. This will be very useful to a
student encountering plant breeding for the first time.

The special features of the book are:

(1) Itis the first book of its kind for B. Sc. (Ag.) students in
India.

(2) Going through 1ts first chapter even a layman can
understand, what is plant breeding ?

(3) It has been written in simple language systematically so
as to stimulate the interest of the beginners in the
subject.

(4) For the first time, Indian workers of this particular field
with their works have been pictured in this book.

(5) Tt can serve as a textbook for B. Sc. (Ag.) students and a
help book for M. Sc (Ag) and M. Sc. students of Plant
Breeding, Agronomy, Horticulture, and Botany.

A book of this type can rarely lay claim to originality as it is
nothing but a compilation work done in a manner suitable for the
beginners Being from a peasant’s class I have a love for labour
and this compilation is the labour of that inherited love. Thus,
with this compilation I have succeeded in my purpose to serve
the students’ community. I would mnow leave the question of

usefulness and success of this venture to my readers, teachers and
students who, I trust, will show their indulgence and appreciation
- for the humble effort made by me.

I shall be highly thankful to the readers for pointing out the
errots and ormssions which 1n spite of all caie might have crept in.

All the suggestions for further improvement of this book will
be highly appreciated and accepted to incorporate in the next
edition.

May, 1966
Department of Ag Botany
University of Udaipur, UDAIPUR

H K. CHAUDHARI



PREFACE TO THE SECOND EDITION

Many additions, alterations and corrections have been made
n the origmal text, tables, figures, and photos to provide
more and better information on the subject Appendix is entirely
a new feature to this edition Efforts have also been made to
include the latest varneties produced by the different breeding
methods,

The anthor 1s hughly regretful for not providing the readers
with second edition 1in due time on account of overseas presence
June, 1971
Department of Agronomy, H K CHAUDHARI
New Mexico State University,

Las Cruces, New Mexico,
U.S. A,
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CHAPTER 1

NATURE AND SCOPE OF PLANT BREEDING

Plant breeding 1s the applied branch of botany and deals
with the improvement of agricultural crops. This branch of agri-
cultural sciences has contributed maximum to the increase in food
production all over the world and, therefore, it 15 now-a-days
assuming ever increasing importance 1 the amelioration of agri-
culture in every country.

1.1 Definition
Plant breeding as a science 1s, however, of recent origin,

None has yet given its definition as such, but by going through the
matter dealt in this, it can be defined as follows.

Plant breeding means the improvement in the here-
dity of crops and production of new crop varieties which
are far better than original types in all aspects.

Thus plant breeding 1s the art and science of changing and
improving the heredity of plants.

1.2 Aims & Objectives
Main object of plant breeding 1s to produce new crop
varieties superior to existing types in all characters, The detailed
objects of smproyvement vary with different crops  However, some
objects practically common 1 most of the crops are given below :
(1) Higher yield of gran, fodder, fibre, o1l and other plant
products.

(ii) Better quu.ity with regard to shape, size, colour,
nutrition, taste, malting, nulling, baking, keeping,
cooking, ctc. 1n food grains, vegetables, fruits and
flowers. Special quality in produce like ligher sugar
content in sugarcane; stronger, longer and fine fibre in
cotton, more protein content mn pulses, and appeahing
flavour in apples, ;
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(iii) Resistance to discases, insects and pests, frost, flond,
drought, wind storms, shattering, lodging and alkaline
and saline conditions of soil.

(iv) Change in duration, specially earliness or lateness in
maturity as nceded.

(v) Change in growth habits such as dwarfness, few bran-
ching and less tillering so as to pPevent the crop plants
from being blown down, or tallness, profuse branching
and more tillering so as to increase the straw for fodder

(vi) Winter hardiness.

(wii) Shoit and stiff straw to prevent lodging.

(viri) Response to heavy manuring.

(ix) Easier thrashability.

(x) Awned or awnless cars

(x1) Adaptability to wide regions.

(xii) Suitability to machine harvesting in mechanized areas,
etc.

These improvements are inherited and, therefore, are more
lasting. Thus one can imagine as to how great importance of
plant breeding is in crop improvement by synthesizing such varie-
ties which possess all the desirable characters.

1.3 Nature

Art or Science +  Plant  breeding is as old as agriculture
and it was first practised when man learnt to select better plants.
In earlier days the nature of plant brecding as an art and as a
science was much disputed. The earlier plant breeders relied
largely on their skill and judgement in selecting the superior types
of plants since at that time scientific knowledge available to-day
was not there. The methods used by them, indeed they could
not be called methods, were often laborious, costly and time-
consuming, and yielded results after long periods of trial and
error. Even then, they had achieved considerable success and
contributed much to the course of development of many cultivated
plants which was entirely due to the accommodating nature of
material  For them plant breeding was largely an art.

As the knowledge in genetics and other related plant
sciences progressed, plant breeding became less of an art and more
ofa science. The scientists like Lamarck (1744-1829), Darwin
(1809-1882), Mendel (1822-1884), Weisinann (1834-1914),
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Johannsen (1857-1927), Hugo de Vries (1848-1933), Nilsson-Ehle

(1908) and Vavilov (1887-1942), added

a lot to the knowledge

of these sciences and they discovered biological principles

underlying the science of plant breeding.

Specially the discovery

of Mendel’s work in 1900 simultaneously by De Vries in Holland,

Correns in Germany,Tschermak 1n Austria
and Bateson in England added the laws
of inheritance to this science and gave
more complexity and exactness to it
By this knowledge of inheritance of
characters, it became possible to control
the heredity of plants and to create new
types of plants more or less at will. On
account of scientific nature of plan;
breeding, there have been tremendous
achievements 1  crop improvement
within the short period of 20th century.

The modern plant breeding 1s,

therefore, considered as a science based
upon a thorough understanding and use
of genetical principles  Without this
precise knowledge and background, the
modern plant breeder cannot solve the
vast range of problems, and he would be
like ¢a village blacksmith trying to build
a modern automobile only with the help
of crude tools of blacksmith tiade

Even to-day there are thoese who
believe that art 1s all that is nceded for
successful plant breeding, relying perhaps
more on luck and ituition than on any-
thing else. But art which 1s needed m
this science 1s only in the techmque of
hybridization which too 1s based on
scientific reasons and without the know-
ledge of genetics this techmque of
hybridization 15 not going to pay anything
in plant breeding.

Fig. 1

Jean Baptiste Lamarck (1744-
1829), a French Liologist who
formulated the Theory of 1n-
herstance uf  negutred characters
now known as Lamerckism

Fig. 2

Charles Darwin (1809-1882),
an I ughsh biologist who gave
the concept of Aatural Selec-
fion with the statement strug-
gle for essstence and Swronal of
hittest<
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Relation wnth other plant sciences :  The development of plant
breeding as a special field of study has been assaciated with and
dependent upon the growth of other plant sciences, It, as an
applied science, can be carricd out efficiently only throngh the
application ol principles of these sciences, prominent among
which are *

(D Genetics

(2) Cytology

(3) Biometry

(4) Taxonomy

(5) Plant physiology

(6) Plant pathnlogy and entomology

(7) Floral morphology

(8) Bacteriology, ctc.

Genetics © Genetics deals with the inheritance of characters
and laws of heredity while the plant breeding makes use of these

laws and combmes the different desirable characters together
Into one variety

Cytology . It deals with the cell and s contemts, i.c.,
chromosomes, nucleolus, etc. In plant breeding the knowledge
of these is very essential. Firstly, the cell, wm additon to heing
the vital unit of biological organisation, 1s also the physical bridge
between the generations. Secondly, the karyomorphological
studies, 1.c., the study of chromosomes and their morphology,
are essential for hybridization work  Genetics without cyvtology
is, therefore, just hike a cell without nucleus. In plant imptovement
we are concerned with genetics, hybndization and generations.
Thus the knowledge of cytology is very much needed 1n plant
breeding.

Biometry  Itis the statistics applicable to biological data.
Inplant breeding, for critical comparison of newly produced
varieties with local ones, field trials are nceded. Data are obtained
from these trials, presented, analysed and interpreted with the
help of biometrical devices

Taxonomy : In hybridization different types of crosses, i.e.,
intergeneric, mterspecific and intraspecific are made which can be
accomplished successfully only if one1s quite well versed with
taxonomical knowledge. Secondly, in plant breeding improve-
ments, the desired characters are incorporated mnto a varicty. For
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this, the presence of desired characters 1s traced out by studying
all the species of that crop, which requires a sound knowledge

of taxonomy.

Plant physiology : Plant physiology
deals with all the vital processes going
on inside the plant body and effects of
environmental factors on them By hav-
ing their knowledge, in plant breeding
the varieties resistant to heat, cold, dro-
ught, etc are produced

Plant pathology and entomology -
The diseases and insect pests are of great
importance 1n crop pioduction because
they are main encnues of plants. In plant
pathology and entomology, besides
studying the diseases and insect pests,
the host and parasite relationships are
studied. This knowledge of host and
parasite relationship 1s utihzed in plant

Fig. 3
Gregor Mendel (1822-1884),
an Austrian monk famous for
his Laws of nherstancs and
18 known as Father of gemlics

breeding for production of resistant varieties to these enemies.
Floral morphology ~ In plant breeding crosses are made

for hybridization. For successful crossing, a familiarity with struc-

ture, behaviour and mechanisin of opening and closing of flower is

essential

Bacteriology : In  leguminoceae
family, recent work suggests that plant
genotype and rhizobial strain specia«
lization may be related, thus bacteriology
becomes more pertinent. '

Agricultural engineering ©  Increased
use of machinery in crop production
requires evaluation of varieties as to know
their adaptability for machine culture
and handling.

These sciences are the tools with
which plant breeder works and uses his
knowledge of these sciences to create the
new crop varieties, just as the engineer
uses his knowledge of mathematics,

o

Fig. 4
Nilsson-Ehle, Swedish Plant
Breeder who profounded the
Multiple  gene  hypothesss to
explain the genetic mecha.
nusm of quantitative inheri.
tance
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physics, or chemistry to construct a new bnidge or modern
skyscraper. .

1t 1s obvious that a plant breeder can not be a specialist
i all these sciences. In the actual biceding work, he 1s not
working exclusively 1 any one of them. His work 1s toapply
the whole of his knowledge and experience towards the develop-
ment of superior varieties If any additional knowledge is required,
he may contact respective specialists or may work with a team
of different specialists each contributing to the work tn his field
and the plant breeder co-ordinaung the whole to the end so that
a superior variety may be developed.

1.4 Economic Importance

Food problem and plant breeding : One of the gravest prob-
lems, facing not only India but whole of the world to-day, 1s
that of feeding ever increasing population Salvation of this pro-
blem lies 1n keeping the balance between the population increase
and supply of food. To restore this balance we have to

(i) check the population increase and

(n) tap the new sources of food supply.

In agniculture, though we are mainly concerned with the
second one, even then it is essential to deal with the former in
brief for tracing out the comparative importance of the latter.

In the past the major scourges which kept the human popu-
lation under control were wars,
diseases and lesser care of offsprings
Now wars have become less frequent
though more frightful. Diseases are
being controlled by modern medi-
cines particularly by antibiotics and sam-
tation schemes such as Malaria Eradica-
tion Programmes and others. Offsprings
are getting an increasing amount of care so
that the number of survivals to adulthood
becomes greater. On account of med.
cines and more care a child born today Fig 5

h Nikolar Ivanovich Vawilos
as at least two to three umes better (I887-1942), a  Russian

. Plant” Breeder famous for
c
hances of {wmg full span of Iife than },5 lagical work The centers
was possible in the past. This has largely o {;gé”ﬂfed plants published
m .
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contributed to population increase in many countries
Now-a-days there are voluntary population control
measures such as family planming and birth control. These
measures are still n infancy. But unless these are applied,
imbalance between the number of pepoleto be fed and supply
of food available is likely to become more serious. Being in infancy
these measures have not yet contributed mucan towards popula- -
tion control. The only way to solve this problem is, therefore,
to tap the new sources of food supply which are -
(1) Photosynthetic factories
() Microbial food
(ii1) More production by improving agriculture through
the application of
() fertihizers,
(b) disease, 1insect pests, and weed control by chemi-
cals,
(c) cultural practices, and
(d) plant breeding

Photosynthetic factories and mmcrobial food have not yet
been developed and, therefore food production can be increased
only thiough the improvement of agriculture.

Plant breeding as a far better method of food-problem salvation
Improvements by fertilizers, disease and insect pests control, and
cultural practices have several limitations in practical utility such

as

(1) They are one-aimed improvements in the sense that

only the yield can be increased upto some extent but
other characters cannot be improved

(2) By them the inherited qualities and characters can not

be controlled, 1 e, the achievements obtained bv them
are not lasting

(3) The present demand for feirtilizers and chemicals can

not be fulfilled by their existing production

(4) These methods are laborious, costly and time consu-

ag  mmg. '

(8) ‘They are not quite satisfactorv in eradication of para-

sites thoroughly.

(6) They are totally helpless to control some diseases like

virus and nematodes
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Under these circumstances the best method to control all
these maladies, therefore, seems to be the improvements by plant

breeding.
& Plant breeding utilizes all the

contributions made by different sciences
and welds them into a new variety
possessing as many desirable characters as
possible. The plant breeder is, therefore,
the leader of team 1 agriculture. He s
the only person in agriculture who can
advise the farmer on how to improve his
crops in all respects, The farmers give
them practical shape. Hence the plant
breeders are practical humanitarians ever

Fig. 6 striving to improve the welfare of man

Sur Albert Howard, a Brotsh and animal and to abolish the poverty,
scienust, who for the first  scarcity, famine and misery, and the
time started plant breed- . .

mg work i Indimand;s  plant breeding is the only sure and the
consdered pioneer 1 Jeast expensive method of food-problem
croo mprovement (By .

courtesy of Dr. Swammnathan) ~ salvation as compared to any other mea-

sure of agriculture.

15 History and Achievements

The United States, which is the woild’s largest producer
of wheat, cotton, maize and citrus fruits, could make progress and
vast strides m crop production by breeding improved types of
plants and using hybrid vigour. About 85%; of the acreage under
corn in U S.A. 1s now sown to hybrid corns Hybrid maize has
increased crop production by 20-25%, and has fetched millions of
dollars of additional income to American farmers.

In the field of horticulture, development of wilt resistant
Marglobe tomato has helped to save the Florida Shipping Industry
from ruin. Rutgers and Sioux tomatoes have gained wide repu-
tation for their performance in India. Cantaloupes resistant to
powdery mildew developed by using Indian muskmelons have
helped to tide over a crisis in their production in Cahfornia.

Similarly in Soviet Russia according to Lysenko, over 150
varieties of fruit plants comprising apples, pears, plum and peaches,
have been bred for various tracts to overcome severe winter,
frost and disease troubles.
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(2) Purification of unimproved or mixed varieties.

(3) Maintaining the purity of a variety where supply of seed
is not properly organised. The selection of ears in bajra,
maize, wheat sorghum, and in other crops by farmers
accomplishes the same purpose.

Application of mass selection to already improved or pure

strains rarely leads to any radical improvement and, therefore,
it must not be used in pure varieties,

ADVANTAGES

(1) It is the simplest, easiest and quickest method of crop
improvement because of the following facts :
(@) No testing of produced variety is required.
(b) No control of pollination is done for production of
the variety.
(c) Itis more of an art than a science.

(2) It is only the method for improving the wild or local
varieties to meet the immediate needs of farmers. Secondly, it
serves as the first step in their improvement. After application of
mass selection other methods of crop improvement are exercised
in them for further achievements.

LIMITATIONS

(1) Improvements by mass selection are short-lived and the
anticipated results are not obtained because of the following facts :

(a) Variety produced is heterozygous, i.e., mixture of
different genotypes.

(b) Thereis no control over the_pollination which
causes still greater heterozygosity.

On account of these reasons the characters segregate in each
generation causing quick deterjoration of the varietics. To over-
come this limitation the mass selection is repeated in every season,
specially in cross-pollinated crops. Thus, continuous vigilance has
to be exercised as otherwise the strain will lose their efficiency
very quickly.

(2) Mass selection is not good for increasing the vyield
because,

(a) attention is paid only to maternal characters during
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selection and genes contributed by male parent
are not considered at all,

(b) vyield fluctuates greatly with environmental varia-
tions and the phenotypic and environmental effects
can not be separated out,

(c) it is also not possible to distinguish between plants
phenotypically superior owing to the environment
from those superior owing to heredity, and

(d) uncontrolled pollination may cause the selected
plants to be pollinated by both superior and inferior
pollens.

(3) Itis often not applicable to self-pollinated crops because
due to less amount of heterozygosity the limits of selection are
achieved within short time in them.

ACHIEVEMENTS

In spite of these limitations, mass selection has been the most
common method of crop improvement among farmers, All the
cultivated crops and their local strains are the results of mass sele-
ction operating in the mnature automatically, Although most
of tk2 local varieties of crops have been developed by mass selec-
tion, unfortunately no clear-cut records are available in most
cases to indicate whether mass selection or pure-line selection was
used. However, few examples are cited here. A good success
was achieved by this method in the early days of Gossypium arbore-
um breeding in Madras. The first commercial types of hirsutum
cotton in India such as Dharwar American, Dodahatts local, Cambodias
etc., are the products of unconscious mass selection in the intro-
duced material. The varieties of groundnut such as TMV.l (A.
H.25) and TMV.2 (A.H.32) of Madras; Groundnut No, 1,
Gangapuri and A. H. 14 of Punjab; and A. K. 10 and A. K. 8-11
of M. P. have been developed by mass selection. The varieties
T. 13, T. 19, T. 41, Jaunpur, Tinpakhia, Darjeeling White
Round, Darjeeling White Flat, Darjeeling Yellow Round, Bassi
selected, Udaipur selected, etc., of maize, T. 5 (Pb.), T. 55 (Pb.),
S 530 (Pb.), Pusa Moti (IARI), R. S. K. (Raj) and R.S.].

(Raj) of bajra; R. S. 1. (Raj) and T. 22 (U. P.) of sorghum; K. 122
(U. P.) of patato and Br. S. G. of sarson are also the results of this
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selection. Similarly in other crops most of the indigenous
varieties are the products of mass selection,

CONCLUSION

Mass selection is the simplest method of breeding crops and
has shown more overall effects in cross-pollinated crops than all
breeding methods combined. Even today, it is an important part
of the crop improvement as it goes hand in hand with hybridiza-
tion programme. It is also known as the “German method or
German method of broad breeding” because once it was used
widely in Germany for improving the sugarbeets and small grains
such as rye and wheat.

Questions

1. Define “mass selection’’ and discuss the criteria of select-
ing plants or ears in this method.

2. In which type of crups the mass selection is used and
why ?

3. Would mass selection give better results in self-pollinated
crop such as wheat or in a cross-pollinated crop such as
bajra? Explain.

4. Can mass selection be adopted in an already improved
variety of a cross-pollinated crop? Ifnot in what type
of plant material it must be adopted in the cross-pollinat-
ed crops ?

5. How much time is taken by mass selection for production
of a new varieiy and what steps are involved ?

6. Differentiate ' between Hallet’s and Rimpau’s method
of mass selection.

7. Cite a few examples of varieties produced by mass selec-
tion in maize, cotton and bajra.

8. How the mass selected varieties, as such, are maintained
year after year ?

9. Discuss the merits and demerits of mass selection.

10. “Mass selection is more of an art than a science’ explain.

11. How can you say that farmers indeed practise mass
selection every year in their crops unknowingly ?

12. Define the terms elite, en ,masse & compartmental
selection. .
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CHAPTER V

N

PURE-LINE AND PURE-LINE SELECTION

The term pure-line was suggested for the first time by W. L.
Johannsen of Denmark in 1903 while working with Princess variety
of beans [Phaseolus Vulgaris] and he gave its definition as “The
descendants of a single self-ferulized organism of homogeneous
factorial composition’. Later on, many authors defined it and
some of the definitions are given below :

Hayes, Immer and Smith (1955) define pureline as
“A strain of an organism that is comparatively pure genetically

(homozygous) because of continued inbreeding or through other
means’’.

Sinnot, Dunn and Dobzhansky
(1950) are of the opinion that the progeny
of a single individual obtained by selfing
is called a pure-line,

Pochlman (1959) defines  pure-
line as “A  strain 1m which all
members have descended by self-fertili-

zation from a single homozygous indivi-
dau}l ”

Fig 16

Darlington and Mather (1952)—

A pure-hine 1s an inbred homogenic strain,

Jones says that a pure-line compri~

ses the descendants of one or more indivi-

duals of like germinal constitution that

have undergone no germinal change.

Withelm L. Johannsen
(1857-1927) a Danish
geneticist who gave the
concept of  ““pure-line
selection” for the first
time and comned the
terms ‘pure-It1e,
Genotype & Phenoyype’.

All these defimtions carry the same meaning and a simpler
definition with the same sense may be given as follows :
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A pure-line is a strain made up of the progeny of a
single self-fertilized homozygous individual.
or
Pure-line is a group of plants all obtained from a single
self-fertilized homozygous plant,
CHARACTERS OF A PURE-LINE

Two main characteristic of a pure-line as being reflected by
its definition, are ;

1. Progeny of a single self-fertilized plant—A pure-
line is composed of many plants all descended from a single self-
fertilized plant. 1t is also propagated by selfing its individuals or
crossing them with genetically indentical plants.

2. Genetically uniform-—The plants of a pure-line are
homozygous and, therefore, they all are uniform genetically and
phenotypically and pure for all the characters except some minor,
phenotypical differences which arise due to variations in the
environmental conditions. They remain pure until mutation or
hybridization intervenes. The once isolated pure-line, therefore,
remains constant until and unless mechanical mixing, natural
cross-pollination and changes in its genotype occur.

PRODUCTION OF PURE-LINES

1. In self-pollinated crops—The self-pollinated crops are
generally homozygous and, therefore, pure-lines occur in them
naturally. They are separated out easily by growing the progeny
of sclected plants separately to accomplish the purpose of pure-
line production. )

2. Incross-pollincted crops—The plants of cross-pollina-
ted crops are always heterozygous and subjected to self-fertilization
for 2 number of consecutive generations to obtain ‘the pure-lines
The repeated self-fertilization 1n successive generations results in
the rapid elimination of heterozygosity and making the popula-
tion homozygous. Such self-fertilizations in the cross-polhnated

crop 1esult in dechine i vigour and productiveness This decline
is more rapid in the first few generations and produce many
defective and abnormal individuals like albino. dwarf plants, etc.,
but after seven or eight generations the decline ceases and the
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survivals are pure-lines. Such obtained pure-lines are known as .
inbreds in cross-pollinated crops.

IMPORTANCE OF PURE-LINES

1. Used for production of new varieties—The pure-lines
are sorted out from the mixed population of self-fertilized crops by
the pure-line selection and those found superior are released as
the improved varieties.

2. Used for detection of variations—Pure-lines are
important both in scientific experiment and agricultural practices.
The effects of environmental factors can be measured by growing
the members of a pure-line under different conditions. In labora-
tory animals such as rats, guinea pigs, etc., the exwstence of
inbreds 1s useful for measuring the effects of nutrition, discase
resistance, etc.

PURE-LINE SELECTION

The method of pure-line selection has been developed from
the classical work of Johannsen on pure-lines and is commonly
used to improve the self-pollinated crops. This consists in sclect-
ing a large number of single plants or heads, growing their
progeny scparately in the field trials, and saving the single most
valuable progeny as a new variety. Pure-line selection is thus
the process of separation of the crop population into genctically
distinct groups, cach uniform within itself. It can be defined as
follows :

The process of isolating a desirable homozygous indiv-
idual from the mixed population and multiplying the same
without contamination to release as a new variety is known
as pure-line selection.

Pure-line selection has many synonyms as given blow :

1. Individual plant selection, because the individual
plant is the basis of pure-line selection.

2. Head-to-row selection, because in the thickly planted
and profusely tillering crops such as wheat, oat and barley where
individual plant can not be selected, head is selected and sown in
a row separately,

3. Progeny selection, because selection in further gener-
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ations is made on the basis of performance of the progeny of indi-
vidual plants.

4, Pedigree selection—At the Swedish Seed Station of
Svalof it is known as Pedigree system or Pedigree selection.

5. Single line selection, because the single plants are
selected and their progenies are maintained separately.

6. Inbred selection, because inbreds or pure-lines are
produced to constitute the varieties by pure-hne selection.

FIELD TECHNIQUE

Generally a period of eleven years is required to produce a
variety by pure-line selection in cross-pollinated crops and the
different steps involved 1n each year are outlined below :

First year —50 to 1,000 plants or heads are selected from the
mixed population of ryots’ fields at the the time of harvest. The
produce from individual plants 1s picked separately ahd numbered.

Source of selection . The plants or heads may be selected
either from ryots’ fields or from the crop grown at research station
from the bulk sample of seeds collected from different represen-
tative villages in the previous year. But it is always advisable
to make selection from the ryots’ fields so that the trouble of
collecting the samples from villages and sowing the same at
research station can be avoided and the time taken in collecting
the samples is saved.

Unit of selection : The individual plant is generally made the
unit of selection but in thickly planted crops, where individual
plants can not be separated apart, the single heads from the
different plants may be made the unit of selection.

Charagters to be observed: The characters of the whole plant
or head such as appearance, height, size, colour; resistance to
diseases, insects, drought, frost and lodging; maturity, tillering,
awned or awnlessears, yield, etc., are noted at the time of selecting
the individual plants. If pure-line selection is with any particular
object, such as disease resistance, colour of grain, maturity, etc.,
the selection in the local material is made on that basis so that
the primary characteristics are not lost. The yield may be consi-
dered but it must not be made the only character as the basis of
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selection, since 1t is subjected to a great deal of environmental
variation. Many important economic characters such as length,
size and resistance are not subject to large developmental
variations and they may be made the basis of selection. It must be
remembered that the characters of the whole plant are more
important than those of any particular part and the more uniform
the plant in all its parts the greater is the likelihood that they
will prove better for selection.

Number of plants to be selected. The total number of initial
selection varies from 50 to 1,000 plants or heads, but it depends
on the crop and the amount of land and funds available for
subsequent testing.

Second year—25 to 50 seeds of each plant are grown in an
individual row for observational purposes. Every tenth row is
seeded to some standard variety or local bulk with which they are
to be compared. Apparently defective rows are eliminated prom-
ptly. The disease resistance can be judged by the artificial infec-
tion and the rows or plants susceptible to diseases can be easily
eliminated. In second year, therefore, all the plant rows that
appear of undesirable types are discarded and the superior, i.c.,
the desired progenies of rows are harvested. The seeds from plants
within each row are composited together and this composite
produce of each row becomes an experimental strain.

Third year—The preliminary yield trials are conducted
in which the same process of second year is repeated and the
more undesirable rows are discarded. The only difference is this
that the each strain of second year 1s sown into 3 to 4 rows
instead of in one row as 1n second year. All the undesirable strains
and the plants within the strains are eliminated. The desired
plants of the strains are harvested and the seeds of each strain
are composited separately.

Fourth to Sixth year—The main yield trials are carried
out 1n which the seeds of each strain are sown usually in seven-
rows-plots replicated five or six times with one standard stramn or
local strain plot as control for comparison. The superior stians
are selected and kept, and the others are discarded Besides

comparing yields, analyses for other economic characters are also
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conducted on the plot-wise data collected The yield trials are
similarly conducted upto sixth year. In the sixth year, one or
two or at the most three strains, which show consistent superior
performance over the standard strain in respect of yield and
quality, are ultimately selected as improved strains.

Seventh year—The seeds of these strains are multiplied.

Eighth to Tenth yecar—The seed of each superior stran 1s
sent to progressive farmers in different regions for district yield
trials on ryots’ fields There the comparative yield trials are
conducted for three consecutive years and therr performance 1s
reported to the plant breeder in the tenth year The breeder, on
the basis of comparative performance, selects one or two strains
and gives names to them They are multiplied and distributed
to farmers for genecal cultivation in subsequent years

The number of years indicated is arbitrarily suggested but
may vary depending upon the crop and the speed with which
improvement in desired cheracters is achieved.

VARIETIES

The varieties developed by pure-line selection are the proge-
nies of single self-pollinated plants and, therefore, they are homo-
zygous, uniform and lasting  Genetically they are pure-lines.

PRECAUTIONS

Three main precautions to be kept in mind during the pure-
line selection are :

(1) Mechanical mixture of seeds from other varieties of
the <ame crop or other crops should be avoided. The main source
of mechanical mixture 1s seed-cleaning equipments or other
equipments which have common use in many crops

(2) Natural cross-pollination In self-polhnated crops,
in which the pure-line selection is generally practised, there 1s
very little chance of cross-pollination but even then the sources
of cross-pollination should be avoided The first source of cross-
pollination is admixture of a variety and the second source is
from sowing of two varieties of the same crop in the adjacent
fields or plots .

(3) Mutation . Off type plants must be removed every
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year so that the spontaneously created mutations may not become
the source of variation in the improved strains.
USES

Pure-line selection is usually exercised in the mixed popu-
lation of naturally self-pollmated crops where the population is a
mixture of different homozygous plants, 1.e., heterogenous. Asa
result of selection in such mixed population the several homozy-
gous forms, i.e., pure-lines are separated apart which are either
used 1 further breeding work o1 released as new improved vari-
eties directly. The purposes of pure-line selection can, therefore,
be as follows :

(1) Pure-lnes in a crop may be used either as new improved
varieties as i self-pollinated crops or as the parents in hybridi-
zation programme as in cross-pollinated crops.

(2) The farmers’ mixed varieties of self-pollinated crops are
easily separated apart, purified or sorted out into different strains
each uniform within itself in respect of yield, stand, maturity,
disease and insect resistance, mulling, etc.

This method cannct be employed in the already improved
varieties or pure-lines, because in them no variation is found
which can be exploited by pure-line selection and, therefore,
selection in them leads into no improvement.

ADVANTAGES '

(1) It is the only method to improve the local varieties of
self-pollinated crops.

(2) It is easier than the hybridization method of crop
improvement in self-pollinated plants, because in this no
emasculation and crossing are involved.

(3) The wvarieties produced by pure-line selection are
extremely uniform in appearance and performance and, therefore,
are more attractive.

(4) It is used both in self-and cross-pollinated crops for
production of pure-lines and inbreds.

DISADVANTAGES

(1) Pure-line selection, for the production of new varieties,
i§ used only in self-pollinated crops and not in cross-pollinated

_crops because of the following reasons:
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(a) Extra attention and labour are to be paid for self-
pollination in cross-pollinated crops.

(b) It results in low yielding, albino and dwarf plants in
them

(c) Ifatall a variety is released by this method in cross-
pollinated crops, the farmers cannot maintain it
because they do not know how to control the
pollination and ultimately the variety 1s lost.

(2) There is no possibility of introducing new charac-
teristics not originally found in the population, i.c., no
new genotypes are created by pure-line selection, Improve-
ment by this method is, therefore, limited to the isolation of the
best genotypes already present in the mixed population and it
reaches its extreme limits as soon as the already occurring
variation is exhausted in whole of the local bulk.

(3) The wvarieties produced by pure-line selection are
homozygous and, therefore, are not adapted to large areas under
varying conditions,

ACHIEVEMENTS

The pure-line selection in naturally mixed population of self-
..pollinated crops has resulted in the isolation of many useful and
improved strains as given below :

Wheat (Triticum aestium L.) :—N. P. 4, N. P. 6, N. P. 12, 9-D,
8-A, K. 13 and X. 54.

Rice (Oryza satiwa L.) :—Adt. 1, Adt. 3, Adt. 5, Adt. 10, Co. 4,
Co. 6, Co. 10, Co. 14, Mtu. 1, Mtu 3, Mtu. 6, Mtu. 9,
Mtu. 13, Ptb. 1, Ptb. 4, Ptb. 7, Ptb. 10,S. P. 1, 5. P. 2, etc.

FJowar (Sorghum sp.) :—Co. 1, Co. 4, Co 5, A S. 1543, A. 8. 1575,
A. §. 2095, A. S. 3355, etc.

Cotton (Gossypium sp.) :—Co. 2, C. 7, A. 10, 231 R, C. 520.

Barley (Hordeum oulgare L.) :—T. 4 (Pb.), T.5 (Pb.), R.S. 17
(Raj.).

Groundnut (4rackis hypogaea L.) :—T. M. V. 3 (A. H. 698), T.
M. V.4 (A. . H.334),H.G.8,K.T. 18, K. T 23, K. T. 24,
K. T.25,R. S. 8. 17 (Raj.).

Linseed (Linum usitatisimum L.) :—N.P.5, N.P.9, N.P. 12,
N. P. 142 and EB. 16 A.



62 PRINCIPLES OF PLANT BREEDING

Rai (Brassica juncea Coss ) :—T.3,T.5,T.9, R T. 11, Laha 101
and L 18.

Yellow Sarson (B. compesiris var. Sarson Prain.) :—A. G. H. -A and
Y. S Muzaffarnagar.

Tobacco (Nicotiana tabacum L.) :—N. P. 28, N. P. 63, [. 23 and
T. 59.

Jute (Corchorus capsularis) :—D 154,

Jtite (Corchorus olutorius) :—C. G. (Chinsurah) green.

Cowpea (Vigna sinensis Savi.) :—R.S. 1, R. 5.2, R. § 14 (Raj),
Gwalior K-3B, Gwalior K-11, Gwalior K-14.

Moong (Phaseolus aureus Rexb.) :—Moong Khargone No. 1 (Pb.),
B 1 (W Bengal),and R. S. 4 (Raj.)

Gram (Cicer aretinum L.).—R. S. 10 (Raj.).

Urid (Phaseolus mungo L.) :—Urid Khargone No. 3 (Pb.).

Arhar (Cajanus cajan Milsp.) :—Tuer Khargone No. 2 (Pb.).

Guar (Cyamopsis tetragonoloba Taub.) :— Durgapura Safed (Raj.)

CONCLYSION

Table 3 Differences between mass selection and
pure-line selection

S. No. Mass selection Pure-line selection

Pure-line selection is not so
old as is mass selection.

1. Mass selection 1s as old as
agriculture 1tself.

It is followed by farmers every
year in therr crops unknow-
ingly.

It is usually practised in cross-
pollinated crops.

A large number of plants are
selected. N

The produce of the selected
plants is mixed together and
sown as such in the next
year. '

It is never practised by
farmers in their crops

It is always practized in the
self-pollinated crops.
Comparatively lesser num-
ber of plants are selected.
The produce of the selected
plants is kept separate and
the progenies of each plant
are sown separately in an
individual row in the next
year.
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The testing of the progeny is
not carried out.

There is no control over the
pollination.

The variety developed by
this method is heterozygous
and, therefore, is not uniform
and attractive in appearance.

The variety produced by this
method deteriorates very
quickly due to heterozygosity
and cross-pollination.

To maintain the purity of the
developed variety the mass
selection is repeated every
year in it.

The variety developed is
suited to large areas under
varying climatic conditions.

About 8 years time is taken
for production of a variety

_ by this method.

It 1s easier and simpler since
no knowledge of genetics
and techniques of field
designs 1s required. It 1s,
therefore, said that the mass
selection is more of an art
than a science

The progeny as well as the
individual plant’s performa-
nce is tested.

The pollination is controlled.

The variety produced is
homozygous and, therefore,
is uniform and attractive in
appearance,

This wvariety developed is
homozygous and is, therefore,
more lasting.

The wvariety developed is
easily mamtained without
any sort of heed and thus,
there is no need to repeat
the pure-line selection in it
every year.

The variety develeped is
homozygous and, therefore,
1snot swited under varying
conditions but is adapted to
a limited region.

About 10 years period is
consumed in producing a
variety by this method.

It is more laborious and
complex than mass seiection
because in this the knowle-
dge of pollination and tech-
niques of field designs is
required for testing the pro-
geny. It is, therefore, more
of a science than an art
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Questions

Define the term ‘pure-line’ and describe how it i5 produ-
ced in the crops of different modes of polhination ?

Give the genotypical and phenotypical characters of a
pure-hne.

Who coined the term ‘pure-lin¢’ and in which year ?
What 1s its importance in genetics and plant breeding ?
Discuss.

Give the definition of ‘pure-line selection’ and state what
are 1ts synonyms ?

Describe the field technique of pure-hne selection year-
wise briefly and mention the precautions to be taken
during its operation.

What is the effect of selection within a pure-line?
Discuss the reasons with your opinion.

In what type of crop material the puie-line selection is
used ?

Variety R. S. 14 of moong was produced by pure-line
selection. What genetically it is? Is it advisable to
use pure-line selection in it immediately after its release ?
Is there any use of applying pure-line selection in this

variety after ten years of its release ? Discuss with
reasons.

The pure-line selection method of crop improvement
produces no new genes in the plant material, then how
the improvement is brought in by this method in
crops ?

What are the features of a variety produced by pure-
line selection ?

List the advantages and disadvantages of pure-line
selection.

Make an exhaustive comparison in between the mass
selection and pure-line selection.

Quote some instances of achievement obtained by pure-
line sel~ction in wheat, barley and groundnut.
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CHAPTER VI

CLONE AND CLONAL SELECTION

The crop plants can either be propagated by seeds or by
vegetative parts The vegctative'propagation is resorted due to
lack of seed formation or production of seeds under special con-
ditions, short viability of seeds and wide heterozygosity in plants.

All the commercial varieties of sugarcane, banana and potato
are generally sterile due to non-flowering habits, meiotic irregularities
or other genetic causes and produce noseeds. The unsuitable
chmate in sugarcane and potato, and cultural practices in garlic and
some ornamental plants also result in lack of seed formation, and
enforce the use of vegetative parts for their propagation. Some-
times the seeds are formed in sugarcane, but they loose their viability
wnthin a few weeks on their ripening and, therefore, can not be used
for raising the crop in the next year Most of the fruit trees such
as mango, orange, apple, etc, and sugarcane show a wide hete-
rozygosity and high degree of polyploidy. If they are propagated
by seeds, there will be great variations in the population
resulting in poor production. Being heterozygous, they do not
breed true to type and also the purity of race is not main-
tained. On account of these obstacles, the crops like sugar-
cane, banana, potato, onion, turnip, etc., are propagated by
their vegetative parts in each generation and crop population
in them is composed of direct vegetative descendants from
different plants, All the vegetative descendants of a single

plant are together known as clone and it may be defined as
follows :

All the vegetative progenies of a single plant
or

Ail the progenies of a single plant obtained vegetatively
are known as a clone.

Sometimes a clone is also defined as a variety or agroup
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of plants obtained vegetatively from a single plant, which does
not differ 1n the meaning from the aforementioned defimtion.

CHARACTERS OF A CLONE

All the plants of a clone are the offsprings of a single plant
descended by mitosis through the process of vegetative propa-
gation and possess the following characteristics :

1) All the members of a clone are identical or there is
no variation within a clone-—All the individuals of a clone are
in fact the pieces of a single plant and, therefore, they are geno-
typically and phenotypically identical. ~ The cause of this resem-
blance is their origin and development from the single parent
plant by mitotic cell division in which there is no mechanism
that permits any change in the daughter cells from the mother
cell. The variations in daughter cell occur only during meiosis
due to pairing and crossing

over of homologous chromo- <

oo g A 75 L 4
sz 1o v 1y

somes, separation of paired T
13 Y L N

chromosomes, and union of f;,f:’ v
ra 2 5, 53

gametes from different plants, St «:r.»f ? IR £ if
which do not take place in ¥
the clone. The members
of a clone are thus identical,
i.e, have the same genotype,

breed pure to parental types A g 17 B

and also have the character- A, note the uniformty among the mem-
. £ . . bers of a clone and B, variation among
1stics of producing geneti- progenies that arse by seeds (After

cally uniform progenies. If Chandrasekharan and Parthasarathy)

there is any variation 1n them that 1s wholly due to environmental
differences When environment 1s highly umform, differences
between plants will be small and when environment is very
variable, they will be large But no matter whethér small or
large, they are only phenotypical not 1inherited differences.
Genetic variability in a clone arises only due to bud or somatic
mutations which are very rare and if at all there, they are of
no agronomical importance because of very low frequency of their
occurrence. The variation between population of ditferent clones
is due to the differences in their genes as well as environment.
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(2) All the members of a clone are heterozygous —The
plants of a clone may be all alike but genetically they are
heterozygous. The genetical constitution of all these plants
depends upon the genotype of parental plant. The parental
plant in vegetatively propagated crop is always heterozygous
which can be easily exploited and seen from the  variations
arising among the seedlings raised by seeds of a clone, That is
why, the improved fruit trees such as mangoes, potatoes and
citrus are not raised by the seeds but by the vegetative parts so
that poor yield may not result.

(3) Clones are stable—The clones are as stable as pure-
lines and no segregation or variation occurs in them in their
future generations. Even after many years of cultivation and
vegetative propagation, a clone retains its original characters
as such. It is mainly due to the fact that many trees evolved
many years ago and propagated vegetatively still retain their
desirable characters.

(4) A clone is obtained by vegetative propagation from a
single plant and is also multiplied vegetatively in future genera-
tions.

The clonal population, heing alike genotypically and linecal
desceadants of a single plant, resembles the pure-lines includ-
ing the identical twins. They differ from them, however,
only in two fundamental ways. First, the vaiious plants of a
sexually reproduced pure-line are homozygous and genotypi-
cally alike except mutation, while the members of a clone,
though genotypically alike except mutations, are always
heterozygous. Second, the repeated self-fertilizations in a
heterozygous plant result in the production of a number of
pure-lines while only one clone is produced by repeated vegetative
propagation from one heterozygous plant, apart from somatic
mutations.

IMPORTANCE OF CLONES

Owing to heterozygosity and sterility in many crops, clones
are only the means of perpetuating them. They are also used to
produce uew varieties in vegetatively propagated plants by clonal
selection. Besides this, the clones are very useful tools to preserve
the dnce obtained superiority in plants.
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CONCLUSION

Differences among a pure-line, clone and an inbred—All
these terms are invariably used in different breeding procedures
as pure-line in pure-line selection of self-pollinated crops, clone in
clonal selection of vegetatively propagated crops, and inbred in
hybridization of cross-pollinated crops. Comparative differences
among them have been given in Table 4,

CLONAL SELECTION

Clonal selection is one of the methods for improving the
vegetatively propagated crops such as sugarcane, banana, potato,
citrus, sweet potato, mango, apple, orange, grapes, litchies, turnip,
sugarbeet, some grasses, many ornamenta] plants and fruat trees.
It consists in isolating the best clone or clones from the mixed
population and is defined as follows .

Clonal selection is the selection and propagation of the
desirable variations between the clones as well as within a
clone,

or

Clonal selection is the method of selection of desirable
clones from the mixed population of vegetatively propaga-
ted crops -

FIELD TECHNIQUE

The clones are selected from the mixed population of a crop
and the unit of selection differs from crop to crop as listed below :

Stem cutting — Sugarcane, sweet-potato, betel

vine, pepper, lucerne and some
ornamental and hedge plants.

Tubers —_ Potato,

Suckers ~—~  Banana, pme-apple, aloe, agave,
chrysanthemmnum, etc.

Grafts and buds — Fruit trees and flowering plants
such as mangoes, citrus, rose,

) apple, etc.

Bulbs —  Onion and garlc.

Runners —  Daod grass.

Corms — Colocasia and yam.

Layering — Flowering plants such as jasmine,

rose, etc
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Many other vegetative parts such as root-suckers, root-tubers
(Dahlia) and bulbils are also made the units of clonal selection.

The healthy units from healthy plants are picked up on the
basis of desired phenotypical characters after adequate testing
under field conditions. The diseased and poor yielding clones
are discarded immediately. The selection within a clone is never
effective unless mutation intervenes because of the fact that all
the individuals within a clone have the same genotypical consti-
tution. The source of clonal selection is both local varieties as
well as introduced crop material.

The selected clones, may be any part of the plant body, are
multiplied by the particular method of vegetative propagation as
is applicable separately in the different crops. They are then
compared with the normal variety. The best performers, from
all view points of economic importance, are selected and carried
on under comparative trials at different regional stations for three
years continuously. The best proved ones are given the names,
multiplied, recommended and distributed to the farmers.

Where successful hybridization can be made between the varie-
ties of a clonal population and viable seeds can be obtained, the
crosses between best combiners are made. Hybrids thus obtained
are studied for desirable characters. The best one is selected,
multiplied and compared with standard varieties. If found
suitable under trials, it is named, multiplied, recommended and
distributed to the farmers.

The time taken in producing a variety by this method
depends upon the method of vegetative propagation applicable in
the particular crop. The variety produced is stable possessing all
the original characters of the parental clone as such.

. ADVANTAGES

(1) Varieties are-stable and easy to maintain—The
varieties produced clonally are as stable as pure-lines and there is
no danger of variations resulting from Mendelian segregation.
Hence, the fear of deterioration is totally reduced and the
varieties retain their characteristics as such even after many years
of cultivation unless mutation occurs and produces bud sports,
chimaeras and genetic mosaics.
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(2) Hybrid vigour is easily utilized--If once a plant with
hybrid vigour is obtained by hybrnidization, it can easily be
preserved by vegetative propagation in the clonal crops and,
therefore, there are great possibilities of its utilization in each
generation. Further, on account of clonal propagation, there
arises no problem of hybrid seed production every year as is
prevalent in the case of hybrid maize.

(3) Only method to improve the clonal crops—Clonal
selection is only the way to improve the vegetatively propagated
crops. Sometimes hybridization is also practised in some of them
but ultimately selection among the hybrids is made by clonal
selection.

LIMITATIONS
(1) Only applicable to vegetatively propagated crops—
There are many crops, for example, wheat, barley, cotton, bajra,
moth, guar, etc., which are multiplied always by sceds and, there-
fore, in them no improvement can be obtained by clonal
selection.

(2) Creates no new variation—The progress of clonal selec-
tion is limited to the isolation of best genotypes already present in
the population until and unless it is followed by hybridization.
Hence, indeed, there are very little chances to improve the here-
dity of plants by this selcction.

ACHIEVEMENTS

Two clonal selections, Kufr1 Red from Darjeeling Red Round
and Kufr: Safed from Phulwa have been isolated 1n potato and are
already under commercial cultivation. Further, the clone Nos. 2,
3, 8 and 23 in Darjeeling Red Round and 3, 6 and 29 in Phulwa
are under the different stages of recommendation. Many varieties
such as K.0. 11, K.0. 22, Mundapa Pedda Neclum in mango, Bombay
Green from Dwarf Cavendish, Batheesas and Pidi Monthan from
Monthan, High Gate from Gross Michel in banana, Yuvraj Blood
Red in sweet orange, etc are also considered bud mutants selected
by clonal selection. Similarly in citrus, grapes and other vegeta-
tively multiplied plants, all the old comimercial strains are the
results of clonal selection.
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CONCLUSION

Clonal selection offers an opportunity to exploit desirable

mutations occurring in somatic parts of plants and also helps to
eliminate unproductive and undesirable types which occur from
time to time 1n commercial varieties of vegetatively propagated
crops.
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Questions

Why the vegetative propagation is adopted in certain crops
and not in others ?

In sugarcane seeds are set and developed, even then the crop
is propagated vegetatively. Explain with reasons.

Define the term ‘clone’ and give its genotypical and pheno-
typical characteristics.

What is the genetical constitution of a clone and why ?

Why the members of a clone are usually identical and rarely
different ? Sometimes they are different, why ?

What 1s the role played by clones 1n plant breeding ?
Compare a clone, pure-line and an inbred with each other.
Define the clonal selection and hst the names of some crops
in which 1t is adopted.

What is the unit of clonal selection 1n rose, raillway creeper,
potato and sugarcane ?

Why the clonal selection 1s not adopted in crops like wheat,
oat and barley for their improvement ?

Discuss the salient points of field technique of clonal selection
and state how many years are generally taken in evolving a
new strain by this method ?

Why the clonal selection is ineffective within a clone ?
Discuss giving reasons.

Describe the merits and demerits of clonal selection.
What is the advantage of clonal selection over mass and pure-
line selections ?

Guve the origin and parents of following strains :

Kufri Red and Kufr: Safed Potato, Bombay green Banana and
Yuvraj Blood Red Sweet Orange.
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CHAPTER VII

HYBRIDIZATION

Hybridization offers far greater possibilities in crop improve-
ment than any other breeding method and is the only effective
means of combining together the desirable characters of two or
more varieties. Its history, although not known exactly, dates
back to christmas era. It is known that the date palm was artifi-
cially pollinated by Assyrians and Babylonians as early as 700 B.C.,
but the main interest in hybridization was created with the
discovery of sex in plants by Camerarius (1694). The first natural
hybridization was recorded by Cotton Mather (1716) in corn and
the first artificial plant hybrid was produced by Thomas Fairchild
who crossed sweetwilliam with carnation in 1717. The hybrid
obtained from this cross was vigorous and is commonly known as
Fairchild’s mule. The German Botanist Joseph Kolreuter (1760)
was one of the first men to use hybridization practically for plant
improvement and he was followed by Knight (1759-1838) and
Goss (1822) in England, Gaerter (1835) in Germany, Naudin
(1863) in France and others. It indicates that a large number of
workers were busy in hybridization work during the eighteenth
and nineteenth centuries but its significance in practical plant im-
provement was not clearly understood until Mendel’s work came
into light and laid down the basis of understanding the mechanism
of inheritance in plants. Mendel onward, the hybridization had
become the key method of crop mmprovement and, a
spectacular success has been achieved by its application in all the
crops all over the world. -

DEFINITION AND TYPES

Hybridization consists in crossing of two or more plants
which differ genetically from each other in one or more characters
and can be defined as follows :
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Hybridization is the method of producing new crop
varieties in which two or more plants of unlike genetical
constitution are crossed together.

The plants which are crossed together may belong to the
same species, different species or different genera According to
this relationship between parental plants, the hybridization is divi-
ded into the following categories :

(1) Intravarietal hybridization—The crosses are made bet-
ween the plants of same variety. Such crosses are useful only n
self-pollinated crops, if the variety is mixture of different genotypes,
which on hybridization produces new plants showing better com-
binations of economic characters. In cross-pollinated crops,
where the varieties are genetically heterogeneous, the controlled
crossing within the varieties is only useful to maintain and
improve the individyal varieties. -

(2) Intervarietal hybridization—The crosses are made bet-
ween the plants belonging to two different varieties of the same
species and 1s also known as intraspecific hybridization. This
hybridization has been the basis of improving self-pollinated crops
as well as certain cross-pollinated crops such as ‘hybrid maize’
which is an outstanding practical achievement 1in plant breeding.
Most of the hybrid varieties of cereal crops, which are common at
present, have been evolved by this type of hybridization.

(3) Interspecific hybridization—The plants of two different
species belonging to the same genus are crossed together. This
hybridization is between the species and within the same genus
and 1s, therefore, aléo known as intrageneric hybridization. It
1s commonly used for transferring the genes of disease, insect pests
and drought resistance from one species to another. All the
disease, insect and diought resistant varieties in wheat, tomato,
sugarcane, etc , have been evolved by this method. All the nter-
specific hybrids of two homozygous plants are uniform as a.conse-
quence of their 1dentity n.gdnetic constitution. Enhanced vigour
1s exhibited by the hybrids and asa general rule, they are interme-
diate between their parents in the sum total of their characters.

(4) Intergeneric hybridization—The crosses are made
between the plants belonging to two different genera, Raphanobra-
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ssica, Rabbage, marze-teosinte, Trniticate, sugarcane-sorghum, etc., are
few examples of this type of crossing. It is usually used for trans-
ferring the characters like disease, insect and drought resistance
from wild genera into the cultivated plants. Flybrids produced
by this method are of little or no agricultural importance except
of scientific interest.

(5) Introgressive hybridization—In this type of hybridi-
zation one species is completely replaced by another 1n nature.
If there 1s free intercross.ng among the plants of two species and
population of both the species is equal at the beginning of hybri-
dization, theoretically the hybrid swarm should he distributed
according to a normal frequency curve. However, if one species
is more abundant than the other, the F; and subsequent hybrids
will have more opportunities of backcrossing to that species than
to the less abundant species. After a few such repeated back-
crosses, most of the individuals of hybrid population will appear
as pure species rather than hybrids. This absorbing of one species
by another 1s known as introgressive hybridization.

The intra-and inter-varietal crosses are commonly met in
nature followed by introgressive hybridizations, while interspecific
and intergeneric hybridizations are of seldom occurrence in nature.
The intra-and inter-varietal crosses can be performed easily with
almost cent per cent success, while the others, though artificially
practised, result in almost no success. In the intra-and inier-
generic crosses the parental plants are distantly or widely related
and, therefore, they are also called wide crosses or distant
crosses.

APPLICATION & OBJECTIVES

Hybndization 1s practised in every type of crop, specially
when no further improvement can be achieved in the local as
well as introduced material by any other method. This situation
arises only when whole of the natural ogcurrmg variation in the

available material is exhausted by continuous selection.

Its use, at such times as a method of crop improvement. 13
commonly made with three main aims :

(1) To combine all the good characters into a single

variety.
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(2) To increase the range of genetic variability by introduc-

ing various recombinations of characters.

(3) To exploit and utilize the hybrid wigour.

In the first two cases the main objective sought is to create
variability artificially by combining the characters of two or
more than two plants, in which these valuable characters are
found scattered, into one variety. This variation provides the
plant breeder with basic raw material out of which selection is
made to build up the new crop varieties. In the third case, the
aim is to restore the vigour lost during inbreeding or to improve
the level of productivity by concentrating the desired genetic
factors

PREREQUISITES

Before embarking on a hybridization programme, the follow-
ing requisites are to be considered and the plant breeder must be
quite familiar with them.

(1) All the requirements of the tract either from agri-
culturists’, local people’s test or industrialists’ point of view.

(2) All the local conditions, i.e., variations in the soil
climate, agronomic practices and market and industrial conditions

(3) Facilities of fund, land, labour and equipment to grow
and evaluate the parental material as well as hybrids.

(4) Existing varieties of crops, both local as well as intro-
duced as to know how far they satisfy the requirements and then
their utility as parents in the crossing programme. For this, the
survey of cultivated and wild plants is carried out and the
cultures of indigenous collections are maintained in the herbarium
to which the foreign collections can also be added.

(3) Plant material, i.e.,, a thorough comparative infor-
mation of different varieties of a crop with regard to original
habitat (soil, season of cropping, water requirement and cultural
practices) ; morphological and physiological peculiarities, floral
biology (sex, habit and time of flowering, anthesis and dehisce-
nce); crossing (pollination, fertilization, compatibility, sterility,
inheritance of characters, etc.); adaptability to locality; resistance
to diseases, insects and drought; etc., must be kept in mind.

(6) Objectives te be attained, i e., yield quality, hardi-
ness, resistance, thrashability, etc.
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Hybridization, in order to achieve best results, must be
carried out carefully and intelligently keeping these prerequi-
sites in view In the long run the breeder, who is most
thoroughly familiar with these requisites, will get the best
chance to securc the desirable improved forms quickly and
casily. Over and above all these, a most essential pre-condition
is that a plant breeder must be a keen observer 30 that
he may select the most desirable plants easily and quickly.

HYBRIDIZATION PROCEDURE

Practical hybridization is a technical operation and requires
skilled hands The various steps involved in this operation are
serially described below :

(1) Selection of parents—The first step in hybridization
is to select the plants which are to be used as parents and can
supply all the desired important characters which lack in a good
standard variety. They must be chosen with a great care taking
into account all the objectives of work, so that the chances of
selecting desirable genotypes become more. This requires the
collection of material and its testing thoroughly.

As far as possible the parental plants must be selected from
the local collections which are supposed to be best suited to the
cxisting conditions. Where herbarium of local collection is not
maintained, specially for a new crop or at a new station, hybridi-
zation must be delayed tll the entire locality is surveyed and
whole of the material is collected. If the desired parents are not
available in local collection, the material can be introduced from
outside, The best source of introduction is FAO which main-
tains a world catalogue of plant breeding materials designed to
prov1dc a breeder, in any part of the world, with viable seeds of
any variety which he wants for his breeding purpose. The
catalogues of wheat and rice have already been established and
are being built up rapidly for other crops also. The intoduced
material must be verified for their characters under the conditions
where the breeding is to be done, since a crop variety resistant
to a given discase in one place may be susceptible to races of that
disease 1n another locality. Sometimes if three or four varieties
are found-to possess the same desired characters, all must be used
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in crossing as parents. After crossing, the one which gives better
performance in combination must be kept with its hybrids and
others with their hybrids may be discarded.

In the selected variety also the weak, old and all the unde-
sirable plants must be rejected, and the healthy and vigorous
oncs kept as parents. All the important characters to be combi-
ned must be kept in mind and the plants chosen as parents tested
repeatedly for these characters.

(2) Selfing of parents—This is the second step consisting
in artificial self-pollination of parents. It is, therefore, also desi-
gnated as artificial self-pollination and is very essential for eli-
minating the undesirable characters and obtaining inbreds. The
desirability of inbreds in hybridization is due to their double ad-
vantages over heterozygous plants.  Firstly, they and their hybrids
can be maintained easily while the heterozygous plants and their
progeny are lost due to segregation. Secondly, the inbreds, due
to elimination of undesirable recessive characters from them,
produce better plants while hybrids obtained from the crosses of

heterozygous plants have no advantage over the natural
population.

Selfing is automatically performed in self-pollinated crops
when they are allowed to follow their natural mode of pollination.
In them the seeds of individual plant are harvested separately to
isolate different inbreds from the mixed heterogeneous population.
The plant breeder must know the extent of cross-pollination,
which is measured by two methods in such crops. One by plant-
ing in adjacent rows the pure-breeding varieties which show
distinct differences in respect of one or two known characters.
Any variation in the characters, which are easily detectable in the
first generation itself, denote natural crossing from adjacent rows.
Count the number of plants in whole population showing these
differences and calculate the percentage of natural cross-pollina-
tion. Another method by which this could be ecstimated is to
emasculate a large number of flowers and leave them to cross-
pollinate naturally. From the number of fruits or seeds set,
the extent of natural crossing can be judged. If the natural
cross-pollination is slight, it can be ignored and if it is excessive,
the flowers must be protected by bagging to prevent the foreign
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pollens from reaching to the stigmas of self-pollinating flowers.
Selfing automatically takes place inside the bags.

In cross-pollinated crops, the selfing is comparatively cum-
bersome and the parents are artificially selfed in different ways.
The dichogamous plants, such as bajra (Pennisetum typhoides S. &
H.), the panicles are simply bagged and the self-pollination
takes place inside the bags automatically. In monoecious
plants, such as maize, both male and female are bagged separately
before the emergence of silks from the cobs and dehiscence of
anthers from tassels. After emergence of silks and dehiscence of
anthers in bagged plants, the bagged female is pollinated with
the pollens from bagged male of the same plant. Whatever may
be the way of selfing its operation must be quick, safe

ard inexpensive.

Selfing is the natural mode of pollination in self-pollinated
crops and, therefore, it brings no new results in them except to
eliminate the natural cross-pollination and undesirable characters,
if any are there. On the contrary, in cross-pollinated crops it
results in many visible drastic effects as given below :

(1) Reductien in vigour 2nd productiveness.

(2) Appearance of abnormalities,

(3) Decrease in heterozygosity.

(4) Increase in homozygosity, 1.e., production of inbred
lines.

The decrease in vigour and productiveness is greater in the
first few generations and later it becomes lesser and lesser in each
succeeding generation of selfing until an equilibrium is reached
wherc there is no more loss of vigour and productiveness. The
extent of reduction in vigour varies fiom line to line. Some lines
so reduced in vigour that they can not be even maintained while
others may continue to yield as much as 50 or 609, of the original
varieties from whic™ they are obtained.

The second striking effect of inbreeding is the appearance of
abnormal plants such as albinos, lethals, dwarfs, disease suscepti-
bles, steriles, fasciated, etc. They are manifested due to exploi-
tation of harmful recessive characters while the same, though also
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present in natural population, can not show their harmful effects
on account of being in heterozygous condition. Only on selfing
they are rendered homozygous and express their harmful effects
phenotypically. The extent up to which these abnormal plants
appear depends upon the amount of cross-pollination and hete-
rozygosity occurring in the natural population Their appearance
is more in the first four or five generations of selfing and by the
8th or 10th generation they all are exploited and eliminated by
discarding and selection in each generation.
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Grzph showing the effect of selfing upon homozygosity and hetérozygosity (After
Singleton W R. Elgmentary Genetues, D. 'Van Nostrand Co , Inc, Princeton, N J-)
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Parents :— AAXaa
. Homo- Hetero-
Cma | AA  Aa  sa  AAtes “YBSity 2yBosity
0 1009, 0 0% 100%
1 1/4 2/4 1/4 12 | 50% 50%,
2 3/8 2/8 3/8 6/8 | 75% 25%,
3 716  2/16 716 14/16 | 87.5% 12.5%
4 15/32  2/32 15/32  30/32 | 93.75% 625%
5 31/64 — 2/64 31/64 6264 | 96.875% 3.125%
6 63/128 2/128 63/128 126/128 | 98.45%  1.55%
7 127/256 2/256 127/256 254/256 | 99.225% 0.775%
8 255/512 2/512 255/512 510/512 | 99.612% 0.388%,
| 9 511/1024 2/1024 511/1024 1022/1024 | 99.79% 0 19%
10 |1023/2048 2/2048 1023/2048 2046/2048] 99.905%, 0.095%
, ‘ snt-l— 2
o (m)—1 2 (m)—1 -l mj}‘ "‘;1
m-+1 41 ond-1 on—+4-1 an—1 1
N voam

Fig. 19

Increase in homozygosity with simultaneous decrease in heterozygosity
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After several generations of selfing the heterozygosity is
reduced more or less to zero and simultaneously the complete
homozygosity is achieved. Even though the complete homozy-
gosity in quantitative cheracters is virtually unattainable but, at
least fiom theoretical point of view, 2 practical state of homozy-
gosity is generally reached by 8th or 10th generation of selfing
and, therefore, it is usually carried out for eight to ten years.
Ultimately the selfing results in production of inbreds which are
defined as “the progeny of inbreeding’. All the plants of an
inbred are alike genotypically and phenotypically ; but the plants
of different inbreds differ in their agronomical, morphological
and genetical characters such as time of maturity, stem strength,
height, lodging resistance, disease reaction, cold and drought
resistance, plant and ear features, ctc. Selection among them is
made during inbreeding to sort out the inbeds possessing most
desirable characters. The inbreds are usually very weak and
stunted in growth as compared to the natural population of cross-
pellinated crops. Some are so wezk that they can not be even
maintained and, therefore, they are improved by the different
methods of inbred improvement such as recurrent selection,
convergent improvement, etc. The selected inbreds, before utili-
zation, are tested for combining ability, both specific and general,

and the most suitable ones are further utilized in the hybridi-
zation technique.

(3) Hybridization technique

The inbreds, being weak and low in yield, can not be released
directly as new improved varieties and, therefore, they are com-
bired together by hybridization technique. For this, the inbreds
are grown under normal and protected conditions in the isolated
plots so that they may develop properly and get full shelter against
insect pests, animals, birds and diseases. The distance of isolation
increases with the increase in the percentage of cross-pollnation.
They are sown at different dates to secure simultaneous flowering.
The males and females to be crossed are marked in such a way
that the dehiscence of anthers coincides the stigma receptivity.
They are then carried out under the following operations :
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So Aa
S, 25%AA 50%Aa 25%aa
S:  25%AA 25%,aa
12.59,AA 25%Aa 12.5%aa
Ss 37.5%AA ' 37.5%aa
6.25%AA 12.5%Aa 6.25%aa
Ss 43.75%AA ‘ ' 43.75%aa

3.125%AA 6 25%Aa 3.125%aa

Ss 46.875%AA ’ 46.875%aa

1.562%AA  3.125%Aa  1.562%aa

kg 20

Illustrative diagram showing the reduction in heterozygoritv by 509,
in each successive generation of selfing Where, So—ornigmal selfed plant,
S,—first selfed generation, S,—second selfed generation and so on
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Emasculation—This is the third step in hybridization pro-
cedure and is defined as ¢the removal of stamens from
female parent before they burst and have shed their
pollens®, The purpose of emasculation is to prevent self-fertiliza-
tion, and, therefore, it is usually performed a few hours before
the anthers ripe, dehisce and self-pollinate their stigmas. The
floral buds or panicles which arc expected to open on the follow-
ing day are selected for the purpose of emasculation and such
flowers can be easily recognised by their enlarged unopened corolla
still greenigh in colour and about half grown in size.

Emasculation is not needed at all in unisexual, i.c., monoe-
cious plants but it is always necessary in bisexual plants of self- as
well as cross-pollinated crops. It is a very simple operation carri-
ed out differently in different crops and some of the common
methods of emasculation are described below :

Fig 2

Plant breeder’s kit contaming the equipment commaoniy nvea 1 emascuiation
and crossing. 1—Pocket lens, 2—Forcep, 3—Needle, 4 Scissors 5— Scaly o}
6—Camel’s hair brush, 7—Bag, 8—l.abel and tag. 9—U-pin  HW—Pinal,
11—Spint,

1. Forcep or Scissor method—1t consists in opemng of flower and
removing of the stamens which can be accomphshed easily by
using a pair of forceps or scissor (Fig. 22). The exact technique
of operation is very simple varying {rom crop to crop. This tech-
nique of emasculation is generaly used with those plants which
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bear large flowers such as wheat, barley, cotton, etc. The com-
monly used tools have been given in Fig. 21.

2. Hot or cold water and alcokol emasculation—The removal of
stamens by forcep or scissors is very tedious and painstaking work
in the plants having small sized flowers such as rice, sorghum and
bajra. 1In them the emasculation is done by dipping the panicles
in hot water having a desired temperature for a definite period.
In actual practice a thermal jug is filled with water having the
desired temperature (45° to 53° C) and taken into the field. The
flowers or panicles to be emasculated are immersed in the jug for
a particular time (1 to 10 minutes) varying from species to species.
Similarly the cold water or alcohol emasculation is carried out
(Fig. 22).

Emasculation in Rice. A—Forcep method and B—Hot water method.

3. Malessterility method—In some self-pollinated crops such as
barley, sorghum, onion, and bajra the emasculation operation may
be eliminated by the use of male-sterile plants which have sterile
anthers and do not produce any viable pollens. The sterility may
be due to cytoplasmic and genetic causes. The male-sterility con-
ditioned by the recessive genes is first introduced into the
plants to be used as females by backcrossing and the emasculation
in them is then not needed at all.
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Male-sterility may also be induced by spraying some chemi-
cals such as 2, 4D, naphthlene acetic acid (NAA), maleic-hydra-
zide (MA) and tri-iodobenzoic acid.

Bagging—This is the fourth step and is completed with the
emasculation in bisexual plants and before the stigma receptivity
and dehiscence of the anthers in unisexual plants. Both male
and female flowers are bagged separately to prevent contamination
in staminate flowers and cross-pollination in pistillatz flowers,
The pollens are also collected only from already bagged males
for crossing purpose.

Fig. 23

Different methods of bagging.

The bagging is usvally donein the evening of previous day of
crossing, since most of the crops become receptive in the
morning. The bags are kept on the females as such till seed
setting is complete while in males they are removed as soon as the
crossing is over.

The bags, with which bagging is done, are made up of
different material such as paper, cloth, plastic, parchment,
glassine, polyethylene or celophane. The size of bags is accor-
ding to the size of flowers of a crop in which they are to be used.
In many cases ordinary muslin cloth and paper bags are satis-
factory. The thin paper bags immersed in oil or paraffin are best
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for withstanding the insect attacks as well as for the plants having
very delicate flowers. In some cases, it is essential to puncture -
the bags with numerous minute holes to provide ventilation and
prevent moulds’ development inside the envelope. Many special
devices such as cylindrical muslin cloth bags, glass or celluloid
cylinders plugged with cotton and with firm support, are
used occasionally. The bags are tied to the base either by threads,
copper wires or pins specially designed for stitching these bags.

Crossing—TIt is the fifth step and is antithesis of inbreeding.
It can be defined as “the artificial cross-pollination between
the genetically unlike plants”. Its operation consists in collec-
ting of the viable pollens or anthers from the desired male parent
and transferring them on to the stigma of desired emasculated
female parent.

The pollens or anthers are collected either in petridishes as
in wheat, cotton, etc., or in paper bags asin maize, just after the
dehiscence. The bag is temporarily removed from the female
parent and the collected pollens are either brushed or dusted on
its stigma. In wheat, instead of of brushing and dusting, the
whole anthers are inserted inside the florets with the help of
forcep. After crossing, the flowers are again bagged. Asapre-
caution, it is always advisable to make the crossing immediately
after collecting the pollens. However, if it is not possible, the
pollens must be stored at a cool temperature so that they may
not die on account of high temperature at which the pollens are
usually viable for very less time or even for few minutes.

In crops like bajra and jowar, the hand cross-pollination is
very tedious and painstaking due to the small size of flowers. In
such crops, the pollen parent is either grown by the side of mother
parent or is kept transplanted into a pot (pot method) and
brought close to the emasculated female parent at the time of
crossing. Both the male and female panicles are enclosed in one
bag and crossing takes place inside the bag automatically.

The crossing is normally done at the time of anthers’ dehis-
cence and stigmas’ receptivity. The dehiscence of anthers can
easily be recognised by the yellowish colour containing a powdery

~
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mass and flower opening. The sugma receptivity is evidenced
by the full development of stigma with the secretion of a viscid
flud on its surface. This condition in most of the crops appro-
aches 1in the morniug at different times in different crops. The
crossing must, therefore, be done on the same day morning when
the female is emasculated, or one or two days later, depending
upon the approach and durability of stigma receptivity.

Fig. 24

Hibnidization technique mn lLinseed

A bianch with flowers and buds

Removal of unwanted and unsuitable buds
Removal of corolla for emasculation

. Lmasculation

Bagging and tagging after emasculation and crossing.

Ul.ps.nl\:.--

Labelling—The crossed flowers are properly tagged and
labelled  The labelling is done either on the bag itself or on the
labels specially designed for this purpose. They are of different
sizes and shapes, and either may be purchased from the market
or made in the laboratory from the ordinary, but somewhat hard,
papet  They are tagged to bags with the help of threads. The
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labelling on them must be as brief as possible but complete,
bearing the following information ;

(1) Number referring to the field record.

(2) Date of emasculation.

(3) Date of crossing.

(4) Details of parents, male and female,

The first and second information are entered with the emas-
culation, while the third and fourth steps are entered after
crossing. All other necessary particulars must be entered in a
handy field-record book in which the observations are also recor-
ded from time to time.

(4) Harvesting hybrid seeds and raising F; generation—

This is the sixth step in which, first of all, the bags are removed
and the crossed heads of desirable characters are harvested and
collected with their attached labels separately in envelopes. After
complete drying, they are threshed individually and preserved as
such. In the coming season, these seeds are sown separately to
raise the F; generation. The plants of F, generation are progenies
of crossed seeds and, therefore, are hybrids (the progenies of a2
cross between genectically unlike plants which may be in.
breds, clones, varieties or other populations). All the
plants of Fy, although heterozygous, have similar genetical consti-
tution and look exactly alike. They may or may not show hybrid
vigour. The term ‘hybrid variety’ was used for many years to
identify varicties developed by hybridization. This term is now
used only for those varieties that express hybrid vigour., i.e.,
increased growth, size, yield or function over the mean of parents.

(5) Hybridization methods—This is the seventh step
consisting in handling of F; and subsequent generations by
different selection methods of hybridization which are different
for self-and cross-pollinated ciops as listed below *

Self-pollinated crops—Every selection method has its appli-
cation under some specific circumstances for definite advantages.
The detailed description of everyone is given below with applica-
tion, advantages and limits.

(1) Pedigree method.—The individual plants are selected from the
F, population on the basis of desired characters. The number of
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plants to be selected depends upon the number of important cha-
racters involved, the importance of breeding problem, and the
assistance and facilities available. These plants are harvested and
threshed separately, and sown in the separate rows in the next
year to raise the F» generation. In F, different types of plants
appear which do not resemble each other and represent all the
possible combinations of genes from the parental strain entering
this cross. Hence, the larger the F; population grows, the greater
are the chances of obtaining the desirable gene combination. The
disease resistance is also judged in this population by subjecting
all the plants to artificial epidemics either in the green house or
field. The plants possessing desirable characters and found dis-
ease resistant are saved, harvested and threshed separately, and
the produce of each plant is sown in a separate row in the next
year to raise F3 generation. F3 population is handled in the same
way as F, except that fewer plants are selected. This process is
continued up to F; or F; generation. At F¢, due to successive
self-pollination, most of the lines become homozygous and fairly
uniform. The plants uniform in desired characters are harvested
and bulked together to consutute a variety. Similarly different
varieties are produced and run into comparative trials. After ade-
quate trials and testing, the seed of superior variety is multiplied
and distributed to farmers. This whole process takes about
10 to 13 years.

The pedigree method is well suited to those crops where the
characters to be combined in crosses can be easily seen and
recognized, as awned or awnless character and where the indi-
vidual plants in a crop can be harvested conveniently.

The pedigree method is the quickest one and a new variety
can be selected and well tested by the time it reaches its 9th gene-
ration after cross. It may also allow the plant breeder to obtain
genetic information not possible in any other method. With this,
it is also most expensive and disadvantageous due to consumption
of more attention and labour for keeping the clear pedigree record
of each selected plant separately in the early generations. At
plant breeding stations, where usually a large number of crosses
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are handled simultaneously, it is impossible to pay and put so
much attention and labour for keeping clear pedigree records. For
this, an another method known as bulk method is used to save
the labour.

(2) Bulk method .—This system of breeding differs from the
pedigree method in that the F; plants are not maintained separa-
tely but are bulked together to form a single F; population. In
F3, again the suitable plants are selected, collected and bulked
together. This bulking is done for six generations. In Fs, the
desired individuals are selected and harvested separately. The
produce of each plant is kept separate and carried out under
comparative trials, The best performers are released as new
variaties.

Bulk method is a simple, convenient and inexpensive method.
It takes more time but minimizes the labour as the plants are not
paid any individual attention. Sometimes the plant breeder has
no option except to follow this method.

The table below shows the different steps comparatively 1nvo-
lved in both pedigree and bulk methods.

Table 5. Comparison in between pedigree method
and bulk method.

Year Pedigree method Bulk method
1. Crossing. Crossing.
2. F;is raised. F) is raised.
3. F.is grown and the desir-  Desirable head are select-

able heads are selected from
the segregates.

ed from F; grown popula-
tion.

4. F; is raised in which every  Fs is grown in bulk plot
head is grown in one  and about 100 desirable
separate row (head-row)  headsare selected.
and the desirable panicles
are selected.

5. F¢ head-rows are grown Fg is grown in a bulk

and desirable heads are

selected,

plot and 100 heads are
selected.
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Year Pedigree method Bulk method

6. ¥, head-rows or blocks F; is grown in a bulk
of three rows of each head  plot and 100 heads are
are grown with every fifth  selected.
1ow or every third block as
check.

7. Yor Fy, threesrow blocks of For Fe, selected heads are
cach selected head are grown separately in row
grown with checks as and the desired ones are
above. selected.

8. Tor F;:, three-row blocks For Fs 20-row blocks
of each sclection are from 2 or 3 selections are
raised with checks as raised.
above.

9. Asin the 8th year. Selected heads are sown in

small plots with checks.

10 The selected varieties are As in the 9th year.
run into replicated yield
trial plots with checks in
different localities (Also
Foundation seed production)

11, Sceds are multiplied The selected heads are
(Registered seed). run into replicated yield

trial plots with checks.

12. Distributed to Farmers. Yield trials are conducted
(Commercial seed). on larger plots in different

localities.

13 Market crop. Seeds are  multiplied

(Registered seed).

14. Seeds are distributed to

farmers.

13 Market crop

These steps are applicable in every crop with some modifica-

tions in them somewhere heie and theic.
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Table 6. Differences between pedigree and bulk

methods
S. No. Pedigree method Bulk method
1. Individual plants are select-  The selected plants are
ed and bulked at the end bulked and individuals
are tested separately at the
end.
2. Less time is required in pro-  More time is required in
ducing a variety. producing a variety,
3. Itistediousand complhcated. It is simple and conveni-
ent.
4. Most expensiye. Inexpensive.

(2) Backross method :—The backross method is entirely diffe-
rent from both pedigree and bulk methods and was first proposed
by Harlan and Pope (1922) as a method of breeding small grains.
This method is employed in improvement of both self and cross-
pollinated crops where varieties are deficient in one or two
aspects particularly for transferring a single sunply inherited
character like disease, frost or drought resistance, and earliness
from an undesirable variety to a good commercial variety. In the
backcross system the desirable variety, called as recurrent or
recipient parent, is crossed to an undesirable variety, called as
donor parent, possessing a character which lacks in the good
parents. F; plants, instead of permitting to self-pollinate as in
pedgiree or bulk method, are crossed with the recurrent parent
and, therefore, it is designated as “Backcross method”. The
purpose of backcrossing is to recover the genotype of recurrent
parent with disease resistance. The progenies of first backcross
designated as BC; and containing the good character from donor
parent are again backcrossed to the recurrent parent. This
process of selection of plants with desired characters and then
backcrossing is continued for several generations usually up to
BC; or BCs.  In each backcross generation, the plants possessing

desirable characters of non-recurrent parent are primarly selected.
At the end of BC;, the selected plants are self-pollinated to make
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the population homozygous in combined characters. If the
selection is made properly, the plants obtained at the end, must
very closely match with the origmal parent except differing from
it only in desired gene incorporated from the donor parent.
Suppose the variety “A” is very good in all characters but
disease susceptible and the variety “B’ is disease resistant but
very poor in all other characters. It is needed to transfer the
disease resistance from B to A without adversely affecting its
good qualities. B is then donor er non-recurring parent and
A is recipient or recurring parent. The procedure is as

follows : —
(1) Cross the selected plants of A and B, A as female and

B as male and raise F;. Note the plants possessing
desired characters of A with disease resistance of B and
collect them.

(2) Cross Fy (AXB) to A, F; (A% B) asfemale and A as
male, and raise the backcross F; plants, i. e., BG;
(Backcross first generation). Also inject them artifi-
cially with disease spores. Select the plants possessing
desired characters of A with disease resistance of B.

(3) Backcross the selected BC; plants again to A and
raise BG; and selection is further made similarly as in
step 2.

(4) Carry on this operation of backcrossing to A and selec-
tion till a desirable type having good qualities of A and
disease resistance of B is obtained.

This type of transference of some genes of one species, as B
in this case, into the genotype of another species, as A in this case,
by crossing is also known as introgressive hybridization.

(5) Self-pollinate the finally selected plants so that they

may be made homozygous for the disease resistance.

(6) The different such selected selfed lines can be crossed
together to restore hybrid vigour.

When two characters of a donor variety have to be trans-
ferred, it is advisable to transfer each characterin a separate
programme,



HYBRIDIZATION g7

Usually, the backcross method is used for transferring dise-
ase resistance from one variety to another and disease resistance
may be dependent on a dominant or recessive character. If itis
determined by a dominant gene it is relatively easy to transfer
with a backcross in each generation. If it is due to recessive gene,
each backcross is grown to Fa: to permit the identification of
homozygous recessive genotype. Another way is to backcross
twice or thrice in successive generations and to grow the
products of second or third backcross to find plants homozygous
for recessive gene under transfer.

When a quantitative character is to be transferred ‘each back-
cross generation may be grown through to Fs lines before the
next backcross is made. In addition, if its heritability is low and
and serveral genes are involved, backcross Fz and F; populations
will have to be large (Briggs and knowles 1967V’

Backcross method has got many advantages as (1) indepen-
dence from environment, i.e., it can be used in any environment
where the plant will grow and character under transfer will express
itself, (2) no need of evaluation of agronomic performance, i.e., back-
cross derived varieties can be safely released to growers without
evaluation of yield, adaption or quality (3) it is rapid (4) it req-
uires a small number of plants, (5) it is repeatable, and (6) it is
predictable. Its greatest advantage has been in the production of
disease-resistant varieties.

Backeross breeding does not permit the achievement of unu-
sual combinations of genes from two or more varieties which is

the most important drawback of this method

(4) Multiple or composite cross—1It consists in crossing of several
pure-lines together. The selected pure-lines are first combined
into crosses as AxB, CxD, ExF, GxH, and so on. F; of these
single crosses are then combined into double crosses as (AXB) X
(CXD) and (ExF) x (GxH). Finally the F; s of double crosses
are crossed with each other to produce the hybrids [ (AxB) X
(CxD)] x [ (ExF) x (GxH) 1. This cross is known as
multiple cross and further breeding in these hybrids is carried
out according to eiher pedigree or bulk method as described
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previously in this chapter. Multiple cross in self-pollinated crop
is used when three or four monogenic characters scattered in three
or four different varicties are to be combined into one as the
resistance to all three rusts of wheat into N. P. 809 variety from
different strains.

Cross-pollinated crops—The inbreds are combined in any
one of the following crosses and relecased as improved strains.

(1) Single cross (A < B)—This is the cross between two
inbreds, such as A X B or G X D and was proposed by Shull
(1909). Its hybrid sced, which 1s the first generation product, is
distributed to farmers for raising the crop. A single cross 1s made
by planting two rows of female lines to one row of male line alter-
natively so that two-third of the field can produce hybrid sced for
sale, The number of possible different single crosses produced

from various inbreds can be calculated by a simple formula given
below :

Number of single crosses = -—i-—(-%'—l—)-ﬁ

where, n = number of inbreds.

Example : If four inbreds, A, B, C and D, are involved,

the number of single crosses produced will be six as calculated
below by the above formula :

. 4 3
n=4, .". No. of single crosses = —2

5 = 6, i.e, A X B,
AxGCA «£D,B G Bv¥D,and CxD. Similarly, if inbreds
are six, the single crosses will be = 6;5 = 15,1 e, A X B,
AxC,

ArD, AZE, AxF, B:'C, BXD, BxXE, BxF, CxD,
CXE,CxF,D,E,D~Fand ExF

Single crosses give the maximum degree of hybrid vigour
and produce most uniform plants and ears. For this reason,
they are specially used for production of sweet corn for can-
ning or freezing in America On the contrary, their kernels are
very small in size and seeds are poorly developed which involve
high cost of sced production on commercial scale. The single
crosses are, therefore, commeraally undesirable but needed
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primarily as foundation hybrids for double and three-way crosses
as well as to predict the performance of double crosses.

x
. A%B ’ cX0
SINGLE - CROSS SINGLECROSS
(xByx(cxp)
DOUBLE -CROSS
Fig 25

An illustration of inbreds, single crosses
and double cross Note the size of cobs
at different stages for comparison of
various hybrids with nbreds.

(2) Three-way cross (A X B) X C—This is a cross between
a single cross used as female and an inbred used as male, i.e.,
it involves three inbreds. The single cross and the inbred are
planted in the same way as the inbreds in single cross. The
advantage of a three-way cross is the use of vigorous hybrid of
first generation as female in order to maximize the yield of
hybrid seed as well as to obtain seeds of normal kernel size.
A disadvantage of three-way cross is the difficulty of obtaining
high pollen production from the inbred male parent. It is
intermediate between single and double crosses in its character-
istics.
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(3) Double cross (AXB)x (CxD)—This is the cross between
two single crosses involving four different inbreds, Jones (1918).
An inbred involved in one single cross must not be included in the
another single cross of the double cross parents,  Itis alio advisa-
ble to combine the similar or clnsely related inbreds in the single-
crosses and the different or distantly related inbreds in the double
crosses. A double cross is produced by alternate planting of two
single cross plants in an isolated plot and detasselling of the single
cross used as female parent.  Usually the ratio of the female to
male rows has been 4 : 1 so that 80 per cent of the field produces
seed for sale.

The number of double crosses, from various inbreds entering
the double crosses, is calculated by the following formula:

n(n—1) (n—2) (n—3)

Number of double crosses = 5

Where, n=number of inbreds involved.
Example : If A,B,C and D are four inbreds, the number of all

the possible double crosses will be = mmlé__?_f:__‘,m& f.e, 1] (A%

B) x (Gx D), [2] (AXC)x (BxXD)and [3] (A XD)X
(B x C).

Double crosses are the most widely used commercial hybrids.
All the hybrid sceds of maize distributed to farmers for cultivation
are nothing but double crosses. They give very high yiclds in
small land without auy increase in the cost of production. Being
produced in large quantities, they can meet the demand of farmers
ata price which farmers can afford to pay. Although double
crosses have been more variable than single crosses, the variability
has often given them wider adaptation.

(4) Top-cross or Inbred-tariety cross (A X Variety)}—Thisis a
combination between an open-pollinated varicty and inbred line.
Either the inbred or the variety may be used as female parent, but
to use variety as female is preferable.  The top-crosses are used
mostly for testing the combining ability of inhreds and not for
commercial hybrid seed production.

(5) Synthetic cross—This is the combination of 2 number of in-
breds, sibbed lines, or clones to utilize the desirable characters from
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different sources. It eliminates the necessity of producing seeds
in an isolated plot because they are allowed to pollinate natu-
rally. Not a single synthetic variety has been obtained so far
which proved superior or even equal to the double crosses in hy-
brid vigour but it is less costly in seed production and can be used
for a number of generaticns which is not possible in a hyb:id
variety. Even then the synthetic varieties are better than open-
pollinated varietiez because, firstly, at least they exhibit some
amount of heterosis, and cecondly they are more flexible than dou-
ble crosses and, therfore, are more adapted to the changeable gro-
wing conditions of the areas. The synthetic crosses have been
utilized in forage crops where floral structure causes difficulties in
artificial pollination.

Wright (1922) developed a formula to predict the performance
of synthetic varieties expected in F;, and is applicable when in-
breds are used as parents not the clones or other populations :

F2 = F1— -(-g-l;—-P)

Where F is the expected performance of synthetic variety in
Fa; Fy it the average or mean performance of F; hybrids from all
combinations of the irbred-lines; P is the average performance of
inkbreds, and 0 is the number of inbreds. The formula, in effects,

. . 1
says that the yield in F, and subsequent generations will be -
less than that portion of yield of the F, attributed to heterosis.
The so predicted values of Fa performance help in developing a
synthetic variety but they are not, indeed, a substitute for tests of

its actual performance.
In developing a synthetic variety it is essential to decide on

the number of inbred lines that will give the optimum values of n,
P and F,. Kinman and Sprague (1945) concluded that the expected
yield of F; increased with increasing numbers of inbred lines up
to 5 or 6, and decreased as the lines increased from 6 to 19. Thus
the number of inbreds involved varies from 4 to 10 and it is also
said that the optimum number would be closer to ten, if all were

to combine well together.
(6) Trials, multiplication and distribation :—The eighth

step 1s testing, multiplication and distribution of so produced hy-
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brid varieties. The testing is done at various regional research
stations by research workers. The seedsare multiplied at sced
multiplication farms situated at different localities and distributed
to farmers through co-operative societies, panchayats, etc. The
whole process of testing and multiplication consumes about 5 to

7 years.

Table 7. A comparative leck on hybrid, composite
and symthetic varieties of cross-pollinated crops

Comparison Hybrid Composite Synthetic
in variely variely variely
1. Parents 2 to 4 inbreds 6 or more 4to 10
inbreds inbreds
2. Pollination Controlled, i.e., Controlledi.e., At random
between between desi-
desired inbreds red inbreds
3. Genctic Restricted gene  Broad genetic  Broad
base base base genetic base
4. Hybrid More More Less than
vigour hybrid and
composite
varieties
5. Seed Expensive Most Expensive Less Expensive
production than both
6. Distribution Fresh seeds No need to No need to
every year distribute distribute
to farmers seeds to far. fresh seeds to
mers every farmers every
year year

7. Maintenance Difficult
8. Popularity Most popular

More difficult  Easier

Not popular Not popular
but now trend

is changing to-

wards them

DIFFICULTIES AND

PRECAUTIONS

(1) Isolation of suitable parents and hybrids—Most diffi-
cult part of the hybridization is to recognize and isolate the desi-
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rable inbreds to be used as parents and the hybrids to constitute
the variety finally. This requires careful observation, through
testing of all selected plants and their progenies, subjection of selec-
ted lines to diversities such as disease, drought or cold; accurate
and exhaustive note-taking and record keeping, and finally the up-
to-date available information and trained plant breeder for identi-
fying the potentially desirable lines with very high degree of
accuracy.

(2) Different times of maturity—Always the plants grown
in the same season are selected for crossing, but they may not flo-
wer together due to difference in their time of maturity. This is
a common obstacle faced practically during hybridization and can
be overcome by adjusting the sowing period in such a way that
both the male and female parents flower simultaneouly. When
this is not feasible, the pollens may be preserved. There may be
advised various other ways of overcoming difference in time of
sexual maturity For example one of the parents may be retarded
in flowering by stimulating effects of various chemical substances
as sulphuric acid in sugarcane (Verret, 1925). Further, this
difficulty may be got around by regulating the day length as
reported by Emerson (1924) in teosinte.

(3) Susceptibility to mutilations—During emasculation
and crossing, the floral parts are touched with hands, anthers are
removed and sometimes even some portions of flowers are removed
totally to facilitate the hybridization. Due to these, the flowers
are subjected to mutilations and the species vary in the amount of
mutilations they can tolerate in the process of hybridization. For
example, small flowered legumes are among the most difficult spe-
cies to hybridize because the damaging mutilation is almost im-
possible to avoid as a consequence of size and structure of flowers.
Some plants are susceptible even to the removal of anthers from
the ends of filaments. In such cases, the flowers are handled
carefully and special ways of breeding are adopted depending upon

the structure of flower.

{(4) Incempatibility and sterility—The incompatibility and
hybrid sterility are common in both interspecific and intergeneric
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crosses. Incompatibility may be due to many causes ranging from
simple morphological differences to complex phys;ologncal relatione.
The simplest probable cause of unsuccessful crosses is failure of
viable poliens to germinate and this trouble can be controlled by
the application of a film of water of weak sugar solution to the
surface of stigma before pollination. The failure of fertihization
may be due to longer style than the pollen tube and thicker pollen
tubes than the cavity of style and both can be covered up by
making the cross in reciprocal direction and by shortening the
style artificialiy.

In jute, tobacco and tomato, the voluable hybrids have been
made through the inactivation of interspecific incompatibility
mechanism by wusing the irradiated and X-rayed pollens in
making the crosses.

Similarly the hybrid sterility is the main handicap in wide
crosses. The cause of sterility are numerous, all originating from
genetic imbalance which is responsible for meiotic irregularities
causing hybrid inviability. It may be overcome by using the
species with larger chromosome number as seed parent. Hybrid
sterility is very rare in intervarietal crosses and, if sometimes is
there, it is due to the genetic and zygotic lethals.

Fig. 26
Interspeaific hybridization in tomato: (1) Lycpoers:-
cum esculentum, (2) L pimpinellifolium, (3) F1 hybrid
and (4) Backcross. This cross gave the vanety
Pusa Red Plum in tomato.

(After Ind J Genet Pl Brd)
The most favourable condition to ensure crossibility, compat-
bility and fertility are viable pollens, receptive stigma, proper size
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and thickness of tube and style, more or less equal number of
chromosomes in both parents, morphological and physiological
similarities, and optimum conditions for flowering and fruiting.

EFFECT OF HYBRIDIZATION

tlybridization results in hybrid vigour which is the increased
growth, size, yield, or function of hybrids over the mean of par-
ents. All the hybrids between two inbreds show same amount of
hybrid vigour since they all are similar genetically, while the
hybrids from different inbreds show variation 1n amount of hybrid
vigour because the various inbred lnes differ in the type and
number of characters they possess. Hybrids from closely related
inbreds give less hybrid vigour than those from widely related in-
breds. Unfortunately, not all the crosses, may be between close-
ly or widely related plants, produce good hybrids. The greater
the number of desirable traits present in the inbreds, the greater
will be the likelihood of producing outstanding hybrids.

Hybridization has given rise to many crops such as cannas,
dehlias, roses, poppies, violets, rhododendrons, Coffea congensis and
Abelia grandifolia. Many of the field crops like wheat, sugarcane,
cotton, tobacco, oats, Brassia juncea, Brassica napus, Brassica carinata,
Sesamum indicalum etc., are also hybrids originally derived from
crosses between different species.

Wide crosses exhibit steribty and break down of quality and
test 1n hybrids and, therefore, achievement by them is greatest
only in horticultural plants specially ornamentals where, instead of
quality and test, novelty is the main demand and the once obtain-
ed superior hybrids can be maintained by vegetative propagation.
In sugarcane also all the varieties have been produced by these
crosses, since they can be preserved as such byvegetative propaga-
tion, The interspecific and intergeneric crosses have been of
least importance in cereals, fibrous and vegetable crops because
the quality and test are most important characters to be kept in
them which are spoiled if wide hybridization is adopted. In such
crops, wide crosses have been used to obtain the varieties, possess-
ing early maturity and resistance for disease, drought, 1nsects, etc.,
through careful combination of hybridization and selection.
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ACHIEVEMENTS

In the improvement of cereals and vegetable crops the inter-
varietal hybridization has been commonly practised and almost
all the varieties evolved in them are the achievements of these
crosses.

These strains possess most of the desirable qualities and are
playing an important role in increasing the food production.
The losses caused by rusts in wheat have more or less been over-
come by the rust resistant varieties and whole acreage of wheat
is now under the improved strains. In sugarcane, 909% of the
total acreage has come under Coimbatore varieties and the pro-
duction has been increased by 509, over the figures obtained for
old varieties. In case of cotton, the improved strains are grown
in more than 75%, of the total cotton acreage. Similarly in maize
and other crops, the yield per acre has been increased and the
food praduction of country has been enhanced tremendously on
account of hybrid varieties. )

Fig 27

Bajra hybrid varietv. HB-1 (23A xS 350) bred at P, A. U, Ludhiana by
Dr. D S. Athwal (By courtesy of Dr M. S Swamsnathan).
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ADVANTAGES

(1) Creation of heritable variation—The crossing of
unlike individuals gives rise to entirely new plants showing
variations in their characters as compared to their parents.
This variation is not due to creation of any genes but simply due
to Mendelian recombination of the genes already present in the
population, Such variations are heritable and source of evolution
in plant kingdom.

(2) Production of superior varieties—Most of the econo-
muc characters of crop-plants result from interactions of many
genes scattered over several chromosomes in different plantm.
Hybridization brings all these useful factors together and concentrates
them nto a single vartety. Thus a variety possessing all the desirable
characters such as high yield, good quality, resistance to
diseases, insects, drought, etc., is produced. Secondly, the
varieties suited to every condition and need of men can b evolved.
Thirdly, the varieties produced by Fybridization are mors vigorous
exhibiting hybrid vigour.

DISADVANTAGES

(1) Tedious, time-consuming gnd ecxpensive proce-
dure—Usually hundreds of crosses are made before obtaining an
individual possessing the desired combination of characters. If only
one or two characters are required to be brought into a variety, the
task is much less difficult. If, on the other hand, more characters are
involved the more difficult is the task in bringing the correct com-
bination in any given individual plant. The crossing and hand-
ling of crosses need a high technical training and practical experie-
nce. Besides hard labour and cautious handling of hybrid material,
a minimum period of fifteen years is consumed in producing a new
variety by this procedure. Further, the continuous and constant
vigilance is to be paid every year for maintaining the purity of

variety, producing its seeds and distributing to farmers freshly.
Hence, hybridization is a painstaking task and when carried
out extensively, it is time-consuming and, therefore, most expens-
ive among all the breeding procedures. Keeping this in mind,
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it is perhaps not difficult to understand why a varicty superior
for all characters has not been developed so far.

(2) Hybrid sterility—Sterility 15 the main handicap in
achievements to be made by hybridization. It is more or less
absolute in wide crosses and comparatively very less in intervarietal

crosses.
(3) Technical procedure—Hybridization, being highly

technical and complicated, can only be adopted by experienced
plant breeders and can not be advised to furmers for adoption
because the farmers accept only the achievement and not the

experiments,
COMPARISON AMONG DIFFERENT
BREEDING METHODS

The different breeding procedures are summarized below for
having a comparative idea of different steps and time normally
taken for evolving the improved varicties by each :

Table 9. Summary of different metheds of crop
improvement

Year Hybridization Pure-line selection  Mass selection
1. Selection of parents Single plant Mass selection
selection of plants
2. Crossing Row test or Preliminary
replicated yield trial
' row test
3. Fy generation Seed multiplication =~ Main yield
trial
4. F: generation Preliminary Main yield
yield trial trial
5. F3 generation Main yicld trial Main yield
trial

6. Progeny row or Main yield trial Yield trials on
Family block trial cultivators’
fields
7. Seed multiplication Main yield trial Yield trials on
cultivators’

fields
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8. Preliminary yield Trials on culti- Yield trials on
trial vators’ fields cultivators’
fields
9. Main yield trial Trials on Improved sced
cultivators’ fields
10, Main yield trial Trials on
cultivators’ fields
11. Main yield trial Improved
variety
12. Trials on
cuitivators’ fields
13. Trials on
cultivators’ fields
14, Trials on
cultivators’ fields
15. Improved strain
QUESTIONS
1. Define the term ‘hybridization’ and state its objects of
application.
2. In which type of crops and when is the hybridization used ?
3. What are different types of hybridization on the basis of
relationship between the parents involved in it ? Give the
example of each type. .
4. For what work the following scientists are famous in plant
breeding :
Camerarius Fairchild
Cotton Mather Kolreuter
5 Why is the hybrid from the cross of sweet william and car-
nation known as ‘Fairchild’s mule’ ?
6. Enumerate the pre-requisites of hybridization procedure and
give a short'account of each.
7. How many ‘steps are involved in the hybridization proce-
dure ? Describe only two rmost important in detail.
8 Define ‘selfing’ and why is it done ?
9.

How is selfing done in self as well as cross-pollinated crops ?
Describe only in brief with precautions.
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10.
1.

12.

13.

14.

15.

16

17.

18.

19.

20.

21].

22.

23

24.

25

26.

PRINCIPLES OF PLANT BREEDING

What are the effects of inbreeding in different type of crops ?
Define the term “inbred’ and why are the inbreds needed in
the hybridization ?

What is the genetical constitution of the inbreds and why
are they not released directly as the improved varieties in
the cross-pollinated crops ?

Give the definition of emasculation and mention its main
purpose.

At what time and stage the emasculaticn is done in the
plants and describe its différent ways in which it is carried
out in the various crops ?

When and why is bagging done in the hybridization ?
Define the term ‘crossing’ and discuss its operation in differ-
ent crops.

What 1s the necessity of labelling and when is it done?
Described how is it done and illustrate with the help of
diagram ?

What are hybrids and how they all look in F; and why ?
Describe the pedigree method briefly and give the name of
crops in which it is used.

State the advantages and disadvantages of pedigree method.
Describe only in brief.

Make an exhaustive comparison between pedigree method
and bulk method and also list their differences.

Define the ‘backcross’ and state when is it used ? Describe
its procedure briefly.

What 1s ‘multiple cross’ and when is it used in the self-
pollinated crops >

Name the different types of crosses made in the cross-polli- -
nated crops and give a brief account of each with features.
Define the ‘single cross’. Mention the formula used for
calculating the number of single crosses made out of various
inbreds. Suppose eight inbreds are involved, how many
single crosses will be made from them ?

What are the characteristics of hybrids obtained from single

cross > Why are the single crosses undesirabl: commercially
and where are they desirable ?



27.
28.
29,

30.
31,

32

33.
34,

35

36.
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Define ‘three-way cross’ and discuss its merits and demerits.
Define ‘double cross’ and describe how 1s it produced.
Give the formula used for finding out the number of double
crosses from different number of inbreds. Calcu-late all
the possible double crosses. Can they be made out of eight
inbreds ?
Define top-cross and when is it used ?
Mention the difficulties faced and precautions taken during
the hybridization work.
What is the effect of hybridization in crops ?
Describe the advantages and disadvantages of hybridization.
‘No new genes are produced by hybridization’ then how is the
improvement sought by it in crops ? What 1s the difference
between the improvements obtained by selection and by hy-
bridization ?
Give the way of origin and parents of the following varieties
with theiwr crops :
Pusa Red Plum, C.281, R. S. 31-1, Kufri Kuber, Early Dece-
mber and Pusa Giant Napier.
Differentiate between the following :
Selfing and self-pollination
Inbreeding and selfing
Crossing and cross-pollination
Double cross and commercial hybrid maize
Top cross and three-way cross.
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CHAPTER 8

\/

HETEROSIS OR HYBRID VIGOUR

When two homorygous inbreds of genetically unlike consti-
tutions are crossed together, the resulting hybrids obtained from
the crossed seeds are usually vigorous, productive, sturdier and taller
than cither parents. This increased productivity or superiority of
the hybrids over the parents 1s known as heterosis or hybrid
vigour and is defined as follows *

Heterosis or hybrid vigour is the increased vigour,
growth, yield or function of a hybrid, over the parents,
resulting from the crossing of genetically unlike organisms.

It 15 quite evident that the crossing results in hybrid wigour
and the inbreeding into depression and, therefore, the hvbrid vigour
is just reverse to the inbreeding effects.
It is not a newly discovered phenome
non but has been known sice the art
of hybridization came 1nto (xistence
Kolreuter (1763) and other early hybn-
dizers werce quite aware of its existence
in plants, Moendel (1865) obscrved sts
menifestation 1 his pea cros<es Charles
Darwin (1876) had also concluded that
the inbreeding 1n plants results in the
deterioration of vigour and the crossing
in hybrid vigour. He further reahsed
that the hybrid vigour results, not mere-
ly from crossing, but from the union of

Fig 28
unhke germplasms. Dr G H Shull George H Shgi (1874-1954),

coined and proposed the term ‘heterosis”  father of hybnd com who

for the first tme mn 1914 and he derived f:‘;‘é& the term ‘heterosx’

it from the Greek words feferos means
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different and osis means condition. Heterosis, therefore, literally
means a different condition, 1e., different from their parents.
Usually the terms heterosis and hybrid vigour are used synony-
mously. Poweri (1944 and 1945) considers that the crossing,
however, may result in either vigourous or weak hybrids as com-
pared to parental inbreds and this is actual heterosis. According
to this view heterosis and hybrid vigour are not equivalent terms,
but the hybrid vigour refers to only the increased wigour
and size while hetetosis to both increased vigour and weak-
ness of hybrids. Heterosis, therefore, may be of two types, posi-
tive or plus i.e., beneficial heterosis and negative or minus i.e.,
nonbeneficial heterosis Whaley (1944) suggested that it would
be more appropriate to term the developed superiority of the
hybrids as hybrid vigour and to refer to the mechanism by which
this superiority is developed as heterosis. Hayes, Immer and
Smith (1955) are also of opinion that the use of heterosis and hy-
brid vigour as synonynss is highly desirable on the basis of their
long usage. Whatever may be the controversy over the equivalence
of heterosis and hybrid vigour, both have been used interchange-
ably ever since and stll the same state of condition is in vogue
practically.
EFFECTS OF HYBRID VIGOUR

Heteros:is does not affect an individual as a whole but only its
separate parts such as root in carrot; tuber in potato and
knol-khol; corm in colocasia; hypocotyl in turnip, beet and radish;
leaf in cabbage, spinach and lettuce; flower in caulifower, fruit in
pea, lobia, bhind:, brinjal and cucurbits; kernels in maize; ears in
cereals; and the seeds in green peas and Dolichos lablab.

The effects of heterosis in these parts can be expressed in three
ways :

I. Quantitative effects—There is an increase in size and
number of quantitative characters like yield, fruit, vegetative parts,
etc., due to a greater number of cells resulting from a faster cell
division and cell activities. This improves the general well-being

of an organism similar to that resulting from placing in a more
favourable environment.
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Hybrid vigour 1n jowar : CSH -1 hybrid Variety in the Center and its parents
on both sides (By Courtesy of Dr. N G P, Rao).
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2. Biolegical effects—There is an increase in biological
efficiency of an organism such as reproductiveness and survival
ability exhibited in economic characters. Some confusion has
crept in due to no clear-cut distinguishing line between these two
different manifestations of heterosis.

3. Physiological effects—Lffects of the heterosis are also
manifested in many physiological traits like adaptability, disease
and inscct resistance, earliness, cte.

All these cffects of heterosis can be represented nore categorily
as follows :

1. Greater height, weght, size and number of the
different parts of the plant.
2. Increcase in yield and growth.
3. Greater fertility and viability.
4.  More efficient seed germination.
5

. Longevity, i.ec., greater length of life than their
parents.

. Earlier flowering and maturity.

7. The increased resistance to diseases, insects and
drought, and the lesscned susceptibility to adverse
environmental conditions.

8. Many other good manifestations,

In addition to the better heterotic effects, there may also be
reverse effects in normal sct-up of the organism, in other words,
pnegative heterosis. This effect 1s rarely found in cultivated
plants and domesticated animals (Gowen, 1952).

The extent of heterosis expressed in hybrid depends upon the
origm, relationship and compatibility between the inbreds involved.
The hybrids from the crosses between distantly related inbireds or
inbreds of more genetic diversity presumably exhibit more hybrid
vigour than those from more closcly related parents or parents of
same and similar origin. According to East and Hayes (1912) and
East (1916), the amount of hybrid vigour expressed in the F;
hybrid plant is roughly proportional to the genetic diversity in
between two parental inbreds, provided the hybrid develops nor-
mally. East (1916) mdicated that the interspecific crosses exhibit
more hybrid vigour than the intraspecific crosses. Further, he
observed that the certain genes exert greater effects on heterosis

¥

[<2]
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than others and also that a particular gene may have more effects
in some combinations than others. Particular combinations of
smail number of genes may also have special effects on heterosis
(Hill and Hill, 1955).

Heterosis is not equal in all crosses, but in some little
improvement is obtained whereas in others major differences are
observed. Heterotic effects are also not fixable and lasting, but
decrease in F and go on diminishing in each succeeding genecra-
tion due to Mendelian segregation of traits.

Sometimes the hybrid wvigour, in spite of resulting from
crossing, may also result from cther sources. On the basis of
source of increased vigour, heteiosis 1s divided into three types

(1) Balanced heterosis—It is the true heterosis with which
we are concerned here and 1s produced by crossing

(2) Mutational heterosis—Hybrid vigour may also be
created by mutations in orgamsms which is termed as mutational
heterosis. Mutations are seldom beneficial and, therefore, the
mutational heterosis i1s of 1are importance in comparison to truc

heterosis.

(3) Psevdoheterosis—Sometimes due to more favourable
environment and better cultural practices, the increased growth
and vegetative luxuriance are observed in plants which 1s refer-
red as pseudoheterosis. This is a temporary wvigour of an
accidental occurrence and, therefore, cannot be utlised 1n practical
plant improvement.

CAUSES OF HETEROSIS

The phenomenon of hybrid vigour can be exp ained on the
basis of genetical and physiological causes.
Genetical causes

Two genetical hypotheses, each backed by experimnental evi-
dences, have been put forward to explain the cause of hybrid
vigour and they are:

(1) Dominance hypothesis —Bruce got some mmiiation
from Davenport’s ideas (1908) and proposed this hypothesis for the
first time wn 1910 which 15 based on the assumption that hybrid vigour
results from bringing together the maximum number of dominant fuvour-
able genes 1n Fy hybrids.  According 'to this concept, the heterosis 1s
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conditioned by a large number of hereditary factors in which the favourable
genes are dominant and unfavourables are recessiwe. 'The inbreds differ
geunetically from each other and, therefore, one inbred may have a
certain set of dominant genes and another may have another set
of dominant genes. The crossing may bring all these dominant genes
together into one hybrid from different inbreds giving rise to hybrid vigours
For simplicity, suppose two inbreds A and B are crossed to pro-
duce F; hybnds, whereas A has got the genotype AA bbcc DD
EE and B has got the genotype aa BB CC dd ee, in which A, B,
C, D, and E are duminant genes each contributing 5 cms. towards
the height of hybrid. In the absence of dominants, cach recessive
gene contributes 1 cm. towards height. Here only one pair of
chromosomes is taken and others are discarded for simplification.
The genotype of F; hybrid with parents 1s shown below :

Inbred A X Inbred B
AA bb cc DD EE aa BBCCdd ce

Dominant genes=A+4D+E Dominant genes=B-+C
=3x5=15 cms. =2x5=10 cms.

Recessive genes=b-+c Recessive genes=a--d-Le
=2 cms. =3 cms.

Total height=15+2 Total height=10--3
=17 cms. Vv =13 cms
F; hybnd

Aa Bb Cc Dd Ee
Dominant genes=A+B+C+D+E=5%x5=25 cms.

Similar explanation may also be extended for all other chro-
mosomes and numerous gene pans in any plant species.

In the above cross, the heights of two inbreds are 17 cms. and
13 cms. respectively, while that of hybrid from them is 25 cms.
This illustrates that the hybrid has got more favourable dominant
genes and for this reason, 1t contains more vigour greater size and
increased vyield than either of itsparents. If favourable combi-
nation of genes is possible, the hybrids may even exceed the mean
of the parents in these respects.

Bruce (1910) in his original experiments also proved mathe-
matically that the total number of dominant genes were greater
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in a hybrid population than in either parental populations. The
exact procedure to present mathematically here is beyond the
scope of this text and, therefore, the readers are advised to-consult
“Heterosis” by Gowen for details.

Objections

(i) Why not true breeding homozygous lines are obtained in succeed-
ing generations—If this hypothesis 1s correct, it should be possible
to obtain at least some plants homozygous for all the dominant
genes 1n Fg generation raised by inbreeding the ;. They must
be like F; population in vigour and breed true for hybrid vigour
in succeeding generations. But, as already stated above under
effects, one of the peculiarities of hybrid vigour is that 1t is an
unfixable trait and decieases in each subsequent generation until
and unless maintained artificially

(i) Why leterotsc  charasters are . symmetrically distributed rather
than skewed—3f heterosis is due to dominance of independent
factors, the F; distribution curve should be skewed rather than
symmetrical because the dominant and recessive phenotypes or
loci would be distributed according to the binomial expansion
(3/4+1/4) n, where n is the number of factors involved.

These objections were removed completely by Jones (1917)
in his modified theory entitled ‘Dominance of Linked Genes
) Hypothesis’. He pointed out that a large
number of dominant genes distributed over
different chromosomes are involved in
production of hybrid wvigour. The favour-
able and unfavourable genes may be linked
together due to which true breeding homo-
zygous plant and skew distribution of F,
loci cannot be obtained. Later, Collins
(1921) showed that even with a large num-
be of factors, regardless of linkage, the skew
distirbution disappears in F; and the chances

Fig. 30 of obtaining a completely homozygous plant
Donald F Jones who areremote. This hypothesis of Jones is
profounded ‘The Domi- most widely accepted, because 1t provides

nance of Linked Genes

Hypothests' as a genetical  the best explanation underlying the mecha-
cause of heterosis in . eq s
1917 nism of hybrid vigour.
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(2) Overdominance hypothesis—The concept of thishy-
pothesis was given independently by Shull (1908) and East (1908)
on the supposition that heterozygote is superior to either homozy-
gotes and the hybrid vigour increases in proportion to the amount
of heterozygosity. To this idea, various names had been given
from time to time as superdominance by Fisher (1930), interaction of
alleles at ¢ single locus by East (1936), overdominance by Hull (1945),
etc. However, the term ‘overdominance’ is most commonly used

among all.

In more simplified terms, this hypothesis 2ssumes that hetero-
zygous gene condition a; ag is superior to either of the homozygous
gene combination a; 2; or a; a2, The a; and a3 perform different
functions and the product produced by their combination is more
wigorous than the single product produced by either allele in the
homozygous condition. East (1936) extended this idea further
by assuming a series of alleles ay, as, as, ag,
...of gradually increasing divergence of
function. Heterozygotes were supposed to
become more and more efficient as their
alleles differed more and more in function
which were genetically represented as
a; ap «8; a3<a; a¢ and so forth. If] in spite
of alleles, two inbreds homozygous for dif-
ferent genes are crossed, the hybrid is much
more vigorous than either lines. Hence,
the cross AA bb cc DD eexaa BB CC dd
EE would produce a hybrid Aa Bb Cc Dd
Ee which is heterozygous for all the genes Eas, EM., An American
always exhibiting hybrid vigour.  This Flant Breeder, who pro-

posed the *‘Orerdomnance
theory, then, suggests that there 1s something in- hypelthesu’_’ as af %enenca\
herent in the heterozygous condition that brings ﬁﬁga&anon of hetexos
about hybrid vigour and thus greater the number of heterozygous alleles greater

will be the hybrid vigour in the organism.

-

Occasionally, there isa plea that if the cause of heterosis is
heterozygosity, it means homozygosity and inbreeding iead to
weakness. But the self-pollinated crops such as wheat, barley,
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rice, etc. which are normally homozygous, do not exhibit any
weakness and secondly, the inbrceding in them does not show any
loss of vigour as in case of maize. The explanation may be a
simple one that due to continuous natural inbreeding in them the
recessive deleterious genes hidden in heterozygous condition
might have been made homozygous soon after their origin
and eliminated in natural course of selection., Accordingly, these
species became adapted to homozygosity and developed a genetic
organization that Mather (1943) calls as fomozygous balance. One
of the attributes of this balance is that the inbreeding leads to no
diminution in vigour and at the same time P; hybrids between
different lines are fully vigorous and display heterosis.

The relative importance of these two mechanisms of heterosis,
i.e., dominance and overdominance remains yet to be determined.
In most of the cases both the hypotheses lead to the same results,
In either case, there is an increase in hybrid vigour on crossing
and a decrease in it on inbreeding.

Physiological causes

(1) Greater initial capital hypothesis—Ashby (1930)
studied the physiology of inbreds and hybrids of maize and
tomato, and concluded that the hybrid vigour is due to an increa-
sed mitial embryo size which he termed as ‘Greater initial capital’.
The vahdity of this cause, however, has been disputed by many
other workers working on the same plants. East (1936) and Wang
(1947) also supported this hypothesis and reported that the
increase in endosperm and embryo size is one of the causes of
heterosis. Whaley (1950) found that the maize hybrids have more
efficient protoplasm and more green and dry weight than the
inbreds.

(2) Cytoplasmic-nuclear reaction—Michaelis,  Shall,
Lewis and others suggested that physiological cause of hybrid
vigour is the interaction of cytoplasmic and nuclear systems.

Whatever may be the cause, genctical or physiological, the
hybrid vigour is a well-known phenomenon, its effects are well
established and achievements are spectacular.
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BREEDING METHODS AND TECHNIQUES

The methods of heterosis breeding are same as those of hybri-
dization described in chapter 7. Here only a special mention is
made to polycross method which was suggested by Tysdal, et al.
(1942) and is being used extensively to-day with perennial legumi-
nous forage crops that are normally cross-pollinated like lucerne.
This method consists in planting the vegetatively multiplied clones
of several self-sterile plants in a polycross nursery and allowing
each clone to be randomly pollinated by the other clones.

Heterosis breeding involves emasculation, pollination and
bagging. Among all the three, the emasculation, which too by
hand, is most expensive and cumbeisome. Hand emasculation
and pollination are economical only in those crops where each
fruit produces a large amount of seeds and a limited quantity of
seeds 15 required for raising the crop such asin tomato, brinjal,
cucumber, pumpkin, etc. On tne contrary, such an expensive
procedure is disadvantageous in crops where each hand-pollina-
tion produces a very little quantity of seed as in cabbage, knol-
khol, caulifiower, etc., and the floral parts can not be handled
easily as in onion and carrot.

Keeping into mwd the above difficulty from farmers’ purchas-
ing capacity point of view-and depending upon the nature of
pollination, floral structure, male-sterility and the number of seeds
per fruit, the different techniques of emasculation and cros-
sing commenly used in different crops are listed below :

(1) Hand-emasculation and hand-pollination—This
technique is practised n plants having bisexual flowers where each
fruit produces a larger number of seeds with single pollination
like tomato, brinjal and lady’s finger In wheat and barley also
this method is used because once a superior hybrid is obtained,
though costly, can be easily maintained without incurring the
expenses for seed multiplication in subsequent years.

(2) Hot water emasculation and ha.nd-pollmation—- -This
is carried out in crops like paddy and sorghum where hand emas-
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culation is time-consuming. The panicles to be emasculated are
dipped in hot water of desired temperature for 2 particular time,
The temperature and time are so adjusted for a particular crop
that they only make the male parts functionless without any
adverse effect on the female The crossing is done by ecither
bagging the male and female together or dusting the female with
pollens of desired male.

(3) Male-sterility and hand-pollination—Presence of
male-sterility, may be due to any cause, eliminates the emascula-
tion which is most laborious operation in breeding procedures,
The pollination can be then carried out either by hand or by
‘electric pollinator’ suggested by Cottreli-Dormer (1945) in plants
like tomatoes. Electricity in this is generated by a battery of
three cells (4.5 volts). The instrument contains a fine wire loop
+ which is made to vibrate within a pollen collecting chamber. By
bringing the stamens of the flower in the lcop and causing the later
to vibrate, the pollens are readily shaken from the another into the
chamber. The pollination is also carried out in the same way.

(4) Hand-poilination without emasculation or Emascge
Iation by removal of female Howers and firee-pollination—
These practices are followed in monoecious plants where male
and female are separate on the same plant, such as maize, cucumns
ber, squash and melons. In them there is no need of emascula-
tion but the pollination 1s to be carried out by hand. Even the
hand-pollination can be avoided by planting the male and female
parents in alternate rows and removing the male flowers from
female parent before their opening so that there may be pollination
in desired way automatically. At the time of harvesting, the
fruits of female and male varieties are picked up separately
whereas fruits of female are hybrid and those of male are selfed.
This technique is being used on commercial scale for production
of hybrid seed in these crops According to Walkof and Nuttal
(1955) in Canada, the hybrid seed in these plants is produced
similarly by planting two rows of female to one row of male alter-
nately. Male flowers of the female parent are removed as soon
as they show yellow coleur continuously for five weeks. Pollina-
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tion is carried out by insects such as bees. This method of
emasculation and crossing is termed as “Crossing Block
Method".

(5) Emasculation by removal of male plants and wind-
pollinatien—In dioecious species, i.e., having male and female
flowers separate on separate plants such as spinach and asparagus,
the male flowers usually flowering earlier are removed from the
variety used as female parent. The male variety should be sown
by the side of female so that the pollination can take place auto-
matically through the desired agency; but at the time of harvesting
both should be harvested separately in which the produce of
female variety would be the needed hybrid seed.

(6) No emasculation and free-pollination—This techni-
que is practically adopted in those cross-pollinated crops where
the emacculation is either tough as in carrot and onion or easier
but each hand-pollination produces only a small quantity of seeds
as in radish and cabbage. Sometimes, the presence of cytoplas-
mic sterility in them also eliminates the emasculation.

(7) Emasculation by chemical suppression of mrale
flowers and free-pollination—Wittwer and Hillyer (1954)
observed that spraying dilute <olutions of maleic hydrazide (MH)
or B-naphthalene acetic acid (100 p. p. m.) on young seedlings of
Cucumis pepo suppressed the formation of male flowers. Hensz
and Mohr (1959) also reported that sodium alpha and beta-
dichloroisobutyrate (FW-450) checked the opening ol mature male
buds in watermelon without affecting female fertility. In this it
may be possible to avoid the emasculation in female parent for
producing F; hybrids,

ACHIEVEMENTS

Hybrid vigour has been exploited both in plants and animals
and is being utilised on commercial scale. In plants, 1t has been
used in the improvement of maize, sorghum, bajra, paddy, wheat,
cotton, tobacco, sugarcane, potato, gram, radish, coconut,
brinjal, lady’s finger, onion, cabbage, tomato, sugarbeets,
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squash, cucumber, forage crops and grasses, ornamentals, fruit
and forest trees, fungus like Penicillium and other useful plants.
Hybrid vigour has showed an increase in the yield as 50%, in
sugarcane, 30%, in tobacco, 30-60% in bajra and radish, 40-4%%,
in brinjal and has impioved the fibre quality in cotton, rust-
resistance in wheat, virus-resistance in bhind;, production of
penicillin in Pentcillium, etc. More exactly it can be said thag
hybrid vigour has ameliorated the crops in all aspects.

Hybrid vigour has also been exploited in animals such as cattle,
poultry, pigs, beef-cattle and silkworms The mule, hybrid from
a cross between jack (Equus hemious) and mare (Equus equus), has
been known since ancient times for its well-known qualities of
strength and stubbornness. The hybrids, from the cross between
Red Sindhi breed of Indian cattle and Jersey breed of America,
contain 30% more butter fat per cow and are heat resistant.
Similarly the more egg laying in hen, increased pork yield in pigs
and greater silk production in silkworms are the few miraculous
achievements of hybrid vigour in animals

However, the careful explortation of hybrid vigour in cultiva-
ted plants and domestic ammals may increase the production of
food and fibre directly resulting in better nourished human race
and more prosperous agriculture.

UTILIZATION AND LIMITATIONS

Heterosis has been of immense pratical utility in the improve-
ment of all typesof crops, but the task of its utihzation is full of
difficulties which are enumerated briefly as follows :

1. Self-pollinated crops and hybrid vigour—The utili-
zation of hybrid vigour on commercial scale requires the produc-
tion of hybrid seed in sufficient quantity to meet the demand of
farmers. In self-pollinated crops, the hand-emasculation and
hand-pollination are usually practised which are tedious and
costly operations. This difficulty 1s again made more severe
where only few seceds are produccd with each act of hand-
pollination. This difficulty of hLttle hybrid seed production with
high expendifére practically prohibits the utilization of hybrid
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vigour in such crops. On account of this fact, very little improve-
ment has been achieved by heterosis in self-pollinated in
comparison to cross-pollinated crops. But this difficulty has been
now overcome by the development of easier and cheaper genetical
and chemical methods of emasculation (Pal and Sikka, 1956) for
most of the perfect-flowered plants.

2. Cross-pollinnted crops and hybrid vigour--It has
been utilized spectacularly in these crops, but difficulty is faced in
maintaining the hybrid vigour at the same level from generation to
generation because it decreases rapidly in F: and each succeeding
generation due to cross-pollination and Mendeclian segregation.
The cultivators can not, therefore, be advised to save the seeds
from hybrid crop for next year, In ordet to overcome this
difficulty, the parental inbreds are maintained, single-crosses are
made, if needed double-crosses are produced and distributed to
farmers every year freshly.

3. Vegetatively propagated crops and hybrid vigour—
Although the difficulty in emasculation and crossing is faced,
which in turn is compensated by easier nuluplication and
maintenance of hybrids. In such crops, once obtained desirable
hybrid can easily be maintained and multiphed by vegetative

propagation until and unless there are disturbances due to somatic
mutations.

CONCLUSION
Hybrid vigour is now an universally accepted practical
phenomenon evolved by the combined application of genetics and
plant breeding. Heterosis, which is a quick, cheap and easy
method of increasing food production (Pal and Sikka, 1956), is
being practised in all crops of economic value all over the world.
This, 1n future, may eventually produce such crop varieties which

far transcend the present crop production and thus solving many
human problems.

QUESTIONS

1. What is ‘heterosis’ ? Who coined it for the first zime and in
which year ?
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In what different forms the heterosis is manifested in plants ?
Describe categorily.

What are different types of heterosis and differentiate between
the balanced and pseudoheterosis ? With which type we are
mainly concerned in plant breeding ?

In general, what genctical theories have been put forth to
explain the cause of heterosis ? State the concept of each
theory precisely. Which one is more acceptable now-a-days
and why ?

Explain, how 1s it possible that the both hypotheses, i.e.,
dominance and overdominance lead to the same results ?
Outcrossing leads to hybrid vigour and inbreeding to loss of
vigour. Is it so always? Give reasons in support of your
opinion.

Inbreeding was done simultaneously in two separate crops.
It was repeated for five or six generations in them and effects
were observed. In the plants of one crops loss of vigour was
seen but in the plants of another crop no such effect was
obtained. How do you account for it ?

Usually inbreeding has no effect in wheat 'which is a self-
pollinated crop. Explain why ?

Describe the ‘homozygous balance’ and what does it explain
in hybrid vigour ? Who advised it for the first time and in
which year ?

What are the limitations in obtaining the hvbrid vigour in
different types of crops ?

Very less improvement has been achieved by heterosis in
self-pollnated crops in comparison to cross-pollinated crops.
Explain the practical handicap behind it? Is this state of
condition prevailing still * Why ?

Heterotic effects decrease in Fp and goon diminishing in
each succeeding generation. Give its genetical cause for

clarification.
Why the farmers, instead of being allowed to use the seed

from previous year’s crop, are distributed fresh seed of
hybrid maize every year ? Discuss.

!
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State the advantage of once obtained hybrid vigour in
vegetatively propagated crops over the sexually reproduced
cops.

Cite the names of some crops in which hybrid vigour has been
utilized practically in India.

For what contributions, the following scientists are popular in
the field of plant breeding

Shull, G. H., East Ashby

Whaley Bruce Tysdal

Gowen Jones
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CHAPTER 9

PLANT INTRODUCTION AND
ACCLIMATIZATION

‘Plant introduction and acclimatization’ is the easiest and
most rapid method of crop improvement in which the acclimatiza-
tion follows the introduction and both the processes go side by
side. They can be defined separately as follows :

Plant introduction is the process of introducing plants
from their growing locality to a new locality.

Thus, in this process the plants are transferred from one place
to another having a different climate.

Acclimatization is the adaptation or adjustment of an
individaal plant or a population of plants under the chang-
ed climate for a namber of gencrations.

Thus, acclimatization is a sort of natura] selection operating
into the introduced plant material.

The plants may be introduced either from the country of
another conunent (intercontinental plant introductioa) such
as ridley wheat variety from Austraha; from another country within
the same continent (intracontinental or intercountries plant
introduction) such as litchi and loquat from China, from
another state within the same couuntry (interstate plant intro-
duction) such as N P. wheat varieties from Delhi, into different
siates within the country or from another district within the same
state (intrastate or interdistrict plant introduction) such as
distribution of state recommended varietics of different crops from
one district to another within the same state for general cultivation.
Any plant material, therefore, brought from another place, may be
within or outside the country, must be term ed as introduced mate-
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rial and method as plant introduction; but-by plant introduction
we usually mean the introductions of the plams from places ouiside the
country, may be of same or another continent.
PURPOSES
Purposes of introducing plant material from outside are four
as listed below :

(1) For use in agriculture, forestry and industry—
Many cereal, millet, sugar, forest, industrial and medicinal crops
are the results of introductions from outside in the past and have
led to the prosperity of country.

(2) For studying the origin, distribution, classification
and evolution of the plants—The plants are introduced to main-
tain their permanent living collections 1n botanical gardens, re-
search farms, herberia, arboreta and museums of the country
where their detailed study furuishes valuable scientific data and
information which aid considerably in tracing out the orign,
classific..tion and evolution of different crop plants. Vavilov’s
Eight Centers of Plants’ Origin were established with the help of
such plant collections gathered by Russian scientists from all
over the world.

(3) For fulfilment of aesthetic interest—The plants and
shrubs, specially the ornamentals, are introduced to enrich and
adorn the gardens, parks, builldings and bungalows so that the
interest or fancy for uncommon and bizzare forms may be fulfilled.
At present the beautiful gardens and parks in every country are
due to plantation 2nd growth of such introduced plant wealth which
1s indeed the great source of entertainment, drawings, paintings
and imagnations to faugued persons, designers, attists and poets

(4) For the genetical improvement of economical crops-
Crop plants or their strains possessing supertor qualities are
introduced and used as parental material in crossing so that their
useful economic characters can be incorporated 1n local maternals
for their genetical improvement.

HISTORY AND ORGANIZATION
In olden times the plant introductions in India were haphazard
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and by whim or chance, The missionaries, traders, travellers,
adventurers, explorers, priests, pilgrims, politicians, colonists,
scientists and several other agencies played an important role in
introducing new plants in the remote past from distant countries
into India.

The Portuguese who settled in Goa in 1510, are reported to be
responsible for introduction of several crops such as maize, potato,
chillies, groundnut, sweet-potato, guava, papaya, pineapple,
cashew-nut and some others 1n India. The East India Company
also took keen interest in introduction of new plants and plant
strains and established the Calcutta Botancial Garden in 1781.

These uncontrolled plant introductions in the past are report-
ed to be responsible for the introduction of new harmful insect
pests, diseases and weads along with the introduced material.

Scientific Approach to Plant Introduction

Scattered atlempts—With the establishment of Central and State
Agricuiture Departments in the country, in the heginning of present
century, attention was paid to the introduction and improvement
of agricultural and horticultural crops. Scattered attempts were
made by various agencies 1n the agriculture departments to intro-
duce foreign material into the country (Singh 1963). These efforts,
no doubt slow and scattered, resulted in amazing diversity of
economic plants

Systematic attempts-—The pianned plant introduction was started
when the Indian Council of Agricultural Research sanctioned a
small Scheme of Plant Introduction at I.LA.R.I., in 1946. Thas
Scheine was expanded under the Second Five Year Plan into a
Plaat Introduction and Exploration Orgamzation, Simultaneously
the orgamization was given the status of a Division at LA.R.L,
New Delhi, under the Third Five Year Plan. This new Division of
Plant Introduction, headed by Dr. H. B. Singh, is undertaking
whole work ol introducing plant material relating to agricul-

tural and horticultural crops

Presernt Organization

The introduction of plant material in India at present 1s carri-
ed out by the following agencies
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1. Plant Introduction Division of I.A.R.I —This new
Division introduces the useful plant material of agricultural and
horticultural importance.

2. Forest Research Institute, Dehra Dun—The Plant In-
troduction Organization, recently set up at the Forest Research
Institute, Dehra Dun, looks after the introduction and testing of
trees and plants of forest interest and importance.

3. Botanical Survey of India—It was established in 1890
and entrusted with the introduction of plant material of medi-
cinal and botanical interest.

The work of all these three agencies is co-ordinated by the
Plant Introduction Co-ordination Committee of I.C.A.R. of which
the Agricultural Commissioner is the chairman.

4. There are some Central Research Institutes and
Committees for important commercial commodities such as tea,
coffee, sugarcane, potato, tobacco, cotton, coconut, oilseeds, etc.,
which also introduce the material of the particular commodity
with which they are concerned.

5. Besides these, there are individual teachers and plant
scientists in the Universities, Gardens and Agricultural Depart-
ments who also play an important role in introducing the plants
from outside by personal approach. But such attempts are nade-
quate and restricted in scope The work of these individual work-
ers i3 not co-ordinated by any Co-ordination Commtiee and,
therefore, is of scattered nature.

Functions of plant introduction agencies—The functions
of al the agencies, concerned with the work of plant introduction,
are four as follows :

1. Introduction of plant material from different sources within
and outside the country.

2. Plant exploration expeditions within and without the
country
3. Assessment and utilization of the introduced plant material.

4. Maintenance of introductions in living as well as in speci-
men forms in gardens, farms, herberia and museums
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PROCEDURE

Procurement of the plant material from the places within the
country is very convenient but from abroad is somewhat cumber-
some. There 15 a definite procedure for plant introduction from
outside and its different steps with their salient features are dis-
cussed here. l

Type of material to be introduced—New plant material is
often needed by, different disciplines of botany, such as plant
breeder, agronomnist, cyto-taxonomust, physiologist, geneticist, gar-
dener, plant-geographer, etc., and therefore, the type of material
to be introduced varies according to the nature of individual’s
requirement and interest.

The material which 1s not available in the locality and if
available, the one superior in some desired characters to local, is
introduced. In spite of all these, the material which has hkelihood
of sausfactory adaptation under the new environment is usually
introduced. Certain plants such as potato, petunias, nasturtium,
asters, snapdragon and stocks are cosmopolitan and would succeed
over a wide range of latitude and climate. Polyploids and cross-
pollinated crops are easily adaptable to new climate.

Both, the whole plant as well as its portions such as seeds,
clonal parts, pollens and nodules can be introduced but it again
depends upon .

1. Purpose of introduction—If introduction of plant material is
made for preservation n herberia and museums, the whole plant
with all its parts should be intreduced so that it may exhibit all
features needed 1n 1dentification and classification For use in
botanical gardens, the vegetative parts should be imported so that
they can be easily grown and multiplied to enrich the beauty of
gardens In plant breeding the type of material to be introduced
depends upon the stage of breeding programme where to be utiliz-
ed. Generally the seeds are introduced but, if it is simply for
crossing at eleventh hour, pollen grains should be introduced so
that they may be used without any delay in obtaining them by
growing the crop If pollen grains due to difficulty in their pre-
servation can not be nnported, the only alternative 1s to introduce
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seeds. For studying the modifications in characters due to change
of climate, both seeds and cuttings should be introduced so that
the comparison between original and newly grown plants can be
made easily for morphological characters.

2. Type of crop—In vegetatively propagated plants the cuttings
or seedlings are introduced, while in sexually reproduced crops the
seeds are imported.

The introduction of new plants in form of seeds is the easiest
and safest way, because they create least trouble in packing and
transport and can be treated easily with chemicals 1n dispatching
and receiving countries to prevent the dissemination of seed borne
pests and diseases. The import of cuttings, tillers and other vege-
tative material with some attached soil is much more difficult as
regards the packing and transport of material itself and greater
danger of introducing the pests and diseases in material as well as
soil attatched thereto.

Quantity and quality of the material to be introduced 1s deter-
mined by the requirements of the worker, and funds and facilities
available at the time of need. However, the intoduced amount
must be so much which can represent the whole plant population
and particularly must be adequate to express the desired characters
for which it has been introduced.

Place from where to be introduced—Before introducing
the material, the soil and climatic conditions in the respective

country and prevailing insect pests and diseases should be con-
sidered carefully. As far as possible the materia] should be intro-
duced from the regions having similar soil, climate, and agronomi-

cal and cultural practices.
A crop material is usually introduced from the region or
~country where the greatest variation is found in that particular
species, i.e,, areas which are rich in genotypes of genetical import-
tance. Such range of genotypes is normally found in the follow-
ing types of places :
l. The place which possesses greater variation in topo-
grapy, soil and rainfall.
2. The place which 1s the centre of origin of that parti-
cular plant species.
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3. The place where the needed plant species occurs both in
wild as well as cultivated forms.

Now-a-days. F. A. O. is also maintaining World Catalogues
of Genetic Stocks of wheat, rice and some other crops from
where the needed material can be demanded at any time easily.
The material from here is supplied under full precautions keeping
in view the demand and interest of the workers

Ways of plant procurement—Most of the plant material
is introduced deliberately for use in agriculture and industry
through :

(1) Exploration expedition— An expedition, may be from any
organization, is composed of a team of scientists and is sent for
personal exploratory search to the unexplored areas within or
outside the country where its members pick up and collect the
matenal of their own choice.

(2) Exchange—The material under exchange is obtained from
friendly countries through their organizations such as embassies,
F.A O. office, U.S.A.1.LD , Rockefeller Foundation, Ford Founda-
tion, and other scientific and cooperative international societies
existing inside the country.

(3) Purchase or gift—The plant material can be easily procured
by correspondence with agricultural institutions, stations, depart-
ments and botanical gardens from where it can be eithér purchased
or obtained as a gift.

Apart from these introductions by deliberate intent, occasional-
ly plant material also comes in unsolicited way through travellers
and foreign service workers which 1s usually of little enonomic use
but more harmful to the country in the form of new pests, diseases
and weeds.

Packing of material for transport—The sender first
cleans and treats the seeds with fungicides to make them free
from weed seeds, seed-borne diseases and other contaminations
and then packs them up in his own way of convenience.
Special problem arises only with transport of seeds from tropi-
cal countries where there is little or no dormant period.
Techniques have been worked out for this such as the use of
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charcoal packing in vacuum flasks (Whyte, 1958). The packing
of living vegetative material over long distances, generally by
air, involves the various methods of preserving and packing.
F.A.O. has adopted ‘the packing of grass tillers with their
roots encased in damp cotton wool and four or five tillers
packed together inside polythene bags. These have the re-
ference numbers on labels inside and outside the bag, which
is itself closed by a plug of cotton wool (Whyte, 1958)".

Pollen grains are preserved and packed according to their
behaviours for duration of viability and the temperature at which
they remain viable and then these are transported in different
ways. Usually the pollen grains are directly collected, stored,
dessicated, packed and transported into unbreakable and heat
resistant polythene tubes. Direct collection of pollens in the tubes
minimizes the mixing of undesirable foreign pollens.

PROJECTING TONGUE
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Polythene tubes used for transport of legume nodules by the Division of
Plant Industry, C.S.I.R O., Canberra, Australia
{After Whyte, R.O,, 1958}
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Where nodules are necessary to be sent with the plant
material, they are packed and preserved according to Dr. F.W.
Hely’s technique (1956) of Division of Plant Industry, C. S. L.R.O.,
Canberra, Australia. The nodules are collected freshly by cutting
off the portions of the root system with which maximum nodules
are found attached. They are cleaned, dried quickly and
completely without heating, preserved at a cool temperature in
deSsicated condition and packed in polythene tubes. Hinged
press-shut is sealed on. tube mouth with the help of high vacuum
grease. They are labelled by a small piece of thin good quality
paper numbered in a hard-wearing modern ink.

Every material is well-labelled containing its number,
botanical name and other necessary information. The whole
package is praperly addressed and then transported.

Transport and entry—All plant materials come through
sea at prescribed ports of entry, namely, Bombay, Calcutta, Cochin,
Kandla, Madras, Negapatnam, Tuticorin, Dhanushkodi and
Vishakhapatnam where they are put under detailed examination
and if found tained or unsuitable for import according to Plant
Protection and Quarantine Laws are either destroyed or returned
back. If found suitable, they are treated with chemicals, insecti-
cides, fungicides, etc, and issued Phytosamtary ( Plant health)
Certificates as an indication of import permission and free from
pests and diseases. These certificates accompany the material
wherever it goes.

The import of plants by air is restricted and if has to be
done, it can be possible only through a permit issued by the Plant k
Trotection Advisor to the Government of India. Tobacco can not
be imtroduced by air in excess of 18 kilogrammes. Cotton,
berseem, flax and sugarcane seeds are prohibited to introduce by
letter post.

The commodities given below are generally prohibited

for entry into India from respective countries (Renjhen, ef al.,
1962),

Cocoa and other Theobromo spp—Africa, Ceylon and West
(Plant and Seed) Indies.
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Sugarcane—  — = — = —Australia, Fiji Island, New
Guinea, Philippine Island
and West Indies.

Rubber (Plant and Seed) —America and West Indies.

Sunflower— — — —Argentina and Peru,

The import of unginned cotton and Mexican jumping beans
from any part of the world is absolutely prohibited.

Cataloguing—As soon as the material is received, it is ins-
pected, treated, identified, numbered and catalogued by the con-
cerned agency.

Multiplication and testing—The introduced material
after cataloguing is handed over to the worker or institute interes-
ted in testing it  Preliminary multiplication and testing are
carried out simultaneously at the place where the material is
received first. As far as possible the material should be tested
under normal conditions for evaluation of desired characters and
acclimatization.

For testing, material 1s grown in isolated area either in nurser-
ies or green houses where they are fumigated. This precaution is
taken in order to avoid the dissemination of introduced plant
insects and diseases, if any has accompanied by chance, into the
production area  Here the original introduction, which is usually
limited in quantity, is multiplied for further evaluation.

During testing, the material may adapt or may not adapt to
the new locality or area. The ability of crop to become
adapted to a new climate is termed as acclimatization. It
is co-adaptive process in which both heredity and environment
are in a dynamic state and, therefore, it is determined by the level
of adjustment hetween the two.

Heredity—Acclimatization 1s determined by the four hereditary
factors, viz., mode of pollination, range of variability within the
crop, longevity of the crop and its susceptibility to mutations,
The cioss-pollinated crops are easily and more rapidly acclimatized
than the self-pollinated crops because in them there are frequent
cross-pollinations giving rise 10 a large number of gene-recombi-
nations, out of which at least some may be adapted to the new
environment A crop with maximum variation is adaptad easily
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and, therefore, the pure-lines, usually with no variability, are
subjected least to acclimatization. The rate of mutation within
the material is another factor which influences its acclimatization
in the new climate. Higher the mutation, casier and rapid is the
adaptation. Mutations are more frequent in cross-fertilized crops
than in self-fertihzed ones, and therefore, they are easily acclima-
tized than the later crops.

Enuvironment—A change in environment may show unexpected
and unexploited results. The crop varicties adapted only to a
particular chimate are likely to fail in the new climate. Such
varieties may adjust mn closely related agrobioclimatical areas.
For other crops also more alike the two enviionments easier is the
acchmatization.,

Utilisation—During testing, the material found undesirable
is discarded and suitable one is utilized further in any of the
following ways :

(1) Growing of introduced material en masse,
(ii) Selection of desirable plants from 1t, or
(ii1) Using as the parent in hybridization.

If the entire material proves uniform and promising, it can be
used directly as a new variety, But the introduced material rarely
proves superior to local en masse and, therefore, seldom used
directly as an improved strain. In case it does not prove uniform,
the promising plants are selected during the course of acclimatization
and can be utilized either as a new strain or parent in crossing
Mostly the introduced plants possess only a few superior and
desirable characters like disease resistance, winter hardiness, stiff
straw, etc , and, therefore, are invariably used as the parental
matenal jn hybridizations to incorporate their superior traits into
already adapted local varieties.

Maintenance —The mtroduced plant matenrals are main-
tained 1n viable condition so that they may be used again by
workers on some future date.

| USES AND ADVANTAGES

‘Plant mtroduction and acchmatization’ 1s used when the
entirely new crops, already of no occurrence in the country, are

-«
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to be grown and given widespread cultivation. Benefits from
such new plants to Indian agriculture and industry are well
known.

-

When the particular characters are not available in the
local material, the varicties possessing them are imported from
outside and their blood is injected into the local varieties to
ginger up the production.

The plants are introduced when the variation in whole
available material is exhausted completely and no results are
obtained by hybridization. Although the variation is also avail-
able in nature or can be created artificially in gamma gardens, it
takes comparatively more time in procurements than that avail-
able in the material already at hand. Thisis where the work of
introduction and acclimatization looms large.

Above all, greatest advantage of plant introduction and accli-
matization is this that it is the most easiest method of crop
improvement in plant breeding,

DISADVANTAGES

Introduction of harmful crop diseases, insect pests and weeds—The
uncontrolled import of plants in the past was found responsible for
frequent introductions of harmful insects, diseases and weeds, and
such cases arc quoted below (Renjhen, et al., 1962) :

Diseases : (1) Late blight of potato (Phytophthora infestans
(Mont de Bary)— A serious disease of
potato introduced into India in 1883 from
Europe, and is now well spread in all the
potato growing parts of India

(2) Flagsmut of wheat(Uracystis tritici Koern.)
~—It was introduced from Australia and is
now very common 1 Madhya Pradesh,
Punjab, Rajasthan and Uttar Pradesh

(3) Leaf discase of coffee (Hemileia vastatrix
Berk and Br.)—It came into India in 1876
from Ceylon and is now widespread where-
ver coffee is grown in the country.
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(4) Fire blight of apple and pear (Erwinia

(5)

Insect pests: (1)

Weeds :

(2)

(3)

amylovora (Burrill), Winslow, ef al.)—This
disease was introduced from England in
1940 and is popular in Uttar Pradesh.

Bunchy top of banana, which was intro-
duced from Ceylon in 1940, has since
spread widely in Kerala, Mysore, Orissa
and West Bengal.

Potato tuber moth (Grorumoschema opper-
culella Zell.)—It entered India in 1900
from Italy and is now widely distributed
pest of stored and field potatoes all over
the country.

Woolly aphis (Eriosoma lanigerum Hausm.)—
It is the introduced and serious pest
of the apple causing substantial losses to
the crop in areas of North India.

Fluted scale (lcerya purchasi Mask.)—This
pest entered the country through Ceylon
from Australia probably on wattles before
1928 and later became a serious peetof
citrus.

Argemone mexicana L., Eichorma crassipes
Solms, and Lantana camara L. are among
some of harmful and undesirable weeds
which also entered our country along with
the foreign material and are now wide-

spread over entire country causing a great
loss to crops.

But serious cases of such introductions and outbreaks of major
crop pests, diseases and weeds are few and far between, and occur-
red in an era when plant protection and quarantine techniques
were neither coined nor carefully practised in our country. With
our present knowledge of advanced plant protection and quaran-
tine methods there should be no more further undue fear from
such incidental accidents which are rare on score.
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ACHIEVEMENTS

’

From time to time, the numerous new plants as well as new
strains of the plants already under cultivation in the country had
been brought from abroad in the past by colonizers and other
agencies These plants have assumed as much economic impor-
tance as the native ones and are contributing a huge share in the
country’s prosperity Some of the important introductions and
their acchimatization in India are enumerated here in brief

.

New plants :

(1) CGrops—Several agricuitural and industrial crops such as
maize, potato, sweet-potato, groundnut, chillies, coffee, para-
rubber, cinchona, berseem, Amaranthus edulis, Chinopodium quinoa,
French and Lima bean, pumpkin, American cotton, Russian
comfry (Symphytum peregrinum), launku (Sechium edule), mitha karela
(Cyclanthera pedata), Ipecac (source of emetin), mahogany, tung
tree, teasal, annatto (source of cdible dye), pimento, tapioca,
chinar, willows, etc, are the examples of introductions which
exceeded all expectations of their importance at the time of accli-
matization and at present also affect the Indian economy consi-
derably.

(2) Fruits—The common fruits ike guava, grape fruits, cus-
tardapple, pineapple, papaya, pumpkin, cashew-nut, cacao, chiku
(sapota), litchi, loquat, tomato and several others were imported
in the past and are contributing a lot to the wealth of fruit indus-
try in the country.

(3) Ornamentals—Many of the ornamentals such as Pelfo-
phorum, Cassia, Quisqualis, Coluillea, gulmohar, Bougainvellea, Facar-
anda mimosagfolia, Spathodea campanulata, phlox, pink, salvia, aster,
snapdragon, etc., are foreign introductions which to-day enhance
the beauty of gardens all over the country.

New strains of crops :

(1) Utilized ¢n masse—Plant Introduction Division of I A.R.I.
has introduced many varieties of crops and vegetables and tested
them under Indian conditions. Several of them have been found
useful for direct utilization and have drawn the attention of
farmers Some such promising strains are given crop-wise below :
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Wheat—*Ridley,” a Triticum aestivum wheat variety introduced
from Australia, is very popular among hill farmers and covers
thousand acres of area in the hill regions of Punjab, Himachal
Pradesh and Uttar Pradesh. In Himachal Pradesh alone the

area is estimated to be above 20,000 acres. . o
Sonora 63 and Sonora 64 are the Mexican wheat varietics

introduced by 1. A.R.1.in 1962. They gave 5,000 to 6,000 pounds
yield per acre during 1964 and are still under cultivation.

Oat—Kent, a type of milling oat from Australia, has proved
very good for cultivation in India for use by the breakfast food
industry. Before adapation of this oat, 30,000 maunds of the indus-
try’s annual requirement for processable
grains had to be imported from Australia.
A steady cut in the impoits has been
made possible by spreading the cultivation
of this new variety. Besides this, “Flaming
Gold”, “Overlant”, “Giecn of Mountain™
and “Grey Algerian” arc the introduced
fodder oat varieties recommended to
farmers for general cultivation

Cowpea—Three grain varieties, viz,
Branco from Brazil and E. C. 4211 and
Cream Pea from America, and two fodder
varieties, viz., B. C. 4216 and E. C 1893
from America have been found very suit-
able for cultivation in different seasons in
India.

Peas—“Mahndordet”, white and
bold seeded, and “Rimpus”, blue and
round seeded, varieties were originally
introduced from Germany and are consi-
dered very useful for the harvest of dry
Ppeas to use in processing.

Fig. 33

‘Kent’, a milhng varnety
of oat introduced from
. Australia is meeting the
Rice  bean— (Phaseolus  calcaratus)— whole requirement of
breakfast industries 1n

Two green-seeded early varieties, one from

> India (After H B. Singh,
U. S. 8. R. (E.C. 12436) and the other 135;?- (fter "
from China (E. G 16167), were introduced and are very famous

for their dwarfness among the farmers of eastern hills
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Soybean—Many varieties like “Monetta”, “Palmetto’, “Cle-
mson”, “Seminole” and “Willomi’’ introduced from America
and “Herman 36”, “Herman 107" and “Glycine-2” from Australia
have been found good for cultivation in India to meet the require-
ment of Antibiotic Industries.

Garden pea—Two American varieties, viz , “Bonnevile”. (mid-
season) and “Early Badger” (early), both wrinkle seeded, are con-
sidered very good for vegetable purposes They are being grown
largely in Delhi,/ U. P. and Poona areas. An another variety
“Sylvia” from Sweden also deserves to be popularized for its very
good quality of edible pods without parchment.

Tomato—Sioux,” a high yielding, early-ripening variety
suitable for cultivation in hill areas, was introduced from the
USA This variety now has
become very popular
Anchra and Madhya Pradesh

Onton—*“Texas Early
Grano’’ 1s high yielding salad
onion introduced from U S A
and now growing well under
Indian field conditions

Watermelon—Two  water-
melon varieties, wviz., ‘“New
Hampshire  Midget” from

U.S A and *Asshi Yamato” Fig 34

from Japan have been found Sylvia, a \»lxolclso;nc chblg podded
i 3 p a mtroduce Aft

suitable for adoption in India B '2};;/”“‘i9‘57 )mm weden (dfter

Fruits—TFruit introductions include “Tropical Beauty’ apple
from Australia, grape varieties as “Beauty Scedless” fiom America
and ‘“Pearl” from Yugoslavia, varieties of soft fmits or berry fruits
and deciduous fruits from Israel Besides this, steps have also been
taken to introduce plants of edible nuts such as walnut, hazel,
pecan, and filbert fiom America and Italy.

(2) Utilized by selection—The newly mtroduced vaiieties,
which were not found sutable for direct utilization, had been
carried out under selection  The fiuntful results of such selection



152 PRINCIPLES OF PLANT BREEDING

are “Improved
Ghana” variety of
bajra, “Pusa lal” and
“Pusa sunehari”
varieties of sweet-
potato, ‘Pusa bas-
mati”  variety of
vegetable  cowpea;
“Japanese white” and
“40 Days” varieties
of radish; etc

Fig. 35

Improved Ghana, a bajra varety selected from
the material introduced from Ghana (After
H, B Singh, 1957)

- (3) Utilized in hybridization—Many of the varieties
introduced from outside have been found to possess useful
characters like disease and insect resistance, stiff straw, etc,
and, therefore, some of these in wheat, cotton, maize, tomato,
peas, carrot and turnip have been used profitably as the parents
in crossing with Indian stock Almost all N. P. wheat and hybrid
maize varieties released in recent years or about to be released
have some of the superior characters incorporated from the
introduced varieties. The tomato variety “Pusa Ruby” is a
selection from the cross “Sioux” and “Meeruti’” and combines
the uniform fruit ripening character of Sioux and the all-round
hardiness of Meeruti. An -another tomato varietv ‘Pusa Early
Dwarf” is also a selection from the cross between ¢Red cloud”
(American) and “Meeruti”’. Pusa Red Plum is the cherry tomato
also developed by a cross between Indian and South American
species.

Almost whole of the credit for these achievements goes to
Dr. Harbhajan Singh of I.A.R.I., New Delhi, who has produced
many crop and vegetable varieties from the introduced material.
Still the work is on progress path and in words of Dr. Swamina-
than, wheat yield in India may be raised to 10,000 lbs per acre
from the introductions like Sonora 63 and 64 varieties. Hence,
it is not now difficult to visualize the importance of ‘Plant Introd-
uction and Acclimatization’ in agriculture.
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Expedition :

In the year. 1955, the Botanical Survey of India sent a team
to Bomdila, NEFA and later during March-May, 1961, an
I. A. R. 1. team explored the area between Butwal and Pokhra,
and Pokhra and Muktinath in central Nepal. Similar expeditions
like six botanists to Russia and specialists of Central Rice
Research Institute, Cuttack, to different regions within the country

* are the notable efforts towards plant introduction These parties
collected valuable living plants and herbaceum specimens which
are of great significance in crop improvement.

Questions

1. What do you mean by ‘Plant Introduction and Acclimatiza-
tion’»> Define them separately and state when this
method of improvement is adopted in crops ?

2 On the basis of relationship between the introducing and
being introduced places, how can you classify the plant
mtroduction into different types and when we say plant
introduction do you mean usually to which type?

3. Give a short account of history of plant introduction 1n India
for evaluating 1ts progress

4. Describe the structure of present orgamnzation of plant intro-
duction in India and discuss its functions in detail.

5 What steps are involved in the procedure of plant intro-
duction? Mention serially.

6. What type of material and in which form must be imported
from outside the country?

7. Why the cross-pollinated crops are more easily adapted in
the new locality than the self-pollinated crops?
8. From which type of place the needed material must be
imported and why?
9. Through what ways, the plant material can be procured?
Describe briefly.
10. Discuss briefly the factors determining the acclimatization of
the introduced material in the new region.

11. ‘In what different ways’ the introduced material 1s utilized
in the country?
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12.

13.

14.

15.

PRINCIPLES OF PLANT BREEDING

The imported plant material is rarely useful en masse. Explain
why ?

What are the advantages and disadvantages of plant
introduction and acclimatization? Illustrate the answer

with examples.

Describe the following crop varieties giving the crop to
which they belong and the way in which they have been

evolved :

Ridley, Sonora 64, Kent, Early bager, Sioux, Tropica
beauty, Improved Ghana, and ‘40 Days’.

Comment upon the following :

Chairman of the Plant Introduction (Co-ordinated) Com-
mittee of I. C. A. R., Phytosanitary Certificates, Way of
entry of introduced plant material, Dr. H. B. Singh, and
Pusa Red Plum.
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CHAPTER 10
MUTATION BREEDING

The genius researches of Muller (1927) and Stadler (1928),
almost 43 years ago, gave birth to the ‘mutation breeding’ which
represents a new departure from the conventional breeding proce-
dures in agriculture and is considered a latest addition to them.
In fact, it has opened a new era in the plant breeding and is
commonly used now-a-days for crop improvement in agriculture.

DEFINITION

Mutation, in general sense, means the sudden heritable
changes in an organism other than those due to Mendelian
segregation ., and  recombination,
whereby the progeny may exhibit an
altered shape, size, form or composi-
tion This term ‘mutation’ was comed
by De Vries in 1900 for the first time
and he derived 1t from the Latin
word ‘mutar’ meaning to change
Since then it has been widely applied
to cover up all kinds of hereditary
changes, may be genotypical or
phenotypical, resulting from germinal
alterations (i) in chromosome num-

bers (chromosomal mutation, i. e, Fig 36
ploidy), (ii) m chrom.osome Structure .04 de Vries (1848-
(chromosomal aberrations), (iii) with- 1935), a Dutch Botamst

in individual genes (gene mutations), m‘:alg;’m“ﬁ‘::gy,,“f’ﬁ

or (iv) in somatic parts (somatic or  1901.
cytoplasmic mutatioxus).

Mutations have become very common in these days and are
usually used in restricted sense for invisible changes, physical or
chemical, within the individual genes, i. e, gene mutations. Gene
mutations are defined as the changes in the structure of

' 1
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individual genes, i. e., intragenic changes and are also desig-
nated by many other synonymic terms such as point mutations,
factorial mutations and true mutations. Gene mutations bring
changes into genes without adversely affecting their reduplication
capacities in hereditary channel and neighbouring genes even if
they happen to be identical with them.

Gene mutations are of considerable importance in plant
breeding for further progress because they indeed provide the raw
material for evolution as well as for recombination and selection.
Whatever has been achieved by hybridization and selection in the

past was due to  creation of such variations in nature
spontancously.

The researches of Muller, Stadler and further studies on
gene mutations have made it ' quite }F)ossib[e to induce gene
mutations artificially with the help of
mutagenic agents. Now, with this advent
the genotypes and phenotypes of plants
are under human control and can be
changed at any ' time according to desired
niches and needs. This creation of
mutations at will and their utilization
for the production of new crop varieties
is known as mutation breeding. In re-
cent years, it has become a common trend
among all the plant breeders, not only
in India but all over the world, to use
either” mutation breeding or polyploidy
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Fig. 37

I;Ig's‘;), Mtuhli" p(,f,?,ig; breeding as a magic tool for creating new

American hradiatlon varieties because by their application
geneticist who repor- . . .
ted the artfical  entirely new and original characters are

induction of] mutati-  produced in a variety as against hybri-
;’;’;;‘?na{;;;?,“ by X- dization and other methods where

merely the already present characters are combined together
into form of a new variety.

SPONTANEOUS VS. INDUCED MUTATION

Mutations, according to their origin, are of two types,
»1z., spontaneous and induced. The spontaneous mutations
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arisc automatically i nature due to
subjection of the living organisms to
treatments of naturally occurring agents
such as electric currents, atomic rays -
and particles, injuries, disease and insect
attacks, temperatures, chemicals, etc.,
which are suspected to be mutagenic in
effects. The mutations observed by
early workers were of such origins.
These mutations  remam  arising
constantly and continuously 1n nature
and are the basis of crop improvement

by conventional breeding methods. Fig 38
L J Stadler, a pioneer

. American plant breeder
Spontaneous mutations areé very  \ho induced the muta-

slow and infrequent in nature, perhaps  tionsin plants n 1928
. .. and exploited the possi-
once 1n every million individuals. They  pjhuties of crop improve-

are in alignment of nature, out of which  ment by mutation

. breeding for the first
only an exasperatingly small proportion  time.

is uséful to plant breeder and, therefore, they are not sufficient to
speed up the improvement of cultivated plants in accordance with
increasing human needs. This slow occurrence and uneffectiveness
of spontaneous mutations forced the men to induce the mutations
at will by artificial means which are known as induced or artificial
mutations The' precise differences between the two types of
mutations are given in Table 10.
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The artificially induced mutations are similar to those
produced spontaneously in nature due to the fact that the kinds of
changes produced are alike to those created by spontaneous
mutations. ‘The spontaneous and induced mutations are, therefore,
not fundamentally different from each other,

p
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Table 10. Comparison between spontaneous and
induced mutations

S.  Difference Spontaneous Induced

No. in mutations mutations

1. Origin They originate spon- They are induced
taneously in nature. artificially.

2. Occurrence They are under the They are man-made
control of nature and, and, therefore, occur
therefore, remain when man induces
continuously arising in them, otherwise
nature automatically. never found.

3. Source They are produced by They are produced
naturally occurring by subjecting the
mutagenic agents such plants or any other
as electric  currents, organisms artifi-
atomic particles and cially to mutagens
rays, temperature, such as Gamma rays,
variations, etc. X-rays, neutrons,

ultraviolet rays, etc.

4. Frequency Their frequency of Their frequency of
occurrence  is very occurrence is higher
slow and infrequent than spontaneous

mutations because

5. Use

They ‘are the basis of

crop improvement
conventional methods.

by

they are induced by
human being inten-
tionally for increa-
sed occurrence.

They are the basis of
mutation /' breeding
specially when the
further improvement
in crops is not
possible by sponta-
neous mutations.
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ARTIFICIAL INDUCTION OF MUTATIONS

Artificially, the mutations are induced by the substances
known as mutagenic agents or mutagens. At present various kinds
of mutagens and mutagenic facilities are availabe for mutation
breeding and they have been evolved by persistent efforts of
scientists. The different mutagens employed for artificial induction

of mutations are :

(A) Radiations : fonizing x4
(i) Alpha rays (a),
(1) Betarays (B),
(1i) X-rays,
(iv) Gamma rays (y) and
(v) Neutrons.
: Non-tomizing
(vi) Ultraviolet rays (UV),

(B) Chemicals,

Before going into their details, the terminology concerned
with them is given in brief below for the easier grasping and
understanding of mutagens and their action.

The elements are composed of tiny, ultra-microscopic
units known as atoms. An atom consists of a dense mucleus
around which, 1i.e., in o.rbit, ety L
revolve small  negatively ///'/,;/ — — - IXU
charged bodies known as /27 \\?\\‘ N
electrons The nucleus con- ® ¢////

- - . \ -
tains two types of particles, XS = = =z
1, ¢, protons "I..lfd neutrons, e
Protonsaxf: positively charged Fig 39

and very large in comparison
to electronsyabout '1800 times
" more in weight, but they are

A hydrogen atom consists of one
proton and one revoluing ¢lectron,

equal in number “thereby creating a condition of neutrality. For
mnstance, hydrogen has one of each, oxygen has eight of each,
carbon has six of each, and uranium has ninety two of each.
Neutrons are without charge and have a weight about equal to

that of protons,

thus they add weight to the atom without

altering its charge. Besides this, they also play a part in the

stability of the atom.
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The atom contains a high amount of bound energy and
when its neutron number is altered there may arise such an

//// f’;:_?)\ :\\ R \}

////- ///;\/\\\Q\\\ )

fl': 447 NN iy

\ \;{ / Jre \\\}\\\ ) /

N N

\y,/ 7/ \\\\\\ 7
/1 N\

An oxygen atom consists of eight
protons and eight neutrons in
the nucleus and eight revolving
clectrons

unstable condition in which
the atom tends to split or to
give off particles or cnergy
thereby achieving stability.
Such unstable atoms are
known as radioactiveisotopes
or radioisotopes and defined
as the atoms of same element
having different weights For
illustration the carbon atoms
can be taken which has
normally six protons and six
neutrons in its nucleus and

six electrons 1 orbit around the nucleus This atom is called
carbon twelve, G!2, but there is another form of carbon atom
which has eight rather than six neutrons. This atom has a
weight of fourteen rather than twelve and, therefore, it is called
C!. These extra two neutrons create a state of instability and the
heavy carbon atom tends to give off radiation.

The movement of energy, which is given off by radioactive
isotopes in either particles or wave form, through a spaceis
considered as radiation. The radiation inTorm of high energy
atomic particles, which can transfer their kinetic energy to any
matter through which they pass, is known as particulate or
corpuscular radiation. The radiation in form of high energy
short-waves, which cause electric and magnetic disturbances
affecting the internal structure of matter, is known as electromag-
netic radiation. The treatment of substances or plants with

radiation is called irradiation.

1

During irradiation' the high energy radiations, both parti-
culate and electromagnetic, pass through the matter and cause
ionization. An 1on is an atom with either a positive or a
negative charge and the jonization is the process in which ions
are produced. The particulate radiation can produce ionization
when a fast moving charged particle passes through a matter
and pulls an electron out of the orbit of an atom. This atom,
then becomes an ion with a positive charge because the one
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extra proton in the nucleus will not be balanced by an electron
in the orbit. The ejected electron gets attached to the another
atom of the substance, thus forming pairs of positive and negative
ions The neutrons, being without any charge, do not cause
expulsion of orbital electrons in this manner, but they can cause
ionizauon by striking the nucleus of an atom in the substance
which results in the excitation and emussion of the charged
particles. The emission, 1n turn, produces ionization by affecting
orbital electrons. Electromagnetic radiation also causes ioniza-
tion but in a secondary manner. The energy absorbed from
waves creates the state of instability and thus the absorbed
excess energy 1s dissipated by throwing off onec of the orbital
electrons. This electron produces additional 1onization since 1t
is a charged particle moving through the matter. Such radiation
mutagens which cause iomzation are also known as iomzing
radiations.

The units of measurement of ionizing radiations are many
as r (Roentgen), rep (Roentgen equivalent physical), rad (radiation
absorbed dose) and rem (Roentgen equvalent man) Ther
details are given in Table 11.

Alpha rays -+ Alpha rays are radioactive rays made up of
two protons and two neutrons with positive charge. They are
emitted chiefly by the isotopes of heavier element and when pass
through a matter create strong iomzation They have very hitlle
penetrating power n lLwing tissue because being postbwely charged they
are slowed down readily by the negalwve charges in matler and cause
usually the chromosomal aberrations.

Table 11 Units of measurement of ionizing radiations

. . Radiations
Units Measured in | ved Use 1n general
Roentgen Arr K-rays and  Monitoring
Gamma rays
Rep Soft tissue Particulate  Piological research
Rad Any material  All types Biological and phy-
sical research
Rem — All types Records of human

exposures.
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Beta rays : Beta rays are also radioactive 1ays with negative
charge. They are high speed electrons emitted from the nucleus
of an unstable atom. They have very less ionizing power but
greater penetrating power than alphi rays. They vary in their
penetrating power because they express considerable variation
in the energy with which they are emitted. Being negatively charged,
they are slowed down by positive chaiges and lose energy readily.  Thus
they are not very penetrating. They cause both chromosomal aberrations
and gene mutations. P3% and S3% are used as the source of these
rays, and are available in form of chemicals out of which solution
is prepared and desired treatment is given.

X-rays: X-rays are electromagnetic radiations having wave
length much shorter than those from visible light. They are
produced in a broad range of energies. Soft X-rays of longer
wave length (10 to 1 &) are less penetrating but more densely
iomzing than the shorter wave length (0.1 to 0.05 ) hard X-rays.
Average wave length of X-ray from X-rays machine is generally
0 5 &. They have relatively sparse ion density, 1.e., effects are
due to sparsely ionizing electrons X-rays tiansfer their energy
to the atom of tissue through which they pass, which causes an
cjection of planetary electrons due to 1onmization and excitation of
atoms or molecules and consequently giving rise to chromosomal
and gene mutations The source of X-tays treatment 1s X-ray
machines installed in rooms.

Gamma rays : Gamma rays are elecuomagnetic radiations
stmilar to X-rays in their physical characteristics and actions on
the organisms. They are, therefore, natural X-rays but of very
short wave length by virtue of which they aie more penetrating. Gamma
rays are of same nature as is light but have shorter wave length
and, therefore, contain hugh energy. Most o{’ the Gamma rays have
wave length of less than 0.01 A as compated to 4000 to 7000 &
of light and 0.5 & of X-rays,

Gamma rays iomzing effects are also due to mgh electrons
they cject from the atoms of tissue through which they pass.
These radiations are detected and counted usually by means of
electronic instruments such as Geiger Muller counters or Scintil-
lation counters The material 1s treated with Gamma rays usuallv
in Gamma garden and they mostly produce gene muiations
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Neutrons :  They are electrically netural particles and their
biological effects are due to the denscly ionizing protons which
may be fast as well as slow. The neutrons may be highly peneiraling
because due o laching any electric charge they are not slowed by charged
particles of matter and thus tend to movc in a straight line until thev
have a collision. The sources of trcatments are nuclear reactors
and generators available with Atomic Encrgy Department of
Government in different parts of the country.

Ultiaviolet ra3s . Ultraviolet rays aie non-ionizing with wave
length between 1000 to 4000 3, i. c., of wey long wave lengths and,
therefore, do not penetrate the tissue appreciably but sunply causc the
ercitation of planetary electrons whick results wn increased chemical react:-
vily inside the tissue. 'Thus, their biological cffects are only duc to
excitation and photochemical reactions  Because of very less
penetrating power ultraviolet ravs are not cfficient in producing
chromosomal and gene mutations as compaied to 1onizing radiat-
1ons and, therefoic, their use is confined to pollen grains’ studies,
So far 1s known, no mutants of e¢conomic importance have been
produced in higher plants with ultraviolet radiations, Ultraviolet
rays are produced in nercury vapout lamps and tubes specially
designed for UV rays and treatment 1s cairied out by exposiung
the desired plant material to them UV rays treatment is 1ela-
tively inexpensive.

Different irrachating mutagens aic isted in Table 12 for easy
consultation and comparison.

" Chemucals  The most powerful mutagenic chemicals dis-
covered so far arc the mustard gas and its related compounds
such as cthvlene oxide, 8-cthoxycaffeine, etc. They are applied
to desired plant material in form of solutions and induce both
chiomosomal and gene mutations

Table 13 Chemical mutagens (Aftex Walliams, 1964)

Y. Mustard compoun ls and lachiymatory substances :

Mustard gas | ]

Sulphur mustaid { highly

N!lrog(‘n mustard ,} mutagcnic

(two forms} J | {Auerbach, 1849)
Mustard oil ki (

Chloroacctone )} wear'y . '
Dichloraacetone J mutagenic J
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2. Alkylating agents (in increasing order of efficiency in producing
sex-linked lethals at a given dose) -
Ethylene oxide ]
n-Butylmethanesulphonate |
cis-1 : 4-Dimethanesulphonoxybut-2-ene |
p-N-di-(Choloroethyl)-phenyl propionic acid |
1 : 4-Dimethanesulphonoxybutanc |
p-N-di-(Chloroethyl)-phenylamino butyric ]
acid |
trans-1 : 4-Dimethanesulphonoxy but-2-ene
p-N-di-(Choloroethyl)-phenyl valeric acid ]
p-N-di- ' Shloroethyl)-phenyl acetic acid |
1 :2, 3: 4-Diepoxybutane |
D : p-N-di-(Chloroethyl)-phenylalanine |
I
l
l
I

(Fahmy and
Fahmy, 1956)

L : p-N-di-(Chloroethyl)-phenylalanine

1 : 4-Dimethanesulphonoxybut-2-ene
p-N-di-(Chloroethyl)-phenyl butyric acid

2 : 4 ; 6-tri-(Ethyleneimina)—1 : 3 : 5—
Triazine. J

3. Purjes and purine derivatives (in decreasing order of mutagenic
activity in bacteria)

Cafleine I

Theophyline |

Paraxanthine |

Theobromine ¥ (Novick, 1955)

Tetramethyluric acid |

8-Methoxycaffeine |

Adenine J

Nebularine (Ehrenburg, et al., 1956)
4. Others:

Potassium thiocyante  (Stubbe, 1940)

Ethy] carbamate (Oehlkers, 1943 and 1953)

Formalin (Rapoport, 1946 and Kaplan, 1948)

Phenols—several {Levan and Tijo, 1948)

Maliec hydrazide (used (McLeish, 1953 and Kihlman,
widely in agriculture  1956)

to inhibit sprouting of

potatoes)
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Manganous chloride  (Demerec and Hanson, 1951)
Colchicine (inculding (Franzke and Ross, 1952)
\ mutational changes that
are not due to changes
of ploidy)

The creation of mutations by subjecting the plants and seeds
to ionizing radiations and their utilization for production of new
varieties is known as irradiation breeding. Among all the ioni-
zing radiations, the X-rays and Gamma rays are most commonly
used ones for induction of mutations in agricultural crops because
they usually produce gene mutations whereas other radiations
induce mostly the chromosomal mutations which disturb the
whole set-up of characters in organism. The installation of X-ray
machines is possible only in well-protected rooms and the plant
material to be treated has to be taken to such rooms for X-irradi-
ation. Thus, the X-rays treatment is cumbersome and imposes
a limitation on the number and types of plants to be handled.
On the other hand, the gamma rays irradiation is carried out in
open garden, specially designed for gamma irradiation, which
imposes no such difficulty and, therefore, its use is comparatively
more common than X-rays for induction of mutations.

GAMMA GARDEN

Origin: The first Gamma garden of the world was installed
in the centre of an isolated area in Long Island near New York
about 13 years ago by the scientists of Brookhaven National
Laboratory, U.S A Subsequently such gardens were set up
several countries. In India the first Gamma Garden was opened
at the Bose Research Institute, Calcutta in 1959 and the second
at . AR I, New Delhi on 25th August, 1960. The Garden of
I. A. R. L. is the largest of its kind in Asia and was designed and
constructed by the scientists of I. C. A, R. and Department of
Atomic Energy, India. It has been incorporated with 'several
unique features based on the experience got from the working of
similar fields in U.S A and Sweden.

Design of 1. A.R.I Gamma Garden: “Gamma Garden
of 1 A.R. 1., New Delhi, has an area of three acres, the whole of
which has been encircled by a wall 3’ thick and 12’ high, built
with bricks on either side and earth compacting in the middle.
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This wall serves two purposes; firstly, it offers a protective shiel-
ding so that no harm is done to the health of individuals working
at the outskrits of the garden and, sccondly, it helps to regulate
entry and work in the garden. Outside the brick wall, a barbed-
wire fencing has also been erected to ensure that no unauthorized
person enters the garden The radioactive cobalt source is in the
form of small pellets weighing about six grams in all. These
pellets are inside an aluminium capsule and the capsule is welded
to the lead container in which the radioactive cobalt is kept, The
strength of source is 200 curies and the cobalt source together
with container was purchased from the Atomic Energy of Canada
Limited. The radioactive cobalt source can be raised from the
lead container by hfting the lid of contamner The lid travels
through guide rods inside a thin aluminium tube and is lifted
electro-magnetically by pushing a button n the central panel
mstalled in a room 205 from the ground, and as soon asitis
taken out of the lead container, the whole garden receives gamma
radiations. Plants are grown in concentric circles and the whole
garden has been divided into eight sectors, each sector allotted to
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Fig 41
Cobalt-60 Gamma Garden at the I A R I., New Delhi where irradiation 13 done
for crop improvément (By Courtesy of Bot Diw , I A R, I, New Delhi)
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a specific group of plants such as cereals, pulses, fibre crops,
vegetables, fruit trees, etc. Irrigation water is pumped through
hydrants fixed at suitable intervals. Two radiation monitors, one
fixed to the circular wall and the other which is portable and can
be moved radially, help to measure accurately the radiation doses
received by the plants at different distances from the source.
The plants very near the source receive the highest dosage,
and those further away, much less. (Joshi and Swaminathan,
1963).”

This Gamma Garden is under the control of the Head of
Botany Division, I. A. R. 1., New Delhi and is available for
experimental uses to all the workers in the State and Universities
of India. Any one interested in mutation studies may get needed
material, gamma irradiated from here easily.

Radioisotope Laboratory at1 A. R I

The plan for setting up a Radioisotope Laboratory at I. A.
R 1., New Delhi has already been approved for harnessing the
nuclear energy for agricultural research. The work of proposed
laboratory had begun in first week of July, 1968.

This laboratory will be the first of its type in the developing
countries and provide facilities for rescarch of more advanced
nature in plant breeding, i.e., how to praduce ncw crop varieties
by artificial transmutation of genes. It will also be very useful in
studying the fertilizer, utility, insect control through sterlization
avoiding large scale use of pesticides, food preservation, moisture
conservation and plant disease control,

Apart from Indian students, young agriculture scientists from
nieghbouring countries will also be absorbed in the laboratory

which will be among the most modern in the world (Statesman,
June 17, 1968).

PROCEDURE OF MUTATION BREEDING

Plant materjal for ijrradiation: The plant can be
trecated in any form, i e., seeds, scedlings or cuttings with
radiations of different kinds. Some gencral nferences, which
have been drawn from the cxperimental results obtained by
different workers, are given here.
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Dr. M. S. Swamunathan,
a leading Indian cyto-
geneticist  and ptoneer
radiation breedes under
whose guidance muta-

tion work 13 being done
at I AR,I, New
Delhi

169

Seeds + Aged and soaked seeds
show greater frequency of induced
mutations than the fresh air dried seeds
Seeds with extremely low water content
also show higher radiosensitivity as
indicated by injuries in R; and it 1s,
therefore, necessary to see that the
water content at the time of irradiation
is normal and also they are not too
young as well as too old

Seedlings - The plant at any stage
of life cycle can be subjected to
radiation treatment but usually the
seedlings, nerther too young nor too old,
are irradiated due to their convenience
in handling in pots and transportation
from nursery easily. The mature plants
are less sensitive and neither they
can be taken to the source nor the

source can be brought to them except some chemical solutions
and, therefore, their subjection to irradiation is rather difficult
in comparison to seedlings grown in pots Meiotic cells have been
found to be more radiosensitive to radiation than mitotic cells
and, therefore, plants are irradiated 1n the flowering stage in order
to affect the developing gametes.

Cuttings : In case of fruit trees, where vegetative propagation
is followed, the desirable cuttings can be exposed to radiation
treatment.

The genetical constitution and radiosensitivity, which vary
from crop to crop, also determmne the type of material to be
treated. Some plants are more resistant to irradiation while the
others with the same dosage are more susceptible. Many workers
have proved that the plants with larger chromosomes are more
susceptible than those with smaller chromosomes Polyploids are
generally more resistant to irradiation than their related diploids,
and hybrids (F,) are more resistant than their parents It is also
reported that the mutation rate is more in heterozygous material
than the pure-lines. This is due to the fact that incomplete
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genetic balance increases the tendency to mutate through external
influences. Thus, from the practical point of view, the hybrid
material of earlier generations is recommended for induction of
mutations so that the highest number of mutations can be
obtained.

Until and unless full information about genetical constitution
of plant material and its radiosensitivity is known, the mutation
breeding can not be used as a precise tool for crop improvement
in plant breeding.

The amount of plant material, whether it is sced, seedling or
cutting, to be treated with radiations depends upon the funds and
facilities available and the breeding objective to be sought ; but to
obtain sufficient variation for desired achievement, the population
must be large enough since the frequency of occurrence of
desirable new mutants is so small that they are not likely to be
noticed 1n small number of plant population.

Treatment : For X-irradiation the material is taken inside
the X-ray room where itis exposed to X-rays, The seeds are
kept in petridishes while seedligs with pots are put before X-ray
machines. Due to the limitation of space the large number of
seedlings, can not be treated with X-rays. For Gamma irradia-
tion the pot-grown plants are taken into the space reserved for them
very near the source in a circle. They are irradiated with required
dosage and takemaway. For seed treatment a tray is fixed to the
aluminium tube through which the radioactive cobalt source
travels when hfted from the container and in this tray they are
kept and subjected to desired dosage of Gamma rays. Neutron
treatment is done by exposing the sceds as well as scedlings to the
neutron flush from the generator Beta rays treatment is done
with the radioisetopes P32 and S$3% available in the form of
phosphoric and sulphuiic acids, respectively. The sceds and
seedlings to be treated are immersed in solutions of desired strength
for specific durations In some cases the solution of radioisotopes
is also applied to the soil.

Dosage : The first problem in mutation breeding is to
determine the proper dosage of irradiation so that the frequency

of desired beneficial mutants can be increased and that of
undesirable can be decreased. The proper dose will be one which

!
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gives an appreciable frequency of beneficial mutants on selection
and makes the heritability value of yield and other desirable
characters highest. This dose varies from crop to crop depending
upon the nature and genetical constitution of the plant material.
Itis a fact that more resistant the crop higher will be dosage
required to create the desired useful mutations and vice versa.

The amount of radiation required to kill 50 per cent of the
exposed individuals is termed as lethal dose and expressed as L. D
350. The figure of L D. 50 varies with different crops and
animals,

The desired dosages are given by manipulating the duration
of treatment and the distance of material from the source The
radiations are detected and counted most commonly with sensitive
electronic dosimeters like Geiger scalers and Scintillation counters,

First irradiated generation: After irradiation, the storage
of treated material increases the injuries 1 R; and, therefore, it 1s
removed immediately and sown nto the field surrounded by the
control material of mother strain Thus the R; 1 generation 1s
obtamed. The purpose of planting the control strain all around
the treated material is, firstly, to isolate the treated population
completely from other varieties so that no intercrossing may
occur and hamper the observations on mutagenic cffects, and
secondly, to compare the treated generation with control, so that
effects of irradiation may be observed easily.

Effects of treatment in R,: The mutagenesis disturbs the
normal biological organisation of an organism and this is seen in a
variety of ways. The low dosages do not show any severe effects
and the plants do not reveal any disturbances. However, the
high dosages produce gross visible disturbances These effects are
seen in four categories, vz, (1) Death, (2) Growth inhibition,
(3) Morphological & developmental abnormalities, and (4) Genetic
changes. In the first category there 1s nothing for further study
due to the death of plants. The growth nhbition and
morphological abnormalities seen in an irradiated plant material

1The symbol R! 15 used to denote the first generation of material treated
with mutagens 1rrespective of the type of mutagens used, 1.e, X-rays, Gamma
rays, neutrons, etc  Sometimes, nstead of R}, M! s also used to denote the
same generation. Besides these two, it has become customary to use X to
denote the first generation of only X-ray treatment, not any other
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may or may4iot carry any changes of potential interest. The
abnormalities seen immediately after treatment are more likely to
be of temporary disturbance from which the plants will recover.
The true genetic changes, i.e, mutations, though rare, arc more
useful in the crop improvement than first three types of changes
and, therefore, we are more interested in the mutations rather than
in other abnormal plants of rare uscfulness.

Mutation effects may be due to all the three types of
mutations, i e., chromosomal, cytoplasmic and gene changes.

In whole of the irradiated plant population only the few
plants reveal the mutation effects ; because the naturally occurring
material when subjected to artificial changes, responds very less
on account of its well established stabilization in constitution in
course of natural evolution. Mutation effects may differ even
within the same plant from tiller to main stem as has been reported
in rice. Within the individual plant all as well as few characters
or even only one may be affected by mutation depending upon
the nature of change due to mutation In chromosomal mutations,
(polyploidy) normally all the plant features are affected while in
other typesof mutations only few or even single characters are
affected. Among all the characters which one 1s most susceptible
to mutations is again uncertain since all plant  parts and processes
are under genetic control and mutation may affect any known
character.

Gene mutants may differ from the parental strain in any
character, i e., internal or external, morphological, physiological,
or biochemical, etc., which immediately may or may not express
phenotypically. Mutations may be ecither recessive or dominant,
but the first are more common which can not express pheno-
typically until and unless two recessive genes come together and
become homozygous. This expression requires the intervention of
one or more generations after their occurrence for recombination
of two similar recessive genes to affect their phenotypical
appearance in the population.

Selectron in R, : Almost every suspected plant’s or tiller’s ear is
picked in R; and kept separate for further investigations.

R, Generation : In R, the seeds of individual ears from the
R, are grown in progeny rows because the R, ears are affected
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independently by mutations as stated earlier under effects. Instead
of ear selection, sometimes one or three grains from R, plants are
picked up and sown in R; rows and they are known as one-plant-
one-grain or one-plant-three-grains methods respectively They
are considered more efficient than ear-to-progeny-rows method
because, firstly, the land and labour expenses are reduced
considerably and secondly, 1t 1s easier to distinguish the desirable
mutants from the original variety in R,. It is good to sow 14 to
15 seeds 1n each progeny row to avoid and eliminate every error
which may creep 1n due to too many or too less seeds per row.
After every tenth progeny row, a row of original variety is sown
as a check for comparison

Whatever may be the method, whether car-to-row or grains-
to-row, the sowing of progenies of individual plants in separate
rows facilitates the detection of mutants in R, and their breeding
behaviour, 1¢, variation so obtained 1s whether inherited or by
chance. When two or more mutants of R; segregate mn R,
generation, the piobability of their detection will be increased
and this detection will be more rehiable than R; Even if the R,
population 1s small and only one mutant segregatesin this
population, it will be observed immmediately in comparison to
naighbouring normal plant and thus it will be easily detected.

Screentng and selection in R, . Screening of the irradiated
material 1s also started in R, rather than in R, generation even
for the dominant mutants, bccause, (1) in case of recessive
mutants, which are more frequent than dominants, both locii are
tarely mutated and, therefore, segregation must be permitted for
letting them to come in homozygous condition so that they can
be isolated and (2) in case of dominant the frequency 1s so small
that it may be rather difficult to detect the same 1n R, genera-
tion. Secondly, 1t is also possible that appearance of dominant
characters may be due to natural intercrossing, intermixing
or loss of genetic material during sexual 1eproduction rather
than induction of mutations Both these difficulties of reces-
siveness and 1infrequency of dominant mutants are automati-
cally lessened m R, and screening becomes very easy 1n irradi-
ated material,

It has also been commonly observed that a large population
1s taken 1 R, to avoid the difficulty of low frequency of
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dominant mutants and mutation breeding is practised where
efficient screening techniques have been developed in a material
or where screening is very easy as in disease resistance. But now
due to our sound background and advanced theoretical know-
ledge of mutations, it has become quite possible to control the
mutations in any desired direction and thus the chances of
inducing beneficial mutations are enhanced considerably.
However, in Sweden, Japan and other countries by the applica-
tion of biometrical techniques to mutation breeding some better
screening and selection methods have been developed for easy
isolation and detection of desired mutants.

Drastic mutants are often obtained in high dosage of mutagen
treatment. They occur merely due to morphological changes,
such as shortening, thickening or thinuing of already existing
organs and never by any radical organic alterations. In wheat
drastic mutants like branched stem, leaves without legules and
auricles, etc.,, have been reported. These drastic mutants are
very apparent and attract the attention of plant breeder, but
from practical point of view suck mutants are of no use and,
therefore, he must be quite aware of disturbances and misleadings
caused by such mutants.

More efficient the technique of screening, better are the
chances of obtaining mutations of varied and desired kinds

In R, the seeds from different cars of desired plants are
‘collected separately. Sométimes the seeds of like mutants, which
arc calied abesrant types, can alvo.be mixed together. - .

R; to R; gemeratioas: In R,, plant to progeny rows are
raised with original variety as check. Fourteen to fifteeni’
planis are, grown per row, but the larger the number of plants the
better it is. If all the plants in R, lines are true to type as in'R,
they are called mutants Here the slightly differing homozygous
and high yielding lines are selected from them. The true breeding
lines are carried in F, and compared in progeny rows with
original strain as control. In R, all the inferior lines are
eliminated completely. If, afier first inspection, the homozygous
mutants appear productive in R,, they are included in small R's
trials whers the best ones are selgctcd for the full yield compari-
sons in K¢ and others are kept in mutation collection.
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Yield trials : The yield trials are begun at 2 ‘moderate rate

in Ry generation and only the highly tseful mutants are

comprised. Ifin this trial the differences between mutants and
parental strain are very slight regar&ing yield, they may be
further tried in R; and R; and then released as superior strains
provided 1t is superior in desired character for which mutation
breeding was started initially. If the mutant gives very less yield
il comparison with check but is superior in the desired character,
it may be carried in hybridization This brings all the desirable
characters together into the mutant. All the techniques of crossing
and other steps are the same as those ofi conventional hybridiza-
tion programme.

The regional yield trials may also be carried on simultan-
eously with man yield trials

Time taken: The time taken by mutation breeding
procedure for desired improvement vanes from problem to
problem depending upon the nature of improvement needed and
the stage at which it is obtained. If combined with hybridization
it takes same time as is taken by conventional breeding procedures,
otherwise less If the desired improvementis obtained in R,, as
awned character has been obtained in N. P. 799, it takes very
less time The success so far obtained shows that generally
mutation breeding takes very less time for production of superior
strains as compared to other breeding procedures.

Precautions : The first and foremost precaution in mutation
breeding is to get sure that the mutants isolated are really due to
mutations and not due to intermixing, crossing or segregation.
For this, every other possibility of mode of origin of variations in
individuals must be excluded from the mutant'mepulation.’

The second precaution is that the plant breeder must be well
trained in all breeding techmiques including mutations and very
keen observer so that he can pick up the shightest deviation in the
trecatcd population and include in his selection for further
investigations.

APPLICATION OF MUTATION BREEDING

Mutation breeding, like the conventional breeding methods,
can be used in all the three types of crop plants, nz., self-polli-
nated, cross-pollinated and vegetatively propagated
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1. Mutation breeding in self-pollinated crops: The self-
pollinated crops are genetically homozygous in which selection
has no meaning until and unless some variation is either present
already or created artifictally. Besides this, the mutants in self-
pollinated crops can be detected easily on account of purity and
true breeding nature of their progeny Due to these two facts, it
is this class of plants with which the mutation breeding has been
used most widely and commonly.

2. Mutation breeding in cross-pollinated crops: The
cross-pollinated crops are usually heterozygous and, therefore.
their normal variability and intercrossing within the variety give
rise to different types of progeny which hamper the detection of
mutants in the population. Secondly, most of the workers are of
opinion that the naturally occurring genetic variability in these
crops is in abundance and it 1s totally unnecessary to use muta-
tion breeding as a source of increasing the variation in the cross-
pollinated crops.

3. Mutation breeding in vegetatively propagated crops:
The vegetatively reproduced plants are highly heterozygous and
they hardly permit the purposeful improvement by conventional
breeding procedures because the sexual reproduction involved in
them destroys all valuable characteristics of the vegetatively
propagated variety. In such cropsitis always advantageous to
use mutation breeding for adding new desirable characters in
them.

Particular application : Over and above, the application
of mutation breeding is unavoidable under the following prob-
lems of crop improvement :-

1. When whole of the naturally occurring variability s exhausted .
On account of intensive and continuous improvement work in

crops, a stage is reached where whole of the existing natural
variability is exhausted and, therefore, no further improvement
can be achieved by any of the traditional breeding methods If
some variability remains unexploited or arises spontancously, it.
is insufficient for the further needs of improvement. Under this
situation, the only way is to induce variability artificially by
mutagens and resort to mutation breeding for further improve-
ment. In other words, it can be stated that when a particular
character of economic importance is not found to exist in the
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already occurring plant material, the only way to create it is
mutation.

2. When a gene for desirable improvement is known to exist but
unattainable : Sometimes a desirable gene is found to exist in
nature but due to geographical, political or biological barriers it
may not be possible to incorporate it into the needed variety by
o'd fashioned breeding methods. If the plant material containing
the desirable gene is found in another country from where it may
not be possible to procure it due to unlike- climatic conditions
and introduction limits. Even if it is found within the country,
the incompatibility due to its presence in distantly related species
or genus may not allow the transference to the needed commer-
cial varieties. In addition, it may carry associated unfavourable
characters due to close linkage which further makes the trans-
ference undesirable. Under such circumstances, the improvement
by conventional methods is impracticable and the application of
irradiation breeding is inevitable.

3. When a desirable gene is known to exist and attainable but not
desirable %o attain it : Mutation breeding is specially useful in
improvement of the single inherited character in a delicately
balanced variety. When dealing with highly developed variety,
the plant breeder is reluctant, to use backcross method, which is
equally applicable, ‘because it may disturb the balanced combin-
ation of genes and thus, the variety may loose some good charac-
ters. This situation arises when an outstanding variety succumbs
to a race of disease or lacks in one or two morphological or phy-
siological characters. This situation can be easily illustrated by
taking the example of wheat variety N. P. 799, which is an other-
wise good and well-developed variety but is lacking in awns,
Indian farmers prefer awned varicties in the belief that the
presence of awns prevents the damage to grains in ear by birds.
The “awn’ character is found in other N. P, wheat varieties
from where it can be easily transferred into this variety by
backcrossing, but it spoils the other desirable characters since
the variety is highly bred. This problem was realised from
farmers’ need and the irradiation breeding was applied. Ultim-
ately, N. P. 836 wheat variety, which is fully awned and already
under cultivation, was produced by Swaminathan and his
associates. This achievement clearly suggests that at least in
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icrops like barley, wheat, etc., mutation breeding is highly
desirable for transference of a spetific attribute to an otherwise
highly bred strain,

4. The application of mutations in special problems such as
breaking up close linkage and transferring the little segment of a
chromosomé to non-homologous chromosome has been found
very useful and advantageous,

Controversy over application: At present there is great
controversy over application of mutation breeding in crop impro-
vement and two schools of opinion are in existence. One schicol
of thought is of opinion that mutation breeding is of no avail to
apply in agriculture because : ‘

1. Natural occurring vanabxhty in crops is already sufficient

to meet the demand and has pot been completely exploited by

conventional methods.

2. Most of the induced mutations are recessive and harmful
with very low frequency of beneficial mutations.

With such a relative wealth of natural genetic variability in
contrast to recessiveness and infrequency of induced beneficial
mutations, plarit breeder can not afford to devote'the part of his
resources for application of mutation breeding.

On other side, the second school of
thought, consisting of Gustafsson and his
associates, is entirely of different opinion:

r S -’*r'r-r",m' M‘%
> .

1. Gustafsson says that the existence of
genetic diversity does not mean that it is
most appropriate or even sufficient for
crop improvement according to human
niches and needs.

2. Gustafsson is of opinion that with
our advanced knowledge in mutations, itis
quite easy to control the frequency of muta-
tions in desired directions. He states that Fig. 43
by mutation 1009, harmful genes are not
produced but at least few beneficial genes %{068) S“gf\fﬁi’% mug"_
are also created and thereis great diffe- tionist who is mter-
rence between 1009% and 99.99% harmfu] dationally  known for

1 3 . his outstandin swor ‘on
genes, In this connection he has estimated  mutation bree
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that only one gene in thousand may be more useful for plant
breeding purposes and this one-in-thousand shot has paid great
dividends in agriculture.

3. Gustafsson has also criticized that mutation breeding is
only good for some specific achievements. He says that muta-
tion breeding is as good as other methods of crop improvement
or even superior to them in some cases.

4, Further, he states that the required amount of varjation
can be produced rapidly and economically with less investment
of land and labour by mutation breeding than hybridization.

5. Lastly, Gustafsson says ‘“Radical changes in dgricultural
techniques and human needs, and human prejudices as well, force
the plant breeder to employ all available methods, including
mutation for the improvement of cultivated plants”.

Whatever may be the controversies, which are beyond the
scope of this book to deal in detail, it is a fact that the mutation
breeding is gaining the increased impetus with emphasis on
peaceful uses of atomic energy. Every day new atomic reactors
and gamma gardens are constructed for increasing the availability
of more and more radioisotopes for improvement of agriculture.

LIMITATIONS

1. Mutation breeding, in absence of full information about
the genotype of material, proper mutagen and its efficiency,
frequency of different kinds of mutation, i.e., beneficial and non-
beneficial, proper and sufficient techniques and other related
phenomena and factors, is not a good device for crop improvement.

2. Mutation breeding work is confined to a few institutions
where irradiation facilities and trained personnel are available.
Government too can afford to grant such facilities only to a few
institutions.

3. This breeding method does not produce the ready-made
varieties but it creates the inexhaustible variation with greater
frequency than that occurring in nature from which the desirable
characters are picked up and utilized directly or indirectly. For
this, one has to employ one or the other technique of conventional
method and, therefore, unless sufficient resources for crop improve-
ment by conventional breeding are available, no one can jump to
mutation breeding.
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ADVANTAGES

1. Mutations produce inexhaustible variations and, therefore,
mutation breeding makes the plant breeders free from complete
dependence on nature for raw materials, i.c., variations. Such
crcated variations are not merely due to rccombinations as is in
hybridization but they arc original and newly created.
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Fig, 44

N.P. 836, an awned wheat variety produced from the awnless
variety N.P, 799 by gamma irradiation at the I. A. R. 1., New Delhi
{By courtesy of Bot. Div., I. A, R, 1., New Didlki),

2. When no improvement is possible, irrespective of whether
variation is present or not, by conventional methods the only
alternative is mutation breeding as has already been pointed out
under its application.

3. Under special circumstances, as dealt under application,
the mutation breeding has maximum utility in crop improvement.

4. Time, labour, land and expenses neceded in mutation

breeding are considered to be less than those incurred in convean-
tional breeding procedures,

ACHIEVEMENTS

The mutation breeding work in India had been in progress
since 1935 (Ramiah, et al., 1935) and then onwards sporadic
attempts were made by individual workers in ill-equipped labora-
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tories haphazardly with a view to produce improved strains in
different crops The establishment of Gamma Gardens at the
Bose Research Institute, Calcutta in 1959 and at 1. A. R. 1., New
Delhi in 1960, where work is in progress since 1942 and 1955
respectively, has opened a new vista in crop improvement. At
present the mutation facilities are available at I. A R. I, New
Delhi; the Bose Research Institute, Calcutta; the Atomic Energy
Establishment, Trombay; the Tata Institute of Fundamental
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Fig. 45

Sharbati Sonora-64, an amber grained wheat variety produced
from the red gramed Mexican variety Sonora~64 by gamma
irradiation at the I. A. R.I.. New Delh1 (By courtesy of Dr. M S.
Swaminathan).

Research, Bombay, etc., where plant material can be treated and
breeding may be carried out at different places in Institutions,
Universities, Departments and Farms by different workers,

The workers in India so far have made efforts in different
crops for the following achievements:
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Table 14. The objectives for which efforts have been made
by mutation breeding in crop improvement

S. No. Crops
1 2

Aims of achievement

1.

10.
11.
12.
13.

14.
15.
16.

17.

Wheat

Barley
Oats

Rice

Sugarcane
Potato

Tobacco

Cotton

Mustard
Tomato
Sesamum
Groundnut
Castor

Coconut
Jute
Chrysan-
themum,
Guar

Induction of awns, increased yield, rust
resistance, short and stiff straw, non-lodging
and ear branching. :

Increased yield, malt qualities and disease
resistance.

Higher yield combined with late maturity,
stiff straw and disease resistance.

More tillering, resistance to lodging, high
yield, colour mutants, response to high ferti-
lity and earliness,

Disease resistance and increased yield.

To overcome the interspecific incompati-
bility.

Increased yield and nicotin content, enhanc-
ing the rate of pollen tube growth per unit
time in MNicotiana rustica to overcome the

incompatibility relationship in the cross
N. tabaccum X N. rustica.

Increased staple length, disease and insect
resistance, and more yield.

Earliness, increased yield and oil content, and
non-shattering quality,

Uniform red skin, increased yield, more and
compact fruiting.

Increased oil production,
quality and earlier flowering.

Increased size and shape of seeds, higher yield
of oil, and disease resistance.

Increased oil yield, production of 100 %, pistil-
late flowers, small and heavy seededness.

Earlier maturity of fruits.
Tallness of plants and early flowering.
Bisexuality and double flowers.

better keeping

Increased yield, profuse bearing and increased
size of pods.
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Fig. 46

Chrysanthemum : 1. Single flower of control, 2 'Mutant flower of

regular double type, 3. Mutant flower of compact double type, and

4~ Mutant flower of tubular type {(After Ind. F. Genet. & Plt Brdg,
1961)

Mutation breeding carried out for these achievments hase
already resulted in the production of some improved strains as
given on the next page:
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PRINGIPLLS OF PLANT BRLEDING

3. Application

Used in all types
of crops and
application is only
possible when vari-
ation is already
present. If natural
variability has been
cxhausted, the use
of conventional
breeding methods

Used in all crops but
more in self-
pollinated due to
casy detection of
mutants. It can be
used at any stage of
breeding irrespective
of whether variation
is present or not,
depending upon the

has no meaning. problem, Its applica-
tion is possible when
mutation  facilities
and traincd perso-

nnel are available.

4. Time and Time and cxpenses In comparison to
expenses spent arc more, hybridization, less
spent specially in hybri- time and expenses

dization. are required.
Questions
1. Define the term ‘mutation’ and give its origin, What types

of changes are included in it and give the modern concept of
definition of mutation ?

What are the different types of mutations according to the
source of their origin ? Differentiate between them. Are they

Discuss the use of spontancous as well as induced mutations

What do you mean by ‘induction of mutation’ and how the
mutation can be produced artificially ? Discuss briefly.

2.
fundamentally different ?
3.
in plant breeding.
4.
5.

Why gamma rays are more commonly used in plants for
induction of mutations than the other mutagens ?



10.

1L
12,
13.
14.

15.

i6.
17.

18.

19.
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When and where the first Gamma Garden in India was opened
for improvement of agriculture ?

When Gamma Garden of I. A. R. 1., New Delhi, was started
and who is its supervisor ? Is it open to every worker in the
country for treatment ?

What are the immediate effects of high dosages of radiation
in plants ? What do you mean by L.D. 50 ?

Why the screening of treated material is more reliable in R,
thanin R,?

The effects of radiation treatment are not seen in whole of
the irradiated plant population. Why? Explain the genetical
cause behind it.

What precautions are to be taken during the procedure of
mutation breeding ? Describe in brief,

Give the possibilities of application of mutation breeding in
different types of crops.

Why mutation breeding has been used more in self-pollinated
crops than the cross-pollinated crops ?

Give the conditions under which there is no alternative except
to use mutation breeding for desired improvement,

Mutation breeding is very useful in creating the simply inhe-
rited characters like disecase resistance. This can also be easily
achieved by backcross method. Why, then, one has to prefer
mutation breeding ?

Discuss the controversy over the application of mutation bree-
ding and also give your opinion,

‘What are the main obstacles in crop improvement by muta-
tion breeding ?

Cite the names of few varieties produced by mutation bree-
ding in wheat and sarson

Differentiate between the following :

(i) Mutation breeding and Conventional breeding.
(ii) Irradiation brecding and Mutation breeding.
(iii) Mutation breeding and Polyploidy breeding.
(iv) Chromosomal mutations and Point mutations.
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20. Decfinc or describe the following terms :

21.

10.

ll.

12.

13.

Radioisotopes, Irradiation, Unit of measuring X-rays,
Chairman of Gamma Garden, 1. A. R. 1., New Delhi, and
Gamma rays.

List the work of following scicntists for which they are
famous :

(1) De Vries (ii) Swaminathan
(i) Muller (iv) Gustafsson
(v) Stadler
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CHAPTER 11
BREEDING FOR DISEASE RESISTANCE

Diseases are the main enemies of the crops and they cause
' enormous loss to tle agricultural production of the country.
They are produced by many organisms such as fungi, viruses,
bacteria, parasites, ctc. These organisms attack almost all
the crop plants causing various types of diseases which run about
25,000 in number,

The extent of loss and damage caused by discases varies from
year to year depending upon the prevalent climatic factors which
highly influence the onset and spread of diseases, In normal year
the damage is estimated to be approximately 10 to 25% or even
low, while in the years of epidemics the entire crop is destroyed
and thus the damage may extend up to 1007 as happened in
‘Tikka’ epidemic of groundnut in Bombay State during 1912-13,
and wheat rust epidemic of 1946-47 in Peninsular India. Alth-
ough the accurate figures are not available, it is estimated that
the annual loss due to plant diseases in India in terms of money
runs into several hundred crores of rupees.

APPLICATION OF RESISTANCE BREEDING

Two methods, »iz.,, phytopathological and resistant
varieties are available to combat the diseases in plants. The
principle underlying the phytopathological measures is to prevent
or eradicate the disease causing organism, i.e,, pathogen and the
practices adopted are field sanitation, clean cultivation, crop
rotation, application of chemicals in form of spraying and
dusting, hot water treatment, etc. On the other side, the prin-
ciple underlying the breeding for resistant varieties is to control
the disease by inducing some power within the plants themselves
so that they may resist the invasion and the establishment of
pathogens. The comparative merits and demerits of both the
methods have been given in Table 17.
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Table 17. Comparison between the phytopathological
and the “resistant varieties” methods of
plant disease control

S. Comparison Phytopathological Resistant

No between measures varelies

1. Basis of The causal organisms, New characters

control i.e.,, pathogens are are brought into

controlled. the plants them-

‘ selves to resist the
pathogens.

2. Origin Easily evolved 1n It 15 tedious and
shoit time with less time - consuming
labour and expendi- process to evolve
ture new varieties but

the improvement
so obtamned is of
permanent nature.

3. Applica- Not possible to con- Applicable to
tion trol some diseases every disease but
like wviruses, root-rots, in some cases not
rusts, etc. advisable to use
4. Utiility to  Laborious, time- Cheapest and most
farmers taking and costly to inexpensive to
farmers farmers

It 1s quite apparent that from farmers’ point of view, the
resistant varieties are the cheaper, convement and better meas-
ures of disease control rather than the phytopathological methods
In fact, neither the phytopathological nor the breeding measures
alone can control all the plant disecases and, therefore, both the
methods are 1n vogue Breeding for disease resistance 1s unavoid-
able in some specific categories of plant diseases such as wviruses,
wilts soil-borne smuts, certain nematodes and root-rots, which
can not generally be controlled by the phytopathological measures
or where ordinarily their application 1s prohibitive 1n cost.

Breeding for discase resistance, though a best and most
effective method of controlling plant diseases, 1s a long-term
programme and 1nvolves high technical skill and mntimate know-
ledge of science of plant breeding, genctics and plant pathology
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Good success is achieved only when the combined efforts sre
made by the team of experts from ol these hrnelirs,

MECHANISM OF DISEASE DEVELOPMENT

Breeding of disease resistant sarieties i+ ba ed an the lnumate
knowledgie of host-pararite relationship and  the Fetter this procharize:
is understood the easter iy Aash of hreedin: disesse resivlunt iefelirs, In
the development of disegre, two orpanyme, pathopen and host,
are involved, Pathogen is the divease causing organism nnd
host is the plant on which the disease develops, Dach pthe.
ogen is very speafic in s host and their velationship with
each other is known ns host-parasite relutionehip which
ultimately results in the development of dyeave, There are four
phases of host-parasite relationship av eivrn brfow

(1) Contact: This phue incluwde. the reaching of path.
ogen on ite host, ic., invasion, the extent of w.hich it Iargely
controlled by enyironmentnd fuctore,

(2) Penetration: It 11 the entrance of pathopen into the
tissues of host plant sud i« only pomibie swhen the condiions
are suitable for germination of pathonen spares in the content
phase The penetration may take place through any of the there
passages, viz, cuticular or epiderminel suefue of the leal and
stem; natural openings ruch as <omaty, hudathod-« or fentieely;
and  natural or inflicted wounds, The sucems of penetrstion

A B C D
Fig. 47
Late Blight of Potato (PAytephorere infestoesy : A, Germ tube of the pathogen
entering through stommia as well as directly throurh epidenmiy, and
B. Sporanpiophores protuding theouch stomata Downy mrildew
(Pernospora parennezt ¢ Germinating s{mrc entering throvgh
stomata, and D). Sporanuiophores with sporangia coming
ot of stomata
depends upon the penctrating power of a pathogen and resistance
power of a host. Both are the inherited traits and their expressi-
vity is greatly affected by the environmental conditions.
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(3) Establishment : In this stage the pathogen reaches
to the interior tissues of the host and establishes the
parasitic relationship with them It results only after successful
penetration provided the conditions within the host are favou-
rable Penetration may be there but if the conditions within the
host are unsuitable, the pathogen will be checked and destroyed.
Hence, it depends upon the resistance capacity of the host to
control the establishment phase of disease development.

(4) Development : This 1s the phase which results in a
disease and causes severe losses to the crop plants. In this the
pathogen after establishment sucks up the nutrients from host
and multiplies 1n number rapidly. Consequently, the disease is
developed with its specific symptoms by which 1t is diagnosed
and identified The different types of symptoms shown by plant
diseases may be grouped together briefly as follows -

(i) Foliage infection causing leaf-spot, shot-hole, necrosis,
chlorosis, mosaic, etc.

(i) Transformation or destruction of plant parts, e. g.,
grain smut and ergot.

(ni) Hypertrophy and malformations of tissues as in crown
gall of fruit trees and green ear disease of bajra.

(iv) Wilting as damping-off of seedlings and wilting of root
and stem parts of the plant.

(v) Rotting of plant parts asin root-rots, stem-rots, fruit-
rots, etc.

(vi) Dropping of leaves, blossoms, and fruits.

Each disease is the product of interaction among the host,
the pathogen and the environment. In absence of any one, the
occurrence of disease is made impossible. Each disease has 1ts
specific host on the availability of which it develops only under a
particular set of environmental conditions among which the
atmospheric temperature and relative humdity are the most
important. In a year when the temperature and humidity are less
favourable, the occurrence of disease 1s rare and 1tis known as
sporadic. On the contrary, when they are highly favourable in a
year the disease multiplies very rapidly and spreads severely over
the entire region causing heavy losses to the crops. Such severe
appearance of a disease in a particular year is known as epidemic
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or in American terminology ‘Epiphytotic’ T and can result only
from the cumulative effects of all the three factors acting
simultaneously.

The resistant varieties may check the pathogen at any step
up to the third phase and after entering into the fourth phase
only the control measure applicable 1is phytopathological
techniques. In breeding for disease resistance, the plants are
provided with such characters which would throw away the
parasite up to the third stage.

NATURE OF DISEASE RESISTANCE

By the nature of disease resistance we usually mean the ways
and weapons available with plants by which they can fight
against the pathogen and save themselves from the attack of the
these organisms These ways are three, namely, disease escape,
disease endurance or tolerance, and disease resistance.

Disease escape : The ability of susceptible plants to avoid
attack due to some inherent or environmental conditions, such
as rapid growth and early maturity, and the change in growing
period, sowing time or method of cultivation, is known as disease
escape. All the conditions of disease escape, may be inherent or
environmental, create unsuitable conditions for pathogen to reach
on the host to develop the disease.

Early maturing varieties of groundnut escape the infection of
“TInkka disease’ (Cercospora arachidicola Hori.). Early varieties of
wheat are also known to escape heavy damage caused by rusts in
those areas where the severe attack generally occurs late in the
growing season. Early varieties of potato often escape the attack
of late blight in regions where conditions are rarely favourable for
rapid and abundant growth of the pathogen until late summer or
early fall. Examples of discase escape by non-heritable characters
are also many on record A change in the planting season of
sugarcane, 1e, October instead of June, has been successfully
used as a measure of escaping leaf-rust (Puccinia sacchari) in the
canal areas of Bombay. In ragi (Eleusine coracana) too the sowing
of the crop in October instead of June has been found an effective
control of the blast disease (Piricular: a oryzae Cav ) in the parts of

t The word epidemic 1s for severe occurrence of human disease and
epiphytotic for plant disease but both the terms are used interchangeably by
plant pathologists.
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Madras State where the disease i1s of abundant occurrence in
June In soil-borne diseases like wilts and root-rots in which the
soil temperature at growing periods determines the severity of
disease occurrence, a few weeks variation in sowing time may
reduce the disease losses remarkably as have been reported in case
of Fusarium wilts in Bombay and flax in Punjab. At low
temperatures (18 —20°C), where pathogens are unable to cause
mfection, the susceptible varieties show high resistance due to
escape. Similarly a change in actual method of cultivation has
also been reported to escape diseases in many cases.

The purpose of breeding early maturing varieties in different
crops had been to escape the disease occurrence late in the
season. All the disease escaping crop plants when exposed to
artificial infection, exhibit high degree of susceptibility to the
disease.

The disease escape is the first phase of disease control and it
avoids the disease by overcoming the first phase of host-parasite
relationship.

Disease endurance : Disease endurance or tolerance is the
ability of plants to tolerate the invasion of a pathogen without
showing much damage and many symptoms. Enduring plants
are able to grow in spite of an attack through exceptional vigour
or hardier structure which can be modified by the different
methods of manuring and cultivation Thus it is brought by the
influence of external characters. It 1s known that wheat varieties
fertilized with potash and phosphorus are more tolerant to the
rust and mildew infections. Likewise, the rice crop fertilized with
silicates is resistant to blast infection in Japan The fertilizers in
these cases arrest the vegetative growth indirectly and promote
the early maturity, stiff straw and hardier tissues which tolerate
the infection. It is also a cheaper method of disease control and
the losses caused by infection in the enduring strains are
usually negligible.

Disease resistance: The ability of plants to withstand,
oppose, lessen, or overcome the attack of pathogens 1s known as
resistance Itis highly variable in amount ranging from zero
to cent per cent and, therefore, the different terms such as
susceptibility, resistance and immunity are used to denote the
different degrees of resistance 1n plants (Table 18)
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Immunity : Immunity means the complete resistance to
diseases and the pathogens can not attack the plants possessing it.

Susceptsibality - It is the inability of a plant to defend or over-
come itself against the pathogen and its attack.

Wingard (1953) has stated that ‘“‘the immunity is absolute
and resistance and susceptibility are relative. A plant is either
immune or not immune to a pathogen but it may be more or
less susceptible or resistant. A plant may be slightly susceptible,
moderately resistant, or extremely susceptible, but not moder-
ately immune or highly immune”. Further he has stated that no
sharp distinction can be made between disease enduring and
disease resitant varieties

Resistance is largely controlled by inherited characters, may
be due to one or more, differing from strain to strain.

CAUSES OF DISEASE RESISTANCE
The causes of disease resistance in plants are two, i.e,
environment and heredity. The environmental causes show
only temporary resistance, e.g disease escape and disease endur-
ance, whereas the hereditary causes, e.g., morphological, struc-
tural, functional and protoplasmic factors, give rise to true resist-
ance of permanent nature.

Morphological characters: The different morphological
characters responsible for disease resistance are hairs and
waxes on surface, nature and thickness of cuticle, epidermis
and stomata, etc. The presence of more waxes and hairs
checks the pathogens to come
in contact with the host and
thus the resistance to first
phase of disease infection is [
offered by them. The thick
cuticle and epidermus (F1g.48) S R
hamper the penctration of

. Fig 48
pathogen 1nto the host tissues Morpholog:cal rcsxstancc m plants due
and thus they offer resistance to thickness of cuticle  S-Susceptible

to entrance. and R~Rcsnstanc;: (After Kamat, M N,

.

Structural characters: They include the proportion of
strengthening tissues, fibre content, the number, size and nature
of stomata and lenticels, the nature of middle lamella and cork,
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etc. In red-rot of sugarcane, caused by Collelotrichum falcatum
Wint., the resistance of varicties is due to the increase in
thickness of sclerenchyma around the vascular bundle. They
provide resistance to the penetration of pathogen.

It is not always possible to distinguish clearly between the
morphological and structural causes of diseasc resistance in plants.

Functional characters: Certain physiological characters
like the number of stomata per unit arca of host and time of
their opening, the time of flower opening, the rate of cork
formation and cambium activity cause the discase resistance in
plants. In some cases stomata remain closed at the time of
pathogen’s penctration thus making the crop variety resistant to
discase infection. This character is in opcration only against
those diseases in which pathogens ecnter mainly through the
stomata. In wheat varieties, sometimes due to environmental
variation, the stomata remain closed in the morning thus
preventing the entry of germ tubes of rust pathogen into the host
tissues. T he functional characters usually impose resistance to the entrance.

Protoplasmic factors: The protoplasmic characters
controlling disease resistance arc cell contents including acids,
tanins, anthocyanins, chemical constituents and their propor-
tions, antibiotic activity, hypersensitivity, and biological
antagonism of the protoplasm of host and pathogen. They may
either be toxic or cxert inhibitory influence on the parasite thus
bringing the desired resistance to the crop plants. The profoplasmic
characters provide resistance to the entrance as well as to the establishment
phase of the pathogen.

The functional and protoplasmic factors together are also
known as physiological factors because it is not possible to differen-
tiate between them.

The true resistance due to the aforementioned four factors
is very specific, largely determined by the defensive activities of
the plant itself against the parasite, and, therefore, very less
influenced by the environmental factors.

GENETICS OF DISEASE RESISTANCE
Disease resistance 1s a hereditary character and its behaviour

is not uniform in all the cases. While in some cases it is
dominant and in others it is recessive. In some plants
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resistance is due to a single gene, i.e., monogenic and in
others it is the result of interaction of many genes, ie., poly-
genic inheritance.

Tt is rarely found in the nature that a variety resistant to
one disease 15 resistant to the another disease of the same crop.
Sugarcane strains resistant to red-rot are highly susceptible to the
leaf-rust and whip-smut. The highly rust resistant ‘Khapli’ wheat
strain was found to be highly susceptible to Helmnthosporiun stripe
1n Bombay State. It can, therefore, easily be said that the resist-
ance to one disease 1s seldom synonymous with the resistance to
another disease of the same crop

Another puzzling problem of disease genetics is that the
genes controlling disease resistance may be closely associated
with inferior agronomical characters, such as the superior types
of rice ‘Bhangar-kaddy’ anc ‘kolambas’ readily succumb to blast
infection while the inferior and wild types exhibit high degree of
resistance. The high yielding and good quality Indian€‘Baxi’
wheats are highly susceptible while the ‘inferior ‘khapls’ is highly
resistant. Similarly the superior “Sor’ variety of banana is hghly
susceptible to Fusarium wilt while the inferior ‘Kal’ is highly
resistant. This problem is indeed a great handicap in achieving
the resistant varieties with good qualities.

A crop variety resistant to a disease in one locality may or
may not be resistant to the same disease i an another locality
with entirely different chimate.

SOURCES OF DISEASE RESISTANCE

In all, there are two sources from where the genes for disease
resistance can be obtained and utilized:

(1) Already existing plant materjal possessing the genes for

disease resistance, and

(2) Mutations by which genes for disease resistance are

newly created,

The resistance already existing may be present either in the
varieties of same species or in the varieties of other related
species. Agamn in them it may be present either in the cultivated
species or in the wild species. It 1s of more common occurrence

in the later type than in the cultivated forms. The resistance
found in the cultivated strains within the same species is always
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-

more heneficial than that feund i wild strains because it cas be
casily transferred into the mecded seraia through hybridication.
Irrespective of its preseace in closely eor distantly related sposiex,
the resistance may be found in the material available even in the
country or in another country from where it can be introduced.
For this reason, a collection of resistant material of different crops
must be maintained from all over the world so that it can be
utilized at the time of need.

Sometimes, however, the resistance is not found in the
already existing plant material or even if found it is either inade-
quate or unattainable due to some limitation, and, therefore, one
has to turn to mutations in which attempts are made to
induce the resistance artificially by the application of mutagenic
agents.

METHODS OF BREEDING FOR DISEASE RESISTANCE

The methods used in breeding resistant varieties are same as
those used in breeding for other characters except one important
difference, i. e., instead of one, two organisms, »iz., pathogen and
host, are involved. This difference causes no change in the
methods to be applied but simply alters the steps involved in the
procedure of breeding. The various methods used for developing
disease resistant varieties are :

(1) Introduction,

(2) Selection,

(3) Hybridizafion,” = ’
(4) Budding or grifiing, ands T
(5) Mutation breeding. Cieia

Introduction: Discase resistance is an inkhévent charac
found scattered in different varieties af the crop ait ovie e warkd.
A very simple and inexpensive way is, therefore, to make direct
introduction of such variation into a region where the specific
disease is found in epiphytotic form. For instance, the early
maturing varieties of groundnut introduced from U. S. A. havF
successfully conquered the problem of ‘Tikka’ (Cercospora arachi-
dicola) in India. The ‘Ridley’ wheat variety from Australia and
POJ canes from Java are also the examples of introductions.
The cases of such direct introductions are, however, very few on
record.
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While theoretically the direct introduction of resistant varie-
ties scems 48 be a very simple method, unfortunately in practice
it has been found full of difficulties enumerated as follows :

(1) The acclimatization of the introduced varieties has
been found unsuccessful in most of the cases

(ii) The introduced varieties possessing resistance to one
disease become susceptible to another disease, as
for example, the wilt resistant American cotton
varieties introduced into India became highly suscep-
tible to red blight and Kenya wheat varicties bacame
susceptible to loose smut.

On account of these limitations, the introduction can not be
considered as a common method for producing disease resistant
varieties

Selection : This is the better method than the introduction
and has more chances of success in obtaining the disease resistant
varieties It is practised both in introduced as well as in local
commercial varieties. In beginning the material is grown in field
and the resistant plants are selected. In subsequent years the
material is grown either in field orspecial glass houses with suscep-
tible variety and the planting is done either in mass or in pro-
geny rows depending upon the type of selection to be practised for
picking up the desired plants. Since natural disease epidemic
may not occur every year or if occurs the resistance shown by
plants may be due to escape, ‘not due to true resistance, it is,
always essential to create the disease epidemic by artificial means,
so that the resistant plants can be distinguished from the suscepti-
bles to facilitate thpeir selection  For creating the artificial epide-
mic, the crop plants are provided with pathogen artificially by
different techniques known as artificial noculation techniques
and the optimum conditions are created around the plants, so that
the pathogens may develop and spread in the field causing the
disease epidemic. For providing the optimum conditions, inocu-
lation tents (Fig. 49) are erected over segments of field plots and
plants under them are regularly sprinkled with water from time to
time to maintain an optimum relative humidity and temperature.
If it is not always possible to provide the optimum conditions in
the field for the disease development throughout the crop period,
the cultures should be grown simultaneously either in the glass-
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houses or greenhouses (Fig. 50) in which the humidity and tem-
perature can be controlled with reasonable precision.

?»u,,.‘v, ~ v - P Rt o, o

“ e
~®

Fig. 49
Mushn Canopy method of creating artificial
rust epidemic 1in hnseed field (After Ind, 7.
Gent & Plt. Brdg , 1950).

Inoculation techmque for soil-borne diseases : 'The diseases like
wilts, root-rots and seedling-off arc caused by soil-borne pathogens
that enter the host plant through the roots or other underground

parts. For artificial epide-
mic of such diseases the
varieties are grown in soils
which contam the needed
pathogens  Sometimes, if
the disease development 1s
less, its intensity can be n-
creased by spreading the
soil collected from other
diseased ficld over test plot,
or the plot soil 15 inoculated

with cultures of causal Glassh ; .
. asshouse tests for varietal resistance to
organism grown on sterile blast 1n rice under artificial infection

grains or on other types of  (4fter Kamat, AM. N, 1956)

nutrient media. The same soil is used again in succceding years.
In greenhouse the inoculation is done by growing the varieties
In pots or containers with inoculated soil or culture.

Fig. 50

Inoculation techmque for air-borne diseases: The diseases like
rusts, smuts and spots are developed by air-borne pathogens which
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enter into the host through stomata, lenticels and wounds. The
inoculation technique in these diseases varies from dusting spores
on leaves to spraying the plants with spore suspension. Some-
times, the pathogens are inoculated by using a hypodermic needle
to inject a spore suspension into the plants. (Fig. 51).

Inoculation techmque for seed-borne diseases : Some diseases like
smuts and bunts are seed-borne and the inoculation in them is
done by applymng the spores to the dry seceds before planting or by
soaking the seeds in spore suspension under vacuum,

¢

Inoculation technique for f;uit diseases : Certain diseases like
loose smut of wheat and barley are developed by spores from
smutted plants, The spores are either put by forcep on the floral
parts or spore suspension is injected.

The inoculation techniques and the
ways of creating optimum conditions for
disease development are same in all the
methods of breeding for disease resistance. °

The plants found resistant are picked up
They are similarly grown and subjected to
intensive tests over several years during
different seasons. Ifin any tests and in any
one season the selected resistant plants
succumb to the diseases, they are rejected
straight way. The plants which prove
resistant in all the tests are further tested
under different meteorological and geogra-
phical conditions 1n various tracts suited for
the cultivation of crop and their resistance
to diseases 1s observed over a period of years,
Only after these tests the variety is given
name, either immune or resistant as the case
may be,

The close association, often found Fig 51
between the resistance and inferior agronomic
traits in plants, 1s the main obstacle which Method of inoculating
can hardly be overcome by selection in rust spores into the

naturally variable material and, thercfore, wf:,"i‘{,:"gf,‘:,‘_‘g
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this method too is not efficient to meet the requirement of disease
resistant varieties,

' Hybridization : This method is the only cffective way to
combine good features of two varicties together into one. When
the adequate resistance is not found in the commercial varictics
‘but only in undesirable inferior ones which can not be used com-
mercially because of their inferior qualitics, the hybridization is
used to incorporate the resistance with good qualitics in commer-
cial strains.

In a hybridization procedure either the backeross or pedigree
method of breeding is usually used. In both methods, one
parent is chosen f{or its good agronomical qualities and the other
parent is taken for its high:level of resistance to a maximum
number of disease races controlled by the minimum number of
genes. I the resistant parent is totally unadapted and undesire-
able, the backcross is used as a breeding procedure. If, on the
other hand, the resistant parent is equally good in qualities, the
pedigree or bulk method of tackling the segregating genciations
may be used.

BACKCROSS METHOD : This method was used for the
first time by Briggs (1930) as a means of adding disease resistance
to wheat and barley varieties at California and defined as ‘the
crossing of recurrent parent repeatedly with hybrid progeny for
the purpose of recovering its characters, except the addition of
disease resistance from the non-recurrent parent’. The ease with
which this method can be carried out depends upon whether the
character to be transferred is oligogenic or polygenic, and
dominant or recessive. -

The backcross technique is very simple in the case when the
disease resistance is dependent on a single dominant gene. If this
gene is denoted as ‘RR’ the hybrids from backross to the parent
‘rr’ will consist of plants with the genetical constitution ‘Rr’ and
‘er’. The ‘Rr’ plants can be easily picked up and used as the
hybrid parent 1n the subsequent backcross generations. The gene-
tical explanation of the whole procedure has been given in
Fig. 52. . ~

During backciossing only the ‘Rr’ plants are backcrossed to
variety *A” and all the rest on which has been put the “t* are
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Original cross Discasc resistant X Disease suscep-

variety ‘B’ / tible varxcty ‘A
st Backcross
socy “p» gencs/

2nd Backcross

Rr: rrt T
75(y nAn gCnCS//
3rd Backcross BC, A
Rr o1t / T
87.5%, “A* gencs
, 7 g ) -
/
4th Backcross BGC; A
Rr:rrt T

93.759, “A” gene

Rr : rr*
96.875%, “A’ genes ‘

Self- pollngc Rr hybrid plants from
L ? t%\pro uce plants homozygous
or R

I1RR*2Rr:1rrt

| Againscif-pollinate RR & Rr plaats,
which can not be differentiated, so

L that plants completely homozygous
for RR can be cbtained

RR, I RR*:2Rrt: 1 rrt
Fig. 52

Genetics of backcrossing 1n case of a single dominant
character for disease resistance.
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discarded. ‘Rr’ plants are identified from ‘rr’ by artificial inocula-
tion of the plants with disease pathogens.

In this case the variety ‘A’ has been used as the recurrent,
recipient or backcross parent that contains all the superior
gualities which the breede: wants to recover in the new variety.
With each successive backeross the hybrids become more and
more like the ‘A’ in agronomical characters with an addition of one
new character of disease resistance. Thus, backcross method is a
sort of inbreeding except the addition of disease resistant charac-
ter contributed by the non-recurrent, i.c., donor parent. The
F, will be heterozygous for disease resistance (Rr) and when it is
backcrossed with recurrent parent (rr), the progeny will segregate
mn two types (Rr and rr) for disease resistance The (Rr) plants,
which are heterozygous as well as disease resistant, can be identi-
fied from the susceptible plants by the artificial inoculation of all
plants with disease pathogens as given under selection of this
chapter. Only the plants found resistantto the disease during these
tests are then backcrossed to the recurrent parent. As many
backcrosses may be made as are needed for obtaining the plants
that appear phenotypically and genotypically exactly like the
variety ‘A’ except with an extra trait of disease resistance. This
may require as many as six to eight backcrosses. The disease resis-
tant plants selected from the final backcross will be heterozygous
(Rr) for disease resistance and, therefore, they must be selfed for
two generations to bring the homozygosity for disease resistance
and to obtain the true breeding resistant plants (RR).

When the disease resistant character being transferred is re-
cessive, the progeny from each backcross would segregate into
two genotypes (RR and Rr) in which the heterozygotes (Rr) can
not be identified from the double dominants (RR). This difficulty
is overcome by selfing which is either performed simultaneously
or done in alternate succession with backcrosses and which one
is advisable depends upon the convenience in handling the plants
In the former case, both the homozygous (RR) and heterozygous
(Rr) plants are backcrossed to the recurrent parent. At the same
time each plant is selfed and the selfed progenies are tested for
disease resistance The backcross progenies from the plants, which
exhibit heterozygosity for disease resistant, are kept and all others
are discarded. In the later case, where backcrosses can not be
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made until the constitution of hybrids is determined, the selfing
and backcrossing are carried out in alternate seasons. The selfing
is done first and then those selfed progenies which segregate are
backcrossed to the recurrent parent. This procedure takes more
time than the former and the principle of backcrossing is the same
in both the procedures. In dominant character for disease resis-
tance the ratio between resistant and susceptible plants of back-
cross progeny is usually 1 : 1 whereas in the case of recessive trait,
it is complicated. This ratio is very helpful %o identify whether
the disease resistance is«controlled by dominant or recessive gene.

The backcross hybrids are heterozygous for the disease resis-
tance character transferred from non-recurrent parent. Insexually
propagated crops it is essential to attain homozygosity to maintain
the variety. In self-pollinated crops, where disease resistance is
dominant trait, the object is achieved by selfing for one or two
generations at the end of backcrossing and selecting the true
breeding lines. If the disease resistant character is recessive, the
homozygotes are recognizable without selfing the second time.
In the cross-pollinated crops, the heterozygous backcross hybrids
are crossed among themselves and the homozygous lines are
recognized by the fact that they do not segregate in the crosses

with the double crosses.

The number of backcrogses to be carried out varies from 3 to
10,and depends upon the gcn.etics of disease resistance and the
similarity between the genotypes of both parents entering into a
backcross programme. Ideally it may be continued till the genetic
constitution of hybrids is identical with that of recurrent parent
except for one gene incorporated into them from the donor
parent When the origihal cross is interspecific it is necessary to
make relatively a large number of backcrosses so that practically
all the undesirable genes of the donor parent except disease
resistance may be eliminated. In the backcrossing of the closely
related varieties many genes are common and, therefore, there is
very little need to eliminate the characters of the donor parent.
Sometimes, only one or two backcrosses are needed to achieve
the goal. Briggs used 5 to 6 backcrosses most frequently.

If two or more characters are to be transferred from the un-
desirable (donor parent) to a desirable variety (recurrent parent),
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separate backcross procedure should be adopted for each character
and then the backcross derived Jines from cach may be finaily
brought together into one line by intercrossing them (convergent
improvement). If the disease resistance character is polygeni-
cally inherited, the plant breeder should select from first cross the
plant exhibiting maximum effect of the character needed for
further backcrossing.

BACKCROSS PROCEDURE: Suppose the variety ‘A’ is
commerciaily superior but discase susceptible and the variety ‘B’
is disease resistant but very poor in all other qualities. It is nee-
ded to transfer the disesse resistance from B to A without any
loss in its good characters. B is then dondr or non-recurrent
parent and A is recipient or recurrent parent. The steps invol-
ved in backeross procedure of these two varieties arc outlined
briefly as follows :

First year: Cross the selected plants of A with B, A as female
and B as male.

Second year : Grow 5 to 10 F, (A B) plants. Note the plants
possessing desired character of A with disease resistance of B.
Backeross the F;, to A, F, as female and A as male and this’is
called backeross first abbreviated as BC,. Collect the seeds of
crossed plants and keep them separately.

Third year : Grow BC, generation and iroculate the plants
with disease artificially. Select 10 to 20 disease resistant plants
from BC,; and backcross them to A, Collect the seeds and keep
them separately.

Fourth year: Grow BC, plants and inoculate them artifi-
cially with disease. Sclect 30 to 50 resistant plants and back-
cross to A,

Fifth year: Grow BC; and inoculate artificially with disease.
Select 30 to 50 resistant plants and backeross them to A,

Sixth year: Grow BC,; and inoculate the plant population
with disease artificially. Select 30 to 50 resistant plants and
backcross them to A.

Seveth year: Grow BC; and inoculate the plants with disease
artificially. Select 30 to 50 disease resistant plants and backcross
them to A,
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Eighth year : Grow BC, and inoculate the plants with the
discase artificially. Select 400 to 500 resistznt plants for raising
the next generation. ‘

MNinth year : Grow all the selected plants in separate rows,
Select 100 to 200 rows in which plants secem to be homozygous
for resistance to the diseasc in question and exhibit uniformity
with variety *A’. Harvest and composite the seed.

Tenth year : Grow the selected sezds by the side of A and
compare the plants with it and note whether the backeross-selec-
ted plants are similar to A in all respects except discase resistance
or not. If found similar to A, start multiplying the sceds and
distribute to farmers.

Grafting : Hybridization is not applicable where sexual pro-
pagation is not poss:ble, such as in vegetatively propagated crops.
In them the discase resistant strains may be grafted on the sus-
ceptible plants. This is usually applied in horticultural crops and
fruit trees where vegetative propagation is frequently vsed for
multiplication and reproduction.

Mutation breeding : In the absence of resistant genes in
commercial as well as alrcady existing varieties, none of the afore-
mentioned methods can be used for breeding disease resistant
varieties. Sometimes, even if resistance gene 15 already existing,
it cannot be utilized due to limitations in crossing and drsirable
qualities. Under these situations the only alternative for
breeding  resistant varietics is mutation thereby genes
for disease resistance are newly created and utilized in mutation
breeding to conmstitute a new strain resistance to the desired
disease. The details of mutation breeding procedure have bezn
given clsewhere in this book and, therefore, the readers are advi-
sed to read the same in continuation here,

PRECAUTIONS

The breeding for discase resistance can not be carried on suc-
cessfully till all the precautions are paid full attention during the
production of new strains and some of these precautions are given
below :

(1) Breeding for discase resistant strains in crop must be

carried out in the region where the crop in qusstion is grown
commonly and is taken on commercial scale.
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(2) The plant breeder must have a thorough knowledge of
all the existing varieties of the crop, may be wild or cultivated,
and a collection of them must be maintained. A knowledge of
the linkage in between different characters of these plants is of
great help for breeding resistant varieties.

(3) The plant breeder must have a thorough knowledge of the
disease and of all the physiological races of its causal organism
which constantly remain arising in the nature due to hybridiza-
tion, heterocaryosis, parasexuality or mutation. It is also equally
important to have a thorough knowledge of the genetics of both
host and parasite and their relationship with each other.

(4) During breeding, each backcross generation must be
subjected to disease epidemic artificially so that the resistant and
susceptible plants can be differentiated easily.

(5) The breeding must be carried out to develop resistant
varieties to all the prevalent races of the disease in the locality.
Now-a-days the trend has become to develop resistant varieties
even to those races which are not highly prevalent in the locality
at present.

Thus, breeding for disease resistance is a continuous and
arduous task requiring patience and persistence.

Fig. 53

Pusa Sawani Bhindi, resistant to yellow
: _mosaic disease of Bhindi (After Ind. F. Genet,
& Plt. Brdg., 1960).
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LIMITATIONS

It is evident from the foregoing description that many diffi-
culties are encountered during the breeding for disease resistance
and most important of these are as follows :

(1)
(2)

(3)
(4)

Linkage of resistant genes with the genes of inferior
qualities.

Occurrence of physiological races of varying capacitics
in the causal organism.

Self-sterility in the host plant.

Strictly local aspects of requirement,

Advantages

The use of resistant cultivars and hybrids for discase control
has several advantages.

(1)

(2)
(3)

(4)
(5)

(6)

7y

It helps us to reduce or prevent the great losses caused by
various plant pathogens and pests,

It lessens the high cost of disease and pest control.

It helps to avoid or diminish hazards to human health
and wildlife caused by present-day large scale use of
dangerous fungicides and pesticides.

It also reduces the danger of air, soil and water pollution
with poisonous chemicals and their residues.

It impedes epidemics of pathogens and pests, and thus
helps in ‘maintaining the biological Balance in a man-
made environment.

It is only the method available to control some highly
specialized diseases like wilts, root-rots, rusts, soil-borne
smuts and certain nematodes.

From farmers’ point of view, it is the best, chcapest and
casiest method of discase and pest control.

ACHIEVEMENTS

In India, the resistant strains to most of discases have been
produced in every crop under cultivation, Some of such outstan-
ding commercial varietics resistant to different diseases have been
given in Table 19.

Breeding of resistant strains for other diseases is under inves-
tigation and it is expected that sooner or later resistant
strains to every disease will be produced and available to combat
their menace.
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: Questions ‘
How the crop diseases can be controlled » Make a compari-
son between different control measures.
State some common diseases in which the breeding of
resistant varieties is unavoidable if they are to be controlled
at all.
Discuss the phases of disease development and describe the
factors controlling each phase. )
How the study of host-parasite relationship is essential for
breeding the varieties resistant to diseases ? Is it ‘possible to
control the disease by resistant varieties after entering into
the fourth phase successfully ?
Suppose a disease has been developed and established with
symptoms Which control measure can be advised to a
farmer under this condition ®
Describe the factors controlling the disease development in
plants in order of their merit.
Why the disease in some years is sporadic and in some years
it is epiphytotic ? Discuss the causes.
What do you mean by ‘nature of disease resistance’? Name
the ways and weapons available with plants by which
they can fight against their enemuies, i.e., diseases.
Define the ‘disease escape’ and write down the factors
governing it.
Describe the different problems of disease resistance in
plants.
Enumerate the different causes of disease resistance briefly.
What are the sources of disease resistance and which source
_has been the basis of breeding resistant varieties by
conventional breeding methods ? .
What methods are -available for producing disease resistant
varieties and discuss the limitations of each ?
Which method of breeding for disease resistance is used in,
vegetatively propagated crops and why ?
Suppose: a variety is commercially good but is highly
“susceptible to a disease. Which method of breeding will be
used to bring disease resistance into this variety ? Discuss its’
genetic basis,
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Describe the precautions and discuss the limitations of
breeding for disease resistance.

Mention the varieties of diffeient crops resistant to the
following diseases :

Black rust of wheat, Yellow and Brown rust of wheat, All the
three rusts together in wheat, Blast of rice, Rust of linseed,
Red-rot of sugarcane, Wilt of cotton, Tikka of groundnut,
and Yellow mosaic of bhindi.

Define or describe the following terms :

Pathogen, Degrees of resistance, Monogenic inheritance,
Backcross, Inoculation techniques in air-borne diseases, Non-
recurrent parent, and Susceptibility.

Differentiate between the following :

Sporadic and Epidemic, Escape and Resistance, Immunity
and Klendusity, and Recurrent and Non-recurrent parent.
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CHAPTER 12

IMPROVED SEED—ITS PRODUCTION,
MULTIPLICATION, DISTRIBUTION,
MAINTENANCE AND TESTING

An improved seed is the easiest and cheapest means among
all the technical measures by which the crop production can be
increased in the country. Technically the seed is a ripened ovule
of the ovary but it 1s not necessarily an improved seed. What is
then the improved seed, can not be defined in 2 single sentence
but it is judged by its characters determined by both genetical
and physical features. The genetical factor means the improved
variety and the physical factor means superior quality. Hence
an improved seed is that which is of an improved variety
and also of superior quality.

The genetical requirements, 1 ¢, the prerequisites of an
improved variety are as follows :
(1) High yield: Atleast 10 to 159, higher than the local or
currently used varieties.

(2) Wider adaptabrlity © The improved variety must be
adapted to a wider range of locality, soil and climatic
conditions than the local ones.

(3) Proper maturity. Suitable period of maturity according to
agro-climatic conditions of the region.

(4) Resistance to diseases and pests, and other adverse conditions
' of environment such as drought, flood, waterlogging,
salinity and alkalinity

(5) High response 8o better conditions of growth. Such as
interculture, hoeing, weeding, manuring and irrigation.

(6) Haigh in nutrition and good 1n taste, so that 1t may be accepted
by consumers and can meet the market’s requirements.

The seeds from a variety possessing the above mentioned
characters are not only considered as the improved seeds but they
must also be pure in physical qualities
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The physical requirements, i.c., the prerequisites of a
superior quality of an improved varicty are as follows :

(1) High in purity : Free from admixtures such as inert matter,
damaged and broken sceds, weed seeds, other crop seeds,
etc.

(2) Good germination: At least 907, i.c., higher germination
percentage than the local strains of the crop.

(3) Optimum moisture content : Neither too less which may cause
the loss of seed life nor too high which may spoil the seed
by insect attack, fungus development and rotting. ‘

(4) Uniformity : Uniformity of sceds in shape, size, iweight
and colour. Besides this, they must be of proper shape,
size, weight and colour.

(5) Disease and insect free : The sceds must be free from seed-
borne discases and insects,

Any sced possessing these superior qualities is called as the
improved seed.

PRODUCTION

The different steps involved in the production of an improved
variety are given below :

Place of production : In India, the work of improvement
of crops and production of new varietics is carried out by the
Central and State Agricultural Research Institutes and
Departments. In many forcign countries, where farmers are
highly educated and well trained in recent techniques of plant
breeding, the breeding work is also carried out on private farms;
but in India 1t is seldom carried out on private farms except on
some horticultural gardens and orchards which are under private
posssesion.  On these private concerns too, the work done is
negligible and, therefore, it can not meet the requirement on large
scale.

Workers concerned : The whole work of crop improve-
ment and production of new varieties in India is done by plant
breeders, agronomists and horticulturists. The plant
breeders, who are also known as Economic Botanists, play the
main role while the agronomists assist in plantation and trials, and
the horticulturists in propagation. ]



IMPROVED SEED 221

Methods of production : The different methods employed
by the plant breeders to evolve new crop varieties are; (1) selec-
tion—mass, pure-line or clonal, (2) hybridization, (3) plant
introduction and acclimatization, and (4) mutation breeding.
These methods have already been dealt in details in preceding
chapters and, therefore, no need to repeat them again here.

Trials : After production the variety is tested for adapt-
ability in the area concerned by means of trials which are con-
ducted according to the scattered block system. The trial should
contain the plots of local as well as suggested varieties but the
number of varieties including the local should not exceed three
in each trial. All the three varieties should be grown in conti-
guous plots after randomization and the size of each plot for each
separate variety should be the same. The area of ecach plot is
kept 1/80 acre for paddy and 1/40 acre for other crops.

The whole work of trial for continuous three years is catried
out under the strict vigilance of technical staff, specially the
Research Assistants assisted by V.L.Ws.

Naming of a new variety: When a newly produced variety
is found suitable for recommending to an area, itis givena
permanent name before release. The name is selected by the
concerned producer, i.e., plant breeder, agronomist or horticul-
turist and this name is approved by the Central Variety Release
Committee of I.C.A.R., New Delhi usually without any change.
The purpose of giving a name to a variety is to facilitate its
identification during handling at different stages of its use.

While giving the name to a varicty, the following principles
arc taken into consideration :

(I) As far as possible a variety should be given single name

and not the duplicate names. ' r

(2)° As far as possible the name should be short, specially one
word name. ’

(3) The name should be such which may not exactly match
the names of other varieties of the same crop or other
crops. ‘

The name of a variety is made up of two parts, i.c., alphabet

and figure. The alphabet indicates the place of origin, quality
or breeder and is given in the following way :
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(1) On the basis of the place of origin, e.g., N.P. 4, i.c.,, New
Pusa 4, R.S. 31-1, i.c,, Rajasthan 31-1, etc., in wheat ;
Co. 312, i.e.,, Coimbatorc 312 in sugarcanc and Hr. 19,
i.e.,, Hyderabad 19 in paddy.

(2) On the basis of method of production, c.g., S. 530, i.c,
Selection 530 in bajra; Hyb. 38, i.c., Hylnid 38 in
wheat ; H.G. 7, i.c., Hybrid groundnut in groundnut, ctc.

(3) On the basis of 1ts quality, e.g., SR. 26-B, i.c., salt resis-
tant 26 Behar and FR. 43-B, i.c., flood resistant 43 Behar
in rice , Pusa Red Plum in tomato, Pusa Moti in bajra ;
Pusa Safal Sawani in bhindi ; and Durgapura safed in
guar.

(4) On the basis of popular names, e.g., Vijay, Digvijay,
Devitej, Laxmi, ctc. in cotton, Kisan, Jawahar ctc. in
maize.

{5) On the basis ofthe name of worker, c.g., LS.S,, ie,
Labh Singh Selection varieties in cotton,

The figure indicates the number of pedigree reference given
and used by the crop breeder, This figure in the beginning is
given according to convenience and whichever is found suitable,
the same is kept as such so that it may facilitate the breeder in
maintaining the pedigree of it for future.

Release of an improved variety: The variety so pro-
duced is released after the approval by the Central Varicty
Release Committee of I. C. A. R., New Delhi. This committee
was established in 1964 and is entrusted with the relcase of
improved varieties of crops for the farmers and to keep the record
of all promising varicties developed in the countrv. The plant
breeder submits all the information regarding variety’s character-
istics, performance, use, seed stocks, method of multiplication,
distribution and maintenance to the committee as the basis for its
decision. A model schedule of information to be submitted to
this committee is given in Table 20.

Table 20, Proforma for a schedule of information on
improved crop variety,

(i) IDENTIFICATION

a. Latin name
b. Variety name
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¢. Local name

d. Name approved by the Central Varieties Release
Committee
(i) ORIGIN
Name of the Research Station concerned in the evolu-
tion and release of the variety.
(iti) GENETIC SOURCE
a. Introduction
b. Selection
¢ Hybrid, or
d. Mutant

(iv) MORPHOLOGY
a Plant

SRR R e

Height (cms.)

Growth habit

Stem

Leaf

Flower

Fruit .

b. Seed

1‘
2.

o N ;s

Colour

Shape

Size

Weight of 1,000 seeds

. Numbers per fruit
. Period of viability

Percentage of germination
Crop duration, ie., duration from sowing to

“harvest

(v) CULTURE
a. Soil-range of adaptability

b. Cultivation .
1. Season—Kharif or Rab:

2.
3.

Nursery—Planting time and method

 Field sowing
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(i) Whether itrigated or not
(i1) Sced rate
(iti) Method of sowing
(vi) RESISTANCE
Frost
. Drought
Adverse wheather
. Waterlogging and floods
Salinity and alkalinity
Discases
g. Pests
(vir) YIELD AND QUALITY
a, Yield
1. Grain
2. Todder
b. Grain—Nutritive value for human being and live-
stock,
c. Fodder
1. Nutritive value
2. Palatability .
d. Percentage of chemical composition in grain
1. Protein
2. Carbohydrates
3. Ol
¢. Toxicity
(viii) INDUSTRIAL POTENTIALITIES
a. Textile
b. Oil '
c. Others
(After Chalam and Neelakantan with some'modifications)

This description is provided by the breeder to every seed
multiplication agency which wants to multiply its sceds for distri-
bution. This description helps in multiplication and mainten-
ance of the varicty and its identity.

MULTIPLICATION

The production of an impreved variety has no meaning and
value unless its seeds are increased and made available to the

Do oo
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farmers in adequate quantity at the desired time all over the
country. The initial amount of pure seed of an improved variety
available with plant breeder is very small to meet the farmers’
demand and, therefore, 1t is multiplied through different stages of
multiplication. The main purpose of this multiplication is to in-
crease the amount of seed of newly bred variety without any loss
in its qualities that have been built into 1t after many years of
painstaking research.

Distances of isolation: The cross-pollinated and self-polli-
nated crops show difference 1n their sexual behaviour and, there-
fore, the distances of 1solation given between the two varieties of
the same crop vary in different crops. The minimum safe dis-
tance of isolation between any two varieties in different types of
crops is furnished below :

Normally self-pollinated crops . 150 cms.
Often or partially cross-pollinated crops 30 metres
Normally cross-pollinated crops 150 metres

The maize is highly cross-pollinated crop and the distances
recommended are 180 metres for single crosses and 270 metres
for double crosses.

Stages of multiplication : These distances are maintained
throughout all the stages of seed multiphcation. The pure seed
is multiplied many times and then it becomes sufficient to meet
the desired requirements of farmers. For this itis multiplied
many times as follows :

(1) Nucleus seed : This 15 the 1mual amount of pure sced of
an improved variety available with the concerned plant breeder.
It 1s always cent per, cent pure, geneucally as well as physically,
and is very limited i in quantity It'is produced ‘under the direct
supervision of the plant breeder at the main breeding station.

(2) Breeder’s stock seed . This is the seed obtained from the
progeny of nucleus seed. It is also produced under strict super-
vision of concerned plant breeder at the main breeding station
and is cent per cent pure genetically and physically.

(8) Foundation seed : ‘This 15 the name giwven to the sced ob-
tained from the seed multiplication farms Any seed which is
produced on Government Multiplication Farms is usually called
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as foundation seed irrespective of whether it has been produced
directly from nucleus seed or breeder’s stock seed. It is not so
pure as is nucleus or breeder’s stock seed. Its production is car-
ried out under the supervision of research assistants.

(4) Registered seed : This is the name given to the seed raised
from progeny of any one of three aforementioned categories of
seed multiplication. The registered growers are sclected from
the progressive educated farmers and are entrusted with the work
of seed multiplication. They are of three classes, viz., A, B and
C. They are given instructions by technical staff and issued the
improved seed for further multiplication. They grow the crop
as per instructions. The staff of certifying agency inspects the
crop from time to time up to harvesting and threshing. After
threshing the seed is purchased by Government at already fixed
price and handed over to the disributing agency. Thus the
registered seed is used for general distribution to the farmers in
the block.

(5) Certafied seed : 1t is the name given to any sced that has
been certified by the cerufying agency as a good sced for sale
and distribution to farmers. This is not necessarily the progeny
of improved seed but is good in physical qualities to meet the
farmers’ requirement. It has been observed that the seed distri-
buted to farmers in blocks is generally called as ‘certified seed’.
This seed is actually the progeny of registered seed. Thisis due
to the fact that the amount of registered sced is not considered
sufficient to meet the desired demand of farmers, and, therefore,
it is further multiplied in block area by some farmers, certified
and then distributed to every farmer.

Certified seed can be produced by any faimer but must be
approved and certified by the seed certifying agency and seed
testing authority for distribution as a certified seed.

Sequence of seed multiplication : The time taken in seed
multiplication should not exceed five years in any case, i. e., the
seeds of an improved variety must reach every faimer within a
period of five years of its release The sequence of seed
multiphcation stages within the five years’ petiod has beens shown
diagrammatically m Fig 54 with arrows as mdicators to the
next stage .
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In our country the sced multiplication, certification and dis-
tribution is mainly carried out by the National Sceds Corpora-
tion established by the Government of Indian July 1963. This
Corpoiation 15 also imparting training to the workers in seed
testing, certification and multiplication. N.S. C. has been steadily
extending its arca of work in collaboration with the State Depart-
meznts of Agriculture.

DISTRIBUTION

The distribution of improved sceds to the farmers is carned
out by Blocks and Co-nperauves in India. These agenues receive
the improved seed in bags or contamcrs with properly affixed
labels indicating the standard of class of seed, This iabel bears
the information (Table 21) regarding the sced and serves o+ an
evidence of genetic identity and varictal punty of the seed in the
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bag or container. The labels used are of different cclours for
different classes of seeds.

Table 21. Information regarding seed contained in
affixed label

Kind......

Variety... .

Class . . . .. .*Foundation/Registered/Ce tified
Source .... .. ..*Govt. Seed Farm/[Certified grower
Address....... . )

Germination percentage ......
Purity percentage.. .. ..
Moisture content ... ....
Quantity offered for certification . ..
Seal or Insignia of certifying agency
*Please strike out whichever is not applicable.
(After Chalam and Neelakantan, 1962).

In case of self-pollinated crops, when once the seed has been
distributed to the farmers there is no need to distribute it again
in next year freshly but the farmers are advised to save the seed
from the crop grown and use it again in coming year for raising
the new crop. This process is repeated every year by farmers to
meet their requirement of seed for sowing. After 7 or 8 years
the seed may be. renewed by the distributing agency. This 1s
done with the 1dea that after 8 years or so due to admixtures and
some amount of cross-pollination, the seeds may deteriorate in
their quality and the purity may be lost. |, , .

FEY

In case of cross-pollinated crops, when the improved seed is
of hybrid, origin, the farmers are supplied fresh seeds every year to
raise the new crop  This 1s done for the reason that the hybrid
vigour is lost and spoiled in F, -due to segregation and free cross-
pollination and, therefore, the use of F, seeds has no advantage
over local variety.  If the variety is mass selected or composite
no need to redistribute the new seeds every year but farmers may
be advised to keep some plot isolated and use mass selection in it
for collecting the seeds for next year’s crop.
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PROCUREMENT OF
IMPROVED SEED

A farmer can approach one or more of the following agencies
for obtaining the pure seed of improved varieties at the time of
sowing :

(1) Government or Co-operative Seed Stores.
(2) Registered seed-growers.

(3) National Seeds Corporation, New Delhi or its agents
in locality.

(4) Agricultural Universities.

For information and advice on particular points the farmer
may contact the Block Development Office which may help or
guide in all spheres of agriculture.

MAINTENANCE

The improved varieties, if not maintained, are lost and thus
the whole labour wasted in their production goes in vain. It is,
therefore, essential to maintain the improved varicties year
after year so that their seeds may be supplied every year to the
farmers.

The work of maintenance is carried out by technical staff at
various research stations ‘The original plant breeder also main-
tains the varieties with their parents.

Self-pollinated crops: In self-pollinated crop the variety,
may be a selection or hybrid, is maintained by practising the
pure-line selection with all precautions of distance and admixture
every year in the variety and its parents.

Cross-pollinated crops : For maintaining the hybrid vari-
eties of cross-pollinated crops, the following five steps are prac-
tised every year:

(1) Maintenance of the parental inbreds.

(2) Production of parental inbreds.

(3) Production of single crosses.

(4) Production of double crosses.

(5) Distribution of double cross seeds to farmers.
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If even one step is not carried out in any one year the
continuous supply of hybrid seed is cut off and if the first step is
not followed even the hybrid variety is lost.

If the variety is mass selected, it i maintained by growing in
isolated area and practising the mass selection in it every
year.

A comparative description of seed multiplication, distribu-
tion and maintenance in different types of crops has been given
in Table 22.

SEED TESTING

The seed testing was started as early as 1816 when Switzer-
land passed a law which required clove seeds to be inspected
before being offered for sale. In Germany the seed testing was
started in the year 1869, i.c., same decade in which Mendel
published his experiments on pea and laid the foundation of
genectics. Nobbe, then Agriculture Adviser to Germany. cohduc-
ted detail studies on seed testing and published the findings in
his book entitled “The Handbook of Sced Science” which was the
first book on seed in the world. Subsequently, seed testing deve-
loped in Europe and other countries. In the beginning, major
aim of seed testing was to identify weed seeds which create
hazards when present in crop secds. Since 1889 the seed testing
also came to include analysis for purity and germination. In
1921, the International Seed Testing Association (I.S T. A.)
was established. The initial purpose of this union as well as the
Association of Official Seed Analysts of U.S.A. was to promote
uniformity in seed testing methods.

In India the seed testing work was started in the Second Five
Year Plan with sanction of a grant for establishment of four seed
testing laboratories at 1. A. R. I., New Delhi, Hyderabad in A.P.,
Ludhiana in Punjab and Patna in Bihar. The Central Seed Tes-
ting Laboratory at 1. A. R. I., New Declhi came into existence in
November, 1955. In the beginning these laboratories were meant
for vegetable seed testing attached to the Horticultural Section
of the State Agricultural Departments. .Subsequently with the
development of seed producers, seed dealers and Government seed
multiplication farms for important agricultural crops, one seed
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testing laboratory was established in each. State (Sec Appendix I
for addresses).

Definition and objective: Seed testing means the analysis
of seed sample to determine its quality. Thus the main objective
of seed testing is to judge the quality of seed, i.c., varietal purity,
moisture content, viability percentage, occurrence of weed seeds,
presence of seced-borne diseases, etc.,, to know whether it is
physically fit or not for the following purposes :

(1) Raising new crops

(2) Selling in the market

(3) Certification

Seed testing agencies: The work of seed testing in India
is done by two agencies, viz., the Sced Testing Laboratories and
the National Seeds Corporation.

The functions of the Seed Testing Laboratories are:

(1) To carry on fundamental rescarch on seed testing

methods. ‘

(2) To fix up the minimum seed standards for purity, germi-

nation and moisture content for different crops.

(3) Toimpart training to the workers on seed testing and
certification.

(4) Secd certification.
(5) To make recommendations for formulating the seed
laws.

(6) To play a statutory role in implementing the provisions
of sced law, i.e, the seed analysis conducted in a Seced
Testing Laboratory will be valid in a court of law.

(7) To set up a museum of vegetable and weed seeds.

The functions of the National Seeds Corporation are:

(1) Seed multiplication and distribution.

(2) Seed testing and certification.

(3) To make recommendations for fixing up standards and
formulating seed laws.

Type of tests: Under seed testing the following different
tests are carried out to determine the quality of seed :
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(1) Purity,

_ (2) Germination,

(3) Moisture content, and

(4) Seed-borne diseases.

Before going into their details, it must be learnt that the
methods used in testing the seeds are more or less uniform and
practically the same in all the countries of the world. This is due
to the efforts of International Seed Testing Association which has
been trying for the last so many years to bring the uniformity in
methods of seed testing in the different countries of the world.
Same procedures and similar instruments are being used in each
country by its seed testing laboratory and the staff is also being
trained practically in the same way Due to this uniformity in
the seed testing methods, the results obtained from a given seed
sample at one seed testing laboratory can be reproduced at any
other station in any part of the world where, on testing, it will
give the same results. In this
way it is possible to import
and export the improved seed
and to issue an International
Seed Analysis Certificate.
Indeed such a uniformity in
seed testing is essential all
over the world for convenience
of international seed trade.

Sampling: It is taking
of samples from the different
sources such as bags, heaps
and drums for the purpose
of making different tests as
given prcvio‘usly. The sample
F56ig is taken in different ways
from the different sources.

A Gamet sced mixture and divider,

‘t’)v\l;lll:h 15 used to reduce a laboratory From heaps : 1f the seed is
seced sample to a working seed :

sample It makes the-use of centri- ina heap, the samples.from
fugal force to mix and scatter the seeds seven places at equal distan-

over the dividing surface (Afler “Seeds’ -
~—the Yearbook of Agriculture, U. S D A., ces are taken by hand push

U S.4,1961) ing. All the samples thus
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drawn are merged together into one and the work of sampling

is complete.
From begs : If the total seed is in five or less than five bags,

onc sample is taken from each bag Ly inserting the trier: If the
seed is in more than five bags, one sample is taken from  cvery
fifth bag with the help of trier. All the samples are mixed
togethcr into one.

From drums : If the seed is in drums, the samples are taken
from the drum. The only difference is that hand is used'in taking
up the sample instead of using the trier. ;

Preparation of sample for testimg: The sample’ collected
in the aforementioned way is known as mrechanical sample. Tt
is properly mixed by hands or mixing machines so 'that every
portion of it becomes homogeneous in composition. This sample
is very large and, therefore, it is divided into 4 or 5, or even more
groups, each known as werking sample or analytic sample.’
Dividing may be' done either by hands or by divider such as
Boerner divider or Gamet precision divider specially mcant for
this purpose (Fig. 55) These mechanical mixers and dividers are
faster and more accurate than old hand mcthods. v

All the tests are made in analytic or working sample.

Parity test : The purity test is done to estimate the undesir-
able constitvents inside sample. Ttis done in- duplicate, i e., two
analytic samples are tested separately and their 1esults are avera-
ged for getting the correct data on the purity percentage.

Following equipment is used in purity analysis of seed to help
the analyst in doing efficient and accurate work : :

(1) Purity workboard : It provides a clean and comfortable -

work area for the purity analysis.

(2) Forceps : They are used for separating the different com-

ponents of seed under analysis. ’

(3) Magnifiers : They are needed in analysing seeds of small

sizes and in identifving weed seeds. -

(4) Steves : They are useful in a rough prehmm?ry scparation

of pure seed {from other extranccus material.

(5) South dakota seed blower : It is used in blowing light '

chaffy material. s ‘
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(6) Balance : Tt is nceded for weighing different fractions ef
seed and sced samples. Many types of balances such
as Cent-o-gram, Torsion, Chain-o-matic etc. are available
in market. For details it is advisable to see Sced
Testing Manual.

(7) Dishes : Small round aluminium dishes are very uzeful in
moving and taking the seed, inert matter, weed seeds and
other seeds from bag to working table and from working
table to balances for weighing.

(8) Smaller sample pan for keeping the seed sample.

‘m%
/ ==

Fig. 56

A seed sample working table which clevates the working
area above the level of the table top and so mimimises
tireness of eyes, neck and shoulders of the technician
who makes an analysis for the purity of sced (Aftes “Seed’
—Yearbook of Agriculture, USD A, US 4, 1961)

The analytic sample is weighed and then spread on a glass plate
or on a smooth table (Fig. 56) 1t is examined particle by particle
by eyes usually with the help of magnifying glass or lens. Sometimes
special methods, e g, ultraviolet hight and others are also used for
this purpose. The working sample is separated into two parts,
viz., pure seed and impurities The pile of impurities is further
examined and separated into the following components :

1 Inert matter, e.g, sand, straw, stones chaf, ergot and
sclerotia.
Other seeds, e g., weed seeds and other crop sceds

[}

Defective seeds, ¢ g, dizcased, brokcn, shrunken and
inscct possessing seeds.

Any broken seed, larger than half of the original sced in size,
is included into the pure sced. _
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After making all separations, each component is weighed
separately and then the purity percentage is calculated on the
basis of weight.

Suppose two analytic samples ‘A’ and ‘B’ were taken from
wheat bags and on analysis the following observations were made:

NS

L

Sample A

Weight of the sample

Weight of the inert matter

Weight of other seeds

Weight of defective sceds
Total amount of impurities

Percentage of impurities

Purity percentage

Sample B

Weight of the sample

Weight of the inert matter

Weight of other seeds

Weight of defective seeds
Total amount of impurities

Percentage of impurities

Purity percentage

=25 gms.
=0.75 gms.
=0.50 gms,
=0.25 gms.
=0.754-.50+4-0.25
=1.5 gms.
1,50 x 100

25
=69
=100—6=94%,

=25 gms.
=] gm,
=0.25 gms,

=0,50 gms.
=140.25+4-0,50 gms.
=1.75 gms.
_1.75x 100

et i s

- 25
=7%

—=100—7=93%

If the difference in purity percentage of these samples, which
are from same source, i§ high, fresh samples are to be taken and
the test is repeated

Average of both samples is (93+494)—2=93.5. Thus 93.5 is
the purity percentage of the mechanical sample taken from wheat

bags.

Impurity. percentage is also known as dockage.
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Germination test: The purpose of germination test is to
determine the percentage of viable seeds so that the germination
percentage may be known. Several methods have been developed
to test the germination percentage but only two, which are used
in routine investigations, have been described here.

The ideal method for germination test would be to sow the
seeds in the field and count the seedlings but this 15 usually not
practical for two reasons, Firstly, the results of germination ana-
lysis are required before sowing time and, secondly, the field con-
diticus are not standard one but variable from place to place.
The results taken under such conditions are not reproducible and
they must, therefore, be carried out under controlled and
standardized conditions in laboratories as far as possible.

The following equipment is generally utilized in conducting
the germination test :

(1) Germinators : Germination cabinets or temperature cont-
rolled rooms are the usual methods for controlling the
humidity and temperature. They are least needed ina
place like Bangalore where ideal temperature is prevailing
throughout the year.

(2) Refrigerator : It is used for prechilling the seed samples to
break dormancy wherever necessary. This special cool-
ing apparatus is not required mn Srinagar or Himachal
Pradesh where cooler conditions are naturally existing to
meet the needs.

(8) Germination boxes : Wooden benches and boxes filled in
with sand are the best things for germmating seeds. The
sand to be used should be either fresh or sterlized 1f at
has been used repeatedly. It is always good to use fresh
sand if easily available to avoid the need for sterilization,
The sand can be sterilized by either putting the boxes in
oven or connecting them with steam pipe.

(4) Petridishes and paper towels : They are cheaper and easily
available for germinating seeds on small scale.

(5) Blotter and cotton : They are put inside the petridishes and
paper towels to conserve and maintain the moisture so
that seed may get it continuously during germination.
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(6) Dussecting equipment : Scalpels or knives are used to cut
the seeds into two equal halves for treating with tetrazo-
lium.

(7) Tetrazohwum chloride & Bromide are chemicals used to
stain the bisected seeds. On the basis of staining taken
by seed parts the viability of seeds is judged and inferen-
ces on seed germination are drawn.

(8) Counting board, Impression board, Sand and water mixer, wash
bottles, trays, efc., are also nceded to speed up the work of
germination test,

(I) Germination experiment method : In this the four groups of
seeds, each of 100 seeds, are taken from four analytic samples of
the same source. Sceds of each group are germinated scparately
and the germinating seeds arc counted. Thus, the germination
percentage is calculated for cach group and then the average of
all the four is taken. Thisis the germination percentage of the
source from which the original sample was taken.

If there is more than 107, difference of germination in any
two groups, the fresh samples aic taken and the experiment is
repcated.

The sceds are grown in proper medium under optimum con-
ditions which vary with the species to be tested. Sceds of cereals
germinate cqually well both in sands and filter papers, and those
of legumes better in sand. Soil is also sometimes used as germi-
nation medium. Filter papers are always put in petridishes and
the sand and soil are put either mn wooden boxes or plates. For
germination, optimum conditions of temperature and humidity
are provided throughout the testing. Most of the sceds germinate
at temperatures hetween 18° to 22°C and the iclative humidity
between 70 to 90%,. But for certain seeds, speciilly ygrasses, the
alternating temperatures between 20° to 30°C, or between 10° to
30°C are needed. Most seeds germinate casily in the diffused light
or in the dark but some seeds, in addition, require special ticat-
ment of light, darkness, cold, etc. Fresh air is also nceded to
remove CO, and to supply O, for respiration.

The humidity is maintained by supplying water to the medi-
um from time to time. Temperature 1s maintained by keeping

the dishes or boxes in cold places of frecz¢ and in hot places or
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oven as is comenient  Darkness and light may be provided by
keeping the boxes or dishes into dark rooms and sunlight respec-
tively. Provision for fresh air and supply of oxygen is made
either by keeping the experiment in open air o1 by keeping
the holes on sides of wooden boxes which may serve the purpose
of ventilation without creating drought around the sceds

The duration of germination test varies from 7 to 28 days
depending upon the species under test. Scven days are for those
species which germinate very quickly and evenly and 28 days are
for those which germnate very slowly. The germinated seceds
are counted after definite number of days as the first count is
made after 3 or 4 days in case of cereals and clovers, and after 7
days in case of grasses. Each subsequent counting is made after
a fixed nterval throughout the test.

The seeds are considered to have germinated when they have
produced a healthy root with root hairs and plumule. At each
count, the number of germinated seeds 1s noted and then they are
removed. If necessary, the remaining seeds may be transferred
to a fresh seed bed or medium. At the end, total number of
germinated seeds are obtained. The figures of all the four groups
are added up together and average percentage is calculated This
gives the germination percentage 1n seeds.

Suppose four groups of wheat seeds, ic, A, B, C and D, cach
having 100 seeds gave the following number of germinated seeds
(Table 23).

Table 23 Number of germinated sceds obtained in four
groups of seeds separately at each count

Count Group 4 Group B Group C Group D
No. 100 seeds 100 seeds 100 seeds - 100 seeds
1 10 12 11 13
2 20 25 19 23
3 25 25 30 25
4 20 15 14 15
5 10 6 10 8
6 3 4 g 2" .
7 2 5 1 3 “~

Total 90 92 94 92
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Here the difference between any two groups is not more than
4 and, therefore, no necd to repcat the experiment.

Germination percentage = (90"'-921‘35 +92) 100

=02

Germination experiment method gives the accurate in-
formation about the germination percentage but takes too much
time,

(2) Tetrazolium method: 1In this method a chemical called 2,
3, 5-triphenyl tetrazolium chloride discovered by Lakon in Ger-
many is used to judge the viability of seeds. The concept behind
this method is that the viable seceds are supposed to germinate
and if their number can be counted, the germination percentage
can be calculated without conducting the germination experi-
ments.

Hundred seeds are taken at random from an analytic sample
and soaked in tap-water overnight, The seeds are then bisected
longitudinally. One half of each seed is retained and the rema-
ining hundred halves, each containing some portion of embryo,
are placed in dish and just covered with 19, agqueous solution of
tetrazolium chloride which is almost colourless. They are left
as such in dishes at 20°C ‘for four hours. The seeds are then
washed in tap-water and cxamined. Some halved seeds will be
found red stained and some will not. This is due to the reduction
of tetrazolium chloride by living cells which in its reduced state
becomes red in colour. Thus it is quite possible to distinguish
" the viable bisected seeds from the nonviable on the basis of distri-
bution of red colour. The viable ones are counted which
directly give the germination percentage of seed sample.

This test gives a fairly accurate idea of “germination percen-
tage and can be completed within 24 to 48 hours. Hence, it has
the advantage of being completed in much shorter period but
involves more laborious hand work than that is neceded in g“mi
nation experiments. In this case, close, §crutmy of each seed is
requtired which may be very difficult in’ small seeds and, therefore
it is not applicable in such cases where sceds are very very minute
in'size,, - = !
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Real value of seed : The real value of seed, which is also
known as utility percentage, conveys the value of a sample in
comparison to another sample and can be defined as follows.

The real value of the seced is the percentage of pure
germinating seeds

It is calculated by the following formula -

Purity%, X Germination9,
100

Suppose there are two samples, ‘A’ and ‘B’, of wheat exactly
of same kind with no serious impurities. The farmer or the mer-
chant wants to know which is the better sample ? The figures for
purity percentage are 90 and 95, and for germination percen-
tages are 90 and 85 respectively for both the samples Now,
it is very dufficult for them to distinguish the better sample at a
glance from the study of figures of purity and germination percen-
tages In order to facilitate this comparison, thc real values of
seeds are calculated 1n both cases :

90x 90

Real value of the seed =

A . ZTYAYY _ a10
Real value of ‘A’ = 100 81%
Real value of ‘B’ = g-slg—g—;—s = 80759,

By comparing thesc two figures of both samples it is clear
that sample ‘A’ is slightly superior to sample ‘B’.

Sometimes the real value may not convey the correct infor-
mation ; for instance a seed sample having higher real value but
more impurities speclally undesirable weed seeds, will be of
infeiror quality. Real value says that sample ‘A’ 1s superior
while in reality the sample B may be superior to A.

(3) X-ray method : This was developed by Drs. Simak and
Gustafsson in Sweden and is based on the principle that different
parts of a seed such as seed coat, endosperm and embryo absorb
X-rays to different extent which can be differentiated in X-ray
pictures Thus it is possible to draw inferences on relative deve-
lopment of embryo and endosperm for comparison with germina-
tion. The small dose of X-ray does not affect the viability of
seeds.

Moisture content : Besides the purity and germination per-
centages, the moisture content is the another important conside-
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ration in testing the seeds. The knowledge of moisture content
helps the farmers and merchants in storing their seeds for some
time before sowing and selling. A high moisture content may
result in rapid deterioration of seed. For example, the wheat
seeds with a moisture content of 159, can be stored safely but if
the moisture content is more than 17 % the sample will deteriorate
much more rapidly. If it is 209, or above the seed mav become
totally useless and valueless for sowing in a relatively short
period.

The moisture content of a seed sample can be determined
simultaneously with purity test or sometimes after the purity
analysis. There are three methods commonly used for determin-
ing the moisture content of the seeds, namely, oven method,
electrical method and oil distillation method. Among all the three
the first, i.e., oven method is commonly used for routine investi-
gations.

(I) Oven method .. Usually three portions, each weighing 5 gms.
arc taken from an analytic sample and weighed out. They are
dried at 130°C for 90 minutes in an oven. Again they are weighed
after drying and the difference in weight before and after heating.
will be the amount of moisture contained in seed. The moisture
percentage is calculated from this difference on the basis of weight
as follows :

’

100
M,—M,
where, M, 1s weight of dish with cover. M, is the weight of
dish with cover and seed before drying and M, 1s the weight of
dish with cover and seed after drying. All weights are taken in
grams to an accuracy of 1 mg. ’

(M;—M,)

The results of triplicate determinations must not differ by
more than 0 29,. Should the difference be greater than this, the
test must be repeated in duplicate or triplicate.

A temperature of 130°C 15 excessive for tree seeds and some
other seeds such as Allwum spp., Capsicum spp., Raphanus, etc.
which contain volatile oils. In such seeds the temperature is kept
at 105°C for 16 hours instead of 130°C for 90 minutes. Both sys-
tems are similar except difference in temperature and drying
period
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This method, although not very accurate for research work,
gives fairly reliable information for routine investigations.

(2) Electrical method : In this the electric moisture testers are
used. They measure the electrical resistance through seeds which
varies according to moisture content. In India only two types of
testers, Steinlite and Universal, are used by the National Seeds
Corporation and other organisations concerned with seed tes-
ting.

These moisture testers are expensive, require calibration
and if misused or handled by untrained workers, they are subject
to error.

The advantage of this method is that the moisture testers
are easily portable and the test can be made within two minutes’
time.

(3) Dil distillation method - This method, though time-consu-
ming, is much less cxpensive and accurate enough for determin-
ing the moisture content of seeds. The inexpensive aspect of this
method requires a 500 grams scale spring balance, 200°C
{(392°F) thermometer, a one litre container, and a source of heat
such as kerosene burner. The tontainer with 200 gms of vege-
table oil and 100 gms. of seed is heated to 90°C for 15 minutes.
At this point water is evaporated but the oil is not boiled. The
difference in weight of contairer and contents before and after
heating indicates the moisture percentage in the seed.

Discase free: There are certain diseases, as grain smut
of jowar, cereal smut of millets and bunt of wheat, which spread
through seeds. Their causal orgamisms remain associated with
the seeds and usually can not be observed with naked eyes. The
seeds, therefore, must be rejected from mixing with other seeds as
well as entry into the market trade.

Seed certification : The term °‘seed certification’ means a
system of approving a crop variety seeds by seed certifying agency
as an improved seed. The purpose of seed certification is to
make available to farmers the good quality seeds and other
propagating material. This work is carried out by Laboratories,
National Seeds Corporation, etc.,, who send their inspectors for
certihication of seeds. Inspectors inspect the crop from sowing
to the threshing stage with all precautions. The decision, whether

i
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the crop is to be certified or not, is made on the basis of the
reports obtained from the inspectors concerned.

Seed laws or seed control laws: They are those laws
which fix up the minimum limits of every test known as permissible
limits and control the seed trade. They are applicable to cvery
type of seed coming into the market, may be from within the
country or outside the country. Already in India, the Sced Bill
has been approved on November 18, 1365 to regulate the quality
of seed in trade and agricultural transactions.

Questions

1. Define the improved seed and state factors determining it.
2. Who does produce the improved crop varieties and where ?

Mention the names of different methods employed for
evolving the improved crop varieties.

4. How a variety is named and released ? Describe in brief.

5. What is the importance of seed multiplication in plant
breeding and give its different stages ?

6. List the names of different agencies and personnel concerned
with seed multiplication programme.

7. Compare the distribution of improved seed of self-pollinated
crops with that of cross-pollinated crops.

8. What are different steps involved in the maintenance of
hybrid varieties in maize ?

9. Why the seeds of hybrid maize are distributed freshly to the
farmers every year ? Account for it with reasons.

10. Discuss the aims and objectives of seed testing in agriculture.

11. What are the various seed testing organisations in India and
describe their functions separately ?

12. What different types of tests are conducted in a seed sample
to determine its quality ?

13  Define the term ‘purity’ and describe the procedure of its
determination in a seed sample.

14. Calculate the percentage purity of the wheat sample with
the help of data given as follows :



15.

16.

17.

18.

19.

20.

21.
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Weight of the sample . =30 gms.
Weight of the inert matter =0.75 gm.
Weight of other seeds =1.0 gm.
Weight of defective seeds =2.25 gms

List the names of different methods commonly used to
determine the germination percentage of a seed sample.
Describe the tetrazolium method in detail.

Two cartloads of wheat grains came into the market of
Udaipur and a merchant wanted to purchase only one.
What criteria will be adopted to sort out the cari contaming
superior quality of wheat grains? Under such circumstances
which test is needed so that the better one can be disting-
uished quickly ?

Following data have been provided to you for two samples
‘A’ and ‘B’ of maize :
A. Germination percentage =90%
Purity percentage =959,
B. Germination percentage =889,
Dockage = 4%,
Determine which sample is superior ?
Describe the most common method of estimating the moisture

content of seeds

Differentiate between the followings :

Foundation seed and registered seed.

Mechanical seed sample and working seed sample.

Give the various functions of the following organisations :
Seed Testing Laboratory, the Central Varietiecs Release
Committee, National Seeds Corporation and Registered
seed growers.

Comment on the followings :

Dockage, Lakon, Seed Bill, Seed certification, Maximum
permissible limits and Nucleus secd.
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10.

11.

12.
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Abbreviations used in glossary are clarified here adj=adjec-
tive, e.g =for example, ef al.—=and others, Gk.=Greek, 1.¢ =that
is, L.=Latin, n.=haploid number of chromosomes, 2n=diploid
number of chromosomes, n=noun, Opp.=Opposite, pl.=plural,
Sp =Spanish, v=verb, x=haploid generation, 2x=diploid genera-
tion, elc

A. Angstrom, 0.0000001 mm

Acclimatization n. (L. ac or ad==to--clima=region). The
adaptation of an individual, plant or animal, or a population
to a changed climate for a number of generations, Synonym,
acclimation.

Albino n (Sp. albino=white, L albus=white). A plant lacking
chlorophyll or an animal lacking normal pigmentation.
Albinic condition 1s determined by recessive genes (cc in
animals and ww in plants).

Allogamy n (Gk allos=other+gamos=marriage). Cross-pol-
Iination. Opp., autogamy.

Amphimixis n. (Gk amphi=both-{mxis=mixing) It 1s the
normal sexual reproduction in which the morphologically
dissimilar male and female gametes unite together for the
formation of zygote The meiosis and fertilization are the
essential features of 1t Ofp , apomixis

Analytic seed sample. The seed sample obtamned by dividing
the mechanical seed sample in which the analysis for different
tests is carried out conveniently.

Androgenesis n. (Gk aner=male{-genesis=descent).  Male
parthenogenesis.

Angstrom n.° (A. J. Angstrom, Swedish pl},ysicist). One tenth
millionth part of a millimetre. Symbol A.

Anthesis n (Gk anthos=flower). The stage or period of open-
ing of a flower and 1ts pollination.

Antipodal cells n. (Gk. anf:=against4-pous=foot). A group of
three cells at the chalazal end of embryosac, i e , at theopposite
end of the egg-cell
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Apogamy n. (Gk. apo=away--gamos=marriage). A type of
apomixis in which the embryo develops from the cells other
than egg-cell, i.e., synergids or antipodal cells without ferti-
lization and with or without meiosis. It is of two types :

(i) Haploid apogamy. Meciosis takes place in synergids
or antipodal cells and thus they are haploid giving
rise to the haploid apogamy. Synonyms, meiotic
apogamy and generative apogamy.

(ii) Diploid apogamy. Meiosis is absent and synergids
or antipodal cells remain diploid giving rise to the
diploid apogamy. Synonyms, somatic apogamy or
euapogamy.

Apomixis n.' (Gk. apo=away--miris=mixing). An abnormal
sexual reproduction in which the embryo develops from the
egg-cell or cell associated with it without fertilization and
with or without meiosis. It is of various types such as par-
thenogenesis, apogamy and apospory. Opp., amphimixis.

Apospory n. (Gk. apo=away--sporos=seed). A type of apomixis
in which the embryo develops from the integuments or
nucellus.

Artificial selection n  See selection.

Artificial vegetative reproduction. See vegetative re-
production.

Asexual reproduction n. (Gk. a=without+}L. sexus=sex). A
type of reproduction which takes place with the help of one
sex instead of fusion of gametes from two sexes.

Autogamy n  (Gk autos=self4-gamos=marriage). Self-pollina-
tion. Opp , allogamy.

B,, B,, B;. Furst, second and third backcross generations respect-
ively. The first backcross is made by crossing hybrid with
one of its parents, the B, is made by crossing the B, plants
with the same parent, and so on in B, and subsequent back-
cross generations, Synonyms, BG;, BG,, BC,.

Backcross n. In plant breeding, a cross of a hybrid, ie., F;
with one of its parents and the purpose is to transfer a specific
gene from an undesirable variety to another commercially
desirable one lacking in that particular character. In
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genetics, a cross of hybrid with a homozygous recessive parent
and the purpose is to test the gametic ratio of F,.

Backcross breeding. A type of breeding method in which the
backcrossing 1s carried out for several generations followed
by subsequent selection until a desired combination of
characters from the recurrent parent and one or two desired
traits from the non-recurrent parent is obtained 1n the
progeny. Synonym, backcross method of breeding. In
livestock it is called line breeding

Balanced heterosis Sece heterosis.

Biometrics n. (Gk. biwos=Ilife+metron=measure). Statistics
applicable to biological data.

BC,, BC,, etc See B,, B,, etc.

Botany n. (Gk. botane=pasture). A branch of biology which
deals with the study of plants Its branches are : Pure
Botany such as morphology, physiology, taxonomy, ecology,
etc., and Applied or Economic Botany such as plant breed-
ing, plant pathology, agronomy, horticulture, forestry, etc.
Synonym, phytology

Breeder’s stock seed. The improved seed increased from the
nucleus seed under the guidance of original plant breeder It
is genetically and phenotypically cent per cent pure and
used as a source for foundation seed Synonym, Breeder’s
seed.

Breeding. The improvement of plants or animals by selection,
hybridization, etc.

Bud mutation. The mutation 1n the bud which causes variation
in it and gives rise to a branch, flower or fruit unlike rest of
the plant. Synonyms, bud sport and bud variation

Bud selection. A form of clonal selection 1n which the bud is
made the unit of selection.

Bud sport See bud mutation.

Bulk method. A hybridization method used in self-pollinated
crops in which the segregating generations of hybrids are
grown in bulk plot, with or without mass selection, and with
single plant selection in F; and later generations. Synonyms,
bulk breeding and bulk method of breeding.
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Bulk seed sample. The entire quantity of sample received in a
seed laboratory for testing.

Certified seed sample. The samples which are submitted by
a seed certification officer or inspector for determining the
quality to be tagged and sold as certified seed.

Certified seed. The progeny of foundation, registered or any
other seed which has been certified by a certifying agency
and possesses a satisfactory level of genetic identity and
purity.

Chalazogamy n. (Gk. chalaza=small tubercle+-gamos=marriage).
The fertilization in which the pollen tube enters the embryo-
sac through the way of chalaza,

Cleistogamy n. (Gk. kleisto=closed+gamos==marriage). Self-
fertilization within the closed flowers.

Clone n. (Gk. klon=twig, Webber). A group of plants obtained
vegetatively from' a single plant.

Clonal selection. A method of sclection of desirable clones from
the mixed population of a vegetatively propagated crop.
Combining ability. The relative ability of an inbred line or a
clone, when crossed to another inbred line or clone, to trans-
mit desirable traits or a specific trait to its cross. Itis of

two types :
(1) General combining ability *is the average perfor-
mance of a line 1n hybrid combination”, and
(1i) Specific combining ability is used to indicate ‘“those
crosses 1n which certain combinations do relatively
better or worse than would be expected on the basis
of the average performance of the lines involved”.

Compartmental selection. A form of mass selection in which
the whole field is divided into different compartments so as
to eliminate the effects caused in plants by variability in soil
fertility.

Composite seed sample. A seed sample composed of mixture
of different sub-sample taken from various parts of a seed lot.

Conjugation n. (L. conjugatus=to join together). The fusion of
isogametes (morphologically similar gametes) as in lower
plants like algae and fungi.
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Conventional breeding methods. The classical methods of
crop 1mprovement such as different types of sclections, hybri-
dizations, and plant introduction and acclimatization.

Cross n. Used to indicate mating of two or more parents of
unlike genetical constitutions. Also used for a hybrid.

Single crass. A cross between two inbreds, A xB.

Three way cross. A cross between a single cross used as
female and an 1nbred used as male, i.e., (AXB)xC

Double cross. A cross between two single crosses 1nvoly-
ing four different mbreds, e.g., (A xB) X (Cx D).

Top cross. A cross between an open-pollinated variety
and an inbred. Synonym, inbred-variety cross.

Synthetic cross, A cross among many inbreds, clones
or sibbed lines without control of pollination.
Synonyms, polycross and strain building.

Multiple cross. A cross among many mbreds with polli-
nation between desired lines Synonym, composite
cross.

Crossing. It is an another name for hybridization defined as
“the artificial cross-pollination between genetically unlike

plants”.
Cross-pollination See pollination.

Cytogenetics n. (Gk. kytos=hollow+genesis=descent).  The
combination of cytology and genetics in which the genetical
data are interpreted in terms of chromosome structures.

Cytology n. (Gk. kytos=hollow+}logos=discourse). The branch
of biology which deals with the structure, function, properties,
physiology, development and reproduction of cells.

Detassel. v. Removal of immature tassels of maize.

Dialilel crossing. The crossing 1n which each of a number of
males 1s crossed to each of a number of females so as to com-

pare the breeding value of males. y;
Dichogamy n. (Gk. dicha=in two--gamos=marriage) The con-

dition in which the male and female organs of a bisexual

flower mature at different times insuring cross-pollination.
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progenies raised by sowing the seed obtained from the T seclf-
fertilized or inter-crossed plants, and so on.

False heterosis. Scc heterosis.

Fertilization n. (L. fertilis=fertile). The union of two morpholo-
gically dissimilar male and female gametes.

Foreign seeds. Seed of weeds and crops other than the kind
under consideration or being tested.

Foundation seed. The seed raised from breeder’s stock sced on
Seed Multiplication Farms under the guidance of technical
staff and is genetically and physically pure. Indeed cvery
seed produced on Seed Multiplication Farms is known as
foundation seed.

Gamma garden. The place where the plants or insect pests are
treated with gamma rays emitted from the source.

Geitonogamy n. (Gk. geiton=ncighbour-gamos=marriage). The
pollination between two neighbouring flowers on the same
plant. This is found in monoecious type of plants and is
genetically equal to sclf-pollination,

Genetics n. (Gk. genesis=descend. Bateson, 1906). The science
of heredity and variation among related organisms.

Genofund. The werm given by Zhukovsky (1970) to indicate the
genetic source or gene pool for breeding (Refer Leppik’s
paper of 1970 on page 218).

Genotype n. (Gk. genos=race+{ppos=image, Johannsen, 1909).
The genetical composition of an organism expressed in terms
of genes as AABbCcDD, i.c., the sum total of its genes, both
dominant and recessive.

Germination percentagé. The percentage of the pure seed of
the kind under consideration which produces normal
seedlings.

Haploid. (Gk. haploos=single+-eidos=form). The organism or
generation having a single set (genome) of chiomosomes, and
is expressed as n, i.e., halved, reduced or haploid number.

Haploid apogamy. Sce apogamy.

Haploid parthenogenesis. Sec parthenogenesis.

Heredity n. Inherited characters transmitted by parents to
progeny.

Heritability. The potentiality of an individual to inhent a
particular trait in the offspring. It is cquivalent to
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additive genetic variance divided by the total phenotypic
variance.

Herkogamy rn. (Gk. herkos=a fence+gamos=marriage). A
condition which enforces cross-pollination in biseaual flowers
due to physical barriers between the stamen and stigma

Heterogamy n. (Gk feteros=other-gamos==marriage) A type
of sexual 1eproduction in which the male and female gametes
involved in fertilization are morphologically dissimilar. Opp,
isogamy.

Heterosis n. (Gk heteros=different 4-osis=condition. Shull,

i), Literally means a condition different from parents
Genetically it is the increased vigour, growth, vyicld, or
function of a hybrid over the parents that results fromn the
crossing of genctically unlike orgamsms. Synonym, hybrid
vigoar,

Balanced heterosis True heterosis resulting from hybri-
dization,

Mutational heterosis. Heterosis obtained from the creation

of mutations in plants,

Pseudoheterosis. The false heterosis resulting from more

favourable environmental and cultural practices

Heterostyly (Gk. heteros=different-+sflos=styles). A condition
whrch favours cross-pollination n bisexual flowers due to
presence of male and female parts at different levels, 1 ¢,
thev are different in their lengths.

Homogamy n (GL homos=onec and the same4-gamos =marriage).
The condition 1n which the anthers and stigmas of bisexual
flowers mature at the same time thus giving nsc to sclf-
pollination. Opp , dichogamy.

Host n  (Gk hostis=stranger). A plant which nourishes the

parasite.

Hybrid n. (L. hybrida=cross). The progeny of a cross between
two or more individuals, plants or animals, of unlihe genetical
constitution, Synonym, cross-breed.

Hybridization. A mcthod of crop improvement in which two
or more plants of unlike genctical constitutions differing in
one or more characters are crossed together.
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Hybrid sterility. The sterility found in hybrids and caused by
hybridization due to which the hybrids do not produce
viable offsprings. The basis of hybrid sterility may be genic,
chromosomal, or cytoplasmic.

Hybrid vigour. The increased vigour often exhibited by hybrid
progenics. Secc heterosis

I,, I, I,. Symbols used to designate the first, second and third
generations of inbreeding.

Immunity n. (L. immunis=free). Complete resistance against the
disease or insect due to which, in spite of attack, the plant
remains free from discase development.

Immunize v To induce the immunity in the host against a
particular parasite

Improved seed. The genctically and physically pure seed of an
improved crop varietv. Its different categories are nucleus
seed, breeder’s stock seed, foundation seed, registered seed
and certified seed.

Inbred. In plants, the progeny of either a single cross-pollinated
plant obtained by selfing or two closely related plants obtained
by inbreeding, and in animals. the product of inbreeding
Synonym, inbred line.

Inbred selection. Sce pure-line selection

Inbred-variety cross. Sce cross.

Inbreeding. The mating of closely related organisms. In plants,
it is done by artificial self-pollination, ie., selfing: and
animals, it is achieved by mating of closely related
ones such as father-daughter, brother-sister, or mother-son
matings.

Incompatibility Failure of fertilization, self or cioss, due to
hindrances which act between pollination and fertihization,
e.g., morphological dissimilarity between pollen-tube and
style, slow or deficient pollen-tube growth, too distant
relationship between pollen and style or stigma, undesirable
physiological effects, etc.

Incompatibility should not be confused with sterility
which 15 due to sterile pollens and other genctical
causes.
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Incompatibility within the same variety prevents the
self-pollination and promotes the cross-pollination

Induced mutations. The mutations artificially produced with
the help of mutagens.

Inert matter. All foreign matters not seeds such as stones, sticks,
sterile florets, chaffs, fungus bodies, and pieces of seeds not
more than one half of the original seeds.

Inheritance The transmission of hereditary characters from
parents to progeny.

Integament n (L integumentum—=covering). Covering of ovule
which later on becomes the seed coat

Intergeneric adj. (L  inter=Dbetween+genus=kind)  The
hybridization between the plants belonging to two different
genera

Intrageneric ad) (L wntra=within4-genus=kind) The hybridiza-
tion between the plants belonging to two different species
within the same genus. Synonym, interspecific.

Intraspecific adj (L. éntra::within+speczes=particular kind+4-
facere=to make). The hybridization between two varieties
of the same species Synonym, intervarietal.

Intravarietal ad;. (L intra=within -+ warwus=diverse). The
hybridization between two plants of the same variety.

Introduction. See plant introduction.

Introgressive hybridization The hybridization 1n which the
characters of one species infilter into another by automatic
backcrossing 1n nature

Yon Electrically charged atom or group of atoms formed by
dissociation (1onization) of a molecule

Ionization. A physical term apphed to the process by which
ions dissociate from a molecule.

Ionizing radiation Any of the high energy radiations that
displaces electrons from neuntrons It destrovs the balance
between the negative charge of the clections and the positive
charge of the atomic nucleus thus making 1ons out of
atoms

Irradiation n (L w=into+radus==rays) The treatment of
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plant or plant material, i.c., seeds, secdlings, pollens, etc,
with radiations.

Irradiation breeding The creation of mutations by subjecting
the plants or secds to radiations and their utilization for crop
improvement,

Isogamy n. (Gk. isos=equal--gamos=marriage). A typc of
sexual reproduction in which the male and female gamectes
involved in reproduction are morphologically similar. Tt
is usually found in lower piants like algae and fungi. Opp.,
heterogamy.

Elendusity. See disease escape.

Lamarckism. The doctrine of Lamarck pertaining to inheri-
tance of acquired characters.

Local variety. It is a mixture of different types and is well
adapted to the local environment. Itis cndemic to an area
with its origin going back scveral hundred years Synonyms,
Land variety and old variety.

Lysenkoism. The doctrine of Russian.scientist Lysenko who
favoured that acquired characters are inherited.

Mass selection. The selection of 2 number of plants, heads or
sceds phenotypically superior in characters from the field
population, harvesting and bulking their produce together
for sowing the next year’s crop, and repcating this process
till the desired improvement 1s achieved.

Mature plant resistance. A term particularly applied to the
resistance to stem rust from heading to maturity.

Mechanical seed sample The original sced sample obtamed
from the market for seed testing purposes.

Megagametogenesis n. (Gk. megas=great, i e., female-l-gametes
=gametes-- genests=development). The process of female
gamete (megaspore) formation.

Microgametogenesis n. (Gk. micros=small, i e, male--gametes
=gametes- genests=development). The process of male
gamete (microspore) formation.

Monoecious adj. (Gk. monos=single+okos=house). The uni-
sexual condition in which the male (staminate) and female
(pistillate) flowers are separate but on the same plant.
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Mule Male or female hybrid oﬂ'spﬁng of a jack (male ass) and
a mare (female horse). The mule is usually sterile, sturdy
and resembles more to ass than the horse

Multiple cross. See cross.

Mutagen. Any substance, chemical, or physical, that induces
mutations in organisms. Synonym, mutagenic agent

Mutant. Any organism, plant or animal which has originated
or acquired a heritable variation as a result of mutations.

Mutation n. (L mutare=to change De Vries, 1901). In general
sense, the sudden heritable changes in an organism other
than those due to Mendelian segregation and recombination.
Thus it includes all kinds of hereditary changes In strict
sense, the sudden heritable and invisible changes, physical or
chemical, within the individual genes Now-a-days, the use
of mutation in strict sense is of more common application.

Mutation breeding. The creation of mutations at will and
their utilization for crop improvement and production of new
superior crop varieties

Mutational heterosis. Sece heterosis

Mutilation n (L mutdus=to maim) Loss of an organ of an
organism.

n Symbol used to designate the haploid, i ¢, single number of
chromosomes See haploid

2n. Symbol used to designate the diploid, i e , double number of
chromosomes. See diploid

Natural selection (Charles Darwin and A R. Wallace, 1858).
A process of evolution, i.e., a selection operating automati-
cally in nature in which the fittests survive and rest wipe out.
See selection

Natural vegetative reproduction Sce vegetative reproduc-
tion.

Non-recurrent parent. See donor parent

Nucleus seed The original seed produced for the first time by
the plant breeder. Itis cent per cent pure in all genetical
and physical qualities and vsed as a parent for the multipli-
cation of breeder’s stock seed.
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Official seed samples. The samples which are collected by seed
control or seed law enforcement officer. They are submitted
to the seed laboratory to determine if a seed lot being offered
for sale whether meets the requirement of seed act or not.

Oospore n. (Gk. oion=egg-sporos=seed). A fertilized egg or
immediate product of fertilization which after passing through
different stages of development gives rise to the embryo of
seed.

Overdominance hypothesis. The hypothesis proposed by Shull
and East in 1908 to explain the cause of hybrid vigour as “the
heterozygosity”.

P, A symbol used to designate the parental generation of a cross.

Parthenocarpy n  (Gk. parthenos=virgin+karpos=fruit). The
formation of scedless fruits without fertilization of ovule as in
banana and pineapple.

Parthenogenesis. A typc of apomixis in which the embryo
develops from the egg-cell or male gamete without fertiliza-
tion and with or without meiosis It is subdivided into two
types :

Haploid parthenogenesis. Meiosis takes place in egg-
cell and then embryo develops. Synonym, genera-
tive parthenogenesis.

Diploid parthenogenesis. The meiosis is absent and thus
the embryo develops from the diploid egg-cell. Syno-
nym, somatic parthenogenesis.

Pathogen. A disease causing organism.

Pedigree method A hybridization method used in self-pollina-
ted crops which in the hybrid progenies are maintained
separately in F, and succeeding generations up to Fg, and the
best hybrids are bulked at the end to constitute the improved

variety.

Pedigree selection. Sce pure-line selection

Phenotype n  (Gk phainein=to appear--f3pus=image, Johan-
nsen, 1909). The external appearance of an organism by the
mnteraction of genotype with environment.

Physiological resistance A type of disease resistance due to
physiological characters
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Phytology n (Gk  phyton=plant{logos=discourse). Science
dealing with the study of plants  Synonym, botany.

Phytopathology n  (Gk. phyton==plant+ pathos=disease-logos=
discourse) The science of plant diseases and their control.
See plant pathology.

Plant breeding. The applied branch of botany dealing with
the crop improvement and production of new improved crop
varieties far better than original in all aspects.

Plant introduction The process of introducing the plants
from their growing locality to a new locality having a diffe-
rent climate.

Plant pathology The applied branch of botany dealing with
the plant diseases and their control. Synonym, phytopatho-
logy.

Pollination. The transference of pollens to the stigma 1n angio-
spermic plants and to micropyle in gymnospermic plants It
is divided into different types :

Natural or open pollination. Automaticallv taking
place in flowers in nature

Self-pollination  The transfer of pollens to the
stigma of the same flower

Cross-pollination. The transfer of pollens to
the stigma of another flower present on a
different plant.

Artificial or controlled pollination. The man-made
pollination, i e., 1t is the pollination artificially done
by human being 1n the desired combination

Selfing. Artificial self-pollination within  the
desired plant

Crossing Artificial cross-pollination between
the desired plants.

Polyallele crossing : The crossing of several inbred lines with
cach other to determine their respective combining abihity

Polycross. See synthetic cross

Polyploid adj. (Gk. polys=many-}-aploos=onefold+e:dos=form).

A cell, tissue or an organism having more than diploid num-
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ber of chromosomes, and repectively is called triploid, tetrap-
loid, pentaploid, etc.

Progeny. The offsprings of a particular mating.

Progeny selection, Sce pt;‘e_-line selection.

Progeny test. A test carried out by growing the progenies so as
to evaluate the genotype of parent.

Protandry. Sce dichogamy
Protogyny Sce dichogamy.
Pseudoheterosis. Sec heterosis.

Pure.line ( Johannsen, 1903). The progeny of single scif-ferti-
lised homozygous plant

Pure-line selection The isolation of desirable homozygous
plants from the mixed population and multiplying the same
without contamination to rcleasc as improved vanety.
Synonyms, head-to-row selection, progeny sclection, pedi-
gree selection, single-line selection, inbred selection,
ctc,

Pure seed. The sced true to its kind or variety.

R,, R,, R; The symbols used to designate first, second and third
irradiation generations

Radiations The movement of cnergy, which is given off by
radioactive isotopes in cither particles or wave form through
a space.

Radioisotopes The unstable atoms which tend to split or to
give off particles or energy thereby achieving stability.
Synonym, radioactive isotopes.

Real value of seed The value of a seed sample in comparison
to another defined as ‘‘the percentage of pure germinating
seeds” and 1t is calculated by the formula, R. V.=(Puritv%
X Germination9,)=100.

Reciprocal hybrids. Two hybrids produced by crossing the
same parents hut the male of first is used femalc 1 the ano-
ther and simlarly the female of first1s used male another,
such as AXB and BXA.

Recurrent parent. A commercially desirable varicty lacking
into one or two good characters like disease or insect resis-
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tance which is used as female first and then as male 1n each
generation and bachcrossed again and again to hybrids with
a view to transfer its all characters into the hybrids possessing
disease resistance character. Synonyms, recipient parent
and backcross parent.

Registered seed. The progeny of foundation or registered seed
itself produced by the Registered Seed Growers in such a way
as to maintain the satisfactory genetic identity and purty.
It is normally grown for production of certified seed.

Reproduction n. (L. re=again-producere=to lead forth). The
process of propagation and perpetuation in orgamsms by
which they give rise to offsprings of similar kind. Itis of
various types :

Sexual reproduction. Both male and female parents’
sexes are involved.

Asexual reproduction, Only one parent’s sex Is involved
and 15 found in lower types of plants.

Vegetative reproduction Propagation 1s with the help
of vegetative parts of the plant body and never found
in animals

Resistance. See disease resistance.

So  The symbol used to designate the origmal generation of
selfing.

81582, 8;.  The symbols used to designate the first, second and
third generations of selfing. S, 1s obtamed by sowing the

seeds of S, plants, S, by sowing the seed of S; plants and so
°n for Ss; S,p etc.

Seed testing. The analysis of seed sample for judging its
quality.

Selection, Any process which favours the survival and propaga-
tion of certain individuals possessing desirable characters. Its
various forms are :

Natural selection. (Charles Darwin and A R Wallace,
1858). The process of evolution automatically ope-
rating 1n nature in which the fittests survive and rest
wipe out’
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Artificial selection. Selection practised by human being
to choose certain plants for the purpose of having
better crop fiom the mixed population where the
individuals differ in characters. The various types
of common selections of this kind are mass selec-
tion, pure-line selection and clonal selection.

Selfing. Artificial self-pollination. Sece pollination.
Self-pollination. Sec pollination.

Service seed sample., The sample submitted by a cultivator,
seedsman, co-operative or seed firm for determining the qua-

lity of seed which he is dealing. -
Sexual reproduction. Reproduction involving the union of
male and female gametes from both the parents,
Isogamy. Uniting male and female gametes are morpho-
logically similar.
Heterogamy. Uniting male and female gametes are mor-
phologically dissimilar.
Single cross. See cross.
Single-line selection Synonym for ‘pure-line selection’.
Sterility n. The condition of being infertile or incapable of rep-
roducing.

Strain A group of plants within the variety which differs from
it in one or more genetic or physiological characters other
than main morphological characters.

Susceptibility. The inability of plants to defend or overcome
the attack of pathogen. Sce disease resistance.

Synergids n. (Gk. synergos=co-operation). Two cells lying with
egg-cell at the micropylar end of embryosac

Synthetic cross. See cross.
Three-way cross. See cross.
Tolerance. See disease endurance.
Top-cross. See cross.

Trait. A loose synonvm for ‘character’.

Trier. A mechanical device for drawing or taking seed samples
from bags or heaps



GLOSSARY OF PLANT BREEDING TERMS 271

Triple-fusion Union of male gamete with definitive nucleus.
Genotypically nucleus is 2n and male gamete n. Their
fusion results in 3n structure and, therefore, it 1s called triple-
fusion.

Variety. A sub-division of species defined as ““a group of plants
within a species which are uniform in characters”. Synonyms,
cultivar and cultigen.

Vegetative reproduction. The reproduction in which the new
plants are produced with the help of vegetative parts of the
plant body.

Natural vegetative repraduction. A vegetative portion
of plant body gets detached off automatically and
falls on the ground giving rise to new plants, such as
rhizomes, bulbs, corns, ctc.

Artificial vegetative reproduction. The vegetative
parts of the plant body are removed by human be-
ing in desired ways and used to raise new plants
such as cuttings, layering, gootee and grafting.

X,, X,, X,;. The symbols used to designate the first, second and
third generations of X-ray treated plants or seeds
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APPENDIX I
SEED TESTING LABORATORIES IN INDIA (1968)

Central Seed Testing Laboratory, Division of Botany, I.A R.I,
New Delhi.

Seed Testing Laboratory, Agricultural Research Institute,
Rajendranagar, Hyderabad, Andhra Pradesh.

Seed Testing Laboratory, Agricultural Research Station,
Kamrup, Gauhati, Assam.

Seed Testing Laboratory, Patna, Bihar.

Seed Testing Laboratory, Athva Lines, Surat, Gujarat.

Seed Testing Y.aboratory, Department of Agriculture,
Mahasu, Distt. Solan, Himachal Pradesh.

Seed Testing Laboratory, Lal Mandi, Srinagar, Jammu and
Kashmir.

Seed Testing Laboratory, Agricultural Research Station,
Pattambi, Distt. Palghat, Kerala.

Seed Testing Laboratory, Botany Division, College of
Agriculture, Nagpur, Mahaiashtra.

Seed Testing Laboratory, College of Agriculture, Coimbatore,
Tamil Nadu.

Seed Testing Laboratory, Department of Agriculture,

Jabalpur, Madhya Pradesh.

Seed Testing Laboratory, Horticulture Department, Lal

Bagh, Bangalore, Mysore

Seed Testing Laboratory, Department of Agriculture,

Bhubaneshwar-3, Orissa

Seed Testing Laboratory, College of Agriculture, Punjab

Agricultural University, Ludhiana, Punjab.

Seed Testing Laboratory, Regional Research Station,

Durgapura, Jaipur, Rajasthan.

Seed Testing Laboratory, Department of Agriculture,

Kanpur, Uttar Pradesh.

Seed Testing Organization, 238, Netaji Subhas Chandra

Bose Road, Calcutta-40, West Bengal.



» _ YO0 vunuv2iq vusy- (svautiuvsn))
e o 10 "Dy IBA T SIS vuaf S eQ
, (apauruv 1)
ennyy ‘eyyery 0% T sdvw vi o) u1on) .uNmmSvH
(avasvu05€)og)
nnyy 9] T Wnjuanng wratfose,y edyMyINg
(evaunuviny)
nef  p T advsna wnapior] S Aopreg
s[eaxa) |
9 S 1 4 & G
aUN’ =uz
uowwory A3qUIAT uoy {({Guuvyy)
40 awios HUDNC bl -ou «\ED, ayp Jo awwar
LUINIDULS 4 -QUI04Y?) 1104

uoyeurjjod-j[9s=="g pue

‘uoneuijjod-jas ugyjo="g 'O ‘uoneurjod-ss013 UAo= ) ‘O ‘vonuuijjod-sso =y

II XIAN3ddV

VIANI 40 SINVId QILVALLTIAD



PRINCIPLLS OF PLANT BREEDING

274

‘‘Aneay vuILID)S DOJYIONIYITY

Ieaog ‘eneyg 609 “r] ypodsnes wnanuvg (ovaurtunany)
‘nueg ‘leq  ‘z¥‘9g ‘sANe3q 1105547 VOjYI0UIYITY ‘S sseasy andsyoon) 7
R
‘X0 varwpusmndf wnouvg (vauiuwin))
‘10 ‘Ui vuojos vopyrouysy oI
eMUEg g9c‘ag “qur] papjuswndf vopyrouysy ‘SO osouedef 1o piedureg ‘|
SN IX
unyan) 8% ] WnpIzang wnongii g ‘S 1eaYM 19AIY ()
unyag) 8% [QOYDS wn22021p wn3gisf 'S jeaym Jowruy (at)
1eayM
unyon) 8% "JSO( wnanp wnaL g ‘Q  1uoIedepy 10 wnang (ut
unyan v "SI0 wWn99020430Y(s WnIIL ] 'S yeaym jremc ()
IS0 24vdpne wndyis |
10 ] wnayos wnas g
unysn a4 ¢ 1 wnaysap wnngiL ‘S jeaym peaag (1)
(ovaunupiny)
unyan : ‘dds wnoygss f ‘S TBOYM 'Y
(svsuruv i)
ueyq ‘EMRYD  ¥Z 7 vanos 92410 SO Apped o1y g
9 G ¥ & 4 I




275

CULTIVATED PLANTS OF INDIA

§19d 24v3jn0 umySiog

(ovautuwsn)

Jemof 0g 10 “301g wnySios uoSodospuy 'S'O 9w jeany go ‘wnySiog )
. YOIy T wnoproydd; wnpasuUs g (avaunup.g)

nqumny) ‘eifeg ¥1 10 “H 2 °S soproyds; wmasmusy 0y BW sy 6
. (avounuv.sy)

Bmueg ‘opnyy 9¢ Wy s wnouny - g0 VW sy g
Ipoyeq (ovoununig)

‘uopuoyy o¥ T Wnomnqos wn odsvyg 'S W][tw opoy g
nijueyg . (ovaunupig)

‘tesey] ‘andinn) 0g T 390f-pudiysvy a10n : | aey s qof g
(opaurn45))

udueyy 81 Anedg vIyL) Y1ivpag S P ueney Jo rey-xo ¢
(ovautupigy)

enJepy ‘iSey 9¢ wNBeYD) vuvILiey awsnaly g O W[ 1a8ur] P
(avaniunizy)
9]
Youdig Jo 1109 woog

uueq ‘eunyp o¢ T wnamipu wnnupg ‘Q ‘oso1g ‘Soyy ‘uourwory ¢

9 S 14 ) G




PRINCIPLES OF PLANT BRLLDING

(o)}

{(ovaov1i )

1ed 1 '] supjusqor snioyse) anf ‘¢
yedeipn (avaomap )
‘“eIYysoyf ¥1 r SN14071]0 SNL0Y3400) : moqrewr smof ¥
eMIBg {avasvapppy )
“trequie [e] 9¢ r1 nffiwpqos snasiqEf *S°O opezoy 10 anf ueaef ¢
nequy (avasvajogyr)
‘uesied gg r] snuqouupy SWSIEH D0 dwsy seIpejy 10 uLdddg g
u01109 pue[s]
“ AN o1 ssuspugivg wmddsson SO vag 10 uendASy (ar)
¢ ZS e wnpnsiy wntddsse  °S'O uojpoo puedn ()
“ Y4 " wnapgiay ymgdsson S O uo1j0o yoroxg (1)
T 9z - wnatogip wmddsson SO uonoo oneisy (1)
(anaavayoryr)
my ‘sedesy “qgs wniddsson . uonod |
sdoap axaqry 1
9 ¢ ¥ g ¢ I




277

CULTIVATED PLAMNTS NP INDIA

-

vubvsy 4 1eod TUNOY FSWIKIT sty be) supaivsng {at)
vUULD) {7108 RICETEY IV RTRN R RE TR o o) surandng (un)
UL oo ] wnstadfe waaryst g e UL uLINg {1y
vpuLLg
sury goiegi "} wnaumueds wanapyprg ) ssead suey (1
. I L (72em1taniny}
vyrueg fruuro : Jds uoupysy D suraidng ¢
- Peawipafens, )
avpueyay g1 ] SUYSIRE vieg 0 10q desug g
(2varzur 08l
upy o Tl WRRAIYN] LU0 onog g
sdoany yoavig pur aedng ‘Al
(sp2:0u0i1do )
vy ‘ueg 91 1 rasunl vuroLsy g dway Lequog Jo uung g
{(sv330023y)
. 8c1 SULLIDJ puvjpsts sl . dwop V51§ £
NIy {70270a05)")
“edreyn 06 R A : vjeiuey ‘9
9 o G ¥ € G i




PRINCIPLES OF PLANT BREEDING

278

vyjofiv] vissog

enuEN %3 I0 ‘vyoftv] vonypopy Yemyeypy 10 mﬁﬁnﬁ% "
enyeiN Yo I0 ,uSMMWMM “wnmwwwm wmm%ﬂumﬁmwww o
Ys[y N.mnom [ wnwissypISn wnury S O xeq p%ﬂwwwwww o
1eyd3uny o¥ -] vav3oqddy swyIviy S nuesy Mﬂawﬁmwﬂﬁﬂw ¥
TedureN 4% *r] v4afronu w&oo 00 / MN“NM%HW ‘¢
puely 0% ] SnW0I SRUIY ye) Qc&ew?wwﬁ.mnw 7
weSuod 3306 10 n..wﬂw_ww NNWMMW\MNWMWW : ¢ 10 nswmmm Mmmmm W | .
SPI;ISEO A >
eoorde], o¢ .uwuﬂﬁﬂ% uwwwwmmwwm wmwwnwww .. Qu&c.:ﬁmwﬁwmmw. b
9 G ¥ € I I




279

CULTIVATED PLANTS OF INDIA

(svaafianin)
earweae 33 ‘I vayvs ponszg . PE[Eg 19420 01
vZ[OD) UTIPU]
uosies 1 g 0g "UICI uossvs “aea susadups g ‘D 10 uosieg MojpRx (11a)
ey pajeg . UqI0 g 10 “YIUION D1y g D pazisnut anypy (1a)
uoy, 8¢ *] snqvu vatsssg 0 adey (14)
‘uielq vyofisuns “1ea vsofns g
12y 1peyey . vijofiauns xea vaounl vatssvig : preasnut jeay ()
BLIOY,  0Z YOIN(T D107 "ABA SLYSIGUIDI DIISSDAG 0 adea uerpuy (A1)
ey  gg 'sser) paounl paissvig . preisnw uetpuy (1)
uosieg  zg0% DULOJOYINP A S1ISIFWDI DIISSDIG ‘0 uostes umoxg (1)
ey [esy,
ey 1seleueg 91 YooY (srdours) viSu voissvag ye) preysnw yoerg (1)
(9v12f19m4D)
.. .. “dds varssoig . preisnjy pue 2dey ‘6
(sv1150dw0))
ey 0¢ *ssen) vauissqo p1yo2ing D 3IN '8
9 ¢ b £ ¢ !




-PRINCIPLES OF PLANT BREFDING

280

(av2spuoidog)

' 911 ‘Wey vpidsty o5vapapy S IoA0DD ang g
) .lvm.“.ow (avautuvig)
9¢°Ge SUDY1I SuayIuIn ssedd young -
(avaunuvaig)
seys uepooN 81 "239Y 91vi0ptuY wnotuy g sse1d enig g
(svausv.cy)
Lo . ssels
Qoo  ¢p'9¢ "SI0 “0)d1vp uopouds eweyeq 10 epnurag ‘g
(svauruvigy)
seyd uefluy . WU 2J01ustio wnyasiuusg ssead uefuy 1
sdoay xappog ‘A .
h (svs150qwon)
1yynufeang ¥¢ ] Snnuuv smyjupiIEy ye) mogung gl
'] 2]0JUIL0 WRWYSIS (sv2omipopag)
'L 9g, X0 ¢ 7 wnotput wnwosag S A{]o8ury xo dwessg A
: (swp350guton)
1peyy ‘wnsasy ¥ ] Sal030u snwvyiaon) o) JMmomes [
9 ¢ L ¢ [ I




. 281

CULTIVATID PLANTS OF INDIA

(svasvuoipgoy)

‘hewr ueg $3°91 puuup “lea vqu snjo)yIpyr * 124010 wequy  §l
8¥°9¢ (spoutiupigy)

seys vaumng  ‘ze‘gl boe( wnwirvw wnsuvg : ssead eaumns g
(9p29pu0tpidog)

wWIIsIg 91 ] wnulpupad)p wmjofid] a0 uend4L3g g1
- (sv2spuotigog)

epeg 21 *r] vayws vt/ S Jxe], ‘YoleA uowwron iy
(sv29pucipgo g}

Iens) ¥l quuJ, vqojouosn.ie; sisqoundr) S ueaq 1asn[D ‘0]
(sva2vuorpgog)

. 0% suzisaqng vwa043ua”) onud) 6
ﬂ _ IPIN 425tuquiqoT 10 (sv200u03024D )

wag 22 SNSQusY XeA qviqp] soyajo(] 'S swn3oy jodieny g
4 . (svsunuvin))

: 4 ] SISUILIDUDI SUUD]DY ] ssexd Areue) 7
Co . (svaopuoryidog)

. og saptounanw wnuo50qdoiny) . ssead odojen ¢

9 G , ¥ ] [ I







283

CULTIVATED PLANTS OF INDIA

(svourwvin)

. ¥C uodyovysdjod wmpasuuag ' sodeu utyy, g
(svp150w0D)

ynwleing ¥g ¢ r] snnuup snyuDYIE] 0 Iamopung Qg
(svourunan)

seys uepng 0% *jdeig ssusuppns wnysiog sse1d uepng  ‘gg
(smaovuorpdog)

. o $17719045 s2y1UDS0IA]S : olf&18 ‘8%
(spaurupin)

seyd a8 $G°gI “308[1q wundiyavso)sard uopoud?) ssexd aeiS /7
ueaqhog 0¥ “WIXEA] DpIgsty au1d]o (sv29pu01)3¢Dg )

ueaqfog oy ] Xvw Ul ‘'S ueaqdog ‘9g
(svouruni))

h ¥5'9¢g H 3 °S 0iv)20yds viisg Aoy |, uelSOpoYy  "Gg
(svourupis))

seys sapoyy 0% yunyy puvdvd suoynH . ssead sspoyy ¥g
(sv20u01p3d0 )

e[eieyg 9] ] wnpvuignsas wnyofid |, : JOAO[Q UBISIad °§F

9 S ¥ 3 4 I







285

CULTIVA'LED PLANTS OF INDIA

(sv2ovuopgoy)
eysasy $1 1.snayws swwT SO vad ssein °'g
(2p220u0111d0g)
X , A vad yo1ID
ruueyn 91 . I wnu1ID 42230 IS J0 ‘wead jeBuag ‘mrein -y
- - “OQUEl{ SNUIOWDUL SNJ0ISVY ] (sv200u0sp3dnd)
A4 10 ‘] snppun) snjossoyd 'S ueaq a[qno ‘9
, ) ‘mrery snyoassp
soyajo(g 10 ‘[fep\ snqopial “d (sva2pu011¢D])
PO A4 ¢ boe[ snijofissuoip snjossvyd ‘g ueaq Yjopy Jo weid meg 'S
] stsuauss soyitjoq _
elqory 10 *] pippnondun vusif (svaopuotpidog)
‘ejuneyn  $2°2% “1aeQ Swsuuls vusL/ S eadmopn %
'O s7projpiosi s1sgownk (svasvuozpigod )
Jeno) ¥l ‘‘que], vq0j0u030i13) sisqowndn S aedq IasnD) ‘¢
(av22vuotpgod)
YOUSOAT uesq
ueaq epeg ¥1°G1 supSna pqoyg-30 1 vgof D134 'S'O  ¥SIOH 10 Jospurpy ‘proig ‘g
g c ¥ € é . I

a————



PRINCIPLES OF PLANT BREEDING

286

(sva2vuvrpdog)

aene ¥1 ] wnayvs wnsiy 'S uspien) 1 eag “°/]
*r] sua) wnasy
10 “*OIPIN SuDUYNY SUIT 027
ansepy ¥1 “YDUIOJN DjusnIss suzy 'S . uzem“wwm%‘w 91
. . (svaspuoridog)
JORIN S1SUIUY SB0ISTY ] 'S ueaq PwIy ‘Gl
(sp23DU03d0,])
ueaq 3urng Jo ‘yoourely
was [IejA A4 "I supnn snjoasoyd .. ‘Jrem( ‘youaig ‘Asupryy ‘gl
(avaavuorpigng)
*JI0Y] Sisuauppns soyanjoq ueaq jadien)
{oreg ‘wes 565 30 ] gojgo) soyao@ 'S 40 ‘uelpu] ‘uedq YULeAH gl
(avasouoipigdog)
ey e ‘qxoy] snsoprq soyanjocr 'S weid as10f ‘11
s (spaapuU01pIgng)
ewyye . ‘) SnqojouoSvizs; sngivsoydosd : ueaq B05) ‘01
o QX0 SMpIpDL JeA Snanv °d (apasvuopigog )
Sunpy (44 ¢ QO $Ma4np SNJ0ISVY ] ‘g ueaq Sunpy ‘weid ULl 6
9 S 14 g o o

— oo e



287

CULTIVATED PLANTS OF INDIA

*r] SNS042 SOYINO(T IO “*OZIUNY] DS04? -

D4DIDY) © YOy Smppnsuv g sp230U01]1
nieyeg A4 ‘“uqip) snsosa sn2uyslying y A =uunN MWW .W' ‘GZ
. (svaspuoipgog)
. *101g DUDIGULIIIP DUNINIY 'S ueaq 1@APRPA b3
i (avaovuospsdo )
wag ereg  3$°2 D( pyvIpv]s vypapuvy) . ueaq piomg °§g
iy . 1 vlos soystjor
weyg 10 “wxey vpidsiy vlog ‘vdos 9 (spasvuospigog)
‘uraqhog 0% “IIDIN Xvw Fuf]5) S ueaqdog ‘23
IV EQSQ,N:% vsngiy o)
. 10 ¢ wrery sniopfiynu g (svasvuoipignd
wig ‘N e . ‘er] $n2u22909 SNJOISVYJ ueaq Jouunl 39[Aed§ ‘I3
. "IN DJ0an] DUSLA (av2ovucypgog)
wig 4 £ JO “qXOYJ SnypivI)pI SnjoasvyJ ueaq 1y "0%
. -Suaxdg snatpur snuolpy (avaovuotpgog)
g, ‘reyry 99%%¢e . Io “dsjji uolvo snuslbny DO wead pay 10 ead.uoddly 61
(svaspuoipgo )
JenepN 1 *r] 2sua04p wnstd 'S plety -"esg ‘81
9 G 4 g [ I




PRINCIPLES OF PLANT BREEDING

288

(sma201194112m79))

ejaaed] 84 ] DHUDIDYI DIIPLOUCIA pano3 sonlg |

1531E32324 SN0IDEIGanONy)
'0Qq véiopnwr

“XeA v2012)0 *g 30 “*7] $IpojLucs (ava2f1om17))

934038 Wues) « *3tA p2vas0 *g “bsey pdoiomos gy ouy-jouy ‘g
WAL SH4K0q g 30 * s1e0) paolfinvs g (sva3f1on1D)

32q03 [nyyq ‘e ] sudajoq "aea "] vIIDI3)0 g D Jamoytinen  °g
'L PIo)ng taea T paIwdjo g (sv42f190127))

29qo8 pueg zL‘9g'gl 1 D101V "ICA ] DIIDL]0 DISSVIGY 0D a%eqqe) 1
: sdoad d[0p
(sm2203117)

zehd ‘zeld  2g'9l ] vgor wnay 0 uoluQy °g
(s02201117)

unsey 91 *] wnanyvs wnij]y . slaRn 1
s sqng

9 g ¥ p 4 I




289

CULTIVATED PLANTS OF INDIA

" (op2305194n301))
enqreysyy g ] 0ot SuunINY o) uopPW YN ‘g
N {op2301394n31))
uyesy . *H @ (] snuassyyn *IeA 7T opaw stunany) 1eJ, 20 ‘uoppw Suo 4
_ pneN vaipul vipuvpydsn (sva207194n9117))
. npunyy 10 7 @ "M DIput Diu20) gy
dey 3|0 9g%3 ¢ udop) vyjofipsor viurrI0D) : 18AOY 10 ‘pInol oIy °9
‘qQXOY] DI101p VRPLOUOJAT
10 QX0 pIxiw DIPLOWO N (sv2303194n017))
B[RIRY Ieyg 82 "Suaxdg swsusurysury20s vaprowoy . riojey g
(#v20p1194n3107))
‘qxoy vapuviuag vffng pano3
: 10 ¢ [\ vaonddSep vffng 3o ysi(q 1o ‘a8uodg
10} ediyn 9z ¢ wa0Y v puyds nffny “poowrg ‘Lo vyn  p
BsEg (evaspniqananny)
ey earyyy ¥1 ] Shaigws suunIny ge) oqunon) g
JUSIYON(T VYIUDING] v]194NINY
10 © RUI[OJA] DUDL221S D]IQININY
‘ ¢ 1aQ supdma T “Aqswy pypuvma) 7 {IDIIDIGNINT )
* ey ‘nyney & “|PUBIS DLIWIIINS DUDUITDT 8yseqefep ‘pmol spog g
9 S 4 & 4 1




PRINGIPLES OF PLANT BREEDING

'290

mppey 10D
eYidg ejyoy

BpUn RIEIA
‘nppey emieH

wenf
‘epeN

‘oyo oyD

ePUYID

epuLy,
edurgf

‘1103 1ey ‘1oL

vawnyy (e
‘nppey e YN 8% 0¥'¥2

[emreg

%6

oy

(44

9¢

44

uSon vpifsiy g

10 “1ACG D42f1427 DSpoutug

‘yon(g vygiowdiod *n
10 ‘-] psonssan °),
‘[ ofad v11qinIny

‘MG 2]np2 WNIYIg

*boe( vutgnios *
10 S| pundup SaYUDSOYINL],

S003g
snsopsyf *XeA °Q SuvSna SN

*qx0Yy] vjnduvinov offny

*yon(g vIpyIsow vjqininy)

QX0 DI0IP SAYIUVSOYILL ],

(awasngrqananny)
pano3 yse 10 ‘o3ym ‘Xepp

(sv2201294n007))
ysenbg sowwung

(ap22v3394m9101))
s10deyn pue ‘ejpurdig
‘ouiydoisuiyp ‘ysenbg

(sma9D1194M9107))
pino3 syeug

(9p2av3394m918D)
pano3 punoy

(avaavyrquanann)
pano3 a5pry

(ama9v3294m9117))
pano8 pay J0 unydung

(929D 1294m317))
[0304 10 ‘pIno3 pajurog

ST

1

‘ol

1

!




291

CULTIVATED PLANTS OF INDIA

(sv290y1uDIDILY)

teynyn) e *r] Stpate snyuoiDwy . (ua218) puerewy ‘g
] snonasuos
rejnyn e 30 “*ry snayjoyouDjaw (sv220y3uviDIty)

‘3es [e] %€ ‘] 40§0214; STYIUDIDWE . (19pu?l) Yuerewy
lenyn ‘ (sv220y1uvsvy)
Ifemdlueyy $¢ ] snsouids suyguvivy . (Appo1ag) Yiuerewmy g

euepicuy
‘rejnyn “wep-yong snapyuswnif ¥
‘euepwiey] 4’ 10 7 smomaung (sp220y3upivty)
‘*r] SnIDPNDI SHYIUDIDWY, (uread) auezewy °g
DAgYfipuni3 vuiqoy
10 “*ASI(] vio}fipunid yoiy (sv22vuoipgog)
nedy 74 ¢ s19q pa0)fipuvsd viupgsIg * parq Surmwngy Jo ‘upedy |
R o : sapqeralaa Lyeoy
, (sp29D9394n9107))
ejes 0¥'¥yg YON(T DWIXDW DJ1Q4RINY) ysenbs aoquipy  °81
“elnIe (av2903394n9107)
‘fnqaey, &4 *PRIYOG SupSina snpminy) o) uopPwx 13ep L1
9 S ‘ 14 ) 4 1













295

CULTIVATFD PLANTS OF INDIA

"D Seprojuaosd

{evarwuoingo g,

Jenc 1 l0 ‘quuy vgejouosnisy sisgowndn '] uvay Wiy g
] wWnwIng Wnasgyy) (v2ovurpol’
yoamu (e 10 € 7 wnnuup wnasgvy) xaddad [1og
‘Yoatur wIvpy ¥ ¢ 1 suaosapuif wmatsgny ‘g O 10 “aaddad payy ‘soypyn 2
. . *824 snoadENqIndNg 93¢ .. a10deyn) °g
. v *824 snoaduy AN 23Q . plaoS yseqeier) ¢
°* i *Saa 1epun sosnd pue suedq 993G e ueaq peotgy
{wapuvjog
ungsuag ¥e "1 vusduopau wnupjog qS , wuepd 357 a0 pelurygy ¢
. v *Saa suoaowitqanony) 90g . pmos apuog g
. . *594 snodoeIlININY) 29y o pInos wuy g
: sojqelafaa poag pue unay ‘pog
wreyy —\UQ&&:..::\
‘Bus muyeag &ceal Ig 3 vuyo wmangso SSID TNV L
fanoppLngdy))
runie A o7, 1003}] USOISIIL 1INIULT) ses ey 4¢
9 c 1 ¢ ¢ _







297

CULTIVATED PLANTS OF INDIA

89A punosSrapup 99g

usipeyl  "0g

. . ‘394 snoadejiqanony) 939G urydumy  ‘gg
(svaovsny()

ey eqyoRy  $¥°6g *] wnjuatgps psupy umueyy gy

. . saqeladea Ajeary o3g : }9218nusy 10 W /g
281°0¢1 *r] SnuamIss snosiQiEy 30 (sv2o00)u]y)

puryg  ‘0Z1°GL “[OUIOA Snjuanisa smypsow]aqy 'S O 193uy sdpe7 ‘gz

o sa[qeiadaa snoavelrqInony) 99g . NN 1eAOY] Gy

. *Soa Jopun sasng pue sueag 93¢ . ueaq Ldupry ‘g
umgyey EREISITN (sv200up)0g)

‘uepues] e DAOYI ML “TBA T WNIPUL WRUD]OS .. uarey °gg

. . ¢ .o ol es] g3

. . ‘894 snoaoenqININy) 39g . vIoNes ‘Iz
(sv2200p0pY7)

emIeg 9¢ *r] pff14vpqDs SNISIQIE] . [oax0s eotewe[ Qg

9 ] L4 € G I

———e et e m——






299

CULTIVATLD PLANTS OF INDIA

YIUdY snsoseqnuy D)
J0 ‘qauay saogfiang <0

(epim2g077)

uTy 100y .- o snyofipunyos suajor) ojetod avosvsepe]y ‘0l
utise] uivjly {avaovajry
zead yreps of ] wndsed wnypy Nl 6

v sdoto o10) 993 : fouy-pouy ‘g
{ovoavsaqisury)

yepy 8 0SOY Jpuayfo aQiury nsua
(sv2001f7)

puejuweyz,  §5'9g @ smpppnupqup) suoydoydiow| : weA j00j jueydory 9

s ' "84 sno2dTIIqININY) 998 . sjo0ARY)  °C
(evaafipraquin)

telen 81 rI vjoLv2 suomY(y e wouey 4
(svasprpagousy?)

lepunynyp) 81 ] suw&ma vieg 0) 1001 120y ¢
(2vaovay)
"yjoyog wnsenbyun ) -aes qurydsiy

w1y 8998°8% 10 **7T DJuUIINISs vISI0jor) : 10 Wnay 10 ‘1ay g

c ¥ [ o [







301

CULTIVATED PLANTS OF INDIA

1funopey (sv230;n3unuvyy)
‘exaaf ejeyy At r[ vaos v)PSIAL . ununo yoeg °9
, (9p29020d8 )
ueq 44 T op19q 1ag1g o) 1addad +g 10 ‘eop pPI9g ‘g
(sv290am077)
jedfay, ¥3 *SOIN] VJDWD] WRWOWDUULY) jespPeg ¥
(erutnd)
xedng A’ I BY23309 DIILY ) INu [2319g 10 BIAIY g
(012 fap19quiy)
0381 ] wnswy pppuIgwlg . pessiuy ‘g
yiuog wnupiySingxos wnivy) (smaafipyoquiny)
wnypey 81 10 ¢-dg wnuviyfingxos wnuwredsdyins, ' pnuwly -y
syuaswrrpuo)) pue s331dg A
*] 05042 D4DIDD)
J0 ‘1] snsoda Soyarjo(T
“yory smppnsuy g (svaspuoipgog)
npeyeg A4 “ueqaq) snsoss sn2yLdyIng ueaq wex g
(sv22v2:203501(T)
ueying : "HIjang ppuspnass vai0sorqg : (19s59]) wex 03
9 S ¥ £ g I




PRANCIPIE OF PIAND HPEEOIUY

302

a_.mv % m.» muﬂm

e

8

L

¢

L LT ::;i ity
SR ALY R (ke I

5

¢ tw I wies r»tutng‘-
“iFLrEg

LR see 4
ws.&k«b‘s!xn ¥a

SLAL] W BT T v TRl

“*

U2y Sefomdwe, o5 3 ULIIFY

o anh A, 4 * . 4oy
m:nuuﬁul ao.:»xfu ol
Pa arwaw .k
ﬂwli»«\& i.q,kttv
Brve bpp & 24 . ¢ v
Yadtl vy Gt
oty eriap e i ¥
W oikatd n*vhn sur
-
-
9 g

XTI

o 520
sl
' UG Gy

- .
5 .
»\loﬂ. xwwf\n

O SN

IENTIIGIT I
LITT LIV HUEPI T

ST Iy
‘ MKAE oWNpILY)

{2 diiaagsdnaled

3

i nhmﬁw»wﬂmawu

»» Aht

terIiraadt g}
D dedod ﬁ:m
Hafin}
. MILAELIL R o) 11

*y
Il

¥l

vl

B!




303

CUL™IVATED PLANTS OF INDIA

"We D2YDWosD "Jy 10 (sm09y35347Y)

leydief  z4 “NNOYY uvsTvsf vINSIAIA : ZannN ‘¢z
GL°0L ‘89 (0103q07)

Tupod  ‘99°p9°9g 1 v3r40g1q vypuspy . wwaoddag 10 Jutpy g
(sv42f33117))

ey og *s5070) vaounl poissvig . pItisnw uelpuy gy
(emdafiptoquiny)

3uiy A4 *[939Y vpgaof vynaay : Sury gz

.. .. "30A punosliopup) 99g . R3un g

. . mumaﬁomg qing 99g JiIen) 07

.. o so[qe1a8oa Ajeary 2ag jeaudnusg 61
(evaofippaquiy)

eydjeys juog A4 AL 2405 na wninauso,] ) Puusy 81

. . so[qeiaden Ljeary 99g . Jesp Aump /1
(swasfigpoquipy)

tAcE]] 2 *S wniopo " 10 T wnunwds wnununy . uwmny) ‘g

e . sojqeiadaa Ajeay 99g . Ispuelloy) ‘G|

9 S 4 9 g I




THLEY LF FLANT BYrenay,

7

feriN

304

-
” ~
b Foldat g Lol ymky
LA
rok
[ANYS 7
L H AL AP PR FleThg

FAIOIA¥N pux waigg Yednagy

x
Pt PR ~»
P T 0 Ve g .M..M..«

B

xrge s n I LECNS
ERAE I S b F.0 2 b T S matany
e " R L L V'S S
b §r S R LA |
¥
LLE 28 2

RN
SRR g ey

] s dos tanin g 20

v sy 1 S L DTSLIEW SWVE 7 cY T FY |

T e A A WMo I LA o AT S ik S50 el AP s SN0 P90 NS Serwgr e

» 3

Xt

N e e

b e e

(L RTIRITSY
BRI soydugeny

esestdriviyg)
wiatpdsd spuopg

pivunu sy

favsron NMTRS
Dirmuzng,

LY 1] ﬁx

Ve wleRFET)
putvwvy

Serarepup)
uagrg
st

L afiprie )
nu)

G

L3

A

o

o4

g

Bl e ain s o i e

e




305

CULTIVATED PLANTS OF INDIA

(sv230up)0g)
mjequiey, 8¥ I wmngY] vunnoNN GO oneqoy, 11
(s01150dw0n)
wnsnyy ¥ *1 Snsi0pousy snuvyivy . Dmopgyes ‘o1
(s01150qw0n)
wnagas g 81 "SIA wnsjofiviouty wnwayuysdiyn . wnayndy g
(¢+v22p42204v 7)
wiydy 10 3s0g 32 1 wnssfiuwos snavdog vy Addod winidy g
; (9v22012913u1%Y)
Ipjey-ewy ¥ DPOWY pwn2ny . 123w8 oBuepy
(svaunuvig)
.. 09°0% Jdo18 snnageo uoogoquer ssedd uoway °g
BUUD}] "] Stusu Duosmo T (svapayid7y)
10 ‘tpuysA .. 30 “wery vgp vwosmoT . wand uerpuy g
2D220UsgVUUD
$qouuny
Sueyg 0§ '] vaos siqouuvy o) duroy uerpuy 3
(sv2svuorsgog)
BN 91 "1 ppopun D42f0Tpur QO oBpuy g
9 1} ¥ € [ l




PFRIMYVIFEIZS uf FLavt RYI FPDIUS

306

.:‘ i

AR i
sh o) oar Wy .
“Hﬁ.«\ ».VV 0@4

RN id

“
&
"
e
.
e

L]

.
e
o

ALY N s dw

ﬂ%«nﬁﬂ Kc A& Mfﬁl.« D -

u LY

At 5 PSR s e e B POT A R e SN SR Sptn et

O b

e e o AR B R et K oA P ot e e AP Gty Sew

s R LI 2 Ty
A T R TR N L

L..m AW Fu »4: u..;ﬁawqw..iﬂw A
FH....J - .Ml .nl L) 13;-“ 4 1 b
LY. S .‘.&tln}v‘qo«tl. &ty ::(n.!w
[ .~ e -~ 3 o -
LdEd 1T W RSN Fa gaed T bibed W) :
Y ETIII bemdeyide ] .
»1 ByEE Ik -
sdoany uonviurlg
e o ot s e e
et i o . -

B

{ez00000 L)
wy,

NI e wkamw
1a4yni vivg

msntummu&

323D

Lrare g}
ROt

fs 0wt t..mw

fuhd.ﬁ\m j
nge ._.c\n«

{avarripnsinis}
oIV

tt‘a .v

§c a1

s




307

CULTIVATED PLANTS OF INDIA

‘quuer tiystpusans vsnpy

B[R vlOoYD)  $%°Gg 30 © InO'Y vuvu Dsnpy v rueueq jremc (0
(svaspsnpyr)
oy A "1 vIvisipvvg vsnpyr D eueueg
(sv2501myr)
g 81 "1I07) sojawavi 3752 : gy peg g
"UNRRD) DUISSYDIS Dasiag (sva20.amT)
opedoay 3 I0 “IN DuvILBWD Dastag o) opedoay ‘g
(svaspuouuy’)
e o WIOY vdoway vuouuy . edowdly 4
weT suvsma g (av290s0Y)
ueqny sy 91 ] vIvusuy snunig S jooudy ¢
1 Snjowt snidy
, 10 “0q swnuwwos snjopy (avasvsoy)
A3G J0 ‘qag ¥l “HUAL supsaaids snjopyr ¥e) " oeddy g
T fwnuwos smpopsliuy
Jo “Buwoly swunuuwos snunig (ov2oms0yr)
wepeg 91 ‘yosyeq smopsdiup snunig o) puowy |
smagy CIxX
9 g 4 ) 14 1




PREEIFET b PNy BREEDING

308

g R
3o "Inkaiil

e Y K A M

twr,rw.mﬂ

Py

e

2%

Fes
T

L3

A 3

-«
] -

[ ]

* X3 » “
Aseng Fhawd) i

. . .
FIT IR Y 4ot w :..:k{a a..»:...«».__
P Alsiedit o tmf..}‘.,
1 e Fwd el b Bl khe )
'm n....m»lsa a.um-f”m
Loraany «*.v-v ‘m.
., r

DT e Sed, TH AT

wey ¢ ytlx N
iibfse o ferlk n-;T.T.m ’E
Y owde iRl b e}l
k4 XIS u vyé

M et A m
¥ -

a7 aie ./w I FULIVINY 5 m
Y ' . F . -

& ad ey %tﬁ -uﬁm.n,.-n T T mtm
"1 Sledeye e SENGY
ottt e ax ea wm An mw

I T oM et S

v R e AT AR S WA B 44

PE PR S

i

H5 410 5]}
LEaliay

RIS PO IVR T

:.ﬁ.?f‘sw*mmnu

WTR I . § 59
wnmufﬂhfu

ek g}
X {injuikit?)

I INS S
Adieeerd® w011

UlpiLwv i )

T IT e mbe

1vuy s3anfjuy

Ty

VSN IV
3 prasy

T SIHT R GRATY

) A et Voot S NeRN3E Taek S 39 (A X e Siritl

-
10

¥l

‘el

‘8

P



309

CULTIVATED PLANTS OF INDIA

o18umg pauodul pypaunyioy

. 81 Jo ‘*quuyy, pauodol snsn ‘s (punoy) jenbuny (ar)
" 9g‘81 ORI twpoand smpy g uny-adersy ()
n8ng fueany, 81 1 vIpaw snagny) S uony (n)
> 81 “odue[g Syuu Snpn ‘S urpuourejery (1)
(smasvnyy)
v : ‘S SNy ST *[g
(apa2v5,y)
"UNIDBL) DISIn pIUDISDY) yswuedg
. ¥2 10 ¢ [Nl D 1ppS DauvISDY) D 30 193MG WISy O
) : (sp22ps0Y7)
L1y 791 ] wniav snunig i) (399ms) >.Cu£0, ‘61
(svaspsoyr)
L113yn) rd ] SnSDL20 snunty 0] (anos) Axrdyn) g1
reud (ap23pUOULY)
uewInuefy ¥l "IN v}0mtsays vuouuy elowntroyn) ‘41
(svaspruappn)
. 43 . I pospur vwAnq ) BlEyo 9l
9 S ¥ g G [




.

PRINCIPLES OF PLANT BREEDING

310

(sv22puouuy)
dos

ejlreyg ‘reyeng A *r] vsowwvnbs puouuy - 199mg 10 ‘otdde paeisny  “pg
"WIXBIA] DI341q1S “CA DJ0IIDq SN (ava9psoy)
$E 10 “*y3I0g DIpIIDq SN P : sidde qer) ‘gz
(eoupn )
ledireN 43 " v4afionu 5020) ) nuolon  °'%e
"N pupiges )5
10 ‘77 pjvYj0fisy smurouog ,
. 9¢‘g1 *r] vapRj0fid] snigin) S a3uelo Jerjojuy, (1x)
Iqueson
‘eie]N  9g8°gl *}03qsQ) SisuIuLs snay) 'S s8ue1o joamg (x)
BRI 81 *r] WRUDIND SNLJT) 'S d8ueio Inog (x)
*r] puDwWNIOP )
enofeyn  9¢°8l IO ““IIDIN] DUAIXDWL SNAJEY) ‘S jooppeyg 1o oppwng (xI)
BIJURG 81 "0OUR[{ VIDININIIL SNAJLD) S urrepuely (1a)
ooquiu 1z3ey]  9¢‘g1 J[8uImg pyjofiqupiny snipnn) ‘S sy (ua)
ooquiiu 133eY3[ 81 *}09qS5() DW0W] SN4Y) ‘g uowag (1a)
O13UIMG DIUDTIDW D)JIUNT L0,
: 81 10 “*INOT] DJUDFIDW SN 'S (1eao) renbwnyy ()
9 G 4 g ¢ I




311

CULTIVATLD PLANTS 'OF INDIA

-*paoyyes vijofisisnp vuouuy

vIUY 4% ‘zany] viouurd soipuods
Teydure

Jo ‘pnaiwy  ¢¢°zg ] vavlons wmpisy

am3uy 8¢ *r] vaafine sip14

QX0 v19oLydoivs W

eferueg . 10 “yf sowosuvlviyinoov)y

WISY T Wyoruowns i

44 JO ““1IIA] DIIpUL DIJ4N0ID]Y

1fuy 9z "LINJN 031402 191

. *r] Snuty1aqiz orin(y

afeysy 9¢ T va2fi)do0p Xuaoyg
9 " 4

SO

o)

(0]

R

c
9]

(svaovuouuy)
Bwell  ‘gg
?c»uum?uuuzv.v
winid Soyy °zg
(9023014 Cp77)
rvARRD) g
(sm29py14)
sadeiny (g
. ‘62
(sv320134m000),])
wn[d §.JI0UIIA05)  °QZ
(sv22010p77)
Sy L
(#p39p90qQUIOGT)
uerm  °gg
(spppg)
aed  'Go
é I




PRINCIPLES OF PLANT BREEDING

312

nn(g ‘esuey .

(9pasvajapyr)

yoe[ wnoysawop wnisupy . lessue 1y
av43fin
- 49 As1oup vatpur pyuraape . ( &ﬂx%ww 0%
we] vuvjoquivl viusSnsy

10 ] tunung snpidy (apa2012477)

unwef g9y S nusun) unS x4 ardde asoy ‘uejoque ‘g
"UUVY Snpazas ‘g (av220¢1v3020357)

.. . 10 ‘g snpunquioyf sngivaoapysy redje[ -ge
"wrery sujydiydoszgay 10 v (sva230s0py7)

feyiesy 81 1 v10f14daqur sngivsouy ‘0 nny yoefl ¢
96°2L 8¥ (evaoouuimyy)

B ‘0953 N ognlnlsnydtzy  p dqufnf uerpuy  -gg
(apaov1q10ydn7r)

r[UOY [z "] DIqud snypuvjidy g . A110qas008 uerpuy g
(avaam120qUI07))

wepeq 1591 ' §g "1 24qoivo vyputs I, puowje uerpuy ‘p¢

9 S L4 ) 4 I




313

P

CULTIVATED PLANTS OF INDIA

A | vioyfipuvs8 vunpay

20390uf?
e ' J0 1y vaoyfipuvis DSSIDn) AEBQ ~MMWZV ‘0
. *824 snoaoenqInony sag o) UOPWYSNIA  6h
(sva2ps0p17)
uwsamam 8¢ 1 pqpp sniopy 0 Avsqy gy
| Eneq . (sv29p20p47)
leyreg qg "qxoy vYy200y0] sndupsoyty soef Loyuopy 44
awdafin
ueisn3uejy 9/ "] vuDISOSUDL DIUtILDL) . :muumo\wh%\w ‘9%
(sv2001p 10200F7)
wy 0¥ 1 vnput vasfiSuvpy 0 OSuejN  ¢§
. &easy vowogol vivrjoyg (s022050Y)
1.0y bg 10 ““1put pawogol vdljoqorisy §e) tenbo 3%
(sva2vpurdog)
PYLT 088z "UUOG S15uULYI Wy Ne) Yy ¢y
quie)) vuvduoy wnyaydops
: - 10 “InoTT uvsuoy snquvsou(y (s0220purdug)
Suney 0¢ ¢ pnaIg uvsuoy viioygngy ' uah8uoy ‘zy
9 g v g g I




PRINCIPLES OF PLANT BREEDING

314

NG uv2ag viLongy
Jo “'yd0 swsuzouy ©n
‘D B o uvdag vdivy)

‘0] stsuauis g
10 ‘*pYdYy 21N “YBA DUOIIS J

nedseN o "N 9119 “3PA v1jofisdy smadg
yjeN  89'9¢ ] sunuios .emt.m
rIRYYOOUQN]Y 8% '] DoYSIWOp Snunsg
] v954ad snpop3Liuy
10 “urery suwsme g
ny 91 ‘yosyeq vatssad snunig
. 81 SWILG SYnpa paoyfissog
endeg  9¢°gl *r] vAvgpd DIUDY)
unjrez o¥ "] vangdoina v3)Q

9 G ¥

(opaovpuvpinf)

ueoag ‘gg
_ Aumuucmmwwv,

(pues 10 assuryo) 1eag ‘4G
(svasvsoyy)

© 1e3d. 96
(avaovsoy)

(ueadoang) yowosg -Gg
(7vaspsayr)

qoead  'y¢
(svasv10ifissn )

nny uoisseg  "gG
(3p29091405))

ededeg ‘g6
(sva90910)

A0 IS

4 [




315

CULTIVATED PLANTS OF INDIA

L1roqdsey

g

wxe(y ‘reuy

seuBuy

esjeyq

] smops snqny

*r] wnaovddoy waspaydanr

] p1uopls smuly
10 “510g Suvdna °n
“NYA vduojqo viuopsn

*r] wnioupls vatung
*r] DSOW0? vijawotg
10 “yydQ snayos
*LISYN] SNSOWO0) SUUDUY
*r] DIYDISD DIMILE)

umnyg swsuauys *q
10 77 1yvy soidgsorq

'] pupsurSaza sosdgsoyq

(sp2200y)
Squirag Jo ‘A11aq
M9 30 dorg ‘dsey

(sp220putdog)
uvinquiey

(sva2vs0yr)
doutn()
(sv23021ung)
d1euerdowog
(svaspjawoig)

sidde-sury

(sv2203)2 1)
Tsjeyd

(opaovuzgay)

(sseuedef) vowrunsiag

(s0220u2977)
UOWIWISIDJ

99

'e9

‘%9

‘19







317

CULTIVATED PLANTS OF INDIA

e o

1 DoWY) VIUOLZ,] (avaooinyy)

eyIny 81 ¢ M DwsSIPIID VILOWNF ojdde-poopy 08
(202003394101}

fnqaey, A PVIYdg supima sujpnigi’) NO) UOPPWIATM 6L
supjou I (ava2019y30u2 )

eaeydurg 9g vsourdsiq vgva . MUWSIYD INEM '8L
ooduv|y tfwwm v1yoor) 10 (sv2203my1 )

yoevadury 31 S[R9YS WNiSUD) DUISID]D) oadwrepy ‘9L
(sv20vpuvidnf’)
(ystSug

10aYy\° s 1 ntaeaz suppEnf D 10 uesIag) INUBAA  "GL

9 ¢ b4 ) 4 [







INDEX

Pages
A g

Acchmatization 37, 41, 253
Abelmoschus esculentus 1t
Acquired characters inheritance 3
Adenine 165
Agave 69
Agric Engmeering 5
Albino . 253
Alcohol emasculation 87
Aloe 69
Allogamy 30, 253
Alpha rays 159, 161
Amphimixis 26, 253
Analytic seed sample 235, 253
Androgenests 29, 253
Angiospermic plant 27,28
Anjan grass 112
Anthesis 253
Antipodal cells 26, 253
Apogamy 29, 254, 260
Apomixis 26, 29, 254
Apospory 29, 254
Apples 69
Arachis hypogaea 61, 110
Argemone mexicana . 148
Arhar . 62, 112
Aruficial pollination 80, 267

Artificial selection

Aruficial vegetative
reproduction

Asexual reproduction

Ashby

Assynans

Athwal

Autogamy

Babylonians
Backeross
Backcross breeding

38, 254, 269

24, 254, 271
24, 25, 254
127

75

9,21

29, 254

. 75
95, 210, 254
95, 210, 255

Backeross genetics
Backeross parent
Backeross procedure
Bacteriology
Bagging

Bajra

Balanced heterosis
Bamboo

Banana

Barber

Barley

Bateson

Beta-dichloroisobutyrate

Beta-rays
Betel vine
Bhinds
Biometrics
Bisexuality
Blast discase

B-naphthalene acetic acid

Boshi Sen

Botany

Breeder’s kit
Breeder’s stock seed
Breeding
Breeding methods
Brinjal

Bruce

Budding

Bud mutation
Bud selection
Bud sport

Bud varniation
Bulk method

Butylmethanesulphonate

C

Cabbage
Caffemne
Cajanus cajan

Lo

i

t

Pages
207

95, 208
210, 255
4,5

88

51, 109, 130, 152
123, 255, 261

109
69, 72, 215
9, 21

61, 182, 215

260

. 130
159, 162
69

111, 130, 215

4, 255

30

213

130

9, 21, 191
255

86

925, 255
255

23, 37, 114
130

123, 124
,202

255

39, 255
255

255

41, 93, 255
165

130
165
62, 112



320 MDrX
Deares Perer
Camerarius 75 Crovvpnthnated erogs 41,07
Carica 12 I 3 N It /el
Cator in2 Grossop dhnatinn R AR &Y
Castration 250 Crenmle 131
Certified sred 225, 8255 Corawiy prps IR
Chalam W4, 027 Tulress %
Chalaeoprny 27, l":f: Cytonrneties pa
Chaudhary, Ramdban Sineh 8, 10, M €, 00t 4,20
Chrmical mutagrns 164
Chillies 25 D
Chloronerinne 164
Chareksrpy eop sulany 67 Parwein P S TS &
Chromosom] aberrations 155 Trasee poed 2
Chrompwmsl mutations 42,155 Drirrss of digrsge pos crnn-m HE
Chryuanthiemua 60, 162, 13 grerer e {1 IR
Crcer arienirus "2 praitr g ecne FRCP MRl
Citray 0% 3 1oy abedaty Per N5
Cleistopamy L P A Vhogrimers frd
Clone 2, 25 Dl Y
definition A e Veles 4,08, 15%
characters &7 Punrampal sieph o0t
impartanee 68 Pislieg erreries out
Clepal welection 57,95 I npamy bein
definition ] Dichlaroazeen v R
field technique 6% Darpond stase 11
sdvantares 7 Froperthoar =1 (b Lemnge b pars £
Limitations 72 Dewey ny e 0V
achirvements 7 Lupln.d ol
Coconmt 134, 162 [hitexae o
Colebicine teh brerdime for grgittarrs §ez
Combining ability 256 o orehane of deselag oy 15y
Compartmental selection 47, 254 e1eag~ o, 250
Compotite cross 0y enduras 2 §n7, 217
Conjupation 25, 256 rerataen P2, 16, 258, 309
Conventional breedine 187, 957 prosiration 194
Convergent improvement 210 enntset 194
Corpuscular radiation 160 ettablp) mert i
Correns 3 fenplopment 195
Cotton 14, 51, 61, 107, 130, {82, patheren 194
184, 014 Distant et r)
Cottrell-Dormer 129 Dobsharsty &4
Cowpexn ' 62,150,152 Doclace 255,228
Crop improvement methods 47 Dominance hypothent L8
Coaors 537 Dominance of linted
Croming 89, 257, 267 gene hypothehs 126
Cros tng block method 130 Donor parent 05, 208, 259



INDEX 321

Pages

Docb grass 69
Double cross 41, 97, 100, 257, 259
Double fertihzation 27, 259
Drought resistance 2
Dunn 54

E .

East 126
Ecotype 37, 259
Effect of selfing 82
LEffects of hybrid vigour 120
Egg apparatus . 26
Egg cell 26
Ehrenburg . 165
Erchornia crassipes . 148
Electric poliinator 129
Electromagnetic radiation 160
Ehte plants 46, 259
Emasculation 40, 86, 130, 259
Embryo 27
Embryosac 26, 259
Endurance 196, 259
Entomology 259
Epidemic 195
Epiphytotic 196, 259

Eriosoma lanigerum - - 148

Erynma amylovora 148

Ethyl carbamate 165

Eugenics 259

Exotic 259

F

Fahmy 165

Fairchild 75

Farrchild’s mule 75

False heterosis 260

Female gametophyte 26

Fertility 23

Fertihization 25, 27, 260

Fisher 126

Flood resistance 2

Floral morphology 45

Forcep method of emasculation 86

Formahn 165

Pages
Foundation seed 225, 260
Franzke : 166
Frost resistance 2
Fungus 131

G
Gacertner 75
Gametes 25
Gamma garden - 166, 260
Gamma rays 159, 162
Garden pea 151
Garlic 69
Gertonogamy 260
Gene mutations 155, 156
Genetics of backcrossing 207
Genetics ; « 4,260
Genotype 260
Germination 233, 237
Glussary 251, 253
Gorimoschema opperculella 148
Gootee 25
Goss 75
Gossypium 61, 107, 108
Gowen 122
Grafting 25, 202
Gram 32, 130, 215
Grapes 112
Greater mitial capital hypothesis 127
Groundnut 5%, 61, 215
Guar 182
Gustafsson 178
H

Hallet’s method 48
Hanson 166
Haploid 260
Hayes, H. K 54
Head-to-row selection 56
Hensz, R A, 130
Hemilewa castatrix 147
Heredity 23, 260
Hertability 260
Herkogamy 261

Heterogamy 25, 261, 264



322 INDEX

Pages Pages
Heterosis 119, 261 qualities 219
Heterostyly 261 production 220
Hill, J. B. 123 multiplication 224
Hill, H. D. 123 distribution 227
Hullyer 130 maintenance 229
Homogamy ‘ 30, 261 testing 230
Homozygous balance 127 real value 241
Hordeum valgare 61 certification 245
Host 194, 261 sced laws 248
Host-parasite relationship 19¢  Inbreeding 262
Hot-water emasculation 87  Inbreds 99, 262
Howard 9  Inbred selection 57, 262
Hull 126 Inbred.variety cross 100, 262
Hybrid 91,261  Incompatibility 23, 103, 262
Hybridiration 37, 39, 75, 202, 206, Individual plant selection 56
261 Induced mutations 156, 263

definition and types , 75,76  Inheritance 263
application and objectives 77 Inoculation techniques 204, 205
pre-requisites 78 Integument 263
procedure 79  Intergeneric hybridization 39, 76,
technique 84, 90 263
methods 90  TInterspecific hybridization 39, 76,
difficulties and precautions 102 104, 107
effects 105 Intervarietal hybridization 76, 107
achievements 106  Intrageneric hybridization 39, 76,
advantages 113 107, 263
disadvantages 113 Intraspecific hybridization 39, 76,
Hybnd steribity 114, 262 263
Hybrid vigour 20, 105, 261, 262 Intravarietal hybridization 76, 263
definition 119  Introduction 37, 41, 202, 263
beneficial and nonbeneficial 120 Introgressive hybridization 40, 77,
cffects 120 263
causes 123 Ion 263
breeding methods and Ionizing radiations 159
technique 128  TYonization 160, 263
achievements 130  Irradiation 160, 263
utilizations and limitations 131 Irradiation breeding 166, 264
Hydrogen atom 159  Isogamy 25, 264

i J

Icerya purchasi 148 Johannsen, W. L. 3, 54
Immer 54 Jones 54, 125
Tmmunity 199,262  Joshi, A. B 168
Improved seed 219,262  Fowar . 61, 110, 121
definition 219 Jute 62, 162, 185



INDEX 323

Pages Pages

K development 194

McLeish 165

Kaplan 165  Mecgagametogenesis 26, 264
Kihlman 165  Megasporogenesis 26
Kit, breeder’s ge  Megasporangia 26
Klendusty 964  Megaspore mother cell 26
Kmight 75  Megasporophylls 26
Kolreuter 75, 119 Mendel 2,35, 119
Mesogamy 27

Methods of crop improvement 37,221

L Methods of reproduction 23

Methoxycaffeine 165

Michaelis 127

Labelling 90  Microspore mother cell 26
Lady’s finger 130 Microsporangia 26
Lamarck 2,3  Microsporogenesis 26
Lantana camara 148 Microsporophylls 26
Lathyrus 215  Mohr, H C 130
Layering 25  Moisture content 233, 241
Lewis 127  Monoecious 129, 264
Levan 165  Mcong 62, 111
Linear tetrad 26  Mule 57, 131, 265
Linum 61,90, 110  Muller 155, 156
Lycopersicum 111 Muluple cross 41, 97, 257, 265
Lysenko 8,264  Mustard 182, 185
Mustard gas 164

M Mutagenic chemcals 159, 164

Mutagens 159, 164, 265

Maize 51,99, 108, 130  Mutations 59, 155, 265
Male gametophyte 26  Mutation breeding 37, 42, 187,
Maleic hydrazide 88, 130, 165 202, 211, 265
Mate sterility 129 definition 155
Male sterility method of emasculation types 155
87 spontancous and induced 156

Mango 69, 72, 112 induction 159
Mass selection 38, 62, 264 mutagens 159
defimition 46 chemicals 164
procedure . 46 gamma garden 166
application and uses 49 breeding procedure 168
advantages 50 application 175
himitations 50 controversy 178
achievements 51 Irmitations 179
Mather 54, 75, 127 advantages 180
Mature plant resistance 264 achievements 180
Mechanical seed sample 234, 264 comparison 187

Mechanism of disease

theory 155



324
Pages
Mutational heterosis 123, 265
Mutilations 103, 265
N
Napier grass . 109
Natural cross-pollmation 59

Natural sclection 37, 2865, 269
Natural vegetative reproduction 24

Nature of plant breeding 2
Naudin 75
Nucleus seed 225, 265
Neelakantan 214, 227
Negative heterosis 120, 122
Neutrons 159, 163
Nreeotiana tabacum 62
Nicotiana rustica 110
Nilsson-Ehle 3,5

. 164
96, 208, 259

Nitrogen mustard
Non-recurrent parent

Novick 165
Nuttal 129
o
Qats 150, 185
Objectives of plant breeding I
Qehlkers 165
Ohgogenic 206
Onion 69, 130, 151
Qospore 25, 27, 266
Oryza satwa 61, 109
Overdominance hypothesis 126, 266
Oxygen atom 160
P
Paddy 130
Pal, B P 9
Pahuwal 9
Papaya 112
Parthenocarpy 266
Parthenogenesis 29, 258, 260, 266
Particulate radiation 160
Pathogen 194, 266

Peas 150

INDEX

Pages
Pedigree method 41, 97, 93, 95, 266
Pedigree selection 57
Pennicillium 131
Penmsetum typhoides 109
Pernospora parasitica 194
Phaseolus aureus 62, 111
Phaseolus mungo 62
Phenols 165
- Phenotype 266
Phenyl acetic acid 165
Phenyl alanine 165
Phenyl butvric acid 165
Phenvl propionmic acid . 165
Phenyl valerie acid 165
Phystiological resistance 266
Phytology 267
Phytopathological measures 192, 193
Phy topathologv 267
Phjtophihora infestans 147, 194
Phytosanitary certificates 144
Pineapple 769
Pisum satioum 111
Plant breeder 220
Plant breeder’s kut 86
Plant breeding I
definition 1
objectives 1
nature 2
relation with other sciences 4
economic importance 6
achievements 8
history 1n India 8
Plant Introduction
& Acchimatization 37, 41
definition 136
types 136
purposes 137
history and organnation 137
present organisation 148
procedure 140
uscs and advantages 146
disadvantages 147
achievements 149
Plant pathology 267.
Plant physiwologs 4,5 i

Poechiman



INDEX 325
Pages Feyes
Point mutations 42, 156 Reciplent parent R de 4
Pollination 129, 130,267  Recnrrent parent nh,, 108
Pollinator 129 Begutered s2ed S0, 06y
Polyallel crossing 267 Reproduction methods 73
Polycron 128 yereatine PR A
Po ygenic 206 as~xusnl 24, 25,300
Polyploids 42, 155, 267 texusl 04,35, 0%
Porogamy 27 mnde 4
Positive heterosis 120 Raistance breedinp 192
Potassium thiocynate 165 application 1%2
Potato 24, 51, 72, 103, 13D mechanitm of development 154
Powerl 120 nature of ditrate 175
Progeny 268 causes 193
Progeny selection 56 genetics Ly
Protandry 258 rource 0
Protogyny 258 methods a2
Protons 159 precautions 21t
Pscudoheterosis 123, 261 limitations a1
Pure-lin 38, 54, 268 achievements 216
dcﬁn{t?on 54 Resistance to shattering 2
characters 55  Rexistant varicties jo3
production 55  Rice 61, 87, 102, 182, 185, 213
importance 56  Rice bean 190
Pure-line selection 38, 62 Rose 9
definition 5  Rom 166
synonyms 56
field techniques 57 3
varicties 59
precautions 53  Saccharum 109
uses G0  Sampling 353
advantages 60 Sarson 31, €2, 110
disadvantages 60  Scissor method of emasculation 85
achievements 61 Seed 27, 29
Purity 2143, 234 Seed cerufication 243
Seed lawr 4%
R Seed sample, mrchanical 233
working 234
Radistions 159 160, 268 analy tic 234
Radioisotopes 160, 268 Serd testing 232
Radish 130 definition 32
Rai 62 objectives e
Ramdhan Singh 9,10 apencies 232
Ramiah 9, 13, 189 purity test o34
Raphanebrasrica 76 gereniratien test P
Rapoport 165  Secondary sutltus 24
Real value of seea 241 Selection 37,202,503, 345



326 INDEX
Pages Pages
Selfing 80, 267  Tomato 9, 104, 111, 130, 151, 182
Self-pollination 30  Top cross 100, 257
Self pollinated crops 31 Trait 270
Sen, Boshi 9  Trials 221
Sesamum 111, 182, 186  Triple fusion 271
Sexual groups 31 Triticum 61, 107
Sexual reproduction 25, 269
Shull 119, 126 U
Sikka 132
Singh, Dharmpal S Ultraviolet rays 159, 164
Singh, H. B. 138, 152 Uracystis tritici 147
Single cross 41, 98, 99, 257 Urid 62
Single line selection 57
Sinnot 54 Vv
Smith, D. C. 54
Somatic mutations 42, 155 Variety 219
Sorghum 51, 61, 110, 130 qualities 219
Soybean 151 production 220
Spermatogonia 26 workers concerned 220
Spontancous mutations 156 methods of production 221
Sporadic 195 trials 221
Stadler, L. J. 155, 157 naming 221
Sterility 103, 114, 270 release 222
Strain 270 maintenance 229
Stubbe 165  Vavilov 3,6
Sugarbeet 130  Vegetative reproduction 24, 132,
Sugarcane 69, 109, 130, 214 176, 271
Sulphur mustard 164  Venkataraman 9
Susceptibihity 199, 270 Vitis oimifera 112
Swaminathan 152, 13, 169 '
Sweet orange 72 w
Sweet potato 69
Synergids 26  Walkof . 129
Syngamy 27 Wang - 127
Synthetic cross 41, 100, 257 Weismann 2
Whaley 120, 127
T Wheat 9, 61, 107, 130, 150
Whyte 143
Taxonomy 4 Wide crosses 0 77
Tetrazolium method 240  Wiliams 164
Theophyline 165 Wingard 199
Three-way cross 4], 99, 257 1 Winter hardiness 2
Tijo 165 Wittwer 130
Til ! i World catalogues of
Tobacco 62, 110, 130, 182 genctic stocks 79, 142

+
3



b £1] 44
Pages
p 4 Yellow saryon
Xorays 159, 162
e mays
Y Zygote
Zygoupore

Yield trialy 58, 39, 60, 101

327

Pager
L £

303
25,27



