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Introduction: Radiation may be considered as the movement
of energy through space, in either corpuscular or eléctromagnetic
form. Corpuscular radiation consists of streams of atomic of sub--
atomic particles which can transfer their kineti¢c energy fo any
matter with which they collide.  The particles may be negatively
charged such as the electrons in beta rays, positively charged as the
helinm nuclei of alpha rays, or electrically neutral as the neutrons.
Electro-magnetic radiation, on the other hand, may behave as a self-
propagating stream of particles, called photons, 1vhi_cl1 cause electric
and magnetic disturbances affecting the internal structure of matter
.and thus dissipate their energy. Radio waves, visible light, x-and:
gammarays are fundamentally similar classes of 'electromagnetic
radiation.

An electron which had been excited to a sufficiently high level
of energy leaves the atom or molecule to which it belongs. This .
process is called “ionization” because it results in an outright’
separation of electric charges. Lower radiation frequencies like
radioc waves and visible light are not able to knock out electrons.
High energy radiations like X-rays have a greater potency which is
not only capable of ejecting electrons from all kinds of atoms-i.e., of
forming ions-but also of initiating chemical changes. Such
radiations are called ionizing radiations. During the process of
ionization by radiation the ejected electrons get attached to the
atoms of the substance, forming pairs of positive and negative ions,
The means by which different radiations cause changes in biological
materials is still not clearly understood. Energy from radiation
may be dissipated by a process of ionization in which electrons are
ejected from atoms or molecules, and through excitations which raise
the electrons of a molecule to higher energy levels (10, 13).

Radiations that have been used most ex tensively to induce
mutations are ultraviolet rays, X-rays, alpha, beta, ahd gamma rays
from radioactive nuclides, and fast and slow neutrons.

# The manuscript of this article was written during 1958—'59 when the writer
was ICA - TCM - U. 8. A, partcipant.
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Ulhmmlei rays: Are produced in mercury vapour laumps
‘iw]nr;h are rnlntwﬂ]y mexpensive. They are non-ionizing and limited
in their- tmsue penetrating abiliby. Ulbra violet ray is capable of
pruducmg'lnﬂlngmul effects only thmugh excitation and photochemiecal
reactions. .On_an energy basis it is far less efficient in producing
.si:rruntuml ahmra,tmns in  chromosomes than are the ionizing
-mdm.tmnﬂ It is seleutwely absorbed by the nucleo-proteins of the
'chrﬂmosumes more by nucleic acid than by protein. In genetic
B\.[JEI‘;IILBTItS on plants its use is restricted to spores or pollen grains.
S50 . far as is' known, no mutants - of economic interest have been
'nhtamed in higher plants with ultra-violet radiation.

X-rays and gamma rays: Have identical properties and
differ only in their mode of origin. They are clectromagnetic short-
wave radiations. They interact with matter by photoelectric effect,
Ct:-mptcn Scattering and pair production. Gamma rays from natural
or artificial radioisotopes such as Co. 60 have a shorter wave-length
and possess more energy than X-rays. X-raysare generally produced
‘in a broad range of energies. Soft X-rays of longer wave-length
(10 to 1A®) are less penetrating but more densely ionizing than the
shorter wave-length (01 to 005 A°) hard X-rays: In the energy
range used for most biological experiments X-rays and gamma rays
transfer their energy to tissue through ionization and through
- excitations of atoms or molecules. They have relatively sparse ion
_ density. Cenetic-alterations may De effected through direct change
in the molecules of the ganes or indirectly through other chemical
changes in the cell.

Bela rays: Such as those from P* gand 8%, produce nearly
the same effects in the tissue as x- or gamma rays (21). They are
high speed. clectrons emitted from the nucleus of an unstable atom.
They have a lower specific ionization and greater penetrafing power
than alpha rays. Their special characteristic is that the source may
be incorporated directly in the cell molecules giving a somewhat
gr'ea-ter- localization of the site of action. Though beta rays zcldom
penetrate ‘'more than a few hundred microns of tissue, for genctic
purposes a. beta-emitiing isotope may be absorbed into or near the
chromosome.

Neutrons : They are electrioally neutral particles which are
obtained mostly from nuclear fission reactions in an atomic pile. '1:1"‘*
more ener’get-iﬁ fast menfrons cause ionization, indireetly releasing
their energy in elastic collisions with nuclei of atoms present in the
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tissue, partienlarly with hydrogen, producing deru::elymm?}ﬂgprﬂﬁﬂns
from it. Slow or thermal ncutrons cause transmutation of eertain
specific atomiec nuclei with a consequent release of ,{gl_]:j:l_i'm;:-.-h__é't_{a,.n;:
gamma rays or protons.  The principal nuclear 'ﬁransﬁiut&ﬂiq}jgj hy
thermal neutrons in fissue are those with nitrogen which ejeets o
proton, with an isetope of boron which ejﬂcts_ an alpha pa.r_ti_ﬂls, 3151_11:1_
with lydrogen which emits a gamma ray. The linear energy
transferred per unit length of track in lissue is greater for alpha
purticles than protons, and greater for protons than electrons.  This
is one of the most important physical factors influencing the
Liological effeet of an ionizing radiation (15, 23).

Doses of x-. alpha, beta and gamma rays are commonly.
measured in roenfgen (r) units. Beta rays, wbhich are streams of
clectrons, are measured in terms of ‘“rep” (roentgen equivalent
physical ), with one rep being the unit of energy absorption equal to
93 ergs'gram of tissue. Several energy units have been employed to
measure neutron doses. In America the n-unit has been commonly
used and it is equivalent to 2'5 r units of X-rays or gamma rays
(1r=161x10"1ion pairs/gm (air)). Since 1953 'rad' is used as the
unit of absorbed dose of radiation at the site of interest and 1 rad is
equal o 100 ergs/gram, :

Wilhelm Conrad Roentgen discoverrd x-radiation in 1895,
Investigations were immediately begun about its in jurious effects on
plants. In 1896, Henri Becquerel discovered natural radioactivity.
The discovery gave further impetus to investigations concerning the
biological effects of ionizing radiations. A few yvears later, in 1898,
Marie Curie discovered radioactivity in radimm and polonium, which
were isolated in 1904 from a uranium mineral, pitchblende. Such
naturally radioactive elements, particularly radium, were also
employed by many early investigators. Gager published a book of
278 pages on the effects of jonizing radiation on plants as early as
1908 (7). There was a rapid rise in the number of investigations on
the subjeet in nineteen-twenties and another period of rapid work
began about 1945 (31). - : '

Radioactive isotopes of some heavy as well as lighter elements
are known to ocaur naturally, but the major contribution to biologi-
cal research has resulted from the advent and gereral availability of
artificial radio isotopes. By products of the nnclear age, such as
kilocurie sources of radiation or high intensity nuclear ra‘dia,t:i;ns in
or near reactors, have also helped to stimulate e:ﬁpai‘ieﬁentu.l work
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~on’ various plants. . In fact, artificial radioactivity was discovered
___'1?1:1_'".1934. -Before the advent of the nuclear reactor various radio-
‘isotopes were made throngh the use of cyclotrons and other sources
‘of high speed’ sub-atomic particles. The nuclear reactor, in which
uranium-235 is fissioned through a chain reaction process, is a source
-of radioisotopes in- quantities millions of times greater than available
previousgly, with much greater variety of radiations and at greatly
‘veduced cost. Radioisotopes are used (1) as sources of ionizing
radiations in-much the same way as radium and X-rays and (2) as
tracer atoms. The wuseful radiations from radioisotopes are alpha
: particles, ‘beta particles, ganmma rays and positrons (similar to beta
particles. but positively charged). As tracer atoms these isotopes
serve to follow the complicated conrse of individual batches of atoms
in physical transfer or chemical or biological reactions (34).

There are several kinds of radioisotopes now available.
Hundreds of isotope-labeled compounds have been prepared by
synthesis. Some of the commonly employed radioisotopes are T,
Cat®, CM, H? Tritium, Cof, Cu®, Fe®, 8%, (rs, Cs!¥7, 1131, RDHS, K=,
Sr®, and Na¥. Of these, the first nine are used as important tracers
in agricultural research. In radiation genetics P%. 8%, H?, Co® and
Co'™ are commonly used. Important radiation properties of a few
‘radioisotopes are given below (4):

Carbon'* “emits beta rays of 0155 Mev strength. Its half-
life is 5568 years (half-life is the period during which the element
loses half of its radiation energy periodically ).

Phosphorus * emits beta particles of strengfh 1-712 Mev with
a half-life of 14 days. '

Sulphur® emits beta rays of strength 0166 Mev and its
half-life is 87 days.

Coball® emits beta particles of strength 0°31 Mev and gamma
rays of 1'17 Mev and 1-33 Mev strengths. Ibs half-life is 53 years.

Calcium ¥ emits beta rays of strongth 0-254 Mev and its
half-life is 152 days. '

Hydrogen® (Tritium) emits beta rays of strength 0°01705
Mev and its half-life is 12'406 years. :

Ionizations caused by radiations from the nuclides are revealed
either by electrical effects or by recombination effects of the ions.
The radiations are detected and counted most commonly 1_-!:_11'-1!
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sonsifive ecleetronic (leger scalers and: Scintillation .I'j,c_ﬁ'ﬁﬁﬁﬁfﬁf
Photographiec visnalization of tracer distribution 'iﬂl'_'dbtn'-i_'__r’i__‘é__t_l'::__:_Er‘n"m_
autoradiograms, and in the estimation of minute quantitics.'of the
substance, paper chromatography with autoradiography or cléctronie
counting is employed.

-

Genetic effects of jonizing radialions on plants: The _ﬁf;st:diiég'@v{a'f};
that hercditary changes similar to those occuring naturally could be
induced in animals and plants by muan-made radiations was, made by
two Ameiican Scientists, Dr: H. J. Muller (19,.°1927) ' and
Dr. L. J. Stadler (32, 1928), but two Swedish Scientists, Dr, Herman
Nilsson-Iohiec and Dr, Ake Gustafsson were the first -to put the ‘idea
to practical use in crop breeding (1929). Muller J{-I,-'_ﬂ-.jfﬂd. male
truit-flies and obtained a wide variety of sports. Stadler gob the
same results with barley and eormn. Since most of his new plants
were distorted and inferior, Stadler then concluded that no
radiation-spurred mutant could be of practical wvalue. The two
Swedish Scientists began shooting x-rays at barley seeds in almost
lethal doses and in a few years found that they could step up nature’s
mutation rate as much as a thousand fold (17, 20). A few geneticists
and plant breeders in Germany and Russia also recognized early that
this method might be used to inerease variability in erop plants.

In U. 5. A. until the-1950’s there was little research or
confidence in the potentialities of radiation-induced mutations for
agriculture, as many geneticists believed that radintion caused only
destructive changes. The persistent, successful efforts of European
workers in producing useful plant mutations (36), the greater -
availability of radiation sources and an interest in finding peaceful
uses for atomic energy, the generally inecreased knowledge of
hercditary materials and the production at a number of laboratories
of mutants having special significance to practical plant breeders,
have been the causes for the recent more optimistic attitude toward
the use of radiations for plant improvement (14). |

With better radiation sources, radiation genetics is under
study from two different points of view. The first approach is
designed to give a better understanding of the science of radiation
genetics and consequently of genetics itself. . The second is a much
more practical approach to the use of radiation for the solution of
_apgagiﬂc a.grjpu]tuml . problems. By means of fundamental studies,
plant scientists have been able to difine to a certdin extent the way
in which radiation should be given to plant, the biological conditions
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Cvhick mnst be fulfilled, the type of radiation to use and the results
-t-lm.t ma,y be expected as well as a great many other factors necessary
for an mtnlhgent approach to the problem. The genetic effects of
'mmz:ng radiations on plants may be briefly reviewed under general
ccffects of radiation on cells, effect of ionizing radiations on
ehrnmnsemaa radiation-induced gene and somatic mutations, and
nmﬂifymg factors.

--Side by side with -the frequence of aberrations, radiation
causes’ cerbain amount of damage also to cells. Some of such
damages are -‘depression of mitotic activity, depression in the

“synthesis of desoxyribonucleic acid;, and the stickiness of metaphase
and anaphase chromosomes. The depression of mitotic activity by
radiations has been studied in a variety of organisms. The dosage
of radiation employed and the sensitivity of cells of different species
are the important factors here. Inhibition of mitosis has been
observed with even low doses of x-rays and altraviolet rays of
certain wavelengths. With x-rays there seems to be a cﬁmpensatnry
effect in cell-division following the depression, but with ultraviolet
radiation, no compensatory vrise is observed. UV of certain
wave-lengths is absorbed strongly in the nucleic acids of the cell, and
this is of significance in determining its gemetic effects. Pollen grains
of many species of plants are found to be effectively treated with
ultraviolet radiation. Bven low doses of x-rays inhibit the synthesis
of DN'A, as observed in Vicia root tips, and thus cause mitotie delay.
Another general effect of radiation on dividing cells is the appearance
of clumped chromosomes at metaphase and an irregular separation
at anaphase. The chromosomes appear to be pycnotic or sticky as
a primary effect of radiation (13, 33). '

It has long been known that ionizing radiation causes
chromosome aberrations, - Depending on the stage of nuclear
development at the time of .irradiation three general classes of
aberrations are produced (16, 24).

(a) Irradiation at the resting stage results in chromosomes
aberrations. At this stage of the nuclear - cyecle, the chromosomes
respond to irradiation as if they were single strands and at metaphase
anaphase the induced aberrations are seen to involve both of the tiwo
gister chromatids.  The chromosomes aherrations include dot
. deletions, rod deletions dicentric chromosomes, and ring chromo-
gomes. Though it is difficult to deteet them, inversions and free
translocations are also produced.
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(b) Trradiation at prophase results in chromatid a?mrratmns.
At this stage, the chromosones have divided into sister uhrﬂma{iids,'
and the irradiation may break hoth or only one of the two “sisber
chromatids at any given loens. The chromatid. abarmtmna mc]udc.
deletions of one of the two chromatids, deletion ﬂf huth chrﬂmatrds.
to form iso-chromated aberrations, breakes and remwnions -in. the
chromatids of different chromosomes followed by |I]cg1t1mate reunions
to form chromatid dicentrics or chromatid exchanges, and breaks
and reunions of chromatids of the same chromosome. to form
chromatid rings or exchanges. The chromatid ~ ¢xchanges or
translocations can usually be detected only al metaphase, bub the
chromatid deletions, isochromatids dicentrics and rings can be
recognized at either metaphase or anaphasge. o

(¢) TIrradiation in very late prophase or promeétaphase
produces half chromatid or sub-chromatid aberrations. These
include half chromated exchanges between sister 'chmma.t-ids, and
more rarely, half chromatid exchages between chromatids of
different chromosomes. They can be detected only at. anaphase as
a rule, and even at that stage the existence of half chromatids is
inferred from the nature of the aberration.

The inhibition of cell-division by ionizing  radiation is
important in studies of radiation sensitivity at various stages of
cell eycle. Chromosomes show great variation in their sensitivity to
ionizing radiation at different periods in their nuclear cycle of mitosis
and meiosis. It has been nobiced that meiotic chromosomes are
more sensitive than mitotic chromosomes and that chromosomes at
the time of nuclear division are much more sensitive than they are
during the resting stage (work on Tradescantia microspores and the
meiotic chromosomes of Trillium). Cytological studies of chromosome
breakage induced by ionizing radiation at various stages of nuclear
development have provided evidence regarding the time of
chromosome duplication and the nature of chromosome breakage and
reunion (work on Tradescantia microspores). The above mentioned
aberrations constitute chromosomal alterations including changes in
structure, delections, duplications, inversion and translocations of
genetic loci.

Lffects of radiation may .frequently cause changes in the
chromosome number also. This class includes types-with increases or
decreases in the number of whole chromosomes or sets of chromosomes
aneuploids and polyploids and other genetic changes. = Polyploidy is
often induced as a result of inhibition of mifosis by radiation. Tt is
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‘commonly observed that ionizing radiation causes abnormal
distribution of chromatids to the daughter nuclei, both at mitotic and
meiotic divisions, bringing about aneuploid condition, which sometimes
has u'lethal effect on the individual. Ionizing radiation also affects
‘the'frequency of crossing-over altering transmission of genes (13).

Bach type of aberration bears a particular relation to the doses
of radiation and - exhibits a quantitative relation to the intensity of
the radiation, the relation depending largely on whether one break
or two breaks are necessary to produce that type of aberration.
Barlier studies on the comparative efficiencies of various ionizing
radiations indicated that there was but little difference between
the gamma rays and the hard and medium x-rays. Increased
efficiency was observed in soft x-rays. Neutrons and alpha particles
are considerably more effective per unit of energy dissipated in tissue
than electromagnetic radiations. Utilizing the neutron-x-ray com-
parisons, Lea and Catcheside (1942) attempted to determine the
approximate under of ionizations required to produce a chromosome
break, Their conclusion *was that seventeen ionizations, on the
average, are required for a breakage to occur (16). Ulbtraviolet is the
only non-ionizing radiation capable of fragmenting chromosomes. On
the energy basis, UV is by far less efficient compared fo x-rays. 400
Ilev beta rays are essentially similar in effectiveness to gamma rays
emanating from Co®, P» and C¥ both producing beta rays, when
absorbed by the cut stems of inflorescences of Tradescantia, were
found to produce chromosome aberrations similar to those produced
by x-rays (8, 9 Giles 1947 ; Giles and Bolomey 1948).

‘There are some gene mutations induced by radiations, which
are genetic changes characterized by the absence of cytologically
visible alterations in the chromosomes (somefimes, these have been
called ““point mutations”). Radiation is the first highly effective
means discovered {or producing gene mutations in quantity. Stadler
produced such mutations in maize and barley employing x-rays.
Different kinds of radiations were used by different workers to
produce the same effect in different kinds of material. Experimental
facts indicate one-hit event for the production of gene mutation and
gene mutbation shows a linear dose dependence (37). An imporfant
application of radiation Las becn its use for the production ol muta-
tions at many loci, making possibile the construetion of chromosome
mups, better understanding of the action and interaction of many
genes, and confirmation of the general similarity of the biochemical
processes under genetic control found in lower and higher organisins.
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Effects of ionizing radiations in the production ol eytoplasmic:
mutations (maternally inherited changes also d!.iﬂf}f\?ﬂ-:ﬁt#{‘fﬁﬁiﬂﬁr.{:'31:]‘1:0_
most gbriking effect of this kind is the #ngregaﬁing_,qf,, g_l,i-!t_::\i'-g'l_jhﬁrl_l"l
mutants in the progenies of irradiated plants like barley ['ofm:]by
Stadler, Gustafsson and many others. A wide range of :bypeg.-.'pf‘
chlorophyll mutations has heen defined und described.  X-irradiation,’
and chronie gamma- irradiation from Co™ have beon employed in this
line. Mutation rates increased with the radiation:dose. In \5!:'_.;_!'.!10
cases, maternally inherited gigas mmntants with .greater yield are
obtained (5, 85). ' o

Plants are irradiated in the carly flowering stages in order to
affect the developing gametes. Somatic mutations are first induced-
in seeds by irradiation. Such affected colls may subsequently give
rise to germinal tissue which transinits the mutations to laber genera-
tions. Vegetative cuttings and fruit trees have also been exposed to
gamma radiation from Co®." Many . economicall y important somatic
mutations have been induced by radiation in plants like carnations,
antirrhinums and dahlias ete. (28).

Many external and internal factors have been found to modify
the genetic effects of radiation (37). ‘According to early hypotheses,
the machanism by which radiations induced structural aberrations
was based largely ‘'on physical consideration. The principal factors
were-considered o be the type, does and intensity of radiation (16).
Later work has indicated that some environmenfal fﬁ.ctors_ like
moisture, oxygen, storage and temperature have also much influence
on the genetic effocts of radiation (x-rays and gamma rays), On the
other hand, the genotype age of the tissue, stage of the chromosome
number of an organism have been found as important internal factors
influencing its radiosensitivity. It has also been noted -that é.n
increase or . decrease in the yield of aberrations can be brought about
b}'_s_upp]ementm*:,r_ environmental treatments like fr'a.ctim;m.ted :.:It:rs:ﬂlfg{!:1
centrifugation of the cells durin g irradiation, irradiation with infra-
red before or after x-irradiation, anoxia, irradiation in an atmosphere
of’ Gt; C;I‘ Co, and treating the cells with various chemical agents
(13, 14). ' o |

_ The inte:-p}n}‘ between the effects of moisture, oxygen, storage
and tempetrature are found to he complex, particularly with radiations
of sparse ion density (20). Major experimental conclusions show that
there is a pronounced effect of oxygen is i_nci'e'asiﬁg_tha frequency of
of :x;r_ay_ induced aberrations of all types. Moisture content in i‘;he
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'ﬁmhryu of irradiated seeds influences the radiation response in
les‘ultmg senﬂmgs ‘The highest total number of mutations is observed
“from - lugh radiation does to seeds in their dormant condition. The
‘'oxygen effect and the temperature effect seem to be closely inter-
related, = So-is the effect of storage  of seeds after irradiation and

tbafora hydratmn In the case of nentron irradiation these factors do
not seem 0 influence the effects (20).

Differences in response to irradiation have been noticed among
spames varieties and genetic strains within a. variety.

Regarding the stage of life cycle for getting more mutations
by irradiation, the following general inferences has been made from
the &xperlment-al results. Aged seeds show greater frequency of
induced mutations than fresh seeds. Young plants are more radio-
sensitive than mature plants. Meiotic cells have been found to be
more radiosensitive to radiation than mitotic cells (23, 29). Chromo-
some aberrations are relatively more frequent when pollen is
irradiated than when seeds ave irradiated. Pollen irradiation has an
advantage over seed irradiation because a change induced in a single
uﬁ]i will be represented in every cell of the progeny, if it fertilizes
;_m egg. In bud and seed irradiation a desired change may be seen
in one or a few cells which produce only a small sector of the mature
plant. There is also a possibility of the neighbouring cells outgrow-
ing the altered cells and change may be imperceivable. Polyploids
are in general more resistant to radiation than related diploids,

Radiations in plant breeding: The use of radiations in plant
‘breeding is very promislng. What is more important is not the
induction of mutations, but the survival of the induced mutations
through cell division. An ionizing ra diation causes a change in the
fundamental hereditary material at a molecular level. Tt is $hen
taken up by the self-reproducing chromosome units in the cell,
Recombination takes place with the residual genotype. There is tho
reaction of the genotype with the environment. Then the plant
breeder seiects those genotypes which nre suitable to his particular
needs. Thus, it is a series of events from the induction of mutation
to the growing of a Hew variety of plant in an area. In other words,
one has to get a useful and viable mutation induced in a cell and that
single cell,” uncontaminated by other cells, has to pass down a cell
lineage to make a new plant. After the mutation has been arti-
ficially induced, the techniques of selection and testing arc the same
us those employed in conventional breeding methods.
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Dr. Ditervon Wettstein, one of the Swedish workers ‘in - the
field of radition genetics says, “We have found that by: Tadltmn we.
can get almost anything out of plants we really waut- Mnat food
plants of today are rather old-fashioned, and their variations have:
exhausted by many years of inbreeding. They need to be reconstruncted
to suits the needs of modern agriculture, with its emphaal_s on high
yield and mechanization. We now have an instrument with which we
can rebuild all the food plants in the world ”. This is a very optimistic
view! “We have only made a start in creating useful new plant
varieties. Now we are trying to learn how to control ‘the mutation
process - bo discover the condifions under which we can produce at will
the plants the world needs. We get the widest vameiy of mutations
from some plants by irradiating them for short periods at certwin times;
others seem to do better if exposed for a whole season. Many new
practical developments are on the way. For instance, we expect to
develop grains that will mature earlier, which will be very important
niot only in Sweden, but in all northern countries. Even a few days’ car-
liness will make a great difference in world production by anticipating
frost and storm. We already have the early strains, but their yield is
not high enough, We are conﬁdant that we can get both qualities ” (17)..

Ake Gustafsson and Olof Tedin conclude [12}, “ However well-
founded the scepticism against the value of irradiation experiments
in plant breeding may once have appeared, it is by now evident that
induced mutations can increase the yielding capacity of a variety, or’
on the.other hand leave its production eapacity in tact and improve
special qualities of importance in modern agriculture, such as stiffness
of straw, earliness, protein content, baking quality, fibre strength,
grain size-in cereals as well as in peas, lupines, flax, tomatoes, etc.
This series of papers goes to indicate that mutation résearch is
indispensable for the progress of plent breeding. Artificial mutation
implies a means of augmenting variability. Some mutants directly
increase agricultural fitness. Others are useful in recombination
work. We are now able, to some scant degree, to influence and to

confrol the sum total of the mutation process, as well as to direct
the mutation of individual loci .

Disease resistance is the most  outstanding contribution of
‘radiation to plant breeding. There are some special uses of radiation
as & tool in plant breeding such as those pioneered by Sears (27) and
and Elliott (6) in transferring a small useful piece of chromosome

from Aegilops and Agropyron respectively to wheat to get the disease
rea:stance to wheat.
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With reference to 'crop improvement the following achievements

are ‘8o far made in wvarious parts of the world by crmsmg desuah]e
~mutbations by radiation (14, 22).

© Plant Improvement
1. Barley Stiff straw, earliness, dense spike, increased
: yvield of seed and straw, higher protein
content, improved malting quahty, disease.
ras:atmme

2. + Oats Stem rest resistance, earliness, short straw,

- stiff straw, increased test-weight, improved
quality.

3. Wheat Short and stiff straw, earliness, increased
yield, improved baking quality, sﬁem and
stripe rust resistances.

4, Peanuts Increased yield and oil production, disease

(Ground nuts)  resistance, size and shape, befter adopted to
mechanical harvesting.

Soybeans Earliness, increased yield.

Vetich Greater vitality.

Beans Increased yield, disease resistance, earliness
and bush habit.

Mustard Increased yield and oil production.

9. Peas Gigas mutant form with higher yield.

10, © Sesame Higher yield (3).

11. Jute Taller plants (2).

12, Tomato Increased yield.

13. Apple - Red fruit.

14, Pear Striped fruit.

15. African violet = Self-fertile varieties.

16, Carnations Flower color sports (25).

17.  African violet  Leaf shape and flower color variants.

18." Riee New dwarf type which may substantially
reduce loss due fio lodging.

19. Peaches Early varieties.
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Of theso varicties, the Primex White mustard Svalof the
“Stralart 7 of Weibullsholm, and the “Schafors Universal™ m
Phascolous were rcleased into the market in: Sweden. . Numerous
mutants in barley, wheat, peas, lupine, being rather promising, ‘await
their final large-scale testing (12). In the U. S, A.}ﬁha;“ﬁ[iglﬁg’nﬁ:i
Experimental Station las rcleased a new bean. variety, Sanilac
(Phaseolus vulgaris, L.,), with its carliness and bush habit.. _%.5 a
result of the efforts of Gregory (11) an improved peanut yvariety was
released in North Carolina State in January 1959. - A large number
of irradiated crops comprising cereals, forage grasses, legumes;
vegetables, fruit trees, oil and fibre crops of economic importance
are at present under observation regarding the beneficial mutations
they may be showing (22). Regarding the potiential uses of radiation
in plant breeding, the following points may be mentioned :

1. It is useful in inducing variability.

2. It may be used in breaking extremely close linkages by
which may things ean be achieved.

3. In the realm of interspecific and intergeneric hybrids, parts
of non-pairing chromosomes may be transferred with the
help of radiation to stable synapsing chromosomes.

4. It may be practical to have o crop with “induced heterngis’
by irradiation of pollen.

Conclusion: Tt is beyond dispule that beneticial mutations can
be produced by irradiation. Radiation does not produce ready-made
varieties but it increases variability with a greater frequency than
that occuring in nature through spontaneous mutations. The plant
breeder has a very large scope to make selections. He has to grow
large progenies and make effective screening to geb what is needed.
The good features of a mutation can be recombined with other
outstanding characteristics through conventional methods of hybrid-
ization and selection. When the induced mutation process “is
controlled and directed to give the desired mutations, by decreasing
the chromosome aberrations, plysiological injury and sterility,
ionizing radiation will be a very usful #ool in plant breeding. Mutation
induction, as a technigue of plant breeding will then be a profitable
supplement to the convenitonal methods of selection and hy-
‘bridization.-

. Lam grateful to Drs. Elizabeth MdCracken, T. 8, Osborne and
R. C, Mecilhenny for their suggestions on going through the
manuseript: -
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