STUDIES ON THE NATURE OF VARIATION IN
SEGREGATING GENERATIONS OF IRRADIATED AND
UNIRRADIATED F: SEEDS IN RICE

THESIS

- BY

JOHN EARLE MASSAR

Submitted to

RIMACHAL PRADESH KRISHI VISHVA VIDYALAYA

PALAMPUR-176062 (H. P)

IN

Partia! tulfilment of the requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE
( PLANT BREEDING )

1986



UNIVERSITY LIBRARY

H.P. KRISHI VISHVA VIDYALAYA
PALAMPUR

Acc. No.al 8 QZZ
Class N ‘3 3'/8»8/Book No. /7//5’

Author/7 Oy :< E u’/c',
Slocles onARe wotove of va.via,-

Title 77, : >
S ivvo ot /i adiatocl
£E2 neecls iia virf“' ale

Borrower’s Due Date Borrower’s

No. No. Due Date




/433 183/
/7178

w6 8¢

28622 -
Yo .55
%}caq P(AS ‘r\—PKW (7 uf

\Jﬁ‘\w T
”Tﬂ%



CERTIFICATE I

This is to certify that the thesis entitled "Studies on the
nature of variation in segregating generations of irradiated and

unirradiated ¥, seeds in rice" submitted for the degree of Master of -

2
- Science (Agriculture) in the subject of Plant Breeding of Himachal
Pradesh Krishi VishVa Vidyalaya, Palampur, is the bonafide research
work _ca:;'ried out by Shri John Ear}l_e MaSSar son of Shri H.C. Lister
under my supervision and that no part of this thesis has been submitted
for any other degree,

The assistance and help received during the course of

investigation have been fully acknowledged.

\ .
Palampur (P.C. KatM
) , _ Major Advisor
Dateds: {4 wasinvy . 19 %L
ate L{i%wc\%/ﬂ’é



CERTIFICATE II

- This is to certify that the thesis entitled "Studies on
the nature of variation in segregating generations of irradiated and

unirradiated F_ seeds in rice" submitted by Shri John Earle Massar

2 .
son of Shri H.C. Lister to the Himachal Pradesh Krishi Vishva Vidyalaya,
in partial fulfilment of the requirements for the degree of Master of
Science (Agriculture) in the subject of Plant Breeding has been

approved by the Students’ Advisory Committee after an oral examination

on the same, in collsboration with the External Examiner.

..,.S ' C, 7';
External Exami
i 1%‘%
o
V”:/g’ _ ~
3 -9 anh.wgzggl‘?*f\:ggz}A\H‘Qc

Head of the Department De
College of Agriculture

ol -

Dean TR
Post-Graduate Studies



ANV AN A A LA AN A W K

pe/[cm‘ea[ - §

to §

%‘
i
$ my Hirents §

K A A AN A DN | A~ A AN



ACKNOWLEDGEMENTS

It gives me an immense pleassure to divulge my deep sense of
gratitude to Dr.P.C.Katoch, Rice Breeder and Chairman of my advisbry committee
for his valuable, thorough and painstaking guidance, concrete suggestions,
and constructive criticisms, constant inspiration and encouf%gements during

the course of the present investigation and preparation of the manuscript.

- I feel highly indebted to Dr.K.D.Sharma, Professor and Head,
Department . of. Plant Breeding, DreR.P.Kaushik and Dr.Brij Paul, members of my
advisory.committee. for their prudent and crisp approach and valuable suggestions
which have r?ally gEricbeﬁwth? c?ptent§ of this manusgript.

I owe lively sense of gratitude to the Professor and Head, Department
of Plant Breeding and Dean, College of Agriculture, Palampur, for providing

me necessary facilities during the entire programme of study,.

. During the work a lot of people have in one way or another been
involved, in some. cases unawarely involved, in the preparation of the
manuscript. Without giving any names, they are all acknowledged for their
helpful inspiration.

I am also thankful to the Government of Meghalaya for awarding me
a fellowship for this study.

Finally, I shall requite my deep sense of indebtedness to my parents
and other family members in vouchsafing all the spoken and unspoken
encouragement, love and affection without which I would have been handicgpped

to present this work.

Palampur



Title of thesis Studies on the nature of variation in
segregating generations of irradiated

and unirradiated FZ seeds in rice.

.

Name of the student John. Earle Massar
P-8 2~ A~30-M
Dr, P.C.Katoche

Plant Breeding

e

Admission No

Name of Major Advisor

Major subject

(1]

Minor subjects : Biochemistry
Degree awarded 3 M.S¢,

Year of award of degree s 1986 . ..
Total pages : 78 + viii
Number of words in Abstract : Lol

ABSTRACT

Dry FE seeds of two. crosses of rice y_}_g. Himalaya=-1 x Phul Patas 72
and Himalaya~1 x China 988 were irradiated with 25 kR gamma-rays. The
experimental material for the trial during kharif, 1983 corhprised FZ’ F M,I]
of the two crosses alongwith their parents. During kharif, 1984, the
experimental material comprised of F3’ F}‘MZ and the parents of the above crosses,
The study was undertaken to asssess the magnitude of induced variability for
yield and some quantitative characters and to study the spectrum and frequency
of macro-mutations induced.

In the cross Himalaya=-1 x Phul Patas 72, the mean values for panicle
length, fertility percentage, and yield per plant decreased znd for number of

tillers per plant increased significantly in F as compared to the FZ’ however,

M
for plant height and 100-grain weight, no diffsr:nces were observed, In the
cross Himalaya=1 x China 988, significant decrease in F2M1 as compared to F2 for
plant height, panicle length, fertility percentage, 100-grain and yield per plant
was observed where as for number of tillers per plant no difference was observed.
The spectrum of chlorophyll mutations in both the crosses, comprised
mostly of aglbina followed by xantha, striata, xentha-alba, and viridis., In both

the crosses, the overall frequencj based on M1 plant progeny was higher than that

calculated on the basis of M2 seedlings. In the cross Himalaya-1 x Phul Patas 72,

the mean vglues in F3M2 for days to heading, plant height, number of tillers
per plant, panicle length,100-grain weight and yield per plant remained unchanged,



2

whereas, significant decrease was observed for fertility percentage a5

compared to the F_, In the cross Himalaya-1 x China 988, the means in

3> 7
F3 MZ remained unaffected when compared with F3 for all characters studied

except for yield per plant where it decreased significantly. Significant

varisetions have been observed within F

3 and F3M2 progenies of the two crosses
for all characters except for fertility percentage in both F3 and FBMZ of
the cross Himalaya=1 x China 988, However, no significant differences in

variances were observed when the irradiated population (FBM ) was compared

2

) in the two crosses except for yield per
: , 3" ching 998 .
plant in the cross Himalaya-1 x Bhwl Pates 72. In the cross Himalaya-1 x Phul

Patas 72, moderate to high estimates of heritability and genetic advance for

with the unirradiated population (F

days to heading and yield per plant in F, and days to heading and plant height

3
in F3M2 were observed, In the cross Himalaya=-1 x China 988, these estimates
were moderate to high for plant height and yield per plant in F3 and for
days to heading, plant height and yield per plant in-FjMZ. Selection in

these populations may therefore lead to improvement of different characters,

A few progenies in different populations which have higher yield in
comparison to the highest yielding progeny of the recomended variety have
been identified. These progenies are also superior for one or more yield
components. Selection of these progenies from different populations and

further evaluating them in yield test may lead to the development of high

yielding genotypes in rice,

Countersigned

Head of the Department,
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Chapter - 1
INTRODUCTION

Rice (Oiyza sativa L.,) is considered to be the native of
South~east Asia, which includes India and China. It.is the principal
£00d of nearly_hélf of the mankind. Hence, higher yields coupled with
improved nutritional éuality is of prime importance. '

Rice is the major kharif crqpvof Himaghal Pradesh,_next only
to maize, occupying an area of gPprqximgtely.92.8 thousand hectares during
1983—84 wi?h'g production of 111.5 thousand tonnes and an average of
1200 kg/ha.(Anpnymous, 1984), In Himachal Pradesh, rice is grown at
élgv§tippsranging.f:om 200 metres‘to 2250 metres, The rice growing
season is relatively short, temperature fluétuates extremely and the
crop is gxposed to low temperature,>partiéﬁlarly at flgweringAstage
ggggipg low temperature damagelgoupled with neck blast. Although good
progress has been made ip.the>development of rice varieties in Himachal
Pradesh, yet the losses in yield cansed by blast, low temperature and
@:ought etc. are regular featurgs, Devglopmentvéf Varieties resistant
tqrblas? and tolerant to drought and low temperature with acceptable
grgin éug}ity offers the possibility of increasing the rice yields in
the étate.

The presence of sufficient genetic variability in a population
is a pre-requisite for the success of a breeding programme. The idea of
prodgcing artificial mutations and utilizing them for improving cultivated
plants was indicated as early as 1901 by De-Vries. Muller (1927) in
Drosophila and Stadler (1928) in maize and barley discovered that mutations
can be induced artificially by irradiation. Mutation induction is a

real and proven way to create variation withih a crop variety, Artificial



mutagenesis offers a possibility for induction of desired attributes,
perhaps some of those that either cannot be found naturally or have
been lost in evolution, It is an established fact that mutagens,

beside causing changes in major genes, also induce mutations at loci
governing the quantitative characters, These micro-mutations can be
detected in the form of increased variance in M2 generation. S8ince

most of the economic traits show polygenic inheritance, more information
on the induction of genetic variéhility in them through mutation is
needed.

Pure bpeeding homozygous genotypes have generally been used
in mutation breeding experiments, Lately, the importance of q%tagenesis
in increasing the recombination rate with a possibility of adding
induced variability to that inher#nt in a cross has been realised and
heterozygous and heterogeneous populations of different crop species
have been exposed to mutagens. Gregory (1956) h&pothesized that the
variation induced by irradiation might be cumulative with that of
hybridization.

The present investigation was therefore undertaken to make
a comparative assessment of the effects of gamma irradiation (25 kR)
on the amount of induced variability in some quantitative characters

following the treatment of F_ seeds in two rice crosses,viz. Himalaya-1 x

2
Phul Patas 72 and Himalaya~1 x China 988 with the following objectives.

Te To assess the magnitude of induced variability for yield

and some quantitative traits in segregating generations.
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To study the spectrum and frequency of macro-mutations induced

by gamma rays.

To explore the possibilities of isolating desirable phenotypic

mutants,
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Chapter - 2
REVIEW OF LITERATURE

Swﬁmiﬁathan (1965) classified mutations into two major groups,
those which can be detected in a group of plants and their testing
requires biometrical analysis are called micro-mutations, while these
- which can be recognised by a studj of individual plants, involving
gross change in the phenotype are called macro-mutations, A micro-mutation
is a mutational event which causes only small modification of the phenotype
of a trait,

The relevant literature on different aspects studied during
the course of preseﬁt investigation is reviewed briefly under the following
headings:
A, Macro-mutations and phenotypic mutants
B, Micro-mutations and polygenic-variability

C. Mutation frequency and spectrum,

A. Macro-mutations and phenotypic mutants

Iﬁ many cases, induced macro-mutants may not be suitable for
being released directly for cultivation, but they may prove excellent
initial breeding materials (Gustafsson and Tedin, 1954). The great merit
of such mutants is that the variability would be available’in a well
adapted variety,

Syakudu et al.(1958) and Yamagata and Syakudu (1960) obtained
early and late maturing varieties in RZ from four irradiated varieties of
rice with gamma-rays. The change in latter type occured more frequently

than the former,
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Futsuhara et al. (1967) reported the development of a rice
variety 'Reimei' by irradiating the seeds with gemma-rays. Reimei has
short culm and is resistant to lodging. Similarly, development of short
statured and lodging resistant mutant varieties has also been reported

by Marie and Tinarelli (1972) and Ree (1973).
mn

Mutants that ripened earlier tha/tf the parent variety have been o
' A LS

TN
reported by many workers in rice including Jodon (1958), Kawai (1963),
—
Rajagopalan (1968), Viedo et al.(1970), Haq et al.(1971), Swaminathan
et al.(1971), Woo and Chang (1971), Bari and Awan (1974), Somoto and

-

Kanai (1975), Awan and Cheema (1976), Rutgers (1977) and Sharma . .
(1985).

Awned mutants have been reported by Siddiq and Swaminathan (1968),
Swaminathan (1970), Ratho and Jachuk (1971) in different varieties of rice.
and R generations |

2 3
that mutants with early or  late heading dates showed the least frequency

Tanaka (1968) concluded after studying R

and each mutant line showed concurrent or combined changes in three
characters on an averagee

Gill et al.(1969) obtained an open spikelet mutant in M2 progeny
following gamma~-irradiation of seeds of the cross Jhona 349 x Taichung
Native-1, According to them it seems to be a monogenic recessive character.

Swaminathan et al.(1970) isolated a dwarf mutant, Tro:ﬁby Rice - 1
(TR-1) from GEB variety after gamma~irradiation, which produced larger
grains and flowered 15-20 days earlier.

Mohanty (1970) developed a new variety 'Jagannath' by treating

T 141 with X-rays, which is resistant to drought and shattering,



Radiation induced chlorophyll mutations in rice have been
reported by several workers (Imai, 1935; Khanna, 1935; Ehrenberg et al;
19563 Bora and Rao, 1958; Matsuo gggl_; 1958; Yamaguchi, 19623
Swaminathan gi; al, 1962; Tanaka, 19%68; Basu and Basu 1969; Miah and Awan,
1971 and Chekrabarti, 1975).

Saini and Gagneja (1971) treated the F, seeds of the cross

between Jhona %9 x Taichung Native-1 with gamma-radiations and isolated

a mutant in F_, which was shorter strawed and earlier muturing than

3'
Basmati 370, This mutant had longer grains but similar cgoking quality
a5 Basmati 370, Saini and Kumar (1973) also isolated a mutant from the
cross Jhona 349 x Taichung Native-1, which is insensitive to photoperiod
and temperature. It is early maturing, and has shorter straw and grain
of bétter cooking quality. |

Chao (1973) reported that the yielding capscity of the indica
short statured strains, induced in Taiwan Native varieties after
irradiation was equal to that of the improved varieties T(N)-1 and IR-8,
Ram (1974) also isolated dwarf mutants with higher yields than the parental
varieties from the irradiated tall varieties (NP-49, NP-114 and NP-8) and
dwarf varieties (IR-8, Jaya and Padma).

Phenotypic and physiological mutants for maturity, plant height
extra large glumes, a#medness, grain pubescence and grain dimensions
have been reported by Bhatia (1973) and Kaushik (1974).

Bhan and Kaul (1974) reported a long-grained, strong culmed true
breeding mutant with pleiotropic effects on genes governing 6ther~

quantitative characters in Jhona 39 following treatment with gamma rays.
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Saini gz_g;, _(1977) reported the recovery of a mutant '
following gamma-irradiation, which was 72 cm shorter than the parent
variety Basmati 370, earlier by ten days and 83,7% higher yielding.

Mutant varieties with short stature, early maturity and improved
‘tillering, grain yield and protein content were reﬁorted by Shaikh (1981).

Avan and Cheema (1981) compared the semi-dwarf mutants obtained
through gamma-irradiation with the tall indica parent variety Basmati 370
and reported that reduction in height was associated with reduction in
panicle components of yield, the degree of change differing between
mutants and characters. The mutants were true breeding,

Malik (1982) isolated two rice mutants in the M_ generation

2
of Basmati 370 following gamma-irradiation. Basmati A 54 is a high
yielding, semi-dwarf, matures 28 days earlier than Basmati 370 and has
superior agronomic and quality traits. BMS=1 is a semi-dwarf mutants
with 15-20 tillers per plant, reduced grain size, partially naked grains,
35-40% pollen sterility, afternate branching from every stem node and
erect leaves,
B.’Micro-mutations and polxgenic Variability

The variability caused by micro-mutations is polygenic in
nature and of great importance to plant breeders., A better understanding
of the mutation precesséss in such genetic systems and the nature of
induced variability is of utmost importance in the application of induced
mutations to plant breeding problems, as it tends to shift the mean of

the homozygous lines,



The first analysis of induced mutation for quantitative traits
in rice based on biometrical analysis was published by Oka et al.(1958),
They observed increased variances for planf height and heading date in
X~ray irgadiated population over the control, though the means remained
unchanged, This suggested that polygenic mutations with plus and minus
effects occur equally frequently in both directions. However, these
results were criticized by Bateman (1959), who reported that not only the
variance but also mean values for plant height and days to heading
increased significantly after irradiation. In his opinion the overall
effect of polygenic mutations was unidirectional and no plus and minus
mutations around the control mean could be obtained,

Increased variances for different quantitative characters were
reported by several workers. Variances were increased for heading date,
plant height and panicle length (Kao et al, 1960);vflowering date, length
and rigidity of culm, leaf width and grain length (Boroughs, 1962); plant
height, plant weight, tiller number, panicle length and grain yield (Sakai
and Suzuki, 1964); awn length, number of effective tillers and grain size
(Venktanadachari, 1963); panicle length, grain number per panicle and
100-grain weight (Vairavan gﬁ_g&. 1973); tiller number, panicle length,
grains per panicle and yield per plant (Mallick et al, 1979) in rice
following mutagenic treatments, Increased variances accompanied by the
shift in the means vere also observed for various quantitative characters
in rice, following physical and chemical mutsgenic treatments (Sato, 1966;
Roy and Jana, 1971; Jana and Roy, 1973; and Chakraborty and Sen, 1979).

Ota et 21.(1962) irradiated dry seeds of Hamayu variety of rice

with gamma~-rays and found that variance increased with the increasing
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dose, while the means did not differ much in irradiated and non-irradiated
lots,

Miah and Yamaguchi (1964) treated the seeds of two rice varieties
and their F1 seeds and suggested that manifestation of mutated characters
was modified by background genotype, and it was apparent that we could
select more desirable variants by the irradiation of hybrid seeds in
comparison to irradiation of the seeds 6f~bure varieties,

Saini and Sharma (1970) studied the radiation induced variation
for days to heading, plant height, tillers per plant and yield per plant
in varieties Jhona 349 and Taichung Native-1 and the FZ of the crosses
betwéen them, The mean values remained unchanged in the firradiated
populations compared with the control. There was, however, an increase
in genetic variance following irradiation. Hybridization combined with
irradiation resulted in greater genetic variance than irradiation of
parental types,

Ganashan (1971) selected a high yielding mutant line M1 273, with
shorter culm, relatively darker green leaves and an erect growth habit,
from the progeny of gamma-irradiated seed of Hh’ a Ceylonese varietyy

Chand et 21.(1974) have found the highest phenotypic and
genotypic co~efficients of variance and highest expected genetic advance
for grain yield per plant., High broad sense heritabilities were recorded
for spikelet numbers per panicle, number of panicle bearing tillefs, days
to heading and yield per plant. Most variation eccured at 15-20 kR doses
with normal grain moisture,

Virk et al. (1978) treated the rice varieties Jhona #9 and
Taichung Native-1 and their E1 hybrids with different doses of gamma rays.

A significant increase in variation was observed after exposure. The
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magnitude of two types of variations j.e. induced variation in pure
breeding.lines and variation from hybridization segregation were almost
the same for yield but was greater for planf height and tiller number
in case of hybridization segregation,

Deng (1981) showed that in early mutants from the M, of 6060
gamma-irradiated rice Taiying 1, the heritability values were in the
order of 100-grain weight > heading date> plant height > grain number per
panicle> grain weight per plant > panicle length ) panicle number 'per~-
plant. |

Savov (1983) reported that considerable variation in height
was found in the M_ of six cr§sses of wheat varieties following irradiation

2
of F, and F, grains with 5-15 kR gamma-rays. Upté 12.6% of mutants,
depending on dosage and cross combination, had short culms., Plant with
short and strqng culms, upright leaves, productive spikes and good
resistance to rust were obtained after irradiation of F2 grains.

Zhou (1983) reported that in the M_ derived from grains treated

2
with 2 kR gamma-rays, heritability values for panicle length, panicle
number, grain set per panicle, grain number per panicleé and fertility
were higher in the late maturihg mutants than in the early maturing mutants,
In the M3, the heritability values for 1000-grain weight and heading date
were 94,1 and 88.8% respectively in the early mutants, while 83.1 and 74.6%
for panicle length and fertility in the late mutants,
C. Mutation frequency and spectrum

Chlorophyll mutations are the most important group of mutations,

which have great significance in methodology investigation of mutation

breeding programmes., However, chemical frequency might be more closely
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correlated to gene mutation than the parameters like growth reduction
and plant lethality, which have a major physiological component associated
with induced genetic changes (Brun, 1954; Kaplan, 1954; Blixt et al. 1960
and 1964).

Different methods have been suggested for measuring the

frequency of chlorophyll mutations per 100M plants (Gustafsson, 1947).

1
However, Gaul (1960) observed that the number of chlorophyll mutations per
100M 1 seedlings provide the best index for measuring mutation frequency,
as it is proportional to the initial mutation rate and the .~
size of the mutated sector. S8imilar observations were also made by
Eriksson (1965), Jacobson (1966) and Sethi (1968). |
Sharma (1§68) reported a linear increase in chlorophyll mutation
frequency with increase in dose of Ethyl methane sulphonate (EMS) and
gamma~-raySe
Ram and Zaman (1972) treated IR-8 with gamma-rays and found
that both glbina and xantha types were lethal and died after 10-15 days.

Albing died a week earlier than xantha, whereas, green-striata (white

bands on green leaves) and albina-striata (green bands on white base)
survived and gave normal seed setting and normal plants in the R3 .
generation,

Mehra. (1975) reported that the frequency of chlorophyll mutations
induced by gamma-rays was the highest in the main panicles, followed by
lateral-I and lateral-II panicles,

Nayar and Ninan (1978) studied the frequency and spectrum of
gamma-rays induced variation in rice variety Jaya and found that exposure
of dry seeds to three doses of gamma rays feduced panicle length in the
M_ and M3 generations, There were no differences for this trait between

2

dose or between the seven panicle categories studied, High estimates for
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genetic sdvance and heritability indicate that this trait can be improved
through mutation breeding. ‘
Reddy‘gg‘ég, (1979) treated dry seeds with gama-rays followed
by chloral hydrate, ethanol and methanol or mixtures of these chemicals
and reported that chemicals gave rise to more chlorophyll deficient mutants

2
Wu and Zhang (1983) reported that the frequency and range of

in the M, generation than did tfeatment with gamma~-rays alone,

following irradiation of grains with gamma-rays, were

-

mutation i? the M2
correlated closely and positively with the dose of radiation and negatively
with thelnq seedling survival rate and fertility.

Alteration in the spectrum of chlorophyll mutations is another
genetic effect, usually taken as the most important measure of mutagen
specificity in higher plants., Chemical mutagens, especially alkylating
agents, produced higher frequency of viridis type than radiations with
which produce glbina type with greater frequency (EBhrenberg et al, 1959;
Favret, 19%60; Konzsk et al, 1961; Sharma, 1968). Nanda and Misra (1975)
observed that albina mutants occured with greater frequency, following |
gamma-rays and EMS treatments.

Seetharam and Nayar (1978) reported that chlorophyll mutants
arising from seeds of an indica selection treated with EMS alone were
mainly of the figrina type, wbile those arising from gammayrajs treatment

alone were mainly of the albina and xantha types.

Nallathambi and Raja (1982) treated the grains of rice variety
CO 37 with gamma-rays and EMS seperately and in combination., Mutation
frequency could be estimated equally well as number of mutasits per

100 M1 spikes or number of mutants per 100 M2 plants, Treatment with
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gamma~-rays gave higher mutation frequency than did EMS, Combination
treatment induced mutations in higher frequency. The gamma-rays

treatment produced albina, xantha and striata mutations, whereas IMS

and combined treatments produced these types and virescens, Albina and

xantha were the most frequent mutations overall but combined treatments

produced more albina mutations than did  the separate treatments,
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Chapter - 3
MATERIAL AND METHODS

The present investigation was carried out at the exéerimental
area of the Department of Plant Breeding,Himachal Pradesh Krishi Vishva
Vidyalaya, Palampur during the kharif seasons of 1983 and 1984, The
experimental material for the study during kharif 1983 comprised of E2

irradiated and unirradiated seeds of two crosses alongwith the parent

varieties as described below:

Te EE and th_ll generations, kharif 1983

The F2 seeds of the two crosses in rice, vige., Himalaya=-1 x Phul

Patas 72 and Himalaya-1 x China 988 were treated with gamma rays. 500 dry

seeds of F_ 's of each cross stabilized at 13 per cent moisture content were

2
irradiated ;rith 25 kRvgamma rays in 6000 gamma rays cell from the Division
of Genetics, Indian Agricultural Research Institute, New Delhi, Untreated
500 F2 seeds of each cross and 100 seeds of each parent were used as
control,.

The F2 seeds of the two rice crosses, along with their E2
irradiated seeds and parents, were sown on a moist filter paper treatment
wise, in seperate petridishes during 1983, The temperature was maintained
at 30°C during germination. Sprouted seeds were transfered to the finely
prepered nursery trays, Thirty days old seedlings were transplanted in
the field at 20 cm x 15 cm spacing to raise the F2 and F2M1 generations
during &h_g_rli 1983 alongwith the parents,

Following observations were recorded on 100 competitive plants
of each of the Fa's and Fa irradiated populations and on 20 plants of
each of the parerital populations,
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1o Plant height (cm)

2. Number of tillers per plant
3% Panicle length (cm)

k, Spikelet fertility (%)

5. 100-grain weight (g)

6. Grain yield (g)

At maturity, the selected plants were harvested individually,
keeping the main panicle seperately and bulking the remaining panicles
of each plant. The remaining plants in each treatment were harvested
and bulked, The main panicles were studied in the laboratory for panicle
length, and number of fertile and sterile spikelets, One hundred grains
were counted and weighed for each plant individually. The weight of
grains from the main and other panicles of the plant was recorded for
yield per plant,

Statistical anglysis

The data recorded on various quantitative characters in E2

and F2M1 génerations were analyzed statistically using following formulae.

m
Mean (x) = f X

AY

Where, Xi :i.th observation of a given character

total number of observations
(%% )2
£ xia - n

n

Variance (SZ)

Standard error = s2
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Where, x, and n are the same as above and

52 = Variance of the sample
Bignificance of difference between any two treatments for

obsefvations recorded in percentages was done by using Z-test,
X
2 areSin\/ 1= 2 sresinV*2
/ 1+ A
n, n,

Where, x_ and x_ are observed vazlues (expressed in decimal

1 2

fraction) and n, and n, the number of observations in two treatments

being compared. The standard error of percentage was calculated as

2 =

follows:s

S.,E, of percentage =,/ pg
/ n

Where, p is the percentage expressed in decimal fraction,
q=1~0p and n is the number of plants,
The significance of difference of any two treatment means

for other observations was tested by using Student's t-test,

b2
2
Where, t = calculated value of t at respective degrees of freedom
m, = Sample mean of one treatment
m, = sample mean of the other treatment
n, = szmple size of one treatment
n, = sample size of the other treatment
8 = Pooled standard deviation and

, ' 2 2
SJ = - -
v//(n1 1? 51 + (ng 1) Sg
2
n, +n, =
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where,S12 and 8 2 are the variances of the two samples of

2

sizes r, and De
The experimental material during kharif 1984 comprised of FB
and F3M2 of the two crosses alongwith the parent varieties as described

below:

'y . . l+
2 23 and F3§2 enerations, kharif '128~

The Séeds from randomly selectgd normal looking L0 F2M1 plaﬁts,
ko F, plants from each of the two crosses and 5 plant bulk for each parent
were sown in the nursery beds for raising the seedlings of F3, EBMZ and
parental populations, respectively., Fifteen, one month old seedlings of

3
parent per replication were transplanted in a randomized block design with

each of the 40 F,'s and 40 F3M2's progenies, alongwith 75 plants for each
three replications. The row to row and plant to plant spacings were kept
as 20 cm x 15 cm, Chlorophyll mutations and other variations, if any, were
recogded at seedling stage. Two rows of purple-leaved dwarf variety

R x T-47 were transplanted on either side of each replication to eliminate

border effects, The field was checked regularly and gap filling was done

from the balance nursery within 10 days of transplanting,.

Fertilizers were applied at the rate of 100 kg N and 50 kg P205
and 50 kg K20 per hectare. Half the dose of N and whole of.PZO5 and K20

were applied through German Mixture at the time of last puddling before
transplanting and the remaining nitrogen was top-dressed through urea in
two equal split doses 30 and 60 days after transplanting., Adequate water

supply was maintained throughout the growing period of the crop,
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The following Observations were recorded on five normal looking

randomly selected plants in each progeny replication wise.

1« Days to heading: Number of days taken from sowing to panicle emergence,

2. Plant height (cm): Measured from the ground level to the tip of the

main panicle, excluding awns, if any.

3« Tillers per plant: Number of panicle bearing tillers were counted and

recorded at the time of maturity.

Lk, Panicle length(cm): The length of main panicle of each selected plant

was measured from the panicle base to its tip, excluding awns, if anye

5 Fertility percentageﬁ The main panicles were threshed seperately and
the number of sterile and fertilfe spikeléts in each of them were
counted and fertility percentage calculated,

6. 100-grain weight(g): 100-grains were counted from the yield of each
piaut and their weight recorded. _

7+ Grain yield per plant (g): The grain yield of the selected plants was
weighed and recorded,

Chlorophyll mutants in the progeny of FM, plants(EjMé)were
counted and the number of mutant seedlings recorded in the progeny on
population basis, The identification and classification of chlorophyll
mutants were done according to Gustaffson (1947).

Chlorophyll mutation freguency |

The chlorophyll mutation frequency in F3M2 was calculated by

using the following formula:

14
No. of mutated seedlings » 100
Total no, of Ma seedlings

Mutation frequency on M, seedling basis (%) =

2
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Statistical analysiss Esch individual family i.e. F3, F3M2 and parents
of each crosses were analysed seperately as per the analysis of variance

given by Panse and Sukhatme (1967)e

Analysis of variance for individual family

Source of variation d.f. Mean squares Expectations of mean
squares
Replication (r - 1) - . -
; : 2 2
Progenies (p = 1) ms1 o= & r 0y
Error (r =1(-1 ¥, : 032

The genotypic and phenotypic variances were computed by

the f ormulae,

Genotypic variance (Vg) = MS, - MS,

r

Phenotypic variance (Vp) = Vg + 0_;2

Where,

&
it

q = mean sSquare due to progenies

&
L}

5 = mean Square due to error

e}
i

number of replications
Phenotypic and genotypic variances were further used to compute
Varieus genetic parameters as follows:

1¢ Phenotypic coefficient of variation (PY¥)
BCV% = ViR X100

X
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2. Genotypic coefficient of variation (GCV)
GCvY =‘/¥§x 100
X

Where X = mean of the character.
3e Heritability
Heritability in broad sense hﬁé was estimated as the ratio of

genotypic variance to total phenotypic variance,

2 _ g
h'bs ~ Vp
L, Genetic advances
o 2
A ._\/Vp x hbs xk
Where, k = constant whose value at 5% selection intensity is 2,06,
2
s

Vp

heritability in broadsence

Phenotypic variance

Pooled analysis of Varisnces

For comparing the mean values and testing the significance
of variances within and bétween familes, analysis of variance was dor:e
for all the quantitative characters as per standard procedure for

pooled analysis and the total treatment variance was partitioned due

to different components as follows

Source of variation d.f. Expectations of mean squares
Replication 2(r-1) -
Ireatments 3(:6_"_1) C,:;_2 + T o_%'a
Himalaya 1 Vs PP 72/CH 988 1
F, Vs F ' ‘ 1
5 15 F5
F 3.and FBHZ V.?, Parents 1 ,
Errop - 6 (r=1)(t=1) oz

Total 11 (rt-1)
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Standard error and critical differences

Standard error of mean

e

a——

r

The critical difference for comparing two treatment means was calculated

by using the formula as

C.D.B%:/ 2% 032

x t at 5% for error degrees of freedom.
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EXPERIMENTAL RESULLS

The results obtained from the experiments conducted to study
the nature of variation in segregating generations of irradiated and

mnirradiated F2 seeds in rice are presented below generation-wise.

&i
F2 and F2M1 generation

The observations on fhe effect of gamma rays on FZ seeds
CF2M1), as measured by plant height, number pf tillers per plant, panicle
length, fertility percentage, 100-grain weight and grain yield per plant
are presented in Table-1. |

Plant heights

In cross Himalaya-1 x Phul Patas 72, both F2 and F M1 showed
2

a sigpificant increase over the shorter parent i.e, Himalaya-1 and a

significant decrease over the taller parent i.e. Phul Patas 72, The F2

and F2g1 showed an increase of 4,68 per cent and a decrease of 1.30 per cent,
respectively over the mid-parent values

In cross Himalaya-1 x China 988, only F2 showed a significant

increase over the shorter parent i.e. Himalaya-1, whereas, both F, and

F2M1 showed a significant decrease over the taller parent i.e. China 988,

There is an increase of 2,40 per cent in F_ and a decrease of 16.52 per cent

2
in F2M1 over the mid-parent value for plant height,
The mean plant height in 25 kR gamma rays induced Ea generation
(F2M1) decreased significantly as compared to the mean of E2 generation

in both the crosses,

Number of tillers per plant:

In cross Himalaya-1 x Phul Patas 72, both FZ and E5y1 exhibited

a significant decrease over the better parent i.e. Himalaya=-1 but a
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significant increase over the poor parent i.e. Phul Patas 72. The F,

and E2M1 showed a decrease of 13.06 and 2,92 per cent, respectively over

the mid-parent value, The number of tillers increased significantly

following 25 kR gamma-irradiation as compared to the untreated E2

population,.
In cross Himalaya=1 x China 988, significant and non-significant

decrease over the two parents i.e. China 988 and Himalaya=1 respectively

was observed in both Fé and E2M1. A decrease of 14,06 per cent and 13.19
per cent was observed in Ea and F2M1 over the mid parent respectively.
No significant difference was observed between E2M1 and E2 for number of

tillers per plant.

Panicle length:

The E2 and EéM1 of the cross Himalaya-1 x Phul Patas 72 exhibited

' significant decrease over Phul Patas 72 but the difference was not

significant when compared to Himzlaya-1. The F, and F2M1 showed a decrease '

of 3,21 per cent and 4,10 per cent respectively over the mid-parent value.
No significant difference was observed between the means of panicle length
of F2M1 and'EZ.

In the cross Himalaya=1 x China 988, the F, and F M, showed a

significant decrease over the better parent i.e. Himalaya-1, whereas, no

significant difference in F2 and E2M1 was observed when compared with

China 988, F2 and F2¥1 showed a decrease of 1435 per cent and‘7;59 per cent,

reSpectively'over the mid parent value. A significant decrease in pamicle

length of F2M1 over Fé was observed,



Fertility percentage:

In cross Himalaya-1 x Phul Patas 72, both EZ and E‘aM,‘ showed

a significant decrease for fertility percentage over Himalaya-1e However,

only FZM 1 showed a significant decregse in fertility percentage over

Phul Patas 72, A decresse in fertility percentage of 18.41 and 55.51 per

cent in FZ and F2M1 respectively was observed over the mid parent value.

In cross Himalaya-1 x China 988, the F, and F M, exhibited a

2
significant decrease for fertility percentage over both the parents,

However, there was decrease in the fertility percentage of 27.43 and

60.88 per cent in F2 and E2M1 respectively over the mid-parent value.

In both crosses, fertility percentage decreased significantly

in F2M1 as compared to the F-2

"~ 100-grain weight:

populations.

Significant increase in 100-grain weight were observed in both
untrealted/ and treated F2 populations of the cross Himalaya-1 x Phul
Patas 72 over parent Himalaya-1, whereas, the differences were non- .
significarit over Phul Patas 72. There is an increase of 7.69 per cent
in F, and 11.54 per cent in F2M1 over the mid-parent value. No
;ignificant difference for 100-grain weight between F2M1 and F_ was

2
observed,

In cross Himalaya-1 x China 988, there were significant increase

for 100 grain weight in F-a and E2M1 populations over Himalaya-1, whereas,

only E2M1 population showed a significaht decrease over China 988. In

F, and F M, populations an increase of 7.49 per cent and 0.88 per cent,

respectively over mid-parent value was observed, 100-grain weight

: 7
decreased signifi in F i td-
ecre significantly in FZM‘I as compared to the'(m;é perent raiine,
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Table 1 : Mean values and standard errors for different characters in parents,

F2 and F2M1 generations,

Varieties/ Plant "Number of Panicle Fertility 100~ Yield per

. Treatments height tillers length (cm) grain Plant
- Aem) per plant - (cm) - _ weight(g) (e)
Te 2. 3. L, 5e 6. 7.
Hinalaya-1 62.6+o % 7.05+o.67 223140+ 21 82.90+1 39 2.o6+o 02 9.0?»1.
Phul Patas 72 _121.8+2.88 3.2040.27 2l+.l+8+o 25 6h, lma.?? 2.09+0.05 8.15+o 67

Mid parent value 92.231.52 5.13w 36 23.40+o 16 73.65*1 55 2.0840 03 8 62+o.73

F2(Hima1aya X

Phul Patas 72) 964541063 4o U6+0.17 22.65+40.2% 60.9942.03 2.2440.05 6.7140.43
Increase/Decrease 4vé6 4"'06 S <8~4- .6. . )
over Mid parental e - =13.06 -3.21 —18.51 47,69 =22.1
valueCZ} | _- |
Increase/Decrease '+54b15“ -36-74*‘+1.52 -27.52" +8.74‘ -26.10*

over Ist parent(%)

Increasé/Decrease *» **

. o .
over 2ad parent(%) ~20.77 +39.38 -7.48 ~6.71 +7.18 -17.67
F2M1 (25 x®) 91.04%.58 4.9848.18 za.l+4+o.27 32.77+§ 50 2.3240.05 2.34.5’23

P

(Himalaya-1 x Phul Patas 72)

Increase/Decrease over:

mid parent value(%) -1e30 -2.92  =k.10 ~55¢57 +11.54 =72.85

Increase/Decrease over '

Ist parent (%) +l+5,3?" -29.36" +0.58 -60.4?“ +12.62* -74.23“
*x T x5 *

Increase/Decrease 25,29 455,63  ~6.33 ~49.,12 +11.00 =71.29

over 2nd parents())

contd scseose
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1 contd ,.... .
e 2. e L, Se Ze
Himalaya=1 66.741.32 6.50+0. 66_ 23.14+o 26 64,2141, 51 2.0740.03 9.54+1.08
China 988 91.9%1.95 7. 30+0 54 21.0940.40 80 N1e 87 2.47:.0.03 9.87«0 98
Mid parent value  79.3%1.18 6.9040. 43 22.12+o.24 82.56+1 20 202720.02 9.7140.73
FZ’(Himalaya'1 x 81428137 5.93_:0.2# 21.7140. 21 50.91_»,_2.32 2.4430.03 5.5710.110
China 9_88) '
Increase/Decrease : . . o B o o
over mid parent +2.40 -14.08  ~2.85 -27.43 +7.49  =ho.6k
value(%)
Increase/Decrease T, Co S - T ks
over Ist parent(%) *21.72'_ ~8.77 6,18 ~28.86 +17.87M hp,eh’t
Increase/Decrease o T Co T T o
over 2nd parent (%)  -11.6% " -18.77  +2.9% 25,95 -1.21 <4357
F M (25 kR) : , S L S
égHér;lalaya-'l x Chine66.247922 5.9940.28 204443721 32.3040.03 2.2940%83 1.6438.18
Increase/Decrease 6 - Aé ~88 ‘88 “8 5
over mid parent -1 '52 ‘13-19 "‘7-59 - Of +0, - 3.11
value (%) o “
Increase/Decrease -0.75 ~7.85 -‘l'1.6“;’F -61.6a. #10.6§f -82.8‘;F
over Ist parent (%) .
Increase/Decrease -27.97*‘ -17.95“ -3,08 -60.07*‘ -7-29‘* -83.35‘
over 2nd parent(%) '

##, * - Significant increase or decrease of F, and FZM% over parents at 5%

and 1% level respectively

++, + - Significant increase or decrease of F2M1 over F2 at 5% and 1% level

- respectively,
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Yield per plant:

In cross Himalaya-1 x Phul Patas 72, both F2 and F2M1

populations showed a significent decrease in yield per plant over the

better parent i,e. Himalaya-1, whereas, only F2M1 population had

significant decrease over Phul Patas 72. There is a decrease of 22,16

per cent and 72,85 per cent in F

5 and EZM1 populatlons,réspectlvely

.over the mid parent value,
In cross Himalaye=1 x China 988, significant decrease of yield

per plant in both F2 and F2M1 vopulations over the two parents was

observed, There is a decrease of 42,64 and 82,11 per cent for yield in

F2 and F2M1 populations respectively over the mid-parent value,

In both the crosses, a significant decrease for grain yield

per plant was observed in 25 kR gamma-irradiated F_ populations as

2

compared to normal F2

1Se
Regarding the effect of irradiation on induction of variability

in Mﬁ generation of F_ seeds, it has been observed that in both the

2
crosses, viz. Himalaya-1 x Phul Patas 72 and Himalaya-1 x China 988,

the variance (Table-2) for plant height and yield per plant decreased

as compared to the unirradiated F However,7the decrease was significant

2.
only for yield per plant. The variation increased significantly for

fertility percentage and 100-grain weight in F2M1 as compared to the

F2, whereas, the increase was non-significant for tillers per plant. For

panicle length the variance increased in F M1 in cross Himalaya-1 x Phul

2
Patas 72 whereas it decreased in Himalaya=1 x China 988, but the differences

vere not significant,
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Table 2. V‘ariances for different characters in F2 and F 2M1 generations
of two rice crosses ’

oL NCharacters | Plant Number of Panicle Fertility 100- Yield per
Treatment height tillers length percentage grain plant

F

per plant - weight
2 | - ' :
(Himalaya-1 x PP 72) 266,264 2,998 50662 4111 0,203  18.196
FZM , ,

1 ‘ * » %
(Bimalaya=1 x PP 72) 250.396 3.373  7.049 623.87%6  0.299  5.hho
F2 ]

Himalaya=1 x 188,499 5,824  H.517  539.129  0.063  15.988
China 988
FM

¢ 1 * ' * 2]
China 988 , ’ )

* Significant increase or decrease in FZM'I over F2 at 5% level

** Significant increase or decrease in F M1 over F

S at 1% level

2
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Spectrum and freguency of chlorophyll mutations in FéMZ

The most striking effect of the physical mutagens is the
occurence of chlorophyll mutations in the progenies of the treated
populations, The frequency of these mutations calculated on the basis

of M_ seedlings and M

> plant progeny are given in Table 3.

1
The overall chlorophyll mutation frequency observed in the

25 kR induced FéMZ generation of cross Himalaya=1 x Phul Patas 72 was

3.09 per cent, whereas, that of cross Himalaya-1 x China 988 was 1.26
" per cent on M2 seedling basis. The same was 27.83 per cent in cross
Himalaya-1 x Phul Patas 72 and 30.61 per cent in cross Himalaya-1 x

.

1

The spectrum of chlorophyll mutations comprised Albina,

China 988 on M, plant progeny basis.

Xentha, Striata, Xantha-alba and viridis as given in Table 3

Albina: This type of chlorophyll mutation occured most
frequently in both the crosses, Himalaya-1 x Phul Patas 72 with 86
albinas and Himalaya-1 x China 988 with 18 albinas, having frequencies

of 1,97 and 0.39 respectively.

3 Xantha: 14 ianthas_w;th a freéuency of 0432 were observed in
the F%yé of the cross Himalaya~1}cPhul_Patas ?2 and 1% xanthas wit@v
a frequency of 0.28 were observed in the FéM2 of the cross Himalaya=1
x China 988, |

 Striata: In the cross Himalaya-1 x Phul Patas 72, 16 striatas
with a frequency of 0,37, and in the cross Himalaya-1 x China ?88,

14 striatas with a frequency of 0.20 were observed in the FEMZ'



%0

Table 3 : Spectrum and frequency of Chlorophylls mutations induced by -
gamma rays (25 kR) in F3M2 generation of two crosses of rice.

Crosses . Himalaya~-1 x Phul Patas 72 Himalaya-1 x China 988

Treatment FSME(ZS kR) gamma rays F3Ma(25 kR) gamma rays
Total number of k370 _ k608
seedlings . h : :
-} Spectrum .86 . 18
3 ]
Albina ! Frequency (%) 1.97 0.30
]
} Spectrum 14 _ 13
Xantha ! o o -
! Frequency (%) 0.32 0.28
' : . €
, Spectrum 16 1h
Striata o ‘ T o
! Frequency (%) 0.37 0.%0
! Spectrum 13 9
Xantha-! . o Y
alba | Frequency (%) '0.30 '0.20
)
: Spectrum 6 L
Viridis - ' T
| Frequency (%) 0o 1k 0.09
Total 135 58
Overall frequency (%) 3.09 126

(M2 seedling basis)

Overall frequency (%) o
(M,1 plant progeny basis) 27.83 30661
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Xantha-alba: In the ¢ross Himalaya=1 x Phul Patas 72,
13 xantha-albas with a frequency of 0.%0 were observed, whereas 9 xantha-
2lbas with a frequency of 0.20 were observed in the cross Himalaya-1 x
China 988,

Viridis: Viridis occured less frequently in both the crosses,

' 8ix viridis with a frequency of 0.1l were observed in the E3M2 of the
cross Himalaya-1 x Phul Patas 72 whereas, only 4 viridis with a frequency
of 0,09 were observed in the cross Himalaya=1 x China 988,

Anzlysis of variance

Results of individual analysis of variance for various
characters studied in the two crosses are presented in Table 4,

There were no significant differences within the parent
varieties used in two crosses for different characters studied. Within
E3 and E3M2 progenies of the two crosses there were significant differences
for all the characters, Viz., days to heading, plant height, number of
tillers per plant, panicle length, fertility percentage, 100~-grain weight

\

and yield per plant except for fertility percentage in both F3 and F3K2

of the cross Himalaya=-1 x China 938,
Range and mean performance of progenies
The range and mean values of individual progenies of parents,
F3's and E3M2's for different characters studied are presented in the
Table 5=104 A
In case of F3 population of the cross Himalaya-1 x Phul Patas 72,
the range for days to heading was 87.2 to 109,0 days with mean days to

heading a5 97.1. Progeny numbers 17, 32 and 29 took significantly less
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Mnalyses of variance for different characters in parents, F3 and
FjM of the two crosses, :
2 N .
Varieties , . Meggigggg;es '
and  Pource Ao Nowof  Pamicle Fertility 100-  Yield
Treatments heading height tillers/ length (%) grain” per
plant ‘ weight plant
Himalaya-q [TOECRies 4 29,0 19.0 0.8 0.3 95 0.006 467
Error 8 8?2 14?1 0.2 0.5 .2,8 0.005 1,74
‘ . Progenies 4 6.0 82.6 0.7 1e5 15.2 0.082 4.4
Phul Patas 72 S - T
Error 8 2,6 46,1 0.3 3.5  27.2 0,044 122
F3 normal Progenies 39 813’ 289,7" 3,1" 2,0’ 149,4" 0,1263“F 6,54“
Himalaya-1 Error 78 18.9 119.9 009 1e2 39.8 00032 1069
x PP 72 '

: s aw e *» . e
Fgﬂz Progenies 39 772 379.9 3.3 2.0 106.1 0,163 5,27
(Himalaya-1 Error 78 21,6 69,9 1.0 1,24k 64,5 0.040 1.3
x PP 72) : . - - - - R . - -

- "~ Progenies 4 15.4 5.3 0.2 Ot 32.h4 0.000 0493
Himalaya-1 T e /e 7o e 7 e 7-

Error 8 5.8 10.0 0.2 0.5  10.8 0.002 0.7
- Progenies 4 11.3 10.0 1.8 0.2 11.8 0.001 2.22
Error 8 3.0 3.9 1.h 0.3 el 0.00% 1,065
F3 Progenies 39 47.6 338.5 2,4' 1.8" 58.8 0,087“ 10,14
- (Himlaya=1 Error. 78 24,5 48,7 1ol 1,0  67.4 0.031 0.78
x China 988) ‘
FéM2 Progenies 39 60.3‘ 493.5‘ 2.4*‘ Z.Qf‘ 73. b4 0.095* 7-58*‘

. , _ ‘ _ o

,(c onins ogg)ErTor B89 3.5 10 0.8 559 0.039 0.7

* Significant at 5% level

*#* Significant at 1% level



33

a

number of days to Peading, wheress, progeny numbers 2, 25 and 40 took
'more number of days as compared to the mean of the progenies of this
population. In the'F3M2 progenies of this cross, the range for days to
heading was 89,9 to 109.2 days with an average number of days to heading
a5 97.1. Progeny numbers 20 and 12 were significantly earlier whereas,
progeny numbers 3 and 31 were significantly late in days to heading as
compared to the mean of the population.

The F3 progenies of the cross Himalaya-1 x China 988 had a
range of 86.3 to 1014t days with a mean number of days to heading as
95.2. Only progeny numbers 20 and 37 were significantly earliér in days
to heading as compared to the mean of the populakion. In case of F3M2
of this cross, the range for days to heading was 82.1 to 101.8 days and
the mean number of days taken for heading was 92.9. Progeny numbers 6,
12 and 16 took significantly less number of days for heading,whereas,
progeny numbers 23, 29, % and 37 took significantly more number of days
for heading compared to the overall mean i.e. 92.9 days.

Plant height:

In cas; of F3 of the cross Himalaya-1 x Phul Patas 72, the
range for plant height was 62.2 to 103.1 cm with a mean value of 82,7 cm.
Only the progeny numbers 7 and 37 were significantly dwarf and tall
respectively eVer the mean of the population. The F3M2 of progenies of
this cross had a range of 56.§ t0. 1019 cm with a mean of 77.9 cme
Progeny numbers 13, 14 and 37 had significantly less plant height,
whereas, progeny numbers 1, 7, 18, 20, 23, 26, 38 and 40 had significantly

more plant height as compared to mean plant height of the population,
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In F; of the cross Himalaya-1 x China 988 the range for
plant height was 51¢6 to 92.7 cm with a mean value of 78.1 cm. Progeny
numbers 143, 10, 12, 13 and 24 were significantly shorter, whereas,
progeny numbers 22, 25, 28, 35, 39 and 40 were significantly taller
than the‘mean plant height. In case of F3M2 progenies of this cross,
the plant height varied from 51.0 to 91,0 cm with an average of 7.1 cme
Progeny numbers 1, 6, 7, 11, 16, 17, 22, 23, 29, 30 and 3 were
significantly shorter in plant height,whereas, progeny numbers 2, L,
12y 13, 14y 15, 20, 21, 25, 27y 32y 35, 37 and 39 were significantly
taller as compared to the population mean.
Number of tillers per plant

In different progenies of the F3 population of the cross
Himalaya-1 x Phul Patas 72, the number of tillers per plant ranged from
3e3 to 8.4 with a population mean of 5.0. Progeny number 18 had
significantly less,whereas, progeny number 2, 29 and 33 had significantly
more number of tillers per plant as compared to the average of the
population. In the F3M2 of this cross the range was from 4.0 to 8.0
with mean number of tillers per plant as 5.6. Progeny numbers 13, 22,
and 4 had significantly more number of tillers per plant as éompared

to the mean.

The range and mean for number of tillers per plant in F3 of
the cross Himalaya=1 x China 988 were 4.6 to 8.5 and 6.6, respectively
and there were no significant '~ differences among progenies of this
population. In F3M2 of this cross, the range was 3.2 to 7.8 with mean

as 6.0. Progeny number % had significantly less whereas, progeny

number 3 had significantly more number of tillers per plant as compared

to the overall average of the population.



35

Panicle length

In case of E3 population of the cross Himalaya=-1 \x Phul Patas
72, the range for panicle length was 19.8 cm to 23,7 cm with a mean
value of 21;3 cm. Only progeny number 13 had a significant increase in
panicle length over the mean of the population. In the F3M2 of this
cross a range of 19,5 cm to 23,2 cm with the mean panicle length of
21.2 cm was observed. Progeny numbers 19 and 38 showed significant
increase in panicle length over the population mean.

The F3 population of the cross Himalaya=1 x China 98 had a
range of 19.3 cm to 22.7 cm and a mean of 29.9 cm, Only progeny ﬁumber
33 showed a significant increase for panicle length as compared to the
population mean., In the FBMZ of this cross, the range was 18.9 cm to
22.6 cm with a mean panicle length of 21.0 cm. Progeny numbers 19 and
38 had significantly less panicle length, whereas, progeny numbers 27 and
31 had significantly more panigle length as compared to the mean of
the population.

Fertility percentage:

In case of F3 population of the cross Himalaya~1 X Phul Patas
72, the range for fertility percentage was 3148 to 62.6. Progeny numbers
12 and 18 were significantly less fertile ,whereas,' progeny numbers 4, 6,
37 and 39 were significantly more fertile over the mean of the population
(50.3 per cent)., The F5M2 population of this cross had a .range of 33,2
per cent to 62,7 per cent with a mean of 47.7 per cent. Progeny number
16 was significantly less fertile,whereas, progeny number 12 was

significantly more fertile as compared to the average of the population,
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No significant differences were observed in the progenies of

both F3 and FEﬂz populations of the cross Himalaya~1 x China 988,

100-grain weight

InF, population of the cross Himalaya-1 x Phul Patas 72,
the range and mean for 100-grain weight were 1.75 g to 2.70 g and'2.25 Be
Progeny numbers 28 and 39 had significantly less 100-grain weight,whereas,
progeny numbers 2, 19, 20 and 37 had significantly more 100-grain
weight as compared to the mean of the population. The FBMZ population
of this cross had a range of 1.73 g to 2.92 g with a mean value of
2.24 g. Progeny numbers 3, 11, 18 and 30 had significantly less,whereas,
progeny numbers 13 and 40 had significantly more 100-grain weight
over: the p&pulation mean,

In case of F3 population of the cross Himalaya-1 x China 988,
the range for 100-grain weight was 2.24 g to 3.06 g with mean as 2.46 g
Only progeny numbers 25 and 35 had significantly more 100-grain weight
than the overall meazn of the population, The range and mean of the
EBMZ of this cross were 2.00 g to 2.85 g and 2.40 g respectively. Progeny
number 29 had significantly less,whereas, progeny numbers 2 and 10 had
significantly more 100-grain weight as compared to the. average 100-grain
weight of the population,

Yield per plant

In case of F3 of the cross Himalaya-1 x Phul Patas-72, the.
range and mean for yield per plant were 3.47 g to 9.87 g and 6.43 g
respectively., Among the progenies of the population, only progeny
number 9 had significantly higher yield as compared to the mean of the

population, In F3M2 of this cross, the range for yield per plant was
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4,28 g to 10.39 g with a mean value as 6.21 go In this population,
progeny numbers 6, 12 and 20 had significantly higher yields than the
overall average of the population.

In the E‘3 population of the cross Himalaya-1 x China 988,
the yield per plant ranged from 4.48 g to 12.68 g with a mean yield
of 7,22 g. Progeny nos. 22, 25, 33, 35, % and 39 had significantly
higher yields than the overall average yield of the population., In
F_"BMa population, the range for yield per plant was from 2.87 g to
9.99 g with a mean value of 6.41 g Progeny numbers 5, 12, 13, 15, 18,
28, 35 and 37 were significantly higher yielding as compax.'ed to the
average yield of the population._‘

Variability and genetic parameters:

Various genetic paremeters vig.,genotypic coefficient of
variability (GCV), phenotypic coefficient of variability (pcv),
heritability in broad seneev(Hbs)and expected genetic advance (GA) were
calculated only in those treatments and characters for which the
variances were significant.

These are presented in Tables 11 = 17 characterwise.

Days to heading: In the cross Himalaya=1 x Phul Patas 72, the F

3
population had a higher GCV (4,70%) as well as the estimates of

heritability (52.45%) and expected GA (6.81%) than the F3M2 where the
values were 4.63%,. 46.17% and 6,0% respectively, However, F3M2 had
a higher PCV (6,82%) than the F3 (6.49%).

In the cross Himalaya-1 x Chiga 988, the F3M2 showed a higher~"genotypic
coefficient of variation (3.8%), estimates of heritability (l44.1%) and

genetic advance (5.1%) but a lower phenotypic coefficient of variability
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Table 5 ¢ Mean values of different progenies for various characters in parents
of the cross Himalaya-1 x Phul Patas 72

Varieties Days to Plant No. of Panicle Fertility 100~ Yield/
heading height tillers/ length (%)  grain Plant
* (cm) plant (cm) weight(g) (g)
Hiﬁélgxar1
P, 975 551 37 20.7 59.8 2.05 8.23
P, 93.2 56,8 4.7 213 6k, 2 2.1 - 9,68
Py 0.3 60.0 5.1 21,4 63.9 1.99 9.%0
Py W0 53,2 kS 20,7 62.3 2.07 7.22
Pg 9647 55.8 k443 2140 619 2,04 6.83
Mean 94,93 56,19 L4.84 20.99 624 it 2.05 825
SE(m) + 0.98 1,00 0.21 0.20 0.57 0,02 09k
CD 5% NS NS NS NS NS NS NS
CD 1% NS . NS NS NS NS NS NS
cv 3,01 6.69  8.98 3.26 = 2.68 3.40 16401

P, 104, 3 102.5 345 2340 5048 186 5480
P, 103.1  107.4 4,3 21.8 Sholt 2. 24 8.0k
P, 10545 %9 k3 22.k 564 2.10 6e 37
P, 10645 Be1 35 2145 Sh.2 199 5¢62
Py 106.2 9Be5  3uk 23,0 5143 1.85 4,78
Mean 105613  99.69 6.35 22,34 53437 2.01 612
SE(m)+ 0.49 2,71  0.33 0.k 128  0.06 0.37
CD 5% NS NS NS NS NS NS NS
CD 1% - NS NS NS NS NS NS NS

cv 1453 6481 10,91 8.% 9.77 1050 18,01

NS « Non significant.
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Table 6 : Mean values of different progenies for various characters in parents
of the cross Himalaya-1 x China 988,

Days to Plant  No.of  Panmicle Fertility 100-grain Yield per

Varieties heading height tillers/ length %) weight plant (g)
B (cm) plant  (cm) (g)
Himalgxap1 o . . . o . .
?, 9.1 565 5.0 2.9 Sh2 20k 7.5
P, 97.2  55.3 k5 21.1 58,3 2,02 7.9
2 90 56k S 23 Sha2 20k 778
Py, 9%3 588 5.0 2.3  60.3 2.0k 7.9
P $B.7  57.5. W6 2.3 521 203 6.52
Mean . 96087 56.% 4.51 Z)o% 560"!'1 2003 7039
S.E(m)+ 1,02 0.86  0.17  0.19 1.02 0.01 0.22
CR 5% NS NS NS NS NS NS NS
CD 1% NS NS NS NS NS NS NS,
cv 248 5.56 11.0 2 47 5.84 2405 11029
China 988 . o ) _ .. . o
P1 '97‘_.8 96.2 6,7 2141 50,9 2451 8,80
P, 101.2 933 6.3 213 52.1 2.49 9,03
P, 02,5 917 5.4 0.7 98.1 2,46 7.98
P,;} 98.9 9.0 7.4 20.8  53.2 2.48 9.85
P5 101.5.  92.0 5.9 21.3  h9.9 247 7.70
Mean 100.39 93.44 2,80 21,04 50465 248 8,67
S.E(m)+ 0.83 0.75  0.17 0.18  1.09 0.03 0.35
CD %% NS NS NS ' NS NS - NS NS
CD 1% NS NS NS NS NS NS NS.
cv ' 1.7% 212 h.49 2,78 6.06 129 11.90

NS - Non-significant.
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Table 7 ¢ Mean values of different progenies for various characters in

F3 of the cross Himalaya-1 x Phul Patas 72.. . . .
- Characters
brogemies DS to Plant © Noc of  Panicle Fertility 100-grain ¥ield per
heading height tillers length percentageweight plant

. . - per plant . . - .
% 2. 3. b 5e 6a 7. 8o
?, 9.3 84 53 98 s0.b am 6.6
P; 9.7 843  7.55 20.8 - 149.5 2.59 7.65
Py 024 65.9 ko 21,3 58,5 1 2.22 7450
B, 05 832 5.2 2.5 613 2m 666
P 939 81.?-6, 5.2 2nh 583.6 2.06 8.06
B 1 713 57 26 622 ax G5
7 00.5 622 5.2 0.4 431 292 5.0
Pg 9.0 W1 K 2.0 511 2.8 5,45
Ry %8 TS 5.7 2.0 558 231 9.8
P 92.2 89 e 25 52z 2B 6
Py 012 818 b6 22,0 Hh1 2k 5.8
Ps 0.5 833 b3 212 3.8 202 5.tk
3 %.3 %6 6.0 257 W1 2d0 6
Py Bt 86.1 .51 21k 57,9 2.23 8,43
P %.5 925 2 220  56.h 252 5.68
g HO 855 53 b W5 2 76k
Py 8.5 %4 3.9 28 sn6 22 W
Pg 012 7h1 3.3 20._6 36,7 240 5.1
P 92.0  93.8 k.3 22.7 k1.6 261 5.10
L 93..7 935 6ok 215 b6 2.21 5022

contd, etoe



4

Table ? contd eseeecee

i,
5

e 2 . L, 5. 6o 7. 8.
P21 9.5 4 56 27 538 aB &5
P He9 803 5.2 213 Mk 2060 550
Py 018 Bk k3 20 W9 206 6
Py 007 9 5. 2.9 k.0 197 425
25 995 86 5.1 26 stz 202 8.08
P 0. 848 3.9 2.7 WO 215  5.52
Py L7 87 WS 220 Shs 2t 5.6
P 9.6 726 67 ok 62 L® B
P 82 887 57 2tk ka8 2k 5y
Py, o 00.6 87,9 W3 213 W5 ab2 5.7
Py Be6 %62 W7 207 Shk 2ds 6.9
Prp 883 893 84 28 B30 2% 689
Py %5 830 k1 @7 kb 2k 568
Py, 1078 69.5 Ao 225  ksk 231 5.01
Py 090 M3 k3 2k 67 212 648
Pag 00,5 730 5.2 211 S5k 228 347
Ps; 935 1031 3¢9 22.3 62.6 | 2.61 7e24
Psg 920 919 5. 2146 6;.6 2.20 8,.68
Ps 1033 677 5.8 224 4.3 1.5 9.17
Pro 10%.0 7240 k6 224 ko3 2.01 k.55
Mean 97,08 82,68 [ Ha99 21,37  50.32  2.25 643

S.E(m)s  0.59 1¢26  0.11 0.12 0.80 o.2h 0.16
CD 5% 6.9 1753 1.49 1473 10.09  0.29 3,068
CD 1% %1% 23.03  1.% 2.27 13.26  0.38 4,033
cv b8 13025 18.7 5.05 12,52  8.03 19.6

Range 8¥2-1090 €22-1031 F3-84  (98-23F B18-626 (TSR0 ZAr-9.8%
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Table 8 : Mean values of different progenies for various characters in
F3M2 of the cross Himalayap1 x Phul Patas 72 2o T

_Characters
Days to Plant No. of Panicle Fertility 100~ Yield per

Progenies | ding height tillers length percentage grain  plant
i - -per plant . L weight .

e 2¢ 3. b, 5. 6. 7e 8e

P, 95.7 9193 6.7 213 3.5 2.8 5.5
?, 2 725 50 @6 00 2% 6
Py 070 1 M3 219 37,0 280 5.1t
P, 98.9 67.0 6.8 20.9 48.0 2.18 6.52
P B9 8E B9 22 b0 28 6:67
Fe o2k B2 59 213 M 2,08 8.20
P, 012 95e1 49 2149 536 . 1.%  5.92
Fg % .7 626 6k 199 Sk 238 575
g PO 703 M5 2.6 49.6 251 b8
P 011 8.6 5.7 2.3 5 2% 5.h2
P 1.8 7A5 5.0 210 k3 93 S
P12 8.9 61 71 2 627 206 109
P 9.4 569 &1 .5 522 292 7.6
P 9.9  5%2 5.5 LIS X 216 504
P 9.5 &6 k2 213 k7S 201 5.06
P H9 5.7 W7 19.8 33.2 213 5.53
P1‘7 9.9 7e1 5.3 21.3 k6.2 2.29 465
Pg 00,9 92.3 W7 2140 48.8 186 7.18
Pog 93.7 877 49 252 55.8 2.0 7.52
Pab N1 9 5.5 21.6 5343 2.31 7.01
P 9701 82,2 5.2 22.7 48.6 2.09 6489
P, Ik 81.2 7.5 2145 513 2.38 9elth
Ps B9 97 5.2 2203 5 2.37  6.19

contdeeees
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i U N T 5. 7 8.

Péq %Be? 714 643 20.6 51e1 2.05 745
Ps 10140 755 5.2 2143 389 2,00 515
» .9 03 55 a6 b7 2b 66
pé% %.3 795 7.1 220 471 2.9 5.97
Pés 10144 7.3 49 21.7  50.2 2.16 k.59
Péé %501 734 5.8 2.5 56,6 231 7.9
P%) 193,6 666 5.8 _21,8 5345 1.75 747
p;] 109.2 8"6‘,’9 bS5 0.7 6.2 2.31  Sabh
P?é 93.9 68.0 5.2 21.0 k7.8 2.2 5.61
P;é 91.8 86.1 -v6',7_ 211 5145 2¢25 5¢75
Py a1 BT k9 2k sk 2% 5.8
Pss .8 8.0 Ao 2.7 M1 2 5.09
P 9.1 9.0 7.2 2.8 439 2.4 Sk
P Mo 595 55 211 ko a1 5
P ek %9 M6 20 k9.0 226 b
P B3 7h6 k3 210 k2 28 61
P;;) | 9245k 92.3 %8 212 L3.7 2.56  5.71
Mean 97.12 77.89 5561 212t 47,67 2.2k 6.21
S.E(m)+ 0.52 1621 0.12  0.11 0.84 0.03 0e15
CD 5% 6.7k 13438 1465 179 12.85 0.32 185
CD 1% 8.0 15.59  2.17 2¢35 16.89 O k2 2.43
cv 426 0 10,47 18.44 5.25 16.84 8.91 18.65

Range 899-1092  569-009 40-80 195232 332-62% 13292 A28-1639



Table 9 s Mean valiues of different progenies for various characters

Ly

in F

of the cross Himalaya=-1 x China 983 3
: e Characters —
Progenies DA 0 Plant. No. of  Panicle Tertility 00-grain Yield
. ®S heading height tillers - lemgth percentage weight  per
~ - per plant ~ B plent
T 2. 5 Lo 5. 5. 7 8.
?, 7.8 56 52 215 W67 285 5.5
?, 92,5 7.2 60 198 556 27 T2
P 6.7 62 67 07 M6 2. k.66
By 939 7.9 &3 220 510 .31 6.09
2 %7 A 63 2.8 582 .32 8.51
P %.3 8.4 77 2.8 590 237 7N
r, o5 825 7.9 2.1 5.6 2.5 3.3
Pg 9.0 77 T 212 50,5 288 4l
2 90 731 W6 Wk Sk 2.0 610
P 1 8 69 w9 ko k2 &ho
2 92 % b2 2k3 .9 2225 6.5
P, 007 656 7.1 2ub 517 21 8.09
s 7.9 sma 66 95 s 218 5.8
Py 934 75 54 29 Sk 262 o8
P%s 93.6 821 6.7 21._'6' 43,7 2.42 8.33
P g 004 69.2 8.5 2 B3 2B 373
P17 B9 721 61 DS 558 2.55  heo7
g 0.8 7.9 50 .1 Sk 2.2 6.09
P 90  80.0 7.1 217 532 2.69  8.62
Py 86.3 723 6.7 21.2 62.7 2. bk 7.80
P, 9.9 8.2 6.8 199 5343 2.70  6.25
P, S %Be1 9141 ,7?7 2141 5641 2.56 9450
P, 8.7 81k 6.2 20.7 5749 2.39  8.38

contdesesse
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Py 9he2 539 5.7 19.8 532 2.77 6416
P 0.5 923 6.7 0.9 525 235 8.89
Péé 96.1 7545 5.8 20.6 51+0. 2449 5,86
Pé? 92.8 81.9 7.2 2101 48.9 2.5 5.40
Pég 959 92,7 7.1 2148 57.2 2,45 8okt
Py B3 B3 5 @b %05 26 5
By %9 7h3 77 227 0.k 2z 68
P'% 1011 79¢9 7.7 | 21.'6 51_.1 2454 -6;67
PSé 0.1 890 7.2 214 481 2.1k 9.06
Py 997 85,9 6.7 213 50,6 2.2k 8.%

Py, . %5 837 5.5 219 582 306 6.65

Py 99 8.6 7.4 2.8 b9 252 12.68
Pé6 93 88.4 6.5 1943 42,2 2.64 7460
Py, 868 8hkh 7.2 212 536 23 8.07
P38 10143 842 6.5 21.2 5147 2.32 11.39
Py 04 828 7.8 21,0 k7.6 237 6.88
P45 111 89.6 647, 21.0. 52,1 2.% 5,15
Mean  95.2% 78,14 6o 64 20.91 52410 2.46 7.22
SeE. (m)+ 0.60 119 0.13 0.17 077 0.02 0.18
CD 5% 7493 11417 1.92 1465 136 14 0,28 1e 141
CD 1% 10,42 14_.68 2.52 2.16 17627 0.37 1486
cv 5420 8.93 8.4+ k.92 15.7% 7418 12,22

Ranﬁe 8e:3-lor4 516~y A6-85 19.3-32F  ARA-62F  R-RA-Z0C AHAE-1R-68
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Table 10: Mean valués of different progenies for variances characters in F3M2
~ of the cross Himalaya~1 x China 938
o Characters L : B
Days“"to Plant™ Noe of  Panicle Fertility 7100-grain Yield '

Progenies y .ading height tillers length percentage weight  per plant
. . L per plant . . : - .
T 2. 5. L. 5. 5. 7 8.
7, .7 613 W8 D7 33 2.4 552
?, 8.9 86 5.9 Dk 517 27k 665
P, 92.1 814 7.8 213 45,2 2.62 N_6,UO7
Py, 9201 8.2 k9 21,0 52.2 2.60  4.68
2 8.8 %0.7 67 27 5hS 26 768
P BB 83 63 w6 o 2:09 k.58
7, 0.6 5H7 75 Dz 9 26 667
Pg o2 Bk 65 29 598 231 6.8
P 5.3 648 62 212 52 215 6o
P 3 727 61 a0 6 28 6
Py 99 89 73 @ e 2k sk
P, 82.1 9.0 6.5 219  58.8 2.29  9.80
P,‘B 924 86.1 6.3 214 S6.b 234 8.19
1’1'4 87.8 845 6.3 0.7 43.8 2,61 561
P.',5 9.7 8545 .6,6 2241 56?9 2.23 8,61
Pos BL7 %63 5.2 @O 662 .32 469
P1'7 B2 510 bk 193 539 2,22 2.87
P.g %5 70.7 6.7 21,9 4.1 2.32 9.99
P1'9' 973 80.2 5.1 22.3  5She2 2. 41 5¢71
Péo 9he6 86.9 6.9 21e3 kh.0 2439 5487
L 93.4 89.9 7.2 213 49k 2411 6436
P, 897 512 5.8 197 52.3 2.5 406
Pz 10144 53¢5 51 19.7  55.7 2.23 k.50

contdeececeaece
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Table 10 contd .eeee

1- ’ ’ 2’. 3. l'l'o ’ 5. 6. 7. 8.

P, 95,5 81.4 6.6_ 0.1 .4 2.5 463
P 87.7 91,0 6.3 21,7 527 2.5 5._46
Py 89.7 68.5 6.3 2.k k5.9 232  5.03
v, %.5  BhO 5.2 220 505, 269 5.9
P.g 9.1 77.2 6.0 226 5.7 2 16 8.08
péé 01,3 537 é.5 21,1 Bh9 2,00 k81
P;) 99.1 .62.'1 a1 0.4 53K 253 6.%0
Py Oh 66.3 5.6 219 591 2.3t 7.33
P%z 9.7 845 6,2 226 55.0 2,53 6,#6
s 8.2 B9 5.6 Db 516 2% 6.3
p;; 91 621 S 22.0 516 247 5.3
Py 95.8 85.2 5.6 2.9 535 249 7.80
P% 100.9 7.0 32 223 5.0 245  3.55
P, © 01,8 8.3 5.6 22.2 56,2 248 7,97
Pag 94,3 67.0 8 21, 6 574 2.31  5.23
P 879 8647 6.3 189  48.2 255  7.31
Pio 88.9 76.1. 5S4 2046 52,0 2,32 k.78
Mean 192,91 Theth 5.8 21.02 50.32 240 6411
S.E. (m)a 0.60 1628 0412  0.11 0.72  0.02  0.16
CD 5% 7.4k 280  1.62 1.2 11,96 0.32 134
CD 1% 9.78 12.88 2,13  1.87 15.72 0.42 1476
cv . 5.00 826 1649 he22 1h.39 8,24 13,72

Rarge' 82 1-D)-8 Sto-910 32-72  1$9-226 343-662 280-285 R-§F-T99
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'(5.83%)'as compared to Fs p0pulation in which case these values were

2.9V, 23.88%, 2.79% and 5496% respectively.

Plant height: In F3M2 populatlon of the cross Himalaya-1 x Phil Patas 72,
a higher GOV (12.72%) POV (16 48%), estimates of herltablllty (59.65%)
and GA (16 17%) were. observed as compared to the F3 population in which
case these valus vere 9.0%, 16.07%, 32:05% wid 8.77% respectively,

_ In the cross Himalaya-1 x China 988, the estimates of all
genet;¢ fP?r?Pet??sziE" gepotypic.qqefficient of variatiop,_phego#ypic
coefflclent of varlatlon, herltablllty and genetlc adVance were more

in F3M2 population with respective values of 16,645, 18.450%; 80.21% and
33?76@‘a§ compared tO-EE‘prqlatlon_}n-whlch case the values were 12.58%
15476, 16.47% and 16.51% respectively,

Number of tlllers per plant: The estimates for GOV (11 39%) BCV (25.51%)

heritabidity (46.46%) and GA (1.22%) in F3 p0pu1ation_of the cross
Hlmalaya-1‘x Phul Patas 72 were hlgher than the F5M2 p0pulathn where
these values were 15.46%, 24.05%, 41.39% and 1.15% respectively.

~ Whereas, in the cross Himalaya-1 x’China 988, the reverse was
the case in which the estimates of GOV (11,26%),,Pcv<2o.37%), heritability

(30.57%) and GA (0.77%) in F M, vere higher than that of F, population

-5

with respective values of 8,36%, 19.8%%, 17.65% and 0.48%.
However, in general the estimates of heritability and genetic

aGVance were very low in different populations of both the crosses,

thereby indicating a little scope of improvement of this character

through selection in these populations,
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Panicle length: Inv’.che cross Himalaya-'] x Phul Patas 72, the F3 populgtion
had a higher GOV (2.54%) as well as the estimates of heritability (24+.69%)
and egpgci;ed GA (0.56%) than the F3M2 populat_iqn where the values were
2.42%, 17,54 and 0.4lg% respectively, However, F M, had a higher PGV(5.79%)
than the F3(5.11%). |

In the cross Himalaya-1 x China 988, the estimates of all
genetic parameters viz. GCV, PCV, heritabilj'.ty_ and‘GA were more :'Pn F3MB
populations with respective values of 3.5y 5¢50%, 41.02% and 0,98% a5
compared to the F3 population in which case the values were 2.3%%, 5.45%,
18.?8% and 0.4 respectively, There is also a very little scope for
improvement of this character through selection in these populations,

Fertility percentage: The F_ population of the cross Himalaya~-1 x Phul Patas

3
72 had a higher GCV (12,01%), es‘_timai:es of heritability (47.92%) and GA

(8.62%) but a lower PCV (17.35%) as compared to the F3H2 population in
which case these values were 7.82%, 17.7%h, 3.2% and 18.5% respectively.
No significant differences were observed in both F_ and F_M

3 32
populations of the cross Himalaya=1 x China 988 for this character.

100-grain weight: The estimates of GCV, PCV, heritability and GA in
F3M2 population of the cross Himalaya-1 x Phul Patas 72 with respective
values of 9.08%, 12.7%, 50810 and 0.32% were higher than the F

3
population where these values were 7.8%%6, 11.19%, 48.66% and O.25%

The F3 pqpulation of the cross Himalaya-1 x China 988 showed a
higher GCV (5,57%), estimates of heritability (37.57%) end genetic |
advance (0.1?%) than the FEMZ population with respective values of 5.5%%,

3140%% and 0,1%%. Whereas, the F_ M

M, showed a higher PCV (9,92%) compared

to the F3 population (9.09%).
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In general the different genetic parameters were low in both
the populations of the two crosses indicating thereby.: 1little scope for

improvement through selection,

Yield per plant: In the cross Himalaya~1 x Phul Patas 72, the GCV (19.77%)

3

population as compared to that of FM population where these values were

32
18 b, 26422% and 1.66% respectively. However, the estimate of

PCV (28.29%) and the estimates of GA (1.8%4) were higher in the F

heritability (49.42%) was higher in the FéM2 than in the Fé (48.85%)
population. o . .

The Féyé_population of the cross Himalaya=1 x China 988 had a
higher GCV (24479%) and PCV (28. 33_%) as compared to ‘_{chat of 1_“'3 population
in which case the values were 24.46%'and 27.35% res;_uectively. ‘However,
higher estimates of heritability (80._40.3%) and GA (‘3.26%) were observed in
Eé_gg pqmpa;ed_to_?;Mé populagtion where these values were 76.54% and
2_.'73% respectively. ‘

Table 11 ¢ Mean performance and genetic.parameters for Days to
heading in Parents, F3 and F3M2 generations,.

Varieties/ Mean + SE GCV(%)  PCV(%) Hb;(%) Ga(%)

Treatments
Phul Patas 72 105._93:0.49 NS NS NS NS
F 3(Himalaya"1 x 97.0840.60 470 6.49 52,45 6,81
Phul Patas 72) . . L . ._ o
Fsﬂz(Himalaya-‘l x 97.1%4053 L,63 6.82 46,17 6,03
Phul Patas 72) N
Himalaya-1 196.87+1.02 NS NS NS NS
China 988 100, 39+0.83 NS NS NS. NS
F3(mma1aya-1 X 956 24+0.60 .91 5.% = 23,88 2.79
’ China 988) '
F3M (Himalaya=1 x 92.9140.61 %.87 5,83 h,16 5.15
2China 938)

NS =~ Non-significant,



Table 12 s

> generations

Mean performance and genetic parameters for plant height
in Parents, F and F_M

Varieties/ - o o '
Treatmon t Means SE GCV (%) pcv(ﬁ) B GA
Himalaya=1 5641941401 NS NS NS NS
Phul Patas 72 99.69+2.71 NS NS . NS,  N§
3(H1ma1aya-1 x 82.6&:1.26 9.09 . 16.07 32,05 8.77
7 Phul Patas 72) ' SR
3M (Himalaya-1 % 78 89+1 21 12,72 16.48  59.65 16,17
2Phul Patas 72)
Himalaya=1 56 90*0 86 NS NS NS NS
China 988 93¢ 440,76 NS NS . NS, NS
3(H1malaya.-1 x 781421419 12.58 1543 66,47 16451
China 988) o o . _
3M (Himalaya=1 x  74e14+1.28 16.64 18457 80.21 22476
2China 938)
Table 13 : Mean performance and genetic parameters for number of
' tillers per plant in parents, F, and F3M2 generations
Varieties/ o ; '
Treatments Mean+SE GCV (%)  PCV(%) H GA
Himalaya=1 45140417 NS NS NS NS
Phul Patas 72 - 348040418 NS. NS NS NS
(Hlmalaya—‘l X Ll'o 991'0. 12 17. 39 25. 51 L|'6.L|'6 1622
3Phul Patas 72) T | |
3 2(H1malaya-1 X 5.6140.12 15.46 24,05 41,20 1,15
Phul Patas 72)
Himalaya-1 4.8440,21 NS NS NS . NS
China 988 63540433 NS s NS. NS
3(H1ma1aya.—1 x 646440.13 8436 19.89 17,65 0.8
“ China 988) . -
(Hlmalaya—‘l X 5.98:0. 12 11026 20037 3)05? 007?

F3'a China 988)

NS -~ Non-significant.
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¢ Mean performsnce and genetic parameters for Panicle length
in parents, F3 and Fg\'l2 generations
Varieties/ MeanSE V(%) PCV(R) H_ GA
Trea’cmen_f.;s i
Himalaya=1 20.9940. 20 NS NS NS NS
Phul Patas 72 22,3440.41 NS NS NS NS
FB(Himalaya-'l---x Phul Patas 72) 21.37#0.12  2.5% 5.11 24,69 0.56
F3M2(Hima1aya-1 x Phul Patas 72) 21.2840.11  2.42 5.79  17.54% 0.4k
Himalaya-1 20.9640.19 NS NS NS NS
China 988 21.0440.18 N§ NS NS NS
Fa(Himalaya-1 x China 988) 2009110011 20% 50}"'6 18078 O.L}L].
FéMZ(Himalaya-‘l x China 988)  21.0240.11  3.52 5.50  41.02 0.9
Table 15 ¢ Mean performance and genetic parz;meters for fertility
percentage in parents, F3 and F3M2 generations

Varieties/ o
Treatments . MeansSE GCV(%) POV(%) H _ GA
Himalaya=-1 62.4440.57 N§ NS NS NS
Phul Patas 72 53.37+1.25 NS NS . NS NS
F5(Himalaya-1 x Phul Patas 72) 50.3240.81 12,01 17.35 47.92 8.62
FBMZ(Himgalaya-1 x Phul Patas 72) 47.6740.85  7.82 18,57 17.73 3.23
Himalaya~1 564414102 NS NS NS NS
China-938 504654109 NS NS NS NS
FB(Himalaya-‘l_ x China 988) ' 52.1040.77 NS NS NS NS
FSMZ(Himalaya-1 X China 988) 51.950.72 NS NS NS NS

NS - Non-significant.
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Table 16 ¢ Mean performance "and genetic parameters for 100-grain
weight in parents, F3 and F5M2 generations

Varieties/ ‘ o o
Treatments Meany SE  GCV(%) PCV(%) EH _  GA
Himalaya=1 - 2.0540.,02 NS NS NS NS
Phul Patas 72 2.,02:0.06 NS NS NS NS

Fé(Himalayg-y“x Phul Patas 72) 2.2530.02  7.81  11.19 48,36 0.25
F‘Z.M,‘l(}ﬁm_a]‘.aya-‘l x Phul Patas7a)2,23£0,o3 9.08 12.73 50.84 0.32
Himalaya~1 . ' 2.0340.01 NS NS NS NS
China 988 2.4850.04 NS NS NS NS
Fé(ﬁimalaya-'] x China 988) 2.4640.02  5.57  9.09  37.57 0.17

FsMZ(Himalaya-1 x China 988)  2.4040.22  5.53 9.92  31.05 0.15

Table 17 ¢ Mesh perfowmance and.genetic parameters for yield per plant
in parents, F3 and F3M2 generations

Varieties/ 0 o
Treatments Mean+ SE GCV(%) PCV(%) Hbs Ga
Himalaya-1 8.2540.43 NS NS NS NS
Phul Patas 72 6.12:0.37 NS NS NS NS

Fé(Himalaya—‘l x Phul Patas 72) 6.4310.17 19.47  28.20  48.85 1.83
Fng(Himalaya-‘l x Phul Patas 72)}6.{21;&15 1843 26.22 49.h2 1.66
Himal aya=1 T jqio. 35 NS NS NS NS
China 988 8.6740.35 NS NS NS NS
FB(Himalaya-‘l x China 988) 7.2240.18 2k k6 27.35  80.03 3.26
F_D,Ma(Himalaya-'l x China 988) 6.1140.16 24,79  28.23  76.54% 2.73

NS - Non- significant.
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Pooled analysis of variance

The results of pooled analysis of variance for va;ious
characters studied in two crosses are presented in Table 18.

In the cross Himalaya=1 x Phul Patgs 72, the pooled analysis
of variaQCe for treatmepts showed significant differences»forkall the
characters studied except panicle lengthe The differences between
Himalaya=~1 and Phu; Patag ?2'were found to.be significant for all the

characters except 100-grain weight, however, the differences between

3

differences between Fé,'FéMZ verses parents were observed for days to

F, and FsM2 were non-significant for all the characters, Significant

hea@ing, number of tillers.per plant, fertility percentage, 100-grain
weight and yield’per plant, L _ | -

In the cross Himalaya-1 x_Chinaw988, the pooled analysis of
variance for treatmentsvshqwed significant differences_for days to |
heading, plant height, 100-graip weight_and yield per plant pnly. The
differenqes between Himaiaya~1-apd China 988‘wer¢ sigpifiCant for plant
height, 100-grain weight and yield per plant.. Non-significant
difiérences between FB_and FSME were observed for a;l charapters studied
except yield per plant. The differegce; between Fé, FéMZ verses parents |
were significant for days to heading, 100-grain weight and yield per

plant only.

3
characters are presented in the Tables 19 -~ 20 separately for the two

The mean values for parents, F, and Fészfor different. -

Crosses,
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Table 18 : DPooled analysis of variance for different characters in

Parents, F3 and F3M2 generat:.o@

Source of variation d.f. ' __Mean squares - ;
Days Plant No.of = Panicle Ferti 100~ Y:L'eld
to ©  height tillers/ length 1lity = ‘grain per
heading plant (em) (%) weight plant

Himalaya=1 x Phul Patas 72

Ireatment 3 6036? 961.21° 12767 0.97  123.95 o0.0h  3.0%
Himalaya-1 Vs PP 72 1 156,0%' 28383 35' o_._7§ - 123._3’1‘ 0.00 6.85
Fz Ve Bty 1 000 165 0.58 - 10.56 0,00 0.06
~ . * A * o * % *
Fzo F M, Vs Parents 1 25,78  33.60 3.9 =~ 237499 0.13 2.6

Error 6 243  25.76 0.12  0.21 1% 0,00 0.%

- Himalays-1 = China 988

Can e

Treatment 3 29.66‘ 676.52;* 187  0.01  13.3  0.13 3.3

. *
F}Vs F3MZ 1 8f14 24,04 - - - Q,Qo 1,8_5
. f %% £ &
FB, F3M2 Vs Parents 1 62,23 2,83 - - - 0.08 5,56
Error 6 6420 7¢21 0.60 0410  13.58 0.00 0.2%

* -« Significant at 5% level
#% _ Significant at 1% level

Days to heading

In the mross Himalaya-1 x Phul Patas 72, the two parents were

significantly different as regards the days to heading. The mean number of

3

differeénces were non-significant, The mean number of days to heading in F

3

days to heading in F3M2 population were almost same as F_ population and the

and F3M2 were significantly less as cbmpared to Phul Patas 72, whereas, no
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significant differences were o?served when compared.with Himalgya~1..

| In the cross Himalaya-1 x Chinav988,Athe two parents were
statigtically at par_with_each othe: in dgys»to head;ng. ThglFﬁMé took
less number Qf.daysAﬁo heading‘ag compare@ to‘the’FS, hgwever, the

differences were non-significant. The mean number of days to heading

3

no significant differences were observed when compared with Himalaya-1.

in F_ ond FsM2 were significantly less as compared to China 983, whereas,

Plant height:

In ?he Cross Himalayaf1 x Phul Patas 72, the meanhplant height
of the parents wereysignificantly different from‘eagh other.v‘The.mean
plant height of 33 pppulatiqn, was more than that .oﬁ FSME population,
but the difference was not significant. ?he'Esfg and Fst's were
sigpificant;y shgrter than theuﬁall pargnt, xig?, Phul Patas;72 but,
significant;y taller_thanvthe_gpqpﬁ pgrgpt, zig.,vﬁimalay§r1f

~ In the cross Himalaya=1 x China__988,v the results were similar
as pbsermed in the cross Himalaya=1 x Phul Patas 72.
Nuber of ti1lers er plant: o

| In the oross Himslaysct x Phul Patas 72, the two parents vere

sigpi?icaptly different from each other as regards the tiller numbers per
plant. The mean number of tillers per plant in F‘,’M2 were same as that of
the FB Both F3 ad F3MZ had significently less number of tillers as
compared to the parent Fhul Patas 72. Only F3M2 had significantly higher
number of tillers when compared_to Himalaya—-1e

In the cross Himalaya-1 x China 988, non-significant differences

were observed among various treatments for number of tillers per plante
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Panicle length:

In both the crosses i.e. Himalaya~1 x Phul Patas 72 and Himalaya=1
x China 988, the differences among the Various treatments were non-significant
for panicle length,

Fertility percentage

The parents involved in the cross Himalaya-1 x Phul Patas 7_2
were significantly different from each other as regard fertility percentage.
The mean fertility percentage in FéMZ wes significently less when compared

to Fﬁ‘ In both Fy and FéMa, fertility percentage decreased significantly
as compared to the parents,
The differences among treatments were non-significant in the

cross Himalaya-1 x China 988 for fertility percentage.

100-grain weight:

v _In_the‘crpss Himalaya~1_x Phul Patas 7?',the two garents were
statisfically gt par with each other as regar@s 100—grain weight. The
differegce between Fé and Féyé for 1QO—grain weight was al§9 npn-signifiqant.
: However, both Fs and F%ﬂa yerg bgving Signéfigagtlyvmore 1005g{ain welght

as compared to»the parents,.zig,,'Himalaya~1 and Phgl Patas 72?.

~ In the cross Himalaya-1 x China 988, the parents involved were
significantly different from each other, however, the Fé and FéMé were
statistically at par with each other, The mean 100-grain weight qf both

Fs and FéMé was significantly more as COmpared to Himalayap1, howevgr,
there was no significant.- difference when compared with China 988,
Yield per plant

In‘the cross Himalaya=1 x Phul Patas 72, the.two parents differed

significantly from each other in yield per plant, No significent differences
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3
plant. The mean yield per plant of Fs and F3M2 were significantly less as

were 9bse;ved_in tpg megnvwhgn ? 'and FéMZ were qompared for yield per
compared to the higher yielding parent i,e. Himalayapj, however, no _
significant differences were observed when compargd to Phul Patas 72e

The parents involved in the cross Himalaya-1vx China 988 were
sigpificantly d?ffe;ent from each other as rega{ds yielq per plant, The
mean yield per plant of _F;Ma_'qec;e?sed significantly as compared to the
st .$hevF3M2 had §ignificant1y less yield as compared to the two pgregts,

however, only F3 had significantly less yield as compared to China 988,
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Table 19 : Mean performance for different characters in Parents, F3 and
Fé‘da of the cross Himalaya~1 x Phul Patas 72

Varieties/ Days to Plant No. of Panicle Fertility 100~ Yield/

Treatments heading height tillers length (%) grain plant
(cm) per plant (cm) welght(g) (g)

Himal aya=1 94 + 93404 98 564 1941.00 484*0.21 20.9940.20 62.lmo .57 2.0520.02 8.2540. 41

Phul 1050 1%+0. 49 99.6942.71 6.540.32 22.3440.41 53.3741.28 2.0140.06 6.12:0.37
Patas 72 . :

(Hlmalaya- ' ' " . : . T ' ‘ .
5 Phul P t327°°8i°°5? 82.6841.26 429940411 214 3740.12 5043240.81 2.2540.02 6.43+0,1
72) v
E?MB(Hlmalaya-
< Phul 97.1240. 60 77.89+1 21 5.61+o.12 21. z4+o 11 47.67+o.84 2.2%0.03 R 12+o.15
Patas 72)
SB(m)+  40.90 42.93  40.20  0.27 +0.08 40,02 30.35
CD 5% 2.73 8.89 0.63 _ NS 2.46 0407 1405
CD 1% 3479 12.32 0.8k NS 3.40 0.09 1e45
cv _ 1.58 6e37 7429 2. 14 2.62 1476 8.87

NS «~ ©Not significant.
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Table 20 ¢ Mean performance for different characters in Parents, F
F3M2 of the cross Himalaya-1 x China 988.

. 60

Varieties/ Days to
Treatments heading

Plant
Height
(cm)

No. of
tillers 1length
per plant (cm)

Panicle

Fertility 100~

3 and
Yield per
grain plant (g)

welght(g)

Hlmalaya-'] 96 87+1 02 56. 90+0.86 4 51+o.17 20.96+0.19 56 l+1+1 02 2.0%40.01 7.3%0.22

China 988 100, 39+0. 83 93.4m 76 3.80w 18 21.04+o 18 50. 65«,09 2.48+o.03 8.67+0.35

F_( -
3(Hlmala

Ya=1 x China
988)

F3M2(Himar

95.243_0.60 78.1&:1.19 6.6&9.13 20.1930.11 52.1010.77 2.6910.02 7.22&0:&8

laya=1x 92.9120.61 7hs 1421028 5.9840.11 21.0240.11 51.9540.72 2.4040.02 6.1140.16

Chana 988)

SE(m) 21.46 _51.55

CD 5% 136
CB % 6.95.

cv - 2.62

4,70
6.52

3.55

0.5

NS

13.01

40.19
NS
NS

154

*2.12
NS

NS

- 6.92

+0.28

0.86
1.20

6470

NS

- Not Significant,
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DISCUSSION



Chapter - 5
DISCUSSION

The major p;oblem in breeding autpgamquSISPecies is creation
of useful apd_psable Variaﬁion el ther through hybridization or mutsgenesis,
Mutaﬁiqn.brgeding pffersign alterna#ive to hybridization sincg quagtitgtive
v§r;gtion.gepe;ated by two_methods isuequally hgritable (Gregary, 1956;_
Gregory, 196ﬂ)3 In mutation induction programmes, the choice of genotype
to be treated is very important since different genotypes diffe?vip_ﬁhei?
response tqvmutggenic agegts and although mgtaﬁions incyease the Va?ignce,“
in the absence of select;on orvqorrelatgd response, they spift thg population
mean away from its previousvbreeding history (Brock, 1965). It has,
thergfore? been proPpsed that Tutagenesis should be applied tq ;upp}ement_
heterozygous ﬁaturevof.hybrid sgeq gxposedh§p mutaggnesis,“releasg.of
Yariability commences in the first generation following trea#ments, Thg
treatment of hetgrozygous gnd heterogeneous Fé mgterigl_gllows mutatiqpa}
events-to occur gt bqth heterozygous and_homozygous lqci. Vg:iatioq in the
treated hybrid may be»caused in one or set“of gharactgrs by point mutatigns,
by enhapcement of recombinatiqn réte and by”chromosomal aberraﬁions 50 as
to releaSebthe latent variability in thg blocks of 1ink¢d genes and hence
offer the same gdvantaggs as generally expected from intermatiné in the early
segregating genergtions.

Ganl (1965), discussing_the_usefglness of micro-mutations in plant

breeding, opines that they might occur most frequently and on account of

their being less deleterious, might not so aften result in reduced vitality,
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Hbrk_done.on ipducedhmutatiqns in‘polygenig characte;s in various crop
plants has been‘reviewed extensively‘by Scossiroli (1965). It is evident
from this review as well as subseéuently published works that studies on
@icrofmﬁtations had_largely been fugdamental in nature. This was insPite
of the classical work of Gregory (1968) on groundnut for the development
of high_yielq;gg”igprqyed mutant yarieties with miq?ofmutatipnal approach.

_ ‘Among_the.YariquswphysigalVmutaggns,“g?@ma rays_hayg beep W@dely
employed for the induction of genetic variability. Sharma (1985) in a
review on induced mutaggpesis in rice rspo?ted that L556‘r-rays ranged from
25 kR for China 988 to 40 kR for Jhona-351.

Therefore, the present investigation was dndebtaken to study the
’ enevation
gffects of»gammg radiation (25‘kR) on various ?etric cparacters in .2§F2y1)
gpd.#he following segregating generatioqs (Féﬁa) in two crosses qfvrice,
Li_g., Himelaya-1 x Phul Patas 72 and Himalaya-1 x China 988 to ‘asses_sv the
magnitude of induced polygenic variability for yield and some quaptitative_n_
characters and to study.the §pectrum and freéuency of macromutations inducgd. )

The results of the investigation have been discussed as follows generationwise.

1. Induction of polyzenic variability in F2M1 generation

Plgnt height decreased significantly following 25 kR gamma
irradiation of FZ seeds as compargd to the Fé generations following
hybridization in both the crosses. The observed decrease in plant height
might either be due to physiological damage or chromosomal aberrations,.

Reduction in plant height after irradiation of F_ seeds has also been

2
reported by Saini and Sharma (1970) and Virk et al. (1978) in rice.
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The number of tiller per plant remained mnaffected in cross

Himalaya-1 x China 988 after irradiation (Fsz) when compared with

unirradiated FZ;. These observations are in sgrement with Virk et al, (1978)
who have also reported non-significant decrease of’tiller pumbgr in
irradiated sg&gregating generation as compared to unirradiated. Whereas,
in éross Himalayay1 x Phul Patas 72, a significant increase in tillep

number was observed following gamma-irradiation of F_, seeds when compared

2

with untreated FZ‘ No information is available in the literature regarding

increase in tiller number after irradiation of F_ seeds as compared to F

20

seeds did not effect

2

Regarding panicle length, irradiation of FZ

the same significantly in cross Himalaya-1 x Phul Patas 72, however a

2
seeds of the cross Himalaya-1 x China 988 was observed as compared to the

significant decrease in panicle length following gamma-irradiation of F

unirradiated FZ'S.

Fertility percentage decreased drastically in the F2M1 of both
the . crosses as compared to the FZ‘ The decrease in fertility percentage

in the irradiated F2 may be due to chromosomal aberration as reported by

Yeh and Henderson (1963) in pure breeding varieties of rice. Similar results

have been_reported in thglM% ggnerations in rice after neutron and gamma
irradiation by Miah et al.(1970). The decrease in fertility percentage in
the M1 generation following gamma-irradiation has also beep repotted by
Dogar (1981) and Bijral (1982) in different rice varieties.

100-grain weight was not affected by gammaei?radiation of Fa

seeds in the cross Himalaya-1 x Phul Patas 72, whereas, significant decrease

in weight of irradiated F_ was observed in the cross Himalaya-1 x China 988

2
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when compared with the respective Fa's. No information seems to be
available in literature regarding thé effect of irradiation of EZ seeds
in rice for 100-grain weight. However, it is apparent from these results

that irradiation has differential effect on 100-grain weight depending upon

the genetic constitution of background genotypees

The grain yield per plant decreased following gamma-irradiation

of F2 seeds in both the crosses as compared to the F_ segregating generation.

2
The reduction in yield after irradiation may be due to the cummulative
deterimental effect on all the yield contributing characters, especially
reduced panicle length and reduced fertility. Similar results of reduction

in yield in M_ generation after gamma-irradiation have been reported by

1
various workers, Viz., Bhatia (1973), Mehra (1975), Dogar (1981) and Bijral

(1982) in pure varieties of rice.

In terms of variance, it has been observed that in F2M1 generation
(after irradiation of F2 seeds), the variance increased significantly for
fertility percentage and 100-grain weight in both the crosses, however, it

decreased significantly for yield per plant in comparison to F_. generation,

2
For other characters, viz., plant height, number of tillers per plant and
panicle length the variance was almost the same in the F, and irradiated F,
generations. Gregory (1956) in peanuts reported that in terms of standard
deviation there was more variation generated in both irradiated parents and
irradiated hybrids than in unirradiated hybrids. In general, it has been
observed that plants in M‘1 generation are chimeric in nature and the immediate
change in plant character is not of a permanent nature. Changed genetic

composition and the physiological disturbances comprise the phenotypic

expression of M1 plants. The affect of physiological disturbances is
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eliminated almost completely in the subsequent generations. However, the
manifestation of mutated character is modified by background genotypes,
but even then the extent of change in the genetic composition can

efficiently be estimated in the M_ and subsequent generations.

2

Spectrum and freguency of induced'chlorophxll mutations ih Fzya generation
Regarding the spectrum of chlorophyll mutations, induced by
gamma rays treatments in the present study, albinas had the highest

frequency in both the crosses followed by xantha, striata, xantha-alba

and viridis, Out of the total chlorophyll mutatioms, 63,71 per cent and
31.93 per»gent of albipas were observed in the gyoss_Himalayé~1_x Phulu
Patgs 72_an§ Himalaya=~1 x China‘988 respectively, Diifgregces‘in Scht??
of‘chlorOphyl; mutations igduqed by physical and chemigal mut;gens in rice
have been reported by Konak et al, (1961) Swamlnathan et al (1982) Basu and
Basu (1969> Sharma (1970), Miah and Awan (1971), Kaushik (1974), Gupta (1976),
Seetharam et al (1978), Nallathambi (1982), Sharma (1985) and many others.
$hey have also reported the highep.proggrtipn”9f Q;Qiggvafter.irradiatign
as compared to the othep chlgrophyll mutatiogs. The viridis was the rarest
ofwgll ghlorophyllvmutations. Similar obserVations have been made by ,
3asu (1969) in rice. The chloroPhyll mgtations have a;so beenAreported to
arise spontaneously in rice (lmai, 1935; Ramiah and Rao, 1953). However no
spontaneous chlorophyil mutations were observed in the present study,.

In the cross Himalaya-1 x Phul Patas 72,'the overall freéuengy
of chlorophyll mutations in the irradiated FsMé population based on Ma plant
progeny basis was 27._83;5 and was higher than that calculated on the basis

of M, seedlings (3.0%). Similarly, in the cross Himalaya-1 x China 988,
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the overall freéuency calculated on M, plant progeny basis (30.61%) was
higher than that calculated on M2 seedlings basis (jfgﬁ%?. This suggests
that'all the tillers of a plant did no contain_mutations, and only a few
see#lings from different ﬁillers contained mutatiogs. Similar resglts

were obtained by Dogar (1981) in M_ and Gupta (1976) and Sharma (1977) in

2

MS. The frequency of chlorophyll mutations based on M1 plant progeny
was higher in cross Himalaya-1 x China 988 as compared to cross Himalaya=1

x Phul Patas 72 whereas, on M_ seedlings basis it was higher in the cross

2
H%m;}aya—j X Phul_Pgtas 72._ This ?lso_suggest that theb@anifestation of
mutated characters were modifigd by packgrougd genotypes,

Albing was phe most freéuently qgcured chlorpphyll muta@iogs in both the
crosses (1.97% in cross Himelaya-1 x Phul Patas 72 and 0.3% in cross

Himel aya~1 x China’988) followed by zgggggv(o,3a% in cross Himalaya-1 g..
Phul Patas 72 and_O.g&% in theigrpss_Hima;ay§—1vx”Cbina 988),”§Lja£g (Q.}Z%
in cross Himalayap1kx Phul Patas 72 and 0.30% in cross Himalaya-1 x China
988) ,xantha~alba (0.30% in cross Himslaya-1 x Phul Patas 72 and 0.20 in
cross Himalaya~1 x China 988) and viridis (0.14% in cross Himslaya-1 x Phul
Patas 72 and 0.0% in cross Himalaya-1 x China 988). The frequency of
various chlorophyll mutations in the sbove order has slso been Tegorted Ty
Nellathembi (1982) in rice. The observed differences in the freéuency of
albina mutations in the two crosses may be due to the differential response
oﬁ different genotypes to mutagenic aggnts. However no desireable phenotypic

mutants were available in the material.
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Induction of polygenic variability in F_M_ generation
5
In view of the economic importance of quantitative traits,

the variability induced by gamma rays im M. generation (F3M2) for various

2

characters studied are discussed below.

Significant differences have been observed within F3 and F3M2 -

progenies of the two grosses,viz. Himalaya-1 x PhulPatas 72 and Himalaya-1

b

x China 988 for all the characters i.e. days to heading, plant height,

number of tillers.per plant, panicle length, fertility percentage, 100-grain

weight and yield per plant except for fertility percentage in both F3 and
Fsyé of the cross Himalaya-1 x China 988.

N The mean values for dajs to heading in F3M2 in the two crosses,
.Zigq,_ﬂimalayar1 x Phul Patas 72 and Himalaya=-1 x China 988 remained
gnaffected following gammarirra§iation of F; seeds as coumpared to the Fé's
qfrthe two crosses reSpectively, thereby, suggesting that the mutations
Wiﬁhﬁplus and minus effects may havevoccured equally freéuently in both

e

the directions and thus the mean values remained same in F3M2 and F3

pPpulations. These results are in conformity with the findings of Saipi
and Sharma (1970) who have reported that the mean values for days to heading
?n irradiated hybrid and unirriadiated hybrid segregaiihg generations in
rice were similar. ‘Similar results have also been reported by Oka et al,

(1958) and Bijral (1982) in M2 generation of pure breeding varieties treated

3
population of the cross Himalaya-1 x China 938 and the case was reverse in

with gamma fays. The variance was higher in the F3M2 as compared to F

the cross Himalaya=-1 x Phul Patas 72. However, the differences in variance

between F_ and F3M2 of both the crosses were non-significant. Increase

3
in variability for daysi to heading following mutagenic treatment of hybrid
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seed in rice hes also been reported by Saini a?d Sharma (19?0). Moderate
estimates of heritabilities in FB and F M, (52.45%% and 46.17%) of the
cross Himglaya-1 x Phul Patas 72 and only in FéM2 (§4f16%),0f the cross
Himalaya-1 x China 988 alongwith genetic advance as 6.81,_6.03 and 5,10
per cent respectively indicgted the scope of improvement in the desired
direction through selection.

The mean values of the irradiated populations (FjMZ's) in the two
crosses witb respect to plant height was almost the same as that of F3
populations, thgreby suggesting the Possibility that the mutations yith plus
and minus effects occured eéually freéuently in both the di;e;tions. These
findings are in agreement with those of Saini and Sharma (1970) and Virk et al.
(1978). In both the crosses, Viz. Himalaya-1 x Phul Patas 72 and Himalaya=1
x China 988, the variances were higher in the irradiated segregafcing_.
gene;ation (Fénz) as compared to the unirradiated §egrega¢ing gengratipp
(Fs). However the ipcrease in varianggs_in FéMa Qvgr'Fé_ig‘the two crosses
were not significente Increase in variance was also reported by Miah and
Yamaguchi (1964) and Saini and Sharma é1970). Moderate estimates of
heritability in FSME (59.6%%) of the cross Himalaya-1 x Phul Patas 72 and

in both F3 and F3M2 (66,47 and'80721%) of the cross Himalaya-1 x China 938
aldngwith genetic advance as 16417, 16.51 and 22.76 per cent respectively
suggest that selection can be effective in these populations.

The mean values for number of tillers per plant remained upaffected
in the gamma rays treated populations (FéMZ) of the two crosses, Vigze,

Himal aya-1 x Phul Patas 72 and Himalaya-1 x China 988 as compared to the

respective F_ segregating populations, The observed non-significant differences

3
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in the mean values of irradiated segregating and unirradiated segregating
generation suggests that mutations with plus and minus effects have
occured equally frequently in both the directions. Similar results were
also reported by Saini and Sharma (1970) and Virk et al.(1978), Variences
in the F3M2 populations were higher in both the crosses as compared to
their respective F3 populations, however, the differences were non-
significant. The estimates of heritability and genetic advance were low

in both F3 and F3M2 generations of the two crosses, indicating thereby

very little scope of improvement through selection for number of tillers
per plant.

The average panicle length remained unaffected in F3M2
generations of both the crosses as compared to their respective F,'s. No

3

information is available regarding the effect on panicle length after
irradiation of hybrid seeds in rice. ®8imilarly, the variances in F3M2's

and F_'s were same in both the crosses. The estimates of heritability

3

and expected genetic advance in both F3 and E3M2 populations were low in

the two crosses indicating little scope of improvement through selectien
for this character in these populations.

The fertility percentage decreased significantly in the F3M2

population as compared to F3 in the cross Himalaya-1 x Phul Patas 72 indicating

possible occurence of polygenic mutations in the minus direction, however,

no differences were observed between F3 and F3M2 of the cross Himalaya-1 x

China 988. The variance was also higher in F3M2 population of the cross

Himalaye~1 x Phul Patas 72 as compared to F,' but, the differences were

]
non-significant. The moderate estimates of heritability (47.92%) and

genetic zdvance (8.62%) were observed in the F_ population of the cross

3
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Bimalaya-1 x Phul Patas 72. Wheress, in the Fg‘fla‘popglation the values
of heritability (17.7%%) and genetic advance (3.2%4) were low, indicating

; The average 1005grain weight did not change significantly in the
FéMé populations in the two crosses as compared to the”respective Fg's.
These findings are in sgreement with those of Sato (1966), Mehra.(1975) and
Bijral (1982) in pure breeding rice varieties. In the cross Himslaya-1 X
?h@} Patas 72, the variance in the irradiated p0pula$ioniwas higher than
that of unirradiated, whereas, in the cross Himalaya-1 x China 988, the
reverse was the case, however, the differences were non-significant in both
?he casese MHNlthough in the cross Himalaya~1 x Phul Patas 72, the estimates
of he;itability were mode;g#e in both'Fs and FéMé popqlationsuyet the vélugs
of genetic advence were low. However, in the cross Himslaya-1 x China %8,
?be estimates of_both heritability asvwell as genetic advance were low ip
both Fé and ESM#, This indigates very little scope fo? improvement through
selection of 100~-grain weight in‘all these popu;ations.

In the cross Himalaya=-1 x Phul Patas 72,‘the mean yield pe:‘plan?
i§ thevFéMé"population remained unchanged as compared to.thg Eé population,
Similar results have been reported by Saini and Sharma (1970), Virk et al.
(1978). They reported similar mean values for yield in the conventional
segregating p0pu1ation and in the population produced after irradiation of
hybrid seed in rice. On the other hand, the mean value for yield per plant
in the cross Himslaya-1 x China 988 in F;,)MZ was significantly less as

compared to FB yield. Sakai and Suauki (1964) observed a significant shift

for plant height, plant weight and grain yield in rice variety Norin-8 when
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treated with gamma rays (20 kR). The shift in the mean might have been
resulted from induced polygenic mutations with unequal'effects (Bateman,

1959). A decrease in variance in the F M, was observed when compared with

that of the F3

decrease was significant only in the cross Himalaya-1 x China 988. Virk

in both the crosses for yield per plant, however, the

&t 3;:(1978) observed no incresse in varistion following irradiation of
segregating generation for yield in rice. They reported that the observed
genetic‘variances in the irradiated hybrid in general are lower than expeéted
becausevof the absence of any increase in Fé variance foilowing irradiation.
The estimates of various genetic parameters,gig.heritab}lity and genetic
advance are moderate to high only in the cross Himalaya-1 x China 988 in
bqth F3 and FéM2 populations, thereby indicating better scope of selecEion
for improvement of yield in this case as compareo} to the cross Himalaya~1 X
Phul Patas 72 where these estimates are very low. ‘

Some of the progenies like number 9 in Fé and number 12 in FsMé
of the cross Himalaya-1 X Phul Pates 72 had higher yields per plant in
comparison to the highest yieldigg progeny‘of standard variety, Himalayap1,
Similarly in the cross Himalaya-1 x China 988, progeny numbers 35 and 39 in
Fé snd number 18 in FSMé had higher yields per plant as compared to the
highest yielding progeny of the recomended variety., These progenies were also
superior for one or more yield components like number of tillers per plant,
panicle length and 100-grain weight., Therefore, selection of above progenies
from the different populations and further advancing and evaluating them for
yield and other component traits may lead to development of high yielding

genotypes in rice.

Concluding remarks

Results of the present investigation fevealed that in the cross

Himalaya-1 x Phul Patas 72, the means in irradiated F, population (F2M1) when
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compared with unirradiated F_ showed significant decrease fpr panicle

2
length, fert;lity percentage andvyield_per plant; ipcrease for number of
?;ller§ per plant, Whereas remainedvgngffected fqr plant height aﬁd 100-
grain weight. In the cross Himalaya-1 X China 988, when i?radiatedvFZkoPuk%bn
(F;M%)‘w?s compared wifh unirradiated Fé, significant decrease in plant
pfig?ﬁ?_pag;cle length, fertility percentagg, 100,grain weight and_yield
Egy‘plgqt_was opserved in_thg irradiated F;. The means however remained
unaffected for number of tillers perrplant.
In both the crosses, the variance for yield per plant deéreased
sign?f}caytlyﬂyhereas, ﬁor‘ferti;ity percgntage and jQO-grain weight
the variance increased significantly following gammapinxadiation of

‘Keeds -
F2)§F2M1) seeds as compared to the unirradiated F_, However, for plant

o
height, number of tillers per plant and panicle length,lno ‘significant
igcreaSe or‘decrease in variances were observed between F2 and FéM%
generations,

' ' Regarding the spectrum and freéuency of chlorophyllymutatiqn,
?F'hggubgen obs?rved_ﬁhat in both the crosses,_albiﬁas hgd the highest

fpgquepcy followed by Xentha, striata, xantha-alba and viridis, It has

also been observed that in both the crosses, the overazll frequency based
on M, plant progeny was higher than that calculated on the basis of

Mé seedlings, In the FéM2 generation the mean values for different

3
In the F3M2 of the cross.. Himalaya=1 x Phul Patas 72, the mean values for

characters in general, decreased as compared to F_ in both the crosses.

plant height, panicle length, fertility percentage, 100-grain weight and

s .
yield per plant decreased as compared to F, but was significant only for

>
fertility percentage. For characters, viz. days to heading and number of
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- tillers per plant the deviations were towards plus direc;tion but were
non-significant. In the cross Himalaya-1 x China 988, the mean values in

FBMZ shifted towards negative as compared to F_, for various characters,

3
Vige, days to h_eadin’_g, plant height, number of tillers per plant, fertility
percentage, 100—gra;n weight and yigld per plant, being significant only
?9r4yi¢;d per plant. »ngever,_for panicle‘length the mean shifted towards
positive direction but was non-significant.

Regarding the relgtive variances fo? Various charagters in Fé and
F%M2 of the cross Himalaya-1 x Phul Patas 72, i? has been obsgrved that in
F3M2 t‘}‘lewvar_nj.a_n'c'e‘d_ecreased for d?ys to heading, plant’height', number qf
tillers per plant, panicle length, fertility percentage and yield per plant
gnd'igcyegggd‘gply‘fpr 100-g;ain_yeight, prever, the increase and decrease
in variances were non-significante In the cross Himalaya=1 x thna 988, the
variaces incressed for days to heading, plant height, mumber of tillers
per plent, panlcle 1ength, fertlllty percentage and 100~gra1n welght 1n
F3MZ as compared to F3’ but the 1ncrease was non-sa.gnlflcant, whereas for
yield per plant the variance decreased sigpifica.ntly._

VAIn gene;al, there is no evidgnce that the variatign inﬂthe hybrid
increase following irradiation for most of’the characters. The effect of
irradiatipn on the segregating population in prqducing heritable mutations,
therefore, éeems to‘be balancing out with no net gain_or loss to the total
phenotypic variability as observed in the unirradiated segregating populations,
The observed genetic variances in the irradiated hybrid, in general, are
lower than expected, which may be because of the absence of any increase in

F3 variance following irradiation (Virk et al. 1978).
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A few progenies

s¥ize, number 9 in F3 and number 12 in E3M2 of

the cross Himalaya~1 x Phul Patas 72, and progeny numbers 35 and 39 in

- of the cross fimalgya-1x Chind 489
F3 and number 18 in FBMZ)Pad higher yields per plant as compared to

the highest yielding progeny of the recommended variety. These progenies
were also superior for one or more of yield components. Therefore these
progenies may be selected for further testing and evaluation for yield

and other component traits alongwith the recommended varieties for

developing high yielding genotypes in rice.
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: SUMMARY

The present investigation was undertakeg to study thg nature
of variation induced_by gamma rays in the segrega’cing generation of twp
crosses of rice and was carried out‘dgring the Kharif seasons of 1983 and
j9§&; Dry Fé»seeds, stabilized at 1%% moisture, of two crosses of rice,
_zg’._g. Iﬁmalaya-'] x Phul Patas 72 and Himalaya-1 x Ching 988 were irradiated
with 25 kR gamma rays. The experimental material for the trial during

kharif 1983 comprised Fa, F of the two crosses alongwith their parents,

2M1
During Kharif 1984, the experimental material comprised of F3’ F3M2 and
the parents of the sbove crosses.

The objectives of the present investigation were as follows:

1e ?o assess the magnitude of induced variability for yield and

some quantitative traits.

2e ?9_§?udy the spectrum and freéuency of macro-mutation induced by
gamma rays

e ?9 explore the possibilities of isolating desirable phenotypic
mutants,

Results of the present investigation revealed that in the cross

Himalaya~-1 x Phul Patas 72, the mean values in the irradiated F_ population -

2
(Féyq) for some' characters, viz. panicle length, fertility percentage and

yield per plant decreased and for number of tillers per plant increased

significantly, as compared to unirradiated F However, for plant height

2.

and 100~grain weight, no differences were observed in the two populations,
population

In the cross Himalaya=1 x China 988, when irradiated le(Ean) was compared

with unirradiated Ea, significant decrease in plant height, panicle length,

fertilify percentage, 100-grain weight and yield per plant was observed in

the irradiated FZ. The means however, remained unaffected for number of

tillers per plant,
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In both the crosses, the variance for yield per plant decreased
significantly, whereas for fertility percentage and 100-grain weight the
variance increased significantly following gamma-irradiation of FZ seeds

as compared to the unirradiated F However, for plant height, number of

2.
tillers per plant and panicle length, no significant increase or decrease

in variances were observed between F._ and FZM'I generations.

2
Regarding the spectrum of chlorophyll mutations in the seedlings
of F3M2 generation it was observed that chlorophyll mutations comprised
/ :
mostly ofalbing i.e. 67,31% in the cross Himalaya-1 x Phul Patas 72 and

31.0%% in the cross Himalaya=-1 x China 988 of the total chlorophyll

mutations, followed by xantha, striata, xentha-slba and viridis. In the
cross Himalaya-1 x Phul Patas 72, the overall frequency of chlorophyll
mutations in the irradiated Fy population (Fst) based on M, plant progeny

was higher (27.83%) than that calculated on the basis of M, seedlings

2
(%2.09%)s Similarly, in the cross Himalaya~-1 x China 988, the overall

frequency calculated on M1 plant progeny basis was higher (30.61%) than

that calculated on M, seedling basis (1e26%). This suggests that

mutations did net occur in 211 the tillers of a plant and actually only a

4

few seedlings from different tillers were mutated, No desirable phenotypic
mutants were available in the present study,

In the F3M2 generation, the mean values for different

characters, in general, decreased as compared to F.’) in both the crosses,

In the F3M2 of the cross Himalaya~-1 x Phul Patas 72, the mean values for
plant height, panicle length, fertility percentage, 100-grain weight and

yield per plant decreased as compared to F_ but was significant only for

3
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fertility'percentage. For other characters, ¥iz. days to heading and
number of tillers per plant the deviations were towards plus direction
but were non-significant. In the cross Himalaya-1 x China 988, the
mean value§ in FéMé shifted towa;ds negative as compared to Fs for
9haracters, viz. days to heading, plant height, number of tillers per
plant, fertility percentage, 1QO-grain weight and yield per plant, being
§ignifiCan§;j only for yield per plant. However for panicle length~
the mean shifted téwards ﬁositive direction but was non;significant.
Regarding the relativg variances for va;ious characters in_Fé
gnd FéMé of the cross Himalaya-1 x Phul Patas 72, it ha; been observe@
ft;}_lat in,FI‘3M2 _the variance dgcreased for day§ to heading, plant height,
gqmber of tillers per plant, panicle length, fertility percentage and
yield per plant and increased only for 100-grain weight, However, the
increase”and decrease in variances were non—significant. In the_crOSS
.Himalaya-1 x China 988, it has been observed that the variances increased
for days to heading, plant height, number of tillers per plant, panicle
lepgth, fertility percentage and100-grain weight'in FéM; as compared to
Fé, but the increase was nonfsigpificant whereas, for yield per plant the
Variance decreased significamily,
In general, there is no evidence that the variation in the
hybrid increases following irradiation for most of the characters. The
effect of irradiation on the segregating population in producing heritable
mutations, therefore, seems to be balancing out with no net gain or loss to

the total phenotypic variability observed in the unirradiated F3 generations,

A few progenies like number 9 in F

3

cross Himalaya-1 x Phul Patas 72; and progeny numbers 35 and 39 in F3 and

and number 12 in FsM2 of the



78

number 18 in F3M2 of the cross Himalaya-1 x China 988, had higher yields
per plant as gompared tp thevhighest yielding progeny of the recommended
gheck variety. These progenies were alsovsuperior for one or more yield
components, Viz number of tillers per plant, panicle length and 100-grain

weight, Further testing and evaluation of these progenies may lead to

development of high yielding genotypes in rice.



LITERATURE CITED



Literature Cited

Anoymoas 1984 1985 . Agriculbural situation in Indid . 39 : b 561

Awan,M.A.and A.A. Cheema. 1976, Performance of early flowering mutant lines
of rice variety Basmati-370. Mut.Breed. NeWSI_. No.7:4=5.

Awan,M.A. and A.A. Cheema, 1981. Implications of induced dwarfism on yield
comiponents in rice (Oryza sativa L.). In Induced Mutations-
a tool in plant research. Proc.Inter.Symp. IAEA, Vienna,
Austriae pp 153

Bari G. and M.A. Awan. 1974. Early flowéring mutsnt strains of rice. Mut.
Breed, Newsl. No. 3sk,

Basu,A.K. and R.K. Basu, 199. Radiation induced Chlorophyll mutations in
rice., Indian J. Genet. 29: 353-362,

Bateman, A.J. 1959.Induction of polygenic mutations. in rice. Int.J.Radiat.
Biol., 1 & 425-27.

Bhan, A.K. and M,L.H. Kaul. 1974. Gamma ray induced 'long grain' mutant in
rice variety Jhona-349. Symposium on use of radiations and
radioisotopes in studies of plant productivity, Food and

Agriculture Committee of the Dept. of Atomic Energy Govt.
of India. ppe 15k

Bhatia,CeRe and M.S, Swaminathan. 1962. Induced polygenic variability in’

‘bread wheat and its bearing on selection procedures. Ze

Pflanzenzuchtg. 48 : 317-326. _

Bhatia,G.K. 1973, Effects of gamma rays on rice (Oryza sativa L.). M.Sc. Thesis,
H.P.U. &gric. Complex, Palampur,

Bijral,J.S. 1982. Study of genetic variability induced by physical and
chemic¢al mutagens in rice (Oryza sativa L.) Ph.D. Thesis,
HoPoKovnVo, Palampur.

Blixt,5.;L. Ehrenberg and O, Gelin, 1960. Quantitative studies of induced’
mutation in peas ITI, Mutagenic effect of El. Agri.Hort.
Genet. 18: 109-123.

Blixt,S,3;0.Gelin;RsA. Mossberg; G.Ehrenberg and R,A.lofgren, 1%kh, Studies of
induced mutation. XIT induction of leaf spots in peas,
Agri. Hort. Genet. 23: 187-205.

Bora,K.C. and N.S. Rao. 1958. Experience with rice (Oryza sativa L.) on rilzge
induction of mutations by ionizing radiations. Proce. 2
Int. Conf, on Peaceful uses of Atomic Energy 27: 306-313

*Boroughs, H. 1962. The use of radio-active isotopes and radiations in
tropical sgriculture. Turrialba. 12: 9-15.

Brock, R.D. 1965. Induced mutations affecting quantitative characters
Radiat.Bote 5 (Suppl): 451-46k4,



ii

* Bruns, A. 1954, Die Austosung Von Mutationen durch Rontgen Bestrachlung
ruhender Samen Var. Trifolium pratense. Angen.Bot 283 119-155.

Chakrabartl 5 Ne 1975, Rediosensitivity in rice. Indian J. Genet.35: 459-461,

Chakrabarti, S.N. and S.Sen 1975, Improvement of rice plant types for nitrogen
response through induction of mutation, Indian J.Genet. 35:
544'/"'570 )

Chakraborty, A and S. Sen. 1979. Variation in qnantltatlve characters
induced by X-rays on mature embryos of rice (Oryg_ sativa L.)
Sci, Cul. _2 ’-|46 l+l+8

Chand,L., A.K. Richaria and J.P. Lal. 1974. Symposium on use of radiations and
radio-isotopes in studies of plant productivity. Food and -
Agri, committée of the Department of Atomic energy, Govt, of
India. pp 15k,

Cho-Hawa,Hue. 1973, Mutation Breeding for short stature rite. Proc. Second
General Cong. SABRAO, IARI, New Delhi: pp 81.

Deng, D.S. 1981. Heretablllty and genotypic’ correlatlons of major characters in
early mutants from the M_ of ©©Co gamma-irradiated rice
Talylng1. Heredltas..ﬁc 22-2k.

Dogar,A. 1981. Effects of gamma rays-on different 1ndlca and Jgg nicg varieties
of rice (Oryza Sativa L.) and their respective mutants. M.Sc,
Thesis, H.PeK.V.V., Palampur,

#Ehrenberg, L.; A, Gustafsson and D.Von Wettstein j956. Studies on mutation
process in plant regularities and international control, Proc,
Conf. Chromosomes. wagenihgen.

Ehrenberg,L.;A. Gustafsson and U. Lundqulst. 1959. The mutagenic effects of
ionizing radiations and reaction Ethylene derivatives in
barly. Hereditas. 45: 35-68.

Eriksson,G. 1965, The size of mutated Sector in barley spikes estimated by
means of waxy mutants. Hereditas 53: 207-326.
¢ , :

Favret,E.A. 1960. Somatic mutations of four gene for albinism in barley induced
by X-rays and EMS. Hereditas. 46s 623-634,

Futsuhara, R.;K. Toriyamma and K.Tsunoda. 1967. Bréeding a new rice variety
YReimei" by gamma ray irradiation. Jap. J. Breed. 17: 85-9%.

Ganashan, P. 1971. Evolution of new rice varieties by radiation induced mutations
in Hq and H8 rice varieties, Tech.Rep.Ser.No.131s 19-28,



iii

Gaul,He 1965. The concept of macro and micro-mutations and results on induced
micro-mutations in barley, Radiat. Bot. 5 (Suppl) Lo7-428,

#Gaul ,He and L, Mittelstenscheid.v1960. Hinweise zur Herstellung von Mutationen
durch ionisierende Strahlen in der Pflanzeniichtung. Z.
Pflanzenziicht k3: Lok-422.

Glll, KeSe35.8, Saini; M,K. George and H.S. Kandola. 1969. Open spikelet- a
radiation induced mutant character in rice. Curr.Sci. 33: 82-84.

Gregory, WeCe 1955, X=ray breeding of peanuts (Arachis hypognea L.) Agron.d.
L"? H 396—3990

Gregory,w.c. 1956. The comparative’ effect of radiation and hybridization in
plant breéding. Proc. ISt U.N, Conf. Peaceful uses atomic energy
12- 48-51.

Gupta,J.C. 1976, Studieés on polygenlc variability and isolation of phenotypic
mutants induced by gamma rays and DES (Diethyl sulphate) in indica
and japonica varieties of rice’ (Oryza sativa L. ) in M3 generation.
M Sc.The81s, H.P.U. Agric. Complex, Pal ampur.

Gregory,W.C. 19%1. The efficiey of mutation breeding. In Mutation and Plant
Breeding, Nat. Acad. Sci., Nat. Res. Council publication 891:
461~ 486

Gustafsson, A. 1947. Mutations in Agricultural plants. Heriditas. 33: 1-100.

Gustafsson, A. and Tedin, O. 1954, Plant breeding and mutation. Z.Planzenzuchtge

2t 612-699,
Hag,M.S.;M.M. Rehman; A. Mansur and R. Islam. 1971. Breeding for early, high
yielding and diseaSe resistant rice varieties through induc¢ed -
mutations. Rice Breéding with Induced Mutations, III., Tech. Rep.
Ser. No. 131: 35-46.

Imai, Y. 1935. The efféct of X-rays in the production of sterite rice. Jap.
J. Genet. 9 3 233-2%.

Jacobson, P, 196. Determination of mutant carrying region in barley plants
after IMS seed treatment. Radiat. Bot. 6: 313-378.

Jawa,M K. and K.Roy. 1973. Induced quantitativé mutations in rice. Radiat. Bot.
A3s 2u5-247. :

;Jodon,N.E. 1958, Atomic age change rice breeding too. La Aéric. 1:3.
Kao,K.He;C.H Hu;W.T. Chang, and H.T. Oka. 1960. 4 biometrical genetic study of

1rrad1ated populations in rice. Genetic variance due to different
doses of X-rays. Bot. Bull. Acad. Sinica. B. 101-108,



iv

#Kaplan,R.W. 1954, Beinflussung der durch rontgen strahlen unduzeirten
mutativen Flackenmosaiks auf den. Blattem strahlentheraspie.
s 106-118,

Kaushik, R.P. 1974, Effects of gamma-rays on rice (Oryza sativa L.) in R3
generation. An unpublished M.Sc. Thesis.H.P.U.Agric.
Complex, Palampur.

Kawai 4Te 1963, Mutations in rice induced by radiation and their 81gn1flcance
in rice breeding.II Mutations. by X-ray irradiation of
florets. Bull. Nat.Inst.Agric.Sci.(Jap.) Ser. No.17:77-137

Khanna,B. 1935. Chlorophyll deficient rice seedlings induced by X-rayse. Je
Coll.Agri. Tokyo Imp.Univ. 13: 363-371.

Konzak,C.F.;R.A«Nilan;J.R.Harlé and R.E. Heiner 19%1. Control of factors
affeéting response of plants to mutagens. 14th Brookhaven
~ Symp. Biol. 128-157,

Konzak, C.F. R.A. Nilan,J.Wagner and R.J. Foster. 1965. ‘Efficient chemical
mutagene51s. Radiat. Bot.5(Suppl) 5 49-70.

Krull, C oFo and KoJ. Frey. 1961. Genetic variability 'in Oats following
hybridization and radiation. Crop.Sci. 1 : 1&1-146

Malik, S.5, 1982, Gamma ray induced semi-dwarf mutants in Basmati 370.
International Rice Research Newsletter 7: L4,

Mallick,E.H.;N.G. Hajra and PiBairagi. 1979. EMS-induced polygenic variability
in rice (Oryza sativa L.). Genetica Polonica. 203 567-67h.

Marie,R.and A, Tinarelli. 1974. Rice mutants and resistance to blast diseaSe.
In induced mutations for disease resistance in Crop plantse.
IAEA, Vienna, Austria. pp 154

Matsuo, T;Y.Yamguchi and A.Ando., 1958. A comparison of biological effects
between thermal neutrous and X-rays on rice seeds. Jap.J.Breed

_&: 37"""50

Mehra,H.C. 1975. Comparative effects of gamma~rays and Diethyl sulphate on the
indica and japonica Varieties of rices (Oryza sativa L.) M.Sc.
Thesis, H.P.U. 4gric.Complex,Palampur.

Miah,J. and H. Yamaguchi. 19%4. Experiments on the induction of polygenic
nutations with successive irradiation in: rice. Phyton 21 3

149-155.

Miah,A.J.;I.M.Bhatti; A.Awan and C.Bari. 1970. Improvement of rice varieties
by induced mutations to increase yield per acre and resistant
to diseases and to improve seed quality. Rice. Breedlng with
Induced Mutations. II.Tech.Rep.Ser.No,102: 69-75.


http://II.Tech.Kep.Ser.No.l02

v

Mizh,A.J. and M.A.Awan. 4971. Induced mutations in ricé. Rice Breeding with
Induced. Mutations, III.Tech.Rep.Ser.No. 131: 77-90.

Mohanty,H.K. 1970. Induced Mutations and plant 1mprOVement. IAEA, Vienna,
PP 533e

Nallathambi,G. and V.D.G. Raja. 1982. Mutagenic effects on chlorophyll -
mutatlon frequencles and spectrum in rice. Madras #gric. J.

Nanda,A.K. and R.N. Misra., 1975. An. EMS induced zebra mutant in rice,
Curr. Sci. 44 902-904

Nayar,N.K. and C.A, Niwan., 1978, Frequency and spectrum of gamma ray
induced variations in the weight of ears in rice variety Jayas.
Agric.Res.J.of Kerala. 16 : 210-216,

Oka,H.I.,J.Hayashi ‘and I.Schiojeri. 1958. Induced mutations of polygenes
for quantitative characters in rice. J.Heredity. 49: 11-1k.

Ota,T;K.Sugiyama and I. Jtatani. 1962, Alteration of quantifative characters
in rice by irradiations. Kihara Inst.Biol.Res.14:97-101. 7

Panse,V.G. and P,V, Sukhatme. 19%67. Statistical methods for Agricultural
workers,

Rajagopalan,K.19%8, Gamma-ray induced white rice mutant from upland rice
mutent from upland rice strain TKM-1. Oryza 35: 81-83.

Ram,M. 197k, Useful mutations in rice. In induced mutations for disease ~
resistance in crop plants. Vienna, Austria, IAEA: 161-164.

Ram,M. and Faish~-Uz~Zaman. 1972. Artificial transmutation of genés in rice
(Oryza sativa L.) Indian J.Agric. Sci. 42: 275-280.

Ramiah,K. and M.B.V.N. Rad. 1953. Rice breeding and Genetics, Ind.J.Agric.Res.
Sci. Miongr. pp. 1%

‘Ratho,5.N. and P.J.Jachuck.1971. & method of inducing awnless condition in
rice by chemical mutagenesis. Curr.Sci. 40:274-276.

Reddy,T.P. and K. Vaidyanath. 1979. Enhancement of gamma-ray induced mutation
frequency in rice by post-treatment with Chloral hjydrate, '
methanol andtheir mixtures with ethanol. Env, Expt.Bot.19:27-31.

Ree J.H. 1973, Induced mutations for rice improvement in Korea. SABRAO,
second General Congress, New Delhi. 78-7k.

Roy,K.and M.K. Janae 1971 Variation in quantltatlve characters in rice after
different mutagenic treatments. Proc. 58th Ind.Sc.Cong. (Part III)
PPe 755

Rutgers,J.Ne. 1977. Short stature, early maturing rice mutants, Mut. Breed,
NeWS. NO. _1_9_: 6"70



vi

Saini,S.8. and D.Sharma. 1970. Radiation induced variation in rice improvement.
Indian J. Genet. 30: 569-578. '

Saini,S.5. and I. Kumer. 1973. Hybrid mutant 95-a very early rice variety
with good y1e1d potential and high protein content. Madras
*‘gmc. Je _Q 262-263.

Saini,S.5, and M.R. Gagneja. 1971. Hybrid mutant No.52 - an early rice’
mutant with very long and fine grains. Oryza. 8 :113-11ke

Salnl,b.b.;M R. "Gagneja and G.S, Brar. 1977. PAU-Mutant Basmati-370, a’
semi-dwarf, high yielding and high quality rice variety.
Sci.Cul. 43: 259.

Sakai,K.I. and A, Suzuki. 19%4. Induced mutations and pleiotropy of gene
resporisible for quantitative characters in rice. Radiat.
Bot. 4:141-151.

Sato,H. 1966, Indiuction of mutations in rice by chemicals. Gamma field
Symposia No.5: 71-81.

Savov,P. 1983, Mutation breeding in wheat by matation induction of hybrids.
Mut Breed Newsl No.23: 13—14

Seetharam,A;K.M.D, Nayar and H.S. Honuman Thappa. 1978. Physical and bhemlcal
mutagene51s in rlce. Mysore J Agrlc 501. 12.1-4

Sethi,G.S. 1968 ‘Mutation spectrum and mutation frequéncgpln (Hbrdeum
vulgare L.) induced by 60Co gamma rays, and 323 B
act1V1ty and IMS., Ph.D. Thesis, PAU, Iudhiana.

Scossiroli,R.E. 1965, Value of induced mutations for quantitative characters
in plant breeding. Radiat. Bot. 5 (Suppl): L3450,

Shalkh M.A.Q. 1981, Crop improvement through nuclear technique in Bangladesh.
Fourth Int. SABRAO Cong., Kuala Eumpur,

SharmayA.K. 1977. Studies on polygenic variability and isolation of
phenotypic mutants induced by physical and chemical mutagens
in indica and japonica varieties. of rice (Oryza sativa L.
in M, generation., M.Sc. Thesis, H.P.U. Agric. Complex,
Pal pur.

Sharma,K.Ds 1985. Induced mutagenesis in rice. International Rlce Genetics
Symposium IRRI, Manila 12: 1-20.

Sharma,R.P. 1968. Cytogenetic studies of thé combined effects of physical
and chemicgl mutagenesis, Ph.D. Thesis.Agna Univ,Agra,

8iddiq.E.A, and M.S, Swaminathan. 1968. Induced mutations in relation to the
. breeding and phylogenetic differentiation of Oryza sativa L,
Rice Breeding with induced Mutations. Tech. Rep. Ser. No.86e
pp. 25"510



vii

Somoto,S. and D. Kanai. 1975. Studies on mutation breeding in rice.Il.Stiff-
strawed mutants of Koshikikari. Jape.J.Breeds25: 1-7.

Stadler,L.d. 1928, Genetic effect of X-rays in maize. Proc. Nat.Acad.
Sci.USA 1h: 69-75.

Swaminathan,M.3, 1965. A comparison of mutation induction in diploid and
polyploids. Radiat. Bot. 3 (buppl) 621-641.

Swaminathan,M.S.;R./l)\\;Siddiq and C.B. Singh. 1970. Mutation breeding in rice
in India, Rice Bréeding with Induced Mutations. Tech. Rep.
Ser.No, 102: 25-42.

Swammathan,M S.;EcA. Siddiq; M.A. Ismail;C.B. Singh;R.P.Puri and V.P.Bingh,
- 1971+ Frequency and’ 5pectrum of mutation induced in rice
Varieties by physical and chemiCal mutagens. Rice’ Breeding
with Induced Mutations,III Tech.Rep.Ser.No.131: 80-82

Syakudu K H.Yamagata and C.Ono. 1958. Studies on artificial mutations in
rélation to plant breeding.II. The second generation (R.)
following irradiation with gamma rays( 60Co) in rice.
Jap.J.Breed. 8: 57,

TanakaySe1968. Radiation induced mutations in rice, an analysis of mutations
induced by chroni¢ gamma-ray exposuré. Rice Breeding with Induced
Mutations, I.Tech. Rep.Ser.No. §§: 53—§4.
Van.ravan,s :S. blVasubramarlum, WeW. Manuel and A, Subramanium, 1973. Radiation
' respense in rice. Madras. Agric. J.60: 1781-1782.

Venktanadachari ,G. 1963. Polygenic variability in irradiated cultivated
NP 130. &ndhra Agric. J. 103 37-47.

Viado,G.B.;I.S.5antos;B.Cada;P.B. Escuro and J.D. Soriano 1970. Induction and
utilization of mutations inh rice. Rice Breeding with Induced
' Mutations. Tech.Rep.Ser.No.102:84-103.

Virk, .S.,S S. Saini and V.P. Gupta. 1978. Gamma radiation induced polygenic
| variation in pure breeding and seégregating genotypes of wheat
and rice. Env.Expt.Bot. 18: 185-191. :

Wo00,5,Ce3C.M.NG and I.J. Tung., 1971. Induction of mutation in cultivated rice
by chemical and physical agents-II. The effect of M damage and
M2 mutations. Bot. Bull. of Acad. Sinica. 12: 66-73.

*4u,>.B, and QeH. Zhang. 1983, Predicting parameters of mutational frequency
and range of mutation in ric¢e. Ist. Agricultural Sciences,
Jinjiang Prefecture, Fujien, China,

Yamagata,H.ondK, Syakudu. 1960, Studies on usefullness of artificially induced
" mutation in breeding.I. On the sensitivity of rice to gamma rays

and visible mutants in the X . Jap.J.Breed 10% 153-162.



viii

Yamaguchi, He 1962. Genetic variation in grain size after irradiation - I,
Gamma irradiation. Jap. J.Breed. 12: 93-100.

. Yeh,B. and M.T. Henderson., 196%, Effects from irradiation of rice seed
with gamma rays and neutrones on sevéeral characteristiés
of the R, generation. Bot. Bull Acad.Sinica. ks 90-102,

Zhou, S.M. 1983. A study on the heritable variation induced by irradiation
in some major characteristics of riée plants. Application
of Atomic Energy in Agriculture. No.1: 4413,

* Original not seene



