GAMMA RAY INDUCED POLYGENIC VARIABILITY
IN BHINDI

BY
AHMED REGINA B.Sc.(Ag.)

THESIS
Submitted in partial fulfilment of the requirement
for the degree of
MASTER OF SCIENCE IN AGRICULTURE
Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT CF AGRICULTURAL BOTANY
COLLEGE OF AGRICULTURE
VELLAYANI, TRIVANDRUM

1986



~

/

! ; )

i\ (I\ o MI “‘Jn Jr-&/

3 \ 7

N J /
11 e T

DECLARATION

I hereby declare that this thesis entitled
"Camma ray induced polygenic variability in Bhindi®
is a bonafide record of research work dome by me
during the course of research and that the thesis
has not previously formed the basis £or the award of
any degree, diploma, assoclateship, fellowship or

other similar title, of any other University or Soclaty.

hod L7

Vellayani, AHMED REGINA
@5 =l - 1986.



iii

CERTIFICATE

Certified that this thesis entitled
"Gamma ray induced polygenic varlability in Baindi®
is a record of rosearch work done independsently by
AHMED RLGINA under my guidance and supervision and
that it has not previously formed the basis for the

award of any degreo, fallowshlp or assoclatesalp to

her.
DrsNKRISHNAN MNAIR
Chairman,
Advisory Committes,
Vellayani, Proiessor of Agricultural Botany,

d5m 4 = 1986, College of Agriculture.



iv

APPROVED EY1:

CHATRMAN s

Dre N.KRISHNAN NAIR (

.L!)_,({/‘

AEMBERS 13

DX eP«D«VIJAYAGOPAL Qg%/
%«M —
Dr.S. BALAKRISHNAN AN

Dr. (Mrs.)P .SARASHATHY /KN‘*”"’Wfl/Z_

EXTERNAL EXAMINER: ‘L

AT U, fe .




ACKNOWLEDGEMINTS

1 am extremely indeoted to Dr.N.Krishnan Nair,
Professor and Heazd of the Department of Agricultural
Botany, College of Agriculturc, Vellayanil, £or his expert
guidance and valuable helps rendered during the entire
course of the research work. &My gratitude to him knew
no bounds.

I have proifound plgasure in acknowledging DreP.D.
Vvijayagopal, Professor of Agricultural Botany, for render-
ing constant attention and valudble suggestions at all
stages of thie research endeavours I am exprassing my
sincere gratitude to Dr.P.Saraswathy, Associlate Professor
of Agricultursl Statistics for her constant help in
conducting the statistical analysis and interpreting the
data and to Dr.v.Balakrishnan, Professor of rlant Pathology
for going through the manuseript and making useful correc-
tions.

4y heartfelt thanks are due to Shri.abdul Hameed,
Professor of Agricultural Chemistry, for his wvaluable
helps in the presentation of the photo plates.

My sincere thanks ars alsv due to Shri.C.T.dukundan,
Technical Assistant of ~tatisties Department, Shri L.R.K.Potti,
Senior Office Superintendent and all the staff members and
students of Department of Agricultural Botany, College of
Agriculture, Vsllayani.

I wish to place on record my deep sense of gratitude to
my parents, brothers ana frlends f£or thelr constant encourage-
ment for thae successiul completion of the thesis work.

Lastly, I thank the Kerala agricultural University and
zhe Dean, Collage of Agriculture for the fellowship and for
providing all necessary facilities during the pariod of

Pos t=graduate progromnze fvutgilgﬁﬁkf

AhlED RiGINA.



i

INTRODUCTION

REVIEW OF LITERATURE

MATERLALS AND METHODS

RESULTS

DISCUBSION

SUHMARY

REFERENCES

ABSTRACT

2

vi

I ]
1=
1=
9
1]

-e

LN )

[ 2

e

PAGE

1- 6

7-30

31-45

46=-152

153=-185

186-189

1 - xxi



10

11

vii

LIST OF TABLES

Detalls of genotypes lncluded for
mutation analysis in MB generation.

Treatmants selected out from third
generation for performance analysise.

#ean plant helght and frequency dis-
tribution of variants (percentage)
in the third generation.

Mean number of days taken to f£lower-
ing and frequency distribution of
variants (percentags) in the third
genaration.

Mean nunber of leaves per plant and
frequency distribution of wvariants
{(percentage) in the third generation.

Mean number of braaches per plant
under different treatments and under
different Ml starility classes.

Mean firult length and frequency dis-
tribution of variants (percentage) in
che thinrd genocration,.

Mean frult welght and frequency dis-~
tribution of variants (percentage) in
the third generation.

Mean number of frults per plant and
£requency distribution of variants
{(percentage) in the third generation.

Mean frult yleld per plant and f£requen=
cy ddstribution of wvariants (percentago)
in the third generation.

Mean plant height and fragquency distri-
bution o variancs (percuntage) under
diffarant Ml starility groups in the

third generatione.

45

47

50

53

55

57

59

62

80

(contde.)



vill

(LIST OF TABLES CONTD,)

TABLE

12

14

15

16

17

is

19

20

21

Mean number of days taken to flowering
and frequency distribution of variants

(percentage) under different 1, steri-

lity groups in the third generatione.

Mean number of leaves paer plant and
Zreguency distribution of varlants

(percentage) under dAffereut “y Bteri-

lity groupe in the third generation.

Mean fruit leongth and fresguency daiziri-
bution of verlants {percentage) under
ditterent Ml sterility groups in the

third generation.

Mean £rult weight and frequency diastrie-
bution of variants (percentege) under

different Hl gtorility giroups in che

#hird genoration.

Mcan number of f£ruits per plant and
frequency distribution of variants
(percentage) under different M, steri-

lity groups in the third generabtion.

Mean frult yield per plant anc frequency
dastribution of variants (percentage)

urnder different Ml gterllity ¢groups in

the third generation.

Test of proportlons bestueen the Ml

sterility groups within tie aifferent

phenotyple classes.,

Test of proportivns ketuecn thes 1&1
terllicy groups witlun the digfrerent

phenotypic classes.

T2zt of proportions betwecn tha Mi

sterility groups witihan ths different

phenotypic classas.

Test of proportions between the Ml

sterllity groups within the different
phenctyple classes.

PACE

83

86

90

93

96

99

104

110

i16

121

(Contdse.)



TABLE

22

23

24

&
3]

27

28

29

30

31

32

ix

(L.IST OF TABLES CONTD.)

Maan plant helght and frequency distri-
bution of variants (percantage) in the
fourth ganeraticn.

Mzan nugher of days taken to flowering
and frequency distribution of vaeriants
{percentage) in the fourcth generacinne.

I‘ean nunber of leaves per plant and
frequancy distribution of variants
(percanitage) in the Zourtch genaration.

Moan numbar of osranchag per plane in
the fourth generation.

Maan £xuit length and £requency distri-
vution of variants (pzreant.ga) in the
fourth generatiocne

Mezn fruit weight snd fraquency distri-
bution of variants (percentage) in the
fourth generation.,

Maan number of fruits per plant and
frequancy dlstribution of varlants
(percentage) in the fourth generation.

Mean fruit yieid per planc and the
£requency distribution of variants
(percentage) in the fourth generation.

5hift in mean plant height anc range in
frequency of variants in M3 and M4
generations.

Shift in mean number of days taken to
flowering and range in freguency of
variants in M3 and M, generations.

Shift in msan number 0f lesvas por
plant and range in frequency of
variants in My and i, generations.

U
5]

123

125

129

132

135

137

140

155

159

162

(contd.a)



(LIST OF TABLES CONTD.)

TABLE

33

34

35

36

37

38

39

40

shift in mean number of branches per
plant in M3 and Mu generations.

Shift an mean £ruit length and range
in fregquency of variants in Ma and M4
generations.

Ghlfe in mean frult weight and range in
£ragquency of vaciants in M3 and Mn
generations.

shift in ingan number of frults per
plant and rangs in £reguency of variants
in MB and M4 genarations.

ohuxt in mean £rulc yisld and range in
fraguengy of variants in M3 and M,
generations.

Maximum and minimum mean values among
the three Ml sterility classes.

Maxlmum and nindrum phenotyplc distrie
bution of astegatdve and positive mutants
induced by gamma rays among the three

ML stoxility groups ia the third

generationa.

Maximum and rinimum phenotypl.c distri-
bution of negarlve and posltive muiants
induced by gsmma rays among the three
M, sterility groups In the third

goneratlon.

I Y

PAGE

165

168

171

174

177

180

182

183



x4

LIST OF ILLUSTRATIONS

Plate 1 A ganeral view of tho experimesnte-
segregating population {third generation)

Plate 2 Segregants showing plant height

variations in Ma generation.

Plate 3 A profusaly oranching mutant in Ma
generatlons

Plate g % Leaf gize and shape variations in the
sagriygat.ag population (Ma ganoration}

Plgta 6 A broad leaved dwarf plant
Platea 7 A brozd leasved tnll plant

Plate 8 A narrow leaved dwarf plant
Plate 2 A narrow leaved tall plant.

Plate 10 Fruit sizae variations in the segregating
generation.

Plate 11 Fruit colour wvariations in tne sagre-
gating generztion,

Plata 12

& Plants showing wwin £4ults in iy generation.
13

——(m—



INTRODUCTION



INTRCDUCTION

The successful exploitation of atomic radiations
for inducing genic alterations is one 0f the mosat modern
and potent lines of crop improvement programmes The
green revolutiocn - partly a product of induced mutations
has already proved beyond doubt that atomic energy can be
successfully utiliged for genetic engineering and for
tailoring better varieties of crop plants. Gaul (1964)
has pointed out that by induced mutation all morphological
and physiological charactsrs within the species boundary
and beyond this can be altered in any organism. Brock
(1971) clearly demonstrated that we can induce any mutation
that occurred naturally and probably many which have
either never occurred naturally or have been lost from

natural populatione

Crop improvement programmes have been exploiting
the two major factors of svolution namely recombination
and selection to great advantage for quits some tima.

The extensive exploltation of these factors in breeding
demanded use of many refined techniques. Once a cultivar
is produced through hybridization, further improvement in
quantitative characters can only be achieved through

micromutations which are induced in enormous numbers,



The term mutation (‘mutara'’ in latin means
'to change®’) was used for the first time by DeVries (1900}
and ha put forth the idea of producing mutations arti=-
ficially for use in plant breeding. The usefulness of
creating mutations artificlally was grasped at once by
many plant breeders and a period followed in which
conslderable effort was directed towards utilizing this

new dimcovery in practical breadinge.

In any populetion, the extent of improvement expected
by selaction depends on the genetic variability present
in the populatlcn. among the different msthods of creating
variation both in nature and in the laboratory, the use
of various sources of radiatiicn has opened up lmportant
channel into which our energies for the i&provemant of
agricultural crops can he divested. Gottschalk (1978) in
his papor on 'prospacts and limits of mutation breeding!
clearly stated several advantages of this method of breed-
ing, which arc not observed in gonventional oprecding
prograsmes. It is possible tc lncrease tne genotic varia~
bility of a species within g short time, Distinct
rasistance genes may be obtained, which ars not avallable
as source for speci{ic resistance principlea. The adapta-

bility of many mutants to altered enviroanmental conditions



as related to that of the mother variety provides them
with good chance for practical utilization, when culti-~
vated under different ecologlcal or climatic conditions.
Sufficlent evidence has bsen built up in recent years to
indicate that beneficial and waluable mutatlons can be

induced for improvement of various crops.

The knowledge about the genetic nature of DNA,
gained from works on the genetics of virus and bacteria,
provided stimulus for interest in mmtant specificity.
Though artificial induction of mutation in crop plants
to create more variability has been taken up ever since
the diccovery of mutagenic effects of lonizing radiations,
much ot the attention had been devoted, in the past decades
only to the extraction of macromutaticns. The meagre
usefulness of macromutants in mitation breeding led plant
breeders to try to alter the spectrum of mutation yleld
by using different mutagens. While changing the nature
of a macromutant by using specliic mutagens is appesaling,
there is little foundation for it in the laws of evolution,
as they apply to plant improvement. In contrast, the
induction of many mutations, each with small effect on
guantitative characters, permits the full operation of
the laws of cvolution, and is therefore the logical alter-
native to the inductlon ¢of genorally degenerative macro-

mutant (Gregory, 1966).



It is our present knowledge that guentitative
characters, which constitute majority of economically
important traits, are generally controlled by the so
called polygenas, which are a series of genes wiose
individual effect is too small, but through similarc
and supplementary effects can have lmportant effects
on total variability. Greater attention is being paid
now to gather detglled information on the induced poly=
genic mutatlons to assess their periormsnce in later
ganexations following mutagenic treatments and also €0
avolve selection procadures. Systemstic studies on the
induced polygenic variability in the progenias of the
mutagen treated material have rosulted in the successful

evolution of improved strains in many Cropse

A wider variabllity in the spsctrum of nmutations
conld be expected from hyorid irradiaticn than from ths
irrediation of pura bred seeds as demonstrated by Krull
and Frey (1961) in Oats. Hance, the chances 0f rocovering
beneficial mutants £rom the progency of irradiated popula-
tion of hybrids are more. A comparative study of the
subsaguent generations of the irradiated populations of
pure bred and hybrid seeds can bring asbout much promising
result which will eventually help in the crop improvemeat

Progranmes e



Abelmoschus asculentus (Moench) commonly known as

Okra or Bhindi is an important vegetable crop of Afro-Asian
commtries. It i= a proteinaceous vegetable with wide
adaptability to varying environmental conditions. Bhindl

1a a secondsry polyploid with a high chromosoms number

of 2n = 130 {(Joshl et al. 1957). The rsports on spontaneous
or inducead mutatioas in this crop are very few as opined

by Bhatis and Abraham (1983). The presence of moxe than

a palr of homologous chromosomes impart a buffering

aeffect lesfing to greater stability and hence, thers is

a higher rate of repairing of mutaticns. But it is svident
that the breeding material can be made more sensitive to
mutageng, by creating an imbalance in thco genetic mgke

up through the process of hybricdization. The prospects of
inducing desirable mutants in bhindi have not been explored
in details In order to find out tha possaibility of inducing
useful variability in this crop by using gamma rays., a study
has been undertasken in the wepartment of Agricultural
Botany, College of Agriculture, Vellasyani during 1982-83.

The present investigation is a contrnuation of this project.

The main objectives of the present study include:s
1. To0 assess the extent of induced polygenic varicbility

in the segragating generations of MB and M4.



2.

4o

To make a comparative study of the response of
pure bred and hybrid seeds to gamma rays in M3

and M, generationsa.

To compare segregatlion patterns in hybrids and
irradiated populati.ns of pure breds and hybrids,
and

To explolt the variability to isolate out desira=
ble plant types having maximum expressicns in
vield attributing characters and higher yield.



REVIEW OF LITERATURE



REVIEW OF LITERATURE

The uses of X rays for genic manipulation were
first reported by Muller (1927) on Lrosophila and
Stadler (1%928) on barley. ©Other physical agents like
ultra violat rays (Altenburg, 19347 Stadler and Sprague,
19367 Stadley, 1941; Stadler and Roman, 19243), £fast
neutrons (Mackey, 19543 OChrenberg, 1954). heta rays
(Ehrenberg et gle.. 1949), gemma rays (Sparrow and
Singleton, 1953 ) and thermal neutroas (Caldecott et al.
1954) have since been uscd extensively to create
variability in plant populations for having a positive

response to selectione.

Mutagenic effects of g number of chemicals azlso
have been studied by different workers. The mutagenic

effect of mustard gas on Drosophila was shown by Auerbach

and Robson (1944). Since then a number of mutagenic
chemicals have besn studied, of which rethyl methane
Sulphonate (Hesiner gt al., 19607 L'amato et gl., 1962)
and Bthyl metnane sulphonate (Arnason gt ale.. 1962
Froese- Gertzen gt al., 1963)were found to bae highly
mutagenice The avallability of s wide range of both
physlcal and chemical mutagens prompted investigators to

probe into tne relatlve advantages and disadvantages of



the different mutagens (Sweminathan, 1969a,b). Sigurbjorasson
and Micke (1969) reported that most of the varisties daveloped
by mutation breeding was the result of irradiation with
lonizing radiation.

Ggmng rays and induced mutagenesis

The offects of gamma ray irradlation of cotton have
been studied by Younis and Hammouda (1961). They exposed
the seeds to high doses of Caesium=~137 and noticed reduc-
tion in emergence, inhibition of growth, retardation of
floviering and reduction in number of f£lowexs and bolls
produced/plant. Ibragimov and Popova (1962) found that
exposing seaeds of cotton strain '1087F* to small dosages of
60Co gamma ray had a stimulating effect on growth and
development of the plant, giving higher yield and longer
£ibre than the control. Kapbulov gt al. (1962) and Pats
snd Duncan (1962) showed that gamma irradiation of cotton
pollen was an effective means of inducing mutation at
several macked loci, where changes from dominant to
recessive were desired. stimulatory or heterotic effects
rasulting from pollination with lrradiated pollen was
also indicated. Further investigation on gamma ray
irradlation of cotton were done by Nazerov gt gl. (1961)

Bhute (1964), Constantin (1964), Nandanvsnkar and



Thombra (1964), Dheai (1966) and Gulamov and Narimov (1966).

Louis and Kadambavanasundaram (1973a) reported a
reduction %‘1 ﬂgemd.riatio‘r} percentage and an increase in
delay for germination, following gamma irrediation of
cowpea seeds. Sree Rangeswamy @t ai. (1973) observed that
the graengram plants treated with gamma rays were shorter
than the parents and those treated ulth 60 kR were the
shortest. Tha effects of gamma rays and BMS in red gram
were studied by Alikhan and Vecraswamy (1974) and found
that chlorophyll mutations were maximum at 24 kR and 70 mm
tisatrants respectively. Susumu et ale {(1975) reported an
increase ln procein content in soybean due to gamma

irradiacion.

Fautrier (1976) observed that in lucerns, no plant
survived in trestments above 120 kR oxX gamma rayss One
short stgbtured lodging resistant mutant was selected from
rice variety 'Calrose’ irradiated with 25 kR cobalt gamma
ray (Rutgar., 1977). Gamna irradfation of greengram varie-
tles indicated variation in the mutagenic sensitivity in
the i, genecation (Ratnaswamy et ale., 1978). Parial (1977}
raported tnat chronic gammz irradiation was more effective

in inducing potentially useful mutants in pea.

Twenty true breeding morphological mutants were

isolated in the Mz generation, following exposure of sesame



10

(sesamum indicum L.) seeds to gamma rays (Murthy, 1980).

By irradiation with 30 kR gamma rays a photoperiod insensi=
tive mutant (Rasmi) was obtained in cotton which flowered

in gbout 50 days and matured in 150 days irrespective of
logation and ssason (Raut and Panwak, 19680).« A high yield-
ing very early mutant (MUP-1) was lsolated from the
subsegquant generation of the gamma irradiated population

of pea (Pisum sastivom) (Cupta gt gl.1981). Aulik and
shkvarni<ov (1982) okualned s mutant varlety in Lycopersicon
eaculentum with early and high yleldlng characters by

gamta lrradlacicn.

Cenic status ond radiosensitivity

Gustafsson (1944) observed that among sscds of various
cultivated plants treated with Xerays, tha critical copage!
ranged £rom 5000 r £or seeds of sun flouwer to 90,000 r for
seeds 0f rutabaga and white mustard. Sparrow aud Gunkel
(195€) have roported, varying levels of tolerance among
79 specles of plents vo chropnle radiation. The radlo~
sensitlvity of an organism appears to be influsnced by
its genotype, age of the tlasue, stage of chromosoms and
chromosoms number {(Smith, 1958). Nilan (19%¢), Lampreék
(1956, 1958), CGo2lin g pl. {.958), Swmith (1961), Sparrow
(1961), ronzak gt ale (1961a) and Sparrow gt al. (1965)
raported that any change in the genotypic level can induce

significant changes in the radiosenlsitivity which influence



not only the total rate, but also the spectyrum of recovera-
ble mutaticn. Variatlon in respect to radiation response
among dlfferent genotypes was observed by Bianchi gt als
(1963) in tomato, Mikaelson and Brunner (19€8) in barlay
and Majeeb and £iddlaqui (1973) in peas Gomma irradliation
of greengram varieties incicsted variation in the mutagenic
sensitivity in the M, generation (Ratnaswamy gt ale, 1978)
Ramalingam (1980) reported that the spectrum of mutation

differed according <0 vaciety, mucagen and interaction

batueen variety anid dose of a particular mutagenes

The fZregquency «nd opactzum of induced mutations
Was greater in sged seeds compared o f£resh sesds (Cusvafsson,
1918}, Sparrow and Singlevoa (1953) found youny plants
£0 ba moro radiozensitive than mature plants and melotle

colls to ba more sengitive vo radiakicen than mitotic calls.

3tadier (1928) had showm that the frequency of
chloropiiyld deflicients was lower in speciss with higherx
Cnromosomns numper in wheat and oats. Swamlnathan (1965)
raportec chat polyploids are in general, moro rasistant
to radiation than related diploids. Sparrow gt als (1965)
suggested that the greater resistance repoxrted for poly-
plolds than for closely related diploids resultad mose
from thelr roduzed inverphase chromosomz volumes than

from the pruotective effect of genetic reduadancy.



Howaver, with neutron irradiation, a decidedly higher
frequency of mature plant character mutant was obtained
in hexaploid wheat than in diploid barley (Mackey, 1954).
Radiosensitivity of haploid plants was found to be higher
than that of diploids (Tanaka, 1970). The diploids in
turn, were reported to be more sonsitive than the
respective autotetraploids (Yamaguchi and Kobayashi, 19607
Yamaguchi, 1964 and Sree Rangasamy, 1970).

Bxtornal factors affecting mutation spectrum and freguency

Environmental {actors have been found to influence
the genetic effects of radiation and there are potential
importantce in practical application, since they offered an
opportunity for additional control over the mutation process
(smith, 1958). Ehrenberg et al.(1953) reported that the
soaked seeds of barley were more sensitive to X radiation
than dormant seeds stored under ordinary laboratory condie
tions. The works of Caldecott (1955) and Ehrenberg (1955)
indicated that moisture content in the embryos of irrsdia-
ted seeds atfected the radiation response in resulting
seedlings. The mechanism by which seed water content influen-
ces radiation aeffects in seeds appears to involve in part,
the mobility and actlon of free radicals and oxygen

(Conger, 1961 and 1963; Conger gt al«, 1966; Ehrenberg, 1961).
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Sax and Dnzman (1939), studying the effect of
temperature on chromosome breakage in Tradescantia
microspores, found a gradual decrease over the range
30~38°C., Caldecott and Smith (1952 b) found that heat
applied to barley seeds prior to irradiation reduges the
injurious effects. Stadler (1931), Nybom et al. (1953)
and Nilan (1954) reported that when sseds were irradia-
ted at dry ice or ligquid air temperature, the frequency
of induced chromosomal aberrations reduced, wWhereas the
vislible seedling mutation frequency were unchanged or
even increaseds. X-irradiation at high temperature reduced
the f£requency of both lethal gene mutations and transloca-
tions in several organisms (Lea, 1955), Heat shock treatw
ments immediately after irridation has been found to
reduce damage in terms of Mi seedling heigh® and chromoscme
aberration frequency (Gaul, 1957 a and b; Konzak gt al.,
1960) without decreasing mutation frequencies (Gaul, 1957 a
and b; Khostova, 1966; Konzak gt al. 1961a) . Santos (1965)

vorking on nung bean (Phaseolus gureus) concluded that with

heat treatment, especially post irradiation, a much higher

dose of gamma rays could be applied to seeds.

The effect of Oxygen on radlesensitivity was raported
by Thoday and Reed (1947). A reduction in oxygen concentra-

tion reduced not only the number of mutations and chromosome
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aberrations but also the level of general radiation
damage to cells., Different ioniging radigtions vary
widely in their response tooxygen, X particle being
insensitive to oxygen, while gamma rays are more
effective in the absence of oxygen. The discovery of
the effect of oxygen on mutation and chromosome breakages
has focussed attention on the possibility that at least
a part of the effect of radigtion may follow from the
release of chemical substances, positively peroxidases,
which may have a direct effect on the chromosoms and on

the gene (Williams, 1264).

The review of Nilan (1956) indicates that there
is increasing evidence for the production of modifying
effects with respect to the f£requency of mutation, the
differential productlon of intragenic changes as against
chromosome breakg and the spectrum of mutations, by
altering the chemical and physical conditions before, after

or during irradiation.

Nature and types of mutation

Mutations, according to Gustafsson (1970) can be
divided into the following main categorics 1) Ganome
matations (Alterations of Chromosome number), 2) Chromo-

some mutations and 3) EZxtranuclear mutationse.
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Natarajan (1966) reported that in some organisms
haploid cells could be produced by chemicals, ege. after
treatment with diethylpyrocarbonate. Some mutants induced
by colchiclﬁe in Sorghum are consldered to be the result
of gene mutation and mitotic caromosome reduction{a sort
of haploldy) followed by diploidization (Ross, 1965).,
in barley, a break in the centromere region gives rise
£0 an extra chromomga, when both chromosome arms behave
like separate chromesomes, thus increasing the basic

number from 7 to 8 (Hagberg and Hagberg, 1968).

Evans (1966) has formulated the view that radia-
tion does not produce direct chromosome breakage at all,
and that chromosome exchanges induced by radiation or
chemical agents or occurring spontaneously at mitosis
(mitotic crossing over) or at meiosis {meitotic crossing
over) are basilcally similar events. Translocation and
inversions have greatly contributed to species differenw
tiation in nature. The so-called chlorophyll or chloroplast
mutants are conspilcuous type of plant lethals (Gustafsson,
1940: Walles, 1967 z), which arise after 2ll kinds of
mutagen treatments, primarily in diploids. Ionizing radia-
tions often exert g more radical action on chromosomm
conatitution than do several of the chemlcal mutagens,

but are no doubt, also capable of inducing gene mutations.
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Diffarent gene loci respond to radiations in a different
manner (Hagberg et al., 19587 Lundgvist gt al.. 1968)
Narsinghani and Sudhir (1976) reported that mitotic cells
of gamma ray I;reated poas indicated chromosomal altera-
tions, which were dose dependent. In melosis, transloca=-
ted rings and chains of 4,6 and B caromosomes, paracen~
tric and pericentric inversions, fragments, laggards

and unequal éistribution of chromosomes were observed.

Induction of cytoplasmic mutatiuns by means of
different mutagens is rather rare, although scattered data
(Von Wettstein 19617 dagemann and Schelz, 1962) prove
that such properties may oe artificslly induced. Favret
and Ryan (1964 and 1966) wers able to lsolate mutants
of barley showing plasmatic male sterility from X irradia-

ted and EMS treated materials.

Induced polygenic mutations

Genic alterations created in polygenically controlled
tralts is referred to as micromutations These are obvi-
viously oI great interest to plant breeders singe almost
all economically important characters in plants are
governed by polygenes. Gregory (1955) working with paanuts,
a self pollinated legume of amphildiploid origin, inducea
a remarkeble increase in the gemotypie variance in the

‘fitness' cnaracter, yield of pads, by X ray treatm N
ent of
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seeds (Fitness character, as used herein, means a
character which when mutated results in a change in the
frequency with whach individuals bearing the character
appear in subseguent generations). At the gsame time,
however, it was snown that population means was sub-
stantlally reduceds, Similar results have been obtalned
in soybean (Rawling et gl., 1958; Papa gt al. 1961) oats
(Griffiths and Johnston, 1962) barley (Gaul, 1963) wheat
Swaminath, 1963) and rice (Sakai and Suzuki, 1964).

Rawling gt gl. (1958) after treating the seeds of
soybean with X ray and thermal neutyon observed signi-
ficant increase in genetic variability in all the treate-
ments, for all the characters studied, except yield, Oka
et gl. (1958) observed significant changes in mean values
£or heeding Gate and plant height, uvhile there was a
marked increase in genetic component of varianca. The
consistency of population means suggested that polygenic
matations in plus and minus directions appeared with
approximately equal frequency. Bateman (1959) however,
pointed out that mean did infact change and altered means
and variance could be explained by assuming all mutations
in one directicne He also reported that there was an
excess Oof mutation in positive directions. Gaul and

Mittelstenscheid (1961) observed 2=-3 times increase in
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variance in irradlated MZ barley material than in unirradia-
ted control. The average single plant yleld vas similar

in irradiated and unirradiated progenies. Similar illustra-
tions are available for pod and leaflet dimensions in
peatnut {(Loesch, 1964; Imery et al. 1964) and seed sizs

in rice, oats and soybean (Rawling gt gl., 1958; Krull and
Pray, 1961; Papa gt ale, 1961; Yamagulchl, 1962; 2orams

and Frey, 1964). Neverthless, mean heading date may be
shifted tovards lateness in smill grainc (Krull and Fray,
1961; Maitsuo and Onozava, 1961; Sakal and Suzukl, 1964:
Gaul, 1965). Borojevic (1968) in wheat reported that Mg
analyocis of selacted lines revealed significant dlfference
between lines and not within lines. Jalll and Yamaguchi
(1965) studied the varlation of quantitative characters

in the irradlated progonies of two rice varieties and

thelr hybrids.

Brock (1965) showed that in spscies wnicn have
previously been subjected to breeding and selection,
random mutation resulted in an incresse in variance and
a shift in the mean value away from the dircection of
previous sclectlons Improved yields following selection
in irradiated populations have been reported {or peanuts
(Gregory, 1955, 1956; Bllguez gt gl., 1965; Lmery gt gle
1965) barley (Gaul, 1961, 1965) and rica (Matsuo and

Onozawa, 1961). From a comprehensive programme of yleld



19

testing with barley, Gaul (1963, 1965) found soma mutant
lines with moans less than the control and soms with means

almost equal to the control.

Kumar (1967) in his studies on diploid and tetcaploid
barley treated with OMS and gamma rays observed enlarged
variance in gll the troatments as compared to control.

The coefflicient of varlability catimates also revealed

that the induced wvariability in M2 generation is of higher
magnitude in diploid than in tetraploid barley. Borojevic
and Borojevic (1969) reported an increase im genetic varia-
bility induced by mutagens in wheat. Ramaswamy (1273)
observed in blackgram, a negative shift in the mean in

M2 generation and the same approaching control or slightly
high in My The variance was reported to increase in all
traits in M2' except for number of seeds and grain yleld
in gamma and EMS treatments. Rao and Giriraj (19275) in
bhindi reported that cilther decrease or increase in mean
value over tho control was obswrved in the irradiated popula-~
tion. Increase in polygenic variability induced through
radiation in wheat wap recorded ny Dhoruksne and Bnowal
(1976) « Shakoor gt al.{1978) have stated that the magnitude
of brosdsense heritabllity estimates for plant height
appeare@ to be related to the rediation exposure and

were usually of a higher order indlcatinyg the possibility

of exercising eifective sealection in M2 generations
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Virk gt ali(1978) noticed significant increase in variation
after exposure of pure bresding and hybrid genotypes and
also found thac the variation from hybridization and
irradiation were generally not cumulative. Ramakanth gt al.

{1979) reported “hat in Dolichos lablab variance was

maximum at 30 kR for seed weilght and flowering tilme,

wheress for grain weight, maximum variance was at 40 kR.

Kamanmavar (1985) reported chat treatment with
mutagens in chilll reduced cne means of sll quancitative
characters studied, wvith some exceptions viz. days to
£lowaring, plant helght etc. Induced mutations in both
plus and minus directlons indicated that thore was ilncreased
variability in respect of quentitative cnaracters.Lekhsa
Rani {1985) obsorved that the extent of varlability created
in all the polygenic tralts wary depenaing on genotypes,
mutagen and theilr doses and the character under observation.
Mahishi (1985) concluded that muﬁéeus like gamma rays ¢an
induce polygenic mutations in cowpea in sufficient frequency,
rezulting in an increase in varianco for polygenic traits
towards poth positive and negative directionse Both negative
and pesitive shaft in mean value for different polygenic
characters compared to control wvalues, in the irradiated
population of bhindil was noted depending on the genotypes
(Mareen, 1985).



Compargtive merits on hybrid seed irradiation

Gregory (1956) suggested that radiation induced
variance is cumulative with that induced by hybridiza-
tion. Comparisons were also made by irradiating the
hybrids as well as pure lines (Gregory, 1961). Joshva gt gl.
{1967) observed the hybrids of Norin~6 X PTB«10 to bs
more effective than the parents to gamma irradiation.

On the other hand, Boyle (1968) reported that the hybrids
of Agropyron sp. were strikingly and consistently more
resistant to higher doses of irradiation than their
parents. Siddiqui (1971) undertook studies to determine
the offects of Airradiation in inducing interchanges in
the hybrids of cotton species and found that the range
of distribution of plot means was invariably wider in the
treated population, for almost all the characters, vhen
comparaed to their respective controls. Increased genetic
variability was observed in the irradiated diploid and
tetraploid crosses, but the magnitude of variabllity was
higher in the former. This increased variasbility was
attributed to mlcromutations, enhanced recombination

frequency and release of hidden genetic varilabllity.

Emery and Wynne (1976) studied the rezponse of
selection for pod yield in the hybrid peanut population
after lrradiation, both prior to and after hybridization.
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riilkovski et al.(1976) ware ghle to obtaln the largest
nunber of useful mutants under the dose of 10 kR for
varieties and 30 kR for hybrids involving four varietias
and interspecific hybrids of cotton. Peter (1976) studied
the role of irradlation with gamma rays in hybrids of
cotton and reported that mean values were reduced for

yield of cotton lint, boll welght and ssed index.

Burten and Hanna (1977) reported some positive
heterotic effect resulting from crossing speclific radla-
tion induced pearl millet mutants with thelr normal
inbred parent. A significant increase in variation in
treated pure breseding and hybrid genotypes was revaaled
by Virk et al.(1978) in their study with gamma ray
irrazdiated rice and wh=2at. The magnitude of induced
variation in the pure breeding lines of wheat for grain
number and grain yield was elther equal or greater than
by the conventional segregation following hybridization.
in rice, the two types of variation were almost the same
for yield, but in hybrid population, the variation was
greater for plant height and tiller number. The amount of
variabili€y“dle to §égfégation wes elther supplemented

or balanced by irradiation induced variatiocn.
By combining hybridigzation and induced mutation,

a new wheat cultivar, ‘'Altimir 67' with high productivity

and resistance against important diseasas was obtalned
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(savov, 1980). Khan et gl.(1981) reported that irradiation
of seeds from the hybrids of cotton with 15-35 kR gamma
rays resulted in the production of dwarf mutants with more
halrs and better fibre gualitys. Wilt resistant mutants
were selected from F M, of a cross betwsan the cultivated
variety’ purple giant' and the variety ‘'insanum' of
golanum melongena (Gopimony gt gl., 1982). Sharma gh gl.
(1982) reported that ranges and varisnces incressed with
BMS treatment in some spring wheat crosses, suggesting

the efficiency of mutagen treatment of F1 seads. Grafia
and Santos (1983) isolated high yielding line of Vigna
radiata, with multifoliste leaves and large yellow seeds
£rom the F7 of a cxoss betueen a low ylelding multifoliate

mutant and ¥G50-10A.

Alfonso et ale (1884) reported that the multifoliate
leaf mutant devaloped by EMS treatment, of seeds possesmsed
reduced cleistogamy which offered possibilities for cross
breeding. The cultivar ‘Ljulin® of pepper was developed
by combining mutagencsis, heterosls and intorspecific
hybridization (Milxova and Daskalov, 1984). Intermutant

hybridization involving mutants of the Qletorius (tossa juke)

variety JRO 632 led to five promising strains, with
increased f£ibre yield (Rao et al., 1984). A dwarf bushy

nonloding and determinate type tomato mutant named *aAncbik’
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was obtained from a gamma ray treated local cultivar,
which was used to croas with the recomnended variety
‘Ooxheart! and recombinants with more fruilts with large
size were obtained (Shaikh et gi.(1984) ., Mahishi (1985)
suggested that mutation and intervarietal hybrization,
the two modes of inducing varlsbility, could be combined
with profit for generating addltional gemetic variation.
Mareen (1985) reported that hybrid materiels of bhindl

|
were more sensitive to mutagen compared to pure breds,

M1 seed sterillity in relation to character exprcssion
in segregating generation

Mutagen induced sterility may be caused by 1) chromoe
some matation 2) factor mutations 3) Cytoplasmlic mutations
and 4) physiological effects. Chromoscme mutations are
probably the major grigin of all mutagen induced sterility
(Gaul, 1970).

Evidence has boen presented in barley that cytologi-
cally observed translocation freguency is insufficient to
explain the total extent of sterility. This conclusion
derives on the ons hand from sterility investigations on
a largs number of defined translocation heterozygotes
(Burnham et al., 1954; Tsuchiya, 1960) and on the other
hand, £rom the compaxrison of meilotlc cbservatloas with

sterility counts on barley {(Gaul, 1957c¢; Gaul 1963).
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Studying the effect of X rays on mutation £requency
in spikes with different sterility Gaul (1958, 1964)
concluded that mutation frequency is independent of the
degrea of induced sterility. The mutation rate in the
spikes having high sterility was comparable to that of
completely fertile spikes. He suggested that selection
of more fertile spilkes which do not possess severe
chiromosomal abecsrations, will be a good approach towards
maximization of mutation £requency. Similar results
have been reported by Bekendam (1961) in rice, Hildering
and Van Deé Veen (1966) in tomatoes. Ehreonberg, Gustafsson
and Lundgvist (1961) hovever, demonstrated that spikes
belonging to different sterility classes showed different
mutation rates. They compared the effect of X rays, EI
and EMS aznd showed that while X-ray and EI induced
highest mutation rates at about 50% sterlility, the maximum
mutation by EMS was attained in the spikes having about
35% fertility. Kivi (1965) studied the effect of X and
gamma rays in barley and obtained maximum mutations in
spikes having medium fertility (31-70%). This is supported
by the work of Sharma and Bansal (1970) in barley. They
obtalned the highest mutation £reguency at 50% fertility

after gamma lrradiation.

Patterna on induced polygenic character segreggtions

wWide range ¢f varilability in the Mz, Ms and ME

generations of irradiated tobacco was reported by Patel
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and Swaminathan (1961). Somatic segregation in the Vif,
and VM3 generation of potato was studied by Rudorf and

6000 gamma irradiation of

Wohrmann (1963) following
pre-germinated eye sports. Swaminathan (1963) opined
that by suitable selection procedures the mutants with
wide range of variability can be selected out £rom
segregating generatlons ir whzat. Estimates of varlance
in M, Hy and ¥y progenies showed that a) mean valuss are
usually depressed in relaticn to control 1£ no selection
is exercised, but 1if selection is made the mean tend to
approach the normal b) variance is considerably higher in
the irradiated population, but varies with the crop and

¢) increase in the total varjance as well as the fixable

part of varliance was greater in the l~13n

Ehrenberg et gl.{1964) studied the variation in
metric traits in M,, tHy and E44 generations of Xelrradiae
tion in oatse. He observed a significant decrsase in the
average tillering/row in the M,. The variance of villering/
row was not found to increase, which meant that the
effect was chiefly due to a shift in the mean values.
Increased mean value of the treated population along
with variabllity was observed by Matsuo et al. (1964) in
M. of Norin-29 rice variety. Okabe (1964) recorded signi=-
ficant divergence of tha line means 4in M,y and the family
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means in M,. Increased genetic variance in M4 generation

wag reported by Sakael and Suzuki (1964) in X-rayed paddy.

Incraased freguency of mutants in My with respect
to panicle length was reported by Siddiqul and Swaminagthan

(1568) in EMS treated Oryza sativa. Marked variation in

the individuals of the first progeny gave progressive
micromutation for grala yield fraguency in M, of irradia-
ted wheat (Anon, 1971). 3zlected fazmilies in M, and Mg
generation of variebty “ora of spring wheat after gamma
rays, £z3st neutron and M5 treatment gave 10-13% yleld
increase (Froigner, 1371). Increascd genetic wvariance for
characters like height, szar length ete. was found in the
M3 progenies of two lines each irradiated with 8 kR and
14 kR in malze by Sutka and Bulint (1971). The mutants
IRATOM~24 and IRATOM-38 in rice, having high protein

content, were selected from advanced generation of muta~-

tion (Mw) (Sheikh, 1975).

When tomato cuttings were treated with 10-¢ g/ml oOf
Nenitroso-N= dimethyl urea, the third generation plants
(53) obtained exceeded the untreated control in yaeld
and fruit number/plant, though tne varlation in f£ruit
welght wags little greater than in control (Berezoskii
et al., 1981). rotvies (1981} reported that early maturing

mutants gelected from Mz. “

3 and M4 generations of gamuna
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ray irradiated population of soybean were low seed yield-
ers. Three Mg and two Mg mutant lines were selected from

EI and DMS treated population of Phaseolus wuldaris

(Vardanyam gt al. (1982).

The highest genotypic coefficients of variation
and values of heritabillity were recorded in the MS genera-

tion of mutagen treated mungbean (Phaseoglus aureus)

(Khan, 1984). Miah et al.(1984) reported that early maturing,
high ylelding rice mutante were selected from the popular
variety °'Nizersaill' after treatment with gamma rays of

o ]
EMS in MB anda Il9
matsnts obtained by gamma irradlation in ¥Yigne unguiculatas

goneratione. f{ha yield parformance Of

was scudaed in Ma and . 2 generation and Lound that there
was signlflcant differencs between the putants and the
original variety (Vasudevan gt gls, 1984). 3ivsraman gt al.
(1285) owmsacved highsr frequency of mutanis in My, M, and
265 generation of selected BMS treated groundnut for

economically important characierss

Induced mutations in Bhindi
Kuwada {1967) reported that resistance to phiytophthora

was induced by irradrating seeds of ghelmoschus manihot

with 6OCo gamma rays and X rays. Chnaracters such as plant

height, stem thickness and nuamber of nodes varlied accord-

ing to the dose and cose rate of irradiation. Patil (1969)



isolated dwerf mutants and mutante with altered phyllotexis
iR okra using X rays. Wendpuri gt al. (1971) observed
dncreased variation for height of plant, number of days
taken for flowering and yield in the Ml generation after
saed irradiation in okra using gamma rayss Plants treated
with 30 kR gamma rays attained significantly more height
and produced increased yield. One bushy mutant wss observed
in the progeny of s plant treated with 60 kR gamma rays.
Rao and Giriraj (1975) studied the effect of irradiation
on seedling characters in bhindi. Hse observed no relation
between the dose and the mean of any character, but

there was an increase in varlability indlcating the
raleage of new varilability by irradiation. Induced poly-

genic variation in frult length in Abelmoschus esculentus,

with different mutagens was studied by Yashvir (1577).
Koshy and Abraham (1978) reported the developmental and
morphological abnormalities in Okra, following treatment

wich &0

o gamma rays. Mutants with supernumerary inflorss-
cence in Okra vwas raported by Fatokun gt gl. (1979).
Jamphale gnd Werkar (1979) studied the inheretance of
induced ‘*chlorina' mutant in Okra and indigaved that this

mutation is controlled by a single gene.

Follouing gawma irrodiation of Abelmoschus esculentus

cuitivar 'Pusa Sawani'® * Palmaltisect', a mutant characteri-
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sed by the presence of 3«5 leaflets on most leaves, basal
kranching, small leaves and flowers, dwarf hsbit and
small £ruits with 6«7 riges was isolated (Jambhale and
Herkar, 1980). Bhatia and Abrangm (1983) conducted
studlies on induced mutation in Okrae. Mutants having
altered leaf characters were studied an the ra generation
after back crossing to the parent Pusa Sawani. A mutant
with Srults bearing stlif prickly trichomes was inauced
in Okra variety 'Vaishali Vadhu' by treatment of the
gseeds witn 40 kR gamma rays and lts inheritance was
studled (Jambhale ané Nerkar, 1984) Genic status in
relatlon to radiosensitivity, matatien £regquency and
spectrum in Bhindi was studied by Mareen (1985) and
reported wide variatlon in radlosensitivity among
different varietics of Bhindl. Cross breds wers found to

bc more sens:tive compared to inbreds.
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MATERIALS AND METHODS

The present investigaticn on gamma ray induced
polygenic variability in Bhindi (zbelmoschus gsculentus,
Moench) was carried out in the Department of Agricul-
tural Botany, College of Agriculture, Vellayani during
1983-84. This project was taken up as a continuation
0f the P.G. project for the year 1981-83, entitled
'Genic status in relation to radlosensitivity, mutation

frequency and spectrum in Bhindi'.

Ao Haterials

Three pure bred varieties of Bhindi, wviz.,
Pusa sawanl (PS), Co~1 and Kilichundan (KC) and their
crosges in all possible combinations (6 Nos) were used
in the present study. The details of genotypses chosen for
the study are presented in Table 1. The present study
includes the third and fourth generations of 6OCb gamma

irradiated pure breds, hybrids and thelr controls.

B. Mathods

Selection of seed material

Well developed seeds collected from fully ripened
fruits of mormal-looking healthy plants of M, were used
for the study. Healthy seeds having uniform dryness, size



and colour wera selected.

Raising Ml generation in the previous study

The gamma ray treated (30 kR @ 60 kR/h) and the
conerol, pure and cross bred seeds wore pre-scaked in
water for twelve hours and sowne. Thirty seeds each wers
planted in rows at a spacing of 45 x 40 cm after a
basal dose of cowdung. Proper randomigation 0f treat-
ments were done in each replication. The experiment was
lald out in RBD with two replications. Fertilizers were
applied at the rate of 25:8:30 kg NPK pser hectare. Full
dose of P and half doses of N and K were given two weeks
after sowing. After forty five days of sowlng, the remain-
ing half doses of N and K were given. A moderate spacing
and fertilizer status were given to check excassive
vegetative growth. Speclal care was taken to provide
uniform field conditions for these plants t1ll harvast.

Irrigation was provided as and when required.

Ralsang M2 generation

Based on M, seed sterility the population of each

1
treatment was categorized under three heads:
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1. 0=-15% = Low sterility group.
2¢ 16-30% =~ Medium sterility group
3. Above 30% ~ High aterility group.

Flve plants each from sach sterility class were
selected per treatment from each replication and two
frults each were collected from thaese plants for ralsing
M2 generation. The seeds of the fruits selected from
each plant were bulked together and thirty seeds wers
collected at random. The selected seads were uniformly
dried and sown in rows, esach row representing one M1
plant, There ware thirty plants in each progeny rowe.
The fertilizer dose and mode of application and ecrop
management wore as recommended 1ln package of practices
recommendations 0f the Kerala Agricultural University
(anon, 1983). Speclal care was taken to provide uniform

field conditions for the entire crop till harvest.

Sollection of seed material for raising M3 generation

From the second generation, fifteen healthy plants
having comparatively higher yield were selected per treat-
ment per replication. The flowers of these planis were
selfed to avoid contamination with foreign pollen. Selfing
vas done by covering the flowers with butter paper cover

on the pravious day of iflower opening. The covers wera
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retalned for f£ive days and then removed. The selfed and
properly labelled £ruits were allouved to have full maturity
and harvested saparately. Two frults were selected from
each plant, dried and stored for extraction of seeds.

Only the middle fruits were sclected for furtiher studies.

The seed sterility percentage of the selected
plants were calculated. Three plants from each M1 steri-
lity group per trzatment per replication were finally
selected to raise the third generations. Ths selected
fruits were uniformly dried and seeds extracted. The
seeds of the two f£rulits selected from each plant were
bulked together and twenty seeds were collectad at

random £rom each groups

Raising M3 dgenaration

The seeds ware sown in prodeny rows at aspacing of
60 cm betwaen rows and 45 cm between plants. There were
twenty plants in each row/replication and one hundred
and fifty rows, including control in each replication.
Proper randomisation of treatmenits were done in each
replication. The experiment was laid out in RED with two

replications.

Farm yard manure at the rate of 12 t per hectars
was incorporatsd as the basal dressing. At the time of

sowing ammonium sulphate, superphosphate and murlate of
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potash were applied at the rate of 125 kg/ha, 50 kg/ha
and 50 kg/ha respectively. One month after souving,
another dose of ammonium sulphate at the ratc of 125 kg/ha

was givens Irrigation was given as and when raquired,

Plant protection
Carbaryl (Sevin) 0.02% was sprayed twice before

fruit setting to comtrol shooc borerse.

Observations on M3 generation

The following observations on guantitative traits
ware taken from all the availlable plants in the population,

excluding border plants.

i, Height of the plant The plant hedght f£rom the ground
lavel to the top~most bud laaf was weasurad after the £inal

harvest and expressed in centimetres.

2. Days_to_flovering Number of days taken from sowing
to the opening of the firg® Zlower in each plant was

obgerved.

3+ Number of branches Total number of branches produced

per plant was counted after the final harvest and recorded.

4. Number of leaves Total number of leaves produced pex

plant, £rom the basc to the tip of the plant including the



branches was counted after the final hervest,

5. Length of fruit Two frults per plant were harvested
from ten plants selected at random from each row. Tha
length was measured from base to tip and expreassed in

centimetrese.

6. Wolght of frult Phe frults were welghed. The msan
welght of fruits taken from a single plant were calculated

in grams.

7+ Number of fruits per olant The total number of frults

produced by each plant was counted and the mean calculated.

8. Yield per plant The yleld obtalned per plant was
calculated based on the average weight of frults and the

total number of f£ruits produced per plant.

Clgsesification of M. phenotypes
-

MB phenotypes were grouped under three different
clagses nanely, positlve variants, control group and
negativae variants. A the range of control group varied
in different varleties, classification was done indepen-

dently for each variety.

Bhenotypic classes
I. Blant height

Based on heaght of plants, classificatlon was done

as follows =
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1. Negativa variagnts:
Dwarf {below 40 cm height, PS)
(" 50 cm " Co-1)
" 35 om ® Ke )

2. Control group 40« 60 cm height, PS)

(

(
(Medium)

{ 50~ 70 cm height,Co=1)

(

35« 55 cm haight, Ke)

3., Positive
varisnt(Tall) (sbove 60 cm height, PS)

{above 70 cm " Co~1)
(above 55 cm " Ke )

Based on the number of days taken t0 flowering thoy were

abe grouped under three different classes.

1. Negatlve variant
(Barly flowering) (Less than 41 days, PS)

(Loss than 42 days, Co-1)
(Less than 42 days, Kc)
2+ Control group ( 41~ 44 days, P8)
(Intsrmediate)
( 42= 45 days,Co=1)
{ 42~ 45 days, Ke)
3¢ Positive variant (above 44 days, PS)
(Late flowering)
(ebove 45 days,Co-1)
(above 45 days Kc)
Similarly, in the cese of all other characters, the

M3 plants were clagsified under three categories, ie.,
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4. plants £falling in the positive group,
ii. plants falling in the coatrol group and

iil. plants.falling in the negative group

The f£requency of individuals coming under each
group per treatment was calculated ln percentage and

significance tested following proper statistical procedurss.

Raiging M! genergtion

Selaction of plants in the third generation was
done strictly based on yileld potentiality. The treatments
which were found to be poor yielders ware not carried
over to the fourth generation. Table 2 gives the details
of the treatments selected out to study their performance

in the fourth generation.

Selfed seeds collected from the £rults of all the
gselected plants in M3 generation wera dried and sown in
progeny rows in two replicationse. fhera ware thirty plants
in each progeny row. The fertillzer application and crop
management were dons as per the package ©f practices
recommandations of the Korala Agricultural Undversity
{anon, 1983). Speclal care was taken to provide uniform

field conditions for the entire ¢rop till harvest.
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Obgervations on Ml plants

Detalled observation on the following guanctitative
tralts were taken £rom all the normal looking plants,

axcluding border plants.

1. Height of the plant

2+ Days to flowering

3. Number of branches / plant
4. Number of leaves / plant

5. Length of fruit

6. Weight of frult

7. Bumber of E£ruits / plant and
8, Yield / plant

Observations in I"l4 generation were made followang

the sams technigque adopted for M3 generation.

The frequency of individuals falling under each

of the M, phenotypic classes were also calculated.

Statistlicsl snalysisg

Analysis of variance of the data was done following
Fischer (1935)., Percentage values were transformed by the

angular transformation as proposed by Snedecor (1956).

In the third generation, the mean values were analysed

by using 18 x 2 RBD, The outline of the analysis of variance



table, showing the source of variation and corresponding

degrees of freedom 1s given belowu:

Sourc? Degrees of froecdom
Block 1
Ireatment 17
Error 17
Total 35

From the samg experiment, in order to study the

varlatlon in mean value under the differcnt #, sterility

1
groups’ for the nilne irradiated treatments, analysis was

done as that of & split plot design, treating the sterility
classes as sub plot. The outlins of the analysis of variance

af the data was as follows :=-

Source Degreesof fraedom
Replication 1
Between treatments 8
Error {(a) 8
Between sterility groups 2
Main x Sub 16
Exror {(b) 18
Total 53

Analysis of M3 phenotypic classes was done as a
factorial in RBD with fifteen treatwents (excluding the

control ilnbreds), three phenotypic classes and two repli=-



cationse. The outline of analysis of variance ls given

below.
Source Dagrees of _freedom
Replication 1
Between treatments (T) 14
Between phenotyplc classaes (P) 2
TP 28
Error 44
Total 89
Analysis of MB pnenotypic classes under the diffe-
rent M1 sterility classes was also done as a factorial in

RBD with nine tregtments, three sterility groups, three
phenotypic classes and two replications. The split up of
the degree of freedom due to warious sources of variastion

is given belowi=-

Source Degrees of freedom
Replication L
Between treatments (T) 8
Between sterility groups (S) 2
Tx$8 16
Between phenotyplc classes (P) 2
TXP 16
S xP 4
TxSxXP 32
Error 80

Total 161
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Tegt for proportlons
To have s detalled understanding oi the rolationship
between tha scerilicy group and phenoctypic classes test

for proportions was conducted. The test criterion used was

Py = pal
SE(pl-pz)
rg
Where SE(pl-pz) = =
p = Mqal-p.nnn1+n2
ng o+ n,

(Panse and Sukhatme, 1957)

In the fourth geperation, the mean values were analysed
using 17 x 2 RBDs The outline of analysis of variance
table showing source of variation and corresponding degrees

of freedom is given bealows

Sourca Degrees of freedom
Block 1
Treatment 16
Error 16
Total 33

Analysis of phenotypic classes under the different
treatment was done as a factorial in RBD with fourteen
treatments, three phenotypic classes and two replications.

The outline of analysis of veriance is as followsi



Sourca Degrees of freedom
Replication 1
Betwaen treatments 13
Between phenotyplc classes 2
TXRP 26
Error 41
Total 83
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Table 1. Detalls of genotypes included for
tation analysis in My generation

Sl.No. Name of tha genotvps
Pusa Sawanl

Co~-1

Kilichundan

Pusa Sawanl x Co=-1

Pusa Sawani x Kilichundan
Co=1 X Pusa Sawani
Kilichunden x Pusa Sawani

Kailichundan x Co=-1

W D Nt e W N e

Co=1 x Kilichundan



Table 2,

1.
2e
3.
4.
S
Ge
Ts
8.
Qe
10.
11.
12,
13.
14.
15.
i6.
17.
B

Puga Sawani
Pusa Sawanl
Kilichundan
Kilichundan
Co=-1

Co=1

P8 x Co=1
Ps x Co=1
PS X Ko

PS x KC

Ke x PS

Ke x PS5

Ke x Co-1
Ke = Co=1i
Co=1 x Ke
Co~1 x Kc
Co=1 % PS

Eo-i g O3

Treatments selected out from third
gencration for performance analysisi.

Control
30 kR
Control
30 kR
Control
30 kR
Control
30 kR
Control
30 kR
Control
30 kR
Control
30 kR
Control
30 kR
Ge.kRs%
D d



RESULTS



RESULTS

i. Mean character oxpressions in the third gereration
i.1e Plant hﬁight

The mean height of plants wnder ths difforent geno-
types for control and 30 kR exposure of gamma rays is
given in table 3. Statistical analysis of the data

showed significant variation among the treatmsnts.

in the control population of the three inbreds, the
mean plant height ranged from 47.07 cm in Kilichundan to
65,06 cm in Co-1. Pusa Sawani showed an intermediary
plant height (56.82 cm)}. Compared to Pusa Sawanli and Co-1,
a significant reduction in plant height was noted in
filichundane. Pusa Sawani showed a significant reduction in
plant height compared to Co-1.

The plant height in the gamma ray irradiated popula=-
tion of the three inbreds ranged from 43.83 cm to 61.0% cm
in Kilichundan and Co-1 respectively. The plant height of
Puga Sawani was 55.74 cme. The thres inbreds did not show
any significant difference due to the effect of gamma rays,

when compared to thelr respective controlse.

The plant height in cross bred controls (Fa popula-
tion) ranged from 52.15 ¢m in P8 X CO=1 to 77.66 cm in
KC X Co=1s PS8 x Co=1 (52.15 cm) and Co=1i x P8 {54.95 cm)
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* Signlficant at 5% level.

Table 3. Mean plant helght and £requency distribution
of wvariants ( Percentage) in the third generation.
Freqguency distribution of variants
Treatments ieligﬁt Negative Control  FPositive
(om) variants group variants
Pusa Sawani (PS) 56482 - 100 -
Control Kilichundan (KC)  47.07 - 100 -
Co-1 65,06 - 100 -
PS 55.74 16,42 435,80 34.70
M3 KC 43,83 14.84 42.74 42,72
Co-1 61.09 27,60 43.82 28453
P8 X Co~1 52,15 20.33 55.83 23.84
PS8 x KC 59.%8 10,50 49,37 40.13
Co-1 X PS8 54.95 15.89 50.23 33.88
3 KC x PS8 71.47  10.88 43.91 45.21
KC x Co=-1 77.66 9.09 36446 54 .45
Co=1 x KC 75.76 11.58 43.28 45.14
P5 x Co=-1 56460 14.06 36.67 49.27
P& x KC 6792 10.41 40.85 48.74
FaM, Co-1 x P& 53.24 18.02 5003 31.95
KC x PS8 76.40 * 5,00 40 .66 54 ¢34
KC ®x Co-1 85.68 1037 33.09 5154
Co=1 X KC 66,90 8.91 44,91 46.18
F valus 22.59% P valuse CD valus
CD value 7.19 Batween treatments (T) 0.24 -
Between phenotypic
¢lasses () 24.11% 6.85
T X P interaoction 0.40 -
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recorded significant reduction, compared to Co-1i, but
there was no significant difference from that or Pusa
Sawani. In the cross PS X Ke, the obssrved plant height
(58.58 cm) was significantly higher than that of one of
its parents., Kilichundan (47.07 cm), but it did not show
any significant difference f£rom Pusa Sawanl (56.92 cm).
In the reciprocal cross, KC x PS5, the plant haight was
significantly higher (71.47 cm) than that of both thg
parents. The crosses Co=1 x KC (73.76 cm) and KC x Co=1
{77.66 cm) recorded significantly higher value compared

to both the parents,

The plant helght in Fam ranged from 53.24 cm in

3
Co=1 3 PS to 8568 cm in KC x Co=1+ P85 X CO=-1 recorded
56.60 cm which was not significantly different from the
treated parents. The plant height in 33M3 involving Co-1 x
PS (53.24 em) falled to show any significant diffsrence
compared to the M, population of Pusa Sawani, but it
racorded .a significant reduction from treated Cow-i

(61.09 cm). PS8 x KC (67.99 cm) and KC x PS5 (76440 cm)
recorded significant increase over tha MB genaeration of
their parents. When KC x Co=1 showed a plant height of
85.68 em, wnich was significantly higher than both the
treated parents, Co-1 x KC recoxded only 66.90 cm, which
was significantly higher only to Kilichundane
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Irradiated population of Po x KC and KC x Go=-1
showed significantly higher value than their Fs genaera-
tions, while Co=1 x KC raecorded a significant reduction.
Other crgéses, PS x Co=1, Co=1 x PS and KC x PS showed

no significant difference compared to their F3 genarations.

1.2, Days_to £lowering

Table 4 represents the mean number of days taken to
flowering under the different treatments, Statistical
analysis of the data revealed significant difierence

among the treathencs.

The mgan number of days taken to flowering in the
control population of the taree inbreds ranged £rom 42.10
in Pusa Sawanl to 44.82 in Co=1. A significantly higher
yalue was noted in Co=-1i. Compared to Pusa Sawani, Killie
chundan took a significantly loxper pericd (44.08 ) to

£lovwer.

In the My population, ths rangs in mean value was
42081 to 44.31 in Pusa Sawanl and Co~l raspectively. The
mean number of days for Kilichundan was 43.93. Irradiated
inbreds did not show any significant variation among

themsalves and also compared to their respactive controls.

The mean nuuber of days to flowering in the F3
population ranged from 42.50 in PS x Co=1 to 45.45 in KC x

PS8« The mean value recorded by PS x Co=-i was significantly
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Table 4. Mean number of days taken to flowering and
frequency distribution of variants (Percentage)
in the third gsnheration.

Number Freguency dilstribution of variants

Traoatments 22 2§g§_ MNegative Control Positive
ering. variants group varlants
Pusa Sawani (P5) 42.10 - 100 -
Control Kilichundan (KC) 44.08 - 100 -
Co=1 44,82 - 100 -
PS 42,81 34.76 35,67 29.57
M3 KC 43.93 18,87 30.91 5022
Co~1 44,31 29.41 32.99 37.60
PS x Co-~1 42450 23.05 45.84 31.11
PS x kKC 43,81 14.06 52.61 33.33
Co~1 x P& 43.07 26,16 40.86 32.98
3 KC x P& 45,45  19.18 40.58 40.25
KC x Co=l1 44.22 14 .88 38.91 46.21
Co=-1 x KC 44,68 25429 40,61 34.10
PS8 x Co-1 42,38 464.44 36.76 16.80
PSS x KC 44.62 17.53 28.58 53.49
Co=1 %X PB 431,53 31.51 42.14 26035
F3M3 KC x PS 45,21 13.97 20 .87 65.16
KC x Coml 43.69 18.71 25 .45 55.80
Co=1 x KC 43,99 18.14 37.96 43.90
F valus 2.42% Between Treatments (T) 7 g?égg @ vilua
CD value 1.86 Between phenotypic
classes (P) 10.07» 5.45
T ® P interaction 1.18

* Significant at 5% level,



lower than that of Co-1, but not with Pusa Sawani. The
raciprocal cross, Co~1 X PS failed t0 show any significant
variation (43.07) compared to thelr parents. When the
mean value recorded by KC x PS8 (45,45) was significantly
higher to Pusa Sawanli (42.10), its reciprocal crosa,

PB x KC (43.81) showed no significant differance from both
the parents. The ¢rosses KC x Co=-1 (44.22) and its
reciprocal, Co~1 x KC (44.68) 4did not show any significant

variation comparad ¢o their parents.

In the F3M3 population, the mean nunber of days to
flowering ranged from 42.38 in PS x Co-1 to 45.21 in KC x PS.
When PS x Co=-1 recorded a significantly lowsr value (42.38)
than that of the treated Co-1, 1ts reciprocal cross, Co=1 x
PS showed an insignificant mean value (43.53) compared to
thelr irradiated parents. The msan value observed in PS x
KC (44.62) falled to show any significant difference from
the M3 mean data of the parents. But KC x PS recorded a
mean value of 45.21 which was significantly higher to
treated Pusa Sawanl, but not varied from treated Kilichundan.

Tha FsM population of the carosses involving Kilichundan

3
and Co=-1 racorded mean values of 43,62 and 43.99 in KC x
Co=1 and Co=1 x KC respectively, both of which did not

show any significant difference from tha M, population of

the parents.



In general, no significant difference in the mean

value was observed in the F populations, compared to

33
their respective FS generations.

1.3+ Number of legves per plant

The mean number of leaves per plant in the third
genaration for the diffsrent treatments are presented in
table 5. Statistical analysis of the data showeé no

significant variation among the treatments.

In control population, the mean number of leaves
poer plant ranged from 10.25 (Kilichundan) to 13.09 (Pusa
Sawani). But it ranged from 11,75 (Killchundan}oile.74
{Pusa Sawani) in the My population. The mean value for
the nuwber oL leaves in Pusa Sawani agnd Co=-1 tended to
decrease:) due to gamma ray exposure, vhille in Kilichundan,

1t increased from 10.25 to 11.75.

The range in mean nunber of leaves in the 13'3 popula-
tion was 11.25 in PS x KC €0 13.73 in KC x Co=le In FyMg,
it ranged from 11.68 to 14.05 in PS x Co-l1 and KC x PS

respectively.

An insignificant increase in the mean number of
leaves was noted in F3n3 for PS x KC, Co+=l x PS and KC x PS.
A reverse trend was noticed an PS x Co=1i, KC x Co=1 and

Co-1 X KCa
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Table 5. Mean number of leavas per plant and frequency
distribution of variants ( percentage) in the
third generatione.

Frequency distribution of variants

Numbsx
Preatments of Neqgacave Control Positive
leaves/ variants group variants
plant
Puasa Sawani (PS) 13.09 - 100 -
Con= Kilichundan (KC) 10425 - 100 -
trol  coug 12.96 - 100 -
o1 12.58 11.76 58.00 30.24
MS KC 11.75 13.08 64456 22,37
Co=1 12.74 9617 58407 32.76
PS & Co=1 12.57 14441 40.+94 44,65
Ps x KC 11.25 23.16 50434 26450
r Co~1 x PS 11.48 23.46 50.77 25,77
3 KC x P& 13,43 14.06 41010 44.84
KC x Co=~1 13.73 14.76 42.75 4249
Co=1 X KC 13.17 21459 37.34 41.07
PS5 x Co=-1 11.68 13.20 58.02 28.78
PS x KC 12,92 14,432 6149 24.19
EM Co~1 x P8 13.08 16,01 50.14 33.85
*% kcx s 14.05 5,92 50490 43.18
KC x Co=1 13.50 11.32 54439 34.29
Cow-l x KC 12.95 11.42 45.18 43.33
F valuec 1.55 £ value CB value
Ch value - Batween treastments (T) 0.02 -
Between phonotypic
classes (P) 83.76% 3.72
T % P interaction 1.28 -

* Bignificant at 5% level.
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144+ Number of branches per plant

Tsble 6 represents the mean numbsr of branches
produced.per plant under the different treatments.
Statistical analysis showed no significant variation
among the treatments for the mean number of branches

per plant.

In the inbred control population, the mean number
of branches ranged from 0.55 to 1.20 in Pusa Sawanl and
Kilichundgn respectively. A mean value of 0.81 was recorded
in Co~i. The range of mean valuve in the MB was 0.67 in
Kilichundan to 1.03 in Co-le. When the mean value showed
an Insignificant increase in treated Pusa Sawanld and

Co=1, it exhibited a reduction an £Lilichundan.

The mean number of branches ranged £rom 0.35 (PS x

KC) to 0.85 (KC x PS) in P. and from 0.55 (PSS x KC) o

3
1.22 (KC x PS) fn FoMy population.

The mean values, due to gamna ray exXposures,
increazed from 0.53 €0 0477 in P& x Co-i, 0§35 to 0.55 in
PS x KC, 069 to 1,14 in Co~-1 x PS, 085 t0 1.22 in XC x PS
and Q.65 to 0.74 in KC x Co=1l., But iu the crosa Co=-1 x KC,

1t decreased £xrom Q0«77 t0O 072+

1.5. Lengch of fruit
The mean data £for length of fruit under the diffesrent

treatments are given in teble 7. Statistical analysis
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Table 6. Maan number of branches per plant under different
treatments and under different M, sterility

groups « 1
Humber Ml sterility classes
Treatments gghggﬁ—
plant Low Medium High
Pusa Bawani (PS) 0,55 - - -
Cone -
trol Kilichundan (KC) 1.20 - -
CO-l 0.81 g - -
PS 0.87 0.68 1.20 0.72
M3 Ke 0¢67 0.57 0467 Q.76
Co=1 1.03 1.13 1.08 0.87
PS %X Co=1 0653 - - -
P % KC 0356 - - -
Co=1 x PS 0469 - - -
B‘s KC x PS5 0.85 - - -
KC % Co=1 0465 - - -
Co=1 x KC 0.77 - - -
PL X Co=l 077 1.00 0.58 0467
PS x KC 0a55 06233 056 0.85
P M3 Co=1 % PS5 1.14 1.11 Q.95 1.35
s KC x PS 1.22 0497 1.11 1.58
KC x Qo=1 0e74 Q.87 Q75 061
Co=1 % KC 0a72 0471 0264 Q.81
P value 2021 f value Ch value
Ch value Betwemen treatments (T) 1.67 -
Between Sterility
Groups (8) 042 -

T 2 & ingeraction D95 -
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showed significant difference among the tregtments.

The mean length of £ruit, in conircl population
ranged from 13.91 om in Pusa Sawanl to 17.02 cm in
Kilichundan. The mean value in Co=l was 14,16 cm. The
mean f£ruit length in Pusa Sawanl was not significantly
different f£rom that of Co-1, but it was significantly
lower than that of Kilichundan. Kilichundan showed a
significantly higher value compared to Co=1 also.

In the M, population, the mean length of fruit
ranged from 14.55 cm in Pusa Sawani to 16.25 cm in
Kilichundans. Kilichundan recorded a significantly higher
value, compared to Pusa Sawani, but showed no significant
difference from Co=~i (14.98 cm ). When compared to the
control population, the irradiated population did not
show any significant difference with respect to the
length of fruits.

The range in mean length of firuit in F3 was 14.11 am
in Co=) x PS5 to 18.07 cm in KC x PS., The crosses involve-
ing Co-~l1 and Pusa Sawani did mot show any significant
difference in the mean length of frult, compared to thair
parants. The ¢rogeg PS x KC recorded a mean value of 16.03 cm
which 1s significantly higher than that of Pusa Sawani, but

not diffcrent from Kilichundan. Simllar effect was noticed
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Table 7. Mean frult lengtn and freguency distribution
of variants ( percentage) in the third generation.

Frequency distribution of variants

Fruit

Ireatments Length  wegative Control  Positive
g variants group variants

Pusa Sawani (PS) 13.91 - 100 -~

Cone Kilichundan (KC) 17.09 - 100 -

trol  on 14.16 - 100 -
P& 14.55 18,37 43,51 33.12
MB KC 16425 10.64 39,05 50.31
Co=1 14,98 11.20 57.00 31.80
P8 x Co=1 15.17 17.52 36.63 45485
PE x KC 16403 30.41 41,19 2840
Co=1 x P& 14411 28.11 42,13 29.76
F3 KC %X PS 18,07 11.77 29.50 584,73
KC x Co=1 1690 10.11 38.78 51,11
Co=1 X KC 14.94 24492 52406 23.02
PS8 x Co~=1i 14.67 13.49 50 .47 36,05
PS x XC 1749 11.21 40.31 48.48
Co~1 x PS 14,55 10.78 42.11 47.11
FaMy ke x s 16468 13.38 29.09 57.53
KC x Co=1 17.56 11.03 37 .49 51.48
Co=-1 % KC 17.17 11.86 34,03 54,11

F value 11.31% F value Ch value
CD value 1.27 Between treatments (T) 0.015 -
Between phenotypic
classes (P) 57.63% 3.85
T x P interaction 1.72

* Significant at 5% level.
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in the reciprocal cross, KC x PS also. The mean value
recorded by KC x Co=1 (16.90 em} was significantly higher
to Co-l, but not dlifferent from Kilichundan. Its recipro-
cal cross, Co=-1 x KC showed a significantly lower value
(14,94 cm) compared to Kilichundasn, but not different

£from Co-1.

In the FBMB population, the mean length of fruit¢
ranged from 14.55 cm to 17,56 cm in Co-1 % PS and KC x Co-1
respactively. The mean values recorded by PS x Coei
(14.67 cm) and Co=-1 x PS (14.55 am) were not significantly
different from their My population. PS x KC and its
reciprocal cross (KC x PS) showed mean values of 17.49 cm
and 16,68 cm respectively. These values were signifi-
cantly higher to traated Pusa Sawanl, but not to treated
Kilichundan. KC x Co-1 (17.56 cm) was found to be superior
to irradiated parents. Vilth respect to the length of
fruit, Co=1i x KC (17.17 cm) recorded significant increase
over the My gensration of Pusa Sawanl but it showed no

significant difference from Kilichundans

1.6 Weight of fruit
Table 8 shows the mean weight of fruit under the
different treatments. The varlous treatments have brought

out significant varlation in the weight of £ruits.
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Table 8, Mean fruit weight and f£requency distribution of
variants ( percentage) in ths chird gencration.
Irequency distribution of varlants
Fruit
YLreatments
wedght  yooative Control Positive
varlants group variants
Pusa Sawani (Ps) 16457 - 100 -
Con- Kilichundan (KC) 18.58 - 100 -
trol ooy 15.63 - 100 -
PS 16.70 16.24 33.56 50.20
Mg KC 19.81 12,28 27406 604,66
CO"I 16.77 18-63 27097 53 040
PS x Coml 16.76 15472 24.83 59.45
PE x KC 2015 16.40 2750 56.10
Co=1 x PS 17.30 20427 22476 5697
3 KC x P8 22.94 16.86 19.99 63417
KC x Co-1 21.01 18440 35.06 46454
Co=1 x KC 19.11 19.92 27.48 52460
PS8 x Co=1 16446 14,77 3950 45,73
PS x KC 21.75 10.00 30.92 59.08
Co=-1 x PS 17.62 9429 22,42 68429
B3ty ke x ps 22437 13.93 25.09 60498
KC x Co=} 22.39 11,07 33.39 55054
Co=1 % KC 22.05 12.59 29.39 58.02

F value TeB6%*

@D

velue 2465

Batuean treatments (T)
Batween phenctyplc

7 % P lnteraction

classes

* significant at 5% level.

®)

P value [s:2}
04013

145.45*
0.87

value

-

3.15
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The welght of fruit observed in the control popula-
tion of the inbreds was in the order 15.63 g to 18.58 g
in Co=-1 and Kilichundan respectively. Kilichundan recorded
a signigiéént increase in weight of frult over Co~l and
an insignificant increase over Pusa Sawani (16.57 g).
No significant difference was observed between Co=1 and

Pusa Sawanl with respect to weight of fruit.

In the Ma population, thes mean weight of fruit
ranged from 16,70 g in Pusa Sawanl to 19.81 g in Kili-
chundan. M, generation of Pusa Sawani and Co-1 (16.77 g)
exhibited a significant reducticn in fruit length
compared to Kilichundan. The three inbreds did not show
any signlficant difference due to the effect of gamma
rayss

The range of fruit weight in the E3 generation
was 1676 g in PS x Co=1 to 22.94 g in KC x PS. PS x Co=-1
(16,76 g) and itas reciprocal cross Co=-1 x Ps (17.30 g)
£alled to record any significant difference from either
of their parents. When PS x KC showed a significant
increase )20.15 g) over Pusa Sawanl and an insignificant
increase ovar Kilichundan, its reciprocal cross KC x PS
exhibited a significant increase 22.94 g) over both the
parents. Crosses involving Kilichundan and Co=-1 recorded
mean values of 21.01 g (KC x CO-1) and 19.11 g (Co-i x K€),
both of which were significantly higher than Co=1, but
not different f£rom Kilichundan.



The F3M3 generation extilbited a range of 16.46 g
in PS x Co=-1 to 22.39 g in KC x Co=1. Crosses involving
Pusa Sawanl and Kilichundan recorded significantly higher
value éSESared to the M3 generation of Pusa Sawani. Thoy
also showed an insignificant increase over treated
Kilichundan. PS x Co~1 (16.46 g) and Co=-1 x PS (17.62 g)
failed to show any significant difference in fruit weight
compared their M, generation, KC x Co-1 (22.39 g} and
Co-~1 % KC (22.05 g) showed significant lncrease over My
generation oi Co-1 and an insignificant increase over
treated Kilichundan. all the crosses £alled to show any

significant variation due to the effect of gamma rays.

1.7, Number of fruits per plant

The mean nunber of fruits per plant for the dlfferent
troatments in the third generation are given in table 9.
Statistical analysis showed significant difference among

the treatments.

Maxlimum value for the mean number of fruits in
inbreds was exhibited by Kilichundan (5.17) and the
minimum by Pusa Sawanil (4.68). The difference in mean
value between Pusa Sawanl and Co-=1 (4.78 g) was insignie-
ficant,.

The mean nuwber of fruits in the My gencration

ranged £rom 4.52 in Co-1 to 5.04 in Kilichundan. The



Table 9. Mean number of £ruits per plant ana f£regquency
distribution of variants (psrcentage) in the
third generation.

Fragquency dilstribution of variants

Number
Traatments gﬁuits/ Nagative Control Positive
plant variants group variants
Pusa Sawany (PS) 4.68 - 100 -
Con-
trol Kilichundan (KC) 5,17 - 100 -
Co=1 4.78 - 100 -
PS 4.69 12.68 53.49 33.83
M3  xc 5404 12.89 59,88 27.23
Co=1 4452 10.84 52.95 36.21
PS x Co=1 4,70 30,98 45475 23.27
PS x KC 5.38 18.60 568.08 23.32
Co=1 x PS 4454 28.54 49.70 21.75
F3 KC x PS 6.43 17.67 45.53 36.80
KC x Co=1 5.33 16426 49.89 33.85
Co=-1 x KC 6.06 17.71 44.21 38.08
PS x Co~1 4,58 21987 52461 2552
PS x KC 640 7427 53.12 39,61
FyMs Co=-1 X PS 4.63 14.62 54.82 30456
KC x PS 6.€0 6439 50.83 42,78
KC x Co=1 6,29 14.15 43.08 42,77
Co=3) x KC 5.68 12.73 43.75 43,52
F value <D value
F value  14.53* Between treatments (T) 0.013 -
€D value 0.595 bBetween phenotypic
Clasges () 63.11~ 4,002
T x P interaction 1.00 -

* Significent at 5% level.



gamma ray exposed inbreds did not show any significant
difference among themselves and also when compared to

their respective controls.

The range of the mean valus for the number of
£rutits in F3 was 454 in Co-1 X PS to 6.43 in KC x PS.
The crosses PS x Co~-1 (4.70), Co=1 X P5 (4.54) and KC x
Co~-1 (5.33) recorded no significant difference from
their respective parents. when PS x KC (5.38) recorded
a significant increase over Pusa Sawani, one of its
parents, its reciprocal cross, KC x PS (6.43) exhibited
increase over both the parents. Co=~1 x KC also recorded
significantly higher value (6.06) compared to their

parents.

In F3M + the mean number of frults ranged from
4.58 to 6.80 in PS x Co=-1 and KC x PS respectively. Wuhen
the crosses involving Pusa Sawanl and Co-~1 recorded mean
values Of 4.58 (PS x Co-1) and 4.63 (Co~-1 x PS), those
involving PS and KC recorded mean valuas 0f 6.40 (PS x KC)
and 6.80 {KC x PS), which were significantly higher to
the gamma ray exposed inbreds. Irradiated population of
KC x Co-1 (6.29) and Co-1 X KC (5.68) also showed signie

ficant iacrease over tha M3 genaration of the parents.
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A gamma ray induced significant increass in the
number of fruits was noticed in P8 x KC and KC x Co=-1.
Co-1 x PS and KC x PS showed an insignificant increase
due to the effect of gamma rays. But the F3M3 generation
of PS5 x fio=1 and Co=1 % KC recorded an insignificant

decrease compared to their respective F_, populatione.

3

1.8 Fruit yield per plant

Table 10 represents the mean frult yleld per plant
for the different treatments. The treatments exhibited

significant variation among themselves.

The yield in the control population of the inbreds
was in the order of 74.6% g in Co-1 to 95.57 g in
Kilichundan. Kilichundan exhibited an insignificant

incrcase ovar Pusa Sawani (77.48 g) and Co-1.

The mean yield in My ranged f£rom 75.67 g in Co-i
to 100.27 g in Kilichundan. The M3 generation of three
inbreds did not show significant difference among themselvas

and also when compared to the raspective controls.

The range @f yield in FS was 78.77 g in PS x Co=1
to 115.88 g in Co-1 x KC. PS5 x Co~1 (78.77 g) and Co-1 x
P5 (79.05 g) recorded no signlficant variation from their
parents. PS X KC (108.41 g) recorded a significant increase

over Pusa Sawani, but showed no significant difference



Table 10. !iean f£rult yield per plant and frequency distri-
bution of varlants { percontage) in the third

genecataione
Fruit Frequency distribution of variants
Treatments vield/
plant Negative Control Posicive
(g) variants group varlants
Pusa Sawani (PS) 77.48 - 100 -
Con-
trol. Kilichundan (KC) 95.97 - 100
Co=1 74 465 - 100 -
P8 78.40 2004 23.62 56.34
3 K 100.27 13.01 47,62 39,37
Co=1 75,67 19.91 Se15 44,94
PS5 X Co=1 78.77 31.16 38,08 30.76
PS x KC 108441 12.55 44 .88 42457
Co=1 x PS 79.05 29.22 44417 26.61
Fq KC x PS 147477 S.14 " 46448 43.98
KC x Co=1 112.06 14.05 26,06 59.09
Co=1 x KC 115.88 24435 40.99 34.66
PS8 X Co=1 75.89 37.25 38.05 24.70
PS X KC 140.55 21.22 2089 57.89
Co=3i x PS5 85.86 25424 34.83 39.93
FaM3 ke x ps 151.14 13.45 26.55 60 .00
KC x Co=1 142486 20 .61 20429 59.10
Qo=1 x KC 125.81 16.09 30455 53.36
F value 9.74% F value D value
D value 26,60 Betueen treatments (T) 0.01 -
Betwaen phenocyplc
claBSGS (P)13-88* 6411
T X P interactica 0.90 -

* Significant at 5% level.
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f£rom Kilichundan. But KC x PS (147.77 g) showed a signi-
ficantly higher value, compared to both the parents.

KC x Co-1 (112.06 g) and Co~-1 x KC (115.88 g) recorded
significant increase over Co=1 and an insignificant

increase over Kilichundan.

In F3M3 population, the mean yleld ranged from
75.89 g to 151.14 g in PS x Co=-1 and KC x PS respectively.
PS x Co=1 (75.89 g) and Co-1 x PS (85.86 g) recorded an
insignificant difference from their MB gengration. But

PS X KC (140.55 ¢g) and KC x #5 (151.14 g) recorded
significantly higher values compared to their Ms popula-
tion. When KC x Co-1 (142.86 g) showed significant
increase over both the treated parents, Co=1 x KC recorded
only 125.81 ¢ which was significantly superior only to
Co~-1. Except PS x Co=1, all the other crosses exhibited
increase in the yleld, due to the efiect of gzmma rays.
out of which PS x KC and KC x Co=1 showed significant

increase over their cross bred F3 population.
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2, Phenotypic Freguency Distribution of varisnts
in the third generation

241, Plant height

The frequency distribution of plant height variants
( in percentage) in the different treatments are presented
in table 3. Statistical analysis of the data showed signi-
ficant variation among the three phenotypic classes. No
significant difference was noted among the variaus treatments
and also in the interaction of treatments with the differaent

phenotypic classes.

Digtribution of both positive and negative variants

were found in all the treatments. In F_, population, maximum

3
frequency of negative variants was recorded by PS x Co-1
(20,33%) and the minimum by KC x Co-1 (9.09%). Co=-1 x PS
KC % Co=1 and PS x KC recorded a lower frequency of negative
variants, compared to thelr reciprocal crosses. The negative
variants in the M, generation were maximum for Co-1 (27.60%)
followed by Pusa Sawani (16.42%) and Kilichundan (14.84%).
The frequency of negative varlants in the F3M3 generation
ranged from 5.,00% (KC x P5) to 18.02 % (Co-1 x P8). Compared
to F3 and M3. F3H3 genaration recorded a lowsr frequency of

negative varients.
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In the F3M3 generation, crosses such as PS x Co=1
Co-1 % KCy PS x KC and KC x PS5 showed lower values for
negative variants, when compared to their F, population,

whereas Co=-1 x PS5 and KC x Co-1 recorded a higher value.

The frequency distribution of positive variants
ranged f£rom 23.84% to 54.45% in the cross bred populations
of PS X Co=1 and KC x Co=1 respectively. Among the F3 popula=
tions, Co-i x PS, KC x Co=-1 and KC x PS recorded higher
frequency of positive variants compared to their reciprocals.
When the percentage of positive wvariants 1n M3 ranged from
28,58 (Co=1) to 42,42 (XC), in F Ms. it was 31.95 (Co=1 x PS)

3

t0 54,34 (KC x PS). Compared to the respective F, generation,

3
gamma ray irradiated populations of PS x Co-1, Co=1 X KC,
S x KC and KC x PS5 registered higher frequencies of positive
variants. But in crosses Co=-1 x PS5 and KC x Co-1l, the frequ-
ency of positive varlants decreased due to the effect of
gamma raySe

Compared to the negative variants significant increase
in the frequency of positive variants was noticed in all the

treatments, irrespective of the genetic make up.

Higher frequency of individuals came under the cone

trol group in all the MB populations, three of the F33

(PS x Co-1, Co=1 x PS and PS x KC) and two of the P M.8
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(PS x Co=1 and Co-i x PS}. 1In all the other treatments,
positive variants werc found to be higher vhen compared to

control and negative variants.

2.2. Days to f£lowering

The frequency distribution of the number of days
to flowering ( in percentage) for the different treatments
are given in table 4. On Statistical analysis, the data
revealed significant difference among the three phenotypic
classes. Tha effect due to the treatments and the inter-

action exhibited no significant variation.

Both positive and negative variants were observed
in all the treatments. The negative varlants in the I-‘3
population ranged f£rom 14.06% in PS x KC to 26.16% in Co=1 x
PS. Hligher freguency of negative variants were found in
Co=1 x PS, Co=1 x KC and KC x PS, when compared to their
recipzocals. In the M3 generation, the range of negative
variants was 18.87% (Kilichundan) to 34.76% (Pusa Sawani)
wnereas in FBMB' thie negative variants ranged from 13.97%
in KC x PS to 46.44% in PS x Co=1. In FiM,, all the crosses
except Co=1 x KC and KC x PS recorded a higher fregquency of
negative variants for the number of days to flowering, when

compared to their respective F, populations.

3



70

The frequency of poslitive varlants in FB ranged
from 31.11% to 46.21% in PS x Co-l and KC x Co-1 respectively,
whereas in M;, it was 29.57% (Pusa Sawanl) to 50.22%
(Kilichundan) and in FjM,, it was 16.80% (Ps x Co~1) to
65.16% (KC x PS). among all the treatments, irradiated
populations of Kilichundan, KC x Co-l, PS x KC and KC x PS
registered more than 50% of positive variants. Comparsd to
the F3 generation, E3M3 of PS x Co=1 and Co=-1 x PS5 recorded
lesser frequency of positive variants, whereas the rest of

the crosses exhibited a higher value.

Individuals coming under the contrgl group were

higher in number in ¥_ <han in the :13 populations In F. M.,

3 373

Co~1 X KC, PS8 xx KC and its reciprocal cross exhibited
frequencles vhich were significantly highsr to that of

negative variants, but lovwer than that of positiwve variants.

2+3¢ Number of leaves per nlant

Table 5 represents the frequency distribution of
the number of leaves for the various treatments, Statistical
analysis showed significant differance among the thrae
phenotypic classes. The treatments and the interaction
eflects ware found to be insignificant.



The frequency of phenotypesgot distributed both
in positive end negative directldons compared to control
values. Anong the FB population, maximum negative variants
was seen in Co-1 x PS (23.46%) and the minimum in KC x PS
(14.06%) « Higher frequencies of negative variants were
exhibited by Co=1 x PS5, Co-1 x KC and PS x KC compar=d to
thelr reciprocals. When the frequency of negative variants
ranged from 9.17% (Co-1) to 13.08% (Kilichundan) in the My

generation, in B MS' it was 5,92% in KC x PS to 16,01% in ‘

3
Co=1 x PS. Due to the effect of gamma rays, the number of
negative varaants caeated was lessor, with regards to the

number 0f leaves.

The maximam fregquency o positive variants was
recorded in KC x PS (44.84%) and the minimum in Co=1 x PS
(25.77%) in the F3 generaclion. I'reguency of positive variants
recorded by PS X Co=1, KC x Co=1 and XKC x PS was higher
compared to thelr reclprocals. In 113, highest froequency
of positive variants was shosn by Pusa Sawani (30.24%)
followed by Co=1 (32.76%) and Kilichundan (22.37%). In
Fjl4g, the freguency ranged from 28.78% (PS5 x Co-1) to
43.33% (Co=1 x KXC)« The frequency of positive variants
increased due to the effect of gamma rays in Co-1 x PS
and Co-1 x XC, while all the other crosses showed a redu-

ction. Except in the case of Co-1 X PS and PS8 x KC, all the
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other treatments recorded significantly higher f£requency

of positive variants over the negative varlants.

-

Except in the F3 population of PS x Co-1, Co~1l X KC
and KC x PS, all the other treatments had maximum frequency
in the control group compared to the negative and positive
variants. More than 50 per cent of the individuals reccorded
control values, as far as the number of leaves are concerneds.
This was noted in the case of Co-1 x PS and PS x KC(Fs) and
in the irradiated populations of Pusa Sawani, PS x Co-1,

Co-1 x PS, KC x Co=-1, PS x KC and KC x PsS.

2.4, Langth of fruit

The frequsncy distribution of fruit length variants
( in percentage) for the different treatments are given in
table 7. ﬁtatistical analysis of the data showed significant
variation among the three phenotypic classes. The major
trecatments and thelr interaction with phenotypic classes

showed no signif{icant difference.

Thes fraquency of negative variants in the F_, ranged

3
from 10.11% in KC x Co=1 to 30.41% in PS x KC. Crusses PX x
Co=1, KC x Co=l and KC x PS had higher frequency of nega-
tivs variants compared to the reciprocals. In My, maximum

negative variants were produced in Pusa Sawanl (18.37%) and



the minimum in Kilichundan (10.64%). The range in frequency
of negative variants in F3M3 was 10.78% in Co=1 x PS %o

13.49% in PS X Co=1.

In crosses PS x Co~1l, Co=-1 x PS, Co=1 x KC and PS x
KC, gamma rays considerxably reduced the fraquency of
negative varlants; where a3 in irradiated KC x Co=1 and

KC x Ps, there was a higher frequency of negative varlantse.

The frequency of positive varlants ranged from 23.02%
(Co=1 x KC) to 58,73% (KC x PS) in F, population. Compara-
tively highsr frequency was noted in PS x Co=-1, KC X Co=1 and
KC x PS« As regards ths M3 population, maximum £reguency of
positive variants was registered in Kilichundan{50.31%) and
the minimum in Co-1 (31.80%)« In I'3My, KC x PS recorded the
maximim £raguency (57.53%) and PS X Co-1 the minimum
(36.05%) « Gamma ray was effective in increasing the frequency
of positive fruit length variants in Co=-1 x PS5, Co=1 x KC
KC x Co=1 and PS x KCs But in PS x Co=-1 and KC x P35, the
percentage of positive wvariants decreased due to the effect

of the irradiation.

To the exclusion of the F3 population of Co-1 x PS,
Co=-1 x KC and PS5 x KC, all the treatments showed signifi-
cantly higher frequency of positive varlants than that of

the negative varliants,
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Higher frequency of control types were noticed in
the M3 population of Pusa Sawanl and Co-21, E'3 of Co-1 x PS,
Co=-1 X KC and PS x KC and F3M3 of PS X Co=i.

2.5. Height of fruit

Table 8 represents the fregusncy distribution ¢f the
three phenotypes in the weight of fruits for the different
treatments. Significant differences were observed for the
frequency of the three phenotypes, but the major treatments

and the interaction wera not significant.

Both positive and negative variants were produced in
all the treatments. The frequency of these varlants varied
with the treatments. In FS' the percentage ©f negative
variasnts ranged from 15.72% in PS X Co-l1 t0 20.27% in Co-1 x
PS. Compared to the reeiprocal crosses, PS x Co~=1, KC x Co=-1
and PS x KC recocrded lasser freguency oi mogative variantse
In M3 generation, the highest value of neyacave variants
was seen in Co-1 (18.63%) and the lowest in Kilichundan
(12.28%)« In F3M3, PS X Co=-1 recorded the highest value
(14.77%) and the lowest in Co=1 x PS (9.29%)e In all the
crosses, number of individuals included under the negative

varlants decreased due to the effect of gamma r'ays.

The frequency of positive variants in 1-‘3 ranged f£rom

46454% in KC x Co=1 to 63.17% in KC x PS. Higher £requency of
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positive variants was recorded in PS X Co-1, Co~1 X KC and
XC x PS, compared to the reciprocals. In M3, the range of
positive varlants was 50.20% to 60.66% in Pusa Sawanl and
Kilichundan respectively. But in ESMS, frequency of positive
variants ranged from 45.73% in Ps x Co-=-1 to 68.29% in

Co-~1 x PS. Compared to the F, generation, F.M, of PS x Co=1

3 373
and KC x PS8 registered a reduction in the freguency of
positive variants, where as all the other crosses recorded

an increase.

In allthe treatments, the freguency of positive
variants was significantly higher than that of the negative
variants. The control groups had significantly lower values

in all the treatments compared to positive variants.

2,6. Number of frults ver plant

The frequency distribution of fruit number variants,
for the different treatments are given in table 2, otatis-~
tical anaslysis revealed asignificant difference among the
phenotypic classes. There was no signifjicant different

among treatments and in the interaction.

Both positive and negative variants were fowmnd in all
the treatments. Among the F3 populations, maximum negative
variants was recorded by PS X Co=i (30.98%) and the minimum

by KC x Co=1 (16.26%). Compared to the reciprocal crosses,
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PS x Co=1, Co=1 x KC and PS x KC exhiblted higher fraquency

of negatlve variants. 1In MB' Kilichundan recorded the highest
value of negative variants (12.89%) followed by Pusa Sawani
{(12.68%) =nd Co-1 (10.84%). The percentage of negative varia-
nts in F3M3 ranged from 6.3%; in KC x PS5 to 21.87 in PS x Co-1.
In all the crosses, freguency of negative variants decreased

due to the effect of gamma rayss

Tha frequency of positive variants in P, rangad from

3
21.75% to 38.08% in Co~1 x P8 and Co-1 X KC respectively. PS x
Co-1, Co=-1 % KC and KC x PS recorded higher percentage of

positive variants, when compared to the reciprocals.

In MB' the maximum positive variants vas recorded by
Co=1 (36.21%) followed by Pusa Sawanl (33.83%) and Kilichundan
(27.235) whereas in FBMB' the fregquency of positive variants
ranged from 25.52% in PS x Co~l1 to 43.,52% in Co-1 x KCs A gamma
ray induced increase in the frequency of positive Eruit number

variants was noticed in all the treatments.

In all the three inbreds, the M3 population recorded
‘a slgnificant increase in the frequency of positive varlants
compared to the negative. In P3, when P % Co=1 and Co-1 X PS
had significantly lesser frequency of positive variants than
the negative variants, all the other crosses produced signi-

ficantly higher freguency of positive variants. 1In Fll, all
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thae crosses except PS X Co-1, recorded higher frequency of

positive varlants compared to negative varlants.

To the exclusion of Co-1 x KC snd KC x Co=-1, all the
other treatments had significantly higher frequency ¢f indivi-
duals belonging to the control greoup compared to negative and

poslitive variants.
2.7. Yield per plant

Data regarding the frequency distribution of yisld
variants for the different treatments arae given in table 10,
Signlficant difference was noticed among the three phenotypic
classes. But the major treatments and the interaction failed to

show any significant variation.

The frequency distribution of both positive and
negativa variants was observed in all the treatments. In F3
population, maximum negative variants was notlced in PS x Co=-1
(31+16%) and the minimum in KC x PS (9.14%). When PS x Co=1,
Co=1 x KC and PS x KC saowed negative variants in the oxder of
31.16% o 24.35% and 12.55% respectively,thelr reciprocals,
Co~1l x PS5, KC x Co=-1 and KC x PS5 recorded lower freguencies of
29.22%, 14,05% and 9.14% respectively. The frequency of nega-
tive variants ranged from 13.01% (Kilichundan) to 20.04%

{Pusa Sawani) in the #; generation, whersas in F3Mye it ranged
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from 13.45% in KC x PS to 37.25% in PS x Co-1. Compared to
F3 generation, Ps x Co-1l, KC x Co-1, PS x KC and Kc x PS

in F3H3 produced a higher frequency of negative variants,
Co~1 % PS and Co-l1 x KC had lesser frequency of negative

variants.

Frequency of positive variants was the highest in
KC x Co=1 (59.09%) and lowost in Co=1 x PS (26.61%) among

the F,« PS x Co=1, KC x Co=l1 and KC x P5S recoxded higher

3
frequency of positive varlants, compared Lo the reciprocal
cross@s. In M3,the percentage of positive varlants ranged
from 3%.37 in Kilichundan to 56.34 in Pusa Sawani, whereas
in NN the range was from 24.70 in P5 x Co=~1 to 60.00 in
KC x PS. Gamma ray had effected in increasing the frequency

of positive variants in all the crosses except in PS x Co-1.

In MB' tha frequency of positive variants was signi-
ficantly higher than that of negative variantz. In ES'
Co=l x KC, KC X Co-l, PS x KC and £C X PS showaed significant
increase in the frequency of positive varlants, over the
negative variants. But in PS5 x Co=1 and its rec¢iprocal
cross, n¢ significant difference was there between ths
negative and posltive variants. PS x Co-1 in F3M3 showed a
signlficant redugtion in the fregquency of positive variants
compared to negative variants. A reverse trend was noticed

in all the other crossese.
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P8 x Co-1, Co=1 X PS5 and Co=-1 X KC in T liad signil-
ficantly higher number oOf individuals £alling under the
control groups. In M3. PS x KC had significantly higher
frequency in the control group, when compared to the
frequency of positive varlantse. In r3n3, KC x Co=1, P5 X KC
and their reciprocals exhiblted significent reduction in the
number of individuals in the control group, compared to

positive segregants.

3, Mean character expression under the three M1 sterility

classes.

3.1, plant _height

The mean planc height for tne different genotypes
under the three Ml starility classes is given in table 11.
Stetislical analysils showed signiticant difference among the
various treatments and thes three M1 sterility classes. The
treatment X sterility class interaction slsgo showed signie-

ficant variation.

The treatments exhibited wvarlation in the mean plant
helght, depending on the sterllity classes in the Ml generage
tion. The mean plant height irn low sterility class ranged
from 44,78 cm in Kilichundan to 78475 cm an KC X Co=1,

vmereas in the medium class, it ranged from 42.24 com in



Table 11. Maan plant haight and freguency distribution of varfants (Percentage)

under differont Ml sterility groups in the third generation.

Plant hoight (cm) Frequency distribution of variants
H1 sterility grcups Ml storility groups
Treatnents Low Mediun High
Low Medium High Hegative Control Pooitive Negative Control Positive Hegative Control Poasitiva
variants group variants variants group varianta varliants group varionts
Pusa Sawani 56.12 $53.66 57.48 15.32 50.29 34.29 19.05 $53.97 26,98 14.92 42,27 42.81
(¢s)

H, “ud‘“"d‘-‘-&c} 44,78 42.24  44.47 17.44  38.07  44.49 13.03  34.01  52.96 14.05 56.14  29.81
Co=-1 64 .36 64.34 54 .57 21.38 44.78 33,84 29.18 45.57 25.25 32.22 41.11 26.67
PS8 x Co-1 55.04 6l.44 51.32 18.75 28.75 52.50 6.82 35.46 57.72 16,61 45.81 37.58
PS x KC 54.75 76435 72,89 17.71 49.59 32.7 B.23 24,22 57.55 5.30 38.74 55.96

F3HJ Co-1 x PS 46+48 55.98 55.27 19.40 61.:04 19.56 10.38 49.08 40.54 24.29 39.96 25.75 ~
KC x PS T?.78 79.91 71.49 6.18 34.44 59.38 3.78 39.03 57.27 3.54 48.53 47.93
XC x Co=1 78.75 100.81 TT.47 7.90 41.75 50.35 16.67 28.69 54 .65 6.55 43.83 49.62
Co=1 x KC 65.21 69.23 66,27 10.66 43.15 46,19 10.61 47.05 42,34 5.45 44.55 50.00

F valus O value E vglua CD vglun
Batwoan treatmants (T) 21.89% 7.66 Batween Treatmonts (T) 0.05 -
Botween sterility 9.43% 3.60 Betweon starility groups (S) 0,03 -
groups (5) Betwoen phonotypic classes (P) 36.98% 7.14

T x S intaraction 2.84% 10.79 T x S intoraction 0.005 -
T x P intaraction 1.16 -

* significant at 5% level. S x P intoraction 0.27 -

T x S x P intaraction 0.35 -

08



Kilichundan to 100481 cm in KC X Co=1. The range was 44.47 cm
{(kilichundan) to 77.47 cn (KC x Co~1) in the high sterility
clesses. The crosses KC x P& and KC x Co=1 exhibited signi-
ficant increass in plant height, in all the three sterility

clagses, vhen comparsd to their respective parents.

In Pusa Sawani, the maximum plant height was noticed
in the high sterility group (57.48 cm) followed by low
sterilaty group (56,12 cm) and the minimum in the medium
class (53.66 cm). In Kilichundan, the maximum plant height
was in low sterllity class and the minimum in medium class.
Co=1 had approximately equal heights wunder low and medium
sterility classes, but a significantly lower plant height
in high sterility class.

In FaMz, all the treatments showed the highest plant
height in medium sterllity class, irrcespective Gf the geno~
types. In PS x Co~1, the low (55.04 cm) and ths high (51.32 cm)
sterility classes showed significant reductloan in plant
height, compared to tne medaun (63.44 cm) sierility class.
In PS x KC, the medium (76,35 cm) and high (72.89 cm)
sterility classes dia not exhibit any significant difference
but the low sterility class showea a significant reduction
(54.75 am) in plant height. Co=1 x PS also showed the same

trend. In KC x PSS, significantly higner plant height was



noticed an low and medium sterility classes, compared to
the high sterility class. A significant increase in plant
helight was noticed in the medium sterility class over the
low and high sterility classes in KC X Co=~1, But ain Co-1 x
KC, the low sterility class exhabited a significantly lower
plant height, compared to the medium sterility group, but

no sigmflcant aifference from the hagh sterility class.

Among the three inbreds, Kilichundan recorded the
lovuest and Co-1, the highest meaqn plant heaght in the low
and aediumn sterility classes. But in the nigh sterility
group Pusa Sawani recorded the highest and Kilichundan the

lowsst meun values,

The mean plant hsight for variouc genotypes under
medium sterility class (67.33 cm ) was significantly higher
than the low (60.58 cm) 3nd high (61.24 cm) sterility

classas.
3.2. Days_to flowering

Table 12 gives the mean numoer of days taken to
flowering for the different genotypes under the three Ml
sterility classes., There was no significant difference among
the treatments and the different Ml sterility classes. The

treatment x sterility class interaction also showed no signi-



Table 12.

Magn number of days taken to floworing ana frogquency distribution of variants

{Parcentage) under differecnt M1 stoerility groups in tha third generation.

Number of days to f£lowering

M1 storility groups

Froguoncy distribution of variants
M, atorility groups

1
Treatments Low Mediua High Low Medium High
negativo control positive naegative control positive negative con- Posd
variants group variants varliants group variants variants trol tive
group Vari
ants.
Pusa Savani (PS) 42.41 42,94 43.07 39.81 27.55 32.64 31.74 39,02 29.23 32.75 40.4¢ 25.81
H3 Filichunden (KC) 44.08 43.94 43.77 29.42 36.46 34.12 29.%9 39.48 30.53 23.77 49.45 26.78
Co-1 43,93 44.47 44.54 34.31 33.70 31.99 26,61 34.74 3B.65 27.32 30.54 42.14
PS x Co=l 41.69 42,37 43.10 86.25 34.69 9.06 43.70 39.20 17.10 39.37 36.37 24.26\
PS x KC 44.00 44.68 45.18 31.29 26.12 42,59 1725 42.35 40.40 23.51 236.85 39.64
Co-1 x PS5 42,38 46.07 42.15 38.72 40.94 20.33 21.07 45.30 33.63 34.73 40.18 25.09
rius KC x P8 45,52 45.62 44 .49 12.66 40.50 46.44 22.22 19.684 57.94 12.08 40,88 40.04
KC x Co~1 43.58 43 .49 43.99 29.38 39.11 31.51 20.00 45.84 34.16 35.07 42,26 22.67
Co-1 x KC 43.72 44.17 44.10 30.62 45.42 23,96 27.83 48.61 23.86 32.17 45,33 22.50
P._waluo CD walus F_valus CD value
Between trsatmonta (T) 1.38 - Betwesn treatments (T) 0.01 -
Botwoen sterility groups (S} 1.88 - Batwesn sterility groups (S) 0.003 -
T x § intaraction 1.08 - Betwoon phsnotypic claoses (P) G.56% 4.18
T ¢t § intaraction 0.008 -
T x P interaction 3.004* 9.66
S x P interaction 1.18 -
T x S x P interaction 0«59 -

* Significant at 5% level.

€8
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flcant differsnce.

‘Yhe diffsrent genotypes shouwed variation for the
mean number of days to flowering depending on M1 sterllity
classes. In the lov sterility class, the mean number of
days ranged from 41.69 (PS x Co-1) to 45.52 {KC x PS).

It was 42.94 (Pusa Sawanl) to 46.07 (Co~-1 x PS) in the
medium class and 42,15 (Co~i x PS) to 45.18 (P5 x KC) in

the high sterility classe

In Pusa Sawani, the mean value Eor tne number of
days to flowering ranged £rom 42.41 in low sterility class
to 43.07 in nigh sterility group, wherc as in Kdlichundan
it was 43477 in high sterility class to 44.08 in low
sterility class. In Co-1, the trend was as in Pusa Sawani
ies 43,93 to 44.54 in low and high sterility classas

respectively.

Among the various c¢rosses, 7S x Co~-1l znd PS % KC
racorded the nighest mean values of 43.10 and 45.18 4in the
high staerility class and the lowest msan values Of 41.69
and 44.00 in low sterility class respectively. But the
crosses, Co=1 X P8 and KC x PS showeo lidghosc mean values
0f 464,07 and 45.62 in the mediuwn class and the lowest @f
42415 and 44.49 in the high sterility class, raspectively.

The maximum mean value was observed in the high sterility
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group and the minimum in the medium sterility class-in
KC % Co=l. Co=1 x KC recorded highest value in the medium

sterility class and the lowest in the low sterility class.

Considering the three sterility classes, the medium
¢lass racorded the highest mean value of 44.19. The low

sterility class showed the lowest value of 43.48.

3.3, Number of leaves per plant

The mesn number of leaves per plant, for the different
treatments under the three Ml sterility classes is given in
table 13. Statlistical analysis showed no significant
difference among the genotypes, the three sterility classes

and also in thelr interaction.

In the low sterility group, the mean wvalue ranged
from 11.56 in PS x KC to 13.27 in Co=-1 X PS5, where as in the
medium sterility class the range was 11.94 in PS x =1 to
15,05 in KC x PS. In the high sterility group it was 10.88

in Kilichundan to 14.24 in KC X PS.

Among the three inbreds, Pusa Sawanl had maximum
mean value, in the medium sterility class (13.35), followed
by high (12.66) and low sterility classes (11+73). In
Kilichundan, the high sterility classes showed the minimum

value (10.88), and the medium sterility class showed the



Table 13, Moan number of leaves por plant and freguency distributicn of varlants (Percentage)
under different ML gterility groups in theo third generation.

Number of 1a§va-£21ant. Frequoency diptribution or variants
W, storility groups H, sterility groups
Treatmonts Loy Modium High
Low Medium High negative control positive negativo control positivo nogative control positiug
variaata group variants variants group variants variants group variants
Pusa Sawand (PS) 11.73 13.35 12,66 16.68 56.36 26.96 5.95 62,20 31.85 12,65 $3.45 31,90
Kilichundan (KC) 11.90 12.47 10.88 8.50 63.90 27.60 8,87 67.94 23.19 21.87 61.82 16.31
Co-1 13.18 13.02 12.02 7.16 61.59 30.88 7.11 58,23 34.66 13.22 54 .00 32,78
PS x Co-1 11.96 11.94 11,13 10.60 55,38 34.02 14.07 58.48 27.45 14.91 60,21 24 .88
PS x KC 11.56 13.76 13.45 21,25 65.42 13,33 14.57 58,63 26.80 715 60,42 32.42~
Co-1 x PS 13.27 12.83 13.15 15.55 52.06 32,39 14.80 53.64 31456 17.68 44,72 37.60
KC x PS5 12.858 15.05 14.24 9.45 45.89 44,66 5,66 58,58 35.76 2.63 48,75 49.12
KC x Co=l 12.88 14.68 12,95 11.13 50.77 38.10 11.91 51.43 36,67 10.92 6Q .96 28,12
Co~1 x KC 12.47 13.12 13.27 11.80 47.74 40.46 11.74 49,02 39.24 10.91 38,77 50.32
F valus D value F_¥alue D valuo
Botween troatments (T) D58 - Eatwecn Traatments (T) 0.013 -
Botween aterility groups 3.31 - Batween storility groupa (s) 0.11 -
(s)

T x S interaction 0.71 - Betwoon phenotyplc classes (p) 110.39*% 5.18

T x 5 interaction 0.04 -

T x P intoraction 1.31 -

S x P interaction 0.41 -

* Significant at 5X lovel. T x 5 X P intoraction 0.35 -

38
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maximum (12+447)« In Co=1, the highest valus was recorded
in low sterility class (13.18) followed by medium and high

sterility classes.

Among the various c¢rosses, PS x KC, KC X PS5 ana £C x Co~1
recorded the maximum mean value in the medium sterility
clasg and the minimumin the low sterility group. In the
case of P® x Co=1 and Co-1 x PS the mean value was observed
to be highest in the low sterility group, followed by the
high and medium sterility classes. But in Co~1 x KC,
high sterility group recorded the maximum mezan value

and the low sterility group the minimum.

Among the three sterility classes, highest mean value
was shown by the medium sterility class (13.36) followsd by
high (12,64) and low (12.42) sterility classes.

3+.4. Bumber of branches per plant

The mean data on the number of branches per plant
for the different treatments under the three M1 sterility
classes arae given in table 6. Ho significant difference
was there among thc treatments, the different sterility
classes and in thelr interactions, as revealed by statistical

analysis.,
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Sterility class dependent varlation was notdced
among the different genotypes in the mean number of branches.
In the low sterility class, the mean value ranged from 0.23
in PS x KC t0 1.13 in Co=~l. The range was 0.56 in PS x KC
to 1.20 in Pusa Sawanl in the medium sterility class and
0.61 (KC x Co=1) to 1458 {KC % PS) in the high sterility

groups.

In Puga Sawani, the highest mean value was recoxded
in the medium sterility class (1.20) followed by high (0.72)
and low (0.68) sterility classes. In Kilichundan, the mean
value varied from 0,57 in 1low sterility class to 0.76 in
high sterility clasas, But, in Co-1 low sterllity class
rocorded the highest mean valus (1.13) and the high sterility
class recorded the minimum (0.87).

among the various crosses, PS x Co=-1 and KC x Co=1
recorded the highest mean values in the low sterility class.
Al)l the other crosses exhibited the highest mean value in
the high sterility group. PS x Co-1, Co-1 X P° and Co=1 x KC
hcd thelr lowest mean value in the medium sterility class.
In P& x KC and KC x PS, the low sterllity class ropresented
the lowest msan wvalue, but in KC x Co=1 the lowvest value

was noticed in high sterility classa.
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As regards the three inbreds in the low sterility
class, Kilichundan had the lowest mean value and Co=1, the
highest. When the lowest and highest values were in Kili-
chundan and Pusa Sawani, respectively, in the medium sterility
class, they were in Pusa »awani and Qo-1 in the high sterility

class.

Considering the three sterility classes, the high
sterility class exhibited the highest mean value (0.91) and

the low sterility class showed the lowest value (0.81).

3.5. Length of frult

Table 14 represents the mean length of £ruits for the
different genotypes, under three Ml sterility classes.
Statistical analysis showed significant difference among
the treatments and the different sterility classes. No signi-
ficant difference was there in the treatment x sterility

class interactione.

Depending upon the different sterility classes, the
mean length ol fruit for the different genotypes varied.
Among all the gonotypes in the low sterility group, the
highest value was observed in Co=1 x KC (18.71 cm) and the
lowest in Pusa Sawani (14.23 am). Wheun the mean value in

the medaum sterility group ranged from 1l4.14 cm in PS x Co=1
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Tabla 14. Mogn fruit length and frequency distribution of variants (percentage) undar different M
gtarility groups in the third generatiocn.

Fruit length {cm)

Frequoency distribution of variants

M1 sterility groups

M

1 storility groups

Traat=enta
fow Modium High Low Madium High
negativo control positive negative control positive nogative control positivae
varlants group variants veriants group varlanta varlants group variants
Pugsa Sawandi (PS) 14.22 14.95 14.47 21.63 41.68 36.69 18,69 48.03 33.29 14.79 40.81 44.40
Ellichundan (KC) 16.12 17.32 15,32 8430 45.67 46.03 5.49 31.30 63.21 18,12 40.19 41.69
Co=-1 15.19 14.80 14.94 8.71 49,61 41.68 9.39 63.16 27.45 15.81 58.22 26.27
PS x Co-=1 15.28 14.14 14.60 8.80 49.62 41.58 18.58 46.897 34.55 13.09 54,93 31.%8
PS x KC 16.78 18.67 17.02 14.54 44.31 41.15 12.34 34.48 53.18 6.75 42.14 S51.11
Co=1 x PS 14,29 15.28 14.07 11.54 38.92 49.54 10.87 46.18 42,95 9.93 41,21 48,85
KC x PS5 17.78 i8.77 16.51 13.40¢ 30.96 55.64 9.25 24,38 66.237 17.48 31.94 50.58
KC x Co-1 16.87 19,63 16.17 12.36 41.03 46.61 6,72 24.41 68.80 13.95 47.04 39.01
Co=1 x KC 18.21 16.10 17.19 7.06 33.02 89.92 22.22 37.41 40.37 6.31 31.65 62.04
F_valuo D valuo P _value CD valuo
Botwoan treatments (T) 30.52» 0.72 Botwean Troatments () 0.01 -
Botwean sterility 4.39% 0.75 Botween pterility groups (8) 0.02 -
groups (5) Betwoan phenotypic classes () 121.46* 4.12

T x 5 intoraction 1.39 - I x 8 interaction 0.03 -

T X P interaction 2.55» 9.51

5 %x P interaction 0.40 -

T x S x P interaction 1.03 -

* Rignificant at 5X level.

06



to 16.93 am in KC x Co-1, the range vwas 14.07 cm (Co=1 x PS)
to 17.19 cm (Co=1 x KC) in the high sterility group.

The msan fxult length in Pusa Savanl was insignl-
ficantly higher in thc medium sterility class (14.95 cm)
compared to the low (14.23 cm) and high (14.47 cm) sterility
classes. In Killichundan also the highest mean value was
recorded in the medium sterility class (17.32 cm) which was
significantly higher to that of the low (16.12 cm ) and
high (15.32 cm) sterility classes. But, the mean value in
the medium sterility class of Co=-1 (14.80 cm) recorded an

insignificant reduction from the other two classes.

The mean value in PS x Co~l ranged from 14.14 cm in
the medium sterility class to 15.28 cm in the low sterility
group. A significant increase in the mean value was noticed
in the medium sterility class of PS5 x KC(18.67 c¢m) over the
low (16.73 cm) and high (17.02 cm) sterilitx classess Similarly,
in the crossas Co=1 x PS, XC x PS and KC x Co-1 the medium
sterility classes recorded a significant increase over the
other two ¢lasses in the mean length of fruits. In these
thrae crosses, the minimum value was recorded in the high
sterility group. ¢Co=1 X KC recorded the lowest mean value
in the medium sterility group (16.10 cm) which was significantly
lowar to the low (18.21 cm) and high (17.19 cm) sterility

clagses.



The inbred Kilichundan recocded signiiicantly higher
value in all thae three sterilitcy groups compared to Coel
and Pusa Sawani. In the low anc high sterility groups,
Pusa Sgwanl recordgd the least mean, wnereas in medium

starility group, Co-1 showed the minimum valuce.

The crosses KC x PS5 and KC x Co=1 recordsd significant
increase in leagth of Zruilta in all tha three sterility
groups, compared to their parents. In the case of Co-1 X «C
when the low and high sterility classes showed a sigrifi-
cant increass over the parents, the msdium class recorded
a significant reduction, compared to Xilichundane Medium
and high sterility classaes in PS X KC recorded a significant
increase ovar the parcnts, whereas in Ps x Co-1l, the low

sterility clase showed significant incroase.

among the three pterility classeus, the medium clase
gave the highest maan value (16463 cm) followed by the low
sterility ygroup (16,08 cm) and the high sterility group
{15.59 cm) .

Jebe peight of frult

Table 15 represents the mean weight of f£ruits for the
different genotypes under tha Ml sterility classes. There
was significant dlffezence amng the troatments, the different
starility claszes and in the treatment z sterlliity clasa

intezaction.



Taple 15 Mean .ruit weight ana £frequency aistribution or variants (percentage) unaer aifferent
M, sterility groups in the third generation

1
Fruit weight (g) Frequency distribution of varlants
M1 sterllity groups M1 sterlil:ty groups
Treatments
Low Medium  High Low Medium High
negative Contrel Positive Negative Control Positive Negative Control Positive
varliaats group varlants gariants group variants varlants group variants
Pusa Sawani (PS) 17.15 17.07 15.88 16.42 30.40 53.18 15.60 35.90 4B.50 16.70 34.39 18.91
M3 Kilichundan (KC) 20.63 20.57 18.22 13.62 24.17 62 21 13.55 22 25 64.20 9,66 34.76 55.58
Co~1 16.90 16.74 16.68 20.06 2B.94 51 00 15.61 23.71 60.68 20.21 31 25 48 54
PSS x Co-1 17 92 15.63 15 83 12 39 31.11% 56.50 15.52 42.58 41.80 16.41 44 .81 38.78 it
PS x KC 19.49 22 94 22 82 10 54 33 05 56.41 11.86 27.71 60 43 7.59 31.99 60.42
by W3 Co-* x PS 16 59 18 75 17 53 11 €1 23 22 ©5.17 7.94 18 52 73 54 R 32 ?5 53 €0.15
KC X PS 20 76 24.46 21 90 18,2, 25.31 56.48 11.10 23.19 65.71 12.48 20 78 60.74
KC < Co-1 21 89 21.97 20 32 5.82 41.21 48.97 10.43 26,56 63.01 12.96 32 41 54 .63
Co . x KC 22.81 20.64 22 71 8 56 29.58 61.86 16.68 28.63 54 69 12.53 29 96 57 51
P value €D value F value (O value
Between treatments (7) 8.57= 0.72 Betwaen treatmeants (T) Q.045 -
Betwe=n sterility groups(S) 5.34# 0.74 Between starility groups (S) 0.003 -
T x 5 interaction 3.74¢ 2.22 Between phenotypilc classes (P) 291.19* 3.04
T x 5 interaction 0.012 -
T x P interaction 2.57> 7.02
8§ x P intergction 1.09 -
T x S x P interaction 0 &0 -

* Si1gny .cant at 5% level

€6
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The different genotypes under the three M1 sterility
classes showed variation in the mean weight of fruit. In
the low sterility class, the range of mean fruilt weight was
16.59 g in Co=1 x PS to 22.81 g in Co=} x KCs When the
mean value in medium sterility group ranged from 15.63 g
in PS x Co=1 to 24.46 g in KC x PS5, it was 15.83¢ (PS x Co-1)

to 22.82g (PS x KC) in the high sterility group.

In Pusa Sawani, Kilichundan and Co~1, the hlghest mean
valugss of 17.15 g, 20.63 g and 16.90 g respectively wera
noticed in the low sterility class and the lowest mean values
of 15,88 g, 18.22 g and 16.68 g were observed in the high
sterility class. There was significant difference between
the lowest and the highest values in Pusa Sawani and Kili-

chundan, but not in Co=1i.

A significant increase in mean value was noted in PS x
Co=1 under the low sterility group (17.92 g), compared to
other two classes. In crosses Co-1 x PS, KC x PS and KC X
Co-1, the medium sterility class showed significantly higher
value compared to the low and high sterility classes. When
PS5 x KC recorded the maximum mean value (22,94 g) in the
medium sterility group, Co-1 x KC showed the hlghest value
in the low sterility classe. The lowest mean value was

observed in the low sterility c¢lass In PS x KC(19.49 g),
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Co=1 x PS (16,59 g) and KC x Co=1 (21.89 g}e 1In BES x Co=~1
and Co=-1 x KC, the medium sterility group recorded the
least man values. In crosses PS x KC, Co-1 x PS, KC x PS
and KC x Co=-1, the medium and high sterility classes
recorded signlficantly higher mean values comparad to their

parents.

The medium sterility class snowed the highest mean
value (20.20 g) for th: fruit weight, which was significantly
higher than the low (19.35 g) and high (19.10 g) sterility

classes.

3.7. Nunmber of fruits per plant

The meen number of frults per plant for the different
genotypes under the three M1 sterility classes is given
in table 16. S8tatistical analysis showed significant diffe=-
rence among the treatments. The dlfference between the three
eterility classes and treatment x sterillty class inter-

action were not slgnificant.

Depending on the My sterllity classes, the different
treatments exhibited variation in the mean number of fruits.
In the low sterility group, the mean number of £ruits ranged
£rom 4.54 (Co-1) to 6.45 (k¢ * P8)e In the medium and high
sterility groups, the range. were 4.24 (PS x Co=1) to 7.05

(KC x Co-1) and 4.29 (Co~-1) to 7.02 (KC x P5) respectively.



Teble lo

Meun number or fruits per plant ana frequencvy distribution of variants (percentage) under

difre-ent M1 sterility groups 1n the third generation

Numper of trults per plant

Frequency distribution of wvarilants

Ml sterility groups

M, sterility groups

1

Trearments Low Medium High
Low Medium High negative Control vositive negative control positive negative control positive
variants group variants variants group var.antsd varlants group variants
Pusa Sawani (PS) 4.68 4 717 4.62 10.34 60.54 29.12 13 79 52.19 34.02 13 9 47.73 38.37
£ilicnundan (KC) 5.50 5 17 4.46 7.20 56.04 36 76 15.21 54 19 30 60 16 25 59.42 14 33
Co=-1 « 54 4.71 4.29 10 34 53 14 36.52 8 00 50.11 41.89 14 17 55 58 30 25
PS x Co=-l 5> 07 4.24 4 43 16 26 50.32 33.42 25.37 55.46 19,17 23 97 52 06 23.97
PS X EKC 5 71 6 62 6.89 709 02.71 30 20 7 62 50.81 41.57 7.10 45 82 47 08
3Co-—-l ¥y PS 4.67 4.88 5.00 4 79 54 81 30 10 11 26 52.59 36.1> 17 80 57.06 25 14
«C x PS5 c 45 & 92 7.02 8.83 50 25 40 92 & 83 51.36 41 81 3 31 50 88 45 61
G x Co-l 5.53 7 05 6 29 B 85 51 34 39.81 15.860 31.43 52 97 18 03 4o 45 353 52
Co=-1 x :C 5> 67 5 68 5 71 14 30 12 66 43.04 13 13 45 21 41 66 10.75 43 38 45.87
F value (D value F value CD value
Between treatments (T) 18 61% 0 58 Between treatments (T) 0.05 -
Bet~een sterility 0 81 - Between sterility groups (S) Q 002 -
groups (S) ) Between pbenotypic classes (P) 141 64« 4.07
I v 5 interaction 1.0B - T x S interaction o 03 _
T x P 1nteraction 1 92« 9 39
S X P 1nteraction 0.58 -
T x &5 x P interaction 0.65 -

* Signiricent at 5% level

36
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In Pusa Sawani, the maximum number of fruits was
produced in the medium sterility class (4.77) followed by
low (4.68) and high sterility classes (4.62). When the
low sterility elass recorded the highest mean value in
Kilichundan (5.50), the medium sterility class recorded
it in Co-1 (4,71). 1In both Kilichundan and Co-l, the
lowest values were observed in the high sterility class.
Amnong the three inbreds in the low and medlum sterility
groups, Kilichundan showed the highest mean value and Co-}i,
the lowest. But in the high sterility group, the maximum
mean valus was observed in Pusa Sawani and the minimum

in Co_l -

when the mean number of frults., ranged from 4.27
(medium sterility class) to 5.07 (high sterility class)
in PS x Co=-1, 1t ranged f£rom 4.67 (low sterility class)
to 5.00 (high sterility class) in the reciprocal cross,
Co=1 x PS« 1In the crosses PS5 x KC, Co~1 X PS, KC x PS
and Co=1 x KC, the high sterility group showed the highest
mean value for the number of fruits and the low sterility

group showed the lowest mean value.

The medium sterility class showed the highost mean
value of 5.56 followed by the high (5.41) and the low
(5.31) sterility classes . But the differences among them

were not significant,.
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3.8. Yileld per Elant

Table 17 gives the maan yield of fruits per plant as
affected by the three Ml sterility classes. Statistical
analysils showed significant difference among the genotypes.
No significant differsnce was there among the three steri-
lity classes and the main treatments x sterility class inter-~

action.

With respect to the different My staerility classes, the
mean value varied in the different dgenotypes. The mean fruit
yleld ranged f£rom 76.68 g in Co-1 to 133.65 g in KC x PS, in
the low sterility group. In the medium sterility class, the
range was £rom 66,37 g (5 x Co=1) to 178.25 g (KC x Co=1)
and in the high sterility group, it was from 70.09 g (PS x
Co=1) to 158.92 g (P53 x KC)«

In Pusa Sawanl and Co~l, the maximun values of 81.65 g
and 78.89 g respectively ware observed in the medium sterility
clas@ and the minimum of 73.31 g and 71.44 g were seen in tha
high sterility group. In Kilichundan, the low sterility
group ghowed the maximum m2an value (113.37 g) followed by
medium (106433 g) and high (81.10 g) sterility classes.

In the low sterility class, Kilichundan exhibited a signi-

flcant lncreasse in mean valus over Pusa Sawanl and Co=-1, but



Table 17. Maan f£ruit yleld per plant and froguoncy distribution of variants (Porcantage) under
different M, sterility groups in the third generation.

b3
Fruit yield/plant {(g) Fregquency digtribution of variants
Ml sterility groups M]. sterility groups
Troatments
Low Medium  High Low Medium High
negative control positive nagative control poaitive negative control positive
variants group varianta varianta group Variants variants group variants
Pusa Sawani (P5) 80.23 B81.65 73.31 17.75 23.83 58.42 20.60 24.05 55.35 21.78 23.00 55.22
M3 Kilichundan (KC)113.37 106,33 8l.10 10.48 43 .64 45.88 13,25 43.09 43.66 15.21 56,13 208.56
Co~1 76.68 78.89 71.44 18.42 36.33 45.25 13.34 35.98 50.68 27.58 33.14 3g.88
PS x Co=-1 91.22 66.37 70.09 30.03 38.32 31.65 41.61 41.80 16,59 40.132 34,03 25.85
P M P38 x KC 110.86 151.85 158,92 28.56 16.64 54.80 15.84 20.43 63.73 19.26 25,60 55.14
3 3Co-1 X PS5 77.59 91.79 B88.19 20.25 40.88 38.87 21.91 36.91 41.18 33.56 26.72 39.72
KC x PS 113.65 169.36 150.41 13.16 26,92 59.92 16.42 23.97 59.61 10.75 28.77 60.48
KC x Co=1 122.53 178.25 127.80 28.82 20.89 50.29 16.95 16.39 66.66 16.06 23.59 60.35
Co~1 x KC 130.73 117.09 129,62 18.69 26.97 S4.34 13.65 34.81 51.54 15.92 29.88 54.20
P _valua CD_value P_vglue D value
Botween troatmants (T) 10.80w 37.09 Botweoen troatments (T) 0.017 -
Botween sterility 2.67 - Between ntarility groups (8) 0.,0005 -
groups (8) Botween phonotypic classes (P) 30.54¢ 6.09
T x S interaction 2.04 - T x S8 interaction 0.004 -
T x P interaction 2,36 14.07
& x P intexraction 0.112 -
T xS x P interaction 0.23 -

* gignificant at 5% level.
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in the medium sterility class, signlficant increase was there
in Kilichundan, only when compared to Co-1l. £ilichundan
falled to exhibit any significant difference from Pusa Sawani
and Co~1 in the high sterility group.

Among the various crosses, PS x Co=l1 and Co=-1 x KC
had their maximum mean values in the low sterility group
{91.22 g and 130.73 g respectivaly) and the minimum in the
medium sterility group (66,37 g and 117.09 g respectively).
In the crosses Co=1 x PS, KC x PS and KC x Co=l, the medium
steriiity group exhibited the maximum mean value, followed
by high sterility group. The least values were recorded
in the low sterility group. In PS x KC, the highest values
(158,92 g) was recorded in the high sterility group and the
lowest value (110.92 g) an the lov sterility group. Among
all the genotypes, the haghest mean yield was recorded by
RKC x Co=1 in the medium sterility class. PS x KC, KC x Co=-1
and KC x PS5 showed significantly higher yiald compared to the
parents in the medium and high sterility groupa. shen PS x
Co=-1 and Co=1 x PS5 failed to show any significant dlifference
from their parents in all the threa m1 stsrility classes,
Co~1 x KC recorded a significant increasa in mean yield over

the parentez in the high sterillity groups.



Considering the mean values in the different
sterility classes, the medium sterility class stood first
with a msan value of 115.73 g, then came the high (105.65 g)

and the low (104.09) sterility c¢lasses.

4. Phenotypic freguency distribution under different M1
gterility groups

4.1, Plant height

2

The frequency distribution of plant height variants
under different M1 sterility groups for the different treat=
ments are given in table 1l. Statistical analysis showed
significant dlfference among the three phenotypic classes.
The data showed no significant variation in the £reguency
distribution among treatments, treatments x sterility group,
treatment x phenotypic class, sterility group x phenotypic
clags and treatment x sterility group x phenotypic class

interactions.

In the low sterility group, the frequency of nega-
tive variants ranged from 6.18% (KC x PS) to 21.38% (Co=1).
PS x Co-1, Co=-1 x PS, KC x PS and P8 x KC had comparatively
higher percentage of negastive variants, when there were only
a lower freguency in KC x Co-1 and Co-1l X KCe The maximum

frequency of positive variants was noted in KC x P8 (59.38%)
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followed by PS x Co=1 (52.5%). A lower frequency was observed
in Co=1 x PS5 (19.56%). More number of positive variants was
created in crosses of KC X Co=1 also. The frequency of indi-
vidual coming under the control group ranged f£rom 28.75%

in PS x Co=1 to 50.,39% in PS, in the low sterility group.
Here, all the treatments except Co=1 x PS had significantly
higher frequency of positive varlants compared to negative

variants.

In the medium sterility group, maximum negative variants
was observed in Co~1 (29.18%) and the minimum in KC x PS
(3.78%). In general, a comparatively lower frequency of
negative variants was observed in the medium sterility group.
The frequency of positive variants ranged from 25.25% (Co-1)
to 57.72% (PS x Co=l)e Ko, KC x Co=1, PS X KC and KC X PS
exhibited higher percentage of positive variants. In the
control group, the frequency ranged from 28.69% in KC x Co=1
to 593.974 in PS. To the exclusion of Co~1, all the other
treatments had significantly higher percentage of positive

variants, compared to negative varlantse.

The freguency of negative variants in the high
sterllity class ranged f£from 3.54% in KC x PS to 32.22% in Co-l.
Crosses of £5 and Co=i showed a comparatively higher percentags

of negative varlants, whereas Co=1 x KC, KC x Co=1 and PS x KC
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had only lower f£raguency of negative variants. The fraquency
of positive varlants in the high sterility group ranged Erom
26,67%(Co~1) to 55.96% (PS x KC). Co=l x KC, KC x PS and their
reciprocals recorded comparatively higher percentage of posie-
tive variants., The maximun frequency of individuals included
under the control group was noted in KC (56.14%) and the
minimum in PS x KC (38.74%). All the treatments except Co-1

had significantly higher frequency of positive wvariants,
compared to that of the negative wariants in the high sterility

group.

To have a critical analysis on the relaticnship between
the three sterility classes in each phenotypic class, a test
of proportion was done., The result of this test is given in
table 18.

In the negative phenotypic class, significant difference
was observed batween the lou and medium sterility groups, low
and high sterility groups and the medium and high sterility
groups. In the control group also, significant difference was
there between the low and medium, low and high and medium and
high sterility classes. In the frequency of positive pheno=
typic clasa, there was significant difference betwaen low and
medium sterility group and low and high sterility groups.

But the difference between the medium and high sterility groups



Table 18.

Test of proportions between the Ml sterility
groups within the different phenotypic classes

M, sterility groups

Phano- 1
typic
Low Medium High
clasgses
s,) (s,) (6,)
S1
Negative
variants 52
»,)
1 53
S.‘L
Control
group 82
()
2 53
&
Positive i
variants s
(,) 2
S3

* Significant at 5% level.
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was found to be insignificant.
4.2. Rays_to flowering

Table 12 represents the frequency distribution of the
variants in the number of days taken to flowering under
the three dilfferent M1 sterlility groups, for the different
treatments. Statistical analysis showed significant Aifference
among the thrge phenotyplc classes and in the treatment x pheno-~
typic class interaction. Ths treatments and the various other

interactions analysed revealed no significant differencese.

The low sterility group had maximum f£reguency of
nagative variants in PS x Co-1 (56.25%) followed by PS (39.81%).
Tha minimum freqguency of negative variants was noted in KC x
Ps (12,66%). The frequency of positive variants ranged from
9.06% in PS % Co=1 t0 46.44% in KC x PS5 PS X KC had a com=
paratively higher percentage of positive varisnts. All the
other treatments exhibited an intermedlary value for positive
variants, In the control group, the frequency ranged f£rom
26412% in PS x EC to 45.42% in Co=1 x KCes Compared to the
frequency of negative variants, a significantly higher percent-
age of positive variants was noticed in KC, PS8 x KC and KC x
PS. But in PS8, P8 x Co=1, Co=1 x PS and Co-l1 x KC the per-
centage frequency of positive variants was significantly
lower than that of negative variants in the low sterility

groupe
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In the mediwn sterility group, the freguency of
negative variants ranged from 17.25% (PS x KC) to 43.70%
(Ps x Co=1). A comparatively lower freguency of negative
variants was noticed in Co~l x PS, KC x Co~1 and KC X PS.
Maximun positive varliants in the medium sterllity group was
noticed in KC x PS (57.94%) and the minimum in PS x Co~1
(17.10%)» A comparable frequency of positive variants was
observed in PS5, Co-l1 x PS, KC and Co-1 x KCe In the
control group, the frequency ranged £rom 19.84% in KC x P8
t0 48.61% in Co=}1 X KCe Co-1, Co=-1l X PS, KC X Co=-l, PS X KC
and KC x PS had significantly higher value of positive

variants, conpared to negative wvarlants.

In the high serility group, the percentage of
negative variants ranged from 19.08 {KC x P&) to 39.37 (PS x
Co~1). PS, Co=i x P5, Co~1 % KC and KC x Co-1 exhibited
higher £rsquency of negatdve varignts, compared to other
treatments. The Erequency of positive variants ranged from
22.50% in Co=1 x KC to 42.14% in Co=~l. KXC x Co=1 and PS x
Co=-1 had lover frecuency of positive variants. The frequency
of phenotypes included under the control group ranged f£rom
30.54% (Co=1) to 49.45% (KC)e. A significant reduction in
the frequency of positive variants was observed in PS, PS5 x
Co=-1, Co=1 x PS, Co=1 x KC and KC x Co-1 when compared to
the frequency of negacive variants. But Co=l, PS5 x XC and
KC x PS showed a significant increase in the frequency of

positive variants.
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The result of test of proportion is given in
table 18. In the negative phenotypic class, there exist
a significant difference between the low and medium, low
and high and medium and high sterility groups. In the
control group, significant difference was noticed only
between tho low and medium, and the medium and high
sterility groups. Significant difference in the frequency
of positive variants was observed only between the low and

high starility groups.

4.3, Number of leaves per plant

The frequency distribution of tne leaf number
variants under the threse Ml sterility classes for the differant
treatments are glven in table 13. Thers was significant
difference between the three phenotypic classes. The treagte-
ments and the various interactions showed no significant

difference.

In the low sterllity group, the frequency of negative
variants wags in the order of 7.16% in “o=1 0 21.25% in PS x
KC., Comparatively higher £requency of negative variants was
noticed in PSand Co=1 x PSe But an KC and KC x P3, the
£requency of negative varlants was nearer to the minimam
value. In the case of positive variancs, the frequency was

maximum ia KC x PS (44.66%) £ollowad by Co=1 x KC (40.46%) .
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The minimum value for positive varliants was noticed in PS x
KC (13.33%)+ In general, a higher percentage of positive
variants was observed in the various crosses (except in

PS x KC) compared to the treated inbred parents.

In the control group, PS5 x KC (65.42%) had the
highest frequency followed by KC x Co-1i. The minimum
fraquency Vas reccrded in KC x PS (45.8%%). All the treat-
ments shoued a significantly higher value for the £reguency
of positive variants compared to the negative variants, to
the exclusion of PS x K¢, whers there was a significant

reduction.

In the medium sterility class, the frequency of
negative varliants ranged from 5.66% (KC x PS) to 14.80%
(Co-1 x PS)e Comparatively higher fregquency of negative
variants was observed in PS x Co-1 and PS x KC. But, it was
lower in PS, Co-l1 and KC. The range of positive variants
was 23.19% to 39.24% in KC and Co-~1 x KC respectively.
The frequency of positive variants created in P5, Co-1,
Co~1l x P8, XC x Co-1 and KC x PS was comparatively higher.
The fregquency in the control group ranged £from 49,02% in
Co=1 X KC to 67.94% in KC. Significantly higher f£reguency
of positive variants was observed in 4ll the treacments,

compared to the negative variants.
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High sterility group showed maximum £reguency ©f
negative variants in KC (21.87%) and the minimum in KC x PS
(2.63%)« PS x Co=1, Co~1 and Co-1 X P> had comparatively
higher freguency of negstive variants. The frequency of
positive variants ranged from 16.31% to 50.324 in KC and
Co=1 x KC respectively. The frequency of positive variants
were higher in Co=1l, Co=l X PS, P5 x KC and KC X PS5 also.
In the high sterility group, all the treatments, except XC,
had significantly higher percentage of positive variants
compared to nagative varlants. In the control group, the

frequency ranged from 38.774 in Co=1 x KC to 61.82% in KC.

Tavle 19 represents the result of test of prosortion.
In the negative phenotyplc class, there was significant
difference betweean the low and medium, and the medium agnd
high sterility classes. In the control group, significant
difference was there betwoen the low and medium and the low
and high sterility groups, whereas between tne medlum and
high sterility groups, there was no significant difference.
In the positive phenotypic class, there was significant
differenca between the loy and medium and the medium and
high sterilaity classes. The difference between the low and

high sterility classes was not significant.



Table 19. Test of proportions between the Ml sterility
groups within the different phenotypic classes

M, sterilicy groups

Phenotypic 1
classes Low Medium High
s,) s,) (5,)
5
Negatlve
variants 82
(»,)
1
53
Sy
Control
group 52
(Pz)
3
Sy
Positive
variants s
(®y) 2
53

* significant at 5% level



4.4. Length of fruits

The frequency distribution of £rult number variants,
under the different M1 sterility groups are presented in
table 14. Statistical analysis revealed significant diffe-
rencs betweosn the three phenotypic classes and in the treate-
ment % phenotypic class interaction. But thers was no
signiiicant different among the treatments and the other

interactions.

in the low sterility group, the fraguency of negative
variants ranged from 7.06% in Co=1 x KC to 21.63% in PS. 1In
Co~1 X KC and PS x Co=l1 the percentage of negative variants
waere only negligible. In the case of positive variants, the
freguency was maximun in Co-i x KC (59.92%) followed by KC x
PS5, and minimum in PS (36.69%). The freguency in the control
group ranged from 30.96% in KC x PS to 49.62% in PS x Co-1l.
Compared to the freguency of negative variants, positive
variants were significently higher in all the treatments,

under the Jow sterility group.

The frequency of negative variants in the medium
sterlility group ranged from 5,49% to 22.22% in KC and Co=1
X KC respectively. The frequency for negative variants was
nearer to the minimum value in Co=1, KC X Co-~l and KXC x PS5
In PS and PS x Co=-1, a comparatively higher freguency of
negatlve variants was noticed. The frequency of positive

variants was maximum in £C x Co=1 (68.80%) and minimum in Co-1
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(27.45%)« Higher frequency of positive variants was obser=-
vad in KC, PS x KC and KC x PS. But in PS and PS x Co=1

the percentage of positive variants was comparatively lower.
The f£reguency in the control group ranged from 24.41% in

KC x Co=~1 to 63.16% in Co=1. All the treatments exhibited
significant increase in the freguency of posliive variants

over the negative varlants.

In the high sterility group, the frequency of nega~
tive variants ranged from 6.31% (Co-=1 x KC) to 18.12%(KC).
Lower £rsguency Of negative variants was also noticed in
Co-1 % PS and PS X KCe DBut KC x PS and Co=1 x PS recorded
comparatively higher values of negative variants. The fregquen-
oy of positive variants in the high sterility group was
maximum in Co=1 X KC (62.04%) €ollowed by PS x KC and KC x PS
with the minimum in Coel (26.27%). In the control group,
the frequency ranged from 31.65% (Co=1 x KC) to 58.22% (Co=1).
All the treatments had significantly higher frequency of

positive varlants, compared to negative varliantse.

The result of test of proportion is given in table 19.
In the negative phenotypic class there was no significant
difference between the low and medium, the low and high and
the medium and high sterility groups. But in the control
group, there was significant dlifference among the three

sterility groups. In the frequency of positive phenotypes
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significant varlation was observed between the low and
medium and the low and high sterility groups. But betweon
the medium and high sterility groups, there was no signi-

ficant difference.
4.5. Halght of fruits

Table 15 represents the freguency distribution of

frult weight variants under the different M, sterility

1
classes for the different treatments. The data expressed
slgnificant variation among the three phenotyplc classes
and in the treatment x phenotypic clzss interaction. Tha
treatments and the various other interactions were not

signifacant.

In the low sterility group the range in frequency of
negative variants was 8456% {(Co-1 x KC) to 20.06% (Co=1).
KC % Co=1 and PS x KC recorded comparatively lowsr frequency
of negative varlants. But Ps and KC x PS produced higher
number of ncgative varlants. The freguency of positive varia-
nts ranged from 48.97% (KC x Co=1) t0o 65.17% (Co-1 x PS).
when KC, Co=1 x £C, P5 X KC, XC x PS and PS X Co-1 recorded
higher percentage of positive wvarlants, Co-l1 x PS showed
comparatively lcwyer value., In the control group, the maximum
frequency was observed in KC x Co=l (41.21%) and the minimum

in Co=1 x PS (23.22%). Compared to the £reguency of negative
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variants, a significantly higher frequency of positivs
variants was noticed in all the treatments in the low

sterility groupe.

The frequency of negative varliants ranged £rom
7.94% (Co-1 X PS) to 16.68% (Co-1i x KC) in the medium
sterility group. In PS, PS x Co=1l and Co~1l, tha freguency of
negative variants was nearer to the meximum obgerved.
Maximum fregquency of positive varlants was observed in Co=1 X
PS (73.54%) followed by KC x PSS (65,71%) and the mininum
frequency in PS5 x Co=1 (41.90%). In general, a higher
frequency of positive variasnts was observed in majority of
the treatments in the medium st=rility group, compared to
the low sterility group. In the control group, the frequency
ranged from 18,52% (n Co=1 x PS to 42.58% in PS x Co~l.
A significantly higher percentage of positive variasnts

was saesn in all the treatments compared to negative variants.

In the high sterility group, the freguency of
negative varlants ranged from 7.59% (PS x KC) to 20.21%
(Co=1). PS and PS5 x Co-1 recorded comparatively hlgher
£requency of negative wvarlants., But co=1 x Po and KC recorded
lower velues for negative varliants. The freguency of positive
variants in the high sterility groun ranged £rom 38.78%

(S x Co=1) to 66.15%(Co=1 x P5). In KC, Co=} x KC, PS5 x KC
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and KC x P8, the freguency of positive variants was
comparatively highers In the control group, the maximum
frequency was observed in PS x Co-1 (44.81%) and the

minimum in Co=1 x P& (25.53%).

The test of proportion results are presented in
table 20. In the negative phenotypic class, there was
significant difference between the low and medium and the
low and high sterility groups. But, the medium and high
sterlility groups did not cxhibit any significant difference
among themselves. In the control group, signlficant
difference was there becueen the low and medium z nd the
medium snd high sterility groups. Tns positive pheno=
typic class showed siganiflcant difference between the low

and medium and the low and high sterxility classes.

4+6+ Number of fruits per plant

The frequency distributicn oi fruit number variants
under the three Mi sterility classes, for the dlifferent
treatments are deplcted in the table 16. Statistical analysis
showed significant variation among the three phenotypic
classes and the treatment x phenotypic clase interaction.

But, there was no significant variation among the treatments

and the warious other interactions.
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Table 20, Test of proportions betwaen the M1 sterility
groups within the different phenotypic classes.

M, sterility groups

1
Phenotypic
clasges Low Medaum High
(51) (s 2) (53)
9
Negative S
variants 2
®,)
S
3
51
Control s
group 2
(92)
S
3
Sl
Positive
variants 52
(®.)
3
Sy

* Significant at 5% level,
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In the low sterility group, the freguency of negative
variants ranged from 7,09% in PS x KC to 16.26% in PS X Co=1.
Comparatively hlgher frequency of negative variants was
noted in Co-~1 x PS and Co=1 x KC, But in KC, KC x Co=-1 and
KC x PS, the frequency of negative variants was lesse.
tdaximum positive variants in the low sterility group was
noted in Co=i x ZC (43.04%) followed by KC x PS (40.92%)
and the minimum in PS (29.12%). Comparable values for positive
varlants were observed in Ps X Co=-l, Co~1 x PS5 and PS x KC.
The frequency of individuals coming undier the control group
ranged from 42.66% in Co=1 x KC to 62.71% in PS5 x KC.

A silgnificantly higher number of positive vartants was
created in all the treatmments when compared to negative

variants.

The maximum f£reguency of negatlive varlants under
medium sterility group was shown by PS x Co-1 (25.37%) and
the minimum by KC X PS (6.83%). #hen Co-1 and PS x KC showed
a lower value for negative variants, KC and KC x Co-1 recorded
a comparatively higher value. The freguency of positive
varlants ranged from 19.17% in PO x Co~1 to 52.97% in KC X
Co=-1 in the medium sterility group. In the control group,
the frequency ranged from 31.43% (KC x Co=1) to 55.46%

(PS x Co=1), All the treatments, except PS5 x Co-1 had
significantly higher frequency of positive variants, compared

0 negative varlants.
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In the high sterility group, the fregquency of
negative variants ranged from 3.51% (KC x PS) to 23.97%
{PS x Co=1)s Comparatively higher percentage of negative
varlants was observed in Coel x PS, KC and KC x Co=l,
Maximum positive variants was recorded in PS x KC (47.08%).
Co-1 x KC and KC x PS also had comparable frequency of
positive variants. The minimum fregquency of positive
variants was shown by KC (14.33%). All the treatuwents
axcept PS X Co-1 and K&, had signliiicently higher percentage
of positlve varionts, compared to the freguency of negative

varlants.

The result of test of proportion is given in table 20.
In the negative phenotyplc class, no significant difference
was there betwecn the low and medium, and the low and high
sterility groups. But, the medium and high sterility groups
exhibited significant varaiation. In the control group signi-
ficant varlatlion was tchere between the low and msdium, low
and high and the mediwna and high sterilitcy groups. In the
posltive phenotypic class, the low and medium and the low
and high sterility groups exhibited significant differenca.

4.7« Yleld per plant
The frequency distribution of yleld variants under
the different Ml starllity classes, for ths different treat-

ments are glven in takle 17. Statistical analysis revealed
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significant variation among the three phenotypic classes
and in the treatment x phenotyplc class interactioa. The
traatmants and the verious other interactions chowed no

sigrificant déifferencds.,

In the lou gterility group, the freguency of nega-
tive yield variants ranged £rom 10.48%(KC} to 30.03% (PS x
Co~1). Comparable freguency of negative variants was
recorded in KC x Co~1 and PS x KCs Maxinum {reguency of
positive variants wae notlced in K@ x P2(59.92) and the
minimum in P8 x Co~-t (31.654). PS, Co=) x KC, KC x Co=1
and PS x KC also recorded comparatively higher frequency
of positive variants. In the contrxol group, the frequency
ranged from 16.64% in PS x XC to 43.64% in XC. In general,
significently higher parcentage of positive variants was
obgserxved, when compared ©o naegatlve variesnrs ian the low

sterllity groups.

In the mcaium stecalicy group, PS X Co=-1 (41.61%)
recordaed the maximum Ireguency of negative varlants followed
by Co-1i x 25 (21.91%)+ The minimum frequency of negative
variants was recorded in Co=1 (13.,34%. Kv, Co~l x KC, KC %
Cow1l, PS5 ® KC and KC x P& had comparacvively lower frequency
0f negative Varlanis. e fregyuency of positive variants
ranged Lrom 16.39% 4in PL x Co~l o 66.6674 in KC x Co=1.

Highor frequency of positlive variants was noved in PS, Co-l,
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Co-1 X KC, PS % KC and KC x PS. In the control group, the
£ragquency ranged £rom 16.39% (KC x Co~1) to 43.09%(KC).
In all the treatments except PS x Co-1i, therc was a signi=-
ficant increase in the percentage of positive varlants,

compared to negative variants.

In the high sterility group, the freguency of
negative variants was maximum in PS x Co=1 (40.12%) and
minimum in KC x PS (10.75%). A comparatively higher frequency
of negative varlants was noted in Co-1 and Co-1 x PS. But
in XC, Co=~1 X KC and KC x Co=-1 the frequency of negative
variants wWas comparatively lovuer. in the case of positive
variants, the freguency ranged from 25.85% in PS x Co-1
to 60.48% in KC x PS. The freguency exhibited by Ps, Co-1 x
KC, KC x Co=1 and P X KC was nearer %o the maximum value
of 60.48%. In the control group, the percentage value
ranged £rom 23%(PS) to 56.13%(KC). The frequency of
positive variants vas significantly higher to that of
negative variants.

The test of proportion result is presented in table 21.
In the negative phenotyplc class, there was significant
difference between the low and medium and the medium and
high sterility classes. But, there was no significant diffe-
rence bhetween the low and high sterility groups. In the

control group, significant variation was exhibited by the low




Table 21. Test of proportions between the Ml sterility

groups within the different phenotypic classes.

Fruit yield per plant

M1 sterility groups

Phenotypic
classes Medium High
(sg() (s4)
%
Low 4.88 0.56
Negative (Sli
varlants
®,) .
tedium 4.32
(Sz)
* *
81 4.53 3.56
Control
group
2 s, 1.03
s 7" 6
Positive 1 4.71 4.6
variants
(P3) 5, 0.05

* Significant at 5% level.
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and medium and the low and high sterility groups. The
medium and high sterility groups showed no signifieant
difference. In the positive phenotyplic class, same trend

as seen in the control group was observed.

5. Mean character expressions in the fourth generation

5e1+ Plant height

The msan plant height in the fourth generation for
the different genotypes under control and when exposed to
30 kR gamma rays are given in table 22. Statistical analysis

showed significant variation among the treatments.

The mean plant helght in the control population of
the inbreds ranged from 54.29% cin in KC to 73.92 cm in Co-1l.
PS and KC showed a asignificant reduction in plant helght

compared to Co=l.

In the M4

value was 51.79 cm in Co~l1 to 73.52 cm in KC, where KC

generation of inbreds, the range in mean

showed a significant increase in plant haight over Co-1 and
PS. nhen KC recorded a signliicant increase in plaat height,
due to the effect of gamma rays, Co~1 recorded a significant
reduction. No significant difference was exhibited by PS in

the irradiated and control populations.

The mean plant height in the F4 population showed a

wilder range of 51.48 cm in PS X XC t0 B7.42 cm in Co=1 x KC.



Table 22, Mean plant height and frequency distribution of
variants { percentage) in the fourth generation.
Plant Fraquency distribution of variants
Treatments height Negative Control Positive
(cm) variants group varlants
Pusa Sawanl (Ps) 58.34 - 100 -
Cone Kilichundan (KC) 54.29 - 100 -
trol ooy 73492 - 100 -
PS8 56450 6.41 58441 35.18
M4 KC 7352 0 20,97 79.03
Co-1 51.79 5.19 7524 19.57
PS x Co=1 60.79 0.005 52.83 4717
PS x KC 51.48 13.05 67467 19,28
F4 KC x PSS 6l1l.45 2.89 48.76 48435
KC x Co=~1 86450 0 9,98 90.02
Co-1 x KC 87.42 0 12.72 87.28
P8 x Co=1 60420 0e72 56.71 42457
P& x KC 52435 11.87 62,04 26409
F4M‘ Co=1 x P8 83.96 0.72 25.09 74419
KC x PS5 64490 G.12 38.82 55,06
KC x Co=-1 87.70 4] 11.85 884,15
Co=1 x KC 7731 Q 14.0 8640

F value 8,62*
CD value 13.66

* significant at

Batween treatments (T)

Batween phenotypl
classes

T x P interaction

5% level

c
)

F value CD walue

0.40

328.46*
13.13%

3.52
13.16
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In F@“ » the mean plant height ranged from 52.35 cm in PS X
KC to 87.70 cm in KC x Co=1. Co-1 X PS5 (83.96 cm} and KC x
Co=1 recorded mean values wnich were significantly highsr

to that of the M4 generation of the parents.

Due to the effect of gamma rays an insgnificant
increase in plant height was observed in all the crosses

except Co=-1 X KC, where a significant reduction was noticed.

5.2. Dgys to flowering

Table 23 represents the mean number of days to flower-
ing, for the different treatments in the fourth generation.
Statistical analysis showed significant difference in the
mean number of days to flowering among the different treat-
ments .«

In the control population of the inbreds, the mean
value ranged from 40486 to 42.23 in Co=1 and KC respectively.
In the M, population, the range was 37.91 in KC to 41.21 in
Co=1l. 1In M4. KC took significantly lesser number of days to
flower, when compared to Co-1 and PS, also 1t showed a sigai-
ficant reduction in the mean valus, due to the effect of
gamma raysSa

In the F4 population, the mesn number of days to
flowsering ranged from 38,51 in PS x Co=]l to 42.81 in PS x
KCs PS x Co~1 and KC x Co=1 recorded significantly lowsr

mean values compared to the respective parents.



Table 23+ Mean number of days taken to flowsring and
frequency distribution of variants (percentage}
in the fourth generatione.

Number Frequency distribution of variants
Treatments gg days -
£lower- Negative Control Positive
ing variants group variants
Pusa Sawani (PS) 40493 - 100 -
conT Kilichundam (KC) 4223 - 100 -
Co~1 40.86 - 100 -
PS 40,24 60492 22453 16.55
M4 KC 37.91 85,35 11.25 3.40
Co=1 41.21 56,65 28,74 14.61
PS x Co=-1 38.51 80.69 10,33 8.98
PS x KC 42.81 39.70 29445 30.85
F, KC x PS 42472 36.79 29.69 33.52
KC x Co-1 38.63 86.54 6.78 4.68
Co~-1 x KC 40.12 71.50 21,02 7+48
PS x Co-1 39,57 71.30 22,07 6403
PS X KC 44,29 15.34 36.58 48,08
F4M4 Co~-1 % PS 39,52 68.72 22450 8478
KC x PS 43,96 17.69 41.09 41.31
KC x Co=1 39.36 8l1.34 12.22 6444
Co=1 ® KC 38.14 85+86 12.14 2400
I value - 13.05* E _value (€D value
CD value - 1,51 Between treat-
ments (T) 0.17 -
Between phenctypic
Classes (P) 203.45% 3.24

T x P interaction 12.05% 12413
* Significant at 5% level.



In the F4M4 generation, the mean values ranged
from 38414 to 44.29 in Co=1 % KC and PS x KC respectively.
Crosses involving PS and KC exhibited significantly higher
mean values for the number of days to flowering, when
compared to the Mﬁ generation of the parents. Co=1 x KC
registered a significantly lower mean value (3d.14).
Compared to the Fé ganeration, all the othaer crosses
exhibited insignificant increase in the mean number of

days to flowerlng, due to the effect of gamma rayse.

543« Numbaer of loaves per plant

Table 24 shows the mean number of leaves per plant
for the different treatments in the fourth generation.
Significant difference among the treatments for the mean

number of leaves was noticed.

In the control population of the inbreds, the mean
number of leaves ranged from 11.29 in PS to 14.92 in KC,
A significant increase in mesan value was recorded by KC over
PS and Co=~is

In the ¥

(]
of leaves was 11.39 in Co=1 to 13.70 in KCe CoO=1 recorded a

generation, the range for the magn number

significantly lower mean value compared to KC, but no signi-
ficant difference was there compared to PS. when KC and Co-1

produced insignificantly lesser number of leaves in the




Table 24, Moan number of leaves per plant and f£requency
distribution of variants (percantage} in the
fourth generation.

¢ Frequency distributlon of variants

Number o
Treatments lecaves / Negative  Control Positiva
plant variants group variants
Pusa Sawanl (pS) 11.29 - 100 -
Con- Kilichundan (KC) 14.92 - 100 -
trol  gou 12,15 - 100 -
PS 13.36 4.63 43.13 52.24
M4 KC 13.70 4.40 48,73 46.87
Co=1 11.3% 24.70 52.85 22445
PSS x Co-~} 12.22 11.74 58,02 30.24
PS5 x KC 12.57 7.28 55.34 37.38
Fy KC x P8 16409 1.08 30.39 68453
KC x Co=1 14.52 6.54 33.79 59.57
Co=~1 x KC 13.96 4.00 63.61 32.39
PS x Co~l 11,91 18,27 58.40 23.33
bPs x KC 12.48 8.44 47453 44.03
F4Ms  co-1 x B 16449 6431 23.66 70403
KC x PS8 16444 2.42 18.65 78.93
KC x Co=-1 14 .87 3.14 31.89 64 .97
Co=-1 ® KC 16.02 0467 26467 72.67
F valus  B.26% Between treatmemts (T} g?ige @ yalue
Cb value 2.15 Between phenotypic
Classes (P) 182.22% 3.56
T x P interaction 6e21% 13.34

* Significant at 5% level.
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gamma ray irradiated population, PS recorded insignifi-

cantly higher number 0f leaves.

The mean numoer of leaves in the Fy generation
ranged from 12.22 in PS x Co=1 to 16.09 in KC x P. The
crosges PS X Co-1 (12.22) and KC x P5(16.09) exhibited
megn values which are insignifacantly highor than that
of the respective parents. KC x Co~] and its reeciprocal
crosses recorded insignificantly lower mean number of
leaves compared to KC and higher mean values compared to

CO-l.

In F4M4, the mean number of leaves ranged from
11.91 in PS X Co=-1 t0 16.49 in Co~1 X Pbe A significant
increase in the mean values was noticed in Co-1 x PS,
KC % PS and Co~1 x KC when comparsd to thelr parents,
where as in KC x Co-1, Only an insignificant increase
was noticed. Gamma ray induced insignificant increase in
the mean number of leaves was noticed in crosges KC x P&,
KC x Co-1 and Co-l x KCy But an PS5 x Co=1 and PS5 = KC,
an insignificant decrsase in the mean nuncer of leaves

was recorded.

5.4, Number of branches per plant

Thz mean values for the number of branches per
plant under the different treatments are given in table 25.
Statistlcal analysis showed signirficant difference among the

treatments for the mean number of branches.
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Table 25. Mean number of branches par plant in the
fourth generation.

Number of
Treatments branches/

plaat

Pusa Sawani (PS) 047

Control Kilichundan (KC) 2.25
Co=-1 0«45

PS 1.18

M4 KC 1.01
Co=-1 091

PS5 x Co=l 0.54

P5 x KC 043

i?4, KC x PS 0.58
KC x Co=-1 1.40

Co=1 x KC 0.88

PS x Co-1 0.63

PS X KC 0.70

F4M4 Co=-1 x PS 1447
KC x PS D.45

KC x Co-l 1.10

Co=1 x KC 2448

P value 9.56*
CD value D.59

* signlficant at 5% level.
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The m@an value for the number of branches ranged
from 0445 (Co=-1) to 2.25 (XC), in the control population
of the inbreds. KC produced significantly higher number
of branches, when compared to PSandCo-le In the M, popula~
tion, the mean number of branches rangod from 0.91 to 1.18
in Co-~i1 and PS8 raspectively. The populations in M4 did not
exhibit any significant difference among themselves. PS
recorded a signi{icant inecrease in the mean number of
branches, due L0 the effect of gamma rays. KC recorded
a significant reduction where as Co-1 showed no significant

difference.

In F4 generation, the rangs O0f the msan number of
branches was (.43 in PS X KC t0 1.40 in KC x Co~i. All
the crosses involving KC reglstered a significant reduction

in the mean number of branches compared to KCe

The mean number of branches in F4M4 ranged from
0.45 (KC x PS) to 2.48 (Co=-1 x «C). Co=1 x KC produced
significantly higher number of branches campared to the
parents. KC x PS recorded a mean value of 0.45, which
was significantly lower to thac of PS, buv not signifie-
cantly dlfferent from KC. All the other crossges exhibited
no significant difference in the meoan number of branches,

when compared to their parentse.



131

Gamma ray induced significant difference in the
)
mean number of branches was sbsent in all the crosses,
except in Co~l X KC where a signliicant increase 1n the

mezan value was noticed.

5.5 Length of fruits

The mean length of £xulte for the different treatments
in the fourth generation is given in table 26. Significant
difference was there among tne treatments in the mean

length of fruits.

In thao control populaction of the inbreds, the mean
length of frult ranged from 13.99 cm to 19.41 cm in Co-1
and KC respectavely. Ths mesn lengih of fruits in Co-l was
significantly lowsr than that of KC znd PS.

Tne range of length of trult was 16.31 cm in PS to
17.38 cm in KC in the M4 generstion. KC exhibited an insigni-
£icant increase in the length of frult over PS and Co=i.
Compared to the control population of the inbreds, the
irradiated population exhibited a significant increase in
£ruit lenygth in Co~1 and a significant reduciion in KC. PS
showed no significant difference between the control and

gxposed population in £fruit leagth.

The mean length of £rults ranged from 14.98 cm in

Co=1l X KC to 1711 cm in KC x PS in the F4 generatione
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Table 26+ Moan frult length and frequency distribution
of variants ( percentage) in the fourth generation.

Freguency distribution of wvariants

Treatments fﬁzn Negative Control Positive
(cm) variante group variants
Pusa Sawani (PS) 15.61 - 100 -
oonT  Kilichundan (KC) 19.41 - 100 -
Co=1 1399 - 100 -
Ps 16.31 9,07 32.96 57.97
M4 KC 17.38 542 25.63 68.95
Co=1 17.22 1.38 21.71 76.91
PS5 x Co~1 16.13 5.38 39.72 54.90
PS X KC 16.70 1.93 36.18 61.89
F KC x PS 17.11 6460 28,51 64 .89
¢ KC X Co~1 16.13 7.00 42.84 50416
Co=1 X KC 14.98 17.63 49,12 33425
PE x Co=1 16425 11.80 38.25 49,95
PS5 x KC 16,99 8.24 23.99 67.78
F4M4 Co=1 X PS 18.18 3.91 19.10 76.99
KC x PS 16.67 9.08 164,23 74.69
KC x Co=1 17.65 0.03 32.84 67.13
Co=1 X KC 19,17 0 3.45 96,55
F value 7.83% F valug CD value
Between treatmencvs (T) Q.44 -
CD value  1.46 Between phenotypic
classes (P) 399.76* 2.98
T x P interaction 7435 11.15

* sSignificant at 5% level.
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Compared to KC all the crosses involving it roglstered
significantly lower mean values for frult length. Among all
the crosses of Co-1, PS x Co=1 and KC x Co=-1 recorded

significantly higher mean fruit length compared to Co-l.

The maximum mean fruit length in F4M4 was shown by
Co=1 x KC (1917 cm) and the minimum by PS X Co-1(16.25 om).
Co=1 x KC had significantly longer fruits, when compared to
the M4 generation of the parents. When Co=1 x PS (18.18 cm)
recordad a mean value which 1s insignificantly higher to
that of the irradlated parents, its raciprocal cross PS x
Co=1 showed an insignificant reduction in fruit length from
the irradiated parents. Crosses involving K“ and PS recorded
no significant difference in frult length in the M, genera-

4
tion of the parsnts.

bue to effect of gamma rays, a significant increase
in fruit length was noticed in Co=1 X K€ and KC x Co=1,
while in crosses PS x Co=1 and PS5 x KC the observed increase

in mean value was insignificant.

5.6, Vleight of fruit

Table 27 gives the mean weight of fruit for the
different treatments. Statistical analysis revealed signi-
ficant difference among the treatments for mean weight of

fruit.



among the inbreds, KC recorded the highest mean value
(21.49 g) for the weight of fruit and PS recorded the mini-
mum mean value (15.57 g). Both PS and Co=-1 showed significantly

lower mean values compared to KCe.

The mean weight of fruits in M4 generation ranged
from 17.24 g 1in PS to 19.27 g in KC. KC recorded an insigni-
ficant increase in the mean welight of frult over PS and Co-1.
Gamma rays did not create any significant difference in the
threa inbreds for welght of fruits, though asnr insignificant

increase in mean values was noticed in Pb and Co-l.

The mean welght of fruit in F4 population ranged f£rom
16.73 g in Co=1 x KC to 21.74 g in KC x PS. Among all the
crossges involving PS8, KC x PS5 recorded significantly higher
mean f£ruit weight compared to PS whereas PS x Co-1l and PS x
KC showed only an insignificant increase. When KC x Co=l
recorded a significant increase in mean value over Co-1,

Co=1 x KC recorded only an insignificant increase.

In the FGM » the mean fruit weilght ranged £rom 16.39 ¢

(Ps x Co=1) to 24.13 g(Co-1 x KC). PS x Co=1 recorded a mean
value which was insigniticantly lower than that of the M4
generation of i1ts parents. Both PS X KC and its reciprocal

cross, KC x PS showed significantly higher fruit weight when

compared to irradiated PS but with regards to treated KC,
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27. Mean £ruit weignt and frequency distribution
of variants (percentage) in the fourth genera=-

tion.

Frequency distribution of variants

Ireatments i;géﬁt Negative Control Positive
6+7] varlants group variants
Pusa Sawani (PS) 15.57 - 100 -
Control Kilichundan (KC) 21.49 - 100 -
Co=1 16.38 - 100 -
es 17.24 34.13 24 .00 41.87
M4 KC 19,27 26432 19.78 53.90
Co~l 18.01 13.03 21.95 65402
PS5 x Co-1 17.43 25.30 2731 47.39
PS x KC 17.54 20.69 3741 41.90
F4 KC x PS5 21.74 6490 20.75 72.35
KC x Co-1 18,87 15.03 3095 54.02
Co=1 x KC 16473 35.32 24.65 40.04
PS x Co=1 16.39 33.03 23.14 43.83
PS x KC 21.29 7.50 2235 70.15
Co=-1 x PS5 20.69 10.33 15.90 73.77
Faty KC x BS 21.28 2.68 15.71 81.61
KC x Co~-1 20,15 797 20416 71.87
Co-1 x KC 24.13 0 7.67 92,33
F value CD value
F value 10.44* Betwaen treatments (T) 0.35 -
D value 2425 Between phenotypic

clagsses (P) 198.83% 31.19
T x P interaction Te24¥ 11.93

* Significant at 5% level,



they showed only an insignificant incresse. The mean value
recorded by Co=1 x XC was significantly higher to the

axposed parents.

PS x KC and Co-1 x KC registered significant lncrease
in fruit welght due to the effect of gamma rays, whersas
KC X Co=1,KC x PS and PS x Coel showed no significant

difference.

5.7. Number of fruits per plant

The mean number of £rults produced per plant in the
fourth generation by the different treatments is given in
table 28, Statigtical analysis showed significant difference

among the different treatments.

The mean number of frults produced by the inbreds
was in the order of 4.56 in Co=1 to 10.64 in KC. KC axhi-
blted a significant increass in the mean value over PS and

Co=1.

The mean number of fruilts in Ma generation rangad
from 4.74 in Co=1 to 7.56 in KC. Here also, KC was superior
to PS gnd Co-l1 with regard to the number of frults. When
Ps x Co=1 recorded an Insignificant increase in the mean

value, KC showsed a significant reduction.
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Table 28. Mean number of frults per plant and frequency
distribution of variants (percentage) in the
fourth generation.

Frequency distribution of varlants

Number of
Treatments fruits/
plant tlegative Control Positive
variants group variants
Con- Fusa Sawani (PS) 4.65 - 100 -
trol Kilichundan (KC) 10.64 - 100 -
Co=-1 4456 - 100 -
PS 4.94 27 .59 48.71 2370
M4 KC 796 4.40 35.59 60.01
Co=1 4.74 19.58 56.61 23.81
PS5 x Co=1 5.34 9.81 64.12 26.07
PS x KC 5.55 23425 59.48 17.27
KC x PS 6.84 8.41 47.77 43.82
F4 k¢ x co-1 6436 3.15 6030 36455
Co-1 x KC 6473 3.98 51.61 44.41
PS5 x Co=-1 5¢37 9442 T0.24 20.34
PE x KC 5,18 927 53.01 37.72
F4¥y  com1 x P8 8.47 4.94 35430 59.76
KC x Ps 5.07 6.66 62.88 30446
KC % Co-1 6.74 6458 42.64 50.78
Co=~1 x KC 7.58 2.00 38.00 60,00
F value 12.39« F value CD value
CD value 1.41 Between treatments (T) 0.12 -
Batween phenotypic
classes (P) 163.18% 3.37
T x P interaction 4.,68* 12,62

* Slgnificant at 5% level.
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In the F4 generation, the range of the mean numbser
of £fruits was 5.34 in PS x Co=1 to 6.84 in KC x PS. (hen
compared to KC, all the ¢rosses involving it produced signi-
ficantly lesser number of frults. Both Co=1 x KC (6.73)
and K€ x Go~1 (6.36) recorded mean values which were signi-
£icantly higher than that of Co-l. All the crosses of PS
except KC x PS showed no significant difference in the

mean nunber of frults comparsd to PS.

The mean number of frulces ranged from 5.07 (KC x PS)

to 8.47 (Co=1 x PS) in the F generation. Co=i x PS

4t
registered a significently higher moan valus, with respect
to the Hy population of the parents, whereas PS X Co=1
showed only an insignificant lncrease. In crosses involving
PS and KC the mean valuas observed were significantly lower
than KC, but insignificantly higher than PS. But in KC x
Co=1 and Co=-1 x KC, the mean value was signiflcantly highor

to Co-l, but insignificantly lower to KC.

Gamma ray wWas effective in creating an insigni=
ficant increase in fruit number 1in crosses PS x Co=i,
KC x Co=1 and Co=1 x KCu But in KC x PS the mean value
decreased due to the effect of gamma rays whereas no

significant change was oopsorved in PS x KC,
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5.8. XYield per plaot

The mean yield par plant for the diliferent treatments
in the fourth gencration is given in table 29. There was
significant difference in the msan yleld among the different
treatments. The m=an yleld per plant ranged from 72.30 g to
228480 g in PS and KC respaectively. KC recorded a signi-
ficant increase in mean yield over PS and Co=l.

In Ma.: the m=an yleld ranged from 84.83 g in PS to
153447 g in KC. Besre aslso, KC was siynificantly superior
o PS and Co=1le When KC recorded a significant recuction
in the mean yield due to the effect of gamna rays, PS and

Co~1 showed an insignificant increase.

In the I‘4 population, the range was 93.18 g in PS
* Co-1 t0 148.68 g in KC = PS. A significant ireduction
in the mean yleld was noticed in all the crosses of KC,
when compared to KC. In PS x Co=1 an insignificant increase

i1 the yicld was reccrded cver thc parents.

, In the F4M4. a range of 87.86 g in Ps x Cp-l to
182494 g in Co-i x KC was observed., =1 X PbS recorisd a
significantly higher yleld over the M-:\ generation of parents.
PSS x Co=-1 falled to show any significant difference from

the parentse. PS X KC and its reciprocal cross exhibited
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Tablae 29 Mean fruit yield per plant and the Erequency

distribution of variants { percentage ) in

the fourth generation.

Freguency distribution of variants

Treatments z;:ig/ Regative Control Positive
plant variants group variants
{g)
Pusa Sawani (PS) 72.30 - 100 -
Conl  Kkilichundan (KC)  228.80 - 100 -
co-1 74.73 - 100 -
PS 84.83 23440 36.23 40,37
M4 KC 153.47 3e42 12.00 77.58
Co=~1 85,38 6a19 45.15 48.66
PS % Co=-1 93.18 10.10 36.04 53,86
PS x KC 97.07 24.43 49,21 26,36
F4 KC x PS 148.68 4] 8.45 91,55
KC x Co-=1 119.55 0.71 19.22 80,07
Co=-1 x KC 112.47 2.00 30.12 67.88
P& x Co=1 87.86 9:42 58426 32,32
PS x EKC 110.19 8448 24.41 6712
F4M4 Co=~1 X PS 177.17 5.72 10.27 89.02
KC x PS 107.71 718 25.19 67.63
KC x Co=1 13625 4.76 9.18 86.06
Co=-1 X KC 182.94 0.67 1.33 28.00

P value 11.,33%

CD value 38,93

Between treatments (T)
Between phenotypic

classes

T x P interaction

» Significant at 5% level.

F value ©CD valua

0.31

305,68%
10,75%

3450
13.09
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significant reduction in the mean value from irradiated

KC, but an insignificant increase over exposed PSe. KC x

Co=-1 recorded a mean value of 136.25 g which was signlficantly
higher than that of treated Co=1, but insignificantly lower
than that of irradiated KC. But Co~l1 x KC shousd a signi-
ficant increase over exposed Co-1 and an insignificant

increase over treated KC.

When KC x PS regiptered a significant reauction in
tha mean yield due to the efiect of gamma raye, Co=-1 x KC
racorded a significant ingroeass, All the other crosses
£ailcd o exhiblt any significant variation due to gamma

lrradieation.

6. Phenotypic Freguency distribution of variants in the

fourth ceneration

6«1 Plant height

The freguency distribution of plant height variants
(in percontage) for the different treatments are presented
in table 22. Statistical analysis showed no significant
dlfference among the treatments. But there was significant
variation among tha three phenswypic classes end the treat-

ment x phenotypic class interaction.



The frequency oi negative variants in the F4 genexa=
tion ranged f£rom 0% in Co-i x KC and KC x Co~1 to 13.05%
in PS x %C. Tne frequency ranged from 0% (KC) to 6.41%
(PS) in tha M4 generaticn. In the E4M4,maximum negative
variants was noticed in P5 x KC (11.87%) and the minimum
in Co-1 x KC and KC x Co-1(0#)e PS x Co-1 aad Co-l x PS5
in FyM, showed comparatively lowser percentaye oi nsgative

variants. The frequency of negative variasnts increased in

P3 X Co-1 and XC % PS due to the effect of gamma rays.

The frequency of positive varisnts in the P, was

4
maximum in K° x Co=1 (90.02%) followed by Go=1 x KC (87.28%).
The frequency was minimum En P2 x KC (19.28%). among the

M4 population, the frequency or pusitive variants was maxie
mum in K (79,04%) and minimum in Co-1(19.57x). In Fat,

the percentage of positive 7arlants ranged from 26.09 in

PS x XC to 88415 in £C x Co-1. Egl% 9f Co-1 x PS and

Co=-1 X KC had comparatively higher fregusncy of positive
variants. %he freguency of positive varlants lncreased in
PS x KC and KC ¥ PS dus to the effect of gamma rays. But

the trend was reverse in PS x Co-1, Co=] X XKC and KC x Co=1l.

In the r4 gencration, the f£requency of individuals
coming under the control group ranged from 9.%8% in KC x
Co-1 t¢ 67.67% in PS x KC. In M,, the range was 20.97% (KC)
te 75.24% (Co=1). In F,M,, PS x KC (62.04%) had the maximum
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£frequency in the control group and KC x Co-i (11.85%) the

miniram,.

Compared to the frequency of negative variants, a
significant increase in the positive variants was observed

in all the treatments in thes fourth generation.

642+ Days to flowering

The freguency diszvyribution of variants for number
of days to flowering in the diiferent treatments ara given
in table 23. Statistical analysis showed no significant
difference among the treatments. But the variation among
the three phenotypic classes and the interaction was found

to be signiiicante.

The frequency of negative varlants in F4 ranged
from 36.79% in KC x PS5 to BB.5%4% in KC x Co~l. A compara-
tively higher range of frequencies (56.65% (Co~1) to
75.35%(KC) ) was noted in M,. In F,M, meximum frequency
of negative varlants was obsorved in Co=)l x KC (95.86%)
followad by KC x Co=1 (81.234%) and the minimum in Ps x KC
{(15.34%) « Freguency of negative veriants shown by PS x
Co~i and Co~1 x P® in F4M4 was comparatively higher. Due
to the effecc of gawme rays the fraguency of negative

variants decreased in PS x Co=-1, XC x Co=l, PS8 x KC and

XC x PS.
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The freguency of positive varlants in F4 was
maxjmum in KC x PS (33.524) and minimum in KC x Co=1(4.68%) .
PS x Co~1 and Co=% x KC had lower frequency of positiva
variants. In Mq, the range of positive variants was 3.40%
{KC) to 16.55% (P3). The freguency of positive variants
wag Mmaximum in PS x KC (48.08%), followed by ®C x PS(41.31%)
and minimum in Co=) x KC (2%). PS X Co=1 3 7., and KC x
Co=1 alsc had comparatively lower fraguoncy of positive
varlants. Gamma rays wera effective in incragsing the
fre uency of positive varlante in ®C x Co=1, PJ x KC and
KC x PSe. But in PS5 x Co-~1 and Co-l x KC, tho percentage of
positive varlants dacreassd due to the effzcl 0L ganifia

XEYL e

Tha frequency of phenotypes comang under the ceontrol
group ranged £rom 6.784 (KC x Co=1) t0 29.69% (KC x PS) in

F4.
minimum in K& (11.25%). In the case of F,M,s freguency

coming under tha control group ranged f£rom 12.14% (Co=1 x KC)

In M, the frequency was maximum in Co-1 (28.74%) and

€0 41.09% (KC x PSis

In all the troatmsnts, there was a signitficant
roduccion ig the frogyuency of positive variants shen

comparcd to negative varlants.
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643« Numbar of leaves per plant

Table 24 gives the fregquency distribution of leaaf
number variants in the fourth generation for the different
treatments. There was no significant difference among the
treatments. But, there was significant variation among
the three phenotypic classes and the treatment x pheno-

typic class interaction.

iIn the F4 ganeration, the f£reguency of negative
variants ranged from 1.08% (KC x P$) to 11.74% (PS x &o-1),
G x co=1 and P8 x KC had comparetively higner percentage
0f negative variants. The £requency of negative variants
in M, wes masimuam tn Co~1 (24.70#) and minimum in KC
(4.40%). In F,M , the negative verlancs ranged from 0.67%
in Co=1 x ¥C to 18.27% in PS5 x Jo=i. C0=1 X PS, KC x Co=l
aRd K€ # So=~1 and LC R PS5 siwowed comparatively lower percen=
tage of negacive variants. Dus to the efiect of gamma rays,
the fregaeancy of nagative wvarlants increasedin PS5 % Coe=l

PS x XC zand X2 x PS.

The freguency ©of positive variants ranged from
30.248% (P5 x Co=1) to 68.53% (KC x PS) in F4r In M, the
frequency of positive variants ranged from 22,45% in Co-~1
to 52.24% in PS. In F4M4, KC x £5 had the maxisam Eregquency
Qf 78.93% and P5 x Co=i had the minimum of 23.33%. Co~l x

PS, Co=1 x KC and KC x Co=1 showed comparatively higher



fregquency of positive veriants. In Co~1 ® KC, KC x Co=1,

PS x XC and KC x PS, a gamma ray induced increase in the
frequency of positlve varlants was observed. But in PS X Co-1,
there was a reductlon in the freguency of positive varlants,

due to the offoct of gamma raysSe

In the control group, the f£requency ranged from 30.39%
(KC x PS) to 63.61% (Co=1 x XC) in Eyo The freguency was
maximum in Co~1 (52.85%) and minimum in P8 (43.13%) in the
M4 generation. In Féﬁé, the freguency in the control group

ranged from 23.66i% (Co~1 x P5) to 58.40% (P8 x Co=1).

To the exclusion ©f Co-1, all the other treatments haa
significantly higher peorcentage of positive variants compared

to the frequency of regative variantse

Goeda Length oL frult

The fregquency distribution of fruit lengtn variants
{(in percentage} for the different treatments in the fourth
generation 1:c presented in table 26. Statistical analysis
revaaled no significant differencs among the treatments. But,
there was significant variation among the three phenotypilc

classes and treatment x phenotypic class interaction.

wWith regards to the negative vax:iante, tne frequency

ranged from 1.93% (P& x KC) to 17.63% (Co=1 x KC) in the F4

generation. Comparatlvely lower £raguency of nagative variants
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was noted in PS5 x Co-1, KC x Co~l and KC x PS. 1In the

M4 generation, the frequency ranged from 1.38% in Co-1

to 92.074 in PS. 1In the Fy4ys maximum freguency of
negative variants was noted in PS x Co-1 (11.803%) followed
by KC x PS (9.08%) and the minimum in Co-1 x KC (0#%).

Co=] x PS and KC x Co=~1 shoued comparatively lower fre-
queacy of negativa variants. In PS x Co=-1, PS x EC and

KC x Pb there was an increase in the number 0f negative
varlants, due to the effect of gamma rays. On the other
hand, gamma rays reduced the frequency of negative

variants in Co=)1 x KC and KC x Co=1l.

in B, the frequency of positive variants was maximum
in KC x P> (64.89%) and minimum in Co=~l X KC (33.25%)s PS x
Co-1, KC x Co-1 and PS x KC recorded comparatively higher
frequency of posltive variants. In M%' the frequency ranged
from 57.92% (Ps) to 76.91% (Co-1). The frequency of posi-
tive variants in F,M, was maximum in Co=1 x KC (96.55%)
and minimum in PS5 x Co-1 (49.95%). Co=-1 x PS and KC x PS
also had comparatively higher percentage of positiva
varlants. In all the crossaes except PS x Co~1, there was
an increase in the frequency of positive varlants due to

the effect 0f gamma rays.

In the control group, the frequency ranged £rom 28.51%

(KC x PS) to 49.21% (Co=1 x KC) in Fye In M,, the range
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was 21.71% (Co-1) to 32.96% (PS). Ths freguency under the
contzol group ranged from 3.45% (Co-1 x KC) to 38.25%

(Fs x Co-1) in Fyi, .

When compared to the frejguency of negative varlants
there was a significant increase in the frequency of

positive variants in all the treatments.

6.5 Reight of frult

Table 27 represents the freguency distribution of
frult weight variaznts for the different treatments in the
fourth geaeration. Statlstical analysis showed no signi-
ficant differeace among the treatments. The variation among
the three phenotyplc classes and thas treatment X pheno=-

typlc class interactions were Zound to be significant.

The frequency of negative variants in the P4 genera-
tion ranged from 6.90% in KC x PS5 to 35.32% in Co=1 x KC.
The range of negative variants was 13.03% (Co=1) to
34413% (P8) in M,. In F, M, maximum negative variapts was
observed in PS x Co=-1 (33.03%) followed by Co=1 x PS
(20.33%) and the minimum in Co-1 x KC(0%). Due to the
aeffect of gamma rays the freguency oi negative variants
deéreased in Co-1 x KC, KC X Co=1, PS X KXC and KC x PS,

but in PS5 x Co=1, an increase in fregquency was noticed.
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With regards to ponsitive variants, the frequency was
maximum in KC x PS8 (72.35%) andé minimm in Co~1 x KC
(40.04) in tne F, generation. In if,,the frequency ranged
from 41.87% in PS to 65.02% in Co-1. In FaM,s the range
was 43.83% (PS5 x Co~1) to 92.33% (Co=1 x KC). Comparatively
higher frequency of positive varlants was observed in the
F,M, of Co~1l, KC X Co=1, PS5 x KC and KC x PS. Gamma rays
created an increase in the frequency of positive variants
in Co~1 x KC, KC X Co-1, PS5 x KC and KC X PbS. But a

reverse trand was noted in PS x Co=1,

In the control group, the frequency ranged from 20.75%
(KC x PS) to 37.41% (PS x XC) in the ¥, generation. In
My, the maxisum frequency of individuals coming uander
the control group was observad in PS (24%) and the minimum
in KC (19.78%). In F,M,, the frequency ranged from 7.674

in Co«1l x KC to 23.14% in PS x Co-l.

A significant increase in the freguency of positive
variants compared to negative variants was noted in all

the treatments,

6.6, Numbar of frults per plant

The freguency distribution of fruit number variants
for the different treatments in the fourth generation is

presented in table 28, &tatistical analysis showed no
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significant dlifference among the treatments. There was
significant variation among the three phenotypic classes

and the treatment x phenotypic class interaction.

Among the varlous treatments in the Fy generation,
maximum frequency of negative varlants was observed in
PS x KC (23.25%) and the minimum in XC x Co=-1 (3.15%).
Co~1 X KC, PS x Co=1 and KC x PS also had lower freyuency
of negacive variants. In M4. the frequency ranged £rom
4.40% (KC) to 27.59% (PS). Co=1 (19.58%) had comparatively
higher percentage of negative variants. In F4M4. the
frequency of negative variants ranged from 2% (Co=1 x KC)
to 9.42% (P8 x Co-1). To the exclusion of KC x Co-1, all
the othar crosses recorded a reduction in the frequency

of negative variants, due to the effect of gamma rayse.

The frequency of positive variants in the F4 ranged
from 17.27% in PS5 X KC to 44.41% in Co-l1 x KCe Tne rang®
of positive variants in M, was 23.70% (PS) to 60.01% (KC).
In F4hh. maxinum posltive variants was observed in Co-1 x KC
(60.00%) £ollowed by Co=1 x PS (59.76%) and the minimum
in P8 x Co~i (20.347%). KC x Co=l recorded a comparatively
higher percentage of positive varlants. A gamma ray
induced reduction in the freguency of positive variants
was noticed in PS x Co-~l1 ana KC x PS. On the other hand,

in Co-~1 x KC, KC x Co-1 and PS x KC, the frequency of
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!
positive variznts increased due to the efiect of gamma

raysae

The frequency of individuals coming under the con-
trol group ranged from 47.77% (KC x PS) to 64.12% (PS x
Co-1) 4in the Fye In M, the frequency was in the order
of 35.59% in KC to 56.61%1in Co-1., The freguency of con-
trol groups in F,M, was maximum in PS x Co=1 (70.24%) and

minimum in Co=1 x PS5 (35.30%) .

All the treatments except the M4 of PS and r, aof
PS x KC showed a significant increase in the freguency of

positive variants comparad to that of negative variants.

647, Xield per plant

The fregquency distripbution of yield variants for
the differsnt treatments in the fourth generation is given
in table 29. sStatistical analysis showed no significant
difference among the trecatments. Tha variations among the
three phenotyplc classes and the treatment x phenotypic

class interaction were found to be significant.

In F4 generation, the freguency of negative variants
ranged from 0% (KC x P3) to 24.43% (PS x KC). Comparatively
lower frequency of negative variants was recorded by Co-1

X £ and KC x Co=~l. In M4 generation, the rangs was 3.42%
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in KC to 23.40% 1in PS, Co-l1 showed a lower frequency of
6419%. The fregquancy of negative variants ranged from
0.67% (Co-1 % KC) to 9.42% (PS5 x Co-1) in the F,M, genera-
ticne Due to the effect of gamma rays. an ilncrease 1ln the
frequency of negative variancs was noticed in KC x Co=}i
and KC x PS. But a reverse trend wass observad in PS x Co~i,

Co=1 » KC and Pb x KC.

The frequ=sncy oun positive variants ranged from
26.36% (PS 3t KC) to 92.55% (KC x PS) in the F, generation.
KC x Co=-1 and Co=1 x KC recorded a comparatively ligher
value for positive variants. In M,, pogicive varlants
ranged from 40.374 in PS to 77.58% in KCs. In E4I~141maximmn
£requency of positlive verlants was ooserved in Co-1 x KC
(98%) and tne minimum in PS x Co-1 (32.32%). Co-1 x PS
and KC x Co=-1 showed higher freguency oi positive varients.
When an increase in the f£requency of positive variaats due
to the effect of gamna rays was noted in Co~1 x KC, KC x
Co~1 and P5 x KC, a reduction was observed in PS x Co-1
and KC x PS.

The frequency Oof indiviliduals coming undar the
control group ranged from 8.45% (XKC x PS) to 49.21% (PSS x KC)
in F.‘4. In M4 generation, the freguency was highest in Co=1
(45.15%) followed by PS; (36.23%) and K (19.00%). In the
F4M4. the freguency ranged £rom 1.33% in Co=1 % KC to
58426% 1n PS x Co=i,
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DISCUSSION

Genetic varlability created in guantitatlve / poly-
genlc characters using both physical and chemical agents
has become a most potent line of approach to tailor better
varieties of crop plants to suit almost all stress condi-
tions. Many dedicaved ressarch workers including Gregory
(1955) in groundnut, Oka et al. (1958) in rice and
Rawlings gt gl. (1958) in soybean have snalysed the effact
of mutagen on polygenic systems. A general conclusion
drawn from earlier studies clearly demonstrate that mutagens
¢an create genetle varlation in quantitative characters
in any directione. But s5cill, it is a matter of dsbate
whether irradlation lnauced mutations in polygenses qccurs
towards negative and positive dirsction or towards elther
of tho twoe Tne problem is ©f great importance f£rom the
stand point of practical utilizavion of radiation energy
for the improvement of economlcally lmportant characters
of crop plants. The prcscnt study is an attempt to have a
comparative evaluatlon of pure breds and cross bred in
ylelding both negative and positive variants in bhindi by

using 60

Co=gemma rays in “3 and M4 generatiocns. Comparison
is also made between conventional breeding cechnique
(hybridization) and inducaed mutation for creating varia~
bilities in polygenic systems. The results emlnated during

the course of study is discussed below.
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Mean character expressions gnd frecuency of variants in
sedregating generations

Table 30 shows the dlrection of shift in mean plant
height and range in f£reguengy of varlants in M3 and M4
generations. In the third generation, gamma rays induced a
negative shift in plant height in all the three pure breds.
simllar effect was notlced in F3 and F3My of P35 x Co-1 and
its reciprocal cross. But in all the other crosses, a
positive shift in mean plant height was observed in both

F3 and F3M3-

in M, generatior, Kilichundan and Co~l1l exhibited a
positive shift in mean plant height, but Pusa Sawani showed
a negative shift. an lnaidhificent negative shift was noticed
in PS x KC in both F, ond F M« KC X P> anc crosses involving

Co~1 and € choved a pesitive shift in mean value.

A reduction in mgan plant heaght as a result of
matagen treatment has been reported by several workers.
Mutants showing awarfness with shorc stens were reported by
Tedin and Hagberg (1952) in Hy of Lupinusg luteum, Hackbarth
(1955) in M, of irraolated Lupinus glbus, Korsh (1959) in
M, end M, of Oryza and Shasthry and Nendhachery (1965) in
#, of irradiated rice. Sakal and suzukid (19€4), after

X-irradiation in rice, reported that mutation of polygsnea



Table 30. Shift in meaa plant heighc and range in frogquency of variants in

M3 and M4 generations.
Pure breds Cross breds
n comparason with In compariscn with
Comblng- N
N% M4 tions. female pavant mala parent
nd "l
F3 B, F3M3 F-iMd- F 19 Iy 4 FBM 3 F 41"34
Pusa Sawani - - 25 x Co-1 - + - + = - - =%
Co=-1 x PS -t - + - - +*
Kilichundan - +7 PS xKC + s e - +* - 7 -
¥C x PS 4 4 e + Jre + ¥ 4+
Co-1 - - Co=1 x KO + ¥ + + - += Lo +* ¥
KC x Co=1 L b & ¥ +7 + +* +*
Range 1n freguency of variants
Genera=- Negative variants Positive variants
tion irradigted Cross byeds Arradiaged . ... Cross brads

Pure breds Crovs b.ads

Pure breds Cross breds

Third 14.84= 27.60 5.00 ~18.02

Fourth 0 — 6641 0 — 11.87 0 — 13.05
(KC) Ps) (KcxCo-1) (PSxKC) (KCxlo=1) (25xKC)

(Co=-1xKC) {Co~1xKC)

9,09 - 20.33
(RC) (€o-1) (KCxpS) (Co-1xPs) (KCxCo=-1) (PSX

28.58=42.42 31.95=- 54.34 23.8¢ ~ 54.45
{Co=1) (KC) (Co=-1xP5) (KCAPS} (PSXCo~1) (KC xCn=1)

19.57=T73.03 26.08= 83,15 19.28 = 90.02
{Coe~1) KC) (#5x4C) (KixCo=1) {r8xKC) (KCxCo~-1)

* Signlilcant gt 5% level.

SS8T
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responsible for quantitative characters like plant height
occurs in most cases unidirectionally in minus direction.
Increased genetic variance for characters like helght,

ear iength etc, was found in the Ms progenies of lrradia-
ted maize by Sutka and Bulint (1971). Sree Rangasamy et al.
(1973) obsarved that the green gram plants treated with
gamma rayes were shorter than the parents. Nayar (1976)
found significant reduction in mean values in M, and iy
generations for six polygenic characters including plant

height in rice following EMS and gamma ray treatmantsS.

An increase in mean plant height as a result of
mutagen treatment, as noted in cercain cases in the present
study, has alsoc been reported by seversl workers. A positive
shift in plant height was observed by Goud gt al.(1971)
in ragl, after EMS treatment. Increased plant heigat in
M, and later generations in comparison to the unirradlated
plants was observed by Kumar and Das (1977) in Bracsica.
They suggested that thls may be related to the effect of
selection applied in Mz and later generation. JTncreased
plant helght after mutagen treatment was also reported by

Kamannavar {1985) in chilli.

The negative shift in tho mean plant height noticed
in some of the treatments may be due vo the higher range
of negative phenotypes created by gamma rays. But in certaln

other treatments like Pusa Sawani in H, generacion, in spite
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of the lower percentage of negative phenotyple variants,

a negative shift in mesan plant height was observed. This

can be attributed to a higher freguency of negative variants
in the extremae dilrection. The freguengy of positive variants
created was higher in majority of the crosses (both irradia-
ted and non~irradiated) in the third and fourth generation

and hence a positive shift in mean value was observed.

The range in frequency of wvariants varied widely
with respect to the genctype and the generations. In the
third generation irradilated pure breds racorded a higher
range of negacive plant helght variants. Both F3 and F3M3
showed a wider range of negative varlants, The range of
poeitive variants was highest in irradiated cross breds
compared to pure breds. In the fourth generation, no
negative varliants was created in Kilichundan and in crossss
involving Kilichundan and Co-l. But in these cases, the
frequancy ¢of positive varlants was higher. Compared to the
third generation, the freguency of negative variants was
lower in M4 which added for a higher frequency of positive
variants on increased mean plant height. S0 selecticn for

tall plants will be effective in the fourth generation.

In the case of Bhindi, tallness associated with
shorter internodal length,which inaucss £lower procuction

potentiality,is an attribute contributing to the yield and
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hence tall plants are preferred. Hybridization snd hybridi-
zation together with lrradiation gave better results com-
pared 0 irradiation of pure bredsy of whaich cross breds

are more desirable.

Number of days taken to flowering

Table 31 shows the shift in mean number of days taken
to flowering and range in frequency of variants in M3 and
M.4 generations. There was g negative shift in the mean number
of days taken vo flowering in Kdlichundan and Co=1 in the
third generation. But in Pusa Sawanl, there was a positive
shift. In Crosses PS5 X Co=l1 and PS x KC, theres was a posi-
tive shift in the mean value in both Es and Tyl compared to
the female parent. Compared to Pusa Sawanl, all the crosses
involving it showed a positive shift in the mean number of
days to flowering in both F3 and F.M,. Co=] x KC took lesser

373

number of days to flower in F3 and F3M3 whereas, KC x P8

took comparatively more number of deys.

Pusa Sawanl and Kilichundan in the fourth generation
showed@ a negative shifv in the number of days taken to flower-
ing but Co=-1 showed a positive shiit. To the oxclusion of
crosses involving Pusa Sawani and Kilichundan, all the others
regorded a negative shift in the mean valuo in 34 and F4M4.

The scope for selecting early flowering bypes are more £rom



Table 31. Shift in mean number of days taken to flowaring and range in fregueancy of

variants in b‘% and M4 gonerations.

Pure brads Cross breds
In Comparison with In compariscn wivs |
hot 7| Combing fomgle pavent nale parent |
3 4  tHons F 5 Fob T ~F F Y o |
3 4 33 4°°4 3 4 373 474
Pusa Sawani + - PS x Co=1 + - + - -k - - -
Co=1 x P& - Not - - + + -
selectau
Kilichundan - - P& x KC - el ¥ +h - + + +¥
KC x PS 4 + + R % . + 4+x
Co=1 - + Co=1x KC - - - - + - - -~k
KC x Co=1 - ~k - - - _— - -
Dauge fin freguency of wardants
- Negative varlanta Postive varlants
Senara Trradiated Trradiated
Pure bred Cross breds Cress bhioads Pure breds Cross breds Cross hxeds

Third 18287=34476 13.97 « 464t 14.06 = 26.1G 25.37- 50.22 16,80 - 6%.15
(Ke) (p3) (KCxPS; (PYxRCr-1) (PSxKC) (Co-1xp5) (P5) KC) (PrxCo=1) (KCxPS3)

Fourth 56.65-85.35 15.34 =~ B85.B6 36.7% = 38.54 3.40- 16.55 2.00 = 48.08
(Co=1) (KC) (PsSxKC) (Co-1xKC) (KCxps) (KCxCo=-1) (KQ) (Ps) (Co=1xKCT) (PSxKC)

31.11 - 46.21
(P5xCo=-1} fKC5cC0-1)

4.68 « 33.52
(KCxCo-1) (KCxPE)

* Sigauificant at 5% level.

6GST



crosses PS x Co-1l, Co=1 % KC and its reciprocals compared
o PS5 % KC and 1ts reciprocal. Selection for early flower~
ing types could be more effectively done in the fourth
generatlion rather than in the third generation since higher
£requency of negative variants are created in the later

genaratlion.

A genotype dependent varlation in the range in
frequency distribution wes observed in both M; and M, genera-
tions. A wider range of negative variants was seen in
irradiated cross breds in both generations, but higher
range was noticed in pure breéds in both cgses. Hence,
irradtation of pure breds offer much scope for selection
for early flowering types. Higher sensitivity of inbreds to
irradiation than hybrids was reported by Boyle (1968) in
Agropyron. On the otvher hand, Joshva gt gl. (1967)
observed the hybrids of Norin-6 x PIB=10 to be more effective

than the parents to gamma irradiation.

Plants with varying f£flowering naeblts such as early,
intermediate and late flower.ng lines were obtalned by Abrama
and Valez~ Foxtcino (1962) in My and My generations of
lrradiated pigeon peas. Works on several crops had clearly
shown that earliness in floweraing was induced by irradiation.
Tedin (1954) obtained ten early Fflowering mutants in

Lupinus luteus. Matsumara and Fuji (1955) noted in
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Nicotiana tabacum and Nicotiana sylvestris that gamma ray

has induced earliness in flowering by fifteen days in a
matant than its parents. ELarliness in flowering by seventeen
days in mutant forms of M3 of Sesamum wag observed by

Ral and Jacob (1956). similar results wers reported by
Gladstones (1958) in Lupinus digitalis ond Gottschalk (1960)
in Pisum gatlvum  treated with X-rays. Daly (1960} obser-
ved that in the third generation of gamma ray treated popula=-
tiocn of Arpbidopsis thaliana, among the lines selectaed for
aarly flowering, 20-50% were significantly earlier than the
non~irradiated selected populaticn. On the other hand,
Rudraswamy (1984) observed delayed flowering at higher doses

of gamma ray in Horse grame

3. Number of leaves proouced per plant

S5hift in mean number of leaves per plant and range in
irequency of varianis in M3 and m4 dgenerations are given in
the table 32. In the third generation, Pusa Sawani and Co-1
racorded a negative shift in msan value, whlle Kilichundan
showed a positive shift. The hybrids exhibited insignificant
variation in the mean value either towards positive or nega=-
tive direction, depending on the genic status. Compared to
Pusa Sawani, all the crosses involving it (except XC x PS)

had leszer number of leaves in F3 and FSM « But majority



Table 32. Shift in mean number of leaves per plant and range in frequency of
variants in M3 and M4 generations

Pure breds Combi~ Cross breds
na= In comparison uith In comparison with
M3 M4 tions female parent male parent
Fa Fg F3My Fgty ¥y Fq FaMy Faby
Pusa Sawani - + PS x Co=1 - - - + - + - -
Co=1 x PS5 - + - - - +%
Kilichundan + - P5 x KC - + - + + - + -
KC x PS + + + + + +7 + R
Co=1 - - Co=1 x KC + * - +¥ = - + +
KC x Co=1 + - + - o~ ES + +
Range in frequency of variants
Genara- Negative variants Positaive varlants
tions Irradiated Irradiated
Pure breds Cross breds Cross breds  puro nreds Cross breds Cross breds
Third 9.17 - 13.08 5.92 - 16.01 14906 = 23.46 22.37 = 32.76 28.78 = 43,33 25.77 - 44.84

(Co-1)

Iourth 4.40 - 24.70
(KC)

(xC) (KCxps) (Co-1xP8) (KCxPS) (CowlxPs) (KC)

0.67 -~ 18.27

1.08 = 11,74 22.45 = 52.24 23,33 = 78.93
{Co=1) (Co=-1xKC) (PSxCo~1) {KCxPS} (PSxCo~1) (Co=1) (PS)

{PSxCo=1) (KCxPS)

{Co=1) (PsxCo=1) (Co-1xKC) (Co=1xPS) (KCxPS)

30.24 - 68,53
(PSxCo~1) (KCxPS)

* Significant at 5% level.

9T
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of the crosses involving Kilichundan exhibited an insigni-
£icant positive shift in the mean nuuber of leaves in Fa
and FSMB' The positive shift obssrved in these crosses

may be related to the positive shift in mean plant height.

In the fourth generation, Co-1 and Kilichundan showed
only a negative shift in the number of leaves, whereas Pusa
Sawani recorded a positive shift. Significant incrsase in
the number of leaves was observed in the lrradiated popula-
tion of Co=-1 X P¥ and Co-1 x KCe Cross breds in the fourth
gsneration exhibited higher number of leaves, compared to

those in the third generation.

The range in freguency of positive varlants in the
third generation was higher in cross breds compared to
pure breds. $imilar is the case in the fourth generation
also. From this, it is evident that hybridization alone or
together with irradiation is mors effective than irradiation
of pure breds in incrcasing the number of leaves, which in
turn will increase the yleld by enhancing the photosynthe~
tic efficiency as well as the number of productive nodes.
Compared to “3 generation, thz range of positive variants

was higher in M4 genexratlone.



An insignificant reductlon in the mean number of
leaves noted in some of tho treatments in the present study
was in line with the reports of Mareen (1985) in the M,
generation of gemma ray irradiated bhindi. The obsence

of significant variation in msan value in F M3 from the

3
control population can be attributed to the productlon of
polygenic mutations with positive and negative effects in
equal frequency. The symmetrical augmentation of pheno-
typic variation may be the character of mutation in poly-
genes for a quantitative character as reported by Oka gt al.

(1958)

Number of branches per plant

Table 33 shows the shift in mean number of branches
per plant in g and My generations. In My goneration, a
posivive shift in the mean number of branches was noticed
in Pusa Sawani and Co-l. But in Kilichundan, a negative
shift was observed. A complete negative shift in the mean
value was seen in crosses of Co=1 and Kilichundan in both
F3 and E3M3. When PS x KC showed a negative shift in mean
value in Pyliqe its reciprocal cross showed a positive shift.
A predomlnating negative shixt in the mean nurber of brane

ches was noticed in F3 of all crosses.



Table 33.

Shift x» msan numbar of branches per plant in M_.*J and M% gencrations

rPure bredgs

Cross breds

In conparison with

In comparison with

Combina=
1413 M4 tions female pfrent _ _male parent

Fa By FgMy  FgNy ¥y Fy FaMy  Fathy,

Pusa Sawani + 4% PS x Co=1 - + + + - + - +
Co=l =% PS - <+ + + + +®

Kilichundan - =2 P& X KC - - - + - =% - -

KC x PS - - + - <+ - + -

Co~1 + + Go=-1 x KC - + - % - =% - +
KC % Coel - - - -t - +* - £

» significant at 5% level.

S9T
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In M4 gaeneration, a similar effect as seen in Ma
was observed. But in F4 and F4Md comparatively more number

0f treatments exhibited positive shift in the mean number

of branches per plant.

Sakal and Suguki (1964) noted decreased number of
tillers in rice and suggested that X-ray irradiation
rasulted in a decrease in polygenic characters like number
of tillers. Similar rezule was reported by Ehrenberg et al.
(1964) in rice in the M, generatione Gamma ray end EMS
treatments in rice has led to a significant reduction in
maan nunber of tillers in M, and M; generation (Nayar, 1976).
Coud (1967a) in hexaplold wheat observed a shift in mesan
value towards negative direction for tiller number. On the
other hand, Bateman (1959) observed that the mean value of
tillers per plant in rice increased after irradiation and
suggested that the overall effact of polygenic mutaticn in
rice was unidirectional. Toriyama and Futsuhara (1962)
obtained a mutant 'Fu.54' in rice which had higher number
of tillers than its parents. The mean number of branches
in M2 and later generations was found to be increased due
to treatmont with gamma rays and thermal neutrons as was

reported by Kumar and Das {1977) in Brassicae
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Length of fruits

The shift in msan fruit length and rango in fregquency
of wvariants in MB and M4 generation is depicted in table 34.
Depending on the genlc status, the mean value for fruit
length exhibited both positive and negative shift. In M3
generation, Pusa Sawani and Cg-~1 showed positive shift
compared to thelr respective controls. But Kilichundan
show2d a reverse trend. PS5 x Co-1 recorded an insignificant
posltive shift comparad to tha parents in both F3 and E3H .
PS x KC and its reciprocal cross showed positive shift in
the mean length of {ruits in F3 and 9333. compared to Pusa
Bawanl. In thae casa of crossges involving Co-1 and Kilichun-
dan, a posicive shift was noticed in Fallye but in LY there
was a negative shift in the mean value compared to Kili-

chundane.

In M, genaration also, Pusa Sawani and Co-1 produced
longer f£ruits, but Kllichundan produced only shorter fruits

compared to controles The effects noticed in 34 and F4M4

3 and F3M3. In general,

majority of lrradiated cross brads exhibited positive shift

were comparable to that observed in 7

in £ruit length, rather than in non-~irradiated cross breds.
This may be due to a higher production of gamma ray induced

positive variants in these treatments.



Table 34. &hift in mean fruilt length and range in frequency of variants in ¥y and
M4 genarationse.

Pure breds Cross breds
Combi In comparison with In comparison with
Ma m4 nations female parent male parent
F3 F4 F3M3 F4M4 F3 F4 E3M3 F4M4
Pusa Sawani + + PS5 x Co-1 + + + + + +* + +*
Co~1 x PS5 + x g + + %
Kilichundan - -% PS5 x KC +* + ot + - -t + -
KC x Ps -+ -k - - oW FR L% +
Co=1 + +* Co=1x KC + + + +* - - + -
KC xx Co-1 - -t + - S +* EA R
Range in frequency ot varlants
Genera- Wegative variants Positive varianta
tions Pure brads Cross breds Cross breas Pure breds Cross breds Cross breds
(xc) (#s) (Co=1xPS) (PSxCo-1) (XCxCo=1) (PSxKC) (Co=1) (KC) (PoxCo-1) (KCxPS) (Co=1ixKC) (KCxPS)
Fourth 138 - 9,07 0 - 11.80 1.93 = 17.03 5797 = 76.591 45.95 = 96,55 33.25

{co=1) (Ps} {(Co-1xKC) (PSxCo-1) (PS4KC) (Co=1xKC} (P5) {(Co~1) (PSxCo=1) (Co=1xKC) (Co=-1xKC) (KCxPS)

* Significant at 5% level.

897
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Significant differences in the mean values of
panicle length among treated and between treated and
controls were observed by Matsuo gt al.(1964) in Mg
generation of rice. A negative shift in mean panicloe
length following x irradlation has been reported in
rice by Sakai and Suguki (1964). Nayar (1976) has also
reported similar reduction in mean panlicle length in
rice. On the contrary, increased frequency of mutants
in M3 with respect to panicle length was reported by
Sidaigui and svamingthan (1968) in EMS treated rice,

The range oI negative variants created in 5‘3M3
was louver compared to that in My and Fye But the range
of positive varlants created vere comparable in 143, E‘3
and Faidge The positive shift in the mean value seen in
certaln genotypes are due to the production of lesser
nurber of negative variants and more numoer of poaitive
variants. In the M4 generation, the range of negative
variants was gtill lower. ilighest range of positive variants
was observed In lrradiated cross breds in the {ourth
generation. Hence selection for longsr £ruits will be more
affective from the fourth generation of irradiated cross

breds.
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wWwaeight of £ruits

Table 35 gives the shift in mean £ruit weight and
range in frequency of variants in the M3 and M4 genera-
tions. Mutagen treatment led to a general increase in mean
fruit weight in all the three pure breds. The cross breds
also recorded a positive shift in the mean value in majority
of cases in F3 and F3M3. There was significant positive
shift in F3M3 in crosses, PS x KC, Co=1 x KC and their
reciprocalse In the crosgses involving Pusa Sawani and Co=i

only an insignificant positive shift was noticed.

in M4 generati.-n, Kilichundan recorded only a
negative shift in mean fruit weight. Dut in Pusa sawani
and Co=1, there was an insignificant positive shift.
Compared to Kilichundan, KC x Co=1 and PS x KC recorded a
negative shift in F4 and F4M‘. but KC x Ps snowed a negative

shift only in FaMye All the other crosses showed variation
in fruit weight in the positive direction in the fourth

generation.

Increase in mean fruit welght in majority of the
crosses can be attributed to the fact that tho number of
positive variants created was higher than that of the
negative variants. The range of negative varlants was lower

compared to that of posltive variants in both third and



Table 35, shift in mean £ruit welght and range in frequency of variants
in the by and M, generations.

]
Pure breds Cross brads
3 1 Comkina- In comparison with Ia comparison with
‘43 4 tions female parent male parent
F @ .M 7 :
ES F4 & ,3:-'13 .1.4M4 E‘3 Fg_, K 3:.’43 F4M4
Pusa Sawani + + PSS x Co=-1 + + - + + + + +
<o=1 x PS 4 -+ o+ + <3 FR ]
Kilichundan + - PS x KC PR + ¥ 3% 4 - S -
YC x P& +® + s - +%* PR 4% Fx
Co-1 + + Co=1xKXC +¥® + +* +> + -* +%& +%
#C x Co-1 < - - - Ee] . ® % R
Range in freguency of varliants
Genera= Hegative variants Positive variants
tion. Trrediated Cross breds TEradiated Cross breds

Pure breds Crosg breds Pure breds Cross breds

Third 12.28 « 18.63 9.29 = 14.77 15.72 = 20.27 5020 -~ €0.66 45.73 = 68.29 46 .54 - 63.17

{KC) {Co=1) (Co~1xPb) (PoxCo-1) (PSxCo=1) (Co~1x (PS) (KC) (psxCo-1) (Co=1xPS) (KCx (KCxPS)
Ps} Co~1)
Fourth 13.03 = 34,13 0 ~ 33,03 509 = 35.32 41.87 = 65.02 43.83 - 92.33 40.04 - 72.35
(Co=1) (Ps) (Co=-1xKC) (PSxCo=1) (KCxPS) (OD-I.):'. pc) {(Co-1) (Psx  (Co~1x (Co-1xKC) (KCXPS)
KC

Co=1)} KC)

* significanet at 5/ level.

LT



172

fourth generations. Compared to the third generation, a
wider range of negative and positive varlants was observed
in the fourth generation, ie. the variability created in
the My generation is higher than that 4in the M3 ganera=-
tione. This was in agreement with the result obtained by
Sakal and Sugzuki (1964} in X rayed paddys. Patel and Swami-
nathan (1961) reported wide range of variability in .

M3 and M4 generations of irradisted tobacco.

As is noted in the present study, Rawlings gt al.
{1958) reported that seed weight in soybean increased
after irradiation. On the contrary, Nayar and Ninan (1978)
observed that gamma ray cxposures resulted in a signifi-
cant reduction in mean weight of ear in M2 and MB compared
to control, Similar result was ootained by Lekha Rani
(1985) in chilli in M

2
after analysing induced wvariation for yileld and its

generation. Rao and siddiq (1977).

components in rice, suggested that the changes in the mean
value and skewness of the frequency distribution in mutagen
treated population varied with the varlety, character,

mutagen and the generxation.
Number of fruits

Shift in mean number of fruits per plant and range
in frequency of varlants in My and Mé generations are given

in table 36. Uepending on the genic status, the treatments



showed a negative or positive shift in mean value.

In the MB generation, Pusa Sawani exhibited an insigni-~
ficant positive shift in the mean values. But in Kilichundan
and Co=1l an insigniflicant negative shift was noticed. A
general negative shift was observed in Fq and FgM, of
crosgses involving Pusa Sawani and Co=1l., In all the other
crosses, ise PS x KC, Co~1 x KC and thelr reciprocals,

the mean frult number shifted in the positive direction

in both P, and Pyl The increase in mean value was

3
significant in majority of the cases.

In M.4 generation, both Pusa Sawani and Com=l
recorded positive shift in the mean number of fruits.
But Kilichundan showed a significant reduction. Compared
to Kilichundan, all the crosses involving it exhibited

a significant negative shift in F, and F4H4. In general,

4
irradiation of cross breds was found to ba more effective
in ¢reating significant increase in f£rult number, rather
than irrediation of pure breds. This can be due to higher
sesnitivity of hybrids to gamma rays than that of the

parents as observed by Joshva et al. (1967) in rice.

Sakal and Suzuki (1964) reported a decrasase in
mean expression of polygenic characters like number of

panicles afrer X irradiation in rice. On the other hand,



Table 36« Shift in aw=an number of f£ruits per plant and range in frequency of varliants
in M3 and #, generations

4
Pure breods Cross breds
- In comparison with In comparison witn
Mg 4, Contu:ina femala parent male parsnt
ons s
FB 1‘4 F5M3 F4M4 Fa E, 4:3.13 1.'4M4
Pusa Sawanl + + PSS x Co-1 + + - + - + - -
Co-1 x PS - - 4% - -~ PR
Kilichundan - -k P35 x KC +* “+ +* + + - +% -
KC x PS w - +* - + 4+ % R
Co=1 - + Cc=1 xKC +% +* +* +* +* - + il
KC % Co-1 & -t o - & 33 4% +%
Range in frequency of variants
Gena~ Hegative varlants Postiva varliants
rations__Irrsdiated - Ixradiated
Pure braeds Cress breds Cross breds Pure breds Crcss breous Cross breds
Third 10.84-12,89 6.39 - 21.87 1Gs26 - 30.98 27.23~ 36.21 25.52= {43.52 21.75 - 33.08
(Co-1) (KC} (<cxPS) (PsxCo=1) (KCxCo-1i) (PSxCo~1) (KC) (Co-1) (PSxCo-1) cc::-n’: (Cc—:)u: (Cﬁﬁ}x
Xe) PE
Fourth ¢.40=27.59 2.00 - 9.42 3415 = 23.25 23.70= 6001 2035~ 6UL0S 17.27 - 44.41
(xc) (5)  {Co=ixKC) (P3xCo~1) (KCxCo=-i) {(PExKC) es) {¥C) (PSxBo-1) (Co-l:)c {(roxxe) (Co- )
KC RC

* Significant at 5% level.

LT
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Berazoskil et gl. (1981) obtained increased fruit number
per plant in third generation by chemical mutagen treat-
ment in tomato. Similar result was reported by Kamannavar
(1985) in chilli by gamma irrediation. Lekha Rani (1985)
reported that in the case of number of fruits per plant, the
mean values iln general, showed a positive shift which is
dus to the combined effect of the greater magnitude and
the largerfrequency of positive variants. Several workers
including Mlah and Yamaguchd (1965) are of opinion that
mutations for majority of polygenic traits occurrad
symmetrically in positive and negative directions follow-

ing gamma irradiatione.

The negative shift in the mean valus observed in
crosses involving Pusa Sawand and Co=~1 in the third gene-
ration was due tec the production of more number of negative
variants compared to positlva variants. Comparatively higher
positive variants produced was responsible for positive
shift in mean value in all the other crosses. The range of
posative varlants wae wider in fourth generation compared

to third generatione.

frult yield per plant

Table 37 gives the shift in mean fruit yleld per

plant and range in frequency of varlants in the M3 and My
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generations. An insignificant positive shift for mean
frult yield in che MS generation of pure breds uwas noticede.
Cotpared to Co-1, ilts crosses with Pusa Sawani showed
insignificant positive shift in 23 and EBM « In PS x KC,
Co~1 x KC and thelr reciprocals, significant positive
shift compared to both parents was observed in F3M3. In
FB of PS x KC and Co~1 x KC only an insignificant positive
shift was noted compared to Kilichundane.

Kilichundan in M4 recorded a significant negatlve

shift, while Pusa Sawanl and Co~1 showed insignificant

positive shift. Compered to Kilichundan, all the crosses
involving it exhibilted significant negative shift in F4
and F4n'.'i4-
positivdias noted in the fourth generation.

In crosses involving Pusa Sawani and Co=1 a

Significant positive shift in the mean yleld exhi-
bited by crogsses involving Kilichundan in the third genera=
tion may be due to the higher percentage of positive
variants created by the effect of gamma rays. Highaer yield
is contributed by increased length, welght and nunber of
fruits. In irradiated population of cross breds a wider
variability is created in both My and M4 generation,
compared to irradiated pure breds and non-irradiated ceross
breds. The range of positive variants in the fourth

generation was higher than that in the thlrd generation.



Table 37.

Shlift ip mean fruit yleld per plant and range in freguency of variants

in the MB and M, generations.

Pure breds Croas breds
Combing=-
M M tions In comparison waith In comparison uith
3 T4 female parcnt male parent

f3 Fy Faliy  TuMy I3 By Fyty Faly

Pusa sawani + + PS x Co-i + g - 8 + + -+ -
Co=1 X ©5 + - et <o + R

Kilichundan + -% PS x KC ER + % + -+ - - ~

KC x Fo EA ~ ER - el 4% ES +

Co-1 + + Co-1x Ko e + i +* + el +* -
XC x Zo-1 + - L ol - +* +* +* +%

Rauge in Lrequency orf varlanis

Negative variants

Pocicive varients

Genaera=-

R Irraciated
tione Irraciated Cross breds
Pure breds Cross breas Pure breds Cross breds Cross breds
Third 13.01=20.04 13.45 = 37.25 9,14 -~ 31.16 39,37~ 56,34 24.70 -~ 60.00 26461 ~ 58,09
(KC) (ps) (KCxPs) (PSxCo-1) (KCxPS) (Poxto-1) (KC) (Ps) (PoxCo=1) (KCxPs) (Co~-1xPs) (KCxCo=-1)
Pourth  3.42«23.40 0.67 - 9.42 4! -~ 24.43 40437~ 77458 32,32 = 98.0C 26436 = 91.55
{(xc) (Ps) (Co=-1xKC) (Psx {RCxPa) (PSHKC) (e-) (C) (P5xCo-1) (Co=3xz¥C) (052X C)  {KCTxPS)

Co=-1)

# Sagnificant st 5% level.

LLT
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Increase in yleld as a result of irradiation was
reported by many workers including Gelin (1954) in
Pisum sativum, Gregory (1956) in Ms of Arachip hypogses,
Van Embden and Jaaraverslag (1959) 4in M, of soybean,
Li et gl. (1960) 4n rice , Bvejda (1961) in M, and M, of
Pisum and abrams and Velez-Forticino (1962) in M, and M,
of pigeon pea. Handpuri gt sl.(1271) reported that Okra
plants treated with 30 kR gamsa rays gave significantly
higher yield. Vasudevan gt al.{(1984) studied the yield
performance in MEI and M4 generations of Vigng unguiculatgz.
Though the errect mutants obtalned showed reduction in
plant height, the grailn yleld per plant was higher due to

more branching.

Mutants showlng lower yield than their parental
forms were also observed by some workers like Gottschalk

(1960) in pisum sativum, Johnston (1961) an M, and M, Of

oats, Sakal and Sazuki (1964) ia M, of rice and Kotvics
(19381) in M, and M, oI soybean. Griffith and Johnston
(1962) showed that in oats, seed irradlation caused muta-
tlons with regard to yield oanly in the minus dircction.
Matsuo et ale (1964) wno observed significant differences
between M, mutants and control witch respect to welght of
panicle, reported that mutation in polygenes could occur
in positive as well as negative direction. Increase in

yleld by combining hybridization and induced mutation,
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as cbserved in the present study, is in agreement with

the result obtained by savov (1980) in wheat.

In majority of the polygenic tralts studied, it
was seen tihat irradiation of gross breds gave better reosult
than irradiation of pure breds. A wider variabilitcy is
created by cross bred irrsdiation. This result 1s in
confirmity with the conclusions made by Joshva et gl.(1967)
in rice, siddigqui (1971) and Milkovsii gt al.(1976) in
cotton. siddigui (1971) attributed the increased varia-
bility to enhanced recombination £requency and the release
of hidden genstic variability. Maresen (1985) also reported
that hybrid materials of bhindl were more sensitlve to
mutagen compared to pure breds. This may be due to the
£act that the crop used for the present study was a poly=~
ploid. Hormally polyploids are more resistant to mutagen
treatmant compared to diploids. The present study clearly
revaal that to have mutation breeding in polyploids like
bhindl, irrsdiation of cross breds would be more reliable
to get wider variability than hybridization or irxradiation

of purs seeds.

ﬂl sterility snd character expressions in M3

Table 38 gives the distribution of moximum and

minimum mean valugs for the dlfferent quantitative characters



Table 38. The maximum and minimum mean values among the three M, sterility classeas

1
Plant height Davs to No. of Noe of Fruit Prulitc No.of Yield
S £loworing leaves branches Jleagth weight frults
ments Maxi- Mini- Max Min Mex HMin flax Min Max Min Max 1dn Mo: Min Mox Min

mam arm
Pusa Sawani n A h L & L M L M L H M il 14 H
Kilichundan L M Is B il H H L M kN L H L H L H
Co=1 L H 41 L L il L H L M L H » X M H
PS5 x Co=1 M H e L L H L M L M L M L 1 L P
Co~1 x PS M L M H L M H M M M L u L M L
PS i KC I L i i m is i L M L M Ls H L H
KC x PS M H M d A I 54 L Iyt 4 o L 144 L i i
Co-1 x KC it L i} L L H pit L Fied M H L L M
XC x Co=-1 H H L M L L E M H # H M L M b

I - Low Ml rterility groum
M - Mediua x41 starility group

H - High M1 stexility groun.

08T
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among the three M1 sterality classes, in the third generation.
The maximum and minimum phenotypic distribution of negative
and positive mutants induced by gamna rays among the thrae Ml

sterility classes is gilven in the tables 39 and 40.

In Kilichundan and Co=-1, the maximum plant height
was observed in the low sterility class, whereas in Pusa
Sawani, the high sterility group recorded the maximum mean
value. In gll the cross breds, the medium sterility group
recorded the highest mean plant height. Dwarf types are
seen iln the medium sterility group in Puga Sawanl and Kili-
chundane In Co~1 x PS, PS x KC and Co=1 x KC, the low
sterility group showed the lovest msan values. In Co-l, PS x
Co~1l, KC = PS and KC x Co=1, the high sterility group recorded

the minlmum value.

Early iflowering types were observed in the low
sterilaty group in Pusa Sawani, Co~l ;7 PS x Co=-1, PS X KC,
Co~1 x KC and KC x Co~1. In Kilichundan,Co-1 x PS5 and KC x
PS, high sterility group yielded the early flowering types.
Number of leaves were maximuwu in the medium sterility group
in Pusa Sawani, Kilachundan and their crossaes. But Co=1 and
its hybrids with Pusa Sawani had maximum number of leaves in
the low sterility group. I!axamum number of branches per
plant was ooserved in the medium sterdlity group in Pusa
Sgwanl and KC x PS. The low sterility group recorded the

maximum number of branches in Co=l, PS5 x Co=l and KC x Co=1.



Table 39.

HMaximua ané minimum phenotypic distribution of negative and positive

mutanes inducaed by gamma says armong the three o
third generation.

scerllity gzoups in

Piant heignt

Days to flowering

Number of l=aves

Length of fruits

Treatmants Negative Positive Negative Positdve Neyetive Positive Negative Posltive
varlants variants varizsnts Farliants verlants variants wardionts yariankts

Maxd Mind Maxi Mind Mari Mind Maxid wMinl Maxdi Minl llaxi  Mini  Mex1  diand  Maxd oipa

mum oum WM M DM @M Pl mIMm MM Mum M Man LJaua 0 mum ghum
Pusa Savani 1 d H o] L M L H L M H L I H H M
Kilichundan L M M H M H L H el L Ts H H M M H
Co=1 H L 5 M D M H L 4 M M L H L L i
PS x Co=1 L ] M H L o H i L+ L L A M 5 M i1
Co=1 & PS H M M L Ls M M L H M i M I H L M
P5 x KC L H M I M L H H H L L 1 134 L
KC x PS L H L Xl M La M H 34 H M H L M H
Co=1 x KC L H H M H X H L H H M M H H M
KC x Co=1 M d ] o M M H # L I P3| ol H

8T




Tabla 40.

The maximuen and minlmum phenotyplc distribution of negative and

positive mutants induced by gammz rays among the three Ml sterilitcy
GLOouUpS «
Fruit weight Numper of fruilts ¥ruit yiezld
Negative Positive Hegative Posltive Negative Pogltive
Troatmonts varlants variants variants variants variants variants
Maxi Minl Maxi Minod Maxnd Mini Mazxd Mind Maky Mini Maxi Mini
mam UM omum un AR mum mUm B H N mum mum muL mum
Pusa bawani u M L M it L H L H L L H
Kilichundan L H M H H L L 24 L5 L L H{
Co=-1 H 1 M H H M " H H M M H
PS x Co=1 H L H M L L M M L L
Co=1 3t PS L M 4 5L " M i H H M
PS x KC i s H #M L M L H L L M L] L
KC x PS L M I3 L H bt L M I H M
Co=1 xx KC M ¥ M L & H M L M 5L 3
KC x Co-1 H L " L L M k L H M 5L

8T
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As regards the frult length, majority of the treatments
recorded maximum value in ths medium sterility group. Fruit
walght 18 also maximum :n the medium sterility group in Co=1 x
PS, P8 X KC, KC x PS5 and KC x Co=l. All the other treatments
recorded maximum fruit weight in the low sterility group. The
mean value for the number of fruits also varied among the
three My sterility clusses depending on the genic status.

In Pusa Sawanl, Co=1l and KC x Co-i, the maximum mean value was
ohgarvad in medium sterility groupe. But ln csosses such as
Co-1 x PS5, PS % KC, KC x PE and Co=1 x XC, the high sterility
group recorded the maximum mesan value. Madium sterility group
represented the highest yielders in Pusa Sawani, Co-=l, Co-l1 X
PS, KC x PS and KC x Co~1. But in Kilichundan, PS x Co=1 and

Co~1 x KC, the low sterility group gave the maximum yield.

The variation irn the mean value ameng the different
sterility classes is Gue to the productivn of varying frequen-
cies of negatlve and positive variants, which in turn is
dependent on the character and genlc status. In majoraty of
trecatments it has been observed that individuals with desira~
ble attributes such as tallness, early flowering, More nunber
of leaves and branches, higher yleld otc. were ootainad f£rom

elther low or msdium sterility classes.
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Gaul (1958) studying the effect of X rays on mutation
frequency in Spikes having different sterility, suggested
that selection of more fertlle spikes which do not possess
savera chromoscmal aberrations will be a good approach
towards maximization of mutation frequency. Similar results
were obtained by Bekendam (1961) in rice and by Hildering
and Van Der Veen (1966) in tomastoes. Ehrenberg et gi. (1961)
demonstrated that splkes belonging to different sterility
classes showed different mutation rates. Kivl (1965) studying
the effect of ganma rays 1n barley, ootained the maximum
mutations in spikes having medium fertility (31-70%). This
i5 supported by the work cf Sharma and Bensal (1970) in
barley. They obtalned the highest mitation frequency at 50%

fartriity afiter gamma trradiation.



SUMMARY



SUMMARY

The mitagenic effect of 60

Co gamma rays on different
genotypes of Bhindi (three pure breds and their crosa combina-
tions) hava been studied in detall in M3 and My genarations.
The experiment was conducted during 1983-85 at the Dspartment
of Agricultural Botany, College of Agriculture, Vellayani,
with the main objective of assessing the extent of induced
polygenic variability in the segregating generations of
irradtated pure brads and hybridse. The seeds of treated
hybrid materials, thelr control, parentzl varicties and 30 kR
exposed parental types wore collected £rom the second genera-
tion and carried forward to the third and fourth generations.
Data on plant height, number of days to flowaring, number of
laaves per plant, number of branches por plant, length of
fruit, weight of fruit, number of frults per plant and fruit

yleld per plant were collected.

The tabulated data were analysed statistically follow=-
ing Fischer (19353). Percentage frequencies were transformed
by the angular as proposed by Snedecer (1956). The following

conclusions were made f£rom the experiment.

i. The msan value in polygenic tralts varied depending

on the genotype, generations and character under study.

2. All the genotypes created both negative and positivae
variants in all the characters due to the effect of

gamma rays.e
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The freguency distribution of positive and negative
varlants varied widely with respect to the genotype

and the generation.,

In the My generation, there was a negative shift in
plant height in all the pure breds due tc gamma ray
exposure. But in majority of the crosses,a positive
shift was observed in Fg and FyMg. The range of
positive varlants created was highest in the irradia-
ted cross breds. The freguency of negative variants
was lower and that of positive variants was higher in
the fourth generation, compared to the third genera-
tion and hence selection for tall plants could be
done effectlvely from cross breds in the fourth

generation.

Early f£lowering types were observed with a higher
frequency in crosses involving Co-1. Selection for
early flowering types could be more effectively done
in the fourth generation ratner tnan in the third
genaeration due to the occurrence of higher freguency
of negative varlants, Compared to cross breds,
irradiated pure hreds gave higher freguency of

negatlve variants.

Cross breds in the fourth generation exhibited higher

nurber of leaves, compared to those in the third genera-
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tion. It was found that hybridization alone or together
with irradiation was more effective than irradiation of

pure breds in increasing the number of leaves.

A genotype dependent insignificant varlation in the mean
number of branches was observed im both third and fourth
generations. Comparatively more number of treatments

exhibited positive shift in mean number of branches in F

4

and F4M4.

As regards the length of frult, majority of irradiated

cross breds exhibited positive snift rather than non-irradi-
ated cross breds. The range of negative variants crsated

in F3M3 was lower than that in M3 and F3. Highest range of
positive varlants was sesn in the fowrth generation of

irradiated cross breds.

Mutagen treatment led@ to a general increase in mean frult
welght. Compared to the third generation a wider range of
negative and positive variants was observed in the fourth

generation.

In the case of number of frults also,the shift in mean
value varied depending on the genotype and the generation.
Irradiation of cross breds was found to be more effective
in creating significant increase in f£ruit number. The range
in positive variants was wider in the fourth generation

compared to the third generatione.
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11. A significant positive shift in mean £ruit yleld
was noticed in F3M3 involving Kilichundasn. But
in F4M4 they exhibited a negative shift. In the
cross bred irradiated population a wider varia-
bility was creatsed, compared to pure breds and
non=irradiated cross brads. The range of positive
varlants in the fourth generation was higher than

that in the third generation.

12. M1 sterility influenced msan character variations
ware noted in majority of the characters. Majority
of treatments had higher fraquency of desirables
phenotypes in the low or medium sterility classe.

13, In majority of ths characters studied, desirable
varlation was observed in the gamma ray irrsdiated
cross breds. The fourth generation exhabitaed more
varlablility compared to thlrd generation which

offered scope for a positive selection responss.
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Plats 1, A general view of the experiment - Hegregating

population (Third generaticn).
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Plata 2. Segregants showing plant height variations
in M3 generation.

Plate 3. & prorusely branching mutant .n M3

generatlon.
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Plate 4. Leaf slze and shape variations in the
segragacing populetion (M3 genergtion).

Plate L. Leaf size and shape variations in the
segregating population (M3 generation)
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Plate G. A broad leaved dwarf plant.

Plate 7. A broad leaved tall plant.






Plate 8, A narrow leaved dwarf plant.

Plata 9, A narrow leaved tall plant.
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Plate 10. Fruit size variations in ths gegregating
generation.

Plate 11. Fruit colovr variations in tne segregating
generatione
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Plate 11



Plates 12 and 13. Plants shoving twain frults in M3
generation.
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ABSTRACT

The present investigation on 'Gaima ray induced
polygenic varisbility in Bhindi' was carried out in the
Department of Agricultural Botany, College of Agriculture,
Vellayani during 1983- %85, This study was taken up as a
continuaticn of the Post=graduace project for the year
1983~83 entitled *Genic status in relation to radiosensi-
tivity, mutation frequency and spectrum in Bhindi's. Three
puré bred varisties (Pusa tawani, rdilichundan end Co-i)
and thelr crosses in all possible cumbinations were used
for the study. The extent of variability created by 30 kR
6000 gemma rays 3n quantltative characters was assessed in
the segregating generatlons of gy and M4 of the purae breds
and the hybrids along with the respective controlse. Tha
experinent was laid out in RBD with two replicatlions. Data
ware collected on (1) Plant height (2) number of days to
£lowering (3) number of leaves per plant (4) number of
branches per plant (5) length of £rult (6) weight of fruit
(7) numbar of frults per plant and (8) fruit yield pér plante.
In the third generation., the mean value shift and the fre-
quency of negative and positlve variants compared to the
control was studied. The varlation in msan value and frequency
distribution with respect to differant M1 sterility classes

were also assesassd in the third genaration. Based on the



vield performesnce in N%, selection was made and carried
forward to the fourth generation to assess varlability in
polygenic characters. The tabulated data were analysed
statistically.

All the characters analysed showed differenca in expra-
ssion depending on the genotype and the gencration., Both
positive and negatlve variants ware created in all che geno~
types Sor all the characters. Desirable variation was observed
in gamma rey irrazdlated cross breds in majority of cthe
characters studied. The varialdlity created was higher in the
fourth generation, compared to the thiru generstion., Tallness
was induced in majority of the cross breds in the third genera-
tion. The frequency of negative variants for plant height
vas lower and that of positive varlants was higher in the
fourth genserations Early flowering character was inauced with
a higher £frequency in irrediated pure breds compared to cross
breds. The experiment clearly showed that sclection for early
flowering types could be mors effectively done in the fourth
generation due to the ¢ccurrence of higher frequency of negative
variants. Comparatively more number of treatments exhibited
higher number of leaves and branches in the fourth gensration.
Frulc characters such as length, weight and number were found
to bes enhanced by the arradiation of cross breds.a W ider
range of variabllity was observod in the fourth generation

with respect to these characters. All the genotypes involv-



ing Kilichundan showed increased frult yleld due to gamma
ray exposure. Compared to pure breds and non-irradiated
cross breds, a wilder variability was created in irradiated
cross breds. Depending on the M1 stoarility class, the
phenotypes were found to be distributed both in negative and
positive directions in all the characters analysed. Highear
frequency of desirable phenotypes were observed in the low
or medium gterility class, compared to the high sterility

class, in majority of the treatmentse.

The increasod variability created by gamma rays for
different guantitative characters in the segregating genera=-
tionz helped to select out £aw plant types with desirable
character combinations. Follow up work involving preliminary
and comparative yleld trials can help in selecting out one
or two cultures which can outyield all the high yielding

varieties avallable at present in thils particular crope



