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INTRODUCTION

The usa of semidwarfs, undoubtedly, 1s the most bri-
I[litant success in the area of rice breedinge The realisa-
tion that response to fertilizer application was more a
morphological than a physiological phenomenon (Swaminathan,
1966a) led to a wide spread search for gene3 in cereal crops
which decide the ideal plant type. 1In rice, the plant type

concept has materialised after the i1dentification of
Dee-geo-voo-gen and the development of Taichung Jative-1 iIn
Taiwan. Jennings (1:164) viewed the i1deal plant type in rice
for the tropics as one with erect, short, thick, dark ’reen
leaves and short sturdy stem. my others hove also described
the 1deal plant type Tilted to the tro >icr. 1th slight altera-
tions. The plant typo concept his thus been chan itr vith

the changing requirements and breeding objectives.

The introduction of Taichung Native-1 and | Into
India established tho plant type concept Iin the country. The
terminology has cone to stay In association with nonlodping,
short plant stature and short, erect, dnrk green loaves. It
has enabled the genetic destruction of yield barriers in rice
and has been responsible for n breakthrough in rico production
InN many "outh East Aslan countries including India. However,
the large scale cultivation of the dwarf varieties raised

hopes and fearsj hopes for the fact that yields of the order



unknown earlier could be realised under proper management and

fears on account of their susceptibility to major pests and

diseases.

During the past two decades, nearly 150 semidwarf rice

varieties of different duration, productivity and grain quality

have been released In India for commercial planting*® These
semidwarf rice varieties, at the present, occupy nearly 30%
of the total rice area in the Country. Virtually all of them,
Including IR-3 and Taichung dative-1, have a common source of
dwarfism derived from Dee-geo-woo-gen despite differences In
the donor varieties. Thi3 slmoly inherited dwarfin', gene not
only shortens the culm length; but also brings about several
other changes such S3 stiff straw; short, erect, dark green
leav«3 and increased tillering. Lt thereby modifies the plant
architecture as woll as physiological properties. 1th a
single gene dominating large crop areas, there i1s a potential
danger of genetic narrowness. The alarming uniformity created
by this narrow genetic base in respect of such an important
gene or gene complex foretells genetic vulnerability to many
adverse conditions including disease and pest epiphytotics,
and poor adaptability to diverse environments. The rice
workers have now realised the urgent necessity for widening
the genetic base of semidwarfism. In recent years, many pro-
jects have been initiated for screening the existing geraplasm

for dwarfing/semidvarfing genes and for the induction of dwarf

autationae



Induction of mutations by radiations and chemical muta-
gens has become a quite useful tool In modem plant breeding.
Mutation research in rice, from the point of view of Its
Improvement, dates back to 1934. This approach has engaged
the attention of a number of scientists particularly in Asian
countries where rice forms the staple food. As pointed by
Svaminathan (1966b), the rice plant v/ith its essentially
secondary polyploid nature, with a partially di3onic and
partially polysomic genetic constitution, and a strict self-
pollinating system, is ideally suited Tor ImprovelO2it through
mutation breeding. Several v/orkers have estabiisneci that
Induced mutants would obviously be of importance iIn rice
breeding through th”Ilr direct as well as indirect uses. In-
duced short statured mutants have been reported In rice right
from Ichijirao 1n 1934. ‘emidw irf mutants conforalng to the

plant tyme have also been identified by soje workers.

The genetics of induced mat mts are relatively little
Investigated up on. The allelic relationship of mutants, both
naturally occirrinrr and Induced, has boon studied by n few
workers. Xingh et nl. (1979) reported that while noit of the
naturally occurring semidwarf mutants were allelic to
Dee-geo-voo-gen, many of the induced aemldwarf rautunto were
nonallelic. Ikehsshl and Klkuchl (1992) were of the view that

the same Locus In the third linkage group was responsible for



th* semidwarfiso which Isad to a breakthrough for yield level

Independently in different regions of the World,

Genetic analysis of aeoidvarf mutants provides a means
to ascertain the allelic relationship of the mutants with
Dee-geo-woo0-gen, Incorporation of plant type into the well
adapted native varieties through the conventional combination
breeding not only disturbs the genetic background of these

varieties but also perforce retain soue of the undesirable
effects In spite of efficient selection. Mutagenesis pro-
vides an unique method of inducing plant types into the native

varieties without disturbing their genetic background.

The present project has been taken up as a part of the
nation-wide effort to identify/induce dwarfing genes non-
allelic to Hgvg gene to provide a v/ido genetic base for seral-

dwarflam. The iInve.atlg itiono aimed at:-

1. tha induction of plant tyoe semidi-Mrfs Iin three native
well adaoted varieties, viz., Mtb-), tb-29 and tb-10

using gamma rays and hMJ;

2. the study of the genetic relationship of the induced serai-
dwarfs with Hee-geo-voo-gen to identify nonallelic semi-

dwarfing genes) and

3. the study of the allelic relationship of the inducod

mutantse
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REVIEW OF LITERATURE

At the turn of the century, the enormous potential use-
fulness of Induced mutations for Diant breeding has stirred
the Imagination of geneticists like De Vries, TJilsson I'hle,
Muller and Gustafsson. The scope for producing better species
of cultivated plants and domesticated animals by the mutation
technique was anticipated by them (c.f. waul, 1964). |he use
of X-rays for iInducing mutation was suggested by De /ries 1In
190-* (c.f. Dlakesee, 1)36), Koemicke In 105 and Gager In
1908. However, the conclusive proof that ionising radiations
Induce mutations was orer.ented by ‘'ullor 1)27) in rosovhila.
Report3 of f.tadler (1920), Gager and Ilakeslee (1927) end
loodsoeed (1029) indicated the use of 1onising radiations for
Inducing mutations In plmts. 1he historically important
finding of this p riod were folio rd In the next three to
four decades by Investigations of a purely experimental nature,
such as, the type of muti'renr., dosage'., "L effects, segrega-
tion In Mo and ;t,, mutant tyoes and cytolo leal characteris-
tics. These early works did not contribute much to plant
Improvement. Th™ seventies witnessed the practical utilisa-

tion of induced mutations In a wide range of crops (Gregory,

1772).

Even before the discovery of the mutagenic effects of

X-rtyi, the aearch for chemicals capable of causing mutation*



began (Auerbach, 1967). Early in the Century, chemical muta-
genesis was attempted by Schiemann (1912), Induction of muta-
tions by means of chemical treatments with mustard gas was
demonstrated by Auerbach and Robson (1372, 19277) in ungland

and lapoport (1973) in the USSR. 3ince then, a nuabar of

chemicals possessing mutagenic properties have been i1denti-
filed and their effects studied. The reports on the induction

of mutations in higher plants with chemical mutar®ens are

numerous Iin recent years.

Among the numerous radio-mimetic chemic-'Is nru known,

the alkylating agents are the most efficient In a vide array
of organisms from bacteria t) mammals (Auerbach, 1 71).

Within the alkyl -ting .groua, monofunction.il agents in Tcncral
and ethyl methane sulphon”te Iin parti- linr apoeir to ho more
efficient In several org inl™Tio Including hi'her plants
(Awsmimthan et al., 1)62). The inut\onic efficiency j¢+ <thjrl
methane sulphonote was first demonstrated by Heslot rt al,
(1959) and liter by Lhrenberg (1)6)), nitr )soguanidine, a
comparatively new 1 idltlon to the series of potential chemical
mutagens iIs reported to induce higher mutation frequency than

EH3, KAU and gamma rays (Awsminothan et al., 1179),

A wide range of both physical and chemical mutagens |Is
now available. The relative advantages and diaadvmtages of
the different mutagens have been investigated by many workers.

Ehrenberg et al. (1961) and Helner et al. (1960) showed that



some chemicals induced mutations with frequencies two to

three times higher than the highest frequencies obtained
following radiation treatments, Sato (1966) reported HI and
EMS to be more powerful mutagens than radiations in inducing
visible mutations in rice, Physical mutagens like X-rays,
fast neutrons and g imaa ray3 have been frequently employed

IN inducing useful mutations Iin crop plants as compared to
chemical mutagens ("waminathan, 1)69b). The available litera-
ture on mutation breeding iIs flooded with works on induced
mutation through i1onizing radiation. In sexually propagated
crops, chemical mutagens yielded very hi h nutation frequen-
cies and In roost c ises they wore mure of ictent than ionizing
radiations (Knmra and hrunn”r, 1 *72), however, it. Is premature
to assess the merits of chemlcnl muta ona on the hiris of the
number of varieties to which they have riven rise, since
extensive work with chemical -nuti-ona h-ve began onl/ in 1 '60,
following the introduction of ethyl methane sulphonuto, /3s
such, the choice between the physical and chemical mutagens
for Induced mutagenesis In >nly arbitrary. wsmin than (1969c),
however, opined that neutrons among the radiations and ethyl
methane sulphonute among the chemicals were generally the
mutagens of choice. Mair (1971) ranked the mutagens as gamma
rays, EMS, NMJ and fast neutrons In terns of the frequency of
viable mutations they induced. Based on their efficiency at

doses inducing similar biological effects, they were reported



to bo In the order gamma rays, EMS, fast neutrons and iIIMU.
He, thus, concluded that ganma rays were the best In inducing
viable mutations In rice. Thus, both the kinds of mutagens

have proven to be of value In Induced mutagenesis.

Since the premier works of Yamada (1917) and Kakamura
(1913) which indicated increased yields with exposure of
seeds to X-rays for short periods, the literature on induced
mutations in rice has accumulated tremendously. Jhe progress
IN mutation research and the practical achievements In crop
Improvement have been reviewed by many investigator's such as
(Aumrbach, 1961; Gaul, 1i/6l, 1j6h; jporrov, 1;61; parrow
et al., 1965; Nilm et nl,p1960; 1 hi; Cust fa on, 1jGz, 1969;
Guatafsaon 7.d 5ad«i, 1966; oslat, 1jGj; yboa an! .»och, 1965;
fitubbe, 1567; Narayanan and Konzak, 1/Go; WTiinuthun, 1169a
cri b; ‘'fair, 1971; 'Gscuro et al., 1)71; Oovindasvuni et al.,
1572; Carnahan et al., 1975; ChokrabarUii nd on, '1975;
Rutger et al., 1976; Hak nd Mun, 1)76; *vun nd ari, 1979;
hajra, 1979; Bwivedl e~ al., 1979; oikaolnen, 1979s ‘'recdharan,
1979; Hiraiwa and Tanaka, 1999; fatnnik rt al., 1959; Kawni,
1990; -5aini end Kumur, 1990; Bakirov, 19 30; /wan and \lioema,
1931 ; Guo, 1991; *l«hadevap,>«! et el.p 1991; dutger *nd Brandon,
1901; "antes, 1991; Ashri, 1932; Lnl nd tiichhsrl*, 1982;
Ganashrm and hittington, 1903; Debnath and Mukerjee, 1J85;

Meae at al.p 1984),

Bparrow et al. (1939) listed 31 publications on radio



botanical studies In rice for the 60-year period from 1896

to 1955- While Mayar (1965) reviewed most of the mutation
works Iin rice upto 1965t Gustafsson and Gadd (1966) attempted
to relate the breeding characteristics and accomplishments

to the works which had been done with rice mutations. Mikaelsen
(1979) reviewed induction of mutations and their nature, types
of useful mutations including those for plant height, changes
In flowering and maturation, resistance to diseases and pests,
and the use of induced mutations in rice breeding. The avail-
lable literature on these aspects is rj vast th-t it la out
of the 3Cope of the present study to review then. .utation
breeding for resistance has ooened jp a new and vast Tield of
research. Streams of results of such iInvestigations L ve b”on
presented iIn more recent Literature. nother uucct od rota-
tion breeding that has nttnctod the attention of researchers

all ov®r the arid iIs the induction of desired ulsnt types.

This review 'lvon greater emotnsls to induced mutagenesis

In relation to crop breeding.
| . Effects of mutagens in the generation

The mutagenic sensitivity of plinl n is usually measured
by parameter* such a* gemination, survival, plant growth,

fertility and chlorophyll deficient chimeras.

m) Otn»In«tl3n
Ooud et al*/(1967), Hiddlg (1967) end Gamshun (1970)



reported that germination was not much affected by radia-
tions, though damage occurred afterwards. Germination was
not affected even at relatively higher doses of radiations
‘(Hair, 1971). However, considerable delay Iin germination of
seeds at high doses of radiations was reported by Yaaagata

et al. (1969) and Goud et al. (1967).

On the other hmd, germination was greatly reduced by
chemical mutagens such as diethyl sulml Le (Rao nd “yengar,
196A; Nair, 1971), ethylene imlne (Yanagata et al., 1565),
ethyl methane sulohon te (/amagrta et al., 1965; Gannslion,
1970; Hair, 1971; hair, 1976 > nitrosomethyl urea ( 'iddiq,
1967; Giddiqg and 9waminathan, 1969; ,air, 1971 , methyl methane
sulphonate (Nair, 19711 and oethyl nitr) nitrosoMimnidine
(Hair, 1971).

b) Survival

The number of seedlings surviving after mutw n treatment
has been observed to decrr*aso with increasing doses of muta-
gens, both physical and chemical (Rao and Ayengar, 1>6A
Yamagita et al., 1965; Glddig, 1967; liddio and ‘'.waminnthan,
1968; Genashan, 1979). wamlnathan et nl. (1970) Indicated,
bated on the data on the percentage of M, survival, t)ust the
toxicity of Ms and NW was very high, followed by that of gamma

rays and The LDSO appeared to be 50 kR with gamma rays
and 0.50*', 0.0154 and 0.010* with EMG, NMJ and NO, respectively,
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Even at very law doses, reduction in germination and survi-
val following treatment with NMU tNNG and riS was significant.
EHS caused least lethality, compared to other chemicals

(Hair, 1971). He further reported that in chemical mutagen

treatments, seedlings reaching the fourth leaf stage almost
always survived to maturity and indicated the difference bet-
ween the nature of lethal effects iInduced by radiations and

chemicals. Guo et al. (1933) did not find significant corre-

lation between seedling survival rate in the M and mutation

frequency In the
c) Plant growth

In several radio-biological experiments, seedling Injury
(measured by the rate of reduction In shoot growth) h -3 oeer.
uosd as a reliable estimate of the damage. Reduction in heicht
of the plants hns been more drastic, generally In treatments
with radiations than with chemicals (.i1iddiqg, 1)e>7; Pinrh, 1970).
/ith gamma rays, a linear relationship between the dose and
the reduction In shoot growth has been reported, flathuo et al,
(1993), Yamaguchi (1964) ind Maslma and Kawni (1)39) found
that seedlings were le*s variable In height after Irradiation
with neutrons than with X-rnys. Among the chemicals, nitro-
somethyl urea was found to be highly effective In reducing
the height of seedlings (Singh, 1973). He further reported

that the seedlings recovered In growth rate after 43 day*.
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Heir (1971) observed greater Inhibitory effect of radiations
and most of the mutagenic chemicals on the root, In compari-
son with the effect on the shoot. He further reported that
with higher doses of gamma rays and NWMJ the inhibitory effect
on the root was twice as iIntense as that on the shoot. The
height of the plants decreased progressively with Increas-
Ing doses of the mutagens. Gamma rays and AMU were more
effective iIn reducing the height of the plants (Nair, 1971).
The low variability in height following exposure to fast
neutrons than to X-rays, g itma rays and chemical mutagens
was explained by him as due to a more uniform effect of fast
neutrons on the biological material resulting from their
relative insensitivity to the action of modifying factors

and absence of secondary physiological effects.

d) deed fertility

Decreased pollen and seed fertility showed a linear
relation with mutagen doses (Reachell, 1157; Chang end Hsioh,
19371 Yaaaguehl, 1964} Uddlqg, 1 *67; Ingh, 1970 and Awnn and
Bari, 1979). “ekendam (1961), Henderson (1963) and Teh and
Henderson (1963) indicated a decrease In fertility with
Increase In dose, upto a certain level beyond which there wes,
however, a saturation effect. Henderson (1963), Teh and
Henderson (1963), femaguchi (1964) and Siddiq (1967) found

that neutron* reduced fertility more severely than X-rays and
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gaeea rays. Chemical mutagens such as diethyl sulphate
(Rao and Ayenger, 1964; Sato, 1966), ethylene oxide (Sato,
1966), nitrosomethyl urea and ethyl methane sulphonate
("iddig and Swaminathan, 19685 Nair, 1971), methyl methane
sulphonate and methyl nitro nitroso guanidine (lair, 1971])
were reported to Induce much less sterility than radiations.
Sato (1966) however reported that reduction of fertility

In treatment was to a marked extent comparable to the very
low sterility in the case of treatment"” with ethylene oxide

and diethyl sulphite. Suo et al. observed that

3terility had no correlation v/ith mutation frequency In 1 ie

A 2 n

9y rhlmeras

Shastry nd iamiah (1)61) ana 'i i-.1iq (1 hi?) observed
chlorophyll deficient sectors orn the planto of ricc.
Tanika (197))) recorded such sectors in he h-ploid olvnts,
following chronic gamma Irr nliation. #»ir (1 ¥1) obtained
plants with chlorotic streaks after treatment with fast neu-
trons at a very low frequencyj but not In treatments vith
X-rays or gamma nys. Plants with chlorophyll deficiencies
were observed following treatment with chemlc \I mutagens such
as ethyl methane sulphonate and nitrosomethyl urea by atiddiqg
(1967), Singh (1970) snd Mslr (1971). The frequency of plants
with chlorophyll deficient sectors was found to iIncrease

progressively with increasing doses of chemical mutagen*
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(Nsir, 1971)* Plastid mutations warm thought to be respon-
sible for the variegations aean iIn generation followed

by irradiation (Hsieh, 1959). The possibility of the chimeras
being pcriclinal or having an origin from physiological dis-
order was indicated by Siddig (1967). lLie found then to be

non-heritablee
| 1. Mutations in the M1 generation

The terminology iIn literature for characterising the
different types of mutations iIs not uniform. The terms macro-
and micromutations were used with vuriojs connotTcions. Gaul

(1 361) prooosed the followin'? phenotynir classification of

mutations.

1. Macromutattons: 7“ecognizabl-" in u single plant,

either transpeclfic or intr inocniflc.

2. Mlcrorautatlono: Uecognizablo only in a groin of

plants, either m'nifent or cryotic.

Maeromutatlons Included mut itlonn 1iflVcting culm length,
growth habit, heading date, spike density, ranthocymnin deve-
lopment etc. (Gaul, 196*0. It was obvious that such a system
of classification presented many difficulties iIn uoinr: the
terms macro- and micromutations with any degree of consistency
(S3wamlinsthan, 1966b). Gvaminsthan (IWt) proposed the follow-

Ing classification based largely on the screening procedure

to be adopted, the extent of pleiotropic or associated effects

and the phylogenetic value of the induoed mutants =
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1« Micromutations - all mutations 1dentifiable and fixable

only through the adoption of biometrical procedures.

2. Visible mutations - all mutations identifiable by "eye inspe-
ction™ or by the use of appropriate screening procedures
such as the creation of epiphytotics of diseases. These
could be described under two sub groups: (a) lethal and

(b) viable.

3- Macroniutations - all mutations, though inherited Q3 a
single unit, leading to several phenotypic consea nonces.
Such mutations might be the result of the locus involved
being a compound one or due zo ci et link-gc or ,enuine

pleiotropy.

Systematic mutations - all mutations which either simulated

an already existing taxon or necersit ted the creation of
a new systematic unit, by virtue of the character effected

being a key one.
*) Chlorophyll mutations

Qustsfason (1970) classified chloroohyll mutations. This

was further extended by Konzsk et al. (1060).
1) frequency

Several workers reported increase in frequency of ohloro-
phyll mutations with increasing doses of mutagens. Chlorophyll

mutations were foteid to increase following X-irradintion
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(ICaval and Sato, 1966). At moderate dosea of X-rays and gamma
rays, the frequency reached a maximum and decreased at higher
doses (Matsuo et al., 1938; Miah et al,, 1970). Bekendam
(1961), Siddiq (1967) and Siddig and Swaminathan (1969) found
an exponential increase iIn the frequency of chlorophyll muta-
tions with increase In dose of the mutagens. Alinear rela-
tionship between mutation frequency and dose of X-rays and
gamma rays was reported by Yamaguchi and Iliah (1964) und
Singh (1970). Matsuo et al. (1958), fasima and Kawul (1959) and
Yamaguchi (1964) observed an increase in the frequency of
mutations with increasing dose of neutron irradiation.
Swaminathan et al. (1970) reported hi h mutation frequency
following irradiation. fair (1971) obtained higheat frequen-
cies of chlorophyll mutations with g h:n rays. But ,>r unit
basis, fa3t neutrons were more effective thon g vma r”/ys.

Lai and fichharia (1982) found maximum chlorophyll mutations

In T-141 and minimum in i1atna following treatment with gamma

rays.

High chlorophyll mutation frequenclee were reported with
ethylene Imines (Yamsgata et nl., 1x69; Kawai Ind hnto, 1965),
diethyl sulphate (Gopal Ayengar et al., 1969), ethyl nothane
sulphonate (“waminathan, 1966b; Ismail, 1969; Nair, 1971),
nitrosomethyl urea (Swaminathan, 1966b; Blddiqg, 1967] Nair,
1971) and methyl nitrosoguanidine (rwaminnthttn et al., 1 >69,

1970). He.ra (1979) obtained highest frequency of chlorophyll
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mutations following treatment with ethyl methane sulphonate

for alx and seven hours. Guo et al, (1933) found no signifi-
cant correlation between seedling survival rate In M or fre-
quency of sterility on the one hand and chlorophyll nuta-

tion frequency iIn the M on the other.

11) Spectrum

Several investigators reported differences in the
spectrum of chlorophyll mutations induced by physical and
chemical mutagens. Ethyl methane sulphonate among chemicals
and fast neutrons among radiations induced wider spectrum
(gwaainathan, 1966b; hwamimthan et ~»l.f 1979). Ib inan
predominated the chlorophyll mutation r.pectrum followed by
virldls and xanthas in treatment v/ith radiations whereas In
treatment with chemical mutagens such as ethyl methane sulpho-
nate and diethyl sulphate, xonthas and virldis were found to
Increase with a proportionate decrease In alblnns (mekandan,
1961; Chao and Chal, 1961; ilatsumura and C.nbuchi, 1 hawail,
1966; 9ato, 1966; Ranu and danu, 1969; Nair, 1*/1)e The
higher frequency of nlblnnn was explained by I'waminathan et al.
(1979) as due to the large number of loci governing thi3
phenotype. Kawal and 9ato (1965), i1d-iig (1967) and Siddiq
end Eweminathan (1968) found the speotrum of chlorophyll
mutations to be dependent on the mutagen used. Mair (1971)
reported that differences In the spectrum of mutations were

not significant between doses of either radiations or chemical

mutagense
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b) Viable Mutations

1) Freguency

Singh (1970) and Hair (1971) reported high frequencies

of viable nutationsin the mutagen treated materials* Siddlq
(1967) observed that the frequencies clearly indicated a
saturation effect. According to Kawal (1969), the frequency
was higher after irradiation with pile neutrons than v/ith
X-rays. Siddig (1967) opined that at comparable doses of

ethyl methane sulphonats and gamma rays, the frequcEicies of

viable mutations were more or less the same v/hereas Ingh
(1779) considered ethyl methane sulDhonate as the most potent
mutagen, tioir (1971) observed that the types of viable nuta-
tions iInduced with the different mutagens did not differ; but
their relative frequencies were different. direct linear
relationship betv/een the frequency of viable mutations and
dose gamma rays and fast neutrons was observed by wan and
Bari (1979). kal and illchharia (1132) reported different

freqguencies of viable mutations In different varieties.

Biddlg (1967), »lddlg and rwaminnthan (1963) reported
a wider spectrum of viable mutations after treatment with
ethyl methane aulphonate than that obtained with radiations.
Singh (1970) also reported similar result* after treatment
with nitroso methyl urea. Hair (1971) observed high fre-
guencies of mutants with altered duration and grain type

following treatments with ganma raysf mutants affecting culm
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length after treatments with ethyl methane sulphonate and
mutants with panicle and spikelet abnormalities following

treatments with fast neutrons. He further suggested that
the mutation spectrum could be altered through the use of

different mutagens.

Large collections of viable mutants were reported by
several workers. Kawai (1963) induced more than 1090 types
In a 3ingle variety by radiation treatment. About 1400 mutant
lines with stable visible characters l1aolated after gamma
iIrradiation of growing plants v/iere an3cabled by Tanaka 0 969).
Bekendam (1961) alno reported a large number of mutant types,
lelatively smaller groups include 473 types inducod with " 1
by r'awai (1963)» 233 types with 21 Db/ lasina and w\w»i (1933),
254 types by )uang (1964), 121 tyien by ’'larle (19b7.>* 6G types
by Owsminathan et al. (1970) and 33 tapes by Viado ct al.
(1970). ‘'lair (1971) reported several types of mutants In
the Ip after treatment with both physical and chemical muta-
gens. Viable mutations after treatment with mutagenn, v/ere
reported by many workers (Misrn et al., 1971{ dacuro et al.,
1971; Govindaswami et al., 1972; Kedriy et nl., 1973; 'wlvedl
et al., 1979; Rollick et al., 1130; Hahndevappa et al,, 1101,
Aahrl, 1932; Ganashsn and Whittington, 1983 and )kuno, 1183).
Hiralwa and Tanaka (193*)) isolated male sterile mutants

following treatment with gamma rays and ethylene imine.



11) Types of nutations

Svaalnatftan (1964) proposed a scheme for classification
of nutations affecting one or several morphological charac-
ters such as (1) macromutations, (2) visible mutations and

(3) systematic mutations.
1) Macromutations

Mutations affecting more than one character of the same
plant were reported In many investigations. These simulta-
neous changes were inherited an a single unit of recombination
Erectoides mutants formed one of the nojor types of toacromuta-
tions. These were characterised by short stature, atiff straw
broad and dark green leaves, compact ear and small -rains.

The different types of erectoides mutants differed with res-
pect to characters such as height, stiffness of culm and
leaves, number of tillers, compactness of pmiclen aid size
of grain (Lair, 1971). Lrectoldes taut into were reported by
Mssina and Xawoi (1939), Hu et al. (1)69), Matsuo and Jnozawa
(1961), Li et al. (1961, 1962, 1366), Kawai (1969) and Hair
(1971). Several mscromut into other than erectoideo wore
Isolated by Mair (1771), Eacuro et al. (1971), nreerongasamv
et al. (1973), niakrabarthi and Men (1979), Pwivedl et al.

(1779) and Ganashan and /hlttlngton (1933).

2) Visible mutations

nutations affecting specific plant characters have been

iInduced with a variety of radiations and ohenlcals.
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Culm leturth

Kawal (1962), Tanaka (196Q) and Nalr (1971) raportad the
common occurrence of mutants with reduced height. Semidwarfs
and dwarfs have been reported by numerous investigators
(Masima and Kawal, 1938; Kawal et al,, 1961; Dekendam, 1951,
Matsuo and Onozawa, 1961; Haieh, 1962; darahari and Bora,
1963; Kawal, 1963; Shastry, 1965; Shastry and Hadhachary,
1965; Swarainathan, 1966b; Siddiq, 1967; Siddig and dwaainathan,
1968; Ismail, 1969; Singh, 1-370; Itiah et al.p 1970; Ganashan,
1970; Hair, 1971, Siam et al., 1971; 'recrangaoany at al.,
1973* Ghakrabarthi and "on, 1975; Govindaavmrni Pt al., 1372,
Dwivedi et al., 1979; dajri, 1979; Salvidnvapoo et al., 11Q1;
tlarie, 1931; shrl, 1932; Ganashan and ' liittington, 1399 and
Okuno, 1993). A tall nutrjnt v/iua renortec! by Gutger and
Carnahan (1931). Illajra ct al. (1 392) reported tv;,o tall nutnntP

with significantly longer intornodnn.

Leaf types

Harrow leaf mutants ware most frequent as reported by
Heieh (1962), fihftstry (1365), 'iddlg (1967), Tanaka (1969),
Singh (1970) and "\rffaninathan et al. (1 370). Boat leaf mutants
have been reported under different names like Incurved lamina
or rolled leaf by Harahari and Dora (1963)= Tanaka (1g6Db),
Singh (1970), Twaminothan ,+ al. (1970) and Rutger (1977).
Decrease in leaf length was observed by Kawai and Garaharl

(1971), Nalr (1971), Rutger (1977) and Ganashan and

Whittington (1983).
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Ear typas

Tanaka (1968) observed short panicle mutants more fre-

guently than long panicle mutants. He got mutants with

lax panicles as frequent as those with compact panicles.

Most of the short culm mutants showed reduction In panicle
length (Kawai and Uarahari, 1971? Ganashan and hhittington,
1933). Govindaswaa i et al. (1972) reported long panicle
mutants. Mutations altering panicle density to yield compact

and open types were reported by r.inglt (1970) and Mav/al and

Marahari (1971).

Grain types

Mutation affecting grain size, shape, colour, awns,
pubescence and breaking v/ere reported by many workera. kawal
(1962) and Ganashan (1979) reported short grain types more
frequently than I”~rgo grain typon. iutantn with altered
grain size and shape v/ere recorded by ,‘eachell 1.1197), Wora
and r?ao (1)53), yokudo et al. (1959), Mwa and Mnrnhari
(1971), lallick et al. (1 W5) and Jkuno (1933). Hair (1971)
recorded mutants with small, medium and large grains and
others with bold or fine grains. Mutants with loan prains
of reduced size were reported following irradiation with
gamma ray by Ganashan and hittington (1103). Tawny glume
mutants (Haieh, 1962), mutantn with dark brown glunon

(Siddig, 1967) and awned mutants (lorlano, 1961) were also



reported. Tip owned nutanta were more frequent than fully

owned mutants (Siddiqg, 1967).
3) Systematic mutations

Shastry (1965) isolated a dwarf in Qryza satlva resem-

bling a wild species 9. granulata. Mwaminathan (1966b) also
obtained a similar type and a mutant in 0. glaberrloa resem-
bling 0. ruflpogon. Siddig and fwaminathan (1363) and
Swaminathan et al. (1963) isolated stable mutants Qjffocting
the key characters that usually distinguish .japonion and

and 1ndica varieties. Nair (1971) obtained two mat nto
resembling 9« porennls sub ap. barthll and a third resembling

aatlva var. fatua.
I11. ~lant height and plant type mutanta

The belief that .japonlca varieties of rice alone were
capable of responding well to the application of large doses
of fertilizers underwent a remarkable change after the deve-
lopment in Taiwan of '.er-geo-woo-pen, Taichung Native-1 and
l-geo-tze, three early maturing, nitrogen responsive, photo-
Ineenoitive semidwarf Indica varieties. These dwarf Indlca
varieties established that fertilizer response was conditioned
more by morphological characters than by physiological ones
(Swsainathsn, 1966s). That the degree of response to nitro-
genous fertilizers wss very much dependent on the plant type

was suggested by Rsaiah (1966). Seethareasn (1 >69) reported
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that a variety that yielded veil would have erect, short

and dark green leaves and that the capacity to yield high was
genetically linked with other characteristics of the variety,
the sun of which constituted the "plant type", Kumar et al,
(1967) believed that the realisation that response to ferti-
lizer application was more a morphological than a physiolo-
gical phenomenon led to the wide spread search for genes in
cereal crops which would help in developing a plant type
capable of yielding heavily. From these the plant type con-

cept In rice emerged.

Recent developments in rice breeding have made a signi-
ficant contribution towards the plant type concept, Iho
plant tyoe concept has, however, been changing with changes
In breeding objectives. Tsunodn (1;59) found that lav, nitro-
gen responders had lona, broad, thin, drooping, pale roen
leavei and tall weak stem. He further observed such n plant
type to be far more common in the tropics. Tsunodn (1 X?P.)
characterised high nitrogen responsive rice plant no one
having erect, short, narrow, thick and dark green leaven and
short, sturdy stem, "hart stature, stiff straw and orect
leaves of moderate length which remained green until maturity
were considered as the traits for desirable plant type
(Beachell and Rcott, 1963)* Jennings (196M observed that,
although many environmental and cultural factors were asso-
ciated with low yielda In the tropica, the type of the plant

capable of more efficient performance under tropical condition
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was mors important. Particular leaf and stem types were
necessary for substantial grain yield, Jennings (1964) viewed
the i1deal plant type for the tropics as one having erect,
short, narrow, thick and dark green leaves and short sturdy
stem. He conceived that under the conditions of low nitrogen,
reduced light and wide spacing, they yieldc2d poor because of
iInsufficient leaf area. Improved cultural practices led to
controlled Increase In foliage. The need for modification

of the plant tyoe wan stressed by achell and Jcuailiigs V1 {?65)
Tanaka (1365) found certain noraholo'ic /.1 ch-ractrr-. 1 ‘jo

related to high nitrogen ran some In rice end aonscian. mg,

nota et al. 1361 ilu n—mea tii'/c </ wlloi hr 11 /ini
and nitrogen rsspomo co ill ii-1 idai limeti - o /ai'S
of the plant 1700. ‘'.eacna'll .1 C eeegaeriicel ta-l1 c =.

for the varietal tyoen 1 or 1.retriples an folio ;

le Gariy maturity md inuonnit L/ !t;; to ..a- 1L " ;a
S. “elatively short, u>ri fat, mrm-w, if'in
green loavs nornlttirv; ponrtrailon .md cffielcn't

utlll?allon of aunllLglit.

5. IThort, sturdy culm t1l1 rflue' toil inr 1if. hip

fertility levels.

Resistance to serious penta <d diseases.
-eed dormancy at the time of harvest.

Moderately fim threshsbllity,

N~ o o C

Tirja grain yield with high milting recovery
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v Kuoar et al. (1967) regarded plants possessing synchro-
nous tillering, optimum number of wide, upright leaves and
thus the capacity for maximum utilizationof sunlight and
other factor's for energy building process, as ideal plant
type In barley. According to Seetharaaan (1969) tho plant
type concept was associated with short plant stature with
short leaves remaining more or Xcbs In an erect alighnent
with the culm and dark green leaves. .0 nuy.ve-.ted tint -~uch
a morphological frame work was i1deal for efficient functioning

from the production point.

"lint type3 with intermediate rrcaf.re continuod

receive attention for sro-v; of le-.u .c *iter eor.ipjl,
because varieties v,Lth Lnro Jrt vil IX ;re 1l.tea
In such areas gave more at :bln yields a n short >
varieties ('-.non., 1970. "no ji-yaioi.) 1:.1 :! von"

short stature over trli atiturr* '"'a *'e*h 1 ar, * m-n
photosyntheria and renolrotion. tvn. >1*nt te i W1 to y vr

high proportion of non-nhotosynthntir r-nuer. ond mrc droop-
Ing Isavss resulting In high respiration end lov oh yt viynibe-
sts (3houich, 1977). 'liny workers hive? suggested that oia it
type iIn rice is associated with nemldnrf or duirf stature
(Jennings, 19647 aaschall and Jennings, Ufoj ewanlnathjan,

1966t] Heatherwin, 1966) ftamiah, 19661 Tanaka, 1 K>3 [I.eddv
and Isddy, 19731 ninsjh et al., 1979 and hutgor, 19 >1).
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Several investigators have i1solated useful mutants iIn
rice. Short statured mutants induced by X-rays were first
reported by Ichijiaa (1934). Raolah and Rao (1933) obtained

short stature mutants with large number of tillers after iIrra-
diation with X-rays. Juans and Chang (1350) found that

Induced mutants affecting culm length were most frequently
shorter than the control. i1>;urfs with interred'av.r? atatvr®,
normal aarticle and grain ./ore fairly ca non iIn irra .1 tec
material (9hah et al., 1751). Vori/rr' :nC Tuteil.or = Vi .ad =
and Campos ( 1962) rccordai bettor yioL 'La: nut mtu In -irra-
diated materials. Juang (1 V.Vi isolate '’ ntnnt e -rac-
terised by vigorous growth a] trrc ,te ou.. * L?

resorted xutunti in rLc®° .'a-fjl ~ : r aain beecuso . 11 'Ir

lodglar resistance, rwp»*> n ex.e, ¥*-ci, dor!: r'r-' 10 voa
jnd camtacfc jmiclo, I'a ’'1it at rLr v rlit  fui «i;l ted
from ?ulinlnorl, rmleaned for comiorr.1 <l r.ultiv 1jm it; 1 )bh
In Japnn was dencrlbod >y 1 r;ni Mo.y:. IX rt a -1
obtained f ill Trying gmnn ray troritniruit 'I'turvd m(«von days
earlier and produced more grains of su.irrior qutlitv
(Rmjpgopalan, 1 i Trombay ilne-1 ( -1) derived 1I'ros
eILB-24 by guama Irradiation was 15 to 2d dnya earllnr la
flowering, short-sfcatured and prxhimd larger number of grains
(Bweain vthan, 1/~70). fttsra et al. (1d71) reported several
benefLciel mutations for culm shortening, high yield, earll-

ness, higher protein content and resistance to neats ami dis-

eases, and water logging, s/ter treatment of se*ds of two
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Oryza
with different chemical nutagens. Many useful mutants with
high yield, earlineas, short stature, lodging resistance,
high harvest index and erect leaves were isolated from trie
progeny of ganma irradiated seed at dose range of 20 to
30 krad by Tscuro et al, (1971). ‘-eddy and Teddy (1971)
observed that a sealdwarf mutant isolated from 119.-4? vyfasumathi’
following treatment with diethyl sulphate yielded 20 aor cent
more th n 1-4?, motored earlier by 1, days and was lodging
resist ant. The evolved smldwarf variety could be rracccss-

fully used directly for cor -~rclal cultivacion Jae to its

distinct Improve..!laat fj: Vv irioua or;tic ch..r -cter <«
Tovi/rdoswj jr et -1, '"'1*72) racjrteu e.-/an jco.aisin ;i,a cut”
with short culm, long a?nicies, hi"it '‘'itkclet ferciiit;;P

or rdn v olllty ad «<rto*r ho ;in, lime. Tsarovc r>nt
In thd wnirr o?2i1dler’, In L' Tiarc ylo.'/,, 1do Ir. voi :ht,
kcem”™1l sjar ad a’a , gel Inlrald?n loaoer M ire ra 'H/ihc
content jis -lao rojorted. f an>arln - tan yield imi rr her
tmlts, d (1 H3> eat,ahilshod Lb > f-ho induex-d nut vita In

rice w«r® as pood as the short stiturnH varieties evolved
through hybridisetian, ".r*emngosuTiy et. nl. (1 V3) isolated
eirly flraring mutants in the rice vnrloty TKR-6, the ourli-
nass ranging from seyrn to fifteen days as compared to control,

after gamma ray treatment. Plant type mutants wer”™ reported

by Reddy and deddy (1974), HangAdharnn et al. (1974),
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Rftddy «t al. (1975), Chakrabarthi and Sen (1975), Hajra

(1379), 9ra3ad and Slnha (1979), "antog (1931), Rutger (1931),
Aahrl (1382), Ganaghan and Whittington (1933) and Sreerangasamy
and Anandakuaar (1933).

Carnahan et al. (1975) reported the registration of 115
a autant rice variety, for release for coauercinl cultivation.
China autant, a idyh yielding ahort-c.'In variety was released
for cultivation by cheileal auta e.enccin of the poruler t 11
variety, c'a 1333 of iloainir ( 'rerd'-vr A1 17)). iro -.irtive

a-it .Nta with loler "tooto lino i..c*r au‘h <a vrii~ 1I'"rl . ~rynae.
mCnthanonan oryyu m’'the t»«0 vie a'- >r~"urtod by
Jdatnur '1)7 . hi f-fo sv ri*t = :  o0a°l, 1 ourin,iki

and ly uL :jchi, v jri jla 1vy

oticalLred o/ troit l: e ze in , -hr
jt;" iT arm.' cta.l ,¢lea ' '"es 1 o ‘"R INn® ,Nr
eTi/ hi /1 1.1, rici / , [ W * mfa v* aeela
atrav, 1b>3). > A" _ r >r Are =tod
lm'- -Jhon't fAh Md “«wui<<h\ 7Ilr mil ot 11l. (1 V| misted
1 with 'In". > hi rh-"r no-ln u>n 'nr,. h Inot nee

Improving Mfl r 1m rlre «i11 =],itnrl fu" tl e« nv me through
ILndB»l witi k ti »n d™nor? fljed Tiy 'hmrinvap >n et el, 1 1HIill.
‘LLjrLa hnhda =l 'llorln "helm, two nlvvrt atntured nut mtfl
with better til Ikring and yield, were laolirted foil.owing
rauta,*™n tr*nt~nt of th« vori~ty -llorio 11 (*lari*, 1/»81).

t mutant with hotter looking trun*lun*nt. kern*Vs and unriRht
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leaves with narrw and appressed blades va3 obtained fro*

mutagen treated Iii-5 (Aahri, 1932), \ dwarf mutant obtained

by treating with gaana rays wag released for commercial
cultivation in Sri Lanka (Ganaghan and vhittington, 19Q3).

Three promising dwarf aacromutant3 were identified (Treersngasamy
and Anandakumar, 1933) In the of TICI-6 treated v:itn chemical
mutagen3. These photO3ynthetically efficient mutants were
tested for direct use and a3 parents to provide alternate

dwarfing genes.

The induced mutants obviously can pl.n an 1 Iport rmt role
In rice breeding through choir iroct "s well I1s 1*'1vet
use3e In -Topen, Kklhiksri -erlyw—g "ro.-j the in-luce wvut' at,
laimsi .nd u.jihik *rl =Vri‘'/o : from >novh-r nut nt eoro r:ported
to cover subst -ntis! rice arc \ .o, 1 V. N )
reported that 'using both cheuic.il aid physical mt . . e,
nutont linos wore obtained and t-.at tr / \r-rr oson hr hybri-
disation for the improvement of n tlvo ty>es. .he Iw b nw
dwarfing gone sources In breedin program5-s In on*or t a
avoid the risk of single gene inc.orpon iLon .for -Jwarwny. C
stressed by Calni and Kuw (11h)). "sole (1981) reported
that Thetalm a was selected from the crona between two induced
mutants of Minrlo ii1. rh*talam n had stiff straw and reduced
plant height of GO cm against 190 cm for AllorLo Il nnc enrly
maturity. The first successful short stature variety released
In California was fsrlose 76, an induced mutant from Carlose.

It was hybridised In turn with other tali varieties to create



four short stature varieties (Rutger, 1981). Rutgejp (1992)
discussed the uses of induced mutants In rice improvement in
California. He further observed that the incorporation of
Induced mutants Iinto standard hybridisation programmes was
made easy by the close relationship of the mutants and the
Californian varieties from which the mutants were evolved.

A aemidwarf line G 31, with narrow, erect, thick leaves with
greater photosynthetic rates, was selected from the c': of a
cross between an iInduced nutant of the variety listsanishiki and
leltoku-p (Vamaguchi et al., 1)31). alik (13-32) reported
3table rice mutants which mufcurcd 23 ci.ya earlier aollowing
gamma irradiation of n-asusathi :;VO. O living mutants were
resorted by itaul nd KUr-r 11.s:5; In r.ite.thi ?7) :ina Jkona

349. The possioility 0" a in ; the induced ujt mt.i o

as parente to oravidc oltem ite dv/nr<Ll™ penes '.-as 1.k* 3. red

by tree ran30sen7 ~nd nmndnkunar .1) [.e
a) inheritance of plant hoirrnt a1 pi :t type

iInch pioat heiral mostly decLuos t!' r nl at topef .it 11
an importont ngrrnonlr. character. It in the nonicd &\:3on of
height with other norphologicol componentn ounh an prnfuoe
tillering, upright leaven of appropriate r Azp end sturdiness
of stem that c infers the ability to the pl/nt to respond to
good msrmg”.iente Therefore an undent ending of the nr-nre

of inheritance of the dwarf plant type could be of considerable

plant breeding value.



Much before the exploitation of the Bgwg dwarfing gene,
the genetlc3 of dwarfneaa In spontaneous and Induced dwnrfs
was studied by many workers (Darnell et al., 1922; Akenllne,
1923; Kadam, 1937; JJagai and Takahashi, 1932; Botany ct al.,
1959* Hsleh, 1962), Parnell et al. (Tp22) recorded taet
characters like stiff, erect,atera; broad, coarse leaf :nd erect,
compact panicle went together with dwarf habit. mofns ‘1925)
crossed z\jd dwarfs differin eIn hel’'hc and obtained tall
plants. i, found : tall, 3 first type of dwarf, 5 metend tyoe
of dwarf -and 1 third typo of dwarf n Lso g) uno o Tc non-

allelic dwarfinn In rice. '‘nong ifia fa-egregant lor.uio

receooiveo apyenring as dyjble d.’ards .r o re -=ilt if inter-

action of trie rones were =lao re *orted. nginoto ml
raportod e dwarf in r\¢» ' .-led*¥ao Lr-sc'l-.isl p- a <« >0
dominant. In separate cros-leasue'l:a ” fa x '’ r 'sari-
nsaa ond l1V'sa wer** Juan to be al vile nlr o 11 lo-

raorohs (Puni in, 1jo’ = }o further su*erted t nt rhortsrss
might be a atopic do,iln mi t) tnlinr-1” »r tillennn m. 'at ho a
31mols dominant to ahortfr-sn, tnl>oritaru'o of plant -t vtnre on
ths h'-niiof multiple factors '‘as also pontulatftrl hv bln. five
dwarfing d~, d-J# d,, d™ and d- were reported, of which
rl was mors frrau«nt (Kndon, 1937)» Todon and henchnll (1'»b3)
found double recessivea appearing rw double dwarfw Jdn t'io r»
of or between two dwarfs. Huton; et al. I(1 939) oeinsd

that th* dwarfness In rice wag condltloned by the InteractInn
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of thrss recessive genes da, and dc. Omthis baiia, they

oasuasd the genic constitution of the four parents involved
In the study as DaD(Qdbdbdcdc, and

DaDadbdbDcEc * The” further reported that for the e”orcasion

of the character dwarfism, two of the throe recessive gcnos
were required. In daponlca rice varieties, twelve du.arr'ing
genes were identified and assigned to aeven different linkage
groups (T&kahashi, 1964). falinosn of eta wao found to ee
partially dominant to the rhortnosn of I-geo-tr.e. hr -rc-
sonco of nodifyin mgene:" ojirtvcic 10 t..e dwarfin;: n"e fea,
also been reported (*non., 1 ). "vrr: et el. ;1 e e re .ar-
te J that a rin le rocerrivn -: -e C tuo )*ore 0Oj. at

In rice; but he7 r.lra onvLr!l ;ed fn r>e a" cjir,c .l1e rocil-

filerr In the e<area-ion of far* :ft ur 1 crorr i1vt ccn
13, a till lod'Tin™-nu'.ceoti.bio Vv rirtv
rulaed reliction, thr- Y. 11\my caller flI.'m - 1),

fho p population nhr?ri orannii 11/ a blear il dIntrlIXJ'Cion
end could readily ho divided into a t »1 "rou > ailu a reovt
group of planta which ahTw«d a aii:iafactory fit to tee f:1
ratio, indicating 1 ringle reennnivn gone fir rhirtnera, Ir -
bably with a few modifiers control linn the nluorfc stature
(menon ., 1966a). The mod* of Iinheritance of plant height In
CP-9L9 appeared to be more complex then In TaiwanlO0 seoluwirfr,
suggesting a polygenic additive syrlen controlling the charac-

ter (Anon., 1f£6Db). lever'l crosses between dwarfs unU tails,
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and semidwarfs and tails were undertaken at the IRRI and the
F2 data indicated that dwarf stature wag controlled by a single
recessive gene probably with several modifiers and aeoidwarfism,

by genes of polygenic additive nature. The diverse Fg dis-

tribution In the crosses between dwarfs end semidwarfs, among
the dwarfs and among the semidwarfs suggested that tallness

was generally dominant over short stature5 but the dominance
was incomplete. A complex of height genes with varying degree
of dominance and magnitude of effect was iInvolved In one
cro3sas. The modifiers differed in t*o direction 0l..acts
"(\non., 1763)e iuge and 'urakTai xljn b founi cha -avies

of the high yielding variety Tar- ,iue 3a; < che ~v_,j guous
mutant from i1inhozu to be controlled hy \ single rvwa"n ve
gene. The recessive gone wis thri~ht > uloc!: the Kj.v; rsion of
Osvalomta to kaurene in the? pathw \y -v TTic'uiol 1. ‘e
moderately short .it -Luro of ¢ — wi- sss.tL'itiy cnylr'lied

by a single roc®3sivr- .-ene .-nd a fpw modif Vers ( e :-L«lranon
and hrlv lathiv -, 196')), The gone nu- acted 0S a nunpressor
recessive for height In T-ZJSG which wan sino of moderate
short stature, F- of the cross hot-vem <d-1 aid f-Gg(> was t 11
and In th® Fot tall, moderately shirt; end ®xtreaely short
plants were realised in a r»tLo of liGil, They, thorolore,

concluded that th® psrenfcs differed by t o pairs of ganes.

Dwarfism in ricc was reported to be controlled by s

single recessive ”“ena hy raony other workers ( 'utiub 1 bf>9i
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Heu et al., 1963; Foster and Rutger, 1973b; Belaya, 1979;

Ken, 1979a; Wahiduzzaaan and Ahamed, 1930; Ghosh et al., 1931,
Gu and Zu, 1931; Kikuehi et al., 1931; Singh and Sharaa,

1932; Shinabashi, 1932). But cases of recessive gene3 con-
trolling tallness were also reported (lamiah, 1933b; Kadam,
1937; Rutger, 1331). rj.tra et al. (1973) explained the
pattern of segregation of plant height in rp through a 3sgene
hypothesis. Hvaoubramanian and ladhavanenon (1 773; found

the slant height to bo under the control of dominant additive
genes. Foster and i1utger (1/ffa) reparted that the inheri-
tance In slant height coulu be accounted for by three unjor
genes with additive loci effect .itii lull or partial dominance
for tall genes. The sumo authors fou.ed tae dwarfinm in three
other crosses to e controlled by . .niti jlc ;orio ;yst.cn.

Fen (1971 a; nhilo essur.ii.rr' l.rat the tallness v:,¢c 1ar™oly undek
domln-art aonogenic control, Lie acc in.enco of tr:. -~ 1voO
IndlvliJanla In the Fp wan expl Ined as due t o som" modifiers
controlling semidwarflnm. <orreg tJ an > r 'c.a;Vainrtian among
the modifiers resulted In Jm nppe at »nne of t.r msgroa”™hvo
Individuals. ani'l Jtssasi >n md r-hswd 11ilhi1 round chart
statura to v* racemive to t ill end very t'1l1l stature, the
shortness being controlled by a major allele, deny mones
with smaller cumulative effects wore U.so thought to bo asso-
ciated. They further reported that the d™ frequeue/ curve

for tall x very tall was uniaodal Indicating polygenic
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Inheritance. Ghosh et al. (1931), after studying the segre-
gation pattern involving four dwarfs, concluded that in three
dwarfs the dwarfism was determined by a single recessive

gene whereas in the otner, two recessive genes were involved

In the expression of dv/arfism. Cu and 7u (1931) were of
opinion that two monogenic recessive genes, and controlled
the dwarf stature. They described the genotypes of the iwarfs
as d] Q™ nir™rdyip; and the doable recessivea a.' u™dpd”.
A osir of genes with partial dominance controlling culm length
was resorted by (on *]~71a . fhe j! at height in rdUe was also
reported to be under the control of ::rfc.l-llv dozaimrfc additive
genes ;lin-n et al., 1732). Ganis in ,rf .nittin ,oo. J 15
reported four different loci Vvlda v ryin degrees of rvee-
ssiveness controlling short: cull. L cnic re:re ;ition ;ith
comole sent rry *r*no action n r ojrtod ay h-ar.in :la andon
(19 33; la the f, of a cross oat .cun t co t Hi ul nv.s. r.r

result woo explained as duo to I1;he presence of one : ;)or doni-

mnt ;eno each Is tlr tall parent.
b) Genetic analysis af Induced p! nt eype mat \ntt

lucent rise brendinr hintary ins nhxn that it in the
nw plant type, characterised by a dwarf ntaturo ornl hl,n
harvest Index, which has led to a na;) rr brook-1hrju ;a Iin the
yielding ability of the tropical rice variation. hjusUlorable
research has therefore been carried out to Induce dwarf md

semldvarf types. Genetics of the Induced mutants are rela-

tively little iInvestigated. The Induced mutants, spsrt from
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their direct use for commercial cultivation, can be of iIn-
direct use for improving the local strains (Futsuhara et al.,
1967? Micke et al., 1972; Reddy and Padma, 1976; ”“adma and
Reddy, 1977; Bakirov, 1930; Sato, 1930; Saini and nucur,
1939; Rutger, 1931; Yaaaguchi et al,, 1931; Malik, 1932;, A
thorough knowledge of the breeding behaviour of the induced
autants 1s a pre-requisite for directing research aimed at

Improvement of local strains using these mutants.

Short statured mutants induced by -rays wore first

reported by -chijlma (1 \5k) In a .Jaoonicn cultivor*. "ov-rr.l
short sivtured Iinduced nutant3 aore 1 ;/e* reported I'- da/erica
cultivars Aishinura end Murakami, 1ljj« . Chan- ;1 ; ftaaied
the cnaracteriati.es of the v-r .y in.hired mutants r": -Air
Inheritance. Isieh (1952 e obt ined ird cicdiM: - tr. *mir tho

FQ of the cross between induced mutant” rr t~ll tac:l Pic
.short-stiff culm of irradi :\orl - 7AI1 dv.irf b?k wrd ae a
nono7enic recessive to the tall locighn'-misceptliblc . *Ip,
probably with a few modi flora controlling the short stature
(enon., 1xs3), arnhiri (1kKol) found that each of the live
X-ray Induced dwarfs was governed by a roconsive gene Cor
plant height. The nenidwarflsm In the induced mutants of
Hb-47 desumithi was Inherited as & simple mceosive { eddy
and Reddy, 177/1). ksch of the five seaidwnrfn, d’\f, d?, dQ,
end obtained following treatment of the local tall ric

variety, fellakattera was controlled by a single recessive



gene (Reddy and Padaa, 1976; Padma and Reddy, 1977)* Rutger
et al. (1976) reported that the induced short stature of mutant

i
Dj va* conditioned by a single recessive gene. ‘larahari (1979)

Isolated several semidwarf and dwarf mutants in different
varieties and found that most of them were single gene rece-
saives. Mohanty and Das (1979) reported that the induced
dwarf of the upland variety, Dular was conditioned by a mono-
genic recessive gene. The F*s of the cross between the variety
Brown gora and its induced dwarf auti.it Vora mutcntn was tall
and In the rp+ taills and dwarfs appeared In a 3:1 ratio

(itrasad and Sinha, 1979). 'Inch et al. (1379) found he
dvarfness of the iInduced fentr 1 African hutant to a mono-
genic recessive with equal strength of modifiers of positive
and negative effects. Mackill and out ;cr (1 J70 tool ted
several height mutants in the irradiated cultiv:r, arioso

and found that seraidwarfiso in the mutants won conditioned

by single recessive geneo. Combining different nenldv*~rfing
genes Into one linn, they showed their effects to hr cumula-
tive, the double dwarfs being shorter th in both the lemidwarfs.
The dwarflson induced in IR-8 was inherited 3imply with partial
dominance (flallick et al., 1980). Ghosh et al, (1081) reported
that the induced mutant cm .13-324 was n double recessive
dwarf and had nonallelic genes for dwarflam. Another Induced
mutant JB1.308 raut 47 was reported by th© name authors to be

semidwarf, possessing a singla recesaiva gene for dwarfism.
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Marshall and Murphy (1931) found a single partially rece-
ssive gene to be responsible for dwarfism in barley* Poly-
genic inheritance for plant height in the induced mutants

In rice was reported by Marie (1931). hutgor (1981) reported
a tall mutant in which the tallness was inherited as a niuole
recessive. Ikuno (1933) observed induction of short culm
and simultaneous chsnres Iin other characcers to be tea result
of single recessive mut'tisn. IlIn further rm'irtel Y et at
least two long culm nut ut's enu'.dor the control --11lc

genes. Pour different loci /ith 11&"c-r at 'e re's V" ~ccoesive

nosa controlling culm length rvosv'sc't by Panes ' ™ *'d
‘hitinjton (If 33).
¢ci ‘'IInllr' of dcerfin 'mu =

lost of the modern Li ,n yicajia. Vv <awtic .
origin t 0 crocse j of :o.liu >ufS c -m10-..00- < ,
1 fbur.g tiwive-1, I s 1.d fuuin uvithvit.ve . *« <e>—-"vp
eJee-ge 0- ;00-«<-;en nd nir.aun ; LUuLiv. -1 c -rr> 1 o mA™v. il vie

for s&midw irfism Cimg ut *L.f 1)i/j; wuyon., 1‘'") -dvil.no

Hd Jennings, 1>69; 'Min inn Lm t3. apparent nnotlc
similarity In improved rice varieties | 'lira et \X.p *b ;
diaryrove et al., 10709i. tf the varl >f* factor <for rise limited

adoption of the high yielding nemirlvnr? varieties In many

Asian countries, a high degree of smrmutLbilitv t» mime >son

*nd Inssot pe.ata, ani a narrow choice of quality gr ;dem have
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bMn found to be wore inportant. The association of these
two major drawbacks with most of the high yielding varieties
has been attributed to the dwarfing gene of Dee-geo-woo0-gen.
This genetic vulnerability and genetic suffocation necessi-
tated the broadening of the genetic base. Chang CIJ7G)
emphasized the importance of identifying alternate sources
of major dwarfing genes. Chile nost of the dwarfs of opon-
taneous origin had Invariably dwarfin'* genes alielie to
Dee-geo-v 00-gen, induced nutagonesls up.OL.ro-J to rive rise

to dwarfing genes difCerent from those found in the naturally

occurring dwarfs {"itr-h et al., 1D7 < '‘hehauhl ni I l,,

1192). In a revio-? 0~ drr p-sin liver o jr cno so-?k. «rrf
high yielding varieties in is-ill Y3 eauel 'l 11 g, ~evtvad
that all the senidw.rf | yielding v ‘eV'cies car'ir C

dwarfing gene of -'-vr -nd auyrested that no* s nircvs o\

dwarfisa ahoal'l be u"o .

A oorion of nearly thirty vo >a >vo e\s'ca;, h'en Hr-
extonsivo use of the srnLdeirfin/. gerv's. 1 jwcvor,
allelic relationship of theoo /'omi in hrinn olucidntod
only In the past few yearn, giving ,r*or!'ning idnnn >»vp f-riher
iImvyrov¥TTjent of high yielding varieties. 'agao | -ej, rrported
several single gene recessive dwarf typon i1d), tie also
Indicated that independent genes (d- % <W» d™ ... ) Wfcn
Involved in theae different typea. That fill the three

nitrogen responsive early maturing seinlA erf indluoj frost



Taiwan viz., TN-1f Dgwg and lI-geo-tze carried the sane aa”™or
gana far short stature was proved In their genetic studies
at the IRRI (Anon., 1966¢c, 1969). Variations in the Fp dis-
tribution in the crosses of thest varieties with a common
parent were described as due to the presence of modifying
genes of negative and positive effects (Anon., 1963). Acce-
ssion 6393, originating from CP-231, exhibited a more como'le
mode of iInheritance for stature indicating the nonallelic
nature of the dwarfing genes (Anon., 1)'jCb). At least 14
additional semidwarf varieties or lima of oossibl-; distinct
origin were allelic to iLi et al., 1V.C» mule moves. 1
dwarfs nonallelic to mgw# were >1id Il:0. I, ro c:n crm:e.’
among tne dwarfs and the semidwarfm selected from 't T'rla
collection at the IR I, the following at¥ ins could bo rocay

nised as having nsnnllelic gone or reir-s ’'or ’'hart 't. r.

(Anon., Ho0G;.

1. T.alkoku dwarf and '.lI-yrh-lu duT.f

2. Fann/ sonldw irf

3. Intermediate ncmldwarf and 1lon m 1n scmiihrsrf
4. Accession 67)3 <d | J-P73

5. F7-36, TP-1 nnd 1.1-8.

A suppressor gene nonallelic to gwg gene controlling
plant height was reported by Teethnrarcnn and arlvssfcwm
(1969), The Chinese semidwarf Chen-chu-ni had the eerml‘tomrf

/
gene of TN-1, although there might have different modifying



genes for height, Cheng-chu-ai-11 and Chi-nan-ai had diffe-
rent genes for seaidwarfism (Anon., 1973 and 1976). The
induced seaidwarfs, KI 20-74, IK3 w2 and f'e 30-21 and rurbachi
from China and C 53-39 mutant from Burns had the sano dwarf-
ing gene aa TM—. lleddy and Padtaa (1376) demonstrated that

the five i1nduced dwarf mutants, db" d-, d

: 4 Jo and d'U' were

nonallelic to ",ywg. These dwarfiny genes were also non-

allelic to 4 cc other {"nadaa and leday, 1177). harahsri
(1979) reported -o.ue La.lucod 1iai ants lielie to 3 ; v u orasto
and Cn r.g (>379/ roporte i non'll.. lie. r wu: <vuivil.: A
inheritance of dwarfln « La rice. 4 pqg 1. S1 . -.tidied
the allelic rein Li 0?1\ " j,vi Sh\ rftf m Cj

nine ; three 1i-.jor r;ro«<' a? ’: e 1 corm

seven du .rfn; a-= 11 lie tj o< - r* j <- on
wita coli flora of ioiitu atl/ nr.",’l Lvo pffr-clr, . L-'

Grou > > (comprised of four &i:r72n"; 1 = 1lio TL U; 1]

|-?e an cn- bub -1 ea 1t * and o u | num-
ber of nodi ”inpa >f p)nitive and in: iliv; of feets. nr

Iniio*.] Qatari£ '"‘hnntral tPrlc 1. ul.ant eai>h conm,itr ccd
Group 5 hid a dwarfin, ernno non 11 He 1o 1I-. o >-fc-c nvid

Ler-ge )-wi o-yen and also nonallelic to fhe dwarfinn r;one of

the first and -second groups. lack 111 --nd butyer (1 57.0 In-
duced three nan .'lie lie:- sernidvirf Uig genen (nd,, sd-> end nd, >
in the cultivsr, Cnrlone. daini md Kumar (1 HO) reported

n new source of dwarfing gene lIdentified an n spontaneous
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aut&nt In th# variety Jhona 349; but the allelic rslcilon

of th# new source with Dgwg was not reported. The induced
mutant Reinel and Jikkoku had dwarfing genes allelic to Dgwg
(lkehashi and Kikuchi, 1930). They further suggested that
Hokuriku 100 and Kochihibiki mi *ht have different semidwarf
genes. Tsal (19S0) concluded that the locus for earllnocs

was composed of various gene sites with position effects con-
stituting isoallelic system. Rutger (1.01) studied the allelic
relationship of six Induced nutants rid v/g. :Q:.sucv . >pa

et *I. (1931) reported thet the induced Ly m .uniug rwt .nt
was nonallelic to 'fT; T one --ith ? s*ten of noJdilier: with
positive effect. vt no jus scmidw-rf nut nL s*  nil .jo ich
64, which aho'.'cd frequent bek nut ei1jn ,a t lino‘a e re -orted
to be nonallelic to the >clier eouider ' cultiv irm i st i
and Tesnu, 1-<32). KlnoanLfcn end 'i1iilr rhi (1 In, recent
work i1nvolving 12 dwarf rice lin S witr ..nknown ;e'.iOt;per, end
3l lines :7/lth atn ;lo dwnrf r*wrker lira ehowed u-ny UunrCin:'
genes to be nonallelic. LI nd hi (I )12' found tmTP mupor

recessive nonallLnlic genes controlling plant hei ht in Xice

which wem absent In the cultivated senltlv/irf varieties.

d) il.eiotroplc action of the dwarfing Jyvion

Xt la th# association of height wl*h other eomuononts
of a morphological typ« f*irh as profuse tillering, upright
lesvee of ~appropriate *17,e and pturdinrps of nten fh t cji-

f#r« upon th# plant the ability to respond to good manag#s»nt.
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Dwarf outantb reported in the early literature were generally

economically undesirable, often because of reduced aize and
yield (Jodon and Beachell, 1973; 9eetharanian, 1969; Haeklll
=

y
and lutger, 1979)* Pleiotropic effects including changes In

leaf shape, size and orientation? seed size, sh .ne, sterility,
and panicle characters are a cornuon feature of the sealdwarf-
Ing genes. Many semidwarfing gene3 reported have desirable
pleiotropic effects; but undesirable effects are also not

uncommon.

Parnell et al. (1922) recorded that characters like
stiff, erect stem; broad, coarse leaf and erec'c, coapact
panicle wore inherited together al th dwarf habit. ra:i b
(1933a) found that besides stature, all the characters a
the dwarf plant, 1t3 short and compact ear, broad leaves,
round shape of grain etc. v/cnl truns,aitted together. :*'org
association of plant height with flowering duration :av Iso
reported (laolah, 1933b). Mutations causing reduction in
plant height in nsn>cl ation with a cl inter of DL.iur inJpfiolo-
glcsl characters like tiller nuubcr, fIM leaf length, inter-
nod# number and length as well as panicle and grain characters
In different magnitudes were observed by Maslms and Kauali
(199G), Tanaka (1960), Kswal arid Msrshari (1971)» Rortdv and
Reddy (1971), Esouro et al. (1971 )= Dwlvedi ot al. (1 >79),
lento* (1981) and Jkuno (1993). Pleiotropic effeot of the

semidwarfing genes was also reported by ;ni\ny workers ( -aaohell
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end Scott, 1963; Iteu et al., 1968; Oan3shan, 1971, Mu, 1'973;
Reddy et al., 1975; MIltra and flukherji, 1982). Aquino <nd
Jennings (1966) observed desirable pleiotropic effects of
dwarf gene on reduced leaf length, erect leaf, growth and
strong seedling vigour. A suppressor gene, su-f af.’eating
culm length with oleiotrooic effect on canicle exoreosion

and leaf characters vas reported by fcethsraman (1 iC)) arid
Seetharaman and frivastuvu (1969). Mutants with a reduction
In the plant height to the extent of fifty pnr rant recorded
signi ficant and remarkably Iwer values In rc™unclG loa ~ih,
extras!on, length and nujb'-r of "nine oar nanicle

et al., 1J79). These authors h in f lIrt'rr >pservr' j . .2
multiple changes In v rioj™ T.orobo-pbysi >lo~lcnl canr c;'rs
-lasociated v'ith dwarfism mU/ht be duo u ploiotrooic ¢ cct
of the major dwicfing gen?. .i1a-kiil .no ;utgc" (1.9 *v, orted
o senidwsrfinr :eno, ad”, that demonstr <fed olriotro lie effect

of saull need rere and sllvifcly cirli *r mturity. They "“lLao

observed phnnotysic rHsslInit'Inrifcy nrjin* the illoli r<e/l-
dwarf mutants due to different nlelot™oplc effects. ho
possibility of the existence of different nllelon 'Hi if
rent agrono-nlc desirability at each particular loci', 1 >s leni-

cated by the sane authors. rsn and eheems (1991) observed
In g'lilga ray induced semid*arf mutants of Dasumafchl >/', tint

reduction in height is associated with reduction In nwicl*

components of yield, Pleiotropic effects of early maturing
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genes an Intemode elongation were reported by Yokoo and
Okuno (1931). 3hinabashi (17>32) observed several dwarfing
genes having pleiotroplc effect on shape andsize of grains.
Okuno (1'983) found that In the iInduced semidwarfoutante,
short culas and simultaneous chanyeo in other characters were
controlled by single recessive genes. Mont of the short culm
mutants reported by finishm and .hittinprcon (1 3339 showed
reduction In panicle length, nuacer of gr~ino utd , alse*

but 1ncrease 1N :ho number of tillers.

e) Intemode length In short cule mut?rtn

The p'ttrre of redact! or !r trr *xt:t vnode* 1 le
seaid'v-rCs "rai -i-rer™ wa 'aafla: .Jer. ay *nn/ 'wa ~ 1o
1 } 1*)C7; " a, 15%1;, *u*mase« 1 'c i,, LeCl, */

m'/ Tvrv,, 1"G5: <rTiu; ol 1 ; et .

Ms7l%< A~ 0 .1 T); "it'v. -nth ™ fvr e | 1le]

nil; v -, n imt7".
vouaro v1,.., ;uri'lin < :uo wv-"u ..la; In c*al <
In the dwarfs was due to ., nhorfcenod I.itorajjc N

typen of dwarfs were uh *r*icL«rlm»J 1ty Ah'rtoued Lndn 't
(Nagao, 1lyjl;. <*wail et 1l. (1'9561; .ntrHecd the pv lrrn. 2
Lntemode ©lon*; lion In the indu ed short culm mutrmn< ~U
observed that there wnn reduction in the interlude Ilvey ".9
but not in the number. Shortening of the interns In, Mioidi
brought about reduction in culm length, did not liwsya 1fvo

to the stiffness of the culm (Joshua ot ul.f T96)). kuw*1l

and Flsraharl (1971) recorded tft*t the largest contribution



47

to the reduction of cula length was made by internode 1 and 4
(froa top). They, however, found that the lower the position
of the Iintemode, the larger was its relative reduction rate.
Reddy and Reddy (1371) observed that the panicle beraring 6th
iIntemode (from the base) contributed maximum towards shorten-
iIng of the culm followed by the 5th, 4th, 3rd, 2nd and 1st
irrtemodes. Reddy et al. (1375) were of opinion that the
reduction in the plant stature of scinitiv™rf and dwarf cutants
was mainly due to decrease? In the length of specific inter-

nodes  They observed th~t In netid ri', the Iinternode-2

(from tool i1how«d the Ico redact Lo» 'a lerrTh, where - the
Internode-4 erd the InterniV-5 -.0-k- rimi red »t; .a* In
dwarfs, the intern ode-1 o0-v:od the le .:t redaction er
Internode-4, the mnximun. itper ot [|. (1 *? r no. I1.-vrr, 1uunu
that In tae Induced senldv'T* v.nt.rr 0 1enc;_ 1 N Avdl
four Inte -nodes vm nigni PJc *ntly recurni, wnlLe tho Ip

length end the length of the fi“th Intc mode did not differ
significantly, deduction In the upper I'mr Intoni.v.fC" *n
dwarf induced enut™ntn wen rho observed hv Hnllich et nl,
(11B). Ha)ri »t il. (I1HP) observed lon or internodrn In

d—he Intuoed till mutants.
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MATERIALS AND METHODS

The study was undertaken in the Department of Plant

Breeding, College of Agriculture, Vellayani, during the

period from 1931 to 1954.

A. MATERIALS

Biological materials

Biological materials involved iIn the study consisted

of three tall Indies rice varieties, viz., Ptb-9, *tb-10

and Ptb-28, and the dwarf Indlea high yielding variety,

Jyothl (Ptb-39). They ore presented as figure |I. the? first

three are pure line select!jus from Iljcsl varieties and the

fourth evolved through hybridization and selection at the

Rice Research station, Ruttambl.

Pure seeds of these varieties vicrr? jbtained from the

Rice Research Station, Pattambi.

Ptb-9 In a medium duration variety (1>9 days) suitable

for the first crop (Aprll-May to July-\ugunt). It 10 one of

the popular varieties due to iItn hardiness. The purple colour

of the plant helps in easy weeding operations. It iIs parti-

cularly suited to flooded areas on account of its flood

tolerance.

end

Ptb-10 la a short duration (93 dsys) cosmopolitan variety

Is cultivated all through the year. |Its adaptability for

cultivation in all the three major crop seasons in the Mtate



Figure 1. Varieties

tc-9 (/ 1. ) . elo (X =

Ptb-28 (x 0.0h) ivOohi (x 0.07)
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has made it popular among the tall Indica varieties of the
State. Quality of rice 1s excellent (Rahadevan, 1966). Due
to i1ts wider adaptability and other desirable features9 this
variety formed the base material for evolving a large number
of high yielding varieties In the State. Annapurna

(TN-1 x Ptb-10), Triveni (TN-1 x Ptb-lo)x IR-3), Rohini
C?th-10 x IR-3), Jyothi (Ptb-10 x IR-3), Aswathl (Rtb-10 x

Dee-geo-voo-gen),Sabari (IR-3 x~TN-1 x Ptb-10) and Bharathi
(?tb-10 x IR-3) were evolved with *tb-IQ as the base variety

through recombination breeding.
Ptb-28 1s an upland (aodan) variety. It is st.irdy and
can withstand dry sowing and moisture stress conditions during

the early 3tages of growth.

Jyothi (Ptb-39) was chooen as a knovm source ol
Dee-geo-woo0-gen dwarfing gene for studies on genetic analysis
of the induced mutants. It Is a semidwarf, high yielding
variety evolved through selection following hybridisation

between *tb-10 and IR-3. It carries the lee-geo-wo00-gon

dwarfing gene contributed by IR-3.

The materials for the study nlso includedt-

1) the and Mg generations from Ptb-9, Ptb-10 nnd

Ptb-28.

1) the generation of the semidwarf mutants selected

In the
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Hi) the BN and F2 generations of the crosaes between

the nine mutants and their respective tall Indlca
parents.
Iv) the and F2 generations of the crosses between

the nine mutants and Jyothi.

v) the and F2 generations of the crosses between
the nine mutants In all possible combinations

without reciprocals.

1. .iutagens

Physical a3 well as chemical mutagens were used for the

Induction of mutation.
I ) Ph'/3ical nut3gen

Taana irradiation wa3 d?ne usinT the Co source et
the Department of Botany, Kerala University, Karyovattom. A

wide range of doses from 10 to 45 krarl at increments of 5 kmd
were tried to get maximum incidence of mutations no as to

Isolate useful viable plant type (dwarf and semidwnrf) mutants,

11) Chemical mutagen

The most effective chemical mutagen, viz., ethyl methane

three concentrations, viz.,

0.5*/, 1.0n and 1.5 was employed for induction of mutations.



B. NVETHODS
l. Induction and Isolation of mutants
1) Selection of seeds

Veil filled grains of uniform size were hand picked
to obtain samples of the three varieties (Ptb-9, 10, 2B) for
mutagenic treatment. Seeds were uniformly dried and stabilized
for moisture content at 10 to 12 per cent. The viability of

the seeds was confirmed through germination tests conducted

separately.
li) Treatment of 3eeds with gumma ra,'s

Selected seeds from the three varieties were padied In

samples of 200 Iin small polythene covers. The seeds wore
spread evenly In tne covers to ensure uniform exposure to the

radiation. The seeds were irradiated through a single expo-

sure. The doses were regulated by adjustment of time.

The procedure for treatment with KVB was baaed on the
recommendations of the third research co-ordination
meeting on the use of iInduced mutations In rice brooding
(Anon., 1967). Three samples of seeds In each of the varie-
ties, Ptb-9, Ptb-10 and Ptb-28 were pre-soaked iIn water for
16 hours. At the end of the pre-soaklng period, the needs
were drained end pressed between folds of blotting paper to
remove the superficial water. 30 ml EH' solutions of the

required concentrations were taken in conical flasks and the



seeds were dropped into the autsgen solution. The quantity

of the autagen solution was sufficient to cover the seeds
coapletely. The seeds were stirred intermittantly and retained
In the autagen solution for eight hours at a temperature of
28®C. The chemical was then drained off and the seeds were

thoroughly washed with distilled water.

A set of seeds soaked in distilled water continuously

for 24 hours served Q@ the control for comparative studies.
111) Handling of materials after mutayen treatment

The seeds after mutagen treatment wore hindled in the
laaediate and subsequent generations as per the recommenda-
tions of the panel meeting on co-ordination of research on

the use of mutations In rice breeding (Anon., 156d).

V) generation

Beeds treated with IM! v/ere sovm alone v/ith the control
Immediately after the treatment while the seeds treated with
gamma rays were nonked Iin water for 24 hours before sowing.
They were sown in petri dishes llnod with wet filter paper

In four replications, each containing, 50 seeds.

The germinated seeds were transferred to the fI©ld
nursery in earthen pots from the third day onwards. Cach seed
was sown flat on the soil surface with the embryo on the side
at more or lesa uniform spacinge Sowing the seeds iIn earthen

pots facilitated easy management* The seedlings were
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transplanted to the aain field when they were 30 days old,
In singles at a closer spacing of 20 cm between the rows and

10 a* within the row. The plants were provided with minimum

fertility to avoid excessive growth.

The following observations were made in the genera-

tion.

1) Gemination

Geminated seeds were counted In the petri dichos from

the third day to the seventh day.

2) Survival

The number of surviving plants v/ore estimated, both In
tne field nursery and in the main field. &t the scedlin'
stage, the surviving seedlings v/ore counted on the 13th day.
In the main field, the surviving plants were counter at

flowering. All plants with rreen colour were counted is

surviving.

3) Plant height
Geedllng height was measured on the 30th day at the time

of transplanting. >*lant height was measured in the main field
at flowering. Measurementa were taken on 20 plants selected

at random from each replication of each treatment.

4) Seed fertility

Seed fertility waa estimated by counting the grain and

chaff on five ears each, aeleoted from the 20 plants*



3) Abnormalities In seedlings

Counts on abnormalities such as narrow and crinkled

leaved seedlings were taken in the nursery.

6) Harvesting plants

The main and four primary ears v/ere tagged and harvested
separately from each plant. Thus a total of five ears v/ere

harvested from each of the > plants.

v) Mj generation

The seeds of the plants v/ere sown in raised nursery

beds of 3.3 x 1.3 x 0.3 m ‘ends from each olunt were sown

In five separate lines, each line cunt lining seeds from an

ear. The following observations were recorded at the ccodlinij

stage In the My generation.
1) Chlorophyll mutations

Chlorophyll deficient plants v/ere scored In the nursery
from the 13th day onwards after sowing. The ear progenies
segregating for chlorophyll mutants woro scored to calculate
mutation freq’'iency per 103 plants and por 100 flj oars. A
maximum of 50 plants from one end In each ear-progeny row was
scored to count the total number of mutants nnd normal seed-

lings and the mutant frequency per 103 My plants was estimated.

In segregating progenies, the mutant and normal seedlings were

counted separately. The chlorophyll mutants were classified
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according to the system suggested by Gustafsson (1940) and

expanded by Konzak et al. (1963).

2) Viable nutations

Among the viable mutants, seedlings with reduced height
could be readily recognised In the nursery. Tuch seedlings

with reduced height were scored on the 30th day.

Thirty-day old seedlings were transplanted inthe main

field as ear progeny rows. .Tingle seedlings were planted at

a wider spacing of 25 cm between the raws and 20 cm within

the rows. All the available seedlings were transplanted Tram

each ear.

Individual plants were observed periodically Cron the
13th d*y onwards after transplanting, to identify the mutants
which differed from the normal plants ohenotypicolly, Trom

among the mutants i1dentified, plant type aomidvnrf mutants were

located. They were marked and the t <11 plants aroundthem were
removed so that the growth of the mutant might not affected.

The mutants were periodinally observed to study their growth

pattern. The viable mutants selected wore described for their
morphological characters. The mutants identified and iIsolated
were harvested separately, observations on the following

characters were made on the mutants.

a) mlant height

Height was measured from the groundto the tip of the
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flag leaf. Th* culm length was recorded from the ground

level to the neck of the ear.

b) Duration

Number of days upto harvest was recorded.
c) Leaf shape, size, colour and orientation

The upper most leaf below the flag leaf was used for
measuring the length and width. Leaf length was measured
from the junctura to the tip. L'idth was recorded at the widest
portion of the lamina. Based on the orientation, the leaves
were grouped as erect or drooping. haaed on the width, the
leaves were classified as broad (> 1.1 cm), narrov; V3.J to
1.1 cm) or very narrow (<0.~3 cm), fmsed on the colour, the

leaves were pale green, green or dark green.

d) Tillers and tillering
The mutants were grouped as shy tillering, moderately

tillering and heavy tillering b sod on the number par

bearing tillers.

e) Plant type

Based on the stand of th© plant and nature of the tillers,
the olants were grouped as compact with compact tillers,

medium with slanting tillers and open with wide open or

spreading tillers.
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f) Lodging at naturlty

Based on the nature of the culm, the plants were weak
or strong. The plants were described as lodging or non-

lodging baaed on the tendency to lodge after heading but

before maturity.
g) Ear and grain characters

The number of productive tillers v/ere recorded. The
length of the ears v/iag measured from the ba3e to the tip.
Baaed on the nature, the ears v/ere coimact, medium or ooen.
The mean number of grains per ear was estimated by counting

the grains in five ean. Based on exsertion, the ears '.err

either exserted or partioily exserted. hr size of the -rains

was determined based on 1000 jrain weight.
Vi) AZ generation

i\i generation was riised from the seeds obtained from
tin* mutants in the llz generation to confirm their mutant
nature. My plants were harvested separately and the fi- gene-
ration raised under almost i1dentical conditions, fhe obser-

vations recorded In the My were recorded In the M also.
vil) "election of plant type mutants

Senidwarf plant type mutants with compact tillerst erect
dark green leaves and nonlodging habit conforming to the con-

cept of high yielding varieties (Beechell* 10Q66) were selected
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from the generation. These height mutants were described
In detail for their morphological characters using the des-
criptive blank proposed by Ramiah (1938) and Chang and Bardenas

(1964) with suitable modifications.
1. Genetic analysis of the mutants

The nine semidwarf mutants selected from the genera-
tion (M2, and nlz from ?tb-9; -1-192, A 107 and A 111 from
?7tb-23 and M 292, M 207 and M 210 from rtb-19) were grown In
earthen pots along v/ith the parental varieties and Jyothi.
Three sets of seeds In each tyoc v/ore sown at inter/ Is of
19 days t) get synchronised flowerin'™™ to f acilitate crossing.
ij hybridisation

The following crosses were unciert

1) The nine mutants with their resoective tall parov:s to con-

firm the genetic nature of the mutant:...

2) The nine mutants v/ith Jyothi to study the genic rel tion-

3hip of the mutants v/ith the Pgwr dv/nrfing gene.

3) Between the nine mutants In nl.1 possible (96) combina-

tions without reciprocals to study the genic relationship

between them.

Wet cloth method was adopted for emasculation of the
mpikelets. Hand pollination of the emasculated splkclets waa

effected at 9.00 AMwith the pollen collected from the desired
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pollen parent. The pollinated panicles were protected by

covering with butter paper cover immediately after dusting

of the pollen.
11) F generation

The generation of the 5b combinations as follows

were grown and studied.

1) ftutant3 with the respective tallparents- 9 Nos.
2) Mutants with Jyothi . - 9  Nos.

3) betweenthe mutants . - 36 Nob.

The four parental varieties and the nine mutants were
also grown along with the hybridsf:>r comparison. wato on

the following characters were recorded.

IPlant height: Identified as tall, 9emidwarf or dwarf based

on the height. Measurements of culm length v/as alLso node.
Plant type: Recorded as open, medium or compact.

Inrtemode: The number of Intemodeo and the mean length

of the iInternode for studying the pattern of intomode elonga-

tion.

Leaf: Mature of orientation, length, width and colour.
Strawi Weak or sturdy, lodging or not.

Eersi Number of ears.

Her characters! F.xeerted, partially cxserted or enclosed\
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compact, semiopen or open; length of ear; number of grain;

1000 grain weight.

Inference! on the genetic nature of each mutants iIn
relation to i1ts parent, the variety Jyothl and the other

mutants were drawn tentatively based on the plant type of the

hybrid.
11l) F2 generation

The H of all the 5" cross combinations were selfed and
harvested separately. The ?2 was raised on plant progeny
besis and scored for height and plant type segregation. The
segregating plants were classified as toll (above 113 ca),
lemidvarf (between 71 to 110 ca) and dwarf (70 cm and below".

The chi-square tent of goodness of fit was employed.



RESULTS



EXPERIMENTAL RESULTS

|. Induction of mutations
a) Effect of mutagens In the Ij generation

The effect of gas€éwmma rayo and EM on germination of seeds,

olant survival, plant height and seed fertility was estimated.
Geraination:

Data on the percentage of germination recorded on ais
4th and 7th days and the mean soriod for germination are ore-
sented In table 1. -ven high dosos of y:moa roys .lid not
affect the germination of the seeds appreciably while errni-
nation decreased progressively .ith inoreasin do-.0s 0
The percentage of gemination recorded on the 7th c r~ e=>s
more than that recorded on 4th day, esrrciilly at roe -.0r
doses of the mutagens. Considerable delay in ‘ernir 1ii In was
observed at hi/‘her doses of notin the nutarena as snom Py an
Increase In the moan peri xi of germination, no .over, ®mMroO
was no different* In vorint > ros on Iin to the mutagens

Indicated by the percentage of germination nnd the noon period

for germination.
Survivali

The percentage of survival of the seedlings In the nur-
sery at 30 days and that of the plants in the main field at

flowering were recorded and presented in table 2. Gama rays



Table 1.

(Semination percentage

rtutagen and 2tb-9
dose e
4th 7th
day day
Contr01 103.0 133.0
Snaa raysl
10 krad 36.3 06.0
15 95.0 >6.3
20 @ 95.0 -'5.3
25 ! 0.3 973
30 J 90.3  93.0
35 L 395  33.3
40 N 37.5 33.3
a5 ! 35.5 92.5
ext- 0.7 95.0 35. 3
L.o 34.5  36.0
I .5- 31.5 33.3

Ath-10
4th  7th
d"/ dw

133.0 100.J
95.5  06.0
>4.0  )5.0
94.5 1j.0
92.5  94.5
00.5 52.3
375 32.3
35.5  'e20
345  01.5
93.5 35.5
85.0 3..5
73.3  34.5

Effect af gaaoa rays and EM3 on gemination of seeds

Np-23
4t1 /th
day u<ay

109.0 13.3.0
a1l .0 07.J
35. 3 97.3

15.3  94.0

&

‘e[ 55.09
92.3 04.5
53. 3 92. 5
33.3 02.9
33.5 91.5
92.5 93.0
83.5 37.5
79.5 82.0

In the

Mean period for gemination

In days

YAtb-9  Otb-10

3.3 3.0
3. > 3.1
5.2 3.2
3.2 3.2
6 3.6
0.5

-3 3.3
5-0 4.0
4 1 4 . 2
3.1 3.3
3.4 3.4
3.0 3.8

as

%

of control

‘tb-2a ?tb-9 Ptb-10 Ptb-28

100

100
106
106
120
120
127
130
136

103

113
120

100

103
100

106
120
116
127
133
139

109

113
127

100

106
113
116
116
124
130
136
139

109
116
130



Table 2. Effect of gaona rays and ECS on survival of plants in the H|

Survival (percentage of control)

Mutagen and at 30 days at flowering
dose
7tb-9 9th—10 7th-2S Ptb-9 /tb-10 Ptb-28
Control 100 100 100 100 100 100
Gama rays:
10 krad 100 93 03 100 08 97
15 ° 18 93 100 93 99 08
20 M 93 93 99 97 96 96
25 03 36 97 96 30 95
30 05 96 5 oY 94 93
35 v 35 | 25) 36 32 do 78
40 i | 63 63 52 47 49
45 v 62 61 62 35 37 34
SVB 0.9% 96 95 95 92 90 89
1.0% 90 39 93 32 94 81

1<9* 33 33 32 79 /8 76
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caused lethality at higher doses with drastic decrease In
survival of plants with Increasing doses. BIS also proved
to be lethal as Indicated by decreased survival rates. A
further reduction in survival was observed at the advanced
stage of growth at higher doses of gamma rays. But ouch

reduction in survival of plants was not noticed In treatment

with EM".

nlant height:

Seedling height on the 30th day at the time of trans-
planting and plant height at flowering v/ere computed a: per-
centages of the control and presented in table 3. mealing
height wa3 found to decrease With increasing domes of both
the mutagens. The magnitude of reduction was mreotee w the

seedling stage than at flowerimp for the grao cose of

Comparing the two mutagens, .1' wS0 more effective' In #a.ic-
Ing the seedling height thm gamma rnm> but these ol.-.nto partly

recovered from injury at lator stapes of growth.

Teed fertility!

Data on seed rertd.li.ty showed sir.nificant dlIfi'cronosa
between treatments (Table b). The percentap.es of need ferti-
lity decreased with increasing doses of the mutagena. ven-
though both the mutagens induced greater fertility reduction

et higher doses, the effect wss more draatio at higher Joses

of gamms rays thsn 1ilfl.



Table 3. Effect

hitagen and
dose

Control

Oareas rays:

10 Surad
15 *

20 =m

23 "

30 -

35 =

40 =

45 "

El4S 3.5*
1 «Or

1.5

of nutagens on seedling and plant height

'eedlIng

>tb-9

133

36
92

y)
34
31
76
69

63

35
72

63

(

height at 50 days
of control)

Ptb-10 -tb-23

100 133

53 133

33 2

1 39

53 13

O 31

72 73

67 67

-0 6.3

34 34

71 72

32 63

In the

Plant height at flowering

*tb-9

100

35
95
92
33
05
31

69
08

18

39
02

(f- of control)

rtb-13

100

06

36
34

33
33
/9
75
63

30
92
00

Ptb-2Q

100

98
94
96
84
34

82

79
69

94

01
89



Table 4. tffect of auto”ens on seed fertility in the P

*th- ) i7tb-10 |Ptb-28
Mutagen and dose
Fe.in cont?rf)l con(ﬁol llean cgnqcfrol
Control 33.5 133 33.5 100 95.0 100
JaflLBB rays:
13 krad 72.9 70 75.4 34 i8S 79
15 M 38.6 72 Ao 77 69.0 73
20 & 43.3 42 41.7 A7 45.7 A7
25 35 =3 Rl 51.9 33 55.2 38
30 @ 2j,J O 21.0 2/ 2:>*() 28
35 & 13.0 i ] 1j.5 23 16. 4 18
40 4 15.7 | 1j.2 13 16.0 17
45 4 12.2 i 11.3 13 '15.4 17
E13 3.5° 32.1 vV 343 84.5 91
1.0% 73.7 B 1Pmo "5 /3.0 84
1 5. - | 3. 63 03.7 68

cn
cn



67

Abnorasllitisa 1n seedlings:

Induced abnormalities Iin seedlings such as narrow and
crinkled leaves were more at the higher doses of gamma rays.
Such abnormal plant3 either got eliminated through lethality
or recovered at later stages of growth and grew into nomsl

plants.

b) effect of mutagens In the 'A* generation

Chlorophyll mutations;

The frequency of chlorooh/Il mumtionn wan ooti:naieC

per 111 planta, 101 earn and 11j seedlings the
data oresented iIn tables 3 t] 7. he; frequency iIncrvu::”™.
upto 01 krad in the cam of mma rr/a. t hi-hr.- <r\-

(AO and A5 krad) the upaar'vrt drop in the frequency . . f be

due to eliminations on uccount of lota lity.

Intensity of colour and Jiffproneea in the pof-mm eof
colour distribution formed tm bnh for the elm'=if? r ®i \n
of chlorophyll mutants. The relative percentage of ri“orent
typed of mutants are presented iIn t >blon 0 to Id.
were most frequent In g<mri ray ireat-mtn, whrrenn, \rlrh\ia,
was predominant in trsatnents. IbInr=5 and moat of the

Xmathas perished and did not survive ir>yond the noodiing

stags.
Viable nutst.ionsi

All nutations effecting ths morphology of the different



Table 5. Frequency of chlorophyll nutations in the MO (Ptb-9)

funber of Nuaber of 4- flmuber of M2 Mutation frequeney
MuUftB end plant progenies ear progenies
ot Scored Sedre- "cored Segre- Seed-  Chloro- -er 109 Per 100 Per 100
gating gating lings phyll +* plantsllj eara M seed-
scored mutants lings
Control >3 130 2500
fil—a rayi.:
19 krad 30 7 272 9 3342 6a 14 3.08 0.81
15 ™M 30 9 243 13 7753 73 13 5.24 0.94
20 M 30 1" 212 6 6541 79 22 2.83 1.21
25 30 3 135 12 5466 67 16 6.49 1.22
30 *® 30 12 132 19 4342 34 24 10.43 1.15
35 30 13 14S 31 7407 61 26 14.68 2.44
*Q o 30 3 143 12 231 1 59 16 8.10 2.55
45 >0 2 104 2 943 7 4 1.21 0.74
EXS 0.5> 30 12 N7 16 5733 63 24 7.37 1.18
1leCh >0 13 24 , 22 6343 81 26 9.05 1.28
1 50 17 134 13 3203 49 34 11.67 1.53

cN
cO



Table 6.

5tuta«en and

dose

Control

Osama rays:

10 krad
15 4
20 °
25 °
50 °
35 M
40 °
45 °
£K5 0 5%
1.0%
1.5*

Scored

50

53
50

50
55
50
53
2)
50

53
50
53

rrequency of chlorophyll

Number of
'>lant prjgmUea

Segre-
gating

E B o

15
17

19

19
17

nutations

Number of ear

~rijjjenlea
Scored gg%ﬁfé

150 —
293 12
273 21
279 23
261 51
233 33
204 27
193 9
151 5
237 26
26) 47
197 41

In the %

(Ptbh-1Q)

Number of M

Seed-
lings

scored

1533

9243

9035
7939

6337
7332

6313
4326

2377

7992

3437
6716

Chloro-

ohyll

Outants

143

143
139

225
232

209
156

39

192

237
139

Mutation frequency

9#r 100 Per 100 Per 100

plants Mo seed-

13
22
22
30
34
38
10

18

38
34

Rj ears

4.03

7.69
8.24

11.88
13.87
13.24
4.67
3.31

9.06

17.48
20.81

lings

1.51
1.59
1.75
3.30
3.10
3.21
3.61
1.64

2.40
2.82
2.81



Tabla 7. j-lraguency of chlorophyll nutations In the M, (rtb~23)

'unbar of >L Number of <O® humber of M
Mutagen and plaint progenies ear progenies
dose
ccored 28 “cored SR Tes  phyll
scored mutants
Control 30 - 130 - 2500 -
Ci—1 rays:
ID krod 53 12 234 12 1317 143
15 % 50 12 236 10 04-01 163
D a 53 14 243 22 7614 107
25 53 11 223 26 070-7 216
>0 * >0 n 232 36 27 2 )4
5 e 50 13 104 30 431 3 106
40 * 30 7 207 21 6.344 213
4p * 50 1 146 0 2416 43
2*2 0.5% 30 13 7r 4 3 *73 713
1 30 22 275 43 1jO7. 241
1.5% 50 21 213 3] 6) 11 107

Mutation frequency

*elg 100 Par 100 Par 100

1
plnnts

24
24
20
Q.
30
36
14

70
24
22

N oaars

4.22
3.05
3.83
11.66
14.38
19.57
10.40
6.16

3.19
15.64

13.31

M2 saad-

lIngs

1.53

1.99
2.36

3.22
2.51
4.54
3.43
1.99
2.37
2.68

2.89



Table 3. Relative percentage

the .- (Atb'g)

3utzé%§2 and Tt());?lo?na-
amtaats
Jmmha rays:
10 krad 63
15 »E-
20 7
25 7 07
33 54
35 M 51
40 59
45 It 7
n 0.3* 53
1.J- 31

AAlbina, Y-Tantha, /-/irldio,

\S different tvpea v..pactraan) jC chlorophyll mutants iIn

0-)m3
33.3
64.5

/1.6
66.7

63.3
64.4

42.3

21.4

13.5
33.6

<

13.2
TO

11.1
4.5
1.1.5

3.4
57.2

1
14. |
3.2

'-Chlorinn,

V

4.5

3.6
12.7
14. |
11.1
16.4
13.2

37.4
4).7
46. )

-ltriata

Relative percentage of chlorophyll

C

1.4
5.1
4.5

3.3
3.1

7.4
6.1

mutants

S Others
1.3 -
5.1 2.5
4.5 -
@ 3.7
1.7 3.3
3.4 3.5
2.9 -
3.7 6.2
6.1 2.1

<2



fabla 9.
the «2 (?tb-10>
rtagen and  Tp P EOT
autaato
ala rays:
10 krad UJ
15 1
20 ™M 13?
o5 " 223
>3 N 2 :2
3 ™M 217
40 1t 10
45 M 3)
IS 0 .5* 1j2
1.0% 217
1 1.3
lbin:i T Vantha,

-4-3
6j.7

69.3
61.1

35.1
1.9
6.9
71-5
2 1.7
11.3
13. 3

V-/rl-J13,

Oelativ# percentage sf different ty">«3 (spectrum) of chlorophyll mutants

Uela tive percentafim of chlsrophyll

»

14 .5
15.2

13.5

Bilijrin 4j

4 C >
*
e 3 0.7
12.6 3.5 -
10. 3 5.3 1.4
3.4 6.7 4.0
3.1 2.2 2.6
3.3 1.4 1.0
* 9
>e ] 4.5 4.5
{.7 7.7
. SVAN
40.6 3.3 JJ.D
47 .7 1.7 1.7
62.4 6.9 1.6
— tricitn

N

nutanta

Other*

1.3

1.3

4.7
2.9



fabls 10. Relative percentage of different types (spectrum) of chlorophyll mutants iIn

the (Ptb-28)
Rutai®ec end Total Relative percentage of chlorophyll mutants
dote OuBOvr
of autdunts A X Y, C S Others
Ginmi rays:
10 krad 143 72.0 14.7 10.5 2.8
15 " 163 76.2 7.7 7.7 3-6 2.4 2.4
20 0 177 73.1 11.7 3.1 3.6 2.5 1.0
25 ™ 216 56.3 17.1 13.6 0.9 2.0 1.8
30 ° 204 65.7 1.3.3 14.2 1.9 1.9 2.5
35 ° 196 77.6 11 .2 9.7 1.5 - -
40 ° 218 33.3 18.8 13.b 0.5 0.9 0.9
45 W 48 33.3 39.6 13.3 - 8.3
EHS 0.5% 213 31.4 18.0 56.3 1.4 0.5 1.9
1.0-; 241 31-1 7.5 5a.7 33 1.2 1.2
1 .5%* 177 25 . 1 13.3 53.9 2.1 0.5 3.1
A-Albina, x-xantha, Vv -7iridis, C-Chlorina, O-5trlata
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plant parts except chlorophyll deficient types were classed

as viable mutations. Such mutations wore detected In iIndi-
vidual plants in the M2 generation by visual observation.
The induced changes in certain cases affected one or more

characters of a plant at the same time.

The viable mutation frequencies estimated .separately
for the three varieties as mutations oer 100 M} ears are
presented Iin table 11. The frequencies were found to Increase
with iIncreasing doses of gamma rayQ an v/ell as F'v. hoy did

not differ appreciably in the three varieties.

A wide spectrum of mutations ting vr-riou: morpho-
logical characters such an height, 1tur-limn, leaf, gar!cl?
and grain were identified and isolated. The rel tiv:' ycrcon-
tagea of height, duration and leaf t/oe Ilutants arc- Ivon In
table 12, The type of nutations induce”™ by the two 'utn-ens
did not differ. But differences v;ero jfverved in the r lative
freqguencies of the difforr-nt types /lda prndomin me” ir 1lhe
mutants affecting culm length, hutants with altered duration
were more frequent among the typnn ind.iard ly gamma rayn.
Dwarfs and semid-zarfs among the nubints effecting culm length
and late tyoes among the mutants with altered maturity 1*?rlod,
were predominante Mutants with enhanced effects su\h as tall

stature and very long duration were also among the types

Induced.



Table 11.

~utagen and

d3M
Control
G uu rays:
10 krad
13 *
20 »
25
30 -
E;ﬁ X
40
45 =
E3CXO 0>
1.0%
1.5-

Frequency of viable mutatljns In the M

Ttb- j

Muaber a? 1- ear

progenies
'‘cored Oegre ra-
ting
100

100 1
100 17
130 24
33 23
32 27
35 33
63 31
57 23
100 3
100 23
77 39

Mutation
gpPelr 1J3a-

earn

9.0
17.0

24. »

20.6

20.3
33.3
4j.°
4 ;.1

N
w
>ﬁCD o

I'tb-10
dumber of M. ear
progenies
"cared Segrega-

ting

100

10) 7
100 17
1)0 22
1JO 0L
91 06
33 35
12 36
ol 25
10) 0
0) 27
-0 35

Mutation
per 100 _

ears

7.0
17.0
22.0
31.0
23.6

39.3
50.0

49.0

3.0

27.0
40.4

dumber of M. ear
progenies

Scored Segrega-

100

100
100
00

93
36
34
53
56

100
109

96

Ptb-28

ting

18

23
26
24

32
30
28

20
38

H

8.0
18.0
23.7

27.9
27.9
38.1

51.7
50.0

6.0
28.0

39.6

Mutation
per 100
ears

'Sj
cn
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Table 12. Relative percentage of height, duration and leaf
type mutants In the M

Number of mutants Relative percentage

Gammia rays E11S Gammma rays BVE

Height mutants:

Tall 2 4 33.3 66.7

Semidwarf 22 43 33.0 0b.2

Dwarf 9 13 40.9 39.0
Duration mutants:

Sarly 6 2 73.0 23.0

Late 9 3 (2.7 *27.3

Very late 1 109.0

Leaf type mutants:
Narrow 1 75.0 25.0
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Height antants:

Mutants affecting culm length alone were selected for

detailed study. They appeared in three distinct classes.

1) Those which were taller than the parental types (above
143 cm for mutants of ?fcb-9» above 133 com for mutants of

?tb-23 and above 122 cm for mutants of Ptb-10).

11) Those which could be classified as seraldvarfs (71 cm to

110 cm).
11l1) Those which v/iere dwarfa (70 cm -ni below).

'‘bit of the 03 height mutanti identified,
63 semidwarf and 22 dvarf (Table 13)- art/one nut mwto ..-ore
selected for morphological analysis, -ascription o7

height mutants is given iIn table 14.

The 41 airt-nta exhibited v ri  j.. In hoi hi T, uroIP
ranging from 01 cm ‘ytb- 'routest - < rj ‘I3 >cl tt-TT
mutant - M 104). The t 11 itat “'n'1fif Lo .n esc .'tion
of Interaoden and not. duo to an incr”™ ’'so in the riu of
Internode*. The nemidwarfs a)r» npjr--rrs to ive , ne
number of Intemoden an the onroot typea, nhe N
height was duo to reduced length of tin inter nodes. ut In

the dwarfs, the number n* well oe length of the Inic."nodes
have been reduced. The lower most internode could not be
recognised In certain esses due to the drastic reduction In

Its length. Dwarf* therefore appeared to possess smaller
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Table 13. Distribution of viable height mutants -
mutagen wise

9 MWy
Mutation and dose Tall Semidwarf Dwarf

Garma rays 10 krad

15 N - -
20 M 2 -
25 N : 3 _
30 " - 9 2
35 " 2 3 0
40 " : - 5
45 N - - -
EM3 0.5# 1 3 _
1.0% 2 24 3
1.5n 1 16 10

Total 6 65 22



Table 14. Description of the height Mutants
51« fmrmntm/ Plant Nuaber Dura- Plant Lodging Leaf Laaf Leaf orien- Laaf colour
Ha. nutants height Of tion type length width tation
(cm) Inter- (days) (cm) (cm)
nodes

1 2 3 4 5 b 7 0 9 10 11

1 ?tb-9 133 6 130 open susceptible 56 0.9 drooping palo gram
2 n 1l 12 0 123 compact resistant 32 1.2 erect green

3 H 2 >4 % 115 compact resistant 30 1.1 erect dark green
4 sf 3 03 0 132 medium  susceptible 44 1.2 erect green

3 a 4 103 6 130 compact resistant 33 1.2 erect dark green
6 fl 5 61 5 73 compact resistant 14 0.5 erect dark green
7 n 6 38 6 120 compact resistant 34 1.4 erect dark green
8 S 7 95 6 130 medium susceptible 45 1.2 drooping green

9 * 3 102 6 132 medium  susceptible 46 1.3 drooping green

10 n 9 154 6 156 open susceptible 61 1.2 drooping pale green
11 M 10 62 5 35 compact resistant 25 0.6 erect dark green
12 H 11 91 i 145 omen susceptible 36 1.2 drooping green

13 H 12 08 0 142 medium resistant 42 1.1 erect green

14 M 13 146 6 132 open susceptible 5Q 0.9 drooping pale green
15 H 14 95 6 120 compact susceptible 34 1.3 erect dark green
16 * 15 153 6 175 open susceptible <D 1.2 drooping pale green
17 ~tb-23 135 6 115 open susceptible 52 1.1 drooping pale green
18 14 101 93 6 102 camp ict resistant 41 1.1 erect pale green
19 I 102 03 6 110 compact resistant 34 1.2 erect dark green
20 * 103 103 6 102 medium  susce >tible 44 1.1 drooping pale green

(contd.)



21
22

23
24

25
26
27
28

29
30

31
32

33
34
35
36
37
30

39
40
41

42

43
44

Table 14 contd.

H 104
105
106
107

103
109

110
111
112
113
2tb-10
A 201
ft 202
203
A 204
4 205
n 206
4 207
1 203
M 209
ft 210
A 211
M 212

ft 213

>

>

> > > T * >

159
105
93
92

93

103
95
12

106

122
95
39
93
39
83

135
91
39
39
91

93
93

33

AN

o O O._CD

>0 O O OO OO0 WO ® 040 WO g o o

149
113
105
115

93
195
105
110

35
115

92

59

95
92
92

135

33
95
95
95
95
93

open
medium
medium
compact
toediam
coopact
taediLLn
coapact
open
medium
open
open
corapact
COOQICt
Oediuu
medium
open

c ouoact
medium
c orapsct
compact
medium
medium

corapacit:.

~

susceptible
susceptible
resistant
resistant
resistant
redistant
reslstint
resistant
resistant
susceptible
susceptible
resistant
resistant
reais tant
susceatiblLe
susceptible
susceptible
resistant
resistant
resistant
resistant
susceptible
susceptible
resistant

49
43
47
38
42
42
36
34
26
41
48
46
33

39
34

49
30

34
36
33
34
34
34

1.0
0.9

0.9
1.2

1.1
1.2
0.9
1.1
0.7
1.0
3.3
0.9
3.9
1.0
0.9
0.a
0.a
1.1

1.1

1.1

1.3
1.2

1.1
1.2

10

drooping
erect
drooping
erect
drooping
erect
erect
erect
erect
drooping
drooping
drooping
erect
erect
drooping
erect
drooping
erect
drooping
erect
erect
erect
drooping
erect

11

pel# green
pele green
pale green
dark green
green
green
pele green
dark green
green
pale green
pale green
pale green
dark green
green
pale green
green
pale green
dark green
pale green
dark green
dark green
green
green
green
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number of 3hortenad internodes. Some of the height sut-iuts

are presented in figure I111.

The duration, i1.e., the number of days upto maturity
ranged from 73 to 175 days for mutants of Ptb-9, from -u to
103 days for mutants of Ptb-10 and from 35 to 145 days for
mutants of ~h-23 (Table 14). Doth early and late uut ints
appeared. hilc most of the dv/arfs v;cro early craturin/;, the

tall out'nts generally showed a tendency for lato eirrrnrity.

The parent varl”tio? t/pi:"'1!/ p en oleat type with
oaen tillers. 11 zhn till nut nt" c-"hi7itari -alaio —ii
plant type. put of the 34-emldwarfr, 16 only had cpm ct
plant type. The other'=ra either >per or rival Ii \ -= ; *ea
The compact types were f/oia illy characterised by orvet loaves
pithich were cither r”~oa or'.rU I.reon, hn d-isrf~ \+t~ .Y\

poct md V-dvery nrr > 1laa@sS->11- rry e

eill the t 111 plants 'ad ,od either at iicuiia ;
ripening of the griim. hin was duo to lor T-nJ rp-- ruin.
Among the seoldwarfs, those .-/ith coop irt tillers wmo Inva-
riably resist nt to lodrinr while seal nmirfe with 3pra ar
medium open stand succumbed t.0 lodgins’ nonetine oftor bonding
before ripening. "ho short and stout ruin of the
aemidvsrtg with the tight wrap Ing of leaf sheath over t*e

culm have contributed to their lodging resistance. ITim dvarfe

were highly nonlodging.



Figure 111

Varieties and height mutants

1) Ptb-9 and height mutants
1, 5, 9 and 13~Ptb-9

Others - mutants






Figure 111

Varieties and height mutants
11) ?tb-1Q Lud height mutants
1 - Ptb-10

Others - mutants






Figure 111

Varieties and height mutants
11) Ptb-10 and height mutants
1 - Ptb-10

Others - mutants






Figure 111

Varieties and height mutants
111) Ptb-28 and height mutants
1 - Ptb-28

Others - mutants
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The length of the leaves varied from 14 an (M 5) to
61 cm (H 9) and breadth (measured at the widest portion)
ranged from 0.5 aon (M 5) to 1.4 caa (H6). Tall mutants
appeared to possess long leaves while sealdwarfs had ahort
leaves. IVarf plants invariably had larger number of very
narrow and thick leaves. Leaves had an erect orientation
In the sen!dwarfs and dwarfs while they were either curving
or drooping in tails. In the tall mutants, the leaves showed
early senescence. The dwarfs and aaaldwarfs had relatively
large number of functional leaves at maturity than the parents
and the till mutants. In moat of the sealdwarfs the flag leaf
via* functional ot maturity. Tho colour of the leaves ranged
*

ron oale grson to green In tails and to dark green iIn many

of tho 3soldwarfs wvnd dwarfs.

"he toll mut-'nts appeared to be shy tillering (4 Dr 5
orod'i“tive tillers) while the aeoidwarf3 were moderately

tillerin' 'a to 12 productive tillers* and dwarfn 'virn pro-

f inoly tillering (onto .. productive tillera) as indicated

ir t-iol* 1> hi In the seraidwarfs had n greater proportion
mf ,>r>duntlva 1111~rn t) tho total tillers, In dwnrfo and
t™Mls tan 1ri’jir4lan. narrovy. loonr the oenidwan , 14
t/D”o exhibited n/nrhnnlned ripening of enrs while tho others

piH both ripens- anrlijennfi ears »t the time of hrtrv/st

*jirn hi/ 3io fi -»rifn cfc'vl tillering.



TtUc ..

SI.
No.

A wo NN

» ~N O U

10
11

12

13
14

15
16

17
19

19

Parent*/

nutazrt*

Ptto-9

N 2
* 3

M 4
H 5
A 6
* 7

* S
n 9
M 10

A 11
A 12

M 13
A 14

M 15

Ptb-28
n 101

M 102

Nunbar of
aar>* par
plant

3
6
7
9
S

3
76
13
3

3
A4

63

Typn of

aar

4

open
0@en
radium
medium

open
open

medium
medium

open
open
open

open
medium
open

compact

open

medium
open

medium

Car and grain characters of the tonight nutantms

E xesrtion

5

axsarted
exserted

exserted

partially

exserted
1

exserted

exserted

partially
exserted
n

exserted

partially
exserted
n

i
exserted

exserted

partially
exserted
exserted
partially
exserted

exserted

Lnngth
of ear*

(cn)
6

23.3
22.4
33.1
21.9

23.2
9.5

24.3
23.4

21.8
20.2

13.2

23.6
22.1
23.2

23.9
21.2

24.5
22.3

25.7

Hunter of 100 grain
grain
pgr #*r "S T
7 a
79 2.76
96 2.S51
119 2.79
105 2.76
120 2.78
12 2.19
141 2.92
117 2.72
122 2.68
01 2.74
14 2.23
73 2.72
114 2.67
89 2.78
138 2.92
83 2.80
87 2.87
126 2.85
148 2.91

(contd.)
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Table 15 oontd.

1

20
21

22

23
24

25

26

27

23
2)
50

31
32

33
34

35

56
37
33

39
40

41
42
43

44

2

N 103
it 104
A 105
» 106
M 137
»~ 108

M 139
3l 110
A 111

3 112

n 113
?7tb-10
n 201

R 202

» 203
M 204

a 205
N 206

« 207
» 208
M 209
3 210
M 211
* 212

r 213

~N oo o1 N W

o1 U1 W K3'ﬂ

O

D ©

o N S5 o w P oo

4

aediual
open
Jaen
laedIm
jediua
open

medium
medium
compact
nedium

medium
open
open

medium
open
open

open
medium
medium
open
medi un
compact
open
open

medium

5

exsetrted
exserted
exserted
exserted
exserted

partially

exserted
exserted
exserted
exserted
exserted

exserted
exserted

partially

exserted
exserted

exserted

partially

exs?{ted

exserted
exserted
exserted
exserted
exserted

partially

exserted
exserted

22.6
22.4
24.2
24.6

23.3
24.3

22.3
23.4
23.6
11.2

24.a
20.4

19.8

21.8
19 .4
20.1
19.0
13.9
20.9

13.7
20.2

21.9

18.3
17.6

17.5

94
128

103

>
141

108

132
11 >
116
24

127
72

93

)4
36
103

100
102

98
121
115
187
131
107

94

2.73
2.78

2.82
2.82
2.98
2.86

2.79
2.74
2.94
2.22
2.56

2.79
2.63

2.84

2.75
2.74

2.74
2.81

2.88
2.79

2.79
2.92

2.79
2.68

2.79
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Th« nuabar of tars, type of ear exsertlon, length of

tar, nuabar of grains per ear and weight of 103 grains of
the autants are presented In table 15. The number of ears

per plant ranged from k In tall types to 76 In dwarf types.

The range of variation for ear length was froQ 3.5 cu in
dwarfs to 25.7 cm in semidwarfs. The tails and seuiclw.arfa
appeared to possess oam of almost comparable length; but
the number of grains por ear mas greater In seuiiduurT . tnan
IN the tails indicative of higher gr_in density in ohu aensi-
dwarfn. 'Tee ears of neciid'.-nrfn vierc dehor completely or
partially exserted. ~he vrelght of 1>] grains rangnu from
2.11 to 2.1B (7. The oh -pe of the yr:i,vi varied froa almost

round to slender elongated.

11 the 41 selected nut nts were nirried fon.*nrc! to vhe

M to confirm their nut nt nature. ‘'lie norpholojic ol matures
of each  progeny woro scored. 'The data did not Y’ 'loy
J

appreciable variation from those in the 2* Thf? nU v diffe-

rences observed in quantitative astinution might no due to

th# affect of the season. This won neon In oIl t 'Toao

Including tha parentn.

1. Oanatlc analysis of plant ty2*nL™.an$i*

hilna *™orphologically distinct mutant* with plant type
characters (5 froa each variety) war# selected for jpenetic

analysis (Plgur. 1V). Th. d.tall.d aarptologlcal description
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of these plant type mutants and the 4 varieties IS given in

table 16.

The nutant3 were semidwarf in stature with short erect
leaves (Figure V) oriented at an angle of about 30 degrees
to the vertical axis and have short erect flag leaves which
remained functional at maturity. In contrast to the open

plant i1v*bit of the parental tyoes, they exhibited conv ict

habit with moderate number of comanc: ullirn. The )

were -roon to »-nrh green in colour * VMinnt the le green

leaves of the parent'.. ~r.o proportion of the fun'vional

to the dr/ leavea at maturity hi h in .root of ~' ¢ anlrctGd
tut into. hvonthourn the j.-rddo landu remained eeneirne-.
t*v» number of groina >er ear maa ranaider'hiy hi' 1 1n ’'.one
mutntj indicating hi'do ,ir d mi*.. >, ho mi*ant - nor.
shoy di f"erenca In grain size and ohion from the parental
V/acn. vjh at maturity the mat mt * proved to be roa.ha.t

t.o lodg 1 n while the tall parents lodged well beforo maturity.

11 the nine mutants wv»nr° oro-v *Ith thdr ma'~rtlve
parent* to confirm their reconnive genetic nature, <to inves-
ticMte the llie Hr. relation 1if the induced dwarfing roues
with the Ogwg dwarfing gone, the mutants were cronnod ''1th
fyothl f a known carrier of the Tgwg dwarfing geno, 1th the

object of studying the allelic reletlonrhlo of the u mrfing

,g*n*s end their mode of Inheritance the seialdwsrf mutant*



Tabla 16, Dmtallad

OtiarlfU a

1

Culm:

a) DUaitir
k) IManfth
o) Baarllig paaiclaa

(cm)
(am)

d) Sot baarlag paalslaa

a 9tr«i]th
-mml i

a) Laagtb (ca)
b) kidth (ca)

a) Colour

flag laaf angla
Lotaraodmi
a) later
a) Laagth

Plant halgfct (ca)

Plant typa

Panicla a
m) rn»

b) Langtb
c) ffiafcar of grmlma
d) Kzstrtla

SplfcmLat atarllity (%)
Parioarp oolaur

(ca)

i000 grain wmignt (g)

Dmrmtiomi
a) Dafa "to flomaring
a) Dafa to maturity

Ptb-9

2

1.?
96
3
3
l«U

36

uo

pala
graan

drooping

16.0
15a

lusca-
ptibLi

3pan

opan
26
6a
(Zitrtid
3.0
anita
27.a

98
130

H 2

1.6
n2
10

5

»tr:xng

50
11

dart
graea

eract

6
11 .9
9-

raala-
ta:

compact

amdium

33

121
exaartad

3.2
vhl ta
27.9

91
13

aorpnalogical daacrlpcion of tha

%

1.3
to

i:r3n”®

* *

dart
r*?«a

rvorir ratal

6
-V 3
5a

rtila-
tint

compact

amd L-a
2
-3

mucr.H

*.0
vUita

2a.a

93

120

alna salactad plant

1.0

14

1.3

dart
green

eract

95

re 31 s-
cant

compact

crepact
2r*
| *%
exiartad
3.8
vhl ta
29.9

93

120

0
1.3
9*
5
%
watt
60
1.1
pilt
green

nrrir?ntal

15.6
135

3usca-
ptlbla

cotn

cpen

26
72

fxsi rtad

*.2

rad

21.2

o7

115

trpa autinia,

NI (0%

T

1.9
71
10

2

strong

w*

12

dirt
green

tract

0

11.9
95

reela-
c4tnt

compact

mad 1um
26
1*2

mxsert ed
3.0

rad

29.1

97

110

n 107

a

1.5
70
12
&
strong

‘w0
1.2

Jar*
green

curving

6
11.7
12

rat la-
tant

coapact

madlua

2

146

exaartad

5.6
rad

28.9

90
115

thalr pinnti

tod JyotKi
A 111 Ptb-10
9 10
1.4 1.3
71 89
14 5
5 5
mtrong vaak
34 48
11 0.9
dark pale
green green
horizontal drooping
6 6
11.9 14.8
95 122
resla- auaca-
t ant ptlibla
coapact opan
coapact opaa
26 2
118 58
exaerted exaartad
4.1 4.3
rad rad
29.3 27.9
86 67
110 95

n 202

11

1.3
66

12

3
strong

33

0.9

dark
gretn

horizontal

11.4
89

resia-
tant

coapact

madlua
22
96

axxartad

4.3

rad

28.5

72
69

n 207

12

1.1
71

13
2
strcng

30

1.1

dark
graan

curving

6
11.8

91

raila -
tant

compact

aadlua

2

101

axatrtad

4.2
rad
28.7

72
93

n 210

13

1.3
70
13

3
etrong

33

1.3

dark
graan

tract

6
11.7

91

raala-
tant

compact

compact

2

172

e xiartad

6.2

rad
29.2

73
93

Jyothl

14

1.4
72
11

atPong

38

11

dark
graan

tract

6

11.9
93

raaia-
tant

compact

compact
2*
126
axsartad
4.6

rad
28.1

87
107



N v
EC ED plant t vpe Mo '>NT~] AND V/I"R IETIES

cm Pi.AT HRIGVID

MO
=30 1
>20

MO

100



83

were crossed aaong themselves In all possible combinations,
a) Crosses with the parents:

1) M2 x ?tb-9: The My mutant woo semidwarf (34 ca) with
erect dark green leaves and Ptb-C was tall (133 cm) with
drooping pale green leaves. As shownin table 17,t3 "jS
were tall with a mean plant height of 141 cm (figure vl =
They had drooming leaves, elongated internodes and open Isnt
habit and were susceptible to lof"!." . .n male .w- leaves
exhibited e irly lane'.conea. Ti . >lipulatio::, » r? 37

planti, 291 bad hoi "ht \bov? 1M -a end I fell 'M ail t.a

range of 71 am to 119 ca c/lla 1* e o bin"31
birtion. ly4 frn"tunna/ = 01 - — » | ni 11 *

11 to 129 m <*'ii>-re 1T -1 - I an -.ornt-'a to
froup of t !l and sornic!'*»*f I ;e»t » aa :road cl . " '"'rrrved

for t'ir tall slants wns IT! to 14a -n ” M that fa-’ r -.Vhmrffl
Kin 91 tv 199 on. Thn fr™ nan/''.?s of '""V1 il nt’ o¢ a a wo
mvroupsf viz. , tol'l owl 'ipn.9l.'irr CIt t n 1*1 ratio 'tra blab
probability. The t 11 aegrnirnnta r-vhinited thn character of
the P- plants n.irh a« nr/: >tlbl lIty to lod *lug, long drooping
[gnyo",, psrl/ ~onficpnc*! of leaven and open habit with woak

tillerse The semldwnrfn In thn Vv7 nopulntion were Eilnont

similar to the mutant parent.

1) M6 x r»th-ni  7he height of rl1 plants rwngrd frn
137 to 143 cm (Table 17) while M6 had n mean height;, of 38 oa.



Table 17.

S| Parent/
»a hybrid

1 Ptbh-9

2 12

3 A6

4 M 14

3 M2 X Itb-9
6 M6 x ?tb-9
7 n 14 x rtb-9
a Ptb-23

9 W102

10 M 107
11 H111

12 H I102xPtb-23
13 * 107xPtb-23
14 A 111xPtb-28

15 Ptb-10
IS M 202
17 S 207
18 n 210

19 « 202xPtb-10
Xl W207xPtb-10
21 * 2]QatPtb-10

Characters of tha hybrids and parents

parents
Plant height Sua- Dura-  Lemrth Irlenta- Colour of Lodging
(cm) ber tion of tion of leaves
of apto leaves leaves
tange intar aatu- (era)
nodes Nty
(days)

129-147 133 O 130 56 drooping pala green susceptible
30-102 94 5 1 3 30 erect dark green resistant
30-93 33 K 120 34 erect dark green resistant
35-104 )3 0 129 34 e’ect dark green resistant
136-145 141 3 12-3 5 4 drjopinr, pale green susceptible
137-145 142 6 123 56 drooping pale green susceptible
133-140 136 6 126 54 sying pile green susceptible
127-143 135 6 115 02 droooiiig pale green susceptible
33-106 33 D 110 34 erect dark green resistant
32-102 32 6 115 33 erect dark green resistant
37-102 95 6 119 34 erect dark green resistant
135-141 133 6 112 52 drooping pale green susceptible
130-135 132 6 112 52 drooping pale green susceptible
132-139 136 6 115 54 drooping pale green susceptible
115-131 122 6 92 48 drooping pale green susceptible
73-95 39 6 39 33 erect dark green resistant
73-90 a 6 X! 30 erect dark green resistant
76-93 01 6 95 33 erect dark green resistant
113-124 120 6 95 43 drooping pale green susceptible
121-127 124 6 30 54 drssoinr pale green susceptible
124-131 123 6 95 53 drooping pale green susceptible

IN crosses between the Mutants and their

Plant
habit

open
coflipact
compact
compact
open
open
open
open
compact
compact
compact
open
open
open
open
compact
compact
compact
open
open
open



tikla

r

m0.

10
11
12
13
14
13
14
17
18
19
20
21

18. fn~mcy ilntribution for balfnt in croaMi of nutanti with tbtir pannts in P2

rmmvt/ cthnnm

If 2 z Ptb-9

11 4 x Ptb-9

11 14

H 14 x Ptb-9

Ptbh-28
n 102

N 102 x
If 107

If 107 X
11 111

H 111 x
Ptb-10
If 202
11 202 x
H 207

n 207 X
H 210
11 210 x

Pth-28

Pth-28

Pth-28

Ptb-10

Ptb-10

Ptb-10

61-70

14

71-80

31

81-90

26
27
41

13
36
12

23

33

18
38
2u
*3
17
46

91-100

43
1?
50
41

29
34
32

4i*

*3

29

2*

23

Mtlght

101-110

— N w [e))

18

21

23

111-120

10

21

64

38

29

70

90

117

88

*9

*1
26

156

1«8

131

39

1*2

123

13*

126

206

19*

1*

37

*8

6*

26

27

35

12

121-130 131-1*0 1*1-130

151-160

11

Total Tall
3 0 3 0
50
287 209
50
3*7 2*8
50
386 281
50 5
50

3*2 2*6
50
293 215
50
388 2B3
50 50
50

328 25*
50
3*9 256
5 0

33* 2*0

Saal-
dwarf

30
78
30
99
30
105

50

96
50

78
50

105

50
7*

50
93

9*

J*
(3i1)

0.667.

2.209

0.878

1.731

0.*52

0.876

1.0*%0

0.631

1.939

°B
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Th# plants resembled the tall parent in appearance with

open habit, weak stand, elongated Intemodes and culmf long
drooping pale green leaves and lodging susceptibility. Both
tall and sealdwarf plants appeared in ?2 population. Among
347 $2 Plants, 99 had plant height ranging from 71 to 110 era
and 24a from 111 to 160 cm (figure VII-2, Table 13). This

segregation pattern gave a good fit for a 3 tails ! soaldwarf
ratio when tested with A° test of goodness of fit. The tall
?2 plants with their long culm, weak stand, open habit, shy
tillering and long drooping pale green leaves resembled the
F plants and the tall parent. They succumbed to lodging at
or after heading. The semidwarfs resisted lodging and exhi-
bited coraoact plant habit, erect and dark green leaves. The

short and scout v/ith reduced internJdol lengch.

ill': :i 14 jr >tb-9: An "iven in table 17, the ~ lants
rangad In halp.ht fron 133 to 1«n cn. “ho mutant parent was
B.*Idw»rf (35 en) and Wtb-) t >U (133 <sa). The 1 plants
vara nlmllar to thn tall parent, and exhibited thn open plant
habit, inn, drocpln* l«nv«, In contrast to tha compact habit
and arant l.av.a of Ib- BP.ldw.rf mutant parant. 'ho plants
wars found to lodga immadintely aftar heading. The g, pro-
g.ny indicate a blmodal distribution for plant h.lrht with

103 a.mldwarf plant, with halght ranging from 71 to 110 cm

* /\ - i
and 201 tall plant, ffom Ih 1§ g9 ¢« (T-hl. 10, Tinurs Vil
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Th* '*2 test of goodness of fit revealed that the 3 tallil Beal-
d w f model would be a good fit with high probability. The
open habit, long culm, elongated internodes, drooping long
leaves and lodging susceptibility made the tall F2 plants
resemble the 7 plant while the semidwarfs appeared distinct

with erect leaves, compact habit and nonlodging nature#

Iv) M 102 x ?tb-23: The mean height of M 102 was 03 ca
and that of Idtb-28 was 135 cm. The range of variation of
height In was from 135 to 141 ca and Is recorded In table 17.
The /1-T.ts In the F- generation were cii iracterised b/ elongated
Internodes and long cula, long drooping leaves and susceptibility
to lodging. They appeared ilnost alull <t to the t 1l parent.
In the ?-2 renoration, out of ;h2 O'!'tntrp 240 were tail (above
110 cn) and 16 seaidvnrf (botv/ioen 71 ana 100 ca.). 1 nts In
the 101 to 110 ca claan vierr- laast absent (Figure VIi-4,

Table 13; clearly indicating two distinct groups of t 11 and

ecnldwarf ‘tlants In 'H:1 ria<lol r.avo a R:od

observed frequencies of tnlla nd nomi.Warfn «lth hi 'h nroba-
blllt/. The talla wnn nt'illir to the and the to-- parent
with lan* cut™, el3n*ater] Internodea, lon* and drooping leaves
end open habit. The/ lodged after heading. The senldwnrfs

tad erect leaves «nd were resistant t, lodging «lth short and

stout stem-

Y) M 107 x Ptb-28. While H 107 «e eeejdwarf ~ ca)

r, plants were tell with . ran* for plent height fra. 130 to
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135 e. (Table 17). The F, plants were characterised by long
eula, elongated Internodea, leaves which were drooping and
open plant habit. As In the case of the tall parent, the F.
plants were susceptible to lodging. In the plant height
ranged from ol to 160 cm with two modal classes of 91 to 100 ca
131 to 140 cm (Table 13)e The relatively low frequency
of plants between the two modal classes distinctly divided
the ?2 population into two groupa via., tall and senidwarf
(Figure 711-5). “~henotypically, the tali planta could be
distinguished from mho planta of the other group *i'*h their
open habit, susceptibility to lodein err.d leaf characters.
The Isuvan were lonr nd droooirr; .and .cro pale rreor. ’''ailc

the lemldwarf oLnntn rcsomhlad the .mat-r.t parent In aty Oaranre,

size, COolo uU* and orientation thu I'*-Vcn. Mt of Idn total
of 237 ' pla.its, 211 wore tall "nd 73 nonldvarf« 4N eagre—
gatl on pattern F» » T«<1l 'It to the or wcted wdcl >E

3 tall: 1 .leuldwir?l’.

viy 1 111 <« ’'tP-2d! % 111 WA uciudv/arf witl a . on
height of 15 c¢c*. Tno 'n Uk. *»*0 '«*F« ™

iIng fro* 132 to 1 ki An height (Table 17). InPlclt nni

| .«f characters the pa resemble. the tall parent. W« to the
long cula resulting from elongated Intense* they lodged
before -sturlty. Plant height varied from 71 to 160 « could
be divided into tell, and eeeldw.rf. (ngur. tll-6). «

the 3* % aegreganta. 203 had height above 110 e. ad
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b«tveen 71 to 30 cm to 101 to 110 c. classes (Table 13).

The test of goodness of fit iIndicated that the segregation

for plant height gave a satisfactory fit for the 3 talljl seoi-
dwarf model. The tall plants had a close similarity with

the r*s and the tall parent, ?tb-23, The leaves were long

and drooping with pale green colour, the tillers wore open

and the plant3 were susceptible to lodging. The senidwarfs

resembled the mutant parent 'l 111 in almost all characters.

viil p12 y. Nth-10: hilo ! 222 and ~tb-10 had mean
heights of 8?7 cm and 122 cm renaectivoly the height of »
alants racked from 113 to 12T cm (Table 17). Unlih.e the
seal dwarf the ~a h > leaveawhich were pale green
and drooping with early rwnr*nconar?. "fie culm appeared to be
lone with e-long’ted iIntern oles, Mt>10 and f, plant appeared
to be similar. ’'pable 16 reveals that the ®0 distribution for
plant height ahmod variation from 61 to 73 ci clan.a to 1*0 to
1>0 cm claaa with two modal claasonof 1 to )2 cm ''d 1«1 to
100 cm. Tanumlng the limit between the tall nnd the somi-
iwarf 03 100 cm, the entire H, papulation could bn ground
INto tails and aemldwarfn. Within the n«midwnrf«, the varia-
tlon was unlaodal and continuous suggesting that nil plnnt.

within th. rang, of 61 to 100 cm could h. consldsrsd as a

slngl. group (Flgur* VII1-7). Thus out of 32B F*

obs.rv.d, 20A wars tall and 7k w.r. s.n>idw»rf indicating a

«™ «lon p.tio. M «2 *..t »r <at ™ n -~
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this assumption. The tall plants In the ?2 to a great extent

looked like the and the semidwarfs, the mutant parent.

viil) M207 x Ptb-10: The mean plant heights of H 207,
"tb-10 and the F! plants were 91 cm, 122 cm and 120 ca res-
pectively v~ble 17)* '"hlle il 207 had erect leaves and com-
pact habit, the 72~s like the tnll parent, Ptb-10, had lon-;
drooping leaves and open habite UjO '"'ere ~lso chamctcriaed
by elongated intemodeq{ uid suaceptibility to lod -in. as the
tall earent. Unlike the , the 70 orogeny 3howed -rent
variation in plant height and associated characterse lants
ranged in height ~ron 61 11 13") cn (Table 13). If i;:.0 plants
above 11" en are con.sifiered ’'a tall plants, the ” consisted
op 210 t-'lls and 13 nenidn-~fn (='igure . Thin nmrega-
llon ratio rave a sntinfaotoey tlt to .11 nuclei= 1he ¢ 11s
In the nooeared to rose able the and the tan parent
Mhereaa the dwarfn with their connet habit short nnd

itariy eda and nroc.t dark greon leaven looked like the mutant

parente

Ix) 1 210 X I-.b-n: "h« 17, *Vwt«i opooorod *> bn t1'1
UKa th* tall p-irant, Pth-n. Tha r w bright of -,n wo,
120 cm while thst of » 310 -so 11 cm M'shla 17). no
plants ho'l long and drooping lonvan, slon**t*d intnrnodM

anrl ooan habit which «od* thn V=<lg« befora maturity. Tha

F_ sagr.gatad fir statur* and tha associate charaotar-. ih.

sagragsting plants ran«ad In h.t«<ht from 61 to 70 c. elms.
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to 140 to 130 can class. The frequency of the semidwarf
plants was maximum In the 31 to 90 cm class and that of the

tall plants was maximum in the 121 to 130 cm class. A clear

break In the distribution curve was observed at the 91 to 100 cm
class with the miniuum number of individuals (Figure VI11-9;
Table 13). Plants falling between 61 to 70 cm clacoa and

31 to 100 cm class wore considered as scmidwarfs and the rest

as tall3. Jther associated characters such a3 long and droop-
Ing leaves, ooan plant habit and susceptibility to lodging

were also taken Into consideration for the grouping of tnc
plants. Xst of 334 plants, 249 were t 11 rind 34 semidvurfs.

This Iniicited that the pints segrogatoa 3 tall: 1 senidwarf.

h)y grosses with .Tyothi

1) -Tyothi x 12: -Jyothi, a known carrier of e«m dwarf-

in- wrtnet had 1 aeon holrht of cn 1 Inicatins Itct -.o0.Udwarf

nature. Vary had erect dark ireon leaven which slic ed 1 -te
The oe-.Iduur? nature v.-is & to the shortened

Int. modes and not dun to reduction in lie nuaber of iInuor-

Md., .Inc. both the tall 'nd .Tyothi pV.ntn had nlnont the
number of Intemodes. "h. 'l 2 mutant was also nenldvarf
tjiu cn) with thm essoclatad |« f ™d characters. The

height of P plants rongad from 73 to 103 ¢ with o moon of
101 ¢ M m tU , noturo (Tshl. 19). Tho plant,

wro .1*0 oh.r.ct.rit.d b, .net .hrt dark gra.n la w .

compact habit and lodging raalatanoa (rigur. VIII). *n



S1.

@U)\ICD(ﬂ'waH

= = =
N P O

_
N oW

= B ==
ts o ~N o W

Table 19.

Parent/hybrid

Jyothi
A 2
Jyothi x M2
A 6
Jyothi x Ao
A 14
Jyothi x A 14
A 102
Jyothi x M 102
n 107
Jyothi x M 107
* 111
Jyothi x M 111
M 202
Jyothi x 21 202
* 207
Jyothi x ?1 207
5 210
Jyothi x M 210

(cm)

Range

34-104
39-102
95-103
30-93
122-130
35-104
124-133
33-106

135-139
32-102

133-134
37-102
94-101
73-95
39-96
73-99

122-123

76-98

124-129

Plant height

Mean

95
94

101

33
126

95
129

33
137
92
132
95
o8
39
93
o1
125

91
126

dum-

ber
einter-

njdea

6
O
6
6
6
6
6
6
6
6
6
6
6
6
6
G
6
6
6

Dura-
tion
(days)

110

115
103
120

105
120
103
110
110

115
110

110
110

39
93
93
93

95
101

Leaf

lens
(cm

36

30

30
34

53
34
5?
34
49
33
ol
34
35

33
34

30
53

33
50

Leaf orien-

tution

erect
erect
erect

erect
drooping
erect
drooping
erect
drooping
erect
drooping
erect
erect
erect
erect
erect
drooping
erect
drooping

Leaf
colour

dark green
dark green
dark green
dark green
pale green
dark green
pale green
dark green
pale green
dark green
pale green
dark green
dark green
dark green
dark green
dark green
pale green
dark green
pale green

Characters o+ the hybrids aldd panants In crosMi between mutanta and Jyothi

Lodging

resistant
resistant
resistant
resistant

susceptible

resistant

susceptible

resistant

susceptible

resistant

susceptible

resistant
resistant
resistant
resistant
resistant
susceptible

resistant
susceptible

Plant
habit

compact
compact
compact
compact
open
compact
open
compact
open
compact
open
compact
compact
compact
compact
compact
open
compact
open
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plant h*lgftt rui«] fro. 71 to B« cl.a. to 1
class (Tabla 20). Th» distribution pattern suggested that

*11 **e 218 p2 Plant» « w s.aaldwarfs (Figure 1X-1). Xxr.

appearance they were Indistinguishable from the parents.

11) Jyothi x M 61 Both Jyothl and a 6 were semidwarfs
with the characteristic leaf and culm characters. The leaves
were dark green, short and erect and the culm was ohort -jid

mtout. In contrast to the parents, the 1”3 were tall 5126 cm)
with long culm as a result of elongated internodes Viable 19).
The plants exhibited open habit and lodged after heading. The
leaves were long, pale green and drooping. In tho . total
nuaber of 331 plants were studied, jnlike In the 1'l# the
plent height In the ranged from 71 to 00 cm claoo to 1™
to 150 cm class with two modal classes of hi to 10P cm and
121 to 111 cm, The relatively low frequency of the plants In

between these two modal classes divided tho frequency dictri-

butlibn Into tw» distinct rrwu (FItjto 1v.2; Table 'V. Cm-

aldarlni: 111 -a >' '-hr u.iper llrolt it -lint helsht. .jr seml-
dwarfe, thc« of"H ',:I>n Jf '1>t¢'1r 1 111 1,6 ‘WlII’
dwarfli. The r', o 3.ilr.t-.0On rrod fit. to n ~»7 isvtel

with hl,h Tte LL.I1. were Invarl-lv Hnroctnrl”®

by linr*. dnrt ed4iv,tn.1 |-rra an,, *»M t.



faala M.

Si.

to.

[ JyaXhl

2 n 2

5 Jy«h-L 1 M 2

*0

13

16
17

~a
*9

* b

Jytrtbl x M 6

H 1*

Jyoxh-i x W

M 102

Jy«*LL x M 102
* icr

Jyartai X H 'y*

n m
Jyortxu X H 1M1
I 202
-TO'tai X H 2CZ
n 2cr

Jj&tSIL X * 20%7
* 270
Jyorcfel x 1 ro

V ~ 60

61-70

13

23

71-ao0

1b

91-90

15

Wi
50

-
I %
33
i 2
4

16
13
80
2

28

51

Height clasavi

91-100 101-110
27 12
35 7

107 0
1?

97?

41 X
6e 13
29 8
79 15
52 6
gn 12
*5 *

*18 15
29

106 11
0%
95 M*
28

116 7

in on

1U-120

11

21

19

12

19

121-130 131-1*0 141-150

123

116

95

97

122

91

rriguiKr cuatrihutioa for haljat Lacram Wivnb aurtaata ad Jyothi la F,

62

56

40

67

56

96

17

11

23

10

Total
151-160

50
218
50

381

50

4 365
50

6 327
50

359

50

246

50

208

50

367
50
394

Tall

203

211

173

206

193

218

Saaidwarf

30
30
218
30
176
30
132
50
136
30
133
50
246
30
200
30
1*7
50
176

»1% mmttm id ntft
Dwarf r>
(317/
3i6il)
m
aa
m -
0.064
m m
22 0.401
- m
18 2.232
0.181
M
27 2.103
0.236

66
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(Tmble 19). They were characterised by large narrow and
drooping leaves, long culm and open habit. Tha long culm

was the result of the elongation of internodes and not due to
Increase in the number of Iinternodes since the intomods num
ber of both the semidwarf parents and the F~s was almost the
saoe. The elongated internodcs made the plants succumb to
lodging at the time of heading. In the* ﬂ\ plant height varied
from 51 to 60 cs clas3 to 1pl to 1'*0 cn class (Table 20 , The
distribution also indicated 3 mode.-, ( <l'ure 12-3K gaining
plants below 70 cm an dv/irfs one 7T_, po, uL tion coal'.' : ein-
sidered to novo segregated for tolls, so/iiurrirfs ~na Tmc'Ts.
Thus out of 36.) '2 ol~ntc, Ili worn tall, T? sonidvr.ri 1d

22 dwarf. This aorregv.ion o.'ttors olT ? ') a koou ‘1] to a
3:6) 1 model. Tie ~ys’T;) mo"of w s vr.6 b/~T o

difficulty Ln diati'Towri”hir. eb*v/ -n TV To tr™n

dwarfs. Tha dwarfs rOV1 \o «'M1:lrmob T.t1 O1" . fd. T °
primsrl1/ b»ca 110 of Mr- rr <ur™1 calm ‘lotv'~Ti, It a - -r.' that
th#? hl/Jdy reduced onlt length In d<or " vmn *0 f'n IC-
tior ?n number n vol. 1 Jrn'2: h of tiNo ntAmi "‘hi,

dwarfs were al™o cooro”™tori ned by very short thick f'arh yr'en

erect leavaa and often by largo number of tillnra, They nod

cottn™~ct plant habit and were nonlodging.

lv) Jyothl k d hi2i while both Jyothl and J 1h: wore
eee|dwarf In stature, the F*a were tail (137 cmj with 1 mg

end drooping leave* (Table 19). The tell cul» appeared to he
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+ » to the elongation of lutemodes rather than an increase

In the nueber of Intemodes. Plant height shoved great
variation in the F2 generation. It ranged from 51 to 60 cm
class for the shortest to 151 to 160 cm class for the tallest
plants (Table 20). The arbitrary Iimit of 70 cm between
dvarfs and semidwarfs and 110 cm between semidwarfa and tails
divided the distribution into three groups (Figure 1X-4), The
7?2 population consisted of 173 tails, 136 semidwarfs and 18
dvarfs. The tails had long drooping leaves and resembled

the F~s. They lodged before ripening of the grains. 11 the
seeldwmrfs were similar In height and resembled the parents.
It was difficult to further group then into the t.;j parental
types. The dwarf plants formed u diatinct group with vheir
very short stature; small, erect, thick and very dark reon
leaves and compact habit. The pattern of elongation of Inter-
nodes revealed that while tills and sculJaarXn had almost the
sea* number of distinguishable intornodos, the dwarfs had a
lower number. The reduction In culm length in uwurio, there-
fore, appeared to be due to a reduction Iin number an v/ell as
length of Iinternodes. The observed frequencies of tails,
semldwarfs and dwarfs showed good fit to a 9ibsl model. Here
again, as In the case the cross Jyothl x K 14, the ji3*3l!
model could not be used because of the difficulty in distin-

guishing the two types of semldwarfs.

V) Jyothl 1 M 1071 Data presented in table 11 indicate

that the 7* plants were tall isilike the parents which were
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semldvarf. There were distinct differences In the orienta-
tion, length, colour end In the stsge of senescence of leaves
In the parental and generations. ‘ hile both Jyothi and

K 107 had short, erect and dark green leaves, the F*s possessed

long pale green nearly drooping leaves. The compact habit
did not appear to have been inherited by the tall plant3.

While the range of variation for plant height was from 130

o 13~ cm in the ~ , it was froa 71 tz ZO eu clarr @ K> to
130 cm class iIn the (Tab?.? 20). .mu of the :1 ™ s_'«?e
shorter than 70 cm. Pseed on the 1M 'thut.fon for >i.jnt
height (Figure 1v-5) the population grou??d. int~ m11ls

end sesldwarf*. Afurther htouiin~ of "lonidwarfs * $o0 gL fi-
cult because of their unif:nlfcy. 7h? ‘S Wl'es mnd

could be further d.otl rvuip'ocd by te-nr LI"* h'VIv .a leaf
chsraot™ro. The t™lIn lo'igrd ¢?hr heriln~ aML:- t’ * u.cal-
dvorfs were nonloO”ing. <ut of the P ~ell -, '""kX>acre
tails and 137 ssmld’-nrfo should to r,T-irri-ntc -v--— -?2tion
ratio of p17* Th4 t*st of ’??2dnr"p if fIt el"? ;nirlrncd

this ass\nr?tlon,

Vi) Jyothi r 111 3 The >/crr st iilr™ to ji~rrrntal
plants in stature being semidwarfse Tun hoirht, r*n, o vAA
fro* 94 to 191 cm with the mem height of 91 cm (Te.la 19).
Tha culm and leaf characters also closely resemble 1 those of

**e Parents. In the generation, oil the plant? appeared

to be aemidwsrf with a very narrow ranre of variation liable 20
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Ko plant with height »o.re than 110 cm or leas than 70 on
could be racovarad In tha -: (Figure 1X-6). Almost all plants
had conpact habit, aract darts green leaves and lodging resis-
tancee= It was therefore assumed that there was no segrega-

tion for plant height and associated characters in the Fg.

vii) Jyothi x M 2023 As iIn the cross Jyothi x M 111, tha

plants were semidwarfs and were Indistinguishable from the
parental typers, ~*lant height In the ranged from 39 to
96 cm (Table 19). They exhibited compact habit and lodging
resistance and possessed short erect darl: green leaven. The
narrow range of variation for plant height iIn the N \Table 20)
and uniaodal distribution suggested absence of segregation
for the character (Figure 1X-7). All the could be consi-
dered as setnidwarfse Further, all the plants had unifora

compact plant habit and short, erect dark green leaves which

further confirmed the assumption.

viii) .Tyothi x M 207: \b against the semidwar.f stature
of Jyothi snd M 2171 the n were tall. The plants ranged
from 122 to 128 cm in height (Table 10). They were characte-
rised by long, pal* green anti drooping leaves] long rind weak
culm and open habit. Elongation of Intemodes contributed
to tha increased culm length. Almost all the plants
succumbed to lodging after heading. The F2 distribution for

plant height shoved great variation and ranged from 31 to 60 an
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class to 141 to 150 ca class (Table 20). The distribution
was also characterised by 3 nodes the nodal classes being
61 to 70 ca, 81 to 90 cn and 121 1j 130 cm (Figure 1X-S).
The pattern of segregation indicated tho presence of tall,
samidwnrf and dwarf plants. Considering the plants below

70 cm as dwarfs, those falling between 71 to 110 ca as aerni-
dwarfs and those above 110 cm a3 tolls, the population
could be considered to consist of 193 tails, 1”7 semidv/arf
and 27 dwarfs, analysis of tha observer! frequencies showed
satisfactory fit to 0:6:1 ratio. As iIn the crosses Jyothi x
M 14 and Jyothi x .1 102, 1:3s3:1 nodel could rot be usod
because of the difficulty In further classifyinr the semi-
dwarfs duo to ninilority In inpoornnce. Thc t 11s I*i% r" —
teristic long droooing leaves ond cion "lint habit viln the
dwarfs had very shjrt aton and thick dirk 1i-tgoh erort leaves.
The short culms of the dwarfs ao.jparod tj 00 v.«?ns lower

number of shortened i1ntarnodoa th «n in Ailr arnidwarfn and

tells.

IX) Jyothi x «=?19: -hlle both 1h? parents v~ro n™nl-
dwarf, the plants were talL, the mean plunt height, hojng
125 cm. The range of variation nnrl the nenn height of the
Fra are presented in table 19. The long culm was the result
of the elongation of the Intemoden rather thsn an Increase
IN the number of iInternodes. Unlike the semidwarfa, the tails

poeseaaed long laaves which wera eithar curving or drooping
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»na exniDixea open habit leading to lodging before grain
ripening. The F plant height was characterised by biaodal

distribution ranging from 71 to 80 cm class to 141 to 150 cm
class (Figure 1X-9). The modal classes were 91 to 100 cm
and 131 to 140 cm. The relatively low frequency In the class
101 to 110 cm virtually divided the distribution into two
distinct group3, viz., tolls and semidwarfs. None of the
plants could be recognised as having height less than 70 cm.
Thus among the 3™4 plants studied, 218 v/ere tails and
176 were semidwarfs (Table 20). The c'd-square analysis
Indicated satisfactory fit to 0:7 ratio. The tolls resembled

the F-s while the so.nidwarfs looked like the parents.

c) Crosses Dbetween the mutants

1) 2 X 1) 6: Dboth 42 and 1 8 v.jra the Indu.oi nutants
o+ ‘t'o-'J. 1 2 (04 ci) wo3 .slighcly t'lier tiian .0 ,>mcm,;
but A 6 took a to 10 da/s more to complete flowering. Inlike
th. wrt.nt.-i, tha n IAmtn worn tall, tha hal<tht ranfjlwj fro.
1J4 to 141 an with a anrm of 1?0 cn (Table 211, Abo : 4/
reaeahlej .'th-:1, with lan", drooolng ."la tfrnnn lowan, '.i»n
plant h»Mt end susceptlbillt/ to lodainj (Mfiura ). The
p.tt.m of elongation ofthe mternodea nhow.d that
cr.ee. In eul. X.n«th wee the result of Increased Interned,
length and not doe to Increase In th. nu.br of Internod...

In th. 'wj generation, plant h.lght ranged fro. th. /I to « c«
-1... to 151 to 160 - <cl.... Distribution of F, was a bl.odU
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%. Parents/hybride

If 2

1

2 f 6

3 4 14
4 * 102
3 n 107
6 jt 111
7 X 202

8 X 207

9 M 210

10 H2 X « 6
11 X 2 x X 14
12 n 2 x n 102
13 X 2 x X 107
14 X 2 x M 111
13 X 2 x M 202

16 X 2 x X 207
17 12 x M 210

10 X6 x M14
19 X 6 x M 102
20 It 6 x M 107

Plant height

ice)

Range

3

30-102
3*0-93
35-104
33-106
32-102
37-102
73-95
73-99
76-93
134-141
133-139
131-140
123-134
93-109
69-101
124-130

126-133
137-142
129-134

95-101

Nean

4

94

33
95

93
92

9B
39
o1
9
139
136
135
131

103
93

123
131

139
132

97

Nuaber Curs-
tioll

(days)

or

Inter-
nodes

3}

115
129
129
110

115
110
39
93
95
123
139
120
120
115
93
195
195

130
115

95

Character* of the hybrids and parents

Leaf
length
(cm)

30

34
34

34
33

34
93
30
33

53
53
53
56
34
32
56
o6
56
o4
32

Leaf orien
tation

erect

erect
erect
erect
erect

erect
erect
erect
erect
drooping
drooping
drooping
drooping
erect
erect
drooping
drooping
drooping
drooping
erect

L eaf
colour

dark

dark
dark

dark
dark
dark
dark
dark
dark
pale
pale
pale
pale
dark

dark
pale
pale
pale
pale
dark

grean

green
greeri

green
green
green
green
green
green
green
green
green
green
green
green
green
green
green
green
green

In orJista between the entente

Lodging Pleat
10 11
resistant coapaot
resistant coapact
resistant coapact
resistant coapact
resistant coapact
resistant coapact
resistant coapact
resistant coapact
resistant coapact
susceptible open
susceptible open
susceptible open
susceptible open
resistant coapact
resistant coapact
susceptible open
susceptible open
susceptible open I\/JI
susceptible open 00
resistant coapact

(contd.)
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21
22

23
24

25
26

27
28

29
30

31
32

33
34

33
36
37
38

39
40
41
42
43
44

45

Table 21 momtd

2

B6 x M111
n 6 X & 202
M6 X » 207
* 6 X H 210
W14 x M 102
M 14 x . 107
* 14 x a 111
H 14 x M 202
* 14 x A 207
n 14 x » 210
» 102 x H 107
H 102 x A 111
» 102 x M 202

A 102 x M 207

K 102 x » 210
M 107 x H 111
M 107 x M 202
M 107 x » 207
A 107 x A 210
S 111 x* 202

* 111 x H 207
S 111 x S 210
* 202 x A 207

H 202 x » 210
8 207 X 210

3

126-1 32

122-130
124-130
94-93
125-130
130-137
130-136

121-127
121-130
127-132
135-159
130-139
123-150

95-100

125-134
132-140
124-130
126-133
3-7-96
85-94
125-130

127-133
121-128

118-124
121-125

129
126

127
96

129
134

133
124

126

129
136

133
126

98
129
137
126
130

92

99
128

130
125

122
123

&)

DO DO W ITFO OO OO oY T OO

110
102

115
103
126

115
115

03
101

105
115

115
102

95
102

115
110

103
95
95

98
33

90
95

J7

56

o1
52

32
54

51
o4

30
31

54
o4

ol
34

43
54
40
54
33
34
48

49
4S5

43
ol

38

drooping
drooping
drooping
erect

drooping
drooping
droo jing
drooping
drooping
drooping
drooping
droooing
drooping
erect

drooging
drooping
drooping
drooping
erecf;

erect

drooping
drooping
droooing
drooping
drooping

© 9

pale green
pale green
pile green
dark green
pole green
pole green
pale grce:!1
green

pale green
pale green
pale green
pale

pole

green
green
dark green
Bale green
pale green
green

pale green
dark green
dark green

pale green

pale green
pale green

pale green
pale green

)

H—b——

susceptible

susceptible
susceptible
resistant
susceptible
susceptible
susceptible
susceptible
susceptible
susceptible
susceptible
susceptible
susceptible
resistant

susceptible
susceptible
susceptible
susceptible
resistant
resistant

susceptible
susceptible
susceptible

susceptible
susceptible

11

open
open
open
coepact
open
open
open
open
open
open
open
open
open
coapact
open
open
open
open
coapact

compact
open

open

open :_.»
open N
open
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h tha modal claa**. Of 91 to 100 cm and 131 to 14G cm

** with relatively lower number of plants In bet-
( iffura XI1-11 Table 22). The low frequency of plants
observed In 101 to 11g and 111 to 120 classes distinctly

*»*** tall and seaidvarf plants. But none of the
plants were below 70 ca. Out of the 363 F2a studied, 2
were talla and 164 semidwarfs. The segregation fitted with
high probability to the ratio, 0:7. The tall plants looked
like the F~s andPtb-9 exactly while the aaaidwarfs resembled

the mutant parents. T further grouping sealdv’aris however,

via not possible.

11) M2 x K 14; While both M 2and n 14 were lonidwnrfs

with compact habit, erect darkgreen leaves and stout culm
with lodging resistance, the were wenk with lon" culn and

narrow long leaves which were oale gr-or. They eh, uni anen

habit and -luwptibillty to losing. Vi r™ cj c?%f]

159 c¢cb in l<*m <**>*e 271).  -iw elan ; a on Intr«,*on

l.d to th* lans eul". --nlch «Mto the pl-vti wnU on,! ™nc«ptlbl*>
to lodging. rlié,]'o. v TI'UUm *» height w- e rueh MOre

_ _ Ueigbt railed hO >1 he |1 On
In F- than In the :r

: L- ® ArlpU « lirrn n"wVcl)nora .tuv ob-
A R v VA

m ... ="r" 1
11 hn-;uu. rr y.yn --a= 1 ,.i! ‘eoted
eegregatli'-’\/}\ f‘? three c} n «
r,,r piontH 1e 71 M r> G, far ur* ><rH
byth* lo« tr v w o

- b) 1m”-u<<<F] nsk_Vi l
with fviem Am - -

fche a<a- .' dut 2F *
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111 to 120 ocm cl*«, 2 _
e Thus th« Fg consisted of 137 tails,

N BceLdvarfm snH 1/ * _ _ _
dwarfs. The Fg frequency distribution

In table 22. The frequencies of the segregating

g ve a satisfactory fit to a 0s6il model. Further
grouping of aemldwarfa was difficult eventhough the saoidv/arfs
exhibited slight variations. The talla resembled the F7s
and Ptb—3 while the oemidwarfs were similar to the mutant
parents. ./hile tills had characteristic leave3 and plant
habit, the aemidwirfs had short erect leaves and compact habit.
The dwarfs formed a very distinct grouo with compact habit,
more numerous tillers, very short culm and short, erect, thick
and dark green leaves. The lover iInternodes were so much
shortened that they were unrecognisable with the result that

the culm of dwarfs appeared to have a lower number of Inter-

nodQsS.
|||) |1 2M 1021 T116 r)Gan helght of M2 was cmand
that for 'l 103 03 cm. ThP ranno of height In ~-I'm 131 to
_ S0 ci nn recorded in table 21. N nppe-
140 cn with* c 1 «
sred tall  wlth E%narﬂ%,féHFkC Long droouing leaves, wnair long
u The lone culm carried elongated inter-

cul* and oo«n habit,

- . Inv«ri*bly lodged Immediately after hooding,
nod.*. Th. "i» lrrr'r

, yjrl.tlon In plent bel<tht wan oboorvad
A very vide r*n”e
Th. .hort.st PI*nt* wer. grouped und.r the class

In th. y t<illIMt pUrlt «.» In th. cl... 1l to

51 to 60 a* « height r.v.«l.d 3 medal 0l9s.ee,
160 cm. F2 distribution for h. gn
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* W J #LI

* 91 to 100 ca and 131 to 140 cm (Figure XI-3

Ralativaly f
T'equency of plants In classes between these

classes distinctly separated the population Into three

groups. Out of 331 ?2 plants, 191 were tails, 116 were 3emi-
dwarf3 and 24 were dwarfs (Table 22). The frequenclei of
segregating plants showed good fit far the 9x6s1 model when
tested statistically, The tails wor™ similar In appearance
to the F~3 and lodged before maturity. The semidwarfs v;ith
their short culm, erect short leaves and compact habit resls-
ted lodging. The dwarfs typically had vary short culm -nd
very short but thick and dark green loaves which were upright.
Many of them had large number of tillers with small panicles.
Observations on internodo elongation pattern indicated that
dwarfs either had very shortened unrecognisable lo-er intcr-
nodail or had reduced number of Iintemoaes while boih t .11s

and oemldwarfs had almost e-.uol number of Internodes even

though of different lengths.

vy "1 2 x M107: OhUo 12 and " 107 were seaMworf"”

N\ - -
em and 12 dam r*!l{r)woocrcgIvvnc?_l_y) tho ipn were tall with

Pl). They had long drooping leaves

Jht Of 1?1 « (ir,b1" .- .
_ . grain.t th* s*mlflwnrf parents, ',a ladp.d
a open habit, * «

; . MUM W *! 1] J (11
0. ... MUM far UM MUM wlt»

al.1 dUtrlbu ca rpi,ur. .1-4,
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22). Aba«nc« of plants In ths 101 to 110 an class

and tha low fraquancy of plants In tha 111 to 120 an class
P® - d tha two groups of tall and semidwarf plants. No
plant could be recognised as having height below 70 cm. The
tall plants were associated v/ith the characteristic long
pale green drooping leaves, long culm with elongated inter-
nodes and open habit. They more or less resembled the
plants. Eventhough the se; idwarf3 shx./ed variation they
could not be further grouped. They possessed erect darU

green leaves and compact habit. The shsrt and stout stem

made then resist art to lodging. Jut of ?19 plants scored,

174 were t MlIs and 143 semidwarfs. ‘renuencies of plants

..greeting above and tolow the height class of 131 to 110 cm

fitted o 9:7 ratio with high probability.

VvV mrlll: Like the mutent 'i-rents, the "p were
r.a-ed from 58 to 199 cm with a value
1. oil Th- r,o looked like the parents in the
of 107 rn '7101lb <Vv- ,n- 1

: ..« Jf loaves, plant. habit -id I3r’g-
orishtetlon of leaves, nl.e

fFlaure X,. The/ had short erect leaves which
U * | ; v,n ,t the rlI(Mining - the grain,, exhibited
N'T J h It ond vere resistant to lod.in,. nven though
» » _w  MUh, Ihan th. »U . »
* 0 * m C10»
pi., t. ~ <r° =n 110 _ (FllurF >1-1. T.M. a).
..n b .1» ma . *

»y»F oy P F o F
In .pp.«r»nr.., or
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A2® r®stibltd tht f t . _
1 Plants and their mutant parents* The

and stout with shortened Intemodes and the
plants wers nonlodging.

1) M2 x M202: The mean plant height in the ~ gene-

ra,lon was 93 ca (table 21) suggesting aemidviarf stature as

In the case of their parents. The characteristic features

3> aenidwarfs, viz., erect short, dark green leaves, som-

oast mbit, short and stout culm with shortened irvtemodes
and nonlodging nature, were observed In the g. plants. hile
th« ranged from :s to 101 cm for U'-nt height, ike -
planto ranged from 71 to > cm clans to 1)1 to 11" cn class
(7lgur« 'C -15, Table 22). -11 the olnstr, were noro or less

1% r.  miants tnoaooearsncoe 7n <¢ierotsem ‘a

n3do nbi thoy <yhlbited ‘eeeey> [|n iila rit" eir’|
v,0 ,r.,nV. 3f tV- r, v-.-. .
"l
T 7, .hil- both the mutants, d . v >r.n)
JiLi \d A .<-)I* LLA
Jord o V" :43,(1 -.,oro .-.o".lwcrf INn nt.-lure, the V  MOrc
t; u
IOar’\}Its 1 bvl I1W A~ «""« 1G,V'n" W
OE* n plant Mbit, norl Md wenk lone r.ulu.
Anri® " Ce ; r,ult of .lonn-tlin of Intem 'KIf'fl.
TM i1on, culm - - N N coaM ~ . ttPlbutw, ,, tM
Th" ~» : oM -tlon of Intem *«. tl»
longw*«K ««*®» awm J rt was very Unit.*. <h*
mme 0f pl®@nt
Fv tw y.pirtlon for pl«nt h*IFht. tInntu

F Shox»d -W rm»w« »m
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Stuped from 51 to 60 cm claas to 151 to 160 cm claas

(Table 22). Th* € - _
™ 2 curve showed 3 modal classes,viz., 61 to

9 to 100 as an( 131 to 140 cm. There wasno plant in
the claaa 101 to110 cm. Similarly, in the class 71 to 93

th re waslow frequency of plants. These divided the distri-
bution curve into three (Figure XI1-7). Thus in the Fg, 203
tails, 115 semidwarfs and 16 dwarfs were recognised. Apart
frou the stature-, other characters isroristed with the diffe-
rent height groups were haloful In g-v.nihg the pliv.it.3= The
t <113 exhibited open habit <ith lon; cj'ty .i1d lon drooping
lanvet, while tha nenidwerfs had short culn ana sha erect
leaves, The nnal I''n”'-] vers Omind'-In-  .hereus 1h* .11ls
lodged. The dwarfs h .1 very ihort ruin I-id vary aa »~, up-
—f, <, L Arw It dnrh T'?as 1: vaa. ' ' ahsar/ea. f IUoncies
Jf h-Tl-ht T » .1 -ho'J21 | ool to r il'. J with
hl1*h pnhablllf./. ?h* wnH-irf. n-MHcm v L vi . but

It w, * f.rtl— H.vt™ Int-> r, 'O there-

for, the *0d«l wnn mt W A tenting the

of fit.

o v d 213" MIr oL Titr U f' rlonr;'tr™ Qnd

till V’l/\t | | Il" th. mutant parentn vld*i vet- n*"Mmrt.
l st™Mt.ur* unl.l.K* .

r”" r ' « » » (' ® T-> —

leuve* vhlah *h'w o mm litv to 1tl"tig. Th*
h. bit «bibit.<t .UAwpmimsr

open 1n wp(] ontrlbut.rt by the "Vongst.d
1™ . cul"* ® fcM f
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Biaoda! distribution was observed In the ?2
eaocieua fregquencies In the two modal classes of

9 00 on and 131 to 140 om (Figure XI1-3). The absence
of plants in the 11l to 120 om clasB aeparated the two
groups of tails and semidwarfs. Out of 294 72 plants 153
were tall and 141 Bemidwarf (Table 22), The tails \,ore cha-
racteristically weak with long culm and long drooping leaves
and showed open habit and lodging, Thua, they rese iblcd the
But the seuitiwarfs had compact I1M't, and erecb al'ort
leave a and wore njnloj&lng. The T 1 of goodiy;~'i of fit

revealed that the obscrvc-d frequo i1d aa t'jila m. - -anlduarfs

fit tea r/oli. to a g:7 nodel..

i) £V L4, loth . u and .| ' vcrc oi tb-9

. .. .

3 wore oemidwnrl vit/n nean height a- > no %
ctL/oiy. ‘'mlii'-o0 the mutant3 the t- ««rc - e 1,the

i neirt blquo n, 04 with a ran.Aw 07 tJ cn. The

he ieavcL -ore long
Plant-, -«r* or lot. - -

; ma ahrweu o.<rX,' h'.notccaca a — l:o the
sh drohjlnr, n ir i
« 72- Wil vereg =" nnd nhjred “cry late
>f /m exhibited ,,n I,Mt nnd ,.cnk stand
inescen--e. a ~ J that the long culn was the
* sVx'Y * Intern r.~tributrd to "lie
Ir.temones men e
irult of elonr™ the mM\ws>* of y/gr*r%mﬂ for

|.Jv.mrv to 1xlgins# :
~cpkloil'y IS Jn thB f,i( the ~ pl-ntn .*M -
L.nf. h.Uht «»* *e plm+s M | 1"

station In heiI™nt*
Lted wirf" v"rl
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th* class 71 ta
90 an and the tallest In the class 141 to
190 GB 1jv

distribution for plant height Bhowed two

modal classes of 91 to 190 amand 131 to 149 anwith rela-

"3V ~reciuencieg iIn between which divided the distri-
bution into two groups of tails and semidwarfs (Figure XI-9)
/irtually none of the plants could be considered as dv?arf.
the 292 progeny included 176 tails and 149 semidwarfs. The
segregation of tails and semidwarfs showed good fit to 9:7
ratio, when tested using chi-square test of goodness of fit.
The tall plants in the I”™ were more or less similar to the

slants and Ptb-1 and the senidv/arfs resembled the mutant

parents.

y t 6 x ;i 102: Unlike the mut nts, the shov:ed
.angotlon of Internodea requiting in long culm. ?he pl'Jnts
in till and weak with open habit. The leaven were lon_,
Ha zm n ond drooping and showed early oenoncencc. hile

iIm ssmidvarf parent”, were nonlodfjinn« the ra lod'.od after

riding. Height varied from 12 >to 154 cm with a noun of
52 -he n » « of variation Cor plant height in the F-,

- * - greater, -e of the Sorter plant, had

l.ht of 71 to 00 cm while the tallest plants had height a

, Th. F, population shoved a blmodal dlstrlbu-
31 to 160cm. The P e

I .nt height with a low frequency In the 10

IWI re XI1-10) which divided the population Into
INn rm cles* (Figure XI
.f tell* eemldvarf*. hrt of J47 '?

« distinct group* of tell



x</
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studied

to 120 cm or above _ _
and the reat were either In th©® claas

or below. The tails had a close similarity
N plants even though within the tall plants the range

of variation for height was more than that Iin the . The
long pale green drooping leavea, open habit and lodging
nauora made the plants look, like The semidwarfo were
nonlodging with compact habit and short stout cula. fhc
Internode elongation pattern showed that both semadwarfo and
tails had nlaost the sane nuaber of intemodos, but Iin tails
th* intomod 93 wore much elongated than those In soraicuaris.

The observed frequencies of t ills and oonidworfs 11™MuOd with

high arobabllit/ to the ratio ?'7»

xlj, g X 1071 Tne T13 h-d al.co.ot the same pi nt.
rnt Is tne mutant parents (;7 ca). J.ke the urn nt™ . my

N1 5VWlct hiolt, oroct short leaves c.nd short 'me! stout
rr, ,tt,m of Interns , 0o olmr-Ulon to. .Ir,o curable.

2 slants rinﬁe’& F_rp({r?] 7|1 co TO cn clair. o0 101 to 'l° era

=m0, t (L1Gur« wel-111.  ivonthiu*., height variat ion

, P non- of the plants hid hcl[Jrt below

|7 "* 2 2 1The Plants he, erect « « — loaves
-m or m,']’/P | IlU Cue
Y °r 'h,/* Th,y did not loflfi* presuraebly duo to
— Ct © * The plant characters of 2*1 '>e "tudi*d
t find Ad'WE cul® - uniform In h.l«<ht and—»»->-

ted th-t, th./ «<*

ch»r*cter*>
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*ii) M6 x M111, , t

5 'm* 'the Mutant of Ptb-9 and « 111,

the Mutant of Ptbh-28 Bn*v, «... _
e ootn the mutants were semidwarf and

had erect dark i
sreen leaves. But the Fl1ls appeared to be

tmll (129 ca} vi+v* s _
long pale green, drooping leaves. They

the characteristic open plant habit and weak stand

(-able 21). Ahe susceptibility to lodging exhibited by the
I-js rfaa due to the elongated Intemodes in contrast to the
shortened Internodea of samidv/arf mutants. The distribution
of F2 plants for plant height showed two modal classes, a
modal classof 131to 140 cm for tails and another modal
class of 91to 190 cm for semidwarfs ("injure XI-12). The
low frequencies of plants In the classes of 101 to 110 cm
and 111 to 120 cm separated the two groups. The freguencies
of tha plants segregating above and below 110 cm fitted a
3,7 ,tlo with ni-n probability Uabia 22). Vte toilo above
1,3 tti ..to char-ictcriiod uy lon,; culo, Ion,- uoie breen

leaves and sosc_er?:)?f tiv”;\o lodging, while the seQichwirfa

h T | and short culm.
b«ly- w>:. cmhad sHoPt @dFk . réenm '°2Ves

Th*/ re njnlodglag.
-in) HG6 * a 202. r.ven though derived from different

* th m 6 <88 no) end H 202 (00 cm) were of olmost

W I,t1IT ht” But th, PI-nto in th. F, R.n»r*tlon of th. cro,,

qu.l h,i*h . N ran, In« from 122 to 130 cm with «
., 6 . M202 -r# « N curving or drooping l.av.s,
_ _ u 6 1] 11II (14

men bmblt |**T*]1 *
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In contrast to ths nutant parents. A comparison of inter-

nodes on the main culm has revealed that the parents and the
progeny had almost equal number of internodes but they
differed in the pattern of elongation. The long culmed Fls
had elongated internodes. The ?2 distribution for plant
height was bimodal with two modal classes of 81 to 90 cm and
121 to 130 cm (Figure XI1-13). Dut of 390 F2b studied, 211
were tall and 1Q3 semidwarf considering 110 cm as the upper
limit for the semidwarfs. The frequencies of tall and semi-
dwarf plants showed good fit with high probability to Ji7
ratio (Table 22). The semidwarfs even though having slight
variations In other characters could not be clagsiiiod lurther.
The tails were typically open, weak crimed and exhibited

l-yiitlnz ejuaosptlbllli'y. 7br renld’-arCfl carried erect dark

green -.hart Ileaves andcompact habit and were nonlocking.

yrJ v 5 NAmRgo -vlintn in the F} generation were
till -jnlIKn theno-.Wv.arf aat-nt onrmta. v.hlle noon helcht
v T ca -no -hat o' m 707 wvin H cm, the F, M the

or 177 am (T.M- 71). Tn entrant to the erect

abort '-.ark green leaven of the paronta the tall F, pWnta

' -d 1on* .roooin* |I— «hlch P -* N
J With abated Intends and open plant habit.

nad ° ' _ ntB w,re nonlodging, the tnlta in the

*hll« ti1. »«*ld«ar p» _ N heading before
. a different p«rioas

f generation lo S* eealdvarf plwt*

’ 1_”p generatiOn, » K "
rilnenln?*. I» tr* P* *
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2s ® 209 were above 110 cm and 17 were
below 110 ca VT

N1-1*0. The tails resembled the F7s
In phenotvoe with

OnS eulag, lodging susceptibility and
drooping lone i»av» & N o
ping x>k «g« “tmidwarfa were similar to the mutant

parents In appearance. The Intemode elongation pattern
showed that the talln and aomidvarfa had equal number of
iInoarnodea; but while the tnllo had elongated intemodes
th« neaidwarf3 had shortened Internodea. The observed fre-

qurnaiOB of t Ills end ix-midvnrfs were tested and foirrj to fit

to ftr.e r 11> "'~l->blc 92).

, r 'MO: tike th? .orort: p -he "1 plia, ware

A i . n?-n he-ght win, r’ ~ut/le 21 . n oxter-

N\

, -0 -hr / reaenblrrl t.-.~r a a aw In hsvf i croet

" 1ar wn It*.von ,-Jtb -.Mrt anu' he
di e choint hnhlt -nJ r, — tnl'-’ "a-.
. _ O Nelrml W 1 AN
r wrfi*d i ™ by & ( (
-’ N o | ~M V. -1ce n'"'v' V tw
He 's 'm 1 awn 11'' r ., ’'11 the
I . V= 1ft' =
. nrr S-’KU1 ?-W I.*« Orlen'
~'r\*rr 1 ""* "1 n 1
]—t ri S
-.rrt ¢ > U »r N t,ir c® P#Ct
— N RTINS AN 7 O* * * were a - tjple* o< | —
bu ~ reil't.nce . ., nhhjrt,«d In*™ —  «
L, rf,. The V M _
» eel-1M"Tf »™N*nt & r* o d.rlivitilw * 2

S Vvox Mutant M 1

* % * N : , K » o ( ® - N ai



mutanta vara 93 N

and Qs -

“ « h.t«u or 129 EWCtlvely whille tf» FL8 * -
(T.bl. 21). umiw °B 8Ug8*8tIn8 thelr tall stature
characterised by N ™ tyPICally

N\

curving leaves and long weak culm.
The open habit and Igh

ging nature were also associated with
the tall F.a N

e 1» Plant height ranged from 125 to

Jt In unlike the , the height showed great
variation. It ranged from 51 to 60 cm class to 151 to 160 cm
clB 3. Ihe distribution W83 characterised by 3 modal classes!

viz., 61 to 70 cm, 91 to 100 cm and 121 to 130 cm (figure >:i-16;
The low frequency of plants in classes between the successive
modal classes divided the population into three groups, tails,
semidwarfs and dwarfs. 70 cm was considered as the upper limit
of dwarfs and 110 cm as that of the semidwarfs. The tslls had
long leaves, long and weak culms and open habit. The semi-
dwarfs hid ‘'lark gre*n erect leaves and compact habit. The
dvrarf, had very thick end short dark green leaves and numerous

compact tillers. The patten, of interned, elongation Indicated

that the tails and -idwsrfs had enual number of In ters

of elongation. The semlduarfn were
but had different degre d

, h, ,h,rten.d intemodee. The dwarfs appe re
N IntirnaM< w

to possess very L,co*nla#td was «1»° l«m th*n
4 I
of Internod.s E#é% CoUld gnd ...idwarfs ware
Nldwarfs*
3f tails «n .uoovMbed to lodging nearly at



*t_l_
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heading, ~ f

_ rr>qwanci*t of th. .
e goad fit to Q, , N sr*8atin8 Plants shoved

9,6,1 m<*e!l (Table 22).

Avii) H14 x h 107 m

4 f A * 10 height of the F1 plants of the
Cross range roa

07 an suggesting tall nature of the

progeny, unlike the .
mldwarf stature of the mutant parents

(Table 21). Tallne-. _ _ _
xness wag also typically associated with long

pale green leaves which drooped and open habit with open
tillers. Long culms with elongated internodes were also the
features of the tall S, F£ population exhibited segrega-
tion for plant height. Tall plants above 110 cm and semi-
dwarfs 113 cm or below appeared In the (Table 22). The
distribution was typically bimodal. The modal classes observed
were 01 to 100 cm and 121 to 130 cm with low frequency classes
In between. The occurrence of low frequency of plants Iin the
classes m to 110 cm and 111 to 120 cm separated the two

group* of tails and aemidwarfs (Figure XI1-17). The tails

resembled the F, phenotyplcally while the semldwarfa were

«ore or 1-ss t0 th® P"rPnt°' X2 Int°rn°de

tells semidwarfs nlno had almost the same
elongat. on NN Jarent, res”ctlvely.
pattern as " 1 werc tnn above 110 co and 167
Out of 36* 2 »,33lness of flt Indicated that

. Th® .
W «T« , of the segregating plants agreed with
the ob..rv*d fregnenc = N th. nUo 0Of 0.7.

frequenois* « F
the e*ps«f«9
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s r U ) M 14 X,
dwarfa (05 ‘ WhUe " 1(*Md W11l war* aemi-
tb. P«ranta wlth » ' ™ "k ok ->n (anUka
powMMd long pale N 1“ V8 th* ?1 plants
®reen drooping leaves. The culms were
N tat,nW M much elongated. The plants lodeed after
S hlle the mutant parents exhibited compact habit

the 7?19 were open with open tillers (Table 21). Wnhen the
F1s showed narrow raig© of variation for plant height, from
130 uO 136 cm, the FgS exhibited very wide range of variation
frorn 31 to so cm class to 151 to 160 cm class. The r0 dis-
tribution for plant height showed three inodes, the modal
clasies being 61 to 70 cm, 01 to 100 cm nd 121 to 130 cm
tut® vl-17*3) e Classes with relative low frequency of indl-
viijols In between the modal classes divided the distribution
Into three grouos, viz., tails, semldworfo and dwarfs. The
characteristic feature of the tails, Vviz., long pale green

lon* culm, ooen habit and lodging susceptibility were

observed In the tall segregants. The semidwarfs resembled

¢ if the characters. The dwarfs had very
N\

th. mutanta In moo. N N leav,, ,
a . Vv*»r/
*hort " ct habit and had numerous tillers. The inter-
exhibited comp* Indloated that the lower most Inter-
nod. elongation distinguishable. Thus the number
nod. in th* d**rf* "** to be low when compared to
NCATErEn
or Int.rnodes I plant., talU*

cemidw.rfx AR taU7To Wi
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109 i1«*idvspfB Md 13
acting plants 8h3w '*  The «* the .egre-

tested using chl-8 " misfact°ry fit to 9:6:1 ratio when

test of goodness of fit (Table 22).

XIx) IM4 v M
* Th« tall F*a differed from the

art nutant parents in plant height and associated

characters. The mean helght of planta In ~ generatlon wa,

He that In M14 and M 202 was 95 cm and 09 ca ro3pec-

tively. Ihe colourf size and orientation of the leaves of
the ;3 different from that of the mutants. The long
and weak culm of the plants made them lodge immediately

after heading (Table 21). FO plants varied widely in plant

height and associated traits.The shortest plants could be

recognised under the class 51 to 60 cm while the tallest
plants were included under the class 141 to 100 cn .table 22).
This 13 la contrast to the narrow range of variation for height

In th# ?1 veneration. The pattern of distribution Indicated

thre. distinct height groups In P2> via.,
the presence O Xm - J Jrotip

«nnldwar™ between 71 nnd 110 cm and
tall* nbw m N mldwar
' f ,f 70c# or b”~lov (Figure n-n). nut of the total

N the p generation, 195 were tolls, 1*5
355 Plants sturil# - wlth their long culm,
N 4*7 dwaris®
.mldv.rf* 3 N 1,av, r.Atmbled the .pa while
op#n habit and ion* N N ,r.ct x.av.» and short
semidwarfs with their 2 N perent.. The fr.qu.n-
snd stout culm* 13°k* tall., eesldwerfs end

« areg*Ung Pl,nt*
. the s«*r»
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dwarfs

waa not ussd tlne. r*t10* Th* "0dBIl 9,313,1

u . ** gs@fflidwarfs could not be further grouped
based on helcht
assocliated characters.

XX) Mu, X 'a-a
Unlike the parents, M 14 and = 207

the FES were tall f’rth mean height of 126 cm. The mutants
rncteriaed by short erect dark green loaves, short

and ato>it culms and compact habit. But the tall '*s had long

pale groon drooping loaves, weak and long culm and open habit.

The till slants lodged bofore ripening of the grain (Table 21).

In the \ goneration, wide range of segregation was noticed

unlike I1n the f- . !lel?ht ranged from the class 31 to (0O cm

to the close 141 to 130 cm. Tiiren modal classes wore observed
In try* -mtrilbutlon curve S.-.bio 22). Yl» clasoea corresponded

with '1 7) on, )1 to 101 cn and 121 to 130 ea. I-tinct
LT - 1to for three different helrht 'Touon wan Indicated

. . NlarrS IN theclasses 71 toa cm,
by fv. Ivi 'rr*i»nt7’ 0l nhn... Xn )

_ . nll tJ 121 cm ("Imre >X-201. fhc t.lIn
Imi * 7113 sm and 11 » &

n / long md weak calmed and nuccumbnd to lod.-ing

**r« tr 'me" 9p(m PI.,,t hnblt vhn -'-loo distinct from
rt,r M ln «. AN A rf, ~ dwarfn. The n«ld*rf-
the «ono-ct ho - N nn(l MniMct twhit which mode them
hod short and 'tJI ~ N (U.,tInct from the tolls
lodging reilit,n"- culm «nd thick, dark green

«md nemld-nrf- *Ith tMJ It#rn o« Interned. .longstlon Upl-

and .hort m  F** IdwBPf. had .tao.t »au«l m-nber

L, + 01#F t«U* e*) *e
gated that t
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appeared to poa«.M 1*n*th vOUI9 th. dwarf*

Th. obsarved fr.qg ™ ” n“ b*r °* r** gnlaabla ~.m od...

ehowd g30d m t talla* «* dvarfa-

**P«cted frequencies when the model

9joil was used, a ftrr+K. o _ _
urther classification of semidwarfs was

difficult.

XX1) M14 x M 2101 Though the mutants were semidwarfs,

the plants were tall typified by elongated and weak culms;
open habit, drooping, pale green and long leaves and suscepti-
bility to lodging (Table 21). The long culm resulting In
lodging appeared to be due to the elongation of intemodes.
The range of variation for plant height y6oo much greater iIn
the 7?2generation. Plants with height of 71 to 80 cm to

141 to 13*8 cm occurred in the V2 generation unlike in the

F . The v2 distribution for Plant hGICht wa9 typically
blaodal with the n~8} cr0oga 8f _91 to 100 com and131 to

[ . — th ?1) The low frequencies of plants In
140 cm (Figure XI-Zi'Jm

--vl to ::.: c¢» and 111 to 120 cm s.paratad distinctly
CIM ,*S d .«ldwarfa. Ho plant could b. cla.alfl.d a.

im p) pl,,t. ,

(T.bl. 220. Th. « th. .utant.. Furth.r ola.al-
whill. th. e «idWarf" u difflcuXt *nd th.r.for. th. aba.rvad
floatl«h t.U. -nd aa-ld-rf. « « t.afd
fr.gu.ncl«» ot th., ee«r* p>tl#> Th. ob..nr.d

f9r gaodB.M * "
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iIrmqumncl,,

803,1 fit tO th* expected fnqunolH.
X*u ) « 102 * Min,
of Ptbh-28 »nd ' B’th M102 ~ " 107 were mutant*

~ S**idwarta" But the Fd plants from the
croas were tall with .

a “*an height of 136 cm. The F.s looked

exactly like Ptb-23 with t«n , _
tall culmst weak and open habit, long

and drooping leaves and lodging susceptibility (Table 21).

2 Saneration, segregation for plant height occurred,
Negregants with height of 71 to 80 cm to 151 to 160 cm
appeared. The distribution curve (Figure 71-22) revealed
two modal class of 91 to 100 cm and 131 to 140 cm. The low
frequencies in the height classes 101 to 110 cm and 111 to
120 cm separated the plants Into two distinct height groups
of tails and semidwarfs. Out of 369 F? plants studied, 195
were tails and 174 semidwarfs (Table 22). The seaidvjarfs
showed slight variation, but further grouping was not possible.
They resembled noro or less the mutants while the tails were
Indistinguishable from Ptb-28. The test of goodness of fit

Indicated that the observed frequencies of tails and semldwarf.

m to em -**| hil !>
« 102 « « 1 ” 1] (11 t
th. Fa P1*"« tnU# Th* P rent9
.utent perente. ¢har8ct. r, also (Table 21)

the V dlIffr-1 In * gtatur#i long 8d ,,.k culm, open

n - F1* With th#lr ,, droOping | on* r— -bl*d Ptb 29*
habit .nd pel* ripenin« of the grain.. the eutant

. . lodged *>*r
tfhile th* 1=~
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height w . great#r - oA 01 variation for plant

war. Included tn the N 8*n*MatlOne The 3hortest Planta

cla»s of 51 to 60 cm while tallest
megregants were In

u .
height class of 151 to 160 cm (Table 22).

ribution curve showed three modal classes of 61 to

/3 cm, 91 to 100 cm and 131 to 140 cm (Figure XI1-23). The

low frequencies of plants Iin 71! to3DCm, 10! to!ll0 CM and
111  tol 0 cm classes separated the plantsinto three distinct
height groups, viz., tolls above 110 cq, semidv/arfo between

/1 arui 113 cm and dwarfs below 71 cm. Jut of the 334 I'g segre-
ginrfcs, 213 were tails, 144 semidwarfs and 22 dwarfs. The
tails could well be recognised due to their resemblance to

Ft >m23. They also exhibited lodging tendency after heading,
rwar fs formed a distinct group with much reduced culm length;
vary nhort, thick, dark green and erect leaven and with large

nunber a? tllleri. The nemidwarfs resembled the mutant parents

... af the seqgreqg 'tin lanta In the ?, au”.eated
The frequencies at tne Jred 4 P

- - e.\ The abaervod frog.mnciea showed ;.aod
9 ratio 9:bi’ - ,n*

_ t.ated with chi-square tost.
the ratio when te«w

202. While H 102 and H 202 were oeml-

" 10, Light of 93 - »nd 09 cm respectively, th.

dwerfs with mein AT th, p.rents, the
hybrid had a »",an h apfln habit, long dropping pale
F1. had elongated (T]ibl, 21). The pattern of

| % 7 thre# fiadfil MAREFIRQUEI™ curvt
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»ugS.«tlng thr*. helff. +

dwarfs between 71 of tails above 110 cm semi-
S - *1-24). O™ r r r and N bei°w 71 - cfi-
leaves and 1m i , N 185 tan WIth I0ns curving

a with elongated Internodes, 114 were
seuldwarfs with stout and short stem and erect leaves and

24 vere dwarfs with very short culm and thick dark green
-rert leave3d (Table 22). '.hlle the tails and semidwarfs had
aimost e lual number of Iinternodes, the dwarf3 had less number

Oi. recognisable iInternodes. The observed frequencies of the

mdifferent height groups showed good fit to the 9:6:1 ratio.

m ' *192 x 11 297: "he T plants resembled the mutants
ph?n otyai ailly. hile the mutnta had onean height 0l 9a cm
and 31 cm respectively, the mean height of the wras 13 cm

(‘Tabls 21). There was similarity in the pattern of intemode
dongitlon. In the colour, size and orientation of Icivcsj

In the plant habit and resistance to lodging the F.o had close

With mutant parents. Even though the ,> r.enera-

, , wld.r range of variation in plant height than

tn* T 1lr f! » ' U "1 A
a= , ., . m « , P., PP."«
, hd shove 110 cm ,n3rt leav, end shortened
A Hit aul®» e
h9d mhort and st ! I They reB. nbled th. mutant

Intsrnods* *nd

pnrsnts.
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**N1) Mlog x M2l
semidwarfst th® both M 102 and M 210 were

af 129 ca (Table 21 t0 **tall vith a mean height

, N*N°hgation of the iIntei*nodes imparted

culm L o
plants made tha™ ) XiNUj.u jx line

5ce?tible t0 lodging unlike the parents,

| plants were also associated with the typical charac-
hs tails, viz., long and drooping leaves, early
scn~'~0nce of leaves etc. The ?2 distribution curve for plant
h«ignt snored two modes corresponding with the 91 to 190 om
and 131 to 140 cm claaaes (Figure 1-26). The low frequency
of plants iIn the classes 191 to 11a ca nd 111 to 129 cm
se@ar-ited the olantn into tv/o h°i 'ht groups, tells and semi-

dv3T*F*® Tn”re wnj no plant v/Vilcii could bo considered us dwarfs

Out I1f 306 70 plants!l 160 were t4ls and sernlduariS
m’abl's 22'. The seralrtw-irfa could be eailly recognised from

to# nils bec.-usc of their short stature, erect short leaves,

concoct habit and nonlodijing nature. >Dbser-
dark colour, conu

o hh* jot *orn of internode elongation Indicated that
vitions on the jot-er

| >01ls had almost equnl number of Intoi'-

both thfllr Ipngth# The sedation into

— o tnq , . — - ook > ok — -1

., U, .rri "

(11 | ] I. (11 (1] (1 I , ’ ’ . ’ Th. N (( -
XXVIl) M d1l w»r. tall (I1V «) »nd M»«bl«d

perenta, * 107 ‘'nd " ! which th. «* «* . da*™vad-

ptb-28 th. pU»
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showed 1o0n-

long culm* v.r. *w. leaV"' WhICh wer” drO3PINnE-

nodes -V result of elongation of the inter-
nodes. The open habit and lort™®

M lodging susceptibility of Ptb-23
reappeared In thQ

1 Pl&nta (Table 21). in the 7?2, a wide
range of variation for plant helght wa3 observedi It ranged

the 71 to 80 co class to 151 to 160 cm class. The

1 distribution with low frequency of plants in between
t~e modal classes iIndicated the presence of two height groups
(figure <1-27). The Fp population consisted of 160 tails and
133 aemidwarfs (Table 22). The 3eniidv/arfs, could not be fur-
ther classified. The frequencies of the segregating plants
snowed a satisfactory fit to 9:7 ratio when tested with
chi-square te3t of goodness of fit. hile the tall plants

the and 'tb-23, the semidwarfs, more or less,

Iogh_emq Wige their mutant parents, A 107 and .I 111 in

characters. The tails and semidwarfa differed not only iIn

plant M I»« but also In the colour .and orientation of loaves.

Plant habit and susceptibility to lodging.

) ., 107 X M2021 The moan height of the F, plant.

XKV ,n.t the somldworf stature of the mutant
* % )
was 126 am 2 a 907, The talli®58 8 fhg 7. plants was
. x 107 and
parents, . g olu9ter of other characters such
typically ae®bclated w op.n hablt, lodging susoe-

*» Ton* drooping ",nfrno<iwad long cul«

PtibIHty. e*ex»«e« tM generation, 161 were aim.

of 311 plants studle

(T«M» 21).

C
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oa and 150 ~

distribution for kAN and 110 °®“  Th* bimodal
th. classes 5] t A*I®ht and the abaence at Plants in
fd only two hei; ht°Kk ~ 61 " 70 00 ~ X1929>» ™ ~

UP3» viz,, tails and semidwarfs. While
N aP?€ared t3 * similar to the F, plants in almost

rphological features with their long drooping pale
green leaves, susceptibility to lodging and long culm with
elongited iInternodes, the semiduarf.s with their shirt culm,
erect dark green leave3 and compact habit resembled .'197 and
M 292, more or lens. The frequencies of the tails and serai-

dwarf3 shyred good fit to 9:7 ratio (Table 22).

xxIx) 1 107 x 7 207: The plants registered a mean
height of 130 cm suggesting tall stature In contrast to the
semidwarf nature of the parents (Table 21). While the mutant
parents rjrl short erect dark green leaves and short culm which

alded In relating logins, the F,. poaawsod loivt drooping

1. ,r~n la*v- and lon, md weak culm with elan, tod iInter-
n3d,, which — th. plants ..-cptiblh to lodging. The K,

, M ,n revealed ths preSHMmB ~ t,un P'd aOmidwWarf"'
Pe°U * /6 p plantn, 271 were tall and 143 went
In a pop-ilatlan a N plant,

f:l:,b l« 221 Figure

L ™Miadw . rfc ~ wepB slrallar ta th.

In app#arar
wan /7 cm" ;lwarfg roembled the mutant parenta. Th.
?1. where** th. punt type with ahort erect dark
..ldwarfs . *Mwt# Int, rood,, . They were largely

gr«<tn *nd
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resistant to

~hilg fw. »

IM«dlately after tha talls succumbed to lodging
«Nn-jj. r®*nc* sari* The short cula i
semidwarfa
Fo distributi shortened Intemodea.

3n g9v> 8 satisfactory fit to 9>7 ratio for
tails a”™ s.midwarfs.

XXX) N7 Y M (fla o
* m <no: The rangeof variation for plant

L1 generation was from 03 to 96 cm with a mean

of 92 cm. All the F*"s were semidwarfa like their parents,

ine compact tillers, reduced culm length with short intemodes,
short erect dark green leaves and resistance to lodging were
the other features exhibited by the F*s (Table 21), In the F2
generation, planta ranged from 7! to (Il cm class to 10! to
110cm class in height (Table 22). None of the plants were
below 71! cm and above 110 cm suggesting the absence of both
dwarfi and tills In th. ?2. The oattcm of distribution also

Indloat.d th. oreo.ne. of only semidwarfa in the F, population

(,1?2ur. xi1-31). Almost all plants wore characterised by short
cjuns, N elongation
leave*. Observations - — F

e th. reduction in h.lght in th. culm wa, du. to
r.v.ml.d that th m N -UB ,, the Ruction

th. ahort.nlng of

th_ numb«r of Int.mod.ee

* ] ™ _ L ilh* ® 'F’ lluau

*XX,) M11 * 96 to 9> «* <T,bl* 21)* In th* th*
90 em with *« mn*« rf N Ifl tfl. 71 to 80 c. ol«.» and

hort«t PI-"*'" ~ r*



135

ths§

AW 101 to 110 ca claas (Figure XI1-31). Even
though the ran?e

variation of plants in P9 was more than in
the F, all w

* plants could be considered as semidwarfs
(Table 22) tvu» _ :
se semidwarfs in the F” also possessed chara-

latic short culm with reduced Intemode length, erect

d rk green leaves, compact tillers and resistance to lodging.

XXXIi1) A 111 x M 207: Unlike the mutant parents the F”s
were tall with the mean plant height of 128 cm. The F°s

3howed open habit and had long droopin';, pale green leaves.

They were also susceptible to lodging (Table 21). The pattern
of Intemode elongation showed that the increased culm length
was due to elongation of Internodea which made the plants weak
and suoceotible to lodging. The F2 plants showed a very wide
ran.~e If virlitlon in plant height and exhibited a three modal
distribution «lth the nodal classes of 61 to 70 ca, 0L to 100 cm

and 171 to 151 cm figure XI-32). The three modal uletrlbu-

, 1, th. ».® -»’ « « ~|.tlv.W 1«™

th. el...- 1" «* * Kk ___ * *

W Ve - Ut "M

Th. hlh — k4 [y M oro

1 *
rtriOblng leaves and open Ha%‘. 8ﬂg SU»
appearance with X- N N th. BUtant

» ., .
dwarfs in tI* 2

ptm nt, to with Bhortf Oreot ,nd darK gre.n l.av.s.
parents In *PP*ir AN N had v.ry .hort tt.lok and

Th# dwarf, which wr. o, ldw. rf, «* dv.rf. resisted

a.”N araen le e (* N
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lodging. Tht patt«m
: r int*rnoci* elongation indicated that
both tall* and

rfa had almost equal number of distin-
guishable Int r-**»

ea even though the internodes of tall planta

tinctly elongated. The dwarfs had less number of dis-

nguishable internodes which were much shortened. Out of
37 2 plants, 216 were tall, 121 aemidwarf aed 19 dwarf.
Among tne semidwarfs, a further grouping was not possible and
therefore fitting of the normal dihybrid ratio of ~;:313sl wa3
not attempted. The distribution In the n gave, ho.;cver, a

satisfactory fit to 9:6:1 ratio with hi *h probability ( oble 22),

xxxlir) M111 x M 219: Both 111 and :1 210 were cemi-
rjvarfs; but the plants In the F! generation were all tall with
T,»rn hei~nt of 130 cm. The toll F.,0 'em associated <lth lonr;
droooln? leaves, boen tiller-, week straw and susceptibility

to ladging In contrast tJ thelr pirc'rt' (Voble “1j* vhc

bimodal distribution of the oopulatlon an, the

f freituency classes between the nodal classes divided

the population into two distinct height ,roupo U'inure XI1-33).

** or 3>0 F? punt, observed. 171 Ita lia and —

b " 2p, While the tulle renewed the the
dwal' f9 I Uar to the -nutant* with short culm, erect
*e<mldwarf* -are * a N ., gr,,ation for plant height
,nd dark gr-n Um" M A r#tl, for tell* and nemldwerfs.
gave * .atl.Uctory N 123 m f3r th,

u 2071 Th* »®*n
jocaiv) * 202 * t#u unHKe their mutant

r, punt* 1*1-** thrt tMy
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parents. The F s
mutan+ 1 raaaebled Ptb-10 from which both the

. evolved. The long and weak culm, open
tilltrs I Ijflg IMllo fyA

Breen drooping leaves and susceptibility

ging were the characteristic features of the Fl1 plants
(Table 21). Th* N _ _ _
laodal distribution and the occurrence of

guency classes between the modal classes clearly indi-

cated the presence of 3 distinct height groups In the F«
il"figure <1-34). Based on height, 327 F2 plants wero grouped
iInto 172 tails, 131 3emldwarfs and 24 dv/arfs (Table 22). The
tails resembled the F~s. The semidwarfs had short culm, short
dark green erect leaves and wore resistant to lodging. The
dwarf3 had short thin culm with dark green, thick erect and
short leaves. They exhibited comoact stand with numerous

tillers. The segregation for height agreod to a 9:6:1 ratio

with high probability.

XXXV) :i 252 x M2101 The plants registered a aeon
height of 122 «. In appearance the alaoat roaeabled
N-19. A~ F, planta posaeaaed long, pale green, drooping

with elongated Intemodee end open tlUere.

the F2

? | , for stature w*e o0— d. The —

r*tl3n ,egr#g d th. ppje.nee of 1 - fm -cy .U »« »* -"

attribution end N #<MWWI1 of two ditto *
the .«1.1 10 , Out ,f 506 2 plenf. 166 «r*
height group* (frigul’ N (T.bl. 22). Hone of the Fj ptonta

tall end 1» «*r* — |
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could be canaldtp«ri
F « Iin the B" . The tall plants resembled the
lour and orientation of leaves and iIn the pattern

rnode elongation. The semidwarfs were almost similar

'no the mutant nare*n+ . w _ _
nxal but a further grouping was not possible.
The chi-squarp Tagj, o goodness of fit confirmed the segrega-

tion of tails and semidwarfs In the 9:7 ratio.

xotxvl) M 207 x M210: V/hile the mutants, M207 and M 210

were semidwarfs, the plants were tall v.ith the mean height
of 123 on. In contrast to the 3hort erect dark green leaves
and compact tillers of the mutants, the had long pale green

droooinT leaves and open habit (Table 21). They lodged after
haadinT. The distribution showed two height groups viz.,
tills -l aenldwsrfs (Fl.cure XI1-36). The tall plants looked
k-1 the V  whereas the semidwarfs reso ibled the autant
poreatl. Th- ~ papulation of;718 plants studied, consisted

3f 171 tails and 147 semidwarfs (Tabic 22). ihe chl-squar.

ansl/sls indicated satisfactory fit to .i7 ratio.



DISCUSSION



-ton 31 QUtations by radiations and chemical
ens has become a quite useful tool In modem plant
— >ucces3 of mutation breeding largely depends

Ui N Brvt™ndinn, of the process j. induction sad recovery

Ox nutations and the screening methods dor identif/in.c the

desired tutarts. | sic information on the type and Joses of

tp'r-' giess, I1reauency sad ooectniu of mt; vLans induced rd
t rel .tive f* tve-rr s uwa e 'Hch 1w 0? ;1fderc'...t
mvfa '0"1 Le <ses“Lil la vtilLsin" ci. 1s" brcrlia e. cc-
LIMC1/ fvT m? Vi>3v- [ n*e l'uvdd i 1:c jT"10 *;, VWM ?
aor Le > [TIS a 'lves js t m racs.-C 1a; a, of :u<aeon
o , /lta., iciiwfijro® 1 1 t' 1 1
<.\ am . herf ft» >N ,  uVioro-
o _ " i
it o | )."n, la |
['a ' * J
. ji"™>11/ lj dLibloe-
1 ' <
y_mesly
. lo .OWE 1
nr.> ,r N 1
‘ ; * * ooKroy».
: Nc*nr YN *n
lia'Ant =~ '

, 1, ,ir1ll imury ( Fla >r/
nvnl~3 10 _ .
: Ci-np manat Lons)
] sjctor -n-jt-it o N

(fhroao™ ™ a *DBri
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a given mutagenic treatment, there is a correlation

e«n .1 damage and Hg mutation frequency (Gaul, 1339) -
fo.. - a quantitative determination of H" damage has become
routine procedure in (nutation breeding experiments (..air,
1 771 )= -venthough several criteria are followed for measur-
Ing the damage to plants, the ~ effects iIn the present study

were estimated by observing germination, survival, :I-nt height

and seed fertillry.

Germination of rice seeds was not affected ao-srcclably
by gTnno ro/s even at high doses of bj or 43 itrad. uL sur-
vival of seedlLn ts ond plants wi? redaced pro,ar?s-ivaly with
Increasing do'ms of radiation. TnLs fin sing agree* 1'h the
resorts of previous workers ' huj ot cl., I>7; 't -1 , |67
INnNn non 1 >3 mi .air, 1 /l),. -oloivon l-th-1 u .art . of
/3031 r /s ''aa nvidont in the pro'.en: study by the .; nuitrr
of plmts 1i1ar/i/in at flo :ering. evch prolonged i1-<s 1 action
of ra lotion van reported by Y.iauvmta <t nl. tl top,’, one!l rt 1

1Vri) and 1ilr '1 70. In contrast to f >ns' ru |, . Inhl-
blted garnimtl bﬂ E;%lilorsbly and the reduction In eeraina-

tlon was pr&gfré‘slsi\(/% v Lth lucre min ; djr.cn. However, even

et th« highest Jf the che,nic,:il muta; Pn' nrirly 111 th*
surviving cached the florin,, stage. faanfiet.
ot .1. Gan-shnn (I1l1P) and <>Ir (W » "parted that

mhlbLts * n«ln

_ : In rhe*,le*l murtsgen treatment*. ,1, seedling*
joserved th**t In

*

>1t'lon cin<lderabl/. hair (@ 71) also
LH
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*un leaf stage almost always survived upto

maturity. Thun .
y us the present work al:. revealed the difference

In the nature of the lethal effects between ganraa irradiation
and N4, treatment. Radiation induced lethality was manifested
subsequent to germination through a prolonged lethal action
even at tne advanced stages of plant growth, whereas chemical
induced lethality >as mostly expressed through inhibition of

germination.

£'dlin' Injurl as tigasared by the rate of reduction In

shoot grx/th his been used as a reliable estimate of [ -tve

In several biological experiments. iddig (1Jo7) e-ma 1IN h
(1170) observed a lin ar relationship between dose s." ' us
rays and reduction in shoot ,rx/th. 'ho resul’.s recorded In
tie present investig acion ilso inilic the a 10 crc D«
Bventhod7/n ' -Iso redaced the height ofshoot progressively
with -7 d>nen, tha «ffeet was loss drastic rj cJ3,.sr.d
f> tb-ht af m 1" rays. em|nllor res 1l1t1 were r-partcU by nany
worker, 'W m , 'V *» e A7 Y lr" Im ) ™ r’t0 "f

reduction In <rwth was nsre nignilClont during the noedllIn3

, t,,, than at Ister nt,;os sf grawth. Indicating m "Parent
, _1int, rrsa Injury an growth advinced. alr
recovery of ~ r,lu,u
AIn*-!' this phenomenon as dur to the growth ox
(] 51) expr'aln®’\ tnls P J

o 4 tic cello which replaced the iInjured ones
uninjured merthe T|t|e ce P J

growth proceeded.

o In ~ was found to decrease considerably
*ed fertility in "h
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with Increasing dogeS oF gamma rays* At the highest dose

krad, fertility was as low as 13> Increase iIn seed
lity with increased do3e of radiation was reported by
Bekendam (1361), Henderson (1963), 3iddig (1967), h'air (1971)
m-ny others. The low incidence of sterility after treat-
ment with zZHj even at hi/rher doses was a conspicuous featare
observed In the present study. At 1.9 concentration of rl-Id,
seed fertility regained at the level of 64 to 63v Iin contrast
to 13 to 17 at 43 krad of gozima rays, r-ao and Ayengar >.1334),
rid'lLg and "varoinsthan (19o03a) :.nd lair (1971) also pointed

out tooh a feature In rice.

b Totations in the 'A0 generation

gsv”~ral terns have boon used for ch lracterisin the
edifferent types of mutations without bein’ cleorly defined
(r.n i1, 13Vi). Vital mutations -'ere clo-ulfied by laul *1>01)
bon** >n the method of detection, tut in, whether the muta-

tion could he reckoned In a sin,Me 1Vmt or In a group of
jolontn, into nucromut .tlons and mlcromutetlomo, respectively.

M,eruptions -are further classified Into tran-ooclflc and

|, tr.apedfle. whereas mlcromutatlona warn .rouped into .anl-

-w.min’ then (W ) classified mutation.
fest ®d cryp*ic =

Into th. follovlih* ft«P W -

_ M1 nutations that could ba Isolated
1) nieromutatlonsi

through th< <laptlOr of hi13**41,10"1 pr=>o.dures.
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Milblo nutations: This group included mutations
that could be identified either by the naked eye or

by tue use of appropriate screening procedures,

ihey could be either lethal or viable.

11l1) ’"acromutatlons: Mutations in which the change,

though i1nherited as a single unit of recombination,

yet affecting a constellation of characters.

Iv) Systematic mutations: Mutations, that either
simulated an already existing taxon or necessitated

the creation of a new systematic unit by virtue of

the character affected bein' a 1:ev one.

In tne present InvestlFjtlons, mutations were broadly
crrouo™d Into cnlorophyll mutatims md viable mutations. '.he
chlarapv/ll aut-v.lons were further clarnlfied accarslin ta
the v/eten au:jetted by Ouetefe.non (I m ) -hid exp tiWl by
.Jn, k ,t 81. "1 ™1, 'non-- the viable mutvtluna, Ixrr.um -

tl,ns ".vanlnithin. 1Y, «er* ntud'.nd in detail.

,n 8CCurate withid jf e...toutin' Induced -nutrtlaii Cr--
MJ. nel, ,u-t e»P.n«t. far the blue Intraduced by factar*

»uch 83 dlpxantlc selection. «U 1 pra,eny nice and Increased

, 1M , C .uteted seotar at hither danen (Minn. 1964). In .

_ Ivu. rlre where the eabrya has already
tl llerlni cereal lIK*

nunber of spike primardla, th. eatl-
differentiated InM 1

V. a an ?lants wU!1 *IW*y9 *V*r

1t w fredd.no/ 1" oo-.pari.an with th. other method,
of th*
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INn contrast to the

satiate baaed an V0 plants, the M soike
estimate will be | n _
Influenced by the size of the mutated sector

M. SQlirp _
M2 Progeny aize (Gaul, DSD). These

may distort the fiinr.4* . :
Y unctional relationship betv/een dose and

mutational resnonc .
to a very serious degree. Therefore the

al e of the M mutant frequency will be the best estimate
of the iInitial mutation frequency. According to tionzak et al.
(1963), whe *2 seedling basis for estimating mutation fre-
guency oerziits the resolution of separate mutational events
occurring within » spike, duller (1 JUo) In rabido j.zlo also
found that the O mutant frequency was the best estix-tc
especially at higher doses, Mowcver, arvolla et ml. ./ -hf)
resorted that in barley, the mutation rates of apical z likes
re sained independent of the decree ot tillering and 1i,.ICT(.j.or- »

a reliable estim to of mutation frequency could be lairdc by

Utili.zl.nK tn. apical 1 Aker, far ecariln ; nut .tiam.

Mut-itUn frequencies wore estim Led os the number >f

mutations oer '|9_l63'A? )Lantn_ the number of mutations per

. X o
DO M spiknw *hd?hd RUMREFgF mutants  *r 10) 15 pi nts

. nnth If.nrl the number of mutation* per
The fregquencies ostlin’\eu o P

) wither values than the other two estimates
110 i1, slants gnv* higher »

for. bjth the mutsgens. Thli ovid.ntly
,t esch pCthe dpeee 1or

m n Pf the nutation event In oonsld.ration
. r N tM Ilh. ola,,, TOU

f the .Ur eren din th#..... et Inveetlh.UM.
nutation frequency *-
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rfischsd a my4m”» 0 t A
at 30 or 33 krad of gamma rays and 1.3 or

At still higher do3es of gamma rays, a reduction

In  themutation frequency was observed. However, such a
reduction at higher doses waslow In the case of SMS. The
phenomenon indicated elimination of mutations at the higher
doses. -i1aillar observations were made by Matsuo et al. (1933),

Masima and Kawai (1 Jo9), famaguchi (1964), Miah et al. (1779)
and hair (1771).

Viable nutation frequencies estimated per 193 ~ ears
were foni to increase vith increasing oases of mat >gons
reaching a maximum at or near the highest doses emoioyed.
3auma rays Iinduced higher frequencies of viable mutants than
[« a hile *9 at the highest dose of 1.5 vyielded a mutation

fretlueney ofr *0.4, -awn rl7- .it 43 krid recorded the hi :host

re>Hlie.ic/ of 1.7 rnutitlons our 105 e-.ri. iddiv} ,1 u7)
Vj-.r-.-0 th-t at c>nrahl- doiea of and :*na r-yn, the
requencie. ofViable mutitlom were.rlev. the same

. . -M.tr §1771) .bnrrved that Irr-nwctlve of the cri-
N rice» Ir

.rl, rar efficiency. «6™»a My" rmd 1' a',Pe,red ta bP radre

fflclent in Inducing vl .hie wt.tlana In rice. Th- re.alt.

r/](e/*’§w/lB‘tionS also agree with the above

f the oreserw I'n S

bserv~ti'snSe

,on* th. chemical, and f..t neutron, .eon- the

r.oorted to iInduce wld.r aueotnn of rort«-

«dl.tumc *p3 vriol

I rt ;
- then . 196fib} and -v.»Incth»n et al., 1770).
-—  tewa*In*tn»n#
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HwsLiiinithan et \i Jb2) suggested that the location of

s ~ ating to chlorophyll development in the proximal
gments and the high susceptibility of such regions to EIli"

action might be the factors involved in the induction of a

large nuaber of chlorophyll mutints with FUS. The result

obtained iIn the present investigations revealed that two

s pectrun of Indoced mutants differ bntween gamma m/s and

- . Abin.i was the most frequent t/oe folio*./ing treatment

with gmmna rays -it the djses tried. n increase in the fre-

guency of viriJdis followed by a corresponding decrease in the

frequency of albino was observed In | treatments. uch

si Tintfleant differences in the spectrum :1 mutants between

rnd. 1tion" on the one hind and chemic-i mu.-g.enrj o.: e o r
were resorted by Fefcnndim O 61, 'Ino and ‘==hoi

eveei 'l , 2ifI) -ind i'asu (1 >ssm) ->>d &ir 0-71! rice.
0rt iCaw.il ind -,t3 (lis6j), "lddl.t (1 >07) end 'id.U and

--m.In.then (1T65J -re of the view th.t the epectnn of

chloroph/lIl muthtltm «..M bo Independent of autneone e*«l!,

The hUher frequency olf gjbinss wan explained by twrxmin-than

g n ,« t->fh* large nilnbrr of | >ci .governing
mt . (1771) diJ °

this phenotypw

. » N1 reporte of differences In the apectrim
Thrr# sever

iIrwiml mutations induced by radiations and
of viable morphol ¢

Th« strongest evidence no.nea from the

chan: c«: *  « N (threnber* et el., { KM n ril»
erectil e *ut*ntf' 1
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A e § 196'J}. Tn fu .
tne present study, viable mutants V1th

sltsrsd height ftaii _ _
semidwarf and dwarf), duration (early,

| it© and verv i : .
y arld leaf shaoe, size, colour and orienta-

n (narr>(] short, erect, drooping, dark green) v/ere observed.

-»1r .1 >71 1 reported that the spectrum of induced viable

muw tr.cG included high frequency of mutants with altered dura-
tion and grain type following treatment with gamma rayn and
high frequency of mutants affecting culm length, following
2i' treatments. "ituilar results viere recorded in the present
investigations also. hilo nearly 6G of the mutants with
altered st ture were recovered from the a" treated a .terial,
more than 73 of the mut mto with altered duration v;as induced
by ~ 373 irradiation. There observitions suggested tnat the

nutation spectrum can be nLterecl through the use of different
mutagens.

i i,r.e number 3f viable mut -ntn '-ere Inal-tod In the
pr®*.rt ,t Mly. They SJd..eared In lew Crequendca In the nerre-

gvtinr vr-snrnlei In the :b, generation. Their tint
P P M r ir, the ~ generation Indicated the receive nature.

] IN mitnntn vere screened nnd M hoi ht mutants
NIn*tythr«© V|al|3<|e mutan

g.1.oted. The height mutants Included MU .

m rr tvoee. "ich nutante affecting oulm length
mealdwarf and dwarf typea.

, rted by many warK.ra fallxlng treatment with m d |-

R ch#, 10aX ™ N reO3r’ed *

FQLLJJPg?nr ind i;.lrrrﬁab.n (1*1> - S>*ke * Nold>' rf
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and dvart nutant3 : -
r* reported by Nair (1971)» Greeningasamy

37,), Chafcrabarthi and Sen (1975), Dwivedi et al. (1973),

v*ahadevappa et al. (1931), Aahri (1932) and Ganashan and

fthittinrt3n (13 _~
( J ng many others. Short and narrow leaved

out were al30 identified in the present study. The leaf
of luch a mutant measured a width of 3.3 cm. Narrow leaved
mutants were reported to be most frequent In mutagen treated
material (Hsieh, 1362; fhastry, 1963; Siddiq, 1967; Ten ka,

1 9 .ediy, 1977 end Oanashan and Whittington, 1G9T). or
type -outsits iIincluded comaact, semi-oocn and ooen types.
Snort panicle mut >nts with panicles as short as 9.5 ea were
alio observed. Tanaka (1 963) observed such short panicles
frequently after treatments with mutijens. «auai and arahari
(1*71) and Gnnashan and ..hittington (1 }33) observed that most

of the snort culm mutants had reduced p nicle length. In the

ament study, the Jwrirf out .ntn hut comidertbly reiucod

panicles while tint of the scmldwarf mutants hod either njruil

osnlcles or slightly lancer pnnlcloa. Covindnsu-uiy et al.
M772) hnv? rowrtert such mutants with longer pnnlcloa V€N

~Nirlo to study tho (inln shine and else
though no at tempt

. . n,,oBtlrntldnn, the occurrence of mill sited
In the present In/.nt

_ . by lower weight Of the grain*. s few
grain* w*« Indloelel oy

l(hn, Iw weight a* 31.-? * cor 1000 grain* were
mutants rflth n>

_ mort freqg'ient thin I*rs# grain t;ypea.
short gran types were -or.
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3itant3 Wre reported by other workers al30
1~71; rtallick et al.t 1949 and “kuno, 1933).

c) Plant type nutants

plant type concept In rice emerged through the deve-

lopment of short statured Indies strains in Taiwan. These
semidwarf Indies varieties have established that fertilizer
responsiveness iIs conditioned sore by morphological features
trim by physiological ones ( ‘'waminatnan, 1)66a). Ithough
many environmental and cultural factors are associated with
low yields, the t/oe of the slant cue dole of more efficient
perf ormar.ee onder trooicil conditions Is more important.
Jennings (1}64) vicr./ed the i1deal plant type for the tropics
asone aivlnr erect, short, thick nd rk ’'reen le ivor. and
short sturdy stem. The slant type concept his, hr./cver, been
ch-oegin: vith the chancing breeding regquirements. orly

M firlty; Inseniltlvlity o day length; relatively rl.irt,
upright, nirrw, tnlck ond dnrk ;rom 1l<mvps; short r.turd/

oulu to r.1.ic« lruin -"-1 rosInt.-.nco to serious orals «*

dtM .,3e, were connldsrwl by Rachel! (1 *6) "* the c .oract.w
with Ideal Pi'™* *"*e TV' i'apAIVO, t” plC"1 Pi'lnt

tW «. -rfl- * ChanrtiBr 0972). . " PVmt ~ aultu"
tenditions, had n helaht of to® 1)
that, under r

thlok and sturdy culn that did not bond or break
Lth *

fertility lav®las «lth Inherent heavy tUlarln* capa-

hi™h # Mir. Banicles parunit are* and vith erect,
that produced taors

Lty
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short, dark green leaves that permitted greater penetration

of sunlight. Beachell and Jennings (1963), Sv/aminathan (1966C’y\),
Seetharaaan (1569) and many 3thers described the ldeal plant
typ« the tropics. Many workers suggested that pluat t/pe
IN rice Is associated with semidwarf or dwarf stature
Jenningst 1164; Beachell and Jennings, 1963; .lwaminathan,
19667, itauiah, 196b; Tanaka, 1167; ‘'eetharaman, 1961; 'eddy
and ‘'eddy, 1973; linedi et al.p 1177 and Mutger, 1131 =

'line mutants conforming to the plant tyoe were selected
In the present study. They hod short culm; crcct, thick, dork
green leaves and non-lodging habit. 'n rice, such pi at type
mutants were reported after gamma irr illation by h.1 ct al.
(1961), Tanika 1)68 , «aJdagopalan (1 ) = , 1v/ionin than 1971
Escuro et al. (1 o/1), »ovindaswany et al. ,1171;, r”erargasauy
(1173), Kaul (1lbli, Toil (1 I'anaguc 1 al. d 1p
Gao (1961), 1jo (1 >Bl) and Parrish; n >d hittin vton J m3).
Misra et i1L. '1*71), Keddy and Pndrmc (1 >76), noddy rt iVL.i1l <71),
Hefre (1171), ireedharnn (117)), Knul <l r\)), *hra . and hal
(1981), Ireersngasamy and /fenandokumnr ilpM3) end Gannshun and

Whittington (1983) isolated many pl-nt type mutanta In rice

following treatment with Me

1. Genetic snaljQIJ.

In rice, height decides largely the plant t/pe nnd there-

fore 1t i1s an important agronomic character. It la the
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association of height with the other components of the

eorphotype such as profuse tillering, upright leaves of
appropriate size and sturdinessof stem that confers the

ability to the plant to respondto good management. There-

fore an understanding of the genetic basis of the induced
plant tyoe mutants In rice can be of considerable plant

breeding value.

I sot of crosses was undertaken to study the- genetic
nature of the Induced semidwarf mutants. was tail
(133 cm) but the mutants derived from it (" 2, T 6 ~nd 14,
were semidwarf eith hel~ht ranging fron a3 to 93 cm. 3he
hybrids In each of the three crosses between the out nts and
?tb-9, ware tall 'nd sere lodging like the t 11 parent. hile
the mutants had :hor* , dark green, erect leaves, the hybrids
had lon”™, sole green, droopin.g 1 oves like the t .11 n rent.
The pint height In 7~ generation in each of the crosses
showed a wide range of variation (71-30 cm class to 1>1-110 cm
class). The frequency distribution In thr th, was hlnodrl wit>-
MSTimun frequencies In the modal cl mon of M t) Ih om rd
131 to 141 cm. Relatively very low frequencies wore observed
In 111 to 110 cm and 111 to 121cm classes. The blmodal
distribution and the Ilow frequency of plants 1In th'*classes
between the modal cl«e*e« distinctly divided the F? popula-
tion into two height groups» viz., the tall and the semidwarf.

Th. fr#qu«ncl*B of th» pi™** sa«r.*.tln« for height above
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and below 110 cm fitted a 3x1 ratio. AIll the tall plants
above 110 ca had long pale green drooping leaves. The semi-
dwarfa resembled the mutants in appearance. The tall stature

of the and the monogenic segregation of 3 tallxl semidwarf
in the B2 in each of the crosses indicated that the seraidwarf
mutants carried a recessive gene for stature. While Ptb-28
had a mean height of 135 cm, its mutants (Il 102, A 107 and

M 111) ranged from 82 to 106 c¢cm in height. The In each of
tne crosses of the mutants with 1ts parent v/ero tall and the
N2® 3bTrf®d a bi.nodal distribution indicating the presence of
two height grouos, vis., the till and the semidwarf. The fre-
guencies of the tails and nemidwarfn gnve a good fit to 3sl!
ratio. Atb-23, the till and the tall ~ aegreg'.-nts had
very clore resemblence whereas the semldv/orf oegre _.ntc
resembled the mutants. The appearance of the tall and

the 3:1 segregation In the IT clearly indicated the monogenic

recessive nlture of the character. The ~3 of the croatos

of Ptb-10 with i1ta mutants won alno till, .similar to fclio
other F-Ia, The distribution curve of Lhe 7’r?, populations
Indicated the present of both tails and seraidwarfs. ihr

pattern of segregation suggested a 3*1 ratio far the tnlls
end the semldvsrfs with high probability. While the »fh

and the tall segregants were phenotypically similar to the

tall pmrerrt, the semldvsrf* In the F? closely resembled the

mutantse The 3*1 segregation In the F? and the appearance of

tall F~s Indicated monogenlo control of stature with t\m

dominance of tallneas over semidwarfneas. Such monogenic
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recessive dwarflsa and seiildwarfisn of both spontaneous and
Induead nutanta In rice vara reported (Anon., 1964, 1966a).

Akeolne (1925), Ra*iah (1935a), Chang (1965), Suge and

Rurakami (1963), Seetharaman and Srivnstava (1969), Foster
and Rutger (1973), Ghoah et al. (1931), RIngh and charms
(1932) and hinnbashi (1932) reported spontaneous dwarfs
(seaidwarfn) in rice which behaved as simple rece3sivcs to
tall plant3. Simple recessive nature of the induced dv/arf
mutants In rice was also reported earlier (non., 1)-'J;
'‘S'arahari, 1969, 1977; Reddy and Reddy, 1971; Reddy nd tadma,
1976; Rutger et al., 1976; Mohanty and as, 1977; rased and
Sinha, 1977; tfollick et al., 1<30; Ghosh et al., 19jl and
dkuno, 1903)- The results recorded in the present ir.VGGtle;a-
tLona are however, not in agreement with the findings of
Ra-nish (1 933*%1;, Anon. (1966b, 1969'; and. Aostcr ana .ucger
(1973) wh) envisaged the inheritance oA dwarfism on tiie basis

of multiple factors or polygonLc IdditLvc system with partial

or incomplete dominance.

The fact that the mutants and the nemidwarf segrv/gonts
In hdd ‘hort» dsrk ®rf,pn» orOot I™“"ves and the tail T"a
and the tall segregants possessed long, drooping, palo green
leaves like the tell parents indicated that the stature nnd

the other characters went together. Similarly while nil the

tall plants were susceptible to lodging, seeldwarfs were

non-lodging. It U th*r.far* ougg.stod th.t th. ..Jar gan.
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controlling stature has influence on other characters such

a* leaf length, colour and orientation and lodging habit.

The results thus showed the macromutational effect (Swaminathan,
1164) of the gene controlling stature, leading to several
phenotypic conseauences, That the gene controlling stature
ha* pleiotroplc effect on other characters like leaf orienta-
tion, leaf colour, leaf size, stiffness of culm, lodging

habit etc. was reported by many workers. -~arnell et cl. (192-2°
and Ramlah (1933a and 1933b» in spontaneous mutants and

Maalma and Kawai (1139), Xav/ai and li\rah ri (1379), Jcudy

and Reddy (1971), Escuro et al. (1971), wivedi et al. ;1 .-79),
lantos (1931) and )kuno (1913) In induced mutants iIn rice

found macromutational effects of ~he gene controlling stature.

Jyothl 1s a semlclworf variety carrying . arfing

gene inherited through I t-3. \ee-~eo-'00-gen, T-Ish w'

Natlve-1, I-geu-tze and | i--3 all carry the so 10 d ’'srC.In ,

gene (Chang et nl., 1960; 9nan., 1)66, 1969; A-julno end
Jennings, 1966 'iscklll end Rutger, 1>79). rgwg Uar”Inr
gene has been reported to be simply inherited no \Nr co-rlvo
gene (Anon., 1964; Hisn/r, 1963; 3eethnraean and hrlvnetava,
1969). Crosses between the nin9 Induced semidwarf mutants
and Jyothl were undertaken to understand the allelic relation-

ship between the Induced dwarfing genes and the Dgwg dwarfing

gene.
Croeses of the autsnts H 2, M 111 and M 292 with Jyothl
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yielded seaidvarf a ranging In height fron 73 to 102 cm

Indicating that these mutants had a dwarfing gone i1soallolic

to Dgvg gene (Figure XII). The unimodal distribution of the
c-J population in all the crosses and the maximum frequency

of plants in the class of 91 to 100 cm indicated a single
height group viz.. oemidwarf. The non-segregating senidwarf
F2a confirmed the I3oallelic nature of the dwarfing gone of
the mutants n 2, 1 111 und ' 202 with the rgwg g.c, any

of the dwarfs of soont moous origin and several induced chords
were already resorted to be Qllulic to the Z%ogn du: ' ..1 et 1.,
1076; leetbaranan and rivi3‘ va, 10-0.; arahari, 1*75
Anon,, 1071; Oingh ct al., 107?;, annul, 1MI; Ikuhanni re.
Xlkuchi, 1702). The nresent Windin'5i thus agree /It 1t "r

rsoorr.a. The rautanta, Tyothi, their ,a and . orx r

dark 7reen erect leaves and nonLodging | In. ic an-'oclr.lior
of then® charactorn with the ne-nldwarf at tare In puvnt \zxt
Fm and *p generatijm indin 1 the rcroaut iti in 1 effect of
the gene controlling stature an reported =/ nc >0 ot nL.

MT71). Dwlv<®dl *»t al. (1170), innton (1 1) and ‘Kun0 "1 H*1.

All the other nix mutants Iin crumen with -Tyothi produced
tall F-n ranging front 122 to 130 n In height. The ” n of the
crosses involving M6, M107 and 1 210 ranged in height from
71 to 150 cm. The populations showed blmodnl distribution
with model classes corresponding to 11 to 100 cm and 1?1 to
130 om in the F2 of .Tyothi x M6 and Jyothi x M 107 and <l to
100 cm and 131 to 1*Q cm in the of Jyothi x M211. The
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ion and the occurrence of low frequency In
cleeaee between

mr modal classes divided the distribution
iInto two hel

w** groups. Absence of plants below 71 ¢m per-

the classification of the population into senidwarfs
c**) and tails (above 110 cm). The segregation of

planta into tails and senidwarfs fitted a 9:7 ratio. The
complementary behaviour of each of the mutants in crosses
with Jyothi for steture iIn the and the dihybrid segrega-
tion ratio in the ?” suggested nonallelisn for dwarfing genes
bet~/een Jyothi end these mutant®. (Figure XII1). The recombi-
nant*! ir. ~ carrying both tho nonallelic, dwarfing rosea are
IndIstLngulohobla from other semidwarfs B vhia nonjpoearance
of a serarate hnlght group (double dwarf,) in the 1 biggestcd
the nonadditive action of the dvarfin" r?nco of the mutants
with that of Jyothi. Thus the uresent study indicated that
th. dvarflne :on”™ of M6, 1107 and " ?10 arc nonellollc

to N dwrflnft sen.. They are complementary and nonaddl-

tlv« In .ction. Such Induced cample-wmory dwarfing pnt*

e U . H . « OM *ey »" e — — ' r> W * aw
PiriTrr (1?78), Hackill und
end P.d.. (is:56). ter end ( )

N M779) ,m,h .t «1. (LW ). Ohosh et al. (1»1)
Rutger (1979>* A |

Ik.hMhl end Kllcuchl (1982).

t h.Ight in the F? m cranee. Involving H
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distribution curve of the F2 In each of the crosses. The
m3<Ul classes were 61 to 70 cm, 91 to 100 cm and 121 to 130 cm.
The occurrence of frequency of plants Iin 71 to S3 cm,
101 to 110 ca and 111 to 120 cm classes distinctly divided
the distribution Iinto three height groups, vis., tall (above
110 cm), 3&midwarf (71-110 cm) and dwarf (below 71 cm).
eQOccurrence of plants Iin 01 to 60 cm and 61 to 70 com classes
revealed the presence of an additional height group, viz.,
aworf,, than tho.ee In the crosses involving w 6, 107 and
M 210, >gregation of the population into tall, semidwarf
and dwarf ~nve a rood fit to ?7:6:1 ratio with high probability.
The 3:3;1 model -ron not tried because of the difficulty iIn
dlstlinculshin r betv/crn the two @®roups of geraldwar'o. -all

I N4 the dihybrid segregation in p in each ol the crosses
cnflne-1 the nonallelic n.tura J- 1" 102 L3 =207 v,Ith
J/othl 1t th* locus controlling bol'lrt \ 1-ureMlI/. ho
difficult-/ In antinmi-.hin;-. the two troupe of theocnWwrf.
Vivr~ their similarity In nature, .hedwnrfn In the 2
wer. evidently th. r-oult ,f oOdltlvc notion of the two dvarf-

Ing ,.nes. Th- present Ineeactions than reveled thot

. N2 , zyj hod dwarfing genes nonallelic

T Z N d-*rnn? ~ In MCh" "m “ut,ntl

1 z L . = = = - =
n-osseeslng dwarfing genes nt two dif>

double recess v* wn 1# m, t Of the

., M779) ob*1*rved that whil
loci. TIngh et »le
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dwsrfs of spontaneous origin would have dwarfing genes
allelic to Dgwg, the induced dwarfs in aany cases had dwarf-
Ing genes nonallelic to Dgwg. Results recorded in the present
study algo revealed that some of the iInduced dwarfing, genes
ur* nonallelic to Dgwg. Such nonallelic induced dwarfing

~enes with additive action were reported by TCacid.ll and

Rutger (1T71) and Ghosh ot al. (1381).

11 the mutants M6, A 1™, M102, " 1j7> Il 207 and - 210
and the variety Jyothi v;ere senid'./arf in stature \:ith short
erect, darh rreen leaves and nonlodgint short cuV'p *heress
tne t-11 rrs and the t?ll aegre~mts rralised in the
crosSBs o~ these sut-nto with Jyothi hid long pale free v
Inj~lne leaver and lon- lodgin.; culn. ;he oeraldv-rf 1E re’
S-Irt, m - Pe nentiled the autsnte and Jyothi, aho-dr; the

elation of the-.o chnrarton vith olo.ot stature. .. V.ry
,hir% dark Teen, thick lenvas and the very abort cull of
the ’(’jouglié g\\//lv«rti n" In confined thin oesoclntlon od addltlv.

irn

,An controlling the stature over other n.no-
offect of the «t«n«n control..i>i,

Clrt<td character-.

In -r .utanta with Jy-thl. U - « * o« «*F*
w5, . 111 and M 202 had dwarflM iMuU° f “
! |, rtwarfinfi K*n«* nonnllnlte
the other autanta Hah dwarrma a
DgwS *e» '’ «.rr.**tloo In th. F2 generation
The o«tt<*m of w«r ,»sl
to D*WI. ao.n.n.lng nm.U»U° dwarfm«

, v.al.d that th- -utant. p ~ "«*
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11 into two groups. H6, M107 and tl 210 had dwarfing
? nonallelic and nonadditive to the Dgwg dwarfing gene,
xh* nonallalic dwarfing gene3 of M 14, M 102 and M 207 were
however, additive in action. Thus based on the results of

the crosses with Jyothi, the nine mutants could be classified

Into three groups as follows:

1 * 12, M 111 and M 202 possessing dwarfing genes

isonllelic with Dgwg dwarfing gene.

1i1) M 6, M 107 and M 210 with dwarfing genes nonallelic

and nonadditive with Dgwg dwarfing gene.

H i) 1 14, 1 102 and M 207 with dwarfing genes nonallelic

and additive with Dgwg dwarfing gene.

of -all the crosses among <=2, il 111 and . 202 were

semldwnrf Illte their parents ("'l-7ore XIX). The rnn~c o

veriati*. for plant height In V theo° ¢ ™ 32

Th, Iljnie,*1»l distribution with the Md.il class of )1 to 100 co

«... .U « "2
. - -tornldwi r]‘. These observations
ttw sane height group, viz.. somldwurl.

, t.d that the dwarfing genes In the Induced .mldvrf
y 2 *™ |1, 11e1c ettt - oy

” D ( & - «." *W 1
D.. U.UC d-«W s t

4 1( t. lIIII ** II* lll”
t-wMtze and Dxank gﬁgum’ g i
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Anon.. 1964). Rutger (1978) showed that the Induced short
atatured mutant IB51 poaseesed the same gene for semidwarfi»m
ft* Dee-geo-woo0-gen. In subsequent crosses, another mutant

O™ was proved to be allelic to and Dee-geo-wo00-gen

(Rutger, 1979). flacklll and Rutger (1979) reported that

Induced mutants D2 p and Dg- possessed Isoallellc seui-

dwarfing genes at the locus sd” and the mutants end
possessed iIsoallelic semldwarfing gene3 at another locua sd”.
DiIngh et al. (197)) also studied the allelic relallonelllp of
several dwarfs and reported that 13 out of the 17 mutants
studied were allelic with Dee-geo-woo-gen, lkehushi and
riitkuchl (1 932 ; were of the view that the same locus located
in the third linkage group was responsible for setniuwarfism
wnJLch was utilised in the breakthrough of yield level iInde-

pendently INn different regions of the orld; in the tropics

in the Ton of TJ, and IN—ij in the oath West Japan through

th. JLkkoku-flerlvTtlven; in the Worth toot Japan by an Induced
autmnti in Koran as the b.so for the «re«n revolution end iIn

California in the form of Ceriose 76.

In ¢, ,, ., betweenthe aemldwarf rnutont* H 6, | 107 and
t h-iBht of the F.a rangad from 0> to 101 om
N 210, tha plant heigh, 1
i i ) » |, e.midwnrf stature. Tha Bamldwarflnc **ne*
indicating their e.midwar, Uo

cnt, wera therafor. axpaot.d to b. l.o*ll«<Uc¢c
, f thaa* *utanta N

r . Tha fn plant* ran*ad from n
(figure XII). N 2 .af mly ...idv.rf* . Tha

M U ftt Indloatin* th. pra.."«



16.1

1 n* aoaence of segregation for plant height
In the ?2 oonflro that the dwarfing gene, m thena mutants

are lIsoallellc. In crosses with Jyothi, these outants pro-
duced tall s with F2 populations segregating for height
Indicating nonallelism with Dgwg gene. Therefore a 6* M 107
and M 210 carried a dwarfing gene different from that of Dgwg.
Thla gene, expected to be at a locus different froa sdo,, was
designated 3d”. Further evidence that these two dwarfing
genel are nonallelic was provided by the crosses between the
autants carrying them. In the crosses M2 x M6, 12 x il 107,
A 2 x M 010, 111 x 16, 1111 x A 117, 1 111 x 4 213,

M2)2 x .I'S, 1202 x M107 and M 202 X M210, the height of
the F*3 ranged from 113 to 171 cm and that of the i™3 froa
either /1 to *30 cm or 31 to JO cm to either 171 to 10) cm or
131 to 160 CM. Thus in these crosses, the Fo,s were tall and

tbs ?2n segregated fir plant height Into toll and aealdwarf.

Th-s«> results confined that the dwarfing gene of : 2, Il 111
lid, 202 ,,,> In different fro, that of, 6 ., 10, - -210
(,, ). It is thus Clear that genes sd, and sd, arc nonnllellc
end”™th't while sd, In IsosUellc with gene, nd;, In

nonallelic-

fM, , of M1* with « 102 «"d 1 207 pr3,UC'1 V ran8In*
, 3Bl 51 to 153 |h h.lght. Th-
4 1 1 cm ~nd p® Ir
frJ=* 3 - -xhlblt#d thP, h.Uht Kroup.,
r . ware t-U wh*r* d«on*tr«ted

.U, o« 1 o« " 1 r<-
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th»t H 14 had a dw”e, _
rinS nonallelic to that of M 102 and

crosses with Jyothi it was proved that the dwarfing

of M 14 was nonallelic to sdl1 and sd2. The dwarfing
~ene of M 14 may be designated sdv  That sd~ was nonallelic

ll.t0 ]
8 ~ and sd™ was further demonstrated by Its crosses with

thm ®utjnts carrying the genes sd,, (H 2, M111l and A 212) and
5n2 A~ A A~ N07 and M 210).  All the crosses M2 x1 14,
M 111 xW14, M 202 x 1 14, 1l 6 xlI 14, H 107 x M 14 and

210 xM14 produced tall P”™s ranging from 121 to 142cm iIn
height. fhe F2s of 11 14 with 12, 1 111 and ~ 232 ranged
from 31 to 160 cm v/ith three distinct height groups, viz.,

tall, semidwarf and dwarf whereas the FpS of H 14 v;ith * 6,

y 1oy Jnd M 210 ranged from 71 to 160 cm which se,Bregated
Into tolls and seoildwarfs. The t 'l11 ?la and the pattern J.

? s.gregatl on c xifiraed that the dwarfing Qene of 1 14 tsdp

«<1S nonallelic to hdl and sd2 (Figure MX).

In the cross IA ]I%X lr\1/|217' I[Jhe FI height ringed fron

t, 100 ¢ suggesting nemldwarf ntnturc. The «, -enemtlon

dild not sh~ -W . rang, of variation, .U the individuals

o o range of semldworf. The sesddwarf F, and
| inor Within th* rangw

eating F, conflrsied that the dwarfing genes of

th. noneegregsting 2 In crosses with
? 1,,,11.110 (Figure XI1).

* 102 * ., ,07 proved to he different from th. first

Jyothi. 'J1:1 * j, 111 M 202) andG? & H 107’
etitfints vUm *

tw’ ,at* furth#r confirmed by their crossed -1
u ,10). This w« further
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2. M 111, H202, n6, n 107 ad ft 210. In all these crosses

1* VEr* tall« The F2 segregated into tall, semidwarf

and dvarf 1n respect of crossea with 12, 'A 111 and M 232
“nJ Iinto tall and seaidwarf In crosses with M6, 'A 137 and
213. Thus the dwarfing gene of A 102 nnd n 237 was non-
allelic to and sd-,. The croases :1j)2 < I 14 and
07 x '14 had already proved that r 14 had a gone (sd-.'
different from that >f ' 132 and ' 237. Thun the dwarfing
gone of '! 132 and h 737, is non Vilalie to sc.., sd., r.-1s-.u.

Lhi13 >379 "yy/ b3 Lnulc vtoa l7‘l =

/ml joed i:-'rfln-' - e both = "*n non Ih IV- t>
~o r'"in ~ go ie were roriortod :;* . ny eorknr-e 'wfa-
1/ oororr ~ non 'lie lie d-arf'LP * AN . !

3 - T  ». Ak o T
5 1.,.1.. ‘’fver'l d:'r. t o - g
vV, — L-t " ee ' ‘W ]l N
roon rfs “11 ’
_ _ fr*, et 3f w-w- mnn-> 1
»-)r W 71'N ir-lvi ')f>
_ . .., W o (1 '761 1 -->T-  er of«*l «h-f clwo
r-17f1J- TIII -,1I’h
r+ 14 .eir-'-in, worn n.wllollc
. J..,rr vit-mw ,  "7'»anm - -
", c*! ,cmMmw-<s S 'I"1 rovrUml ti>
of.,*ot npnsUc «o )
T, lirllr, dwarfin' 1.mes -'"1-> R
Ntdr 1,,n’ ' nd 1n allrtlc
ftnln*In.lac.sr,nutsntsnwWhich
"V m' In, th- oth-rw nrc n«vU*Hc. <» —
* . 0N N " 0, s dl-, "I nth .pr-nt”ny
nature of 2 neddv 1?77

= U ~ 9o\ with the ¥epsrt af nd
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thst the InducMi

nonelleUc t. NN NN de A “ddle N
®ach other. The view that unlike the dwarfs

of spontaneous ori . .
& CL};Ln» u}jnch are usually allelic to the Dgwg

ff Tie, the Induced dwarfs give rise to nonallelic genes

6X 41. 1 ] .,
1 Ierlds support tD the results of the

P nx atody. Jut of the four induced dwarfing genes, three
were nonallelic to the Dgwg gene. The studies of Mackill and
Rutger (1-J73) whoinduced three nonallelic genes (sd”, sdn and
sd In the cultlvor 'Carlosol 1:: providesupoori totU e
results. Kinoahita and Shinbnshi (UJ2) and Li and :hu (12

have also reported nonallelic dv/arfin genes In rice.

In i1ll the crosses among the mutants carrying the gene3
"d sd s+ the “~s sp oared to be t~.ll, with height ranging
from 113 GO n 1-M5 x 11 111 to 141 cmin ;1 2 x 1d the

‘Jiitrlb'itl >n in the F2 ~“enentldn, showed wider rmgos varyina
from 71 to 33 ci or ,111 v, m cI|lOS to 141 to 13JGQH or

_ Tnplrh of th® ~1 two ai itinci nodal
131 to 160 Cicm °3- 1In GICr s 2*

1191 15 17)3r 131 to 140cm were
, »U ., /1 t. 100 Aml 121 to

The of ~ fluency cl*.* or thevirtual

elc,

Ib,SrVP i+ 1lant-, hetween th. -a | a l* .. dletinctly divided

th. dlatrlb tre l-» *«” nt,",a"l'ul?g’;ot\{’ra'? *quwarf%eﬁﬁvl

t8U '* 1 th. CD«H< flUSd " rauUJ Wh*" ta N
110 °m “ m Th" 1" the P* Includ,d r*C3Mbl
[ «*.* If ® N KBn, £ oY 10 ., d N -W

«,nt. o rryin* Dboth
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chese double s«aidvarfs are phenotypically indistingui-

shable from single senldwarfs suggests that s& and sd2 are

nonadditive In action. The difficulty iIn testing the 2?2

dihybrid segregation using the 9:30:1 model was that the

taree types of senidwsrfs were indistinfuishable. Padma and

fteddy (1977) and '.ackill wvid rtutger (1979) have ulso reported

such Induced nonallelic d/arfing genes vith nonadditive cam

ple nectary action.

Croa3G3 involving the gor.'-s rd® and ad, yielded tall - S

ranging from 121 cm In the cross Il 1™ x N 202 t; 133 cm in the

cross 1 2 X 1. The F-s In each of the crosses showed a

wi aer raage of v lriation far ol nt height and se “re0 «ec ..ith

three nodal clis-es corresponding to 61 to 70 cm, )1 to 103 cm

ind 121 tj 1”3 or 131 f c I. Three distinct hei :ht groups

rflICHmn** dje ta the 1jw fre uency classes between the

* I

lcu ««. athln cJcti nel,,ht *«u 3. the distribution was

«1 continuous With lIimited variation. Thus the V

t, all thecr — sedatedf> t 11, semidwarf nd dwarf

1l ril« 1 9th§ qiGl mltoe
., fchalr frrn lenclea (TV" a *>! fit » the

fAn0t f oomidwnrf
1 rfleulty indl*tin*ulehin« the two type O °omrawnria
Th* d

ra™IP ajsfiinnt the
did nof Ber.lt testin* * the

1t n recombination
, The dwerfe -ere the result.
0,3,5 1 ,d and i1d , their genstyp* brtn*
’r _~ t Z — - - _ (11 (11 (14 /\

- _ - * _ * ke
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Tid./arfo permitting them to be distinguished phenoty-

pically indicated that the dwarfing genes sd,, and sd™ were

additive iIn action. This observation Is in conformity with
the results of Mackill and Rutget (1979) that similar non-

ac*ditive Induced dwarfing genes were present in

Californian rice variety Carloce.

The F*s of the crosses of the mutants carrying the

dwarfing renes md sd™ were tall* The variation f>r pl™nt
heivht In the was greater ranging from 31 to 163 cm. Three
modal classes were observed Iin each of the distributions

indicating the orosence of three height groups, viz., tall,
semidwarf dwarf. The frequencies af the ?2 plants segre-
gating f> t 11, semidwarf nd dwarf in each of the crosses
fitted t-.e 1 ratio. The dwurfs appeared thrmi-h inter-
action of "d, and nd,, in the rocombinants carrying bath the

dwarfinr ««nee. Indicating that the f"enea 3d, and 3d> wore
additive Ln action.
Th, cr=>33.,9 af the mutant3 with .tones nd, and sd, yielded

LI p a. The height range Iin F2 virled from /1 to 1o
iihdal distributfon OF Ihe B population in ouch of the

r'li msrn jn between the nodal classes
1fh I™ frequency classes 1In

Lt Int] onjnto tills and
y-tﬂe A*M Iflc«tim of th. populatlon ot
flS el, ,f plants above nnd below 1™ «

ldwarfs. Th* fr#qU*

tad th. gtf) 'r'etlo with high probability, nd

, -..h ~r.e groups, vit., ««j 2 5 J
the F, included

Xh» n.mldwarf
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ad

3*d3' |hBy Mr* Phenatyplcally IndI8tingul«h«bl.
Indicating that ad

2 an-. 5d3 were nonadtlltive In action. It
IS therefore N _ _
axed that sd2 andsiK ore nonallelic dvarf-

Ith nonaduitive action similar to tho3G reported
by Mna and ft*ddy (1977) and Mackill and Rutger (I1jlj).

study 3: the crosses involving sd2 and revealed
the™ the ~ were tall indicating the nonollrlic rel tion
b«tveen ad2 anl 3. The In thecron-es exhibited n Vvider
rsngo of U Ttrlbutl on from 71 to 1fc3 cm. The pitvam of
a0grorOlLon in each of the f-£,8 phowed too nodal cijn ,-n corroo-
3andin to Jl to 7j caand 121 to 1,1 c* or 131 tO ! a cm.
The low fr*qu«n' 7 closnea In botv.eon tne udail cloves divided

th® oooulation Lnto t.o height groopa, /L' ., v 11 1. seal-

d-i1-f. Tn® fro a»nci a ~ pi ritnh o0 tneae height groupa
ntt.1 with r.t-h orob.blllty the <.z no rrmtl.n rh la. The

,..Hw.rrt pb.--M-iIn? both the dvurfln r.enes In uie M Vere

|-h - ini . _.aCd
*ndistian'L'srr]\ ihlo f_rtc%iathe other -cold/rf~. ihis ai oM

thmt ,d? .*e nN"Ndlt.vn In ctlon.

th. rr.nnon botw.en th. mutant. orryll* th.

inc ml*1 a . y _
andod,  were ’MIL. THt Cp Rop =L>tion®
- 7 ; -1 - r.n«. uf**rLtlon rr» >1 to 1&& « *>*
"h ., ,b,.nr.d In th. autrlbutun ourv.,. th.
X cl C ponded to 61 to 70 cm, IH ci
nod: " t a1 a,, ti.tlnot Mlir»a*tlon
nNo r* or ”
either 171 t3 -roup. -«m Indlc.t.il by the Iw
o -h.. 1xtt.n* h.U« «rou
fiar tl’rllr*« P
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frcquancy plant
Th# t#»t 8 111 th* CIQB,®s between th® a”dal classes.
era* S "hess Of fj,t showed that the F2 plants segre-

gated into gq t=m,£E :
semidwarfsl dwarf, Indicating dlhybrid
segregation with o _ .
Iitive action. The dwarf group In FO was
the iInteraction between the dwarfing genes sd-j
the genotype of the dwarfs being sd”sd”sd”™od”™. The

results are In conformity with the findings of Jordon and

Beachell (1943); Mackill and Rutger (1979)3 Gu and 9u (1931)
and Shoah et al. (1931),

In the present investigations, four induced sotnidvrorfing
genes, viz., sdj, sdp, sd™ and sd™ were identified. Those
were found to bo nonallelic to each other ~Figure Till).
The gene was isoallelic with Dgwg dwarfing genet ..rile
th® others were nonallelic with hgwg gens. 1he gene sd2 showed

nonaddltlve action with the other genes. The geneo ocl,, sd,

and s-g in all combinations. hod additive action (Figure XXV).

rtffnr.t.q of the gene controlling plant

helflh.t

>tbh-G. 2tbh~ *tb-
Th« parental varlftll\/l -t%b C:;[ Ab~RO and r*tb-10 were

Inln -reen, drooping open habit and
1 with ion?l N
oula. 411 the fsnlrtwBrf mnt'nts liwe P
JIn«5 tall QU a oW .ot habit and nonlodglng ahort
\V, «raan, »h0 with th.lr parents, th.
- * «* Cr,M” N .t.d into , t.U..1

, r. tall N N



JYOTH I,
M 2! M 1VI/
M 202

/ sd-1

o M b
M D2 bd- 2

fA 20/

5cl' 3 /
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t9U F,s ana F |,

leaf and culn ch 2 the taU P*rents ™ all the
-aractora while the aenldwarf F,s resesbled

o , |,ailc, . a 1M and C(J1, ~

*ll*ll*>.

always associated with plant height. The long, pale
r*2.n drooping leave3, open habit and lodging culo are
elated always with tall plant stature v;hile short, dark
green and erect leaves, conpict habit anti nonlodging culm are
always associated eitn semidv/arf stature. The segregation
of these characters In F, also fallow the pattern of segre-
g tion fjr stature. In ~ach of the crosses between the
autants carrying nonallelic gsnes for height (sdnj, ad™ sd®
and sd”™>, tie r”~s were till. In contrast to the short, erect,
d erean leaves and short nonlod’ int culm of the scaidwurf
nutarrts, the and the tall r\ neTre--ants hid lan: pale
r0,n, draaain; loavea and tall lad-In' cula. The senlduarf
m LLR the P<’t ronaiDled the .nutanta. In fact, the
 Awe mtire cl}.ém’o(r:\(?. Uk&i-«% nanlad”~Ing ih)rt culn md
t ,hart |I-e n wore Inherited enbloc Indicate that then.-
, r; , r. .nverned by a .1,*U ,netlc unit which behave,

Oh*r',Ct " t, th. n,rn>l -tnturo. Then. — Ita therefore

“O* r-Cv LVt tM mscracutatlanal effect af the peaeo
etrwily *>**9 .

Irivarf atature. i1t 1is
c,,tralU«P -1 Buwt rpn, ,,W pxelatropic effect

th. N pinnt MIsht( 1(rtf calaur, loaf

evident fran theae

- e ~ "1 -« ‘'N.Mm.e.« . N-rn. —
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elongati

controiu”™ puUnt P °f **" 8*ne
ype rinds support in the reports by many
arnell et al. (1922), Ramiah (1933), Maalma
and <awai (1QIQ\ ~ . _ _
- and Beaohell and Scott (1963). Hair (1971)
T®pPOIKL9d _ _
aacromutant dwarfs and aeaidwarfa showing
-ton In a number of vegetative an v/oll as reproductive
characters simultaneously. He further reported that the com

plex of characters expressed by these raacrorautants v.*cro inhe-
rited as a single genetic unite Cianaahan (1971)» Reddy et al.
,1373;, Jkuno (1993) and Ganashan and hittington (1333) also
raaorted pleiotropic effect of the major genes controlling
plant tyae.

The pattern of internode elongation in the aeaidwarf

mutant! and the dwarf recomblnantn Indicated that i/lAie the

reduction In th. total culm length In the semildworfn v-ca by

« . ,h.rt.n.a t» ««» » « « ' tulo l«tl> 1"

™M™ = tf — 10 «* *___ "o

Tho reduction in length wan relatively
..T1 as their number. -

rM low.r Intsrnodea. « -u lto were reported
*Qr* (Vi51), Kwal -d Nnrahnri (1971). .toddy et el.
py Kawal (1980). T*e apparent reduction In
(1975) ** HalUrk N\ n th. dwarfs might be due to the

th. number ot ~ * ~ |-ngth In the bMtl Int.rnodes and th.

e*tr.m« reduction ~cdgnLInB them.
oon**1 Jot dIfflIC"'J 3t s.aldworfs 1. on. of the no.t
Undoubt*~1'* th* of rlca br.»dIng in thia

brlilU .nt — — 10
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m'entury, Hawtym

vailing | 37+ C’mmi i "Ot b* ov,rlociked that «>= pp.-

e*ldwarfism Is mostly the one Identified
Juy -+

Sen despite the difference in the donor

varieties. ith.
in rle gene dominating large crop areas,

there may he n ,
P tential danger of losing the genetic diver-

/= The alarming uniformity created by the narrow genetic
base In respect of such an important gene or gene comolex
.oretella the genetic vulnerability of the semldwurf rice
varieties to many adverse conditions including disease and
pest epiphytotics, and poor adaptability to diverse environ-
ment a. The urgent need for creating genetic diversity for
dwarfing genes to avoid this genetic suffocation hcs been felt
keenly in the recent years. 3f considerable interest, as
9JW «nted by th. present .study Is the usefulness of induced
.,uta -enenls in developing altern Ae sources Cor short stature.
Th, dwarfing genes. nonallelic to Dow; .ene, Isol tod In the

adopted ,« .t U Dbackground can be expected to be valuable In

- 1 ...lin,t excessive genetic uniformity In future

*4 m ' _ _ The rrcnen Induced and Isolated in Hoe
nrifrril™' Ue °
h V. only favourable pl.lotropic effects on

pr.a.nt -tudy - AT chBracters end hence can be of
veg'-tstive »» '"tjtjrrice breeding programmes.
|*s*ns* us. I" f comblnntlon breeding method, In

In th* e*ven other gene* "1%*

tion to the ,.,tic system adapted

inf*Ad 1

iIncJNP°r
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W U tlee. Ev, n tlw

help to avoid o ,ry efrioient selection procedures can

aplcuoua. B ut”™ 2~ "ffeCt3 '* “h VISIbU c3n”

wilth the deoir”™r Unde9lr3bl* 38,168 33y 3tlU * " Irt alon«
* ones. The non-adaptability to adverse

and the susceptibility to various peats ad
hJfn bY *my of the high yielding semidwarf varieties
carrying the Dgwg dwarfing gene can ba attributed to the

presence of many alien nan-adapted genes, whose individual

effects are not visible and conspicuous to get sieved through
the .selection orjceases. Mutation breeding provides a tool by
which the veil adapted genetic background of the native varie-
tis3 I" disturbed to the minimum e?ctent far incaraorating the

dmired alant type. The seuidwarf mutants are therefore

»X0#*cted 11 have the adapted genetic aackground.

JtIP aJtant eoch In ~b-10 (M 211) nod Ptb-23 O. 102)

S uill b. J3C 38 c3m.,ercldl V riICtIC1 I? "

- in thn ev iluation trills. Thus, the time
found promising In t

wed I1n develop!"* -d-pted eemldworf varirtlon could
InV’ reduced by the nutation,! npproech. Combination

con.ldTd.Ur rin* *ene* with additive effect (sd”®, ed®

ot different d-er Bhe plant type.

o<V nlirfit H.IP *" <r# of no proctic.l value et th.

though »uch extren hi~her production potentlel

or.e.nt, tW wm*** "L * re.let.no. end inor-eeed tlUTrIn.
through .dditi-1 lodfW*
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SUMMVARY

The major objectives of the study were to Induce and
iIdentify plant type mutants Iin rice, to study their mode of
Inheritance and to investigate the allelic relationship of
the Induced dv/arfing genes betv/een themselves and with the

gene. Mutations were thus induced In three
well adapted tall indlca strains, vi?., tb-9, >tb-2G -ad
Ptt-19 using ganma rays and ethyl methane sulphonate. ‘.'hose
varieties h..wve tall lodging culm, lon’ cirooping palo green
leaves and avan spreading tillers. Observations on t.ic effect

of mutagen.s on the and a- generations were recariled.

Terminati an of rice seeds was not affected by 3 a\o rays
even It him wuoaes. F*T inhibited omination and the reduc-
tion was pro’srestive with increasing drco, onsldcrable dciay
In Termination vias observed at higher doses of bote t*o nut3-
ren3a hil® ‘'ana ra/o induced lethality of soedlin a it nil
doaes with drastic effect at hi h doses, the lo\ doses of EKS
were not i1etnal 10the seedlings. Plant height was affected

by the mutagens with increasing effect at high doses. Doth
nm* ravs caused s linear decrease iIn fertility with

Hones. HWBe as compared to gemma rays induced lav

d.*r«.« ot st.rillity.
ChUrbphyll BUtatlvh. wrr Indued by bith the muta*.n«.

fr# nu,nt I n 8 “



— was predominant in BVB treatments, A large number
I"ble mutants were lIsolated, They exhibited a wide spec-
rU* «3rPtol3gical characters such as height, duration,
leaf, panicle and grains, There was predominance of mutants
affecting culm length and many dwarfs and semidwarfs wore

iIdentified, *mong the mutants with altered duration, late

types were more frequent.

Tron among the 13 height mutants (6 tails, 63 semidwarfs
and 22 dwarfs), M were selected for detailed morphological
studies. The neight of these mutants ranred from 61 to 139 cm

mile the tall and 3emidwarf mutants h. d almost the same number
of Internodec as the parental types, the dwarfs had a low
ntimber of recognisable internodese Tolls appeared co have
elongated Iintemodes while semidwarfs and dwarfs hid shortened
Internodes. The selected he

dur.tlon -.pto maturity (70 t) 17> dv/s), leaf length (14 to
61 cm'i leaf orientation (erect to droo-Ing), leaf colour
dirK green to pole green), number of tiii.lc.e be irln.” tillers
{k to 76) <l plent tyoe (compact to open). Variation In ear
and grain characters such os type of » n (open, semiopen and
comoect), exertion of ears (fully exsorted and partially

exeerted) and weight end length of ears were recorded. While

of the semidwarfs and dwarfs were nonlodging the tolls

succumbed to lodging.
prM among 41 height mutants, nine plant type mutan .

w «a»al-tv) which were morphologically distinct,
{3 from **ch va



>7S "

selected for .genetic analysis. They were aeaidwarf with
short sturdy culm, 3rmll erect dark green leaves, compact
ill-ra end lodging resistance. The nine mutants were crossed
with their respective tall parents to confirm the recessive
genetic nature of the mutants and with Jyothi to ascertain
the genic relationship of the induced dwarfing genes with that
or Lgwg, The mutants were crossed among themselves in all

possiole combinations to study the allelic relationship of the

Ind uced dwarflng genese

Crosses of the seraidv/urf mutants with ti.e parcivLo yielded
till ~3 in all cases, r.cgregution In gave a ratio of
3 tails :1 semidwarf confirming the monogoric reces”™iv-"'" nature
jf tne icaldwarf mutants. The semidwarf 7~s end nor.se regating
Fzs InN crosses of " -, 1111 md Meror with Jyothi nw— ested
that these mutants carried 3 dwurfln - rip =-hlch Is Isaallelic
with brw: dwarfin7 ®ne. The F.,3 In the crosses J? t. e jthcr
siXx mutants with Jyathl, were tall. The F?0 seprc-ated far
plant height ind asvaclated character-, I-og,testing nanelleUsm
between these dwarfing R"nen and the LWw;, dwarfing eene. Th.
difference In the sefiregatian pattern Indicated that H6. M 107

and a 1 carried a different dwnrfinij geie fram tint carried

by M1P H 102 Bnd 207"

crosses between mutants canflnwd that mutant* H 2, '1 111
and s 202 carried th. ANlch wm fmnd Iso-

a" _ .th 1*w« zene. Thla gene we. deslgnatad adl. the
allelic with m«**
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/\ /\
?S nd DZ% ar tna crosses among mutants M 6f M 107 and M 210

anflnaed that these mutants carried a different dwarfing gene
hich waa nonallelic to Dgwg gene. This gene was designated
3N2* Crosses of M14 with M 102 and 'A 207 revealed that M 14
carried a dwarfing gene different from those of M 102 and

? 207. This gene was designated sd”™. The cross ,1 102 = H 207
produced seaidwarf T?l. and nonsec;regating seraidwarf These

L—

results suggested that M 102 and M 207 had another dwarfing

gene, designated as sd/.

Tne crosses betwean mutants carrying different dwarfing
genes, viz., 1'd® sd2* 3d7 and sd™ confirmed that t ore iInduced
dwarfing pones were nonallelic to each 1t or. They prod .ced
tall s ard "3 segregating for height in ell combin™tions.
Ovirfing 'ene sd . in combination with other genes prod-tied

se'relating with ratio of 1 tail:7 oomidwarf. '11 other
geneo, viz., sdl, sdband sd”™, In oil coobinations produced
the f segregation ratio of ) tall: O scnidwarf:1 dwarf. *he
results India jtsd that nt-, won non.idditivo in action with the

other nonallelic dwarfing genea cdl, nd? nnd sd™ while they In

cortlnrtl* »hwd additive Interaction.

rh- , ,cro,,ut«tlon.l effect of the gones controlling plant

t ,e waa revoiled by tha ntudy of plorrt character-. ouch an

width, orientation, colour nnrl s.n.acenc. of lenvesi

11, i.n«th] rex«lithric* tO I3<J*ing' ori,ntntlon 'f tlUIl,rs etO’



s* characters were found to be associated with plant height,

hile tall plants in the parental, F1 and F2 generations had
long lodging cula, long pale green drooping leaves showing the
tendency for early senescence, the seraidwarfs in all the gene-
rations, had short nonlodging culm, short erect dark green
leaves and compact tillers. These characters were found to be

INnherited enbloc. The semidv/arf mut-nts are therefore consi-

dered a3 aacromutants.

The study revealed the usefulness of nutritional approach
for evolving plant type mutants with alternate sources for
dwarfing genes ththe Dafl dwarfing gene. This widens the
genetic base of soaidv/arfs most of vhirh at present depend

directly or indirectly on the single Iquil source.

The possibility of evhlvin? pl-nt type mutants In the
native varieties without disturbln their veil adapted genetic
background has been onfimed In the present investigation.

hil, tw, ,f the nine outints appear ta hold prpnino In preli-
IIn-ry BUKU." t> be lined directly far oan.nerclal cultivation,

.« =,V -erve on alternate ciurrnn far dwir.au; ones
the ofch«m 'S\ig/

h- .vnlalt.d In cirnbLnatlan broedinfr prd-mranen.
whLch can be

177
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