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INTRODUCTION

Grain legumes 6ccupy a uniqu?_ﬂ.ﬁgﬁiﬂ?ﬂ,,iﬁ }yqxr}q‘ggricu}tqrg bgj
virtue of their high protein content and capacity to fix atmospheric nitrogen.
For developing countries like India, pulses constitute the major source of
dietary proteins. In developéd countries, grain legumes are also an important
indirect source of protein, being animal feed of high biological value. They |
contain 20-30% protein in their seeds, whieh fs 2 to 3 times more thén in the
cereals. The proteins from pulses are also nutritionally valuable 5ecause of‘ ‘
higher lysine content than the- ceregl proteins. Thesé two groups of erops. have :
a complementary relationship in their amino acid composition and théir cémbihed
intake can combensate,toa great éxtent, for‘ theif ‘mutual amino acid defic’ieneyl .

Although a large area (about 25.8 million ha) is under ‘dif'ferent ‘p‘ul‘se
crops in India, their production has remained practically stagnant for fhe last |
two decades. The available statistics indicate that ‘tﬁe.pulse production has
ranged between 10.0 -14.5 million tonnes. The averége yield of pulses in
India is about 5.4 q/ha as against the world average of 8.1 g/ha. fndia
contributed 14.0 million tonnes to the total world production of 58.6 millioh
tonnes of pulses during 1988-89 (Anonymous, 1990). Since the‘growth‘ in pulse
production did not keep paée With the increasing population, the‘per‘ capit‘a‘
availability Qf pulses has progressively declined. In general, pulses give lower"
yields than céreal crops ‘(‘ Jain, 1975). This led to the assumption that pulses
‘may have-.iower genetic potential for yield than cepeals (Boulter, 19‘73,; |
Swaminathan, 1973). i |

A‘mong_t’he pulse c:jops, lenfil has a history w‘hich‘ is as old‘:aswt‘he
hiStéfy ‘of agr‘icultur‘e itsélf. Its‘c‘ultijvation Stérted in the ear;lieét Néolit};id

et

5399
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farming village of the Near East about 7000-8000 years B.C. (Cubero, 1981).

It is now one of the important pulse crops in the Indian Subcontineht, being
used as dal by majority of the people. Among all the pulses, lentil ranked
fifth on the produétion map of India (1987) when it occupied 10,72,000 ha
area with the production of 6,66,000 tonnes and average yield about 6.2q/ha
(Anonymoué, 1989). In spite of the obvious importance of ientil among pulses,
little attention has been paid iln the past to improve the yield potential of

this erop. The low yield potential of the existing varieties and poorly managed
farm practices are the main reasons for poor production level of lentil.

The poor yield perform‘ange of the existing pulsé varieties is probaﬁly ‘
related to their evolutionary history. - These crops have been traditionally growh
under mérginal conditions of moisture stress, low fertility and poor managemént.
Therefore, pulses havé been selected mainly for adapt‘ation to low levels of.
management rather than for yield potential under bette‘r management. NatUr‘al‘ ‘
selection has played a major role than human selection in determining their
morphological, physiological and agronomic characters. Jain (1975) pointed out
that in view of this past selection history, pulses have lost useful alleles as
far as yield is concerned. Ho:(1974) suggested that still enough genetic potential
is pfesent in most of the pulses. 'HoWever; the lost variability must be
regenerated through extensive hybridization of diverse gen‘etic"stocks collecte“d‘
ffom different parts of the world as well as induced mutations. Thus, creating
new variability by induced mutagenesis becomes all the more important when'-
the variability in the existing material is limited.

Recombination breeding in lentil is tedious. Emasculation and
pollinatidn are difficﬁlt operations due to tiny and delicate structure of floweré 5

which are major factors preventing rapid and successful hybridization in lentil.
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Mutation breeding is another approach for improvement in this crop. Induced
mutations can be used with advantage over conventional breeding procedures
to rectify simple, specific undesirable traits in otherwise well adopted varieties
without grossly disturbing its genetic constitut‘ion.‘. Mutation breeding‘ methodblogyf
needs to be sufficieritly standardized for impro(zement of polyger{ic traits to
gain general confidence and wide acceptance of its usefulnessvamong the breeders
so that experiments could be planned with reasonable expectations .of success.
Broad spectrum of genetic variability is a prerequisite for any successful breeding
programme. Attempts to induce mufatjons in lentil have been quite successful
in creating genetic variability. Besides the use of indueed mufations in
fundamental studies, induced mutagenesis can be used to create édditional genetic"
variability for quantitative traits (Gregory, 1955; Scossu‘oll, 1968 Brock, 1967
Gaul, 1961b Swaminathan, 1968)

The success of a mutation breeding progrémme depends not only on
the‘ quality of induced mutations, but also on the sereening teéhniques to
identify these mutations, which occur with a very .low frequency émong a large |
number of others of little breeding value. An attemp’t has been made here to
develop standard screening techniques for mieromutations affecting the polygenic
system. In general, selection for quantita‘tive traité, such as yield,‘ should be |
preferably cafried out in early genérations becaﬁse most of the desired compi_n“ati"ons‘j_
of favourable alleles are likely to be lost in advanced generations due to
intensive or even no selection for other traits (Sneepe, 1977). waever, after
the studiés of Brock (1965 a, b, 1967), it became a common practice to advance |
dnly normal looking M2 piants to‘M3 generation and appiy the first eycle of

selection not earlier than M3., This results in increased volume of non-mutated



material and delay in isolation of promisipng variants. Consequently, the
proclaimed advantége of rapid progress in breeding through mutation as
compared to hybridization‘ was lost. This probably acted as a diséouraging
factor for the workers to adopt micv‘romutations as a fool for plant improvement

on large scale, and most studies terminated at M, itself after demonstrating

3
the increase in variance and genetic advance (Sharma, 1986). However, some
experiments even demonstrated that selection in M3 is more effective than
in M2 {(Palenzona, 1966; Jana and Roy, 1973). This wés, most probably,
because ‘the material already selected once in MZ‘ was confirmed with higher
probability in subsequent generations ( Ravi et al. , 1980). ‘Even‘ if the Iﬁaterigi :
selected in M3 or later generat‘io‘ns‘ has higher‘ probabilit‘y‘ of getting fixed as

promising strains, there is no evidence to suggest that the frequency of

promising mutations per se over the entire population is highgr in I\/I3 than
in M,. Therefore, an attempt has been made to explore the possibility of

2
selecting for polygenic variability in an early generations (M2> following

treatments with. three mutagens: gamma-rays, ethylene imine (EI) and N—n‘itroso—‘
N-ethyl urea (NEU). | o

In any mutation breeding experiment, thé choice of material is
very impobtan‘t because the crops differ in their r‘esbonse to mutagenic.
treatment (Sparrow et al., 1965). Several studies conducted on lentil have
shown that this erop is highly sensitive and mutable. Thérefore, lentil was
considered suitable for the kind ‘of analysis pllanned h‘ere. Thus, considering
the economic‘ifnportance of lentil and the fremendduspotential of induced
. mutagenesis to generate mutations of econ‘omiq va‘jlue, ‘the present study has

been “planned in Lens culinaris Med. with the following objectives :
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To study mutagenic sensitivity and mutability of material under

physical and chemical mutagenesis.
To decide the appropriate dose and estimate biologically ébmparablé

doses of mutagens under study.

. To estimate and compare the effects (effectiveness and efficiency)

of the mutagens under study (gamma-rays, EI, NEU ) with special |
reference to their application in legumes.

To study the frequency and spectrum of induced macromutations
and their characterization,

To study the nature and magnitude of mieromutations affecting

‘ polygenié traits of economic value.

To generate genetic variability not normally present in the
cultivar used as test organism.
To estimate heritability () and genetie advance (GA) in second

and third mutagenized generations.

To estimate and compare selection response in I‘./l2

and M3
generations.,

To develop suitable sereening techniques for micromutations of
economic importance.

To standardize the methodology of mutation ‘breeding for pongenic

traits.



REVIEW OF LITERATURE

The literature pértaining to differéent aspeets of the present.

investigation is reviewed briefly under the following heads:

1. Mutagens utilized in the present investigation

2. Dose effect of mutagens

3. Parameters for estimation of mutagenic damage

4. Mutation frequency and spectrum

5. Mutagenic effectiveness and efficiency |

6. Macromutations

7. Microfnutationé , |

8. Studies on heritability (h%) and genetic advance (GA)
9; Early generation selection

10. Screening techniques for induced polygenic variability using
different mutagens

1. Mutagens utilized
The term "mutation" for sudden heriditary changes in the evening

- primrose, Oenothera lamarckiana, was coined by the Duteh botanist, Hugo de

Vries. ‘Muller's (1927) discovery of the mutagenic effects of x-rays in

Drosophila, subsequently confirmed in barley and maize by Stadler (1928), opened
two importaht lineé of investigation in mutation research. The first, concerned
with the understanding of the nature of the gene, and secbnd, Vtailoring‘the
cultivated ‘plants for higher productivity suited to diQe‘rse agroc‘lim‘atic‘: condifions. ‘
Goodspeed (1929) induced mutations‘ in Datura and Nicotiana. B

A wide range of physical and chemical mutagené ‘have‘vbeen used by . s
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éeverél investigators for inducing‘ mutations in diffef'ent crop plants. Although
a fairly large number of mutagens have already been discovered and described,
their number is continuously increasing. In practice, however, only a few
radiations and chemicals are used more frequently for m.ut‘ation induc‘tion in
cultivated plants. - A systematic study for evaluating the potenﬁal of induced
mutations by physical and chemical mutagens for crop improvement in India
was initiated in the mid-fifties (Swaminathan, 1957).
1.1 Physical mutagens

This group includes various kinds of radiations (ionizing and non~ionizin‘g)7
but in the present investigation only gamma-rays, as a physical mutagen (ionizing :
radiétion), has been used. Gamma-rays are the most commonly used physical
mutagené for mutation studies, especially in plants (Sha‘rma,‘ 1977; Ravi et al,,
1980; Dixit and Dubey, 1986a,b,c,d; Ravi and Minocha, 1987; Sharma, 1987;
Mahla, 1988; Singh, 1988; Sinha, 1988; Pande and Raghuvanshi, 1988; Kaiia
and Gupta, 1989; Sarker and Sharma, 1989a,b),  They being shorter wave-length
radiations (10“13 to 10711 cm), are éapable of deep penefration in the plant
tissues. They serve as a good ‘check ‘for comparison with other mutagens,
because, unlike other ionizing radiations, facilities for gamma—irradiation are
easily available, therefore, are used more frequently than others. .

The effects of radiations ( -rays) on the biclogical systems are
- direct as well as indirect. In the case of direct effects, energy lS transférred
to the gene molecule (DNA) directly by radiation. The direct effect of
ionization‘ Qh‘ the DNA molecule inciudes rupturing of hydrogen bonds, linking
of the nitrogenous bases, induction Of, breaks in one‘ or bOth DNA strands, and

cross-linking within as well as between the two DNA strands. However; the.-
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indirect effect is mediated by free radical formation, the higher reactive ’
radicals transfer their energy to other molecules The 1rrad1at10ns lead to
inhibition of mitosis, mduce chromosomal obetratlons, pomt mutatlons, and
cause other effects like oxidation of double bonds, enzymatlc ‘inhibition and
molecular poiymerization. | |
1.2 Chemical mutagens

A large number of chemicals are known for their mutagenicity, but
in the present investigation, only two alkylating agen‘ts,‘ namely, ethylene imine
(EI)‘ and N-nitroso-N-ethyl urea (NEU} have been used. The first alkylating
mutagens were diseovered during the second w‘or‘ld wars mnstard gas and
urethane. Tnough successful attempts to induce mutations by chemicals were‘ .
made earlier (Morgan, 1911; Sakharov, 1932), yet Auerbach and Robson (1942),
were the first to demonstrate mustard gas as a potent agent to induce
mutations and chromosomal aberrations in Drosophtla- Oehlker (1946‘) showed
that urethane treatment could cause chromosomal breaks in' Oenothera. In
19486, Rapoport demonstrated that formaldehyde, when mixed with food and
fed orally to Drosopmla, was mutagenic. Heslot (1959) demonstrated the
mutagenic act1v1ty of ethylemethane sulphonate (EMS).

The use of mutagenic chemicais has increased significantly during :

the past decade. (Dixit and Dubey, 1986 a,b,c,d; Ravi and Minoche, 1987;
Sharma, ‘1987; Mahla, 1988; Pande and Raghuranshi, 1988; Singh, 1988; Sarker
and Sharma, 1989‘a,b).‘ Out of the large number of different compounds
known to be mutagenie, only a few are dsed in applied mutagenesis; the
most’ popular and 1mportant ones are EMS, diethyl sulpbate (DES), EI, NEU

NMU, sodium amde‘(SA) and other related chemlcals
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1.2.1 Ethylene imine (EI)

It is a monofunctional alkylating agent with hirgh‘degree of :
reactivity, It is an extremely reactive compound undergoing two major
~ types of reactions (Fishbein et al.,, 1970): (i) ring opening reactions similar
to those of ethylene oxide, and (ii) ring preserving reactions in which ethyiene
imine acts‘as a secondary amine. | '

The alkylating property of EI resides in the ethylenimonium ion,
the free base which is responsible for the transport through membrane. It
is a very potent, directly acting mutagen giving rise to both point fnutations
and chromosomal aberrations. The mechaniém of mutation induction by etfh‘ylené
imine is base substitution. Like other monofunectional agyents,‘it lacks the |
ability to form cross links. EI has been shown to cause mutation in Drosbphila' |
(Rapoport, 1962; Alexar‘lder", 1967), Neurospora (Wéstergaar‘d, 1957),‘whe‘at
(Khvostdva et al., 1965), barley (Ehrenberg et al,, 1959, 1961 ) and peas (Sihgh,
1988). o | |
1.2.2 N-nitroso-N-ethyl urea (NEU)

Nitroso ethyl urea (NEU: CZHS—N‘V-NO—C‘ONI-Iz)‘ is also a moﬁofunctionél
alkylating agent. The alkylating agents transfer" alkyl groups to bio‘logically‘
important macromolecules under physiological conditions. Like other alkyléting |
agents, NEU reacts specifically in DNA with the phosphate group and purine -
bases, particularly guanine (Freese, 1963). Alkylation of guanine at N7
position is the initial major event in the pathway of mutatfon induction and
chromosome breakage.

Out of all the chemicél mutagens repdrfed ‘so“far‘, the nitros‘o“v

‘c‘om‘poundsy have been found to be most effective'.‘(Rapoport,‘ 1948, 1962, 1963). -
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Therefore, the chemicals belonging to this grdup have been named as‘ |
'%upernunagensﬁ‘(RapoporL 1966). In lentil (Dixit and Dubey, 1986; Sarker
and Sharma, 1989a,b), peas (Singh, 1988.)‘and barley (Swaminatﬁan,‘ 19‘69‘),
nitroso-compounds haQe been reported to be most effecti\}e.

Nitrdso—compounds are the rﬁost effective ‘;)f all the alkylating
cornpouhds due to the presence of two different reactive groups in its molecule:
the alkyl and nitroso groups. All the nitroso compounds give rise to the
‘potent alkylating diazo-compounds at alkaline pH and to nitrous acid at
acidie ‘pH as their first degradatién producté (Kamra and Brunner, 1977).
However, it is not clearly established whether direct alkylation of DNA or some
indirect effects throﬁgh production of diazo-compounds bf ngtrous con1pounds
are responsible for induction of all ‘the‘ mutations obtained with them "(‘Kamra
and Brunner, 1977). |

The chemical mutagens are‘specifi‘c in their action (Auérba‘ch,
1965), whereas action of radiations is random. | Sharmal (1965), Blixt and
Ddossberg‘(1967)‘and Singh (1988) compared different mutagens in peas and
condluded that certai‘n chemical‘mutagens are fnor-e potent in indueing
mutations than the physical mutagens. The same has also been reported
by Sarker (1985) in lentil,
| 2. Dose effect

The tests for mutagenic‘ effecté of chemicals are almost as oid |
as maodern genetics (Auerbach, 1976). Dose in terms of applying a chemical
~ mutagen to plant rn&terialis‘a measure not easily defined. It certainly
" involves the \émount of mutagen (i-e. its concentration ) and the ‘d‘ur'ation of
‘treatment or life time o‘f the compound. The dose required for a particula‘r‘

“exPer'i‘me‘n‘t depends on the desired effects and may be restricted by ‘uhde‘sir'able‘
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effect of the treatment.

The physical and chemical mutagens cause three typés of effects,
l.e., physiological dafnage, gene mutations, and chromosomal aberrations. Gené
and chromosomal mutations may be transferred from IVI‘1 to the succeeding
generations but physiological effects are generally restriéted to the IVI1
generation. Physiological effects are of varying nature, probably of both
chromosomal as well as extra-chromosomal origin. Plant injuries due to
mutagenic treatments can be measured quantitatively in various ways, e.g.
gehmination percentage, seedling height, root length, plant survival, fertility
reduction, leaf aberrations,and éhlor‘ophyll deficient chimeras.

The dose effect of mutagens on germinatioh, plant growth, sterility
and plant survival has been demonstrated b.y Sharma and Sharma (1983) and |
Sarker (1985) in lentiI;'Ehrenberg (1955), Blixt (1960), Motlaﬁ (1983) énd Siﬁggh
(1988) in Pisum; Rajput and Siddiqui (1982) in soybean, NaLampang and Janon
(1982) in blackgram; Bala Ravi (1982) in pigeonpea; Patil and ‘Bora (1961, 1973)
in peanuts, and Santos (1965) in Vigna radiata. They observed a positive
correlation between éeedling injury and reduction in survival following treatment
with different mutagens. Dose-dependent decline in germination was reported
after treatment with NMU and gamha—rays in lentil (Sharma, 1977), EMS, |
NEU, SA and gammasrays (Sarker, 1985), X-rays (Blixt et al., 1963) and
éhemicals (Migacheva, 1972) in peas, NEU in oats (Shevtsov, 1969), gamma-rays
in pigeonpea (Bala Ravi, 1982), and sodium azide in mungbean (Mahapatra, 1983).
Singh (1988) also observed dose-dependent decline in peas using NEU,‘ El and
gamma—rays. At higher doses, the decline in germinatib‘n’ was maximurﬁ witﬁ
~all the mutagens used. NEU was most effective, followed by EI and gamma-rays. )

Heringa (1964) observed more reduction in germination of pea with EMS than B
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with ionizing radiations.‘ Similar dose-dependent reduction in  germination,

seedling height and fertility was reported by Wellensiek (1965), Selim et al.

(1974) and Singh (1988) in.pea; Singh and Chaturvedi (1980) in Vigna radiata;

Nerkar (1970) in Lathyrus sativus; Hussein and. Djsouki €1976) in Phaseolus;
Bhatia and Swaminathan (1963) in wheat; Sharma (1970} in barley, and Siddiq
(1967) in rice. |

Siddiq (1967) observed drastic reduction in germination and plant
survival in riée following mutagenic treatments, which was more severe with
NMU in comparison to gamma-rays, EMS and fast n‘eutrons.‘ Dixit and Dubey
(1986) beported on the basis of seed germination, seedling height, leaves per
seedling, seedling survival and sterility ( in terms of seed set ) in the M1
and chlorophyll mutations in the M2 that NMU was 2-5 times more efficient
than gamma-rays. The combined treatments were also more efficient than
gamma-rays alone. Chemical mutagens like EMS, NEU and NMU céuse more
reduction in polleh fertility than gamma-rays (Ner‘kar, 1970, in Lathyrus; I—I‘ussei.n
and Disouki, 1976, in. Phaseolus; Singh et al, 1978, in pearl millet; and Sihgh,
1988, in peas ). |
3. ‘ Parameters for estimation of mutagenic damage

The observations recorded in M, generation to estimate the damage
caused by the mutagens to the genetic material are referred to as IVI1 pafaméters.
Many parametérs are used for this purpose, such as germination, seedling height,
root length, leaves per seedling, leaf aberrations, seedling survival, fertility, |
and chlorophyll-deficient chimeras. Only a few of these damage recording
parameters, like seediing height ‘and fertility pef‘centage, afe used fr.equent'lyf
because of the convenience and precision in ‘re‘éording them. The‘phernomenon‘
of leaf ab‘ebﬁations has att‘ra‘cted attentiori of many.xvorl<érs; ‘és it ‘make's ‘p_ossiblej

the estimation of mutagenic effects, which may be more ‘clOselyrrelatedlto -
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gene mutafions than the parameters of growth and feftility (Burn, 1954;
Kaplan, 1954; Blixt e_tgl.,1960, 1964, 1965; Zaehérias and Ehrenbel;g, 1962).
3.1 Leaf aberrations -

The term leaf aberration is used here . for the deviating‘ar‘eas‘in the‘
form of spots or sectors on the foliar struetures, appearing as a result of
treatment with mutagenic and chromosome-breaking agents. ’Fhis phenomenon
was first reported by Arntzen and Krebs (1925), but they paid little attention
and described it simply as "a siekly look", which persisted for ‘about four
or five weeks and gradually disappeared thereafter.

Although the precise origin of the leaf spots is not known, some
suggeétions about their nature have been made. Kaplan (1954) studied the
effeet‘ of X-irradiation on the pattern of leaf aberrat‘ion in Glyeine max undef‘
varied treatment conditiéns. The experiments showed dose-depehdehce of the
average number of aberrations per leaf, in accordance with .expectations if
the leaf aberrations were a result of chromosomal aberrations. He showed |
that the number of leaf spots ‘in‘cr‘eased eXponentially with dose and concluded
that chromosomal aber‘rations‘ were responsible for the induection of these‘
spots. It was also noted that whilsf there were many small leaf aberrations
on the younger leaves of seedlings, they were fewer and Iérger on the“of‘{d‘e;‘"
‘one‘s, and in the oldest they seemingly disappeared altogether. |

Burn (1954) studied the mutational effect of X-rays in clover

(Trifolium pratense). She noticed the occurrence of sharply defined sectors

on the seedlings. ' In the later ontogenic stages, chlorophyll deficiencieé
became visible which might embrase almost the entire plant, and“ in atleast
- two cases, flower- ‘colo‘r mutants were ‘observed‘, d‘isplaying‘th‘e same pattern
v‘a.s the prjimary chlquphyll deficie’nt‘ léaf aberrations“.\ A‘furthe‘r point of 7

special interest is her observation of sudden leaf aberrations appearing on .
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the leaves late in the plants, that were entirely normal earlier.
Blixt et al. (1960, 1964) showed that leaf aberrations in Pisum were

induced by the chemical mutagen EI, an‘d the M, chlorophyll mutation rate was

2
positively cor‘related' with the leaf aberration frequehey. This increased the value
-of leaf aberrations in the studies on induced mutagenesis.

After seed treatment many small leaf aberrations are desecernible
in the first leaf, and their number decreases thereafter, while their sizes
increase with each consecutive leaf (Blixt et al,,1964), éccording to the number
of cells of the respective leaves present in the embryo at the time of treatment.
The results were similar when the mutagen was administered to the growing. .
points later in the ontogenesis (Blixt and Gelin, 1965).

| Positive correlation between 1éaf‘ aberration frequency. and‘ mutation rate
has been confirmed by Monti and Scarascia—l\/lugnozza (1964) for DES, by Monti
(1968) for X-rays, by Speckman (1964) for EMS, and by Pipie (1970) for DES
and EMS. This has also been found to be valid in maize (Ficsor, 1966). Some
of the chlorophyll mutants registered in I\/I2 could be causéd by a mechanism
similar to that of leaf spots and streaks (Moutsc]wen-Dahmen et al,,1959).

Zacharias and Ehrenberg (1962) found that‘densely'ionizing radiations
produce leaf‘.‘ab‘er‘ration's proportional to the dose, sparsely ionizing r‘adiatio‘n_ and
ethylene oxide (EO) caused leaf aberrations almost proportional to thel square .
of the dose, and neutrons were many times more effective than X-rays. The
authors‘concluded ‘that the most plausible explanation was that leaf aberration
arose through changes in the genetic material. However, leaf spots are also
induced by chemicals such as EMS and EI which induce chromosonﬁal abérrations ‘

at much lower rate; this‘sugg‘ests that some other mechanism may also be

involved 1n the induction of leaf spots. In the first leaves the ?size,c}f the spotf:;‘ .
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is much smaller than in the latter formed leaves since different numbers
of initial cells are responsible for the development of the consecutive leaves.

The leaf aberra;nions largely disappeared later. in ontogenésis. :O‘nly
those aberrations wh‘ich constitute a part of the meristém will persist (Sharma
and Rapoport, 1965). A comparison of the frequency of different color types
of such persistent leaf aberrations with the chlorophyll mutation spectrum in
M2 showed a marked agreement (Blixt, 1965b). It was found that different agents
induce different spectra of leaf aberr‘atipns as well as chlorqphyll mutatibns.

It is now established that the development of leaf aberratrion‘s as
a re‘sponse to mutagenic treatment is characteristic of a very wide range‘ of
plant species (Blixt, 1965c) and, therefore, certainly not peculiar to the
leguminous plants. It is probably a very general phenomenon.

Leaf-aberrations seem to be most easily induced in leguminous plant's,j
which have comparatively fewer plastids, a‘ fact, amongst bthers, which made
it hecessary to consider direct action on plastids also as‘one of the possible
explanation for leaf-aberration induction. DNA is reported to be pi‘esent in
pea chloroplasts (Wilson, 19686).

The size of leaf-aberrations in Nicotiana partly follows a pattern
different from that of Pisum (Dulieu, 1965 and 1970). This can possibly be
‘eXplained on the basis of large differences in the size and degree of developme‘nt“t ‘
of embryos in the seeds of the two species.

The effects of different chemical agents on leaf aberrations and other
- parameters recording mutagenic damage (grc;wth inhibitioﬁ, survival, ete.) were‘ |
also not necgssarily correlated, i.e. these effects could vary more or 1ess‘ |
‘independe‘ntly of each othet'. Leaf aberratibn frequency‘ wds r‘epdrted to be:

'~ strongly correlated with the mutation rate (Blixt and Gelin, 1965).
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At present, the pea is probably the only higher plant which meets‘
the recjuirement of a high level of genetic information combined’with‘
reasonable eon\}enience of handling; and the leaf aberrations make it further
easy to obtain preliminary information about the initial‘r'nutagenic effects within
a month (Blixt, 1967).

Full scale tests have been carried out with a number of substances
using only leaf aberrations as a test system. The results showed the technique
to be inexpensive, and relatively more reliable as compared with other tests
(Blixt, 1967c). |

In those plant species, whére leaf aberrations are comparatively -
easily reéorded, atleast tin- all:;dicotyledonous plants, it is possible to mass-
screen‘ a large number of plants at the seedling stage‘on the bésis of leaf
aberrations, and use ‘oniy their progenies to obtain large number of mutations.
This might fill considerably the ga§ in our present information on spcﬁntanedus.
mutations (Blixt, 1972).

Debelyi et al. (1975) noted diséoloration in pea ieaves after gamma-ray
and NMU treatments. The plants showing diseolof‘ation produced six times‘ more
mutations in M2 than the normal ones. ‘Similarly,‘a high positive correlation
between M. ‘

i spotting and mutation frequeney in M, has been reported in peas‘

2
(Debelyi and Bezhanidze,‘ 1972). Sokolov (1975) also found more chlorophyll
mutations in the‘ progenies derived from variegated pea plants following EMS
treatment. However, progenies of chimeral plants showed as' many chlorophyil
mutations és 6f the non—chimera} ones,
3.2 Sterility

Many reasons and sources have been assignéd ‘t‘d the mutagen—indueed‘ : "
reduct‘io‘n‘of yeproductive ability. This may be caused by chrofnosémai abe‘brati‘ons,;;w

‘gene ‘mutations, and physiological effects. The chrOmb‘s‘om‘al‘ c‘han‘g'es‘, ar,e.prqba:‘
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the most important cause of mutagen-induced sferility. For breeding purpoées,
mutagenic treatments with lower sterility but higher frequency of vital
mutations are desired.The radiation—inducéd sterility in l\/I1 generation is mhinly
caused by small or minute deficiencies (Gaul, 1963). There is evidence that
radiatipn—induced I\’I1 sterility is partly transferred intb’ later generations

(Gaul and Mittelstenscheid. 1960). A lafge part of sterility is caused by
physiological damage and consequently, not transferred to MZ' Little is
known about the cause of chemically induced sterility. Only a paft, ‘though

a larger one, of the EMS-induced sterility observed in the M1 generation ‘seems
to have genetic origin ( Géul _eﬂ:_él., 1966; Beﬁder and Gaul, 1966, 1967 ). The
other part may be caused by the physiologfcal démage, and poséibly also by

the hydrolysis pfoducts The: genet:cal part of sterility is clearly inherited

| through subsequent generatlons |

[t has been observed in barléy that the rate of chlorophyll mutations

in M2 is independent of the degree of sterility of the M. spikes (Gal‘xl,' 1958).

1
It has also been found that the mutation rate is the same in all the feptil‘ity
classes including the fully fertile spikes. Similar results were reported by
Bekendam (1961) in rice and by Hildering and Van der Veen (1966) in tomato.
According to some reports, not only the mutation frequency is mdependent
of the devree of M sterility, but the spectrum of chlorophyll mutatlons also‘
does not indicate any relatlpn with lVI1 spike sterility (Gaul, 1958, 1965b)ﬂ
Kivi (1965) reborted maximum mutation frequency in M2 gen‘eration of the

group which was in 30-70% fertility range in M Ehrenberg g;c_ﬂgl_.(1961),

7
on the contrary, showed that spikes with different fer'tility levels have some -
evident differeﬁces in‘mutat‘ion rate. Walther (1970) found the highest number“_

of 1nduced chlorophyll mutations in populatlon with' medlum fertlhty in barley
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Singh e_aig_l__; (1972) reported high mutation ‘rate in the fertility range of
42-50% irrespective of variefy and treatment.
4, Mutation frequency and spectrum

Several inve'stigations have been carried out in‘ different crop plants
by many workers to compare the mutation frequency and spectrum induéed by
different physical and chemical mutagens. With regard to mutation frequency
and spectrum induced, chemicals are comparable to the phy'sical mutagens‘ used,’
or. even better. For anyvsuccessful mutation breeding programme, the selection
of effective and efficient mutagen(s) is very essential in order to recover very
high frequency of desirable mutations, It is a general opinion that the frequeﬁéy ‘

of chlorophyll mutations scored in M geﬁeration is a good indication of the

2
total rﬁutational effect (Mesken and Van der Veen, 1968). Thereforje, in most
cases, the frequency of chlorophyll mutants in M2 generation was used as a |
test for judging the effectiveness of the mutagens used ‘(Gottschavlk, 1983).
Mutagens have been found to show differences in the spectfum of chlorophyll
mutations (Ehrenberg et al., 1959; Konzak et al., 1969; Swaminathén he_tﬂg_l_.,‘
1962; Sharma, 1968; Sarker, 1985; Dixit and Dubey, 1968a; Singh, 1988;
and Sarker and Shafma, 1989a). Auerbach (1967) reported that spectral changes
could possibly be induced more by cdntrolling the recovery process pattern
rather than the primary process of mutation induction. o

- The chemical mutagens have been found to induce higher frequeﬁcy
of chlorophyil and viable rmutations than physical ‘mu‘tagens in lentil (Sharma
and Sharma, 197%a,b, 1981; Sarker, 1985; Dixit and‘Dubey,‘ 1986a; Ravi ahd
Minocha, . 1987; énd Sarker and Sharma, 1989a ), ‘peaﬂs (Blixt e_’c‘g_l_“.,"19‘58,‘ 1963§
Sharma, 1966; Monvti,_“IQSS; Mohan, 1983; and Singh, 1988), bread wheat (Goud,

| 1967b),ahd soybeah (Baradjanegara and Umar, 1982).'. Chemical ‘mut:age‘ns, o
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especially allkylating agents, in contrast toc radiations, broduée a wider-‘spectrum |
of rnutations‘ (Swaminathan et al., 1962; and Singh, 1988). B |

Amonyg c‘hemical‘ m‘utagens, nitroso—comiaounds haVé been found to’
induce more chlorophyll m‘Lrltat‘ions than otlﬁérs. Alkyiat‘ing agents, particulafly
NEU, were found to be the most effeetive among the mutagens sfudied (NEU,
EMS, gamma-rays and SA )‘ in inducing chlorophyll mutations in lentil (Sarker,
1985; and Sarker and Sharma, 1989a). They also reported that the mﬁtation
frequency was dose dependent for all mutagens studied and was in thebrder
NEU‘?EMS}gamma—rays SA. Mutations of xantha and viridis types were
induced more often than chlorina, whereas albina mutations were rare. Di}ﬁt
‘and Dubey (1986¢) reported NMU to be 2-5 times more effective than gamma-
rays on the basis of IVI1 seedling damage estimating parameters and Cleot'opljsrll"
mutations in M2 geﬁeration. The comb‘ined trgatments of NMU and gamma—rays‘"n
~were also mofe‘ efficient than gamma—rays’ alone, However, in‘ano'ther study, -
these authors reported NMU and gamma-rays to be equally effective fovr
inducing chIorophyﬂ mutations, whereas NMU was found to induce more |
seedling (viable) mutations than gamma—fays. |

Sharma (1l965)‘compared the effect of NMU with various cherﬁ‘ical
and physical mutagens in peas and found that NMU fnduced the ‘highesf rate
of mutations. Savin et al. (1968) reporfed higher ehlorovphyll mutation |
frequency induced‘ by NMU than EMS, and NMU was found to indu‘c‘:e more
multiple mutati‘on‘s in barley. Marki and Bianu (1970) found that in flax,
- NMU énd EM‘S‘ were more effective than gamma-rays fn inducing higher
freguency ar’]d‘wider spec‘t‘rum‘of chlorophyll mutrations.‘ Sahai (1974) reported o

in Phaseolus aureus (=Vigﬁa radiata) NMU to be the most potent mutagen in

induecing c‘hloropi)y‘ll“ mutations. Sobehuk (1973) recorded a highér mutation -

fréqUéncy with NEU than with‘gamma-rays in peas. Shevtsov "('1‘969)
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demonstrated that NEU was more effective in inducing mutations than dimethyl
sulphate (DMS) and EI. Bohmova (1980) recorded three -fold i‘ncrease in chlorophyll |
mutation frequency in pea with NEU in comparison to NMU. Superiority of
NEU among the ehemical mutagens for inducing mutations in pea has aléo been
demonstrated by Rybakov and Balashov (1971) and Kolotenkov (1975).  Singh
(1988) also demonstrated the‘ superiority of nitroso-compound (NEU) ovef
gamma-rays for inducing mutations in pea. The order of mutagenicity was
NEU'>EI>gamma—1'ays. 3imilar results were obtained in wheat, oats and
barley by Dishler (1971). However, Desai and Bhatia (1975) reported that the
ffeqﬁency of chlorophyll and viable mufations >was higher with NMU than with ) "
NEU. As regards viable mutations, EMS was found to be more effecti\}e than
gamma-rays and NMU (Kawai, 1969; Prasad, 1972; ‘Desai and ‘Bhatié, 1975).
Vasileva (1976) compared EI, EMS and DES in two varieties of pea and |
recorded highest mutation frequency with EMS and lowest with DES. Sidorova
(1966) observed that the rate and speetrum of induced rhutations in pea were
affected by the mutagen as well as genetic architecture of the variety.
Dose~dependent effect of mutagens‘on the total mutation frequency
.and spectrum in lentil has beeﬁ reported by Sharma éﬁd Sharina (1879); Raﬁ
and Minocha (1987); Sarker (1985); and Sarker and Sharma (1989a). In peas, it -
has been reported By ‘sev‘eral workers. ‘Rybakov and Balashov‘ (1971) test‘e‘d |
different concentrations of NEU, DEU, EI and DMS on eight peé varieties and

hybrids. They found maximum number of M, mutants following treatment with

2
0.012% NEU and 0.06% EI. Ghosh et al, (1973) reported a linear relationship -
between mutagenic dose and chlorophyll mutation frequenéy; However, Pipie

(1972) did not find any relationship between dose and mutation spectrum.

lussein et al. (1974) reported decline in mutation rate with increase in mutagenic -
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dose but spectrum remained unaffected. Maximum range of mutations with
low concentlrations of EMS and EI has been reported in peas (Vasileva, 19‘76‘) ‘
and lentil (Ravi and Minocha, 1987). Vo Hung (1974) did not find the highest
dose to be always the most effective treatment in peas. Srivastava et al. |
(1973) reported‘ lower doses of EMS to be less toxie than highrelr doses of MMS.
Mehaudjiev (1974) reported increase. in the number of useful mutat‘ions and’
decrease of lethal mutations with low dose of ifradiation, followed by treatment
with chemical mutagens. However, Khvostova et al. (1973) found phenotypically
similar mutants induced by different treafments. Siﬁgh (1988) reported dose~
dependent effect of mutagens on the total muta‘tion frequency and speétrum.
The frequency of macromutations‘,‘ botﬁ chlorophyll and morphologiéél, was‘
highest af the highesf dose of mutagens (NEU, EI and gam‘mé—rays) uséd ‘in .
the order: NEU>E1>‘gﬁamma—rays. He also found increase in the nﬁmbeb' :

of useful mutations at the medium doses of chemicals and the ‘highest dose <‘)f‘ |
radiations. The direction and pattern of‘chlorophyll'and morphological mutatio“né
have also been reported to be similar with the mutagens used. Similar résults
were reported in black gram (Kulshrestha and Siﬁgﬁ, 1983). Nadarajan et al.(1982),

on the other hand, recorded high frequéncy of chlorophyll mutations with medium

‘dose in Cajanus cajan.

.The pattern and direction of chlorophyll and morphological mutations R
héve been found to be identical with different mutagens by various workers..
However, many con‘tradic‘tory reports have also appeared for different mutégens.‘
For example, Akhund—Zade‘(1979) found that N-nitroso-N-alkyl ureas- are more
effective in ihducing chiorbbhyll mqtations aé well aé thos‘euaffecting qﬁantitatiVe

‘traits‘, while Vo Hung (1974) recorded highest num‘ber of lethal mutations with -
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high doses of EMS. Dixit and Dubey (1986a) using NMU and gamma-rays

in lentil reported that the two mutagens were eqﬁally‘effective for inducing
chlorophyll mutafions, while NMU induced more morphologigal mutations than’
gamma—réy& Similarly, Fillippetti gc_g_l.(1977) recordéd lhigh frequency of
chlorophyll mutations after x-ray freatment, while morphological mutations

were more frequent in the DES-treated material. Chlorophyll mutations of
xantha type were more frequently induced by DES and those of chlorina

type by x—rayé. Méhaudjiev and Vasileva (1975) observed varietal difference

in peas for muta‘tions of different types. In the varieties,Voronezh and R
‘Romon 77, gamma%ays mainly induced chlorophyll mutations,‘ whereas in |

Ramoﬁ 5 and Record, they induced mainly mérphologic‘al mutations. 1Sharm‘a
(1970) treated the seeds‘of pea vaﬁety krupnoplodny G20 with g‘am‘ma-rays,
neutrons, EI, DES and NMU and noticed that NMU induced a large number of
dominant mutations and its morphological mutation spectrdm was considérably
wider than eight other mutagens, and it also in‘duced more useful mutations than
other mutégens. Zeneldv (1966) hoticed higher frequency of foliage and shoot
.mu“tants in the ‘irradianted material than in chemicaily treated; He further
observed higher chlorophyll mutétion frequency“ with chemicals than in the
irradiated material. Popova (1981)‘n0ticed in peas that mutations most
frequently affected charac‘te‘rs ,like‘stem length, leaf and stipule shape, growth‘ |
period and number of pods per peduncle; Shifrin (1972) repdrted that the
frequency of morphological mutations in M3 generation raised from the mutant . '7
M families  was three times as much as from nonmutant M

2 2
(1960a) studied the effect of x-rayé on EMS on the genes ‘governing albinism -

families. Favret . -

in barley. He demonstrated that EMS affects seleétively only one of ‘t’he four -

'genes,‘ w‘herea‘s x-rays affect all the four genes. The frequency of ‘v“iridis :
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mutations was higher after chemical treatment as compared to those obtained
with radiations, which produce albina mutations with high frequency.

~ Akhund-Zade and Khvostova (1966) reported maximum number of
chlorophyll mutants with broad spectrum in EMS mutagenesis, followed by EI,
gamma-rays and fast neutrons. Sidorova (1966) found positive correlation
between.the frequency ‘as well as speetrum of chlorophyll and morphological
mutations, i.e. wider the chlorophyll mutation spectrum, greater the range
of morphological mutants..

Nilan (1967) reviewed the mutation rate and spectrum in pea and

concluded that different agents yield different mutation spectra. However, .
there need not necessarily be a very cloee relationship between chemicals or
between two agents from any of the mutagenic groups. He tested five mutagene, ‘
namely, X-rays, gamma-rays, EI; EMS and EO, and found that the agent wifh o
the most deviating mutation spectrum was EL It was found thet significant
heterogeneity between mutagenic agents existed for xantha, chlorina ahd
maculata types but not for chlorotica type. He found that EI induces very' |
high frequency of chlorina, albina and _chloroteécens types. However, the
frequency of xantha mutations was the lowest with EI. Further, radiations
induced high frequency of maculata type, while EO and EMS induced more of
xantha mutati‘ons.‘ He concluded that different agents may induce different
speetra and the differences are quantitative rather than qualitative. This was.
also confirmed by the studiee of Blixt et al, (1963), Blixt (1964b), and Singh |
(1988).
5. ‘- o Mutagenic effectiveness and efficieney

‘ ‘Mutage‘r‘li’c effectiveness is a measure of ‘the frequency of‘,n"l‘utetione

induced by & unit dose of mutagen, where‘ae, mutagenic effic‘ienc‘ypro‘vides an



-24-

idea of the pr‘oportioﬁ of the mutations induced fn relation to the total
biological damage measufed through le‘thality,' sterility, ete. ’I‘hé value of
any mutagen depends not only on mutagenic effeetiveness, ~but also Gn its
efficiency, or the mutation rate in relation to biological effects. Extensive
studies on mutagenic effectiveness and efficiency of varioué physical mutagens
have GLeen carried out by Konzak et al.(1965).

Blixt (1964) compared the effectiveness and efficiency of gamma-rays
and EI in pea and concluded that EI is more effective and efficient mutagen
than gamma-rays at optimal doses.

Monti (1968) found DES to be more efficient and effective mutagen
- thén x-rays in pea for both chlorophyll and morphological muta\tions. |

Debelyi et al.(1975) recorded the highest number of mutated families .
in pea after NMU treatment than with EI and gamma—rays; Gammaféys were‘
also found to be less effective than El and NMU in these experiments, Singh
(1988) compared the efficiency and effectiveness of NEU, EI and gamma—réys‘ .
in pea , and erranged them in the order, NEU > EI > gamma-rays. |

Sharma and Sharma (1979) found that NMU was almost three times
as effective as gamma-rayé in lentil. The efficiency of NMU was also
1.5-2.0 times as much as of gamma-rays when chldroﬁhyll, morphological
mutations, or both were considered together. |

DiXit‘ énd Dubey (1986a) reported tﬁat NMU and gamma-rays were |
equally effective for inducing chlorophyll mutations in lentil while NMU induced
more seedling ( viable) mutations; there was. no synergistic effect from combined
treatment. However, in ahother investigation, Dixit and Dubey (1986¢) foun‘d
NMU to be 2-5 times more eff}ciént than gamma—rayé.‘ ‘Their combined

treatments ‘were also more efficient than gamma—rays alone.
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Ravi and Minocha (198‘7)lr‘eported EMS to be more efficient‘a‘r‘]d ‘
effective than gamma-rays in lentil for the induction of chlorophyll and
morphological mutations.

Sarker and Sharma (1989a) compared the effectiveness and ‘efficiéncy
of gamma-rays, EMS, NEU and sodium azide in lentil. They found NEU to be
the most efficient and effective mutagen.

Nerkar (1977) studied the efficiency and effectiveness of gamma-rays,

NMU and EMS in Lathyrus sativus and concluded that both effectiveness and
efficieney did not have similar trend for a mutagen; The order of mutagens
on the basis of effectiveness was NMU > EMS > gammé—rays, whereas the
same mutagens were arranged on the basis of efficiency as gamma-rays =
EMS > NMU. Both mutagenic effectiveness and efficiency were higher at
low mutagenic doses. |

Mahapatra (1983) studied mutagenic effectiveness and ‘e‘fficiency
of gamma-rays, EMS, NMU and sodium azide ( low pH) in green gram. He
found sodium azide to be the most effective as well as efficienf mutagen.
However, Rathnaswam‘y and Kamalanathan (1978), ‘observed that for
both these parameters, gamma-rays were better than EMS,

Prasad (1972) compared the mutagenic effectiveness énd efficiency

of gamma-rays, EMS, NMG and MNG in Triticum durum and noted that

NMU was the most effective and a reasonably efficient mutagen. Desai
and Bhatia (1975) and Vo Hung (1974) found NMU to be superior to NEU
for both efficiency and effectiveness in @E‘_"l wheat, Ramulu (1970)“
observed highest mutagenic effectiveness at lo‘w‘.doses of EMS, NEU and
x—rays‘.‘ He found that mutagénic efficiency of EMS was higher ‘than that

of NEU, probably“d‘ue to high toxicity of NEU.
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Several studies have been eonducted in order to know the relationship
of efficiency and éffeetiveness with the mutagenic dose. Many studies have
shown that ‘among the monofunctional mutagens, methylating agents are more
toxic, hence can be used on‘ly at 10Wer concentrations. Ethylating agents,
being less toxie, can be applied at relatively higher concentrations to yield
more mutations at equimolar concentrations. The methylating agents have
been found to be more effective than ethylating mutagens (Minocha and
| Arnason, 1962, and Kamra and Brunner, 1977).

6. Macromutations

Those mutations which are easily identifiable on single plant basis
are termed as macromutations. A series of ‘phenotypic patterns in différent ‘
crop plants have been studied with regard to their genetic backgrounds in -
the last three decades. Several different phenotypic patterns héve been
discussed ( chlorophyll as well as morphological)‘, where each patterh has
a genetic background consisting of numerous genes and alleles with discrete
effects.

6.1 Chlorophyll mutations

The chlorobhyll‘ mutations are of very little applied value in plant
breeding, though conveniently used for estimating efficiency and effectiveness
of mutagenic treatments and also widely used as a fest system in experimentél
mutagenesis. They also have %mmense importance in horticultural and ornamental
~ plants. The speqtrum and frequency of chlorophyll mutétions have been studied
in‘lentil‘( Shar‘m‘a and ‘Sharma,“T979; Sarker, 1985; Dixit and Dubey, 1‘986&1,7 |
1986¢; ‘Rav‘i and Minocha, 1987; and Sarker and Sharma, 1989a), barley |
(Gustafsson, ‘19‘40,‘ 1947; Gaul, 1960; Konzak et al., 1965), soybean (I(féusse,

. 1983), wheat (Mackey, 1954; Chopra and Swéminathan, 1968), an‘d‘pea (Nilan, =~
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1967; Blixt ggﬁg, 1963; Blixt, 1968b, 1969b; Gattschalk, 1964; Sharma, 1965;
Mohan, 1983; and Singh 1988). |

Gustafsson (1941a) has givén wide classification of chlorophyll
mutations in barley. These classes were named as albina (A), viridis (V),
xantha (X), alboviridis (Av), virido-albina (Va), albo-xantha (Ax), tigrina(T)
and maculata‘(M). Most chlorophyll mutations are eas‘ily identified although
in several cases their full expression depends on livght intensity and temperature.

Tallenaar (1938) was the first to isolate a light green tobacco
mutant after x-ray treatment. This was one of the very few chlorophyll
mutants released for commercial cultivation. B

The number of genes responéible for chlorophyll mutations Was
caleulated by Gustafsson (1954) to be approximately 250-300 in barley. The
classification and terminology of chlorophyll mutations in Pisum were developed
by Lamprecht (1960) and Blixt (1961). They were of the opinion that a larg‘er‘_
number of genes control chlorophyll synthesis in pea than‘ in barley, which is
reflected in the wider spectrum of chlordphyll mutations Qbserved in pea.
Blixt (1972) grouped chlorophyll mutﬁtions‘ of pea in teén main types, viz.,
viridis, chlorotica, ehlorina, xantha, albina, variomaculata, variegata, marginata,
costata, and terminalis. |
6.2 ‘Morphological mutations

The mutations that can be identified either by naked eye or by
use of simple screening procedures, can be either lethal or viable. Blixt (1972)
has classified morphological mutations of pea on the basis of different plént
parts affected as follows: | | |
(a) - ~Plant height: tall and dwarf.

(b) °  Growth habit: compact, bushy‘énd PAMOSUS (ram)‘.“:
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(c) Stem structure: slender (le cry la ), fasciata (fa) and non-branching.
(@) Foliage: eircular stipule (cist) , reduced stipule (st), curly leaves,

waxless (wa, wb, wel, ete.), laciniata (lac), afllaﬁf acacia(tl),
higher number of leaflets, cripsa (eri), rog rogue, cabbage leaf (calf),
and leafy flower (lefl). :

(e) Pod: concavum (con, co), latus (lat) thick pod wall, small pod,
and beaded podsTp_v)_

(f) Seed: planatus (pla), corrugatus (foe), comprimere (com) ‘green‘
seed (i), and wrinkled seed (r).

(g) Reproductive period : early, late, and sterile.

Many mutants affecting morphologlcal features of lentil have been
induced and characterized. Sharma and Kant (1975) reported a "funnel leaf"
mutant in lentil. Sharma .and Sharma (1978) induced the morphologicél mﬁtéhts
in 1ent11 Dixit and Dubey (1986a) reported seedling ‘mu‘tants with curled‘lea‘f
apex, stunned growth, radicle hypertrophy, bi- lobed cotyledonary leaves, 2 'barrefn" :
leaf apex, folded leaflets and 'giant' seedhngs (rapid hypocotyl growth followed
by death). Dixit and ‘D‘ubey (1986b) isolated three interesting mutants in lentil;
one characterized by compact branching habit and redqged plant lheight and
leaf size; second characterized by d(varfncss (8-12cm against 28 em in controt),
reduced leaf size, 'increaséd' pod and seed nunﬂber and yield, and early
flowering; the third mutant was designated 'staggérihg mutant’, characterizéd
. by clos‘ely arrahged long branches spreading parallel to the ground“ for host of
their lengt‘h and finally turning upward with reduced branch and pod humbef,
leéf and leaflet size, days to flowering, internode length and seed yield. They
‘characterized ‘these ‘mutants in lentil obtained by gamma-rays and/or NMU
‘treatments of seeds of the cultivaf T36 (pinl< flowere‘d)- Dixit aﬁd Dubéy (1‘98“6d)
obtained two mu‘tants, albé; (white flowered) and tehdrillar; in lentil. Ra‘avi'and:

" Minocha (1987) induced a range of chlorophyll, and morphological mutants including
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dwarf, compacted and large leaflet types. Sinha (1988) isolated a dwarf mutant
(RPL-1) with gamma-rays in MZ‘ It bred true in M3 and M generations.- ‘ |
Similar r‘eports on macromutations affecting morphologlcal characters
are also avallable in other pulse crops and cereals. Pipie (1975) obtalned mutatxons
in two varieties of pea following DES and EMS treatment, which affected
internode length, thickness of main‘ stem, number of branches, shape and size
of leaves, flowers, fruits and seeds. Popova (1975) isolated 23 mutant lines
following seed treatments of five pea varieties with NMU, NEU and EI. Out
of the 23 mutant lines, 8 possessed economically valuable characters, such as,
early ripening, open flower, determinate growth, late ripening and three po‘ds‘
per peduncle. P‘opova‘(1979) in another e‘xperiment,‘ dbtained rﬁutaﬁts with
deﬁerminate growth habit, éltered growth period, lodging resiétant and higher |
number of pods per peduncle following seed treatment of garden pea with EIL
Gupta et al. (1981) obtained a dwarf mutant (MUP-1) with 23 days earliness over
the parent variety T 163. Singh (1988) also induced and characterized many
mutations affeeting morphological features bf péa. Patil (1966) obtained a true
breeding mutant with modified foiiaceous stipules in peanut. Nagada and

Bassett (1982) isolated a dwarf mutant with 5.5% outcrossing following gamma-

irradiation in Phaseolus vulgaris. Pande and Raghuvanshi (1988), using gamma-rays

and EMS in Vigna radiata, isolated a dwarf mutant in M, which was true bre‘éding

2

in MB' The mutant produces more pods per plant and‘seeds per podv, leading

to higher seed yield. The mutant matured one week earlier than the control.
Gustafsson (1965) reported a useful macromutan‘t‘ in barley where-‘plant

height and straw stiffness, the length/breadth ratlo and thlckness of leaves, and

ear den51ty were affected smultaneously Varughese and Swamlnathan (1966)

: ‘rectlfled‘ a solitary defect of grain ‘eolor‘ in wheat‘ varlety Sonora-64, wh1ch was

released s a new variety, Sharbati Sonara. Many useful dwarf mutants have -
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been isolated in wheat (Mackey, 1954), ocats (Frey, 1985), and‘ri‘ce‘
(Beachell, 1957);
7. Micromutations

Mutations‘ affecting minor genes that can be isolated and fixed dnly
by adopting biometrical procedures ére called micromutations (Swami‘nathanz 1964).
These can be identified and isolated in the form of increased variance at
progeny or population level in M2 and subsequent generations. The
mieromutations are of great importance in plant breeding.

Although, the term "polygene" was first proposed by Nilson-Ehle
(1913), the significance of micromutations or polygenic mutations in evolujti‘o‘ﬁ
was recognizéd and stressed by Béur (1924), Stubbe (19859), énd others. Mqrgah
(1912) reported mu‘ta‘tions with minor effeets in Drosophila. However, in‘ |
plants, micromutation was first reported in beans by Johannsen (1913) and
the applied value of‘ micromutations in plant bréeding was émphasised by -
Knapp (1950). The polygenic thedry of Mather (1941, 1943, 1954 ) involves
two different genetic units for the phenotypie determination of traits in
any organism: the "oligogenes"”, responsible for discon‘tinubus variation and
the "polygenes" responsible for characters with continuous variation.‘ Any
guantitative trait is a result of joint action of many single genes, whose
individual contribution produces small effect at the phenotypié level, and "of‘ ‘
thé environmental influences. Gaul (1965) was of the view that mieromutatibns
“are useful in plant breeding for two reasons: (i) they m‘ight ocecur more freqﬁenﬂy ‘
than macromutations, and (ii) t‘heyl often do not affect vitality adversely aé |
macromutations, because minute changés of physiblogieal nafure are less. »
drastié. |

o The micromutations in plant breéding were best utilized in the
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extensive and poineering work of Gregory (1956, 1961, 1965), Gaul (1961,
1965), Scossiroli (1965),‘ Brock (1965b, 1967), Swaminathan (1969) and
Lawrence (1968, 1975e). Gregory (1967) demonstrated tha"c‘mutations
affecting a quantitative tr’ait' of a erop can be induced by irradiation

and phenotypic selection can accumulate positive mutations to pr’oducé
better strains. Gaul (1965) treated seeds of four barley varieties with
X-rays and demonstrated that the reduction in meah yield and increase
in genetic variance depend on the dose applied. He furthér reported that
even though the major part of induced genetic variability is in‘ negative
direction, a few lines surpassed the highest yielding control.

A few successful attempts have been made to induce polyg‘ehic
mutations in pulses. In lentil, Sharma (1977) reported rincrease in variance
| for days to‘flowering,. number of branches, pods and yield per plant in |
M2 generation following gamma-rays and NEU trea‘tments. However,
variability for all thesé characters along with 100-seed weight increased

further in M ‘generation, indicating the release of additional variability.

3
Ravi et al. (1980) observed that mean of different quantitative characters
of the treated population did not increase but the ‘variance increased
significantly. ‘He noted greater .selection advance for plant height, number
of peds, primary branchés and yield per‘ plant in M, and M, than in M2 “
gen‘eration. Kalia and Gupta (1989), following gamma-ray treatmenté;
induced sufficient variation‘ in various polygenic traits in both lentil types
(bold and small seéded). The polygenic traits studied were seed yield, g

biclogical yield, harvest index and number of pods per plaht,‘ 100-seed weight,

plant height, time to 50% flowering and time to maturity., The macrosperma

‘type was found to be more radiosensitive. Sarker and Sharma ‘(,1989'b)"tr'eated ‘
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seeds of cultivar, L3991 with gamma~réys, EMS,‘ NEU and .sodium azide.
They reported higher variance for the characters studied viz., days to
flowering, primary branches, peduncles and pods per plant-,‘ seeds per pod,
100-seed weight and seed yield per plant. Seeds per pod and 100-seed weight
showed less variability in M2 generation. Heterogeneity was observed amo'ng
different M2 families in each mutagenized population. On the basis of CV
and mean, mutated families were identifiéd as promising for multiple
characters. |

Abo-Hegazi (1973) treated seeds of five legﬁminous .crops with
gamma-rays to study the nature and magnitude of variation induced in l\/I1 |
generation. He noticed that CV increased for days to flowering, pod number,
Branches, plant height and seed yield per pian‘t.

Khan (1970) irradiated seeds of gram with gammé*rays and reported
mutations affecting plant height, branching, leaf éize,pod size, and disease

resistance. Mandal (1974) reported significantly higher variability (CV) in

2
plant, and seeds per pod. Muzeeb (1974) irradiated gram seeds with X-rays

treated M, population for plant height, plant type, 100-seed weight, pods ‘perf
and recorded increase in variation for some morphological traits as well as
yield components. Similarly, Rao (1974) found signifi¢ant increase in overall
inter- and intrafamily variances for seeds per pod, pods and yield per plant

in chickpea. Shakoor and Haci (1980) noticed increased variance for quantitative
characfers in 1\42 generation. Mutants selected in I\/I2 generation‘ for grains

per pod and pods‘ and yield per plant were true breedingin M& generation.
Kharkwal (1980) found mahy pr‘omising families in IVI2 generation of gram
having:higher CV and mean for severai characters of agronomic importanc‘e.
M’any of fhe families selected fn M, wefe confirmed in Mg‘on the basis‘of‘

high character mean.
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Rajput (1974)‘ir‘radiated seeds of Vigna radiata with gamma-rays

to study the nature and magnitude of polygenically induced variation. He
found a shift in mean value following irradiation toward positive as well

as negative direction for all the characters except pod leng‘th, which reméinéd
unchanged. NaLampang and Janon (1982) recorded significant increase in
variability‘for branéhes and pods per plant, but plant height decreased
significahtly over the control in M2 generation of black gram. Bhadra

(1982) reported significant increase in variability for all the four characters
studied, viz., number of bearing bunches, pods, seeds and yield per plant

~in blackgram. He selected many families in IVI2 with higher CV and mean

in comparison with the highest values in the control. Many of the families

with higher mean were confirmed in M, as promising progenies for different

3

characters. However, the CV values for all the traits under study. incr‘ea‘sed..]
Tickoo énd Jain (1980) in mungbean reported increase in the overall

and interfamily ‘variance for six polygenic traits, viz., days to flowering,

seeds per pod, pods per plant, 100-seed weight, yield pér plant and harvest |

index in M2 genération following t‘reatment with EMS, HMU, HA and gamma—rays’.

They observed decrease in overall variance but increase in interfamily variance

in M3 and concluded that selection in M2 is as effective as in M3 and based :

on this, they isolated promising families in l\/l3 for maﬁy traits, parti¢ular1y‘

yield and pods per plant. Shakoor and Hag (1980) also observed higher

variability (CV) for pods per plant, seeds per pod‘and 1000-seed weight in

Mz fqllowing mutagenic treatments. Sharma and Haque (1983) reported

similar results for pods per plant, pods per cluster, grains per pod, and“

- grain yield per plant with gamma-irradiation of two varieties of mungbean,

Rao (1974) found that the pattern of indueed. variability provides
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considerable scope for selection within and between M2 families iﬁ pigeﬁnpea.
As a result, Rao et al. (1975) selected plants in pigeonpea with hi‘gher harvest
index by treating seeds with gamma-rays, ‘EMS, NMU' and HA. Nadarajan’ .
et al. (1982) reported that DES was more effective in increasing the pod | )
number and seed size than gamma-rays.

Some information has also been generated on induced polygenic
mutations in soybean. Raut EEEL (1982) isolated several mutants with high
yield, early maturity and determinate growth habit following treatment with
gamnma-rays, DES, El and EMS. Upadhyaya and Singh (1979) recorded higher
Qariability for all quantitative characters and ‘shift in mean in bo“th‘ directions =
following mutagenic treatments. Baradjanegara‘ané Umar (1982) o‘bs‘erved
higher vafiance for maturity, 100-seed ‘weight and yield per plant.,‘leadihg to
effective selection for these traits in l\/I2 generation,. Rajput‘énd Siddiqui
(1983) found that the seeds per pod,l100-seed weight and seed yield pér plant
decreased in irradiated pdpulation but the mean number of pods per plant -
shifted in both directio‘ns;

In groundnut, Sarma (1975) observed significant increase in overall
variance and interfamily variance for various gquantitative characters and
concluded that pbd weight, seed yield arid number of secondary branches |
gave higher response to nﬁutagenic treatment. Ojoma and Chhedda (1972) -
observed 1.2 to 8 times increase in genetic variance in M3 of irradiated:‘ |
cowpea over control even wifhout much change in character mean, Singh
(1988) observed higher“va‘riance for days to flowering, pods per p‘la‘nt‘, seeds
per ‘pqd, 1QO-Seed weight and yield per plant leéding td efféctive selection

2

for these traits in M, and M, génerations.
A large number of useful mutations have resulted as a result =~
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of extensive work on induced polygenic y'ariation in wheat (Bhatia

and Swaminathan, 1962; Borojevic, 1965; Scossiroli, 1966a,b; Scossiroli "

et al. 1961; and Palenzona, 1963, 1964), barley (Gaul, 1961b; Ehrénbérg’
et al.,, 1965; Goud, 1967a; Nilan et al., 1975), rice (Oka et al., 1958; Kao
- et al.,, 1960; Matsuo and OnozaWa, 1961), oat (Krull and Frey, 1961; Frey,
1965), and maize (Gardner, 1968, 1969; Lonnquist et al., 1966).

Palenzona (1966) studied the progress of selection for thfee ‘
quantitative charaeters in wheat and concluded that selection in MZ is
less effective than in M, generation. Orlyuk (1972) and Maryushkin et al,
(1977) found NEU to be the most effective mutagen in indu‘cing ‘genetic‘
variability for polygehic traits as compared to gamma-rays and EI in wheat.
Similar observations were reported by Min‘ocha‘e_t al. (1970). Gill et al.
(1974) induced polygehic variability by seed treatments with EMS and
gamma~ rays. Théy studied variability in M3 and M4 generations and -
f‘ound that the mean values either generally remained unaliered or shif‘téd‘ ‘
in negative direction. In rfce, Oka _ei}a_l. (1958) showed that mutations
with positive and negative effeects in relation to the control 6ecur with
equal frequency, and lower doses generate more variance. Jana and Roy |
(1973) observed considerable increase in variance for six charact‘ers‘ in rice
treated with EMS and EO. They observed shift in mean values towards fhe
desired direction and found‘selection to be more effective in M3 than in
M2 generation following gamma-irradiation. Tiwari et al. (1983) found in
millet that variance for yield and its components increased significéntly
in M2 and M3 generations, |
| Donini e_t‘g]_.‘(1984) reviewed the work done on mutati‘on' breéding“ ;

inj“ different crops. They reported that, till 1982, 245‘impr0\}e‘d eultivars of |
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seed propagated erops have been déveloped by induced mutagenesis,
6ut of v*vhich 146 ‘are direect mutants and the remaining developed by
utilizihg induced mutants in hybridi‘zaltion programmes. ‘Simi‘larly, 254
improved cultivars of vegetatively propagated crops have been evolved
using this technique. |

The mean values of quantitative traits in the M, generation

1
obtained from irradiated gametes (pollen) or dormant embryo ‘(dry seeds)
are generally lower than in untreated controls ( Secossiroli, 1966a, b;
Scossiroli et al, 1966; Heringa, 1964; Brock, 1965b, 1967; Gaul, 1965;
Gill gig_l_.; t1974; Kulshrestha and Singh, 1983; and Rajput and 'Siddiqui,
1983). However, the difference bétween means of treated and untreated
populations decreases in subsequent generatibns (Gardner, 1969). In a-fe\w
instances, increase in character mean‘ after mutagenic treatments has also
been reported (Sharma and Saini, 1970; Enken and Sidorova, 1970; Kharkwal,
1980; Sharma and Haq‘ué, 1983), or it remains unaltered .(Matsud ‘and
Onozawa, 1961; Ojomo and Chheda , 1972; Rajput, 19774; and Ravi
et al,, 1980).

Dose effect on ‘the magnitude of induced polygenic mutation
was r‘epqrtéd (Singh, 1988); On the one hand, it has been suggested that
the dose ‘Causing maximum variability in one character was often not
equally effective fof other ‘chat’act‘ers. Glaul (1965), on the other hand, |
fouhd that the reduction in mean yield and increase in genetic variance e
depénd on the dqse a‘ppl'iec‘i.‘ Generally, lower doses have been found
to generate grea‘t‘er‘ variability for polygenic characters (Oka _e:c_gl_.l,195:8;t"* a
Kao, 1962; Scossirali, 1565; Gill et al.,, 1974; and Ravi e_tgl_, 1980).

However, in some studies, no relationship was found between the extent
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of induced variatibn and mutagenic dose (Sharma, 1977).‘ Alse, some
éharacters were reported to give better response to mutagen‘icvtreatments‘
than others (Sarma, 1975; Sharma, 197’7; NaLampang and dJanon, 1982;
Tieckoo and Jain, 1980; Enken and Sidorova, 1970; Sharma, “1986; Kalia
and Gupta, 1989; and Sarker and Sharma, 1989b).
8. Heritability and genetic advance

It is the degree of correspondence between the genotype and
phenotype, i.e. the proportion of genotypié variance to the total phenotypic
variance. The change caused by selection, which is the change in the mean
gendtypic level of a population, is referred to as selection a‘dvance‘. High‘ .
heritability coupled with high genetic advance indicates the expected o
effectiveness of selection for the character under consideration. o

Very little information is‘availabl‘e on‘pulse crops ‘r"ega‘r'ding
heritability and genetic advance under ‘mutagenic treatments. In lentil,
Sharma (1977) recorded high‘er GCV for all the ‘quantitative characters
studied except seed size in Mz, suggesting that a part of the vgriability
recorded is genotypic which increased heritability and genetic advance (GA).
'I‘hé GCV, heritability (hz) and GA remained unchanged for days to flowering,
but these parametérs dispiayed a general increase for number of branches |
and pods per plant, seed size (1000-seed weight), and seed ‘y‘ield“ pef plant,
Ravi et al. (1980) reported high heritability for pods per plant, folloWed |
by seeds and primary branches per plant. However, GA was hi‘gheét for
number of seeds per plant and pods per _plant.“ They also reported highé‘r"
gain from se‘lection for various yield contributing traits. Dixit and Dub‘ey‘

(1985) ‘répor'ted the highest heritability for days to flowering while ‘genetic o
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advance was highest for seed yie‘ld/plant Sarker (1985) studied heritability

and GA in M and M, generations of lentll and observed hlghest h2 for

3
number of peduncles per plant, followed by days to flowering, 1000-grain
weight and yield per plant. However, GA was highest for numb‘er of pods
per plant, followed by peduncles and seed yield per plant in IVI2 generation.
In I\/I3 generation, the heritability and GA estimates were higher than in M,

generation, but the trend regarding various characters was similar in ‘both

generations. Kalia and Gupta (1989), in both microsgerma and macrosperma

lentils, studied h2 and GA in M3 generation of irradiated material. He

reported high h2

and GA for most of the characters studied and found |
| macrosperma type to be more -radiosensitive. |

In peas, Kaul (1978) studied plant helght days to maturity, seeds
per pod, 1000-seed weight, yield per plant and seed protein contant in two .
mutants of pea variety Bonneville and three mutants o‘f Kashmir Local. He
found high estimatés of heritability for yield corﬂponents and maturity periéd.x

2

Mohan (1983) estimated h” and GA in mutagenized population and recorded

high heritability for pods and yield per plant, and demonstrated high response
9 3 generations. Singh (1988) also -
reported high h2 for days to flowering, followed by 100-seed weight and seeds

of these characters to selection in M, and M,
per pod, and high genetié advance (GA) for pods per plant, followed by yiéld o
per plant and seeds per pod. For the remaining characters, the _estimates of“
h2 and GA were comparatively lower.

In mungbean, Ehan (1983) reported hlghest hemiablhty for gram
yleld in the combined treatment (20 kR +0.01% HZ) as compared to

irradiation or hydr'azme (HZ) alone, Later, Khan (1984) studled the effect

of several mutagemc treatments on herltablllty and GA for quantltatwe tralts
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in Mz and I\/I3 generations and reported highest heritability for number of
fertile branches in M2 generation, but the genetic gain in M3 was maximum .

for pods per plant. Bhamburkar and Bhalla (1983) estimated h2

and GA in
mutagenized blackgram populations for three generations and concluded that
selection gain was conspicuous for all the yield contributing traits following
HZ treatment. They also suggested that direct selection can be advantageous
for séed size after ‘HlZ‘treatment individually as well as in combination with
gamma-rays. Similar observations were reported in gram by Singh g_g _ai.ﬂ
(1'973). Pathirana (1982), on the other hand, observed high h2 only for
100-seed weight in groundnut in gamma-irradiated population, the nther a
characters showing more or less equal and moderate estimates,

OKa et al. (1958) studied heritability of mény polygenically
controlied characters in irradiated populat‘ion of rice and recorded h‘igh‘ h2
for some characters. They further pointed out that the populations developed
after treatment w1th hwher‘ dose tend to give higher h2 value, Salm and
Sharma (1970) found higher estimates of h and GA in combmatinn o‘f’
hybridization with irradiated than irradiation alone in rice.‘ Jana and Roy
(1973) studied the effect of EMS and EO on the heritability of six characters.
in rice. They noticed lower h2 value than the predicted h2 estimates in M3 |
generation, | o

In wheat, Orlyuk (1972) found higher h? values for gnains‘ per
' spike, followed by grain yield and 1000-seed weight. Similar obs‘,ervations‘
were reported by Sichkar et al. (1975). Gupta and Virk (1972) observed

increase in the additive and nonaddltlve components of vamance followmg

lr'r'adlatlon The GA reahzed from selection for yleld was more than expected
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in early generations. Kassem et al. (1976) studied the effect of mutagenic
treatments on h2 of specific traits and found them to be unique for each

2 tended to be higher in the EMS treated population as

parent. The h
compared to irradiated in both varieties used in the study. Mathur (1987)
found high h2 for yield components in irradiated wheat population, such

as, number of spikelets and grains per spike. Moreoyer‘, irradiation of F1

2 estimates for spike length in addition

seeds in three crosses enhanced the h
to number of spikelets per spike and number of grains per spike. These
results were also reflected in expected‘genetic advance computed for various:
populations.
9. Early generation selection

| Conventionally it has been suggested that selection' for polygeniyc
traits should normally be practised in I\fI3 generétion when the ‘magnitude
of variability is expected to be highest. Attempts have élso been made;
to explore the possibility of selecting for‘ polygenic variability in earlier
(MZ) gene‘rati‘on with & view to economise time and effort in selection.

A few attempts have been made to exercise selection in M2
generation in the past (Brock and Latter, 1961; Brock and Andréw, 1965;
Bhatia and Van der Veen, 1965; Shakoor et al., 1978; Mohan, 1983; Sarker,
1985; and Singh, 1988). However, Gupta and Swaminathan (1967) first suggested

that different M, families should be analysed for the mean and variance

2
of the character under consideration and the families showing higher mean
and greater variance than the highest in the control should be selected,
Similarly, Rao (1974) observed that considerable scope exists for selection

2

have demonstrated tha‘t‘selection in ‘MS is more effec‘tive‘ than in l\/I2 S

between-and within M, progenies in gram. However, some experiments



_41...

(Palenzona, 1966; Jana and Roy, 1973; and Kalia and Gupta, 1989).

A comparison of studies on selection in M2 and M3 genera‘tions
revealed‘that in many cases the two gen‘era‘tions may not differ much in -
respect of selection response in lentil (Sharma, 1977; Sarker, 1985), mUngbéan
(Tickoo and Jain, 1980; Bhadra‘, 1982), gram (Rao, i974; Kharkwal, 1983),
peas (Mohan, 1983; Singh, 1988), and wheat (Scossiroli, 1968; Mathur, 1987).
However, Sharma‘ (1986) reviewing the work on muta-tion breeding in
different crop plants, suggested that promising progenies can be identified
on the basis of mean and variance.

2

10. Screening techniques for i‘nduced polygenic variability using
different mutagens ‘ ‘

with high degree of confidence in M

"l‘he main problem associated with the improvement of polyg“eni‘c‘
charactérs through mutational approach is non-availability of pijecise and
efficient screeni'ng techniques to spot these mutations which occur With
lower frequency in a large population. After the work of Brock (1965a, b,
1967), it became a normal practice to advance only normal looking M2 ‘
plants to 1\43 géneration and apply the first dose of selection not earlier
than l\’13. This results in increased ‘volume of nonmutated material“and also
reduction in the probability of isolation of promising variants.

Oka et al. (1958) adopted bulk population apér‘oach to isolate . :
promising lines for heading daté and plant height in mutagen-treated
popqlétion in rice. They advanced material upto M4 generation and applied‘
the first dose of selection based on individual piant only invM5 gene“ration.
Thls way, they ’were able to isolate some promising lines fbr differen‘t
~ polygenic traits. Papa et al. (1961) practised selection for 5 polygenic

‘ltraits“in MB‘gene‘ration.in soybean and used the 10 high yielding‘prégenies“j
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from each treatment for further evaluation. Selection for high yield
was found effective in one variety but not in the other.

Borojevie (1965) studied the selection response of number of
kernels per spike in wheat. He isolated 10 lines from each treatment
in'Mz at random and from each lihe (intrafamily) spikes with the highest
number of kernels were selected. Similar procedure was followed in M3
and I\/I4 generafions where five spikes were taken randomly from each line.
This selection was effective for number of kernels.

Palenzona (1966) attempted selection for many polygenic chabaéters ‘
of wheat in M2 and M3 generations and found selection in M, to be

3

more effective than in M Scossiroli (1968) on.the other hand, did not

9°
observe any difference in selection response between M2 and I\./I3 generations.
Gupta and Swaminathan (1967) studied selection response for

number of secondary branches in Brassica compestris var. toria. They

selected 1\/[2 families on the basis of plot means and variance. The‘
families having higher plot mean and variance in Mz generation were
selected and advanced to M3 generation. The same proce’dure of selection
was applied in M3 élsoto identify promising familieé and ultimately
succeeded in isolating many promising lines.

According to Gaul et al. (1969), only normal looking plants
from M2 generatiqn should be advanced to M3 generation for selection
for higher yielding polygenic mutations. ‘Selec‘ﬁon was applied for the
first time based on the results of M4 genération for yield. Eight M_’i‘
families from’”early selection and four families :fforh ‘late‘selectjion‘weljé
compér'ed in MS' It was fqund‘ifhat‘ moré“high‘yie‘lding‘ MQtanté were

isolated from early selections.
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Ojomo and Chheda (1972) practised selection for grain yield on
progeny basis in IVI2 generation in cowpea. Equal number of plants were

selected from each treatment in M, to raise MS generation. Twelve most

2
promising lines were selected from each population b‘ésed on the M3 performance.
These selections were tested in yield trial in lVI4 generation. Many of these
selections were found superior over control. |

Jana and Roy (1973) studied response to selection for many
polygenic traits, viz., tiller number, panicle length, number of sterile and
filled grains per panicle, 100-seed weight, and grain in M2 and M3- generations
“in rice. Only those lines were selected and advanced to M3 generatiqh
which showed significant deviation in mean values towards positive direétion
from the control. Seeds from each IVI2 family were b‘ulked‘by taking equal |
number of seeds from 50 random plants. A random sample from this bulk
was taken to raise M3 progeny. Maﬁy promising lines with higher mean valué
_ than control were detected following selection in IVI3 after EMS‘treatmeﬁt.
Gill 9_t*§_l_.. (1974) selected for heading date, 100-seed weight, and |

tiller number and yield per plant in M, and succeeding generations of barley.

2
In IVI2 generation, the plants were s‘e‘lected randomly. In M3 generation, thé |
top 5% progenies were selected and advanced to lVI4 generation; Repeating ‘
the samé procedure in M4 and MS’ a number of early and high yieldiﬁg lines
were isolated. Shaf‘ma(1977) studied the selection response in M, and M,
genérations in lentil. The selection in I\/I2 as well as MB based on‘high

mean and high variance lead to the isolation of promiging families. He

observed that the selection response in M, and M3 generations varies from .

2

one character to another. . The response to selection in positive dirﬁe‘ctioﬁ:

in M, was gt“eater‘” for number of branches, pods and ‘éeed“‘yieldi per ;Plantl
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Ravi et al. (1980) studied Sélec‘tion efficiency for four polygenic
traits. In M, generafion, raised from 10 normal looking»M2 plants in’ ‘each‘ )
treatment, the top 10% progenies were selected on the basis of higher |
character mean than control. A number of lines w’ith desired characters
were advanced from IVI3 generation to raise 1\/14 generation, and suggested
that selection should be started from M3 generation for improvement in
guantitative characters.

In mungbean, Bhadra (1982) practised inter-and intrafamily sélection
in M, and M v

2 3
promising progenies were identified on the basis of higher CV and 'mean;

generations for many polygenic traits. In M2 generation,

From each M, family 20% plants were selected to raise 'M3 families. In -

2

MB’ only thos¢ families were selected which showed higher méan‘, but’
not CV than in control, ‘as intrafamily variance is expected to decrease in “
Mg' This study lead to the conclusion that selection for yarious polyg‘enic“
traits in I\/I2 is as effective as In 1\43.‘ |

Zakri et al, (1983) studied the selection response for matur'ity“

period, lodging resistance and yield per plant in 1VI2 and M3 generations in

soybean. In the‘ procedure adopted, they took two pods from each IVI1
plants'an’d' bulked which gave rise to separate Mz‘families. ‘Selection of -
‘M3 lines was carried out for yield, maturity period and lodging‘bésistahéé,' :
for which several lines were isolated.

Kharkwal (1983) suggested a selection technique for iso‘la‘ting

promising families in M, and succeeding generations. Aeccording: to him, -

2
the M, families of greater interest are those where the coefficient of
variability (CV) has increased and simultaneously the mean value for the

particular character has either increased or at least remained unchanged
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in relation to the contfol. The other criterion was selection of the 5%
progenies on the extreme side with positive variability of the frequenc‘:y
~ distribution curve. The effectivenss of this scr'eening. technique for
micromutations was confirmed by the fact that a large number of superior
micromutants with higher mean than control were isolated. |

Mohan (1983) studied selection efficiency in M, and M, generations
in peas. He also proposed that selection in M.‘Z should be based on higher
mean ‘and variance than in control. The selection response was found to be
character specific and directly associasted‘ with the genetic variability existing :
- for a given trait. The‘extent of variability for polygenic traits in :M:3 -
‘populat‘ions derived from the progenies segregating for macromu‘tatio‘ns in
M2 generation was found to be 1.4 to‘3.2 times as high as in the unselected
‘ I\fJ3 material raised from normal looking lVI2 progenies. The character means

in the macromutational M3 populations were generally not affected adversely.

Sarker (1985) studied selection response for many polygenic

generations of lentil, and suggested that in M‘2

characters in M2 and M3

generation, promising families should be selected on the basis of higher

CV and mean than the highest valdelrecorded in the control for the Charactef'

under consideration. In each progeny, two best 1odking plants were carried_

forward from M, to raise IVI3 generation. In Mg, the main selection criterion
was higher ni.éan than highest value in eontrol so as to identify‘ promising H

families7 He isdlated mény promising families ‘with improvement in multiple

- characters. 'In peas, Singh (1988) followed the same procedure as Sarker

‘(1985) but with different number of plants selected. From each progeny,
three best looking plants were carried forward from. MZ‘to raise Mg,

generation.
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Mathur (‘1987) used higher mean and variance as the criterion
for identifying promising families in 1\/12 generation of breéd wheat. ‘In I\/I3
also the same criterion was used to confirm the pr-.omising progénies; He
isolated many progenies with higher mean value for ali the polygenic
characters studied, ineluding grain yield per" plant.

It appears from the above presentation that there is a definite
scope for initiating the selection procedure in earlier generations. The
technique of identifyihg the suspected promising plants or progenies needs
to be perfected so as to increase the efficiency of selection, reduce thé
- burden of carrying forward unmutated mass of plants,and save time and

effort.



MATERIALS AND METHODS

The ihvestigation reported was conducted at the Division of Genetics,

Indian Agricultural Research Institute (IARI), New Delhi, during 1985-1988,

1. MATERIALS
1.1 Seed

The experimental material was the seed of a moderately- bold seeded
macrosperma variety of lentil, Precoz Selection (PS) of IARI ;)rigin, which was
obtained after selection from Precoz, a macrosperma lentil originating frdm |
Northern Argentina, received through ICARDA (Ace.No. ILL—4605) in the .
‘Ihternational Summer Nurseries of 1982.

- The other bold seeded varieties‘of the mierosperma group, L4076 '
and Sehore 74—3(874—3) were used as checks for comparison of yield‘in M3
generation. The variety L4076 was also developed at IARI, New Delhi, and
is suitable for cultiﬁation in NWPZ and CZ. The variety 874-3 was develop’ed

at Sehore, Madhya Pradesh, and is suitable for cultivation in CZ.

1.2 Mutagens
Three mutagens:‘one physical, gamma-rays, and two chemcials,
ethylene imine (EI) and N—nitrdso—N—ethyl urea (NEU), were used for seed

treatmeént. Sources of the mutagens and their mode of action are given in |

Table 1.
2 - METHODS
2.1 Mutagenie treatments

Mature a1r—dr1ed seeds with about 10-12% mmsture content were used
for mutagemc treatments The detalls of the mutagemc treatments are glven

in Table 2.‘
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Table 2. Mutagens and their doses (concentrations and durations)

Mutagen Dose No. of seeds ‘ Duration Treatment

treated ‘ condition
Control Plain 500 6 h ‘ Wet
water
Gamma-rays 5 kR 500 ‘ 1 min ‘ ‘Dr'y
10 kR 1000 2 min Dry
20 kR 1500 4 min Dry
El 0.005% 500 ‘ : 6h Soaking (400 mD)
0.01% 1000 ‘ 6 h . Soaking (500 ml)
0.02% 1500 6h Soaking (600 ml)
NEU 0.005% 500 | 6 h Soeking (400 ml)
0.01% 1000 , 6 h | Soaking (500 ml)
0.02% 1500 6 h Soaking (600 mi) -

2.1.1 Physical muvtagen‘
Only one physical mutagen (gamma-rays) was used. The facility of

GOCO) installed in the Division of Genetlcs, IARI], New Delhl,y

Gamma Cell (1930 Ci
was  used for seed irradiation. Seeds of the test variety PS were 1rrad1ated.
with gamma-rays at the dose rate of 5 kR/min, using 500, 100'0‘ and 1500 seeds

for 5, 10 and 20 kR doses, respectively.

2.1.2 Chemical mutagens .

Ethylene imine (EI) and N-nitroso-N-ethyl urea (NEU) Were the two
| monofun‘ctiortal ‘alkyliating‘a‘frents wused in this study. Samples of 500 1000 ‘and‘
| 1500 seeds were soaked in freshly prepared aqueous solutlons of the respecti

‘concentratlons of each mutagen for 6. h at 21°C w1th constant mtermrnltten
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stirring at hourly intervals. Thenafter the seeds were thoroughly washed under
running water to remove the superficial mutagen from seed surface. The seeds
were sown in the field immediately after treatment, whereas seeds soaked in

plain water for 6 h were used as control.

2.2 Experimental methodology

This investigation was extended over three cropping seasons. During
first season (1985-86), I'\/I1 was raised. In second (1986-87) and third (1987-88)
seasons, MZ and M3 generations were raised. All t‘hree generations were grbwn
in well prepared .land at the Division of Genetics, IARI, New Delhi.

The experimental mater{ial in M1, M2 and M3 generations was handled

as described below.

2.2.1 | M1 generation

The M, generatidn was planted during winter (Rabi) ‘of 1985-86, Thé‘_‘
control and treated seeds were sown in 4 m long rows with 30x5 c‘m‘ spacing.
The reéommended agronomic and cultural practices were followed to raise a

good crop,

2.2.1.1 Observatidns recorded in M1 generation
The ‘following IVI1 parameters were recorded to estimate the mutagenic :
damage, | |
i) Germination
The emergence of coleoptile at soil surface was taken as an indication |
of germ‘ination. ‘The number of seeds germinated was re‘c‘ordéd‘,QO—ZS dgys after
sowing to determine ‘germinati‘on percentage,
‘(‘ii) . Plant survival .

Plahtmsur‘vival was defined as a pla‘n,t" reaching fna‘turity and prbdﬁéing) h
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seeds. The survival percentage was calcﬁlated as the proportion of plants
surviving till maturity out of the total number of seedlings ‘germinated.
(iii) Plant fertility

The plants surviving in different treatments, including contf‘ol, wefe
harvested and threshed individually, and their seeds counted. Seeds per plant
in different treatments were estimated by dividing the total number of seeds
by the total number of plants in a particqlar treatment. Finally, relative plant
fertility was computed by dividing the seeds per plant in a particular treatment
by that of the control multiplied by 100. |
(iv) Leaf aberrations (a-sectors)

The term leaf aberratioﬁ is used as a name for the deviating areas
in the form of spots or sectors on the foliage, which appear as 4 re‘sul‘t of
mutagenic treatment. After seed treatment, many small leaf aberrations ‘
(called a-sectors) are discernible in the first leaf, and thereafter their humber
decreases while their size increases with eacﬁ consecutive leaf (Blixf et al.,1964).
Therefor‘e, observations on leaf variation were recorded frbm germinatibn to |
4-5 leaf stage of the plant. The entire material in each treatment was |
¢lassified into two groups on the basis 6f a-sectors intensity henceforth called -

high and low seedling damage.

2.2.1.2 Harvesting of M1 generation

The M 1 generation was harvésted on éingle plant basis. The plants
in each treatment, grouped on the basis of leaf aberrations, were further
classified on the basis of fertilify (seeds‘pe'r plant). ‘Thus, each treatment was

divided into four groups.

() | -~ Low seedling damage and Jow fertility reduction (LL)

(i) - High seedling damage and low fertility reductign®|

T-5399
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(iii) Low seedling damage‘ and high fertility reduction (LH)
(iv) High seedling damage and high- fertility reduction (HH)
From each group, plants were taken to raise the M2 generation‘.

The progeny of each individual M1 plant constituted éne MZ family.

2.2.2 M2 generation

The individual IVI1 plant progenies were sown in the field in separate
l\'I2 progeny rows during rabi, 1986-87. The spacings betwéen rows and plénts
were 30 and 5 cm, respectively. The recommended agronomic practices and

plant protection measures were followed during the entire crop season. “

2.2.2.1 Observatibns recorded in M2 generation
(A) Macromutations
) Chlorop!lyll mutations

All the treated as well as contfol pfogenies were screened for
chlorophyll mutations from emergence tili the age of 4 weeks., The identification |
and classification procedures prbpbsed by Lampfecht (Blixt, 1961, 1972;‘Yarnell,
1962) for pea, were followed. The frequency of chlorophyll mutations was

calculated as percentage,of mutated progenies/plants.

| (if) Morphological mutations
.Throughout the entiré growth périod, all MZ progeﬁies were examined
several times to detect viable mutations affecting various morphologiealr
attributes. The frequency of morphological mﬁtation; ‘was also calculéted |
as for the chlorophyll mutations.
(iii) ~ Muta‘tig)n‘ frequency |
| The frequencies of ”chlorophyll and rﬁorphological .mutati‘Ons were

estimated as follows; =
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(a) M2 family basis (percentage of segregating M2 progenies) |
. _ No. of mutated progenies ‘
o —
Mutation frequency (%) Total MZ Drogenies x 100
(b) M2 population basis (percentage of mutated M’Z plants or mutants) |

No, of mutants
Total I\/I2 plants

Mutation frequency (%)= x100

(iv) Mutagenic effectiveness and efficiency
| Mutagenic effectiveness is a measure of the frequeney of mutations
induced by a unit dose of mutagen, while mutagenic efficienéy gives an idea
of the proportion of mutations in relation to the total biological damage ‘measur‘ed‘
through lethality, sterility, ete. -
The ‘parameters of mutagenic effectiveness and efficiency weré estimated
by the formula suggested by Konzak et al. (v1965). o
(a) Mutagenic effectiyeness = Mf/te or Mf/KR
(b) Mutagenic efficiency = ME/S
Where, Mf= Percentage of M2 families‘segregat‘ing for mutétions
(chlorophyll+ viablé‘ morphological). |
t= Duratiori of treatment with echemical mutagen, h
e = Concentrat‘io‘n“of chemical mutagen, % |
kR= Kilo Roentgeh of physical mutagen

S = Sterility in M., %

1°
(B) Micromutations |
 Observations were recorded on induced genetic variability fdr eight
quantitative characters of economic imp‘ortan‘ce‘. Only families with normal
looking plants were i\neﬁjded‘ in the study. Those famili“es which were shoWing -
‘segregatioﬁ for macromutations {(ehlorophyll and morphb‘l‘o‘gi‘cal) were,tréated

as a separate class. Five normal looking p‘lants“from‘ each M, fa;mil‘y‘that‘ was
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not segregating for maecromutations and 5-10 normal looking plants fro‘m‘
each segregating family for macromutations, depending on the availability
of plants in a family, were éhoose‘n randomly to record observations on
the féllowing eight quantitative characters of economic value.
(i) Days to maturity

The maturity was calculated as the total number of days taken
by a plant from sowing to the physiological maturity.
(i1) Plant height

The measurement from soil surface to thg tip of the plant (em)
was considered as the plant height.
(iii) Number of branches per plant

The total number of fruiting branches per plant recorded at
harvest.
(iv) Number of clusters per plant

‘The total number of effective clusters (pod bearing peduncles)
per plant counted at harvest. |
(v) Number of pods per plant

The total number of effectiv‘e‘pods’( containing seed) per plant
recorded at harvest. | | |
(vi) Number of seeds per pod

The total number of see‘ds per plant divided by total number of
pods produced by a plant gave seeds/pod.
(vii) 100-seed ‘wéight

100 seedé fr‘o‘m each plant were counted and Vveighed§ but in case of
those plants wheré' ‘100 _seeds‘ ‘we‘re not available, the total weight of ‘seed

ﬁarvested“from each‘ plant was used to determine ;hé wei‘ght of 10‘0v‘seeds (g),“
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(viii) Seed yield per plant

Total weight of the seed (g) harvested from a single plant.

2.2.2.2  Selection in M2 generation |

Selection was done at both interfam'iiy and intrafamily levels.
(A) Interfamily selection

All those l\/I2 families were identified which showed higher CV for
any one of the eight characters than the corresponding highest value in the
control. These families were considered to be carrying induced mutations
and their progeny means were compared with the highest eontrol mean. Ffém ‘
such énalysis it was possible to detect some MZ families having higher ‘CVVas |
well as mean for different characters. Such progenies were called "promiéing"
IVI2 families. | |

In case of days to maturity, increased CV and lower mean were
considered to denote thé promising families, as early maturity is dsirable.
Further, more rigorou‘s selection was applied to identify those M2 families which
showed higher CV and mean for more than one character (higher CV with
lower mean for days to mat‘uri‘ty). Suéh families were considered to be
"exceptionally promising" for selection combining éarly maturity with high
yield. | |

All the ‘pr'omising ‘Mz families (the families showing higher CV and‘
better mean for one or more characters) and also the unselected M, families
were advanced for further screening in the M3 generation,
(B) Intrafamily seleétion

Intrafamlly selectlon was practlsed simultaneously- w1th 1nterfam11y

; : PY‘OMISmg

selection. Three best plants were 1dent1f1ed in eachAM famlly Finally, M

| selected plants as well as those plants from ‘the families not 1dent1f1ed as
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" promising" were used to raise M3 generation. Thus, each M3 fa-mily comprised

offsprings of individual IVI2 plants.

2.2.3 M3 géneration

The M3 progenies were arranged in augmented block design along with
three check varieties ( one row each of untreated PS, L4076 and S74-3). A
single row of 1 m length constituted one M3 family. Row-to-row and plant—to?
plant distances were 30 and 5 em , respectively.

The M3 generatjon was raised as single plant progenies of 1\/12 plahtS‘ R
along with the corresponding controls (PS, L4076 and S74-3) to study micromutations
in detail. Almost all M2 families were advanced to M3 generation except thosel ‘
showing very poor performance in respect of grain yield. The rejected farﬁilies

were also raised in I\iI3 to see if some of them performed better in M In

3
Mo 5 only those families were harvested which showed uniformity without

segregation for a major trait.

'~ 2.2.3.1 Observations in‘ M3 geheration
.The material in IVI3 generatioh was classified into two broad groups,
i.e. macromutation and nonmutated for macromutations, in two extremé grbups '
(LL and HH) in each treatment. The remaining two grbups (LH and HL)‘wefe
not continued beyond M2 generation in view of increased volume of‘ experimental |
material, The progenies segregating for macromutations in NI3 were not
considered for analysis of polygenic traité.‘ Observations were restricted to
the same eight quantitative eharact‘ers as in MZ’ taking five random p‘lants‘

from each family.

2.2.3.2 Selection of promising M3 familie;s‘ ‘

‘ As the intrafamily var‘ian‘ce was expectéd' to decline in MB" generat‘ion‘,: S
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the comparison of mean values was considered as the most ‘important
criter-'ion to estimate the effeetiveness of Mé selection. . Therefore, the
mean value of each M3 family was compared with‘the highest mean
value recorded in the control. Thus, an I\/I3 family having higher mean
than the highest in the control was considered as "promising" to advance

further.

Table 3. Population size in different generations

Treatment No. of M2 population M3 population
seeds ‘
treated Families Plants Families © Plants

Control 500 100 500 237 1185

Gamma-rays 3000 742 2923 1083 5415

EI 3000 688 2902 1066 5330

NEU 3000 747 3171 1005 5025

Total of the . g509 2977 9496 3391 16955

experiment ‘ ‘ !

2.3 Statistical methods

The analysis of micromutaﬁons was done by using various
statistical procedures.. The data recorded in M2 and IVI3 generations oh‘
eight quantitative characters were subjected to the following statistical
aﬁalyses.

2.3.1 Analysis of statistical parameters of ‘inducéd variability in M2
and M3 generations | | | ‘

For eacﬁ.treatfnént and control, range and mean were‘ cbmputed

on family and population basis. The ‘magn‘itude of variability ‘was estimated
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on the basis of variance and coefficient of variation (CV) on family and
population basis using the standard statistical procedures (Snedecor and

Cochran, 1967).

The skeleton of analysis of variance is given in Table 4.

Table 4. Analysis of variance in IVI2 generation

Source of DF - MS Expected MS F value

variation
Interfamil (f-1) % 2 + 2
rfamily BF “wr M %gr  Vr/Vwr

. 2

Intrafamil f(n-1) % o]
y -~ WF WF

Total fn-1 - - ‘ -

where,

f = Number of families

n = Number of plants in each family

The observed T values were compared against the éorrespo‘nding‘
table values (Fisher and Yates, 1963).‘ | |

The various statistical parémeters for the an‘alysis of induced
variability were computed as folloﬁsz | |

h

Let xij be the value of the jt plant in a sample drawn from the S

ith family; f the total number of families; ni‘the number of plants in the

‘ f
ith family, and N :‘%1 n, the total number of plants under study, then
various parameters are defined as follows :
H ‘ Y : -th . _ ' 1. .
(i) Total of the i~ family (x;.) = = ot

=1
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(ii) Family mean

The character mean was calculated based on five random plants

in a family. n,
.th o= 1
Mean of the i~ family (x..)= --- X..
i n. . I
(iii) Population mean

The character mean was calculated over all the plants studied
in a treatment. In other words, it is the average mean value over

different families in a particular treatment,

—

Population mean ()_() = 71\1_

Tl e
™M os

X.,
1}

ary

e
H

-t

(iv) Intrafamily variance
This refers to the variance for a character among the randomly

selected plants of a family.

n, 2
i (x, .)"
Intrafamily variance = ;1—-1—1— Z xiZj S
(" famity) N L n;
(v) Interfamily variance

It is the variance for a character between different families of a

single treatment,

9 f n,
£ X. |
Interfamily variance = - ) —ﬁl— ~ —113 Z Z X;;
‘ f-1 i=t i =t j=1

vy Population variance
- This refers to the interplant variance for a character averaged

over all the families of a treatment.
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| : f n.
i
Population variance = 1 z z x..” - N E 2 Ax..}z
N = e ” ‘ R £
(vii) Intrafamily coefficient of variability

Using the intrafamily variance estimates and progeny means for
a particular character of a family, the intrafamily coefficient of variability

is estimated as follows:

- ﬁntrafa@ily variance % 100
Family mean

o

n

2 x -
= 1 Cx 100

n. |

Intrafamily CV

1

n.
i

(viii)  Population coefficient of variability
It was calculated usin‘g the population varianee and population mean

of a character in a particular treatment,

\/Populatlon variance x 100
- Population mean

Populatton Cv=

m

f
Iy
f
.

i=1

i

x 100

-
ATl o W
el
-
Cd

(ix)  Standard error (SE)
The term "standard error™ of. any estirnate is a measure“of the .
~ average magmtude of the dlfference between the sample estlmates and

population parametev taken over all p0551h1e samples of the same SlZe from

the population. :
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The standard error is estimated as given below :

SE = SD

J N

where, 'N= is the sample size

(x) - Test of significance for intrafamily variance in M2 generation

Individual family variance in M2 generation was tested as given below:

\Y
F=—1
VZ
where V1 -- individual family variance to be tested,
V2 -- the variance of the family showing highest variance in control.

The F values obtained were compared agéinst the table vaiues at

n,-1 and n,-1 degrees of freedom, and 1 and 5% levels of significance.

(xi) Ba»rtlett's‘ test of homogeneity of variances

The comparison of error variances between families provides a rough
idea of the relative magnitudes of genetie variability among the families.
However, it is necessary to carry out the test of homogeneity of error
variénces beforé making the comparison, since‘d'ifferences in ‘genetic varia‘bilitQ
could be assumed to exist onliz if significant heterogeneity ‘between‘error
variances is reveéled by the test.

The intrafamily variance in mutation breeding experiments is attributed
to genotypic plant-to-plant differences as well as environmental variations.
The use of Bar-tl-ett's test here can confirm whether genotypic planf~to—plant B
 differences are significant. At the same time, this test can also t_‘estify‘ | |
whéther different families in the treated population‘ar‘e Significéntly c\ii\flfere\nt
on the basis of fheir variances. | |

The test is conducted as follows:
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Let there be n families with their individual variances as S%,

2 2 2 . ‘
S2 , SB’ —————— Sn based, respectw;:ly, on 1{1, Kz, —~—-—Kn degrees of .
freedom. From these values S s calculated by the following formula:
S = —-J-—— ( Z KI' SI‘Z )

' 5 n —~2 N
The quantity, ), ° = {( Y Kr) log, S —~) Kr log,, SrZ}
1 1

is distributed approximately as ')(,2 with (n-1) degrees of freedombut is slightly

biased upwards. It can be effectively corrected by dividing with the cor'rect‘ion‘ ‘

factor

The quantity .X[.z /C obtained is compared against the table value
of XZ at n-1 degrees‘of freedom; if the value is significant then the vari‘a‘nces
are conecluded to be significantly heterogeneous.
2.3.2 Estimﬁtion of genetic parameters in M2 and M3 generations
i) Genotypic coefficient of variation (GCV)

This was estimated as follows :

Genotypic coefficient of variation=1__%&___ % 100
‘ X
-2 ‘ . _ ' _ ;

where O“g ~ genotypic variance, and X— the populatlpn mean,
(i) Phenotypic coefficient of variation (PCV)

PCV was estimated as follows: |

- - J

Phenotypic coefficient of variation =" —;—)_{E— x 100

where o0~ ~—— phenotypic variance, and X ~ the population mean.

b
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(iii)  Heritability

Heritability in broad sense (h2) was computed as the ratio between

2 2
the interfamily variance ( OTBF) and the total phenotypic variance ( 0';[',) :
5 -
o=
he o= BE % 100
(bs) o=’
T
2 2 2
where o"T = O_IT;\F + GTNF
=2 - VBr ™ Vwr
BF n
2
_ Vv
owp - WF
2 . -
OBF interfamily variance
2

G‘WF—* within family variance
(iv) Genetic advance
The expected genetic gain (GA) due to selection was estimated as
percentage of mean :
\/;' : I 2 K
T X Mps) X

GA= i x 100
. X ‘ ‘

where K - selection differential (for 5% selection pressure, K = 2.06),

and hz(bs) — heritability in broad sense.

‘ 2.3.3‘ Field layout in M3 géneration

The M3 families were compared for‘induced polygenic variabilify in-
each treatment in augmented block design (Federer, 1956), where each block
had different te‘s“c progenies along with three rows of the control varieties -
(one row eaéh of PS, L4076 and S74-3). The anz‘llysis‘of v‘ariance‘ for each

- character was done separately as follows:
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Table 5. Skeleton of analysis of variance of augmented bloek design in
M3 generation

Source of variation DF _ Ms . F value
Block (b-1) -

Entries

(Control+new progenies) (Vb+V—1) vs

Control varieties (Vb—1) ‘ ‘ VV

New progenies and \ Ve

control vrs new progenies

Intra bloek error ‘ ‘ (Vb~1)(b-1) E

Total o (M)

where Vb—— No. of check varieties, v -- No. of new progenies/test
progenies, b -- No. of blocks, and n -- No. of new/test progenies

in each block. Then, no. of plots in each block,

A

1!

b(Vb+n)

be+bh

= be+v

Various standard errors under augmented block design were estimated

1

as follows:

(i) SE for testing difference between two check variety means :

SE(”H i/ghe
b

- where Ee is the error mean square.




(ii)

(iii)

(iv)
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SE for testing difference between two new progenies' means

when both are in-the same block :
SE(2) B 2Ee

SE for testing difference between two new progenies' means

when 'they are in different blocks:

]
SE,., =/ 2E (14 =)
(3) / e v,

SE for testing difference between the check variety and a

progeny (strain) under comparison :

) I 1 |
SE(y) "\//Ee(**b A )




EXPERIMENTAL RESULTS

The main findings of the present investigation generation-wise are

presented below.'

1. Observations in M1 generation
The immediate effects of mutagenic treatments on genetic material were
measured in terms of reduction in germination, plant survival and seed fertility

as compared to control (untreated) in M1 generation.

1.1 Germination

The results presented in Table 8 and Fig. 1a show that all the mutagenic
treatments sigriificantly reduced germination as eompared to confrol. In generel
chemical - mutagens had more drastic effect ( EI 68.9 - 87.0% and NEU 65 3 83 1%
germination) than gamma-rays (79.1 - 91.1% germination). Among the chem1cal
mutagens, NEU showed more severe effect than El. Reduetion in germmatlon
was linearly dose dependent with increasing dose of all mutagens (Fxg 1a).
Maximum reduction (only 65. 3% germmatlon) was observed with the hlghest dose
NEU (0.02 %), which was comparable to the ‘highest dose of EI (0.02%), giving
68.9% germination, Similably with gamma-ray tbeatments, the ‘ma‘xi.mum t‘*educ‘tio‘n‘ ‘
(79.1% germination) was observed with th‘e ‘highesf: dose (20 kR)a The lowest doses
of both chemicals (0.005%)‘ also caused comparable damage (EI 87.0% and NEU. -
83.1% germination), while the lowest dose of gamma-rays ( 5 kR) caused still

less damage (91.1% germination ). -

1.2 Plant survival
The results on plant survival (Table 6, Fig. 1b) indicate thet all the
mutag‘emc treatments decreased plant survwal drastmally Plant ‘survival alsb S

‘ ‘showed trend 51m11ar to germmatwn chemlcals caused more’ drastm reductlon in



Table 6  Effeet of mutagens on germination, plant survival and
‘ seed fertility in M1 generation

Relative, %

Treatment
germination  plant survival seed fertility

Control 100.0 ‘ 100,0 100.0

Gamma rays

5 KR 91.1 82.2 76.5
10 kR 85.5 . 74.6 79.6
20 kR | 79.1 58.2 65.2
EI

0,005 % a0 76.2 74,0

0.01% | | 77.0° 61.8 70.5

0.02% 68.9 2 e4n
NEU

0.005% R INE 73.2 7.3

0.01% 73,8 55.6 689

0.02% 65.3 44,0 2.6
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plant survival (EI 38.3% and NEU 42.4% ) than radiation ( gamma-rays 28.3%).
Among the chemicals, NEU caused moré post-germination lethality (42.4%) than
EI (38.3%). The maximum reduction iﬁ plant survival was observed with the
highest dose of NEU (0.02%) and minimum with the lowest dose of gamma-ways:
the relative survival was 44.0 and 82.2%, respectively. The highest doses (0.02%)
of EI and NEU had a more or less comparable effect causing 47.2 and 44.0%
survival, respectively. Reduction in plant survival was linearly dose dependent

with increasing dose of all mutagens (Fig. 1b).

1.3 Seed fertility

Observations on seed fertility (Table 6, Fig. 1c) also revealed that
mutagenic treatments caused high level of sterility as compared td control,
Among the mutagens used, NEU reduced seed fertility to the maximum extent
(32.1% reduction), foliowed by EI (30.3%) and gamma-rays (28.6%). In general, = -
fertility decline was dose dependent with all the three rhutagens (Fig. 1e). In
the treated material, seed fertility ranged between 62.6 - 76.5% ‘of control (taken
as 100%). The maximum fertility decline‘ was recorded with the highest dose of
NEU (0.02%), followed by‘ EI (0.02%): 37.4 and 35.3%, résbectively, while medium-.
dose of gamma-rays (10 kR) and lowest “doses of EI and NEU (0.005%) caused

comparable reduction in seed fertility (27.4, 26.0 and 27.7%,'respectively).

Comparative biological doses
In general, a perusal of Table 7 revealed §ome definite patterns regarding
the various bioldgical parameters recorded in M1 generation.’
‘(i)‘ NEU was most effective, followed ‘by El (medium damage) and |
gamma-rays ‘(lea‘st damaging) in respect of all th‘e‘ biollogicai parameters studied.

(i) Dose_dep‘endent relationship was noticed with all the three ‘mutagens.
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(iii) In general, the biological damage caused by the medium dose of‘
gamma-rays (10 kR) was comparable with that of the lowest doses of El and
NEU (0.005%), in respect of all the biological parameters studied.

(iv) The highest doses of El and NEU (0. 02 ) eaused a comparable
biological damage..

The biologically comparable doses are most appropriate for comparing
the genetic effects of various mutagens, and their efficiency and effectiveness

at comparable levels of damage.

2. Observations in M2 generation
2.1 Macromutations

The treated as well as untreated (control) materials (Appendix i) were
sereened visually for macromutations at different‘ stages of‘plantgrowth in M2

generation.

2.1.1 Chlorophyll mutations
The frequency of chlrophyll mutations mutagen-wise is presented in

Appendix 1I. A detailed analysis of the frequeney of chlorophyll mutat‘io‘ns is
given in Appendix I, and their frequency treatmeﬁt—wise and damage group-wise,
is summarized in Tables 8 end g, respectively. A study of Appendix Il shows the
overall frequency of chlorophyll mutations (5.5% IVI2 progenies and 0.51% plants
mutated). All three mutagens induced high frequency of chlorophyll mutetidns.
The untreated (control) materieldid not have any chlorophyll mutation. NEU was
the most effective mutagen, inducing chlorophyll mutations in ;6.3% IVI2 progenies
and 0.65% plants, followed by EI (5.4% ‘and ‘0.48% mutated progenies and ‘plants,‘
respectlvely) and gamma-rays (4.7% and 0.4%). The general trend of chlorophyll

mutation frequency W1th different mutagens was NEU ==EI > gamma—rays (Fig. 2)

Dose - dependent relatxonshxp was observed 1n the case of gamma~rays
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Table 8 Frequeney of chlorophyll mutations in M2 generation

Percentage of mutated

Treatment
progenies plants
Control - | -
Gamma rays
5 kR 4.3 0.34
10 kR 4.7 0.39
20 kR 5.2 0.46
Overall ‘ 4.7 0.40
E{ | |
0.005% 4.8 | 0,40
0.01% 6.1 0.59
0.02% ' 5.4 | 0.46
Overall 5.4 0.48
NEU | |
0.005% 5.6 0.53
0.01% T4 0.88
0.02% 6.0 0.54
Overall ' 6.3 0.65

Overall experiment . 5.5 - 0.51
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Table 9 Frequency of chlorophyll mutations in different damage
groups in M2 generation ‘

Percentage of mutated

Treatment
. progenies plants
Control - -
Gamma rays
LL 2.8 0.22
LH ‘ 3.9 0.32
HL 55 0.42
HH | | 7.0 0.65
Overall 4.7 0.40
EI |
L 2.8 0.28
- LH - 4T o - 0.40
HL : | 63 | 0.55
HH | 8.0 0.71
Overall | 5.4 N 0.48
NEU | | “
LL 4.3 ' 0.47
LH \ | 5.6 0.61
 HL 7.2 0.87 |
HH o - T 0.87
“‘C)ver‘all | , o 6.3 - 0.65

Overall expefiment : 3 55 e 0.51
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(5 kR > 10 kR =20 kR) whereas, for chemicals, the medium dose (0.01%)
was found to be most effective for inducing‘chlorophyll mutations. The highest
chlorophyll mutation frequency was recorded with the medium dose (0.01%) of .
NEU (7.4% and 0.88% mutated progenies and plants, respectively), and lowest 7
with the lowest dose ( 5 kR) of gamme-rays (4.3% and 0.34%). Within the
chemical treatments, the lowest doses ‘produced chlorophyll mutations at the
lowest rate. | |

Significant group differences with regard to induction of chlorophyll
mutations were observed with all the mutagens and their doses. The highest
frequehcy was recorded in HH group ( high seedling damage coupled ;vith high
sterility in M1), and the lowest with group LL ( low damage at both stages ).
Among the intefmediate groups, HL ( high seedling damage, low sterilitj ) carried

more chlorophyll mutations than LH ( low seedling damage, high sterility ) (Fig.3).

2.1.1.1 Types of mutations

The chlorophyll mutations scored in M2 generation were deseribed and" |
classified in accordance with the modified classification of Blixt (1972). The H
Spectrum of cehlorophyll mutations induced by differeﬁt treatments, and damage -

group-wise, is given in Appendix IV and Appendix V, respectively.

(i) Albina |
Seedlings emerged ‘completely or nearly white, lethal, died within two week
of germination. | |
(ii) Xantha
Seedlings yellow, high Vpale yellow or orange, died ‘within 15 days, few
survived e‘ve‘n up to flowering stage. | |
(i)~ Chlorina | |

" Seedlings emerged greenish yellow and started dying within 15-20" days
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after germination, few survived a little longer without seed setting.
(iv) Viridis

Light green, fully viable and more or less normally productive (Plate 1).

2.1.2 Morphological mutations

The overall frequency of morphological mutations in this study was 4.6%
mutated progenies and 0.45% plants mutated in M2 generation (Appendix II).
Their frequency in different treatments. and damage groups is given in Appendix VI,
and their frequency mutagen-wise and damage group-wise pooled over all the
treatments of a mutagen, is summarized in Tables 10 and 11, respectively. The
pattern of morphologigal mutations was similar to that of chlorophyll mutations
with regard to the rﬁutagens, doses and groups of mutagenic‘ damage. The overall
trend of induction of morphological mutations with different mutageﬁs was 1n
~ the order of NEU > EI > gamma-rays (Fig.2). Dose - dependent relatiorﬂship‘
(Fig. 4) was very conspicuous (5 kR > 10 kR > 20 kR ) for induced morpholog;cal
mutations with gamma- rays, while with chemicals the medlum dose (0.01%) was
again found to be most effective, as the highest frequeney of morphological
mutations was recorded with this dose of NEU, followed by rtha‘t of EI. Similar |
to chlorophyll nﬁutations, distinct differences between variéus‘groups of mutag‘eni’c
damage were noted with regard to the frequency of morphologji‘éal mutétions. ~In  ‘
general, the groups could be arranged in the sequence HH > HL > LH > LL |

on the basis of mutation rate (Fig. 3).

2.1.2.1 Types of mutations

The mutdtions affecting different morphological features of the plant‘ |
were grouped according to the classification proposed by Blixt (1972).. The
relatlve spectrum of morphologxcal mutatlons mduced by dlfferent mutagens,

| treatments and thelr‘ damage groups, is presented in ‘Appendices VII, VIII and-



~AJ5 "~

Table 10 Frequency of morphological mutations in M_2 generation

Treatment % Mutated
progenies ‘ plants
Control - -
Gamma myé
5 kR 3.4 0.31
10 kR 3.9 0.37
. 20 kR | | 4.4 | 0.42
Overall ‘ | 3.9 - 0,37
El |
0.005 % 3.5 0.35
0.01% 5.5 ' 0.52 “
0.02% | 4.0 0.39
Overall 43 042
NEU |
0.005% 52 ©0.47
0.01% 5.9 0,66
0.02% 5.5 \ 0.54
| 5,5 0.56

Overall

Overall expc('imeht ‘ 46 ‘ 0.45




6=

Table 11. Frequency of morphological mutations in different damage groups
in M2 generation » '

Percentage of mutated

Treatment _
progenies plants
Control | - -
Gamma rays
LL 2.1 0.16
LH 3.3 0.32
HL | | 4.5 o 0.45
HH 6.0 | ©0.55
Overall 3.9 0.37
EI | |
| LL 2.7 0.25
LH 3.5 | 0.35
HL : 4.7 o 0.49
HH \ 6.4 - 0.60
Overall 4.3 0.42
NEU
LL 3.4 0.36
LH | 5.0 | - 0.47
HL CBa ‘ 0.61
HH B V' X2
‘Overall o 5.5 - 056

Overall experiment =~ 4.8 o 045
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IX, respectively. |
(a) Mutations affecting plant growth

A very high proportion ( 24.6%) of induced morphological mutationé
affected growth habit ( Appendix VII).
(i) Compact

Mutations with highly condensed and short internodes, induced in
maximum numbers ( 8.3%) by gamma-rays ( Plate 2).
(ii) Bushy ‘

Plants with profuse branching, mostly induced by NEU (11.5%).
(iii) - Prostrate

Plants with the branches spreading on the ground, induced most
frequently (10.4%) by gamma-rays. | | |
(b) Mutations affecting foliage

These mutations appreared with the hfghest frequency (42.3%) am‘ong’ '
the total morphological mutations (Appendix VII). Such mutations were induced -
most frequeﬁtly by gamma-ray treatments.
(i) Narrow leaf | v

Leaflets ‘with reduced breadth, with ‘consequent reduction in surface
area of the leaf. They occurred most frequently ( 14.6%) in g‘am,ma-irradiated
populations. | |
(ii) Broad leaf

Leaflets with increased length and breadth, increasing the ‘surface area
of the leaf. ‘T‘heir maximum frequency was obsefved in populations treated with
gamma—rays. | |
(iif) Rogue
‘ Léaflets smaller with acute apex. ‘Flov:ver“anc‘l pod also reduced {Plate 3). ‘:

‘T‘hey‘ were observed with almos‘t‘equal frequency in the‘populations tre‘ated‘with“
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all three mutagens.
(iv) Curly leaf

Plants with curly andvdeformed lamina, reduced fertility,‘ sometimes
completely sterile. They were observed most frequently in El trea‘ted populations.
(v) Laciniata

Leaflets transformed into & funnel-shaped structure. Gamma-rays did
not induce this mutation at all. Among chemicals, NEU ( 6.4%) was more
effective than EI ( 4.9%).
wi) Tendrilled leaf/ Tendrillar

Leaflets transformed into tendrils, sometimes plants bear few leaflets
(Plate 4). They Were observed with almost equal frequency with gamjma—ray’s“
and NEU ( 6.3 and 6.4%, respectively) whereas , El induced them- relét‘ively
less frequently ( 4.9%).

(e) Mutations affecting plant height .

Among all the morphological mutations, the relative proportion of
mutations affectlng plant height was 15.6%. MaJomty of these mutatiOns were
isolated from EI treated populations, followed by NEU and gamma rays.

(i) Tall |

Plants 40% taller than the normél plants were consid‘er'e‘d‘ as, tall.
They were observed with. maxi’mum‘ frequency (9.8%) in EI treated pbpul‘at:ions,‘ ‘
followed by gamma-rays (6.2%) and NEU (5.1%).

(ii) Dwarf | |

Plants w1th 40% reduetion in height than the normal were con51dered

as dwarf, The max1mum frequency of dwarf mutatlons was observed in EI

“(11.5%) treated populatlons, followed by NEU (7 7%) and gamma—rays (6 2%)
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(d) Mutations affecting maturity

The relative frequency of mutations influencing flowering behaviour
and maturity period was fairly high (17.6% of total m01~phologica1 mutations),
next only to the mutations affecting growth habit (24.6%).
(i) Early mutations

Only those events were considered as early mutations which showed
at least 1-2 weeks earliness in maturity than the control (Plate 5). They
appeared frequently in all three mutagenized populations. On an average,
9.6% of the morphological mutations were early. Their frequency was highest “
in the EI treatments ( 11.5%), followed by the‘irradiated ( 10.4%) and NEU
treated ( 7.7%) populations. | |
(i) - Late mutations

Those plants were considered late where maturity was delayed by
atleast 1-2 weeks than the normal plan‘ts in control ( 118.5 days ) Among
morphological mutations. their proportion was 5.3 %. They appeared with
highest frequeney in irradiated pqpulati‘ons ( 8.3%), followed by NE‘U (5.1% )
and EI ( 3.3% ) mutagenized populations. |
(iii) Sterile mutations

Mopphologically normal as well aé abnormal‘ plants with completely
sterile flowers (no seed setti‘ng) were included in this group ( Plate“ 6 ).  They L
formed the smallest group among the mutations affecting maturity. Their -
maximum frequency was recorded in EI mutagenized‘populartions‘( 3.3% ), followed
by NEU ( 2.7% ) and gamma-ray treated ( 2.1% ) populations.
2.1.3 Mutation frequency 7
The frequency of totél macromutations ( chlorophyll + morphological)

~in Mz-generation is presented in Table 12, and their frequehcy in different
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damage groups pooled over all the doses‘of a mutagen is summarized in |
Table 13. A étudy of Table 12 shows that all three rnutégens induced high
frequency of maecromutations. The uﬁtreated (contrbl) material did not yield
any macromutation. The chemical mutagens induced a highér frequency
( 9.7 -~ 11.8% mutated pfogehies; 0.90 - 1.21% mlitants ) of macromutétions
than radiation ( 8.6% mutated progenies, 0.77 % mutants). NEU was the most
effeetive mutagen in inducing thé macromutations with 11.8% mutated‘ I\/IZ
progenies and 1.21% plants, followed by EI (9.7% and 0.90% mutated
progenies and plants, respectively ) ahd gamma-rays ( 8.6% and 0;77‘.%6 ). The
general trend of macromutation frequency with dﬁferentxnutagens was
NEU 2> EI > gamma-rays. |

Dose-dependent relationship was observed ih the casé of gamma—fays
as a corresponding increase in macromutation frequency was obtained with
increase in dose (Table 12, Fig. 4 ). For chemicals, the rnediuﬁ1 dosé (0.01%) f
was most effective for inducing macromutations. The highest macromutation
frequency was recorded with the medium dose of NEU ( 13.3% and 1.54%
mutated progenies and plants, respeetivély), followed by the medium dose of
EI ( 11.6% and 1.11% ‘) and the highest dose ( 20 kR) of gamma-rays (9.6%
~and 0.88%). The lowest frequency of macromutatioﬁs was recorded with t'he
lowest ddse { 5 kR) of gamma-rays (‘7.7% mutated M, progenies and 0.65%
_plants), followed by the lowest dose ( 0.005%) of EI ( 8.3% and 0.75%: mutafed ‘ |
progenies and plants, respeetively) and NEU ( 10.8% and 1.0 %)., |

Significant group differences with regard to the induction of .
mam'omutationé were o‘bserved with all the mutagens ( Table 13 ) and iheir |
doses ( Appendix X ). | With all the mutagens, highest frequency of macrbnﬁutatiohé

was recorded in HH group, and the lowest with LL group. Among the two



Table 12. Frequeney of macromutations in Mz generation
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Percentage of mutated

Treatment
progenies plants
Control - -
Gamma rays
5 kR 7.7 0.65
10 kR 8.6 0.76
20 kR 9.6 0.88
Overall 8.6 0.77
El
0.005% 8.3 0.75
0.01% 11.6 1‘.11
0.02% 9.4 - 0.85
Overall 9.7 0.90
NEU
0.005% 10.8 1.00
0.01% 13.3° 1.54
0.02% 11.5 1.08
Overall 11.8 1.21
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Table 13 Frequency of macromutations in different damage groups in MZ

generation (pooled over doses of & mutagen)

Percentsgé of mutated

Treatment
progenies ' plants
Control | - -
Gamma rays
LL 4,9 0.39
LH 7.2 0.65
HL 0.0 0.88
HH o130 120
‘Overall ' 8.6 0.77
El |
LL 5.5 . 0.53
LH 8.2 0.76
HL 1.0 | 1.04
HH ' 4.4 1.31
Overall 9.7 0.90
NEU
LL 7.1 0.83
L;PI | 10.6 | Ry
HL | 13.3 | 1.28
HH 15.5 | - 1.61

Overall | o 11.8 | 1.21
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inter‘mediate groups, HL carried more macromutations than LH. The highest‘
mutation frequency was observ ed in HH ‘group of NEU ( 15.5% mutated
progenies and 1.61% mutated plants), followed by HH of EI (14.4% and 1.31%
mutated progenies and plants, ‘respe‘cti‘vély) énd gamma-rays ( 13.0% and

1.2%). - The lowest mutation frequency was recorded in LL group of gammé—fays
(4.9% and 0.39%‘ mutated progenies and plants, respectively). Next higher were
LL groups of EI ( 5.5% mutated progenies and 0.53% planté) and NEU (7.7%

and 0.83%). In general, the groups were arranged in the’sequen‘ce HH > HL >
LH > LL. | | | .

2.1.3.1 Mutation spectrum

'The detailed spectrum of maecromutations induced is presented in
Table 14 and Appendix XI. The chemical‘ mutagens induced a wider spectrum
of mécromutations than ionizing radiations. In case of chemical muta‘gens,‘
both NEU and El induced the widest spectrum of macromutations with all
the 18 mutation types recorded in this experiment, accounting for 42.1% and-
32.8% of the total mutations, respectively., Gamma-rays with 17 mutation “
types accounted for 25.1% of the total ‘mutations recorded. In general,
chlorophyll mutations were ind‘uc'ed more easily (‘53.1%‘ of‘ all macromutations)
than the morpholbgical mutatiqns. ( 46.9%). Some chlorophyll mutations_wer‘e S
induced more frequently than others: viridis 19.3%, xantha 18.5% and chlorina
11.3% of all the macromutations, whereas, the albina were induced 'wit‘h the
lowest frequency ( 4.0% of total mutations). At the same time, viridis were
induced most frequently by EI ( 25‘.2% ofvall mutations), xantha by gamma-rays
(25.0%) and chlorina by NEU (13.7%). Albina mutétions Were induced with
comparable‘ frequency by ‘gam‘ma-fa‘ys (5.0% ‘of‘alrl the‘ r‘nacromutations)‘and‘

the chemical treatments (EI 3.8% and NEU 3.6%). This shows preferential
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Table 14 Spectrum of macromutations (%) induced by different mutagens

Mutation Gamma

type Control rays EI NEU | T%t(il mutati;)éns
Albina - 5.0 3.8 3.6 16 4.0
Chlorina ‘ - 11.0 84 13.7 45 11.3 |
Xantha - 25.0 16.0  16.7 74 18.5
Viridis .- 11,0 25.2  19.6 77 19.3
Compaet S | 4.0 3.1 3.0 13 3.2
Bushy  3 - 3.0 46 5.4 18 45
Pr‘ostrate | - - 5.0 -3 3.6 15 | - 3.8 -
Narrow 1‘eaf‘ | ' - 7.0 3.8 5.4 21 5.3
Broad leaf - 4,0 - 2.3 3.6 13 | 3.2
Rogue | - 3.0  3.1 3.0 12 3.0
Curly leaf - 3.0 3.8 3.6 14 35
Laciniata - -~ 2.3 3.0 8 2.0
Tendrillar - 3.0 2.3 24 10 2.5
Tal - 3.0 46 3.0 14 3.5
Dwarf - 3.0 5.3 3.0 15 | : 3.8
Early - 5.0 5.3 4.2 19 4.8
Late - W 15 24 10 2.5
Sterile - 0 1.5 1.2 5 1.3

100(25.7)  131(32.8) 168(42.1) ~ 399  100.0
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induction of certain mutations with some mutageﬁs thén with others, althbugh
only in quantitative terms. Among the different dahage groups, HH was moét
effective guantitatively for inducing a wider spectrum of chlorophyll mutations
(Appendix V ). In general, chiorophyll mutations ( 53.1%), and mutations affecting
foliage ( 19.6% ), growth habit ( 11.5% ) and fnaturity ( 8.6% ) occurred more
frequently. Among the morphological mutations, narrow leaf mutations ( 5.3%
of the total ) appeared most frequently, followed by early and bushy mutations
(4.8% and 4.5%, respectively). Dwarf, prostrate and curly leaf mutations were
next in total frequeney ( 3.8%). Sterile and laciniata mutations appeared with
the lowest frequency ( 1.3% and 2.0%l of all the macromutations, respectively ).
Relative mutagen- dependent differénces in the specificity of- induetion of
morphological muiations were alsc noted. Mu‘tat‘ions affecting maturity (10;0%
of total mﬁtations) appeared more frequently with gamma-rays, whereas El
induced rhof‘e mutations for plant height ( 9.9%). NEU, on the other hand,
induced more mutations affecting foliage ( 21.0% of total mutations), and‘wﬁs
found equally effective as gafnma—rays for inducing mutations affecting growth
habit ( 12.0%). Like chlorophyll mutations, there was no definite trénd'in the
spectrum of morphological mutations in relation to the groups of mutagenic

damage and doses (Appendix IX ).

2.1.4 Mutagenic effectiveness and efficiency

Mutagenic efféctiveness and‘ efficiency have been estimated based on
mutated M, progenies ( Table 15).
2.1,4.1. Mutagenic effectiveness

Mﬁtagenic effectiveness is an index of genotypic respénse to various

doses of a mutagen. The effectiveness of the mutagens tested in the present
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study differed conéiderably. Arﬁong the mutagens used, chemicals wére found
to be more effective than radiation (gamma-rays). The mutagenic effectiveness
of NEU was the highest ( 168.6), followed by El (138.6) and gamma-rays (0.7).
Thus, NEU was 1.2.and 241 ‘times. more effective than El and gamma-rays,

respectively. Similarly, EI was nearly 200 times more effective than gamma-rays.

2.1.4.2 Mutagenic efficiency

Mutagenié efficiéncy is a measure of mutation rate in relation to
the biological damage measured as lethality, sterility, ete., in M1 generation.
Among the mutagens tested, NEU was the most efficient mutagen ( 0.38),
followed by ‘EI ( 0.33).‘: Gamma-rays wére the least efficient 0.3.1) mutagen
(Fig.5). Thus, NEU was 1.23 and 1.06 times more efficient than gamma-rays

and EI, respectively.

2.2 Micromutations
 The total size of M2 population in various treatments in M2 generation
has already been deseribed ( Table 3 and Appendix XII). The M2 progenies

derived from single M, plants were raised as separate rows in unreplicated

1
completely randomized design ( CRD ), The data recorded on five random
plants for eight quantitative characters, viz., days to méturity, plant height,
branches per plant, pod clusters per plant, pods per plant, seeds per pod,

100~seed weight and seed yield per plant, were analysed statistically.

2,2.1 The results on polygenic mutations are presented character-wise.

2.2.1,1 Days to maturity

The range, population mean, variance, standard deviation (SD) and

and coefficient of vafiation (cV) for days to maturity are preéented in Table 16
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Table 16 Range, population mean, variance, SD and CV for days to
maturity in different damage groups in M2 generation

ggg;ge Range Mean Variance SD Cv
Control 116.4 - 121.0 185 2.2 1.5 1.3
Gamma rays
LL 115.0 - 129.0 124.6 2.7 1.6 1.3
LH 114.6 - 129.5 1252 3.9 2.0 1.6
HL 1150 - 132.0 1256 6.6 2.6 2.0.
HH- 114.1 - 134.0 123.8 7.4 2.7 2.2
Overali 1141 - 134.0  124.8 6.2 2.5 2.0
EI .
LL 114,2 - 131.8 122.5 4.8 22 1.8
LH 114.4 - 133.7 122.4 8.9 3.0 2.4
HL 114.2 - 134.0 124.5  12.5 3.5 2.8
HH 113.0 - 136.8 121.8  13.6 3.7 3.0
Overall 113.0 - 136.8 122.2 102 3.2 9.6
NEU |
LL 114.0 - 128.0 121.2 3.8 1.9 1.6
LH 114.6 - 1247 - 1203 6.9 2.6 2.2
HL 114.0 - 125.3 119.4 9.0 30 2.5
HH. 1145 - 130.0 1205 145 38 3.2
1140 - 10.5 3.2 2.0

Overall

130.0.

120.4
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and Appendix XIII. The range‘ of maturity duration increaéed(113.0 ~136.8 days)
in all the mutagenized populations as compared to the eontrol (116.4 -121.0 days).
The mean number of maturity. days shifted in positive direction (towards lateness)
in ali the treated populations as *compared to control. The ihére&se in mean
maturity time had no relationship with th‘e nature of mutagéns, doses or

groups of M1 damége. However, a wider range Was observed with rnedium

doses of chemical mutagens, especially in the HH‘gr‘oup. The magnitude of
induced variability was also measured through estimates of variance, SD and

CV. The variability , as indicated by these parameters, increased in all the
treated populations as ‘compared‘ to control. However, the LL groups of 5

and 10 kR were exceptions, where the variability was less than in the control.
The chem‘ical‘ mutagens caused greater variability than radiations, Among the
chemical mutagens, NEU was more efféctiVe than EI. The highest dose of
radiation ( 20 kR ) and medium doses of the chefnicals generated maximum
variability for days to‘ maturity. Among the groups of darﬁage, HH héd; thé
widest range of variability ( CV 2.2 - 3.2%), with few minor‘exceptio‘ns to this
trend. The groups were arranged as HH > HL > LH > LL in ofder of

induced variability for maturity days ( Table 16 ).

The analysis of variance ( ANOVA), genotypic and phenotypic coefficients
of variation (GCV, PCV), heritability and‘ genetic advance (GA) for‘days to
rﬁaturity are presented in Table 17. A perusal of the data s‘hows“that the
groups of damage differ significantly with all the mutagenic treatments
irrespective of dose. The group HH showed highest ihter family variance. The:
“arrangement of groups wes HH (19.5-52.2) > HL (13.9-45.6) > LH (1‘0.4—40‘;1)>
LL ‘(8.4—23.‘7). The interfamily variance was signif‘icént in al_l the treated

‘populations. Among the ‘mutag;éns, NEU showed the highest intérfamiiy variance
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~(18.6 - 38.4), followed by EI ( 20.9 - 32.4 ) and gamma-rays (12.9 ~ 23.2).
Dose—dependent inerease in 1nterfam11y variance was recorded with gamma-rays,
but not with the chemiecals. For instance, among the radlatlon treatments,
meaximum interfamily variance ( 23.2) was recorded with the highest dose
(20 kR), while EI gave highest interfahily variance ( 32.4) at the lowest
(0.005%) and NEU (38.4) at thé medium (0.01%) dose. Variance between groups
‘was highly ‘significant in all the mutagenic treatments. |

All the treated populations had higher PCV for maturity time (1.8 -
3.1% ) than 1.3% in the control. Similarly, (GCV) was also higher in all |
the mutagenized;pbpulatidns (1.1 - 2.0% ) than in the control ( 0.6% ) The
heritabil‘ity“ estimates ( 31.6 - 56.5% ) in all the treated popultions were
higher than in control ( 19.6% ). Hertabllxty increased with increasing dose
of gamma-rays but not in chemicals. The change in heritability was also not
mutagen dépendent. The GA increased in the trea‘ted populat‘i‘ons (1.5 - 2.9%
as against 0,5% in the control). | | N

Development of early varieties of crop plants is the prime objective -
of the breeders. Therefore, the M2 families of greater interest are those
which have higher CV and lower mean number of maturity days than the
corfespondihg highest CV and lowest mean in the control. Thus, the families‘
with higher CV than the highest value of control can be treated as mutated
progenies with coﬁfidencé. The relative frequency of mutated. families
(Appendices XXI, XXIX and XXX) shows that,depending on the extent of
mutagenic damage, the ffequen‘cy of mutéted families in various damage groups
ranged from 77.0 - 34.1% .  As regards the mutagens used, NEU had the -
highesffrec‘;uency of mutated families ( 23.‘3 %), followed by EI (20.7%) and

| gamma—r‘ays (19.7%). Dose-dependent increase in the frequency of mutat‘e‘dv
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families was noted in this study, and the highest doses of all the mutagens
induced mutations in the highesf propor‘t‘ion of families, The highest percentage
of mutated families was 21.6, ‘23.1 and‘ 24,.9% with gémma—fﬁys, EI and‘.NEU,‘
respectively with 20 kR dose in gamma-rays and 0.02% of chemicals. Among
the groups of danﬁage, HH showed superiority over‘ others. The M2 families
with high CV and lower number of days to maturity were advanced to the

next generation for eonfirmation and detailed analysis.

2.2.1.2 Plant height

Table 18 shbws ‘the range, popﬁlation ‘mear, variance, SD and CV for
plant height in different damage groups over doses in different mutagens in
M2 generation; whereas Appendix XIV shows the same parameters in different
treatments in I\"I2 generation. The range for plant height increased in all the
treated populations ( 17.0 - 43.6 cm against 24.4 - 36.2 cm in fhe control ).
The Widest range for plant height was recorded in the NEU mutagenized
- population ( 17.0 - 43.0 cm), followed by EI (19.8 - 43.6 -cm) and gamma-ray
(20.2 ~ 43.5 em) treated pobulations. Among the. groups of mufagenic damage
identified in M1, HH (17.0 - 43.6 c¢m) showed the widest range, followed by |
HL (18.3 - 43.0cm), LH (24.0 - 43.5¢m), and LL (25.4 - 43.4) in all thé mutagens |
under study. Dose-dependent increase in range was noted. The highest dose of
all the mutagens induced the widest range. The population mean shifted
slightly towards higher plant height in all the damage groups, except the HH
group of NEU where it decreased slightly ( 26.7cm as against 30.3cm in control).
The maximum plant height Was recorded with gamma-rays ( 32.2¢m ), followed |
by EI ( 32.0ecm) and NEU (30.6em) mu{agenized populations. With regard to
different damage grsups, the trend:was LL.>> LH > HL ~ HH, i.e. group

LL had the maximum and HH the minimum‘ plant height in a pat-ticulap mutagen.



Table 18 Rangé, population 'mean, variance, SD and CV for plant
height in different damage groups in lVI? generation

D ' . . . '
amage Range Mean Variance SD Cv

group
Control 24.4 ~ 36.2 130.3 11.6 3.4 11,2
Gamma rays | |
LL 954 - 43.2 33.9 1.5 L2 123
LH 243 - 435 32.1 19.8 4.4 13.9
HL 22.3 - 421 319 24.9 5.0 15.6
HH 202 - 40.3 30.8 - 27.4 5.2 17.0 |
Overall 20.2 ~ 43,5 32.2 99.6 4.8 14.8
EI |
LL- 26.2 - 43.4 34.3 20.2 45  13.1
LH 24.0 - 40.6 32.6 22.3 4.7 14.5
HL 19.8 - 41,7 303 - 29.4 5.4 17.9
HH 19.9 - 43.6 30.1 “35.4 Y 19.8
Overall 19.8 - 43.6 32,0 26.8 52 6.2
NEU | |
LL 25.4 - 43.0 3267 195 44 135
LH 24,0 - 42.9 32.2 26.2 5.1 15.9
HL 18.3 - 43.0 31.0 1 35.4 5.9 19.2
HH 17.0 - 42.7 26.7 43.0 6.8 24.6

Overall 7.0 ~ 43.0 30.6 31,0 5.6“ 18.2
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Maximum plant héight was recorded with the lowest doses of mutagens,

but plant height decreased gradually with increasing dose. Therefore, dose-
dependent depression in plant height was noted with‘all the mutagens. The
trend for increase. in height was‘ gamma-rays > EI = NEU. The mégnitude
of ihduced variabili‘t‘y was measured by variance, SD, and CV. The estimates
of all these statistical pafameters increased in the treated populations as well
as the damage groups than control. Amohg the mutagens tested, NEU showed
the maximum variance, SD and CV, foliowed by EI and gamma-rays. The
increase in the magnitude of these parameters was also dose related. The
highést estimatc_es of th‘ese‘paramete_rs were recobded with the highest dose of ‘
gamma-rays (20 kR) and medium doses (0.01%) of NEU and El. Among the
“groups of mutagenic damage, HH showed the highest variance (27.4 - 43.0),

SD (5.2 - 6.‘6) and CV (17.0 -24.6), followed by respective values of Variance,‘
SD and CV in HL, LH and LL. o
The ANOVA, components of variation, heritability and GA (Table 19)

showed that the damage groups differed significantly in all the treated
populations. ‘Among the groups of mutagenic damage, HH showed the highést
interfamily variance (39.9 - 103.2) with all the thrée mutagens, fqllowed by

HL (37.8 - 85.4), LH (37.3 -84.7) and LL (32.9 - 62.5). It is ‘also‘evident“ that
interfamily variances were significant with all the mutagens and their doses, |
which was non-significant in the untreated (control) population, The magnitudes
of GCV (6.4 - 11.0%) and PCV (13.9 -~ 19.5%) were higher iﬁ the treated populations
than in the control (4.5% and 11.2%, respectively). The heritébility estimates |
were also higher in all fhe ‘treated populations ( 21.4 - 34.8%) as against 16..4%
in the conrtrol. Higher GA‘(6.1 —12‘.89‘6 ) was recorded in the mgtagenized

~ populations ( 3.8% in the control).
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Appendices XXII, XXIX and XXX show the proportion of pwutatéd
families. Among different mutagens, the range of mutated families was
16.0 - 23.7% (Appendix XX11). The highest percentage of families mutated |
for plant h-eightlwas obtained with NEU (20‘7‘}6‘), fpllowed by v“EI (19.7 %‘) and
gamma-rays (19.5%). The increase in the percentage of mutated families
was dose-dependent. All the mutageps gave the highest frequency of mutated
families with their‘highest doses. The trend of mutated families in the
groups of mutagenic Gdamage‘ was HH > HL >LH = LL. The families with

higher CV and higher mean than the highest in the coﬁtrol were advanced to

next generation for further investigation.

2.2,1.3 Fruiting branches per plant

Thé range, pdpulation mea‘n,‘ variance, SD_ and CV for number of .
fruiting branches per plant‘(Table 20 and Appendix XV) show that the
range for branches per plant exceeds the limits of control (9.8 - 21.8 ) in B
both directions. The range in the treated populations was 4.0 ~ 61.0 branches ‘
per plant. Among the mutagens tested, NEU showed the widest range for
branches per plant ( 4.7 -~ 61.0‘)‘, followed by EI ( 4.3 - 56.2 ) and gamma-rays
( 4.0 - 50.0). All mutagens showed the widest range at their highest doses. |
Among the groups of mutagenic damage, HH w‘ith all the mutagens sfudied
showed the widest range, followed by HL, LH and LL. The mean ‘numbep
of branches per plant increased in all the mutagenized populations. No dose-
dependence was observed with regard to mean, except in the case of NEU
where the mean increased with the increase in dose. In case of gamma-rays,
the highest dose waé found‘ to be the most effective, whereas the medium
dose of EI was mofe effecﬁve than other doses of‘thi‘s" mutagen. ‘Am'ong

 different damage groups, HH showed the highest mean followed by HL, LH
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Table 20 Range, population mean, variance, SD and CV for total
fruxtmg branches per plant in different damage groups
in M2 generation .

grirgg ge Range Mean  Variance  SD CvV
Control 6.8 -21.8 134 320 56 42.2
Gamma rays
LL o 40-313 133 61.8 7.9 59.1
LH 44 - 43.0 14.3 71.8 8.5  59.3
HL 5.7 - 43.5 156 96.3 9.8 62.9
HH © 52-500  19.6 166.8  12.9 65.9
Overall 4.0 - 50.0 15.8 99.9 10.0 63.3
EI
LL 4.8 - 30.6 15.6 69.9 8.4 53.6
LH 5.4 - 35.0 16.7 8.0 9.4 56.5 -
HL 6.0 -~ 39.0 18.0 107.2 10.4 57.5
HH 4.3 - 56.2 18.8 1447 12.0 64.0
Overall 4.3 - 56.2 16.7 100.3  10.0 60.3
NEU
LL 7.8 - 40.0 17.8 82.3 9.1 510
LH | 55 -398 - 189 106.6  10.3 54.6
HL | 5.5 - 42.3 20,0 - 127.5 11.3 56.5
HH 47 - 610 216 160.0  12.6 586

Overall 47 -61.0 196 . 1191 109 557
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and LL. The magnitude of induced vériability was measured by variance, |

8§D, and CV. Among fhe chemical‘m‘utagens, the maximum increase in

the estimates of these parameters (except CV) was found with NEU. The
maximum CV was observed with gamma_—rays ( 63.3%), followed by EI
(60.3%) and NEU (55.7%). Gamma-rays occupied third position after NEU and
EI in respect of induced variability. The range of CV in mutagenized
populations was 48.7 ~74.8% as against 42.2% in the control. Among the
groups of M1 damage, HH showed maximum increase ‘in variance, SD and

CV with all three mutagens studied (Table 20). In respect of variability,

the groups were arranged in the sequence: HH > HL = LH SLL.

| The ANOVA, GCV, PCYV, heritability and GA (Table 21) revealed that
the groupé of M1 damage were significantly differeht in all the treated
populationé, énd the HH group showed maximum interfamily variance

(153.6 —374.4); followed by HL (134.3-346.2), LH (119.7-293.3) and LL(89.3~209.1)
in all ‘the mutagenic treatments. The interfamily variance ranged from
124.8 to 296.3 (48.4 in the control) and was significant in all the treated
populations. The highest value of interfamily variance was noted with 0.02%
NEU (296.3) and minimum (124.8) with 5 kR gamma-rays. The increase in
interfamily variance for branches per plant was dose-dependent. The highest
interfamily variance was noted at the respective highest doses of the mufag‘ehs |
studied. The treated populations showed higher PCV (54.8-64.7%) than control
(42.2%‘). The GCV in the treated ‘populations also increased to 23.4-33.8% as
compared to 15.1% in the control. Heritability increased- (18.4-27.8%) in the
mutagenized populations by a significant margin (12.3% in control). The
estimates of GA in the mutagenized populatio‘n‘s fanged from 20.8 to 36.8%

of mean, as compared to 11.1% in the control.
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The estimates of frequency of rﬁutaféd families (Appéhdices XX11,
XXIX and XXX) show thét the proportion of mutated families for number
of branches per plant ranged from 8.8 to 35.0%. Among the mutagens
used, NEU showed the highest ‘frequency of mutated famiiies (13.‘03 35.0%),
followed by EI ( 13.0 - 33.3%) and gamma-rays ( 8.8';29.‘3%). Dose-dependent
increase was noted in mutation frequency. The highest doses of all three
mutagens were found most effective. The damage groups also differ for
percentage of mutated families. The four groups of damage were arranged
in the following order on the basis of frequency of mutated progenies: HH > |

HL > LH > LL

2.2.1.4 Pod clusters per plant
The range, populatioﬁ mean, variance, SD and CV for effe‘cti‘ve

clusters per piant in different damége groups and different mutagenized
popﬁlations of all three mutagens ére presented in Table 22 and Appen‘dix?‘
 XVL. The damage groups in all three mutagens over different doses showed
a trend for increasing values of all these statistical parameters (Table 22).
The range for cluster/plant increased from 14.4—54.6&5 control to 7.0—1‘52.3
in the mutagenized populations. The increase in range was maximum in the
HH group of 0.01% NEU (9.3-152.3) and minimum in the LL group of 5 kR
gamma-rays (12,5 - 56.7 ). All the mutagenic treatments except 5 kR
gamma-rays, shifted the population mean in the positi‘ve dirécf.ion ( highéf |
number of clusters per plant)., Maximum population mean was recorded with
0.01% NEU (35.5) and minimum with 5 kR gamma-rays (24.3). The magnitude
of genetic variability, measured s variance, SD and CV, increased considerably
in the treated populations ( cv 60.0 - 82.5% ) over the; ‘control { CV '45.2%‘).7 ‘

Améng the mutagéns used, NEU gave the highest values of variance, SD and
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Table 22 Range, population mearn, variancé, SD and CV for clusters
per plant in different damage groups in M2 generation

Damage

group Range Mean Var‘ia.nc‘e SD Cv
Control 144 - 548 25.0 1277 1.3 45.2
Gamma rays
LL 8.8 - 697 24.4 277.5  16.7  68.3
LH | 10,0 - 78.8 26.4 343.8  18.5 702
HL 16 1138 209 4895 22 740
HE 831287 3.1 584.9 242 753
Overall 8.3 -128.7 28.8 4313 20.8 721
EI |
LL 8.3 - 66.7 23.5 2474 150 669
LH 9.2 - 80.6 259 3340 183 0.6
HL © 8.8 -120.3 130.7 513.8 227 3.8
HH 8.4 -135.3 3.2  629.3 251  75.6
Overall 8.3 ~135.3 28.5 436.3 . 20.3 734
NEU | |
LL 9.3 ~ 727 29.8 365.9 19.1  64.2
LH 7.0 - 91.7 32.0 5102 22.6  70.6
HL 7.0 -126.8 33.8 685.2 262 174
HH 741523 5.0 850.0  29.2 817

Overall 7.0 -152.3 33.3 618.2 249 747
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CV for clusters per‘ plant, followed by EI and gamma—rays; Dose-dependent
increase in variability was recorded with all the three mutagens. The two
chemicals showed highest magnitude of variance, SD‘ and CV ét their medium
doses, while the highest dosé of gamma-rays ( 20 kR ) was most efféctivé
in this respect, As can be seen frofn Table 22, the maximum variability was
recorded in the HH group of mutagenic damage, followed by HL, LH and |
LL groups of all the three mutagens. |

The ANOVA, GCV, PCV, heritability and GA (Table 23) revealed
that ‘t‘he groups of M1 damage were significantly different in all the
treated populations, and the HH group showed maximum interfamily variance |
(705.4 - 2524.3), foilowed by HL (547.3 - 1734.7 ), LH (421.9 - 1398.9 )
and LL ( 4165 - 1‘040.3 ) in all the mutagenic treatments. The interfamily
variance ranged from ‘535.4‘ to 1556.6 (178.1 in the control), and was significance
in all the 't‘reated populations at 5% or 1% levels of significance. The hig‘hest‘
value of inferfamily variance (1556.6) was.noted with 0.01% NEU, and minimum
(535.4) with 5 kR gamma-rays. The increase in interfamily vai'ianée for
clusters per plant was dose-dependent. The highest interfamily variance with
chemicals was noted with medium doses of chemicals and the highest dose
( 20 kR) of gamma-rays. The treated populétion showed higher PCV (66,7 -
79.1%) than control ( 45.2%). The GCV also increased from 31.0 —7‘40.8%
in the treated populations compared {o 14.2% 1in the control. The heritability‘
increased by a significant margin to 18.9 -28.7% in the mutagenized populatioﬁé
over 9.9% in the control. The estimates of GA ranged from 28.0 to 44.8%
of mean, as agamst 9. 2% in the control. |

The frequency of mutated families (Appendlces XXIV, XXIX and XXX)



-103-

1eA3] %L 38 JUBDIFIUSIS 44

sAea BwwED

80y 8'vy €ee 2°6¢ c'ed L8 ©6¢ ¢0¢ 082 26 ®DUBADE O113USD
¢9¢ L°8% 43 6°58 8'9% 9Lz 8T 02z 681 66 | 3‘_‘:%:‘&1‘
9'sL 8°G. ) ) L°6L 199 AL v'L9 6L A  AOd
188 9°0% Lpg PLE 80b 0'Le  ¢8e 9'Le  7Le ThL ADD
L'P2F  9°91  L'cGg L'S2¢  L'gLg  ©LLg 9°68F  9TLE  ¥LYE L°GLL Arturey UM
#%EVEGE xx6'L1L7E #48°029L  4x8'CLEL 4x€'89FL xx2"90ZL 43 0£0Z #xL 0901 %xP S0 - HH
#49°L0FL #xlFELL 4al'BELL  2w8°CB0L 4x0°COEL xuB9LO wrf LOZL Im.oﬁ #x87LHC - TH
#AB'OLLL 4x6'B6EL xxB608  wxl'BOL 4x6TZ6 xx8'ZCH #xl99L 4xB'G69 xx6'LTE - HT
*x9VE8 kB OPOL sxl6Y9  448'S6F  aubL8Y  4xELPY x49°8SL #x8'S8Y #xG'OL - T dnoss umm
wxl’LLLL 549988l £49°G96  4xL'E68  4x0°CC0L 4xG'SPO 4x0°LILL ##9°ESL wxb GES 1-841 owTure tooMIoq
*48°EELEZZ 5x0'BELED 4x6'LLBLE 446 FECTL 4x6 LEOLE wu8 6099 snl  LOESE wul EELY wxb FELL - sdnoas usemiaq
. ‘ - souBLIBA

ur juerd Jod sI9ISN[O J0J 9oUBADE 2119usS puB AMIGRIMISY ‘uoriBlIBA JO SuauUOdUIOoD

UOI1RIDUSS NE‘
‘aouriIBA JO SISATBUY €2 9IQR],



~104-

for clusters per piant ranged from‘ 140 - 38‘.‘9%. Among the mufagens used,
NEU showed the highest pr‘oport‘ion‘ of mutated families ( 27.8% ), followed
by EI (26.3%) and gamma~r'ia~ys.(24.1%)’. - Dose-dependent incfease in the
frequency of mutéted families was‘nofe‘d.‘ The ﬁighest dosés of all three.
mutagens were the most effective, Group differences for percentage of
mutated families were also recorded. The four groups of mutageﬁic damage
were arranged in the following order on the basis of mutated progenies:

HH = HL = LH > LL.

2.2.1.5 Pods per plant |

Tablé 24 aﬁd Appéhdix XVII show the ra‘nge,‘ population meen, vafiance,
SD énd CV for pods/plaht in 1\/12 genet'ation. The mutagenic damage groups
pooled over, g1l the dosés of a particular mutagen show ‘increasing trend in
order of HH => HL > LH =LL with regard to all the statistical parameters
analysed (Table 24). The range for pod number‘ increased in all the treated
‘p'opulations ( 10.0 - 208.6 as against 22.4 - 74.8 pods/plant in the confroi).
The widest range for pods per plant was recorded in the NEU—‘mutageniied
populations ( 10.0 - 208.6 pods/plant), followed by EI ( 12.8 -198.8 ) and
~gamma-rays (. 13.3 - 182.0 ). Dose-dependent ‘increase in the rangev was
evide‘nt. Both chemical mutagens gave the widest range of péd number
with medium doses, and gamma-rays with the highest dose ( 20 kR). The
population mean shifted slightly towards higher pod number in all the mutagenized
populations, except 5 kR gamma—rays, where it decreased slightly (43.0‘pods/x
plant), as compared to the control ( 45.0 pods). Among thé mutagens studiéd,
‘méximum ‘increas‘e in mean pod n‘umbe‘r/plant waé noted with NEU (59.1), |
followed by EI (52.8) and gammaQrays (51.2). Medium doses of ‘all three

~ mutagens were the most effective in increasing the pod number (54.0 -62.2).
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Table 24  Range, population mean, variance, SD and CV for pods per
plant in different damage groups in M2 generation

?ﬁl};ge Range Mean ‘Varié’nce“ SD Cv
Control 22.4 - 74.8 45.0 590.5 924.3  54.0
Gamma rays
LL 16.0 - 91.8 44,7 859.5 29.3  65.6
LH 15.4 ~140.7 47.0 1076.1 32.8  69.8
HL 15.0 ~151.3 52.8 1307.3 374 708
HH 13.3 -182.0 58.9 . 1967.4 M4 153
Overall 13.3 -182.0 51.2 1419.7 3.7 73.6
. ‘
LL 15.4 - 99.8 46.2 1030.3 32.1 69.5
LH 15.0 -145.,5 48.5 1190.0 34.5 711
HL 14.4 -174.3 54,8 1617.6 40.2  73.4
HH 12.8 -198.8 616 2266.9 ‘47“.‘6 77.3
Overall 12.8 -198.8 52.8 15568 39.5 748
NEU |
LL 14,7 -102.5 52.5 1210.6 34.8 66.3
LH 10,0 -150.4 57.7 1712.0 4.4 717
HL 16,2 ~181.4 62.6 2293.1 47,9 765
HH 12.8 -208.6 66.0 2736.3 52.3  79.3
Overall 10.0 -208.6 59.1 20207 45.0 761
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The mutagenic damage groups increased podding‘intensity in the order
HH > HL > LH > LL. The SD and CV for pods/plant increased as a
resuit of mutagenic treatment. Among the mutagéns test‘ed, NEU showed
the highest values of variance, SD and CV, followed by EI and g&mma—rays.
The increase in these parameters was dose—related, and highest estimates of
these parameters were obtained with the highest dose of gémma—rays (20 kR)
and medium doses of NEU and EI ( 0.01%). Afnong the groups of mutagenic
damage HH had the nighest yvalues of variance (1967.4-2736.3), SD (44.4-52.3)
and CV (75,3 - 79.3%), .followéd‘by corresponding values of these parameters‘
in HL, LH and LL ( Table 24) | B
The ANOVA components of variation, herltabrhty and GA (Table 25)
showed that the groups differed significantly among themselves and in all
the ‘treate‘d populations, The HH group of mutagenic damage showed the
maximum interfamily variance, followed‘ by HL, LH and LL. This trénd w&é
consistent with all the three mutagen used in this study. It can also be
seen that the interfamily variances were significant with all the mutagens“and‘
their doses, while it was nonsignificant in the untreated ( eontrol)‘ population.
The magnitudes of GCV (3‘1.8 ~ 43.4%) and PCV (66.9 - 7‘9.8%) were higher
in the treated populations than in the control ( 18.8%‘ and 54.1%, respectively).
So were the heritability estimates (19.5 - 31.3% ) in treated materials as .
against 12.1% in the control. The higher values of GA (29.4 -50.0% ) in th‘e‘
mutagenized populations (13.5% in control) indicate the possibility of improvement
for poddmg intensity through seleetlon
Appendlces XXV, XXIX and XXX give an idea about the percentage
- of mutated families: 17.5 - 45.0% mutated fo;‘ this character. The highest

p‘ercyentage of mutated families for podding intensity was obtained‘ with :NEU
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(33.4%), followed by EI (32.3%), and ‘gar‘nmaways (29.9%). The increasé in
the percentage of mutated families followed a defin'ite dose-dependent
pattern. All three mutagens gave the highést frequency of mutated families
at their respective highest doses. The groups of mutaéenic damage wére
again arranged in the order of HH => HL > LH = LL in this regard. The
families having‘ higher CV and mean than the highest values in the control

were advanced to I\/I3 generation for confirmation and detailed observations.

2.2.1.6 Seeds per pod

The stu'dy‘ of‘ range, population mean, variance, SD and CV for
seeds per pod in different groups of mutagenic damage (Table 26) and
tréatments ( Appendix XVIII) in MZ generation showed that thé range for
- seeds/pod crossed the linﬂits of control ( 1.1 - 1.6 ) in both the directions.
The increase was more in the positive direction ( i.e. higher seed number
per pod). The range in the treated populations was i.O - 2.2 seeds/pod
for all the three mutagens under study. Gamma—fays showed the widest
range at the highest dose ( 20 kR), EI at the lowest dose ( 0.005%), and
NEU at its medium dose ( 0.01%). The mean seed number per pod increased
in all the tréatments, except in 5 kR gamma-rays énd 0.02% EIL. Both the
chemical mutagens gave the highest number of seed/pod‘at their mediu‘m‘
doses, whereas in case of gamma-rays, the highest dose was most effective.
Varianee, SD and CV for this character also iﬁcreased in all the mutagenized
populations as compared to control. The two chemic‘als showed maximum |
increase in these statxstlcal parameters, and among them NEU had an edge
over El at least for CV The CV in the mutagemzed populatlons vamed fr'om‘

17.4 - 22. 6% as against 17.2% in the control Among the groups of M
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Table 26 Range, population mean, variance, SD and CV for seeds per
pod in different damage groups in MZ generation

Damage

Overall 1.0

group Range | Mean Variance SD Cv
Control 11 - 1.6 1.3 0.05 022 7.2
Gamma rays |
LL 1.0 - 1.9 1.4 0.06 0.25 1.9
LH 1.0 - 2.1 1.4 0.06 0,25  17.9
HL 10 - 2. 1.4 0.07 0.27  19.7
HH 0 1.0 - 2.2 1.5 0.09 0.30  20.4
0vei~§n 10 - 2.2 1.4 0.07 0.26 19,3
El |
L 1.0 - 1.7 13 0.06 0.25  18.4
u 1.0 - 2.1 1.3 0.06 0.25  19.3
HL . 1.0 - 2.1 1.4 0.08 0.28  20.2
HH 1.0 - 2.2 1.5 0.10 0.30 21.8
Overall 1.0 - 2.2 1.4 0.08 0.28  20.1
'NEU |
LL 11 - 19 1.4 0.06 . 0.25  17.5
LH 1.0 - 2.0 14 0.06 0.25  17.9
HL 1.0 - 2.1 15 0.08 0.28  19.2
HH 1.0 - 2.2 1.5 0.11 0.30 217
| 1.4 0.08 0.28  20.2
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damage, HH‘carried maximum increase in variance, SD and CV irrespective
of mutagens and their doses, and also when pooled over all ‘the doses of &
particular mutagen, The groups Qf mutagenic damage were arranged in the
sequence: HH = HL>>LH >LL. . | | |

‘The ANOVA, GCV, PCV, heritability and GA (Table 27) revealed that
the variance between groups of M1 damage was highly signif‘i‘cant‘in all the
treatments. Variance within LL group was non-significant in all the treatments
~except 0.01% EI. Three such cases ( 5 kR gamma-rays, 0.005% and 0.02%
NEU) were observed in the LH group of damage. The HH group showed
maximum in‘térfamil‘y variance ( 0,12 ~ 0.20) for seeds per pod, followed by |
HL ( 0.10 - 0,14 ), LH ( 0,09 - 0.13 ) and LL ( 0.07 - 0.12 ). The inerfamily’
variance fanged from 0.10 to 0.14‘ ( 0.06 in control ). The interfamily variances. =
were significant with all the mutagens and their doses (non—significant in
‘control). The magnitudes of GCV ( 6.3 - 8.5%) and PCV ( 18.5 - 2‘0.6% ) were
higher in the treated populations than in control ( 4.2% and 17.2%, r‘es‘pectively).‘ '
The heritability esti.matés were also higher in all the treated populations |
( 10.5 - 17.7% as against 6.0% in control ). Genetic advance also inereased
( 4.4 - 7.4%) in the mutagenized populaiions ( 2.1% in control ).

Appendices XXVL XXIX and XXX give an idea about the percentage
of mutated families for seeds/pod. The range of mutated families was 9.6 -
14.6% in different treatments. The highest percentage of families mutated
for seeds per pod in diffefent treatments was‘obtained with NEU ( 11.4-14.6%),
followed by EI (10.8 - 13.9%) and gamma-rays (9.6 - 12,0%). The increase
in percentage of mu‘tated‘ families :was dose—dependent, except with 0,01% EI
All the r‘nutagen‘s‘ gave fhe highest frequency of mut_atéd progenies in M2 at

their respective high‘est doses: The trend of mutated families in the groups
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of mutagenic damage was HH = HL = LH > LL. The mutated families
having higher CV and mean than the highest values in the control were

advanced to the next generation for further confirmation.,

2.2.1.7 100-Seed weight (seed size ) |

Table 28 and Appendix XIX give the range, population mean,
variance, SD and CV for 100-seed weight in different damage groups pooled
over all the doses of different mutagens and treatments in M2 generation.
The range ‘fér 100-seed weight increased from 2.7 - 3.6g in control to 1.3 -
4.6g in the mutagenized populations. The maximum increase in range for
100-séed weight. was reco‘rde‘d in the HH group of damage of 0.01% EI
(1.3 - 4.6g‘) and minimum in the LL group of 5 kR gamma-rays ( 2.2 - 4.0g).
Almost all the mutagenic treatments shifted the population‘ mean in positive
direétion ( higher seed size ). Only with 5 kR gamma-rays, 0.02% EI and
NEU; ‘the population mean was equal to that in the control ( 3.1g ). The
highest population mean was observed with the highest dose of gamma-rays,
lowest dose of EI and medium dbse of NEU. The order of mutagens on tﬁe
basis of population mean was gamma-rays = EI > NEU. The mégnitude
of genetic variability, measuréd as variance, SD and CV, increased in the
treated populations (CV 18.3 ~31.6%) over the control (17.7%), except in
the LL group of 10 kR gamma-rays where it decreased slightly to 16.1%.
Dose-dependent increase in va‘riability for 100-seed weight was recorded with
three mutagens, with the maximum variability induced by their highest doses. |
Th‘e highest dose of gamma-rays indu‘ced‘ maximum variability for 10‘0-‘seed
weight among all the treétments. ~Among the groups of mutagenic damége,
the ‘highest‘ magnitude of v‘ari‘ability waé récorded in thé HH group, followed.

~ by HL, LH and LL in all the three mutagens ( Table 28 ).
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Table 28 -Range population mean, variance, SD and CV for 100-seed

weight in different dgmage groups in M2 generation
;‘aorggg € Range M éan Va‘riance SD Cv
Control | 2.7 ~ 3.6 S 3.1 | 0.3 0.5 17.7
Gamma rays
LL 2.0 - 4.4 3.6 0.4 0.6 17.7
LH 1T - 4.3 3.4 0.5 0.7 217
HL . 1.5 - 4.5 3.1 0.6 0.8 25.8
HH 1.3 - 4.6 3.0 0.7 0.9 285
Overall - 1.3 - 4.8 3.3 0.6 0.8 24.4
EI
LL 1.9 - 4.2 3.4 0.4 0.7 19.5
LH 1.7 - 4.4 3.3 0.6 0.8 23.7
HL 1.4 - 4.4 3.1 0.7 0.8 26.4
HH 1.3 - 4.8 3.0 0.8 0.9 29.8
Overall 1.3 - 4.6 3.2 0.7 0.8 26.0
NEU |
LL | 1.9 - 4.2 3.4 0.5 0.7 20.2
LH 1.8 - 4.4 3.3 0.5 0.7 22.3
HL | 1.7 - 4.4 3.1 0.6 0.8 25.0
HH 1.5 - 4.6 3.1 0.7 0.8 26.7
- Overall 1.5 3.2 0.6 0.8 23.6
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Table 29 shows ANOVA, components of variation, heritability
and GA for 100-seed weight in M, generation, Variances between families
within LL group of five treatments ( 5 kR of gamma-rays, 0.005% and |
0.01% of EI and 0.005% and 0.02% of NEU ), and alsa within group LH
of 0.005% NEU were non- 51gmflcant However, variances between different
damage groups, and also interfamily variances with different treatments
were significant at 1 or 5% levels. Interfamily variance in the control
‘was non-significant. Among the groups of mutagenic damage, HH showed
highest ‘magni‘tude‘ of interfamily variance ( 1.1 -2.2) followed by HL
(1.0 -1.8), LH (0.7 - 1.4 ) and LL ( 0.6 - 1.0 ) consistently with ali
the mutag‘enél“a‘an‘d their doseé. The magnitudes of GCV ( 9.2 - 13.2% )
and PCV ( 2‘2.1 - 27.6% ) were higher‘ in all the treatments than in the
cont‘rol‘( 4.6% “and 17.7%, respectively). The heritability estimates were
also higher in the treatments ( 17.1 ~ 25.6% ) than in the control (6.7%).
Genetic advance also increased over control (2.4%) as a result of muta‘genic‘
treatment ( 7.8-13.7% ). E

Appendices XXVII, XXIX and XXX give‘an idea about the percentage
of M, mutated families. The rangé of mutated families for 100-seed weight
was 10.2 - 16.5% in different treatments of all the three mutagens. | The
highest percentage of families ‘mutated for 100-seed weight was obtained
with NEU ( 14.9%), followed by EI ( 12.9%), and g‘amma—rays (11.8%).
The increase in proportion of mutated families was dose dependent. All the
mutagens gave the highes‘t frequency of sﬁch M families at their bespective |
~ highest doses. The trend of mutated families in the groups of mutagemc
damage was HH > HL >LH >— LL. The promxsmg families ( those havmg

higher CV and h1gher mean than the hlghest value of control) were advanced
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to the next generation for further analysis.

Seed yield per plant

2.2.1.8
The statistical parameters ( range, populatlon mean, vamance,
SD and CV) for seed yield per plant (Table 30 and -Appendix XX) indicate

that all /the mutagemc treatments effectively mcreased the range of plant
productivity over the control ( 1.0 - 4.1g ), the widest ( 0.6 - 10.2g )

being ‘f‘r 0.01% NEU and the narrowest ( 0.6 - 8.2g ) for 5 kR gamma-rays.
Among the groups of mutagenic damage, HH ( 0.4 - 10.2g) showed the
maximu i.ncrease in the range of seed yield in all the mutagenic treatments,
followe “‘by,HL (0.7 - 8.2g), LH (0.4 - 6.2g) and LL (0.5 0 5;0g). Thé. |
population mean yield increased in gll the mutagenized populations except |
the LL | group of 10 kR gamma-rays where slight decrease in mean yield |
per pla t was‘ observed ( 1.9g). The mean seed yield of treated ‘populati_ons

- increased with increasing dose. The highest mean with chemicals was
observed at medium doses ( 2.7 and 2.5g with NEUand EI, reSpec.tively);

but with gamma-rays (2.6g) at the highest dose ‘( 20kR). Among the
mutagens, NEU ( 2.6g) was most effective in increasing seed yield, followed
by EI| and gamma-rays (2.4g). Among the damage groups, HH (2.5 -3.7g)
was ‘most effective,‘followéd by HL ( 2.3-3.3g), LH (1.9 - 2.4g) and LL
(1.7-2/4g), in increasing .gr'ain yield. The variébility recorded in terms of
variance, SD and CV increased considerably in the treated populations

as compared to the control. The range of CV among the treated populations
was 67.3-95.6%, as compared tb 66;8% in the control population. Among
thé utagens tested, chemicéls ( NEU followéd by El) generally showed
high r estimates of all these parameters of var‘igb‘ility‘( e#cept CV which

‘was igher in EI) than gamma-rays. Dose-dependent‘inerease in variability | .
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Table 30 - Range, population 'maen, variance, SD and CV for seed yield
per plant in different damage groups in Mz generation

gDrE:)rSSge Range Mean  Variance SD CV

Control’ 1.0 - 4.1 2.0 1.9 1.4 66.8

Gamma rays
LL 0.6 - 5.2 Y 2.2 1.5 74.2
"LH 0.6 - 5.5 2.2 3.1 1.8 80.0“
HL 1.0 - 7.9 2.6 4.8 23 83.6
HH 0.7 - 8.7 2.8 5.9 2.6 87.0.
Overall 0.6 ~ 8.7 2.4 4.0 2.0 83.8 -

El

- LL 0.5 - 4.3 2.1 2.3 1.5 73’.‘7
LH 0.6 ~ 5.8 2.1 3.2 1.8 84.4 |
HL 0.7 - 7.9 2.6 5.1 2.3 85.5
HH 0.8 ~ 9.9 2.9 6.8 2.8 91.1
Overall 0.5 ~ 9.9 2.4 4.3 2.1 86.1

NEU
LL 0.5 - 6.0 2.9 2.9 1.7 | 78.1
LH 0.4 - 6.2 2.2 . 3.3 1.8 82.6
HL 0.7 - 8.2 2.9 5.8 2.4 84.1
HH 0.4 -10.2 3.5 8.1 29 85.0
Overall 0.4 2.6 4.9 “2-2 83.9

-10.2
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for seed yield per plant was also obéerved with all the three mutagens.
Medium doses of chemicals ( 0.01%) showed maximum variability for
seed yield, whereas gamma-rays caused maximﬁm variability at‘ the higﬁeét
dose ( 20KR). As rega‘rds the groups of Amutagenic damage identified in |
Mj, HH again showed its superiority over all others with respect to the
magnitude of variability ( giving highest variance, SD and CV ).

| The ANOVA, components 61" variation, heritability and GA for
seed yield per plant in I\/I2 generation are ppésented in Table 31. The
ANOVA showed signficaht differences between the gr'oup‘sAof mutagenic
damage as well as différent families within the mutagenic treatments.
Interfémily Varianceé within LL group of 5 kR gémma-—rays and 0.005%
EI we‘re non-significant, whereas ail other groups of mutagenic damage .
showed signi‘ficant interfamily variances. The HH group was far superior
over all other groups ( 8.9-16.8 ), followed by HL ( 6.6-12.8 ), LH ( 4.5-E~S.9‘)
and LL ( 2.9—7.4 ). The interfamily variances ranged from 6.3 ( 5 kR gammd—
rays) to 11.1 ( 0.07% NEU) as compared to 2.0 in control. The increase
in ihterfamily variance was ‘dose~dependent with all three mutagens. The
chemicals showed the highest interfamily variance (NEU 11,1 and EI 9.6)
at the medium doses, whereas gamma-rays induced maximum interfamily
variance ( 7.3 ) at the highest dose ( 20 kR ). The GCV varied from
34.4% to 43.8% in the treatments as against 9.6% in the control, and
PCV from 78.7% to 94.0% in different treatments as compared to 66.9%
in the control population. Very high increase was recorded in heritability
(15.6-27.5%) and genetic advance ( 30.2—46.6%) as a résultr of mﬂtagenic
tr‘eatménts over control (2.1% and 2.8%).

Appendices XXVIII, XXIX and XXX show mutated families in the
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42.5% for seed yield/plant. Among the mutagens tested,

hest frequenc;y of mutated families ( 30.9%), followed by o

amma—rays‘(27.0%).‘ The increase in percentage of mutated

dose dependent. The highe‘st‘frequen‘cy of such famiiies

3.6 % mutated families was obtained with the highest doses

mutagens in the order: NEU > EI —> gamma—r'ays.‘ Among

itagenic damage, HH carried maximum concentration of

in all the mutagenic treatments employed. In this

age groups could be arranged in the sequence: HH >> HL > |
‘fafniliés‘ with higher CV coupled with highef vmeani t}{an
in the control were advanéed fo M3 genération for ;he

heir behaviour and further selection.

7 of M2 results on micromutations |

basis of the above analysis a few general trends can be
nduction of micromutations, The rangé of the eight

d increased in all the tﬁeatments ovér' the control. ’I‘h‘e
also increésed marginally over the control level. The -
ired througﬁ the estimation of variance, SD and CV in the
}eli as treated populations, in general, increaéed considerabiy N
I populations. The comparison of CV of all the eight - o
ed that seed yield per plant showed maximum variability
ed by pods per plant (74.8), whereas minimum vériability
days to maturity (CV 2.4). The remaining. five characters,
rs and branches per plant, 100-seed weight,‘ seeds per pod.

‘showe‘d‘ little or. intermediate increase in variability in

decreasing order.|
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The analysis of‘\‘/ariance showed that, with few exceptioné,
interfamily variance was significant for all the treated populations and
non-significant for control for all the eight characters studied Both
GCV and PCV 1ncreased as a result of mutagenic treatments Among
the characters studled seed yleld per plant showed highest PCV, followed
by pods per plant. However, GCV was considerably low for both the
characters. The correspondénce between GCV and PCV was maximum for
days to maturity and the minimum for‘ seeds per pod; other characters
showing intermediate relationship between these parameters, The heritability |
was hxghest average over all the treatments,(43 7%) for days to maturlty,
followed. by plant helght ( 28.7%), pods per plant ( 25.8%), clusters per
plant (24. 1%), branches per plant ( 22.1%), 100-seed weight (20.9%),
~ yield per plant ( 20.8%),‘ and seeds per pod (14.2%). The highest value
of GA (39.8% of mean) was recorded for pods per plant and lowest (2.1%)
for days to maturity. | |

The overall CV of each I\/I2 progeny was used to identify the
frequency of mutated families. The chemical mutagen NEU was most
efficient in producing such families for all the eight characters studied.

The lowest number of families mutated for micromutations was recorded .
following gamma-ray treatments, and EI was intermediate. Among the
characters studied, pods per plant was the most mutable character, followed
by seed yield and clusters per plant. Branches pe‘r plant, days to maturity
and plant height were comparable vtith medium mutability, whereas 100-seed

weight and seeds per pod were least mutable characters.

- 2.2.2.1 Dose effect

The lowest magnitude of variability was induced With the lowest
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rdose of all the three mutageris with‘out any exception. ‘Generally,‘ maximum
variability (expressed as range, varience, SD and CV) for all the characters
was induced by the medmm doses of chemieals (0. 01%) and the hxghest dose
of gamma-rays ( 20 kR)‘. The frequency of mutated famlhes was maximum
with the highest doses of all the three mutagens, followed by the medlum

and lowest doses.

9.2.2.2 Mutation frequency in relation to mutagenic damage

Among the four groups of mutagenic damage in M1, HH ( high
rate of leaf aberrations and high sterility) carried maximum variability
for all the eig‘hf characters. The general pattern of mutation induetion -
was ‘in‘ thé order of HH = HL = LH == LL. The frequency of mutated

families was also .highest in the HH group, followed by HL, LH and LL.

2.2.3 Test of significance of difference

All the families treated as mutated showed significantly higher
F values at 1 or 5% levels. The Bartlett's test was used to determine
whether the families in the t‘rea‘ted populations were significantly diffefent ‘
on the basis of their individual veriances ( intrafamily variance ). | With
a few exceptions, the ’)(_.2 vaiués in each treated population were significantly‘
high for all the eight characters at 5 or 1% levels with n-1 degrees of |

freedom ( Appendix XXXI).

2.2.4 Screening of promising families

| Although a large number of families were identified as mutated
(with higher CV) for the cﬁaracters‘studied, all of them ere‘not expected
" to be of equal selectlon value ~ The mutated families for eaeh character
were further d1v1ded into thr'ee groups, i.e. , mutated famlhes w1th hlgher,r ‘

‘unc‘hanged and lc;wer‘ mean than that of control (Appendices XXImXXVIH )
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The character means of t‘he mutated tamilies were compared with the highest
family mean in control in each treatmént for rig'orousl séleéfion. Only those
families were considored promising which had higher CV and m‘ean‘ than the
highest of control prdgé‘nies.

The families with higher CV and unchanged meen were ‘in greater number
'than the mutated fam:ilies with lower or higher mean in each treatment ( Appendices
XXI - XXVIII). The proportion of mutated families Mth higher mean wés‘ not thé |
same as with Iowe‘r“‘mean t‘or‘all the eight characters under study. As stated |
earlier ( ‘cf.‘ Mé‘terials and Methods), the mutated progenies with higher CV and
mean shifted in the desired directions were treated as "promising" progenies for |
the purpose of selection. Among the mutagens tested, NEU was most effective -
in this respect as it induced the highest [requency ( 3.1% each for 100-seed
weight and seeds/pod to 13.3% for pods/plant) of ﬁromising families for all the |
characters, followéd by EI (2.4% to 12‘.2%) and gamma-~rays ( 2.1% to 10.6%).
The highest dose of gamma-rays ("20 kR) gave higher frequency of promising
families than the medium and lower doses { Appendix XXXIl). However, the
| chemicais induced highest frequency of pro'mising families ‘with medium doées
(0.01%) which were comparable with their highest doses (0. 02%) The groups
of mutagemc damage were arranged in the followmg order wlth regard to frequency
of promising familics: HIf > HL> LH>>LL (Table 32),

The proportion of mutatedvfamilies promising for multiple characters
are shown in Table 33 and 34, It can be seen that ‘thé proportion. of p‘romising‘:
families varxed from 17 6°6 w1th kR gamma- rays to 30.0% fol lowmg 0.01%
NEU treatment. Similarly, the pro portlon of promnsmg famlhes with |

mulliple characters varied Trom 57.6% (5 I\R gamnm—rnys ) to 71 4%
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(0.02% EI) of the total promisiﬁg families in vérious treatmehts.‘ Thé
proportion of promising families ( with single + multiple characters )‘
wes highest ( 24.9%) in the NEU-treated population ( Fig.G); - Next 1n
| order were EI (23.3%) and gamma-rays ( 20.1%). The samé trend was
observed when promising families with multiple characters ( 2-6} were |
considered: the proportion of mutated families with multiple promising
characters out of the total promising families was in the order of NEU
(67.2%) > EI (66.5%) = gamma-rays ( 63.1%). As regards the proportion
of promising families and those with multiple characters in different
mutagenic vdamage‘ groups, the trend was : HH 7> HL 2> LH > LL
(Table"‘34 ‘).3. |

| After identification of the promising families, intrafamily selection
was carried out and three best plants from each pfomising faniily were

~advanced to the IVI3 generation.

3. Observations in M3 genei‘ation

The main purpose of raising M3 generatidn was to confirm and
study in detail the magnitude and direction of induced polygenic variability
for the characters ‘under" study. Attempts were ‘al“so ‘made‘ to compare the
parameters of variability in IVI2 and M3 generations. The M3 families were
raised from the seeds of individual M, plants in augmented design with 79
blocks and three controls ( PS, L4076 and 874—3). The observations were
recorded on five random plants in each M3. progeny. The data on eight
cha‘racter‘s were: analySed as aUgmented design as a whole, and also as
completely randomized design for each population separately, The indueéd
variability in MB. generation was anaiysed andpresent;ed in the same manner

as for the lVI2 generation. ‘T‘he‘enti_rje M3 m‘ate‘rial was divided into three
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separate populations: (i) progenies of three normal looking plants from each
M2 progeny carrying & macromutation; which did not segregate for such
mutations in Mg, (ii) prégenies of three best plants in the M, families
identified as promising on the bésis. Qf charactér ‘mean and CV‘in the two‘ |
extreme groups of mutagenie damage; i.e. LL ‘and HH; and (iii) progenies

of three reandom plants from each ‘Mz fa‘mily not included in the above two
populati‘ons., These three M3 populations were called macromutational (1),
selected (I}, and unselected (I}, In M3 also, observations were recorded on

the same eight quantitative traits as in M.
3.t Th‘é‘résults on polygenic mutations are presented character wise,

3.1.1 - Days t6 maturity

- Table 35 shows that the range for days to maturify iﬁcreased iﬁ
bbth directions in all the treated populations in relation to c‘ontrbl‘( 110-
118 days). However, the extent of increase in the range varied in ‘di‘ffé‘r‘en‘t o
populations. Maximum increase in range was observed in the macromutational
M3 populations, where the maturity time varied from 106 tQ‘fSS days. The |
selection practised fqr early maturity in IVI2 lowered the raﬁge fo 106-125
days as compared to 107-131 days in the unselected populations. This trend
was maintained in all the mut’agénizéd populations irpespective of mutagené
anﬁ grdups of mutagenic damage. Among ‘the‘n‘lut‘agehs used, NEU ‘shov'ved‘
widest range ( 106—135 days) for days to maturity in macromutational and
unselected populations, énd in the two groups of mutagenic damage, followed
By EI ( 1‘07?135 days) and gamma-rays ( 107-133 days). 'In case of selected |
populations, EI showed the widest fange (106-125 days), followed by NEU‘
‘ (106-124 days) and gamma-rays (106;—122 dayls)‘. Among the ‘two;’group’s‘ -

of mutagenic dam ?ge ?0”‘? ared 'in M3‘, HE alwhys‘ showed ‘a slightly‘ wider |
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Table 35 : Range, mean, vaciance, CV, SE, analysis of varaince, components af variation,

heritability and genetic advance for days to maturity in H3 generation

Treatment Range Mean  Vari- CV SE Vaciance PCY  Herita~ CA %
ance Inter- Intra- (%) ?;%ity of , |
family family : ‘ liean
Control ¢ PS  1I0.0-118,0 113.9 . 8.0 2.5 0.2 12.4 6.9 0.9 2.5 138 0.7
L 4076 124.0-137.0 127.4 - 12.0 2.7 0.2 22.0 9,5 2.4 2.7 20.8 1.2
§74-3 123,0-138.0 126.0 140 3.0 0.2 232 1.7 1.2 3.0 164 L0
Macromutational population
Gamma_rays;LL 108.0-128.0 114.8 4L.9 5.6 0.5 116, 3** 23.3 3.8 5.6 44 .4 5.2
HH 107.0-133.0 114.0 48,7 6.1 0.3 171.1%% 18.1 4,9 6,1 62.8 7.9
Overall 107.0-133.0 114.2 43,9 5‘8 0.3 137.1%* 20.6 4,2 5.8 53.1 6.3
EL i LL 108.0-130,0 115.6 47.4 6.0 (1.5 147, 5% 22,6 4.3 6.0 52.6 . 6.5
Hi 107.0-135.0 114.3 50.5 6.2 0.3 186, 7#% 17.3 5.1 6.2 66.2 8.5
Overall 107,0-135.0 l14.8 49.0 6.1 0.3 168.2%* 19,2 4.7 6.1 60.8 7.6 .
L2 ALL 107.0-132,0 113.8 4.8 5.9 0.4 146, 4** 19.4 4.4 5.9 56.7 6.9
{113 106.0-135.0 113.6 59.3 6.8 .3 227, 7% 17,2 5.7 6,8 .0 9.9
Overall '106.0-133.0 113.7 52.0 6.3 0.2 188, 0x* 18.0 5.1 6.3 03 .4 B.5
Selected population
Gama rays: LL 107.0-120.0 112.1 26.5 4.6 0.3 66.1%%  16.1 2.9 4.6 9.2 3.7
H 106.0-122.0 110.9 32.6 5.1 0.2 87.0%* 19.0 3.3 5.1 41,7 4.4
Overall 106.0-122:0 111.5 29.5 4.9 0.2 77.5%* 17,5 3.1 4.9 40.7 4.1
1 1L - 106.0-123.0 110.8 31.3 5.0 0.3 80,9+ 18.9 3.2 5.0 39.‘6 4.1
. HH 106.0-125.0 109.7 36,0 5.5 0.2 99,6%* 20.1 3.6 5.5 442 5.0
Overall 106.0-125.0 110.2 33.7 5.3 0:2 90. 9% 19.4 3.4 5.3 42.4 §.6
N LL 107.0-123.0 111.6 29.9 49 0.2 8.3%  17.8 3.1 4.9 6.5 4.1
i 106,0-124.0 110.2 3“5 5.3 0.2 90,9** 20,4 340 3.3 40.9 4.5
Overall 106.0-124.0 110.9 32.2 5.1 0.1 85.0%* 19.0 3.3 5.1 41.0 4,3 -
‘ Unselected population
Gampy rays @ LL 110,0-125.0 114.6 35.6 5.2 0.1 95.6%*  -20.6 3.4 5.2 42.1 4.5
1 109.0-127.0 114.1 41.0 5.6 0.2 133,47+ 17.9 4,2 5.6 56,3 6.5 .
Overall 109.0-127.0 1l4.4 38.8 5.4 0.1 117.6% 19,1 3.9 5.4 50.8 5.7
EL LL 108.0-128.0 116,2 4.3 5.5 0. 116,3*% 21.3 3.8 5,3 47,1 5.3
i 107.0~129.0 115.4 46.5 5.9 0.2 165,1%* 16.9 4.7 5.9 83.6 7.8
Overall 107.0-129.0 115.7 43.0 5.7 0.1 .139'0** 19.0 4.2 ?.7 55.8 6.5
N : LL 109.0-129.0 115.3 43.2 5.7 0.2 135.5% 20,2 4.2 5.7 53,3 6.3
1M 108.0-131.0 114.7 45,5 5.8 0.2 156,3%* 18,2 4.6 5.9 60.3 7.3
Qverall 108,0-131.0 -115.1 4.3 5.8 0.1 144.7%* 19,2 4.3 5.8 56.7 6.8

¥ = Significant at 1% level.
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range (106-135 days) against LL (107-132 days).
The mean duration of maturity shifted towards lateness (115.1 days)

as compared to control ( 113.9 days) in the ébsence of selection in‘ M2 L
generation, and towards earliness ( 110.9 days) as.a result of selection,
Different mutagens and groups of damage had no significant effect on méan
number of days to maturity. |

The induced variability in M, generation was measured through
estimates of va‘riance,’ CV and SE. All the mutagenie treafments inereased
variancé ( 26.5-59,3 ) and, consequently, CV ( 4.6-6.8% ) as compared to
control ( variance 8.0; CV 2.5% ). However, the increase fn variabﬁity
was ndt‘sinﬁiiar in all the populations or mutagens and groups of mut-agenic
damage cdiﬁpared. The variance and CV decreased considerably as g result
of MZ‘ selection. On the other hand, variance signifi‘cantly increased in the
macromutational population than in the selected and unselected ones. ”Thoug‘rh‘
variance increased in all the treatments, there were significant differences
ameng the mutagens. The variance in the NEU-treated macromutational
and unselected populations was higher (43.2'459.3 ) than in analpgous populations
of the EI ( 40.3-50.5 ) and gamma-ray ( 35.6-48.7 ) treatments, whereas
variance of the selected populations, was higher in EI treatments ( 31.3-36.0 ),
followed by NEU ( 29.9-34.5 ) and gamma-rays ( 26.5-32.6 ). ~The range of
Ccv in‘ the treated populations was 4.6-6.8% as compared to 2.5% in control.
The pattern was the same as for variance in different treated populations
and mutagens. The HH group always showed higher variance and CV
than LL group in all the treated populations. |

The analysis of variance showed that ali the populations had )

significant differences among the families as against non-significant “differenee“
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(12.4) in the 'coﬁtrol, The ‘macromutational populations had maximum
interfamily vaxjiance,"followed by the u‘nselected and selected populations.
Among the mutagens used , NEU induced higher interfamily variance .
(135.5-227.7 ) in the macromutational ‘and‘ unselected populations than
EI (116.3-186.7 ) and gamma-rays (95.6-171.1), whereas EI had maximum
interfamily variance in ‘cas‘e' of selected populations, followed by NEU and
gamma-rays. The damage group HH had higher inferfamily variance
( 87.0-227.7 ) than gfoup LL (68.1-147.5 ).

With regard to different genetie‘ parameters, all the. populations
‘had signifiéant differences a‘mong the families, which were ‘non—signif‘ican‘t: o
iﬁ the‘.éon‘.‘trol. The phenotypic coefvficien‘t of variability (PCV) increased
t‘o‘ (4.6?6.8% ) in the mutagenized populations from 2.5% in the ‘contrbl.
The increaée in genotypic coefficient of‘variability (‘GCV) in the treatéd‘
populations was even more ( 2,9-5.7% as égainst 0.9% in the control )
Both PCV and GCV showed similar trend in differnt populatiohs, mutagené
and démage groups as observed for Varianc‘e “and ‘CV.‘ On the ‘basis‘ of
increasing variation, various popula‘t‘ions were arrénged' as : macromutational =
unselected ‘>selected populations; mutagen: NEU = EI > gamma-rays;
and damage groups- HH > LL. The relatively greater increase in
GCV and PCV was also reflected in the hlgher magmtude of hemtamllty |
for days to maturity in the treated populations. The hemtabxhty estlmates
wére much higher in the treated populatidns ( 39;2—71.0%) as compared to
~control ( 13.8%). The estimates of her1tab1hty were also hxgher in M3
( 51.9%, pooléd over treatments ) than those obtained in M ( 43.7% ).
The‘héritability Wés higher in the macromutational populations (44.4—71.0%)

than in the unselected ( 42.1-63.6%) and selected ( 39.2-44.2% ) ones.
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Similarly, the genetic advance ( GA ) was higher ( 3.7~9.9% .of rﬁean )y

- in the treated populations than in the control ( 0.7%). " The estimates

of GA were also higher in M {(6.0% of mean, pooled over treatments)

than those obtained in l\/I2 (2. 1%) The GA was higher in the macromutatxonal
populations (5.2-9.9%) than in the unselected ( 4.5-7.8% ) and selected (3.7-5.0%)

populations.

3.1.2  Plant height

Table 36 shows that the range for plant height .increased in the |
treated populatwns ( 13 2-35.0 em) in relation to control ( 19.8-27.0 cm).
The plant height varied depending on the type of population, mutagen and
group of mutagenic damage. Maximum increase in range was ouserved in
the macromutational M3 popualtions (13.2-32.8 em) as compared with the
unselected populétio*ns ( 13.5-30.8 em ). ‘Selectfon in M, narrowed the
range to 19.8-35.0 em. Among the mutagens used, NEU‘ resulted in the
widest range ( 13.2-35.0 ecm), followed by EI ( 15.6-33.6 cm) ‘a‘nd gammé~
rays ( 15.0 - 32.8 em ). The mutagenic damage group HH showed wider
range ( 13.5-35.0 em ) than LL group ( 13.2-33.0 em) in all‘the three
| populations and with all the mutagens. |

.In general, the ‘mutagenic‘ treatments shifted the populatién me:van
(Table 36 ) in positive difection ( taller .plants ) in all the thbée pop_ulations,:
except HH group of NEU in the unselected population where it decreased
fnarginally. The mutagenic treatménts only slightly altered m‘ean plant ‘
height in the uhse‘lected‘ ahd macromutational populations. However, selection
applied in IVI2 generatwn increased the mean height m M generation
(23 5-26.9 em) in compamson to ‘the control (21.2 cm) In general, no

significant differences‘were noted among the mutagens‘ tested‘wnh r,egard to
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Table 36 : Range, wean, variance, CV, SE, analysis of variance, components of variation, heritubility and genctic

advance for plant height in M3 generation

_ Treatment Range Mean Variance OV  SE Variance . GCV . PCV Herjtability GA % of

inter- ntra- ) (%) | .(%) mean

- family family

RO

Control LL 19,8-27.0 21.2 4.5 10.0 0,12 8.5 3.5 4,7 10.0 22.2 4.6
C L 4076 30.4-36.2 321 5.3 7.2 0,13 8.9 4.4 3.0 7.2 17.0 2.5
574~3 29.8-35.0 31,1 5.1 7.3 0.12 9.9 3.8 3.9 7.3 23,3 3.5
o Macromutational population
Gama rays: LL 15.2-30,2 24,2 17,9 17,5 0.3 43,5+ 11,5 10,4 17.5 35.6 12.8
IH 15.0-31.4 22,9 29.2 23.6 0.3 80.4% 16,4 15.7 23.6 44.0 2.4
Overall 15.0-31.4 23,6 23,6 20.6 0.2 61,2% 14,2 13.0 20.6 39.8 " 16.9
A LL 16.8-30.9 23,7 21.1 19.4 0,3 53,1%* ‘ 13,1 11.9 19.4 37.8 - 13.1
IH 15.6-31.2  22.3 30.6 24.8 0.2 g7.8** 16.3 ‘17,0 24,8 46,7 239
. Overall 15.6-31,2 23,0 25.8 22,1 0.2 69.4%* 14,9 14,4 22,1 42,3 19.2
N LL 13,2-31.0 23,0 22.9 20.8 0.3 60.1%+ 13,6 13,2 20.8 50.4 1.3 -
o 14.0-32,8 0 .5 3.2 26.0 0.2 91.6%% 16.1 18.1 26.0 48,5 26,0 -
Overall 13,2-32.8 22.3  27.1 23,3 0.2 75,5% 15.0 15.6 23.3 44,5 21,4
Selected population
Gana rays : LL 20.8-30.2 25.6 10.3 12,5 0.2 22.7%* 7,2 6.8 12,5 29.8 1.7
- o 21.4-32.8 23.5 16.8 17.4 0.1 42,0% 10,3 10,7 14 37.4 13,4 .
Overall 20.8-32.8 24.6 13.6 15.0 0.1 2,00+ 90 8.7 15,0 33.6 10.4
E | - 20,2-33.0 20,3 12.0 13.2 0.2 2. 0% 8.2 7.4 13,2 31.6 8.6
© o Hi 22,2-33.6 2.0 17.9 17.6 0.1 46,3+ 10.8 11.1 17.6 39.5 14,3
Overall 20,2-33.6 25,2 15.0 15.3 0.1 36,2%% 9.7 9.2 15,3 35.6 11.3.
NEU ¢ LL 19.8-32.2 26,9  13.2 13,5 0.2 30.4%* 8,9 1.7 13,5 32.4 9.0
‘ HH 21,4~35.0 24,7 20.0 18.1 0.1 53.2%% 11,7 -1l.6 18.1 41.3 15.4
Overall 19.8-35,0 25.8 16.6 15.8 0.1 41,0%% 10.5 9.6 15.8 36.9 12,0
Unselected population N
Cams _rays @ LL 16.0-29.2 23 13.0 15.7 0.07 ‘30.2** 8.7 9.0 15.7 33.2 10,7
HH 16.8-30.0 22.0 19.4 20,0 0.13  51,4%% 11.4 12.9 20,0 - 414 1.1
Overall 16.0-30.0 22,5 16,2 17.9 0.07 40.2»x 10.2 10,9 17.9 ‘37,3 15.7
JARE LL 17.0-28.0 22,4 14.5 17,0 008 3.9 9.4 10.1 17.0 35.5 12.4
HH 16,0-30.8 21.3 20,4 21,2 0,13 56.0%* 11.5 14,0 21,2 43,7 19,1
Overall 16.0-30,8 © 21,9 17,5 19,1 0,07  45.1%* 10.6 12.0 19.1 39.6 15.6
ju2 i i 14.6~29,2 21.8  14.7 17.6 0,09 36,3+ 9,3 10.7 17‘.6 36.8 13,3
 HH 13.5-30.2 20.9 23.9 23.4 0,17 67.5*% 13.0 15.8 23,4 45,6 22,0
“Overall 13.5-30,2 21.4 19,2 20.5 0,08 50.8%* 11,3 13.1 20.5 o h,2 : 17.4

**= Significant at 1% level.
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mean plant hefght. Hdwever, LL group of mutagenic damage showed
higher plant height ( 21.8-26.9 cm) than HH groub (20.9-24.7 em) in
all the popualtions and mutagens studied. - | .
| The analysis of induced v.ariabih'ty‘for plaﬁt height (Table 36)

revealed fhat mutagenic treatments increased variance significaﬁtly. The
patterns were identicai with respéct to variance as well as CV.” The CV
ranged in the mutagenized populations from 12.5 to 26.0% as against 10.0%
in the control. Maximum inerease was observed in the macromutational
populati‘ons“( 17.5-26.0%). Selection in I\/I2 significantly reduced variability . |
(cv 12.5?18‘.‘.1 em ). In general, variability (CV) in the NEU-treated |
populations was significantly higher ( 13.5-26.0% ) than in the ‘EI (13.2-24.8%)
and gamma-—ray ( 12.5-23.6%) treated popualtions. Among the two groups’
of mutagenic damage, HH showed significantly higher varianc‘e‘ ( 16.8—»31.2") |
| énd CV ( 17.4-26.0% ) than LL group ( variance 10.3-22.9, CV 12‘.5;20.8% ).

All the treated populations showed significant differences for
interfamily variance, which ranged from 22,7-91.6 as compared to 8.5 in the
control. The populations were arranged in the order of macromutationa} =
unselected > seiected. As is eyident from these results, the interfamily -
“variance for plant height decreaéed drastically as a resilt of selection
applied in M2 generation. Among the mutagens compared, NEU induced
maximum i‘nterfamily variance ( 41.0-75.5 ) followed by EI ( 36.2-69.4 )
and gamma-rays ( 32.0-61.2 ). The mutagenic damage group HH ( 42.0-
91.6 ) had an edge over LL group ( 22.7-60.1 ). | |

Both PCV and GCV incv;-éased in the mutagenised populatioris over the
control. The patterns‘v&ere id‘entical’f‘or both, ‘Tlﬁe ra,ngye of PCV was |
 12.5~26.0% in the treated pdpualtidn as against  10.0% in the éoqtrdl, and

GCV ranged betw‘eeh 6.8.and 18.1% as against 4.7% in the control popul,tion. |
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Among the three types of I\/I3 bopulati‘ons, the macromutational populations

had higher GCV and PCV than the unselected and selected po‘pulation‘s.‘

Both GCV and PCV decreased drastiéélly‘ as a result 6f M, selection. The

fact that these two components of variation ‘incfeased in Mé generation

- over M, is evident from the increase of heritability in M,. The order of

mutagens for GCV as well as PCV was NEU = EI = gamma-rays, .The

GCV and PCV were alsb‘ higher in fhe mutagenic damage group HH than

LL. The high magnitude of GCV in IVI2 and Ms‘indicates that the variability

generated in M2 was transmitted to M3 generation, | |
The eétimates of heritability ( Table 36) were higher in all the

treated bopul&tions (29;8—48.5% ) as compared to control ( 22.2% ). The

héritébility estimate increased from28.7% in IVI2 to 39.0% iﬁ M3' Conseéuentiy

thev expected GA also increased in all the treated populations. The“ GA

for plant height ranged between 7.7 and 26.0% ( of mean) as eombéfed

to 4.6% in the control. The GA was higher in M3 ( 15.3% ) than in

M2 ( 9.7% ).

3.1.3 Number of branches per plant |

The mutagenic treatments incréased branching (2.6-22.6 branches/
plant as ‘cémpa‘red to 6.2—13;0 in the control; Table 37 ). The ;'ange wds
much wider ( 2.6-19.4 branches/plant) in the macromutational populétions o
than in the selected ( 6.8-22.6 branches/plant) and unselected (3.0-15.8)
‘ populations.‘ The' chemical mutagen NEU increased the range to the
maximum extent ( 2.6-19.4 branches/plant) followed by‘EI ( 2.8—18.2) and
gamma—rays ( 3.6-17.2). Among the groups of mutagemc damage, the range

- was wider in HH (2.6~ 22 6) than in LL ( 3. 0- 21.0 ) group
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The overall population mean for ‘number of brancheé per plant
in the treated populations inereased from 7.5 to 9.0 (Table 37 ) Selectionl |
in Mz generation inc‘r‘eased‘ thé méan donsiderably in M3 (11.0 brdnehe‘s‘per
plant) in comparison with other populations ( 8.2 branches/plant in
macromutational and 7.8 in unselecfed). The HH group of mutagenic damage
had hlgher mean value ¢ 9.7 branches/plant ) than the LL grdup { 8.3
branches/plant).

- The magnitude of variability recorded in terms of variance, CV
and SE ‘(Table‘ 37 ) increased in all the treated populations ( variance -
1‘1.:2-3 7.‘4‘, CV 36.0~71.4%) over the control ( variance 3.9, CV 26.5% ).
The variance decreased significantly in lVl3 due to selection in l\/l2 (variance
11.2-24.5, CV 36.0~38.4% ). The macromutational populations showed
- maximum variance ( 21.6-37.4 ) as compared to both unselected ( 19.4-32,3 )l :
and selected ( 11.2-24.5 ) populations. Similar to variance, the increase
in‘CV was also maximum in the macromutational populations ( 59.6-71.4%),
followed by unselected ( 62.9-68.5% ) and selected ( 36.0-38.4% ) populations.
The mutagens showed significant differences among:themselves with regard
to induced variabllity. The trend was NEU > El > gamma—t‘ays in all the
populations. Out of the two mutégenic damage groups, HH had higher |
variability for branching ( variance 16.4-37.4, CV 37.5—71.4.% ) than LL
(variance 11,2-28.2, CV 36. 0 64.0% ).

The mterfamlly vamances (Table 37) were h1ghly mgmﬁeant in
the treated populat1ons ( 21.8-84.0 ) and non-significant in the control
(6.2). The macromutatlonal populatlons showed maxxmum mterfamlly
varidnce (36.6-84.0 ), followed by the unselected(31 2-64.5 ) and selected -
| ‘ ( 21.8- -64.0 ) populatlons Thus, 1nterfamlly varxance decreased in M when

selectmn was apphed m M generatmn for branches per plant Based on
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the magnitude of interfamily variance, the mutagehs were arranged in
order of NEU = 'EI > gamma-rays. The HH groﬁp of mutagenic ‘damagé‘
had greater interfamily variance ( 37.0-84.0 ) than LL group ( 21.8-58.5 ). |
The study of components of variation ( Table 37 ) showed t‘hat‘
- both GCV ( 17.5-39.7% ) and PCV ( 36.0—‘7‘1.4% ) increased in the treated
populations ovef the control ( GCV 10.2%, PCV 26.3% ). Out of the
three populations studied, macromutational populations showed higher GCV
( 26.1-39.7% ) and PCV ( 59.6-71.4% ) thaﬁ the unselected ( GCV 24.5-
34.2%, PCV 62.9-68.5% ) and selected ( GCV 17.5-24.3%, PCV 36.0-38.4%)
popula‘tions:. A marked decline in GCV and PCV was recorded due to
selection applied in M2 generation. Among the groups of mﬁtagenic damage,
HH showed higher GCV ( 21.0-39.7% ) and PCV ( 37.5-71.4% ) than LL |
group ( GCV 17.5-33.1%, PCV 36.0-64.0 ).
The heritability estimates increased considerably ( 15.1-40.1% ) in
the treéted populations as compared to control ( 14.9% ). Further, the
heritability in I\/I3 ( 27.7% ) increased over the M2 level ( 22.1% ). ‘Similarly, |
GA increased in all the mutagenized populations ( 17.5445.6% of mean ) as
compared to control ( 8.2% ). Higher GA was recorded in the macromutational
populations ( 22.4-45.6% of mean), followed ‘by unselected ( 19.6—35.1%)
and selected ( 17.5-31.7% ) populations. | |
3.1.4 Number of fruiting clusters per plant
The data presénted in Table 38 show that the range for effective .
pod clusters per plant increased in both directions in- all the freatéd
po‘pulations ( 5.0-48.5 clusters/blant) in relation to the control population

(12.2-23.2 clusters/plant). However, the extént of in‘creas'e in range varied
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in di‘ffe"rent’populations.‘ ’i‘he range was much wider ( 5.0-47.8 cluster's/.
plant) in the macromutational populations than in the unselected ( 5.9-41.4)
and selected ( 12.0-46.5) populaﬂons. As can be seen, selection in M2 |
narrowed the range for pod clusters per plant in M, generation in
comparison with other popuiations. The chemical mutagen NEU increased
the range to the maxirhum extent ( 5.0-48.5 cluste‘rs/plant), followed by
El ( 6.0-47.5) and gamma—rays ( 5.6-41.2). Among the groups of mutagenic
damage, the range of pod clusters per plant was wider in HH ( 5.0-47.5 )
than in LL ( 5.4-40.8 ) group. | ‘

‘In general, mutagenic treatments shifted tﬁe populatibn ‘mearr 'in“ N
positive direction in all the three populations. - But the m‘utagenic‘ -
‘treatmen‘ts had little e‘ffect’ on mean number of clusters per plant in. thé
unselected ( 13.8-17.1 clusters/plant ) and macromutationali( 13.5-18.7
clusters/plant ) populations in the absence of selection, Howeﬁer, sel,e:ctioh‘,
applied in M2 generation increased the rﬁean in different tfeatmenﬁs
(19.2-28.1 cmsters/plant ) in comparison to the control (13.7 ‘clusters/plant‘).‘
In general, no significant differences werel noted among the mutagens '
tested with reg‘afd to mean number of clusters per plant. ‘Hdwev‘er, the
HH group of mutagenic damage had higher mean number of pod clusters
per plant in the various treatments ( 14.5-28.1 ) than LL group (13.5—23;4‘).

The magnitude of variability recorded in terms of varianée, CV
and SE (Table 38 ) increaéed in all the treated populations ( variance
71.4-204.8, CV 37.9-82.9% ) ov‘e‘r the contrdl ( variance 11,2, CV 24.4%).
The variation ‘de‘creased significantly in M3 due to selection in M2 ‘ |
géneration ( variance 77.4-115.8, cv 37.9-44.0%). The ‘macromutational

‘pOpuiatiOns showed‘maxinﬁ,um variance ( 11‘8.2-2(34.‘8‘) as compared ‘to‘ both
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Table 38 : Range, mean, variance, CV, SE, analysis of variance, components of variation, heritability and genetic

advance for effective clusters per plant in H3 generation

Treatment , Range Mean Vari~ (V  SE  Varlance Gev PCV Herita~  GA % of
‘ . ance Inter- Intra~ (%) () bility . nean
’ ‘ - family family -
Control : PS 12.2-23.2 © 13,7 11.2 244 0.2 21.6 8.6 11.8 24 .4 23.2 11.7
L4076 36.6-53.4 44,0 18.5 9.8 0.2 34,9  l4.4 4.6 9.8 22.2 4.5
$ 74-3  38.0-57.8 ° 43.2 26,4 11.9 0.3 48.0 21.0 5.4 11.9 20.5 5.0
‘ Macromutational population
Gama_rays:LL 5.6-34,0 15.0 118.2 . 72,5 0.8 241.2%* §7.6 36.9 72,5 26.0 38,8
Hil 5,8-39.0 15.5 132.0 74.1 0.6 318.1% 85,6 - 44,0 74,1 35.2 53,7
Overall  5.6-39.0 15.2 125.8 73.8 0.5 282.9% 86,5 41.2 73.8 31.2 474
B LL 6.0-34.,8 14 118.9  75.2 0.8 274.8*%% 80.0 43.0 75.2 32.8 ‘50.7
HH 7.2-47.5 18,7 183.0 72.3 0.6 606.0%* 77,0 55.0 72.3 57.9 86.2
Overall 6.0-47.5 lo.3 149.4  75.0 0.5 427.1** 80,0 51.1 75.0 46.4 7.7
NEU ¢ LL 5.4~35.2 13,5 125.2  B2.9 0.7 290,0%* #4.5 47.5 82.9 32,7 55.4
il 5.0-46.4 18,7 204,8 76.5 0.6 586,6%% 109.8 52,2 76.5 46,5 73.4°
Qverall  5.0-46.4 16,5 1644 77.7 0.5 437.1% 964 50,0 11,7 Al . 66,3
‘ N ' , Selected population ‘ ‘ .
Gamma rays:LL 12,0-37.0 19.2  71.4 440 0.5 157.0%* 50,0 24,1 44,0 . 30.0 . 27.2
HH 13.4-41,2 22,6 87.0 41.3 0.3 218,2% 54,2 25.3 . 41,3 37.7 32,1
Overall 12.0-41,2 21.0 80.0 42,6 0.3 190.8%* 52.3 25,1 42,6 34,6 30.4
B 1L 13.2-39.6  22.5 7.4 39.1 0.5 206.6%* 45.1  25.3  39.1  4L.7 . 33.6
‘ HH 14,8-45.4 27.0 104.7 37,9 0,3 329.9%*% 48,4 27.8 37.9 53.8 42,0
Overall .13,2-45.4 24,9 92,2 38.6 0.3 276,2%* 46,2 27.2 38.6 49,9 39.6
MU LL . 15.0-40.8 23.4 B35 39.1 0.4 23054 465 26,0 3911 44,3 35,6
i HH 13.6-46.5 28,1 "115.8 38,3 0.3 401.8** 44.8 30.1 38.3 61.7 48,7
| Overall 13.6-46.5 26,0 101.6 38.8 (.3 324,8%* 458 28.7 38.8 54.9 43.8
Unéelected population ‘
" Gama rays:LL 6.5-30.0 13.8 98.5 71.9 0.2 186.5% 765 3.0 7.9 22.3 33.0
L 5.9-32,6 14,5 118,3 75,0 0,3 270.3* 0£0.) 42,5 75.0 32,1 49.6
Overall 5,9-32.6 14,2 104,8 72,1 0.2 223.2%% 752 38,3 72.1 28,2 41.9
EL: LL 8.2-30.8 14.1 105.7 72,9 0,2 228.5%* 75.0 39.2 72.9 29.0 43.6
1M 6.0-39.4 6.2 158.9 77.8 0.4 446.1*%* 87,1 52.3 77.8 45,2 72.5
Overall  6.0-39.4 15.2 125.6 73.7 0.2 321.2%* 76,9 46.0 73.8 38.9 50.1
U: I 7.8-35.0  14.6 114.8 73.4 0,2 253.6*% 80.1 403 T34 0.2 . 45.7
1H 6.6~41.4 17.1 185.3 79.6 0.4 514,5% 103.0 = 53,0 79.6 b b - 72.8
Overall  6.6-41.4 16.0 141.4 74,3 0.2 368.,3** 85.0 46.9 74,3 40,0 6.2

**= Significant at 1% level,
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unselected ( 98.5-185.3 ) and Selectéd ( 71.4-115.8 ) populations.
Likewise, the inerease in CV was‘also much higher ( 72.3-82.9% ) in
the macromutational pobula‘tions than in the unseleéted ( 71.9-79.6 % )
and selected ( 3‘7.9;44.0% ) populations. The mu.tagen"s showed significant.
differences among t‘hems‘elves with regard to variability. The trend, as
bé%ore, was‘NEU = El > gamma-rays in all the populations, except in
the selected populat‘ion‘s where CV decreased in EI and NEU treated
populations as compared to gamma-ray treatments. Out of the two
mutagenic damage groups, HH had higher variance :for clusters per
plant (87.0-204.8 ) than LL ( 71.4-125.2 ). The CV was also higher in
‘unselec‘t‘e‘d population in the HH group comparéd to LL group of
mutagénic damage, but higher CV was observed in the LL group compared
to HH group in selected population with all the mutagens and also in
macromutational bopulation except wi'gh gamma-rays. |
The interfamily varian‘ces ( Table 38 ) were highly significant
in the treated populations ( 157.0—606.0), and ‘non~significant in the
control ( 21.6). The macromutational populations showed maximum
interfamily variance (241.2-606.0 ), followed by unselected‘( 186.5-514.5)
and selected ( 157.0-401.8 ) populations. Thus, interfamily variance
reduced drastically in M3 when selection was applied in I\/I2 "gener‘a'tioﬁ ‘”
for pod clusters. Based on the magnitude of interfamily variance, the
mutagens were arranged in the order of NEU } El == gamma-rays,
The HH group of mutagehic damage had higher magnitude of interfamily -
variance ( 218.2-606.0 ) than LL group ( 157.0-290.0 ). |

The study of components of variation showed ‘that & major part
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of phenotypic variance was due to the genetic reasons (.relatively

higher GCV ). Both GCV ( 24.1-55.0% ) and PCV ( 37.9-82.9% )

increased over the contrbl ( GCV 11.8%, PCV 24.4% ) as a result

of mutagenic tfeatments. ~Out of the three populati‘ons studied, |
maqromutational populations showed higher GCV ('36.9~55.0% ) and

PCV ( 72.3-82.9% ) than the unselected ( GCV 34.0-53.0%, PCV 71.9-79.6%)

and selected ( GCV 24.1-30.1, PCV 37.9-44.0% ) populations. The GCV

and PCV decreased noticeably as a co‘nsequenee of M, selection. Among

2
the groups of mutagenic damage, GCV was higher in HH ( 25.3-55.0%)
than LL group ( GCV 24.1-47.5% ). The pattern of PCV was also the
same as‘ in the case of CV for this character. | |

The heritability estimates increased conéidér‘ably ( 22.3-61.7%)
in the treated populations as compared to the control ( 23.2% ). The
her'i‘tébility increased further in M, ( 40‘6‘% ) over M, level ( 24.1% ).‘
Similarly, GA also increased in all ‘the mutagenized pdpulations ( 27.2-
86.2% of mean ) as compared to the control ( 11.7%).. The ‘GA was
maximum in the macromﬁtational populations ( 38.8-86.2% of mean ).
The unselected ( 33.0-72.8% ) and selected ( 27.9-48.7% ) populations
were hext in order.  Based on the magnitude of GA (% 6f m;aan), the
mutagens were arranged in the familiar pattern of NEU = El > gafnma~_
rays in the selected and unselected populations, but in case of ;
macromutational pobulations, the order of the mutagens was EI >~ NEU >

gamma-rays. The HH group of mutagenic damage showed higher GA

than LL group in all mutagens and populations.

'3.1.5  Number of pods per plant -

A comparisron‘ of pods/plant‘inl‘ the treated and control populations.
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(Table 39 ) shows that the range for‘this character ihc.reased ‘ih‘the
treated populations ‘( 7.5-80.0 pods/plant) much ‘beyond the limits of
the control ( 16.8—31.8 pods/plant). The Spa‘n‘of range varied tjepending
on populatton, mutagen and group of mutagemc damage The ma'icimum
increase in the range of pods/plant was recorded in the macromutatlonal
IVI3 populatlons ( 7.5-73.4 pods/plant ) as compared vg:th the unselected
materials ( 8.3-69.8 pods/plant). Selection in M, shifted the range to
15.5-80.0 pods‘ per plant. Among the mutagens‘used, NEU caused the
widest t'ange (7.\5*80.0 pods/plant), followed by EI ( 8.2-76.8) and gamma-rays
(8.0-73.0). The mutagenic damage group HH showed a wider renge of
pods‘/plant( 7.5-80.0 ) than LL group ( 8.6-74,4 ) in all the three poptftlations‘
~with all the mutagens. | |
| In general, mutegenic treatments shifted the popu‘lét‘ion‘ ‘meen in
positive direction (higher pod number ) in all the three populatiens The
mutagemc tretments had little difference in their effect on poddmg mtensxty
in the unselected and macromutational populations. However, selectlon
applied in IVI2 generation increased the mean in different treatments (28.3{
40.2 pods/plant ) in comparison with the control ( 18.4 pods/plant ).  With |
the only exception of selected pepulation, no significant differenees were
noted among the mutagens tested with- regard to mean podding intens‘it‘y.
However the HH group of mutagenic damage showed‘hig"ﬁer nu'mt)et?"ot‘ ‘pfoc‘l.s“ |
ver plant ( 22.3-40.2 ) than LL group ( 19.3-32.6 ). |
| The anelysis of variability induced for pods per plant by mut‘agenic
reatments ( Table 39 ) revealed that the mutagemc treatments mcreased
variance 51gn1flcant1y The patterns were almost 1dentxeal for varianee as

well as CV. The cv ranged in the mutagenized populatlons from 43.0 to '
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Table 39 : kange, mean, variance, €V, SE, analysis of variance, components of variation,

heritability and genetic advance for effective pods per plant in N, ganetatiu‘n“

Treatment Range Meun Vari- OV SE  _ Variance 6V PV Herita~ GA % of

‘ ance Inter- Intra- (*) , ® . ?;%ity fhean
fanily fanily ‘
Control i P8 16.8-31.8 19.4 3.5 0.3 0.3 56.1 29.1 12.0 30.3 15,6 9.7
C L4076 62,2-79.6 67.4 40.4 9.4 0.4 66.0 3.0 3.8 9,4 15.8 3.1
5 74-3 58.4~80.2 64.2 49.6 11.0 0.4 82.8 4.3 4.5 1.0 167 3.8
Macromutational pepulation

Gama rays : LL 8.6-53.8 20.4 216.3 12,1 1.1 4L6.9%F 1602 34,7 721 23.2 34.5
HH 8.0-54.4 24.6 3777 9.0 0.9 8837w 251.2 45.7 79.0 33,5 54.5
Overall 8.0-54.4 22.6 296.6 76.2 0.7  648,0* 208.8 41,5 76,2 29,5 46,5
g L 9.0-48.6 ©  21.0 235.5 731 1.1 A476.7% 175.4  31.0 730 25.6 34,6
HH 8.2-62.4 27.5 463.2 78.3 1.0 1l25.3* 297.8 46.8 78,3 35,7 57.6

Overall 8.2-62.4 24,2 351.8 7.5 0.7 B14.0% 236,46 444 TR 32, 52,4
M - LL 8,9-59.6 © 21.9 = 2593 73.5 1.0 552.9% 1859 39.1 73.5 28.3 42,9
- MH 7.5-73.4.  29.5 . 986.0 82,8 1.0 - 1523.B% 1364,2 51.6 82.8 3B8.9 . 66.3
Overall , 7.5-73,4  25.1 ~ 401,2 79.8 0.7  932.4%r 268.4 45.9 79.6 33.1 54.4

‘selected population

Camma rays: LL 17.2-71.4 28, 152,4 43,6 0.7 314.0% 112.0 22.4 43.6 26.5 23.8
H 18,6-73.0 32,5 246.7 48.3 0.5 595.1* 159.6 28.7 48.3 353 35,1
Overall 17,2-73.0 30.5 201.6 46.6 0,4  451.B% 139,3 25,9  46.6 3.0 29.7

EL: LL 19.0-72.2 31.4 193.8 443 U.8 422.4% 1374 24.0 443 29,3 . 26.8
1Y 18.2-76.8 37.8 338.9 48,7 0.6  799.1* 224.3 28,4 48,7 33.9 34,0
Overall 18.2-76.8 3.6 270.4 47.5 0.5 584.0% 192.1 , 25.6 47.5 29.6 28,4
ool L 16.9-74.4 32,6 212,5 44,7 0,7 446,7%¢ 154.2 23,5 44,7 322 21.5
LT HH 15,5-80.0 40.2 398.3 49.6 0.6  949,9** 250.4 32,7 49.6 43,4 44 .4
Overall 15.5-80.0 36,3 2997  47.7 0.5 737.B%* 1904 28.8 4.7 365 3.9

Ungelected popuiatiou

Gamma rays: LL 9.0-48,4 19.3 185.6  70.6 0.3  35L.0% 144.5 33‘.2 70.6 22,3 2.4
Hi 8.4-51.6 22.2 286,2 76.2 0.5  612.6%% 204,9 40.7 76,2 28,5 44,8
Overull  8.4-51.6 20.5 230.8 .1 0,2 482.4%% 173,11 37.1 7A1 25,1 38.3
B LL 9.2-44.8 20.0 219.9 74,1 0,3 428.7%% 168.0 36.0 741 23.7 36,2
U 10,4-57.5 24.6 357.9 76,9 0.6 Bl4.1¥* 2441 434 76,9 31.8 504
Overall 9.2-57.5 22,4 285.3 75.4 0.3 60L.0** 206.8 39.6 75.4 27.6 42,9
NEu: L 11.4-95.6 21.0 245.4 4.6 0,4 504.6%% 180.6. 38.3 74,6 26.4 40.6
HH 8.3-69.8 21.3 . 4746 79.8 0,8 1152.3%* 305.6 47.7 79.8 35.5 58.5
Overall 8.3-09.8 24.0 1.5 7.0 0.4 754.9%% 238.4  42.4 7.0 30.2 ‘4749

*k= Significauc at 1% level,
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82.8%, as against‘ 30.3% in the control. Though variance ‘increased in

all the populations, the increase was maximum in the macromutatioﬁél |
bopulations (cv 72.1‘-82.8% ) as compare‘d‘to the unselécted'pépulétions
(70.6—79.8%). Selection in M, conspicuously reduced vériability (CV 43.6-
49.6% ). In general,‘variabili‘ty ( CV ) in the NEU-treated populations was‘
markedly higher ( 44.7—82.‘8% ) than in the EI ( 44.3-78.3% ) and gamma-ray
(43.6-79.0% ) treated populations. .Am‘ong the two groups of mutagenic
damage, HH showed significantly higher variance ( 246.7-596.0) and

Cv (48‘.3—82,8‘% ) than th‘e‘LL group(variance 152.4-259.3, CV 43.6-74.6%).

‘ 9‘ As "_can be seen froin Table. 39, all the treated pop»ulations showed
significant differences for interfamily variance, which ranged from 314.0 |
to 1523.8 as éompared to 56.1 in the control. With regard to i‘nfer-family‘
variances, the populations were arranged in the order of macromutational =
unselected = selected. Thus, interfamily variance‘for pods per plant |
decreased as a result of selection applied in IVI2 generatiqn. Among the
mﬁtagens used, NEU induced maximum interfamily var‘iancé ( 446.7f1523.8),
followed by 'EI ( 422.4-1125.3) and gamma-rays ( 3140.0-883.7). The mutagehic
damage group HH ( 595.1 -1523.8 ) had significant edge over LL group
( 314.0 - 552.9 ). | | | |

Both PCV and GCV ( Table 39 ) increased in the mutagenized
populations over the control. The range of PCV Was 43.6 - 82.8% in the
treated populations as against 30.3% in the control, and GCV ranged from
922.4 to 51.6% as against 12.0% in the control population. Among the threg
types ‘of M3 populations,x the ma‘cro‘mutational populations haa ‘higherj GCV
| ‘and PCV th‘an'the unselected and selected popUlat‘ions. Both GCV and PCV

decreased drastically as a result of selection in Mg generation. The fact
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that these two components of va‘riatibn increased in M3 ‘generation over

[\/I2 is evident from ‘the‘increa:sed values of heritability in M3. The order

of mutagens for GCV as well as PCV was NEU :> El > Gamma—rays

The GCV and PCV were also higher in the mutagemc damage group HH

then LL. The high magnitude of GCV in MZ and M3 indicates that a large
part of \iariability generated in M2 was transmitted to M3 generation,

The estimates of heritability were higher in all the freated populations

( 22.3-43.4% ) as compared to the control ( 15.6% ). The pattern‘ observed
‘with regard to different mutagens was NEU > EI > gamn‘]a—rays.‘ The
heritability estimate was hig‘her in M, ( average of treatments 30.6% )

than in I\/I2 ( 25.8% ); Similarly, the GA inc;eased in all the treated |
populations ( 23.8 -66.3% of mean ) as against 9.7% in ‘fhe control populatioﬁ

The GA was higher in M, ( 41.8% over all the treatments ) than in M,

3
( 39.8% ).

3.1.6 Number of seeds per pod

As a result of mutagenic treatments, the range of seeds per pod
almost doubled to 1.0 - 2.1 from 1.1 - 1.6 ‘seeds/pod in the control (Table 40’.
The range was mueh wider in the mécroinutational ( 1.0-1.9 seeds/pod)
and selected ( 1.2-2.1 seeds/pod ) populanons than in the unselected (1. 0-
1.8 seeds/pod ) populatlons. The chemical mutagen NEU caused maximum
increase in the range ( 1.0-2.1 seeds/pod) followed by EI ( 1.0-2.0) and
ga‘mma—rays (1.0-1.8). Among the groups of mutagenic damage, the range
- of seeds per ‘pod was wider in HH ( 1.0-2.1) than in LL ( 1.0—1.9) group.
The over'all populatlon mean for seeds/pod in' the treated populatxons

mcreased to 1.33 from 1. 2 in the control ( Table 40), Selecuon in 1VI2 ‘

generation inc‘reased meen in, M3 (1‘.38 seeds/pod) in comparison With other
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treated populations ( 1.34 in maéromutatioﬁal aﬁ'd 1.27 seeds/pbd in‘: ‘
unselected. * The HH group of mutagenic damage had higher mean value
( 1.35 seeds/pod ) against 1.31 seeds/pod in the LL group. NEU was fﬁe‘
most effective nﬂutagen‘ in increasing the number of seeds per pod, followed
by EI and gamma-rays. |

The magnitude of variability recorded in terms of Variance, cv
and SE ( Table 40 ) increased in all the treated populationé‘( variance
0.03-0.1, CV 13.9-23.1% ) over the eontrol ( variance 0.02, CV 12.5%).

The patterns were almost identical for variance as well as CV, Though
CV increaséd in all the populations, the increase was maximum ( 19.8 -
23.1% ) in the macrémutational bopulations. Seleetion in M, reduced |
variability ( 13.9 - 18.5% ) significantly. ‘I general, variability ( CV )

in the NEU-treated populations was marginél]y higher ( 16.3-23.1% ) than

in the EI ( 15.2-22.5%) and gamma-ray ( 13.9-22.1% ) treated popﬁltions;
Among the two groups of mutagenic damage, HH showed“significantly

higher variance ( 0.05-0.1 ) and CV ( 17.1-23.1% ) than LL group ( varianéé : |
0.03-0.07, CV 13.9-20.2% ).

The interfamily variances ( Table 40 ) increased from 0.04 in the
control to 0.05 - 0.21‘ in the treated populations. Among the different
types of populations, the macronutational populations showed maximum
interfamily variance ( 0.12 - 0.21 ), followed by unselected ( 0.10 -0.17 )
and selected ( 0.05 - 0.13 ) populations. Thus, the interfamily \)arian‘ce
decreased drastically in M3 due to M2 selection“ for sgeds per pod. Based
on the magnitude of interfamily variance the mutagens followed the already’
known pattern: NEU > El > gamma-rays. The HH group of mutagenic‘

damage displayed more interfamily variance ( 0.09-0.21 ) than LL group
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Table 40 : Range, mean, variance, CV, SE, analysis of variance, components of variation,
heritaility and genetic advance for seeds per pod in Ha generation

Treatment L Ran‘gé‘ . Mean  Vari~- ¢V SE Veriance GV POV Heritabi- GA'X of
_ance Inter- Tntra- (X) 1§39 liFY (%)  pean

family family

Control : PS 1.1-1.6 1.2 0.02 12,5 0.01 0.04. 0.02 5.2 12,5 ‘16.7 G4
L 4076 1,2-1.8 1.5 0.03 11.9 0.0l 0.05 0.02 5.3 11.9 20,0 4.9
5 74=3 1.1-1.7 1.5 0.03 '12.0 0.09 0.05 0.03 4.4 12.0 13.3 3.3
‘ Macromutational population
Gamma rays: LL 1.1-1.6 1.31 0.07 19.8 0.02 0.12%%  0.06 8.4 15.8 17.6 7;0
m - 1.0-1,7 .33 0.09 22.1 0.01 0.16%% (.07 10.1 22.1 20.7 9.2
Overal! 1.0-1.7 ° 1.32 ° 0.07 20,3 0.0l 0.13** 0,06 9.0 20.3 18.4 1.8
EI: LL 1.1-1.7 .32 0.07 20.0 0.02 0.13* (.06 9.0 20.0 18,2 7.6
Hr 1.0-1,8 1.35 0,09 22,5 0,01 0,18%  0.07 10,7 225 22.3 10.4
Overall 1.0-1.8 1.34  0.08 20.8 0,01 0.15%* 0,06 9.7 20.8 . 20.4 8.8
L R T W) 135 0.07 202 0.2 Ol 006 9.4 20,2 197 - 8.2
Hi- ~ 1.0-1.9 1,37  0.10 23.1 0.01 0.21** - 0,07 11.5 23,1 26.2 12,5
. Overall 1.0-1.9 1,36 0.09 21.4 0.0 017+ 0.07 10.7  2l.4 23.5 10.4
Selected population
.Gamna rays: LL 1.2-1,7 1.33 0.03 13,9 0.01 0.05** (.03 5.2 13.9 13.8 3.9
I 1.2-1.8 1.35 0.05 17,1 0.01 0.09%* 0,04 1.0 17.1 17.0 6.0
Overall 1.2-1.8 1.34 0.04 15,6 0.01 0.07**  0.04 6.2 15.6 15.9 4.9,
EI: LL 1.2-1.9 1.3% 0.0 15,2 0.01 U 07%% (.04 5.7 15,2 14.3 8.5
HH 1.2-2.0 1.40 0.06 17.9 .01 0.11*%* 0,05 7.8 17.9 19.0 B ¢
Overall 1.2-2,0 1.37 0.05 16.8 0.01 0.09** (.04 6.9 16.8 17.0 - 5.9
NEU: LL 1.2-1.9 1.37 0.05 6,3 0.1 0.08%* 0,04 6.5 16,3 16.0 © 5.4
- m 1.3-2.1 1,46 0.07 18,5 0.00  0.13** 0,06 8.4 18,5 20.5 - 7.8
Overall 1.2-2.1 1.42 0.06 17,5 0.01 0,11%+ 0,05 1.7 17,5 19.3 7.0
Ungelected population
Gamma rays: LL 1.1-1.5 1.26  0.06 19.4 0.005. 0.10% 0.05 1.9 19.4 0 162 6.5
HH 1.0-1.6 1.29 0.08 21.6 0.008 0Q.14** (.06 9.8  2L.6 18.8 8.4
Overall 1.0-1.6 1,27 0.07 20,1 0.004 O,11%* 0.05 8.3 20.1 17.6 7.3
EI: LL 1,0-1.6 1.27 0.06 19,8 0,005 0O.11** (.05 8.2 19.8 17,5 7.1
- HY 1.1-1,7 1.30 0.08 21.% 0,008 0.15% (.07 16.0 . 21.9 20,4 - 9,2
Overall '1.0-1.7 1.29 0,07 20.5 0.005 0.12=* 0.06 8,86 © 0.3 - 191 . . 8.1
NEU: LL 1.1-1.7 1.25 0.06 20,2 0.006 0.11%* 0,05 8.8 20,2 18.6 7.8
- il 1.0-1.8 1.28 0,08 22,6 0.010 Q.17+ 0.06 11.3 22.6 24.5 11.4
Overall 1,0-1.8 1.26 0.07 21.0 0,050 0.13** 0.06 9.7 21,0 22.2 9,6 .

#*= Significant at 1% level.
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(0.05-0.14).

The study of the cdmponents of variation showed that both GCV
(5.2-11.5%) and PCV (13 9-23.1%) increased .in the tr'eated populatlons over
the control levels ( GCV 5.2%, PCV 12.5%). Out of the three populatlons
studled macromutatlonal populatlons showed higher GCV (8.4-11.5%) and
PCV (19.8-23.1%) than the unselected ( GCV 7.9-11.3%, PCV 19.4-22.6% )
and selected ( GCV 5.2-8.4%, PCV 13.9-18.5% ) populations. A marked
decline in GCV and PCV ‘w&s noted when selection was applied in Mz

generation. Based on GCV and PCV, the mutagens were arranged in the
order of NEU > El = gamma—réys. Among the groups of mutagenic
darﬁage, HH showed higher‘ GCV ( 7.0-11.5% ) and PCV (17.1-23.1% ) :
than LL group ( GCV 5.2-9.4%, PCV 13.9-20.2% ). |

The heritability estimates increased from 16.7% in the control
to 13.8-26.2% in the treated populations. Heritability further increésed ‘

in M, to 19.3% from the M, level of 14.2%. Consequently, GA increased

3 2
in all the mutagenized populations ( 4.5-12.5% of mean) except LL group
of gamma-rays in selected populations where it was 3.9% as compared to
4.4% of the control. The maximum GA was recorded in the macromutational

populations ( 7.0~12.5%), followed by unselected ( 6.5-11.4%) and selected

(3.9-7.8% ) populations,

3.1.7 100-seed weight ( seed size )

A comparison of seed size in the treated and untreated populations
(Table 41)showed that the range for this character increased m all the
tfeated populations over thé control. vT‘he 100~seed weight r‘anged between
| 0.8 and 4.8g in the treated populatlons as compared to 1.7~ 3 8g in the control -

Selecuon for seed 51ze in M2 narrowed the range ‘to. 1.3-4.8g.. The range 1n
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M, was widest ( 0.8-4,8g ) in the macromutational populations, followed
by unselected ( 1.0-4.5g ) and selected ( 1.3-4.8g ) populations. The
maximum expansion. of raﬁge was caused by NEU ( 1.044.8g ), followed bjf
EI ( 1.1-4.8g ) and gémrﬁa-rays ( 0.8~4‘.2g‘). Among the groups of mutage‘nic‘ |
damage‘, HH showed a wider range ( 0.8-4.8g ) than LL group { 1.1-4.6g ).

The population mean for seed size shifted in positive diréction
(higher seed weight)‘ in ail but two mutagenized populations ( 2.0-3.1g )
where it was at par with that of the control ( 2.0g). As expected, the
seed siée increase‘d‘ maximum in the selected M3 populations ( 2.3-3,1g).
All thfee»mutagens affected seed size differently, however, without significant |
- differences among themselves. The mutagenic damage group HH had gener‘a]l‘y
lower seed weight ( 2.0-2.6g ) than the LL group ( 2.2-3.1g ). |

The variability in terms of variance, CV and SE ( Table 41 )
increased in the treated populations, except in the selected populations
where CV decreased drastically. The damage ghoup LL of gamma-rays
in selected population showed lower varianée ‘(0.26) than in the control
(0.30). The estimates of variance ranged between 0.26-0.64 in different
mutagenized populations, agaihst 0.30 in the control. The increaée in
‘Variance Was greater in the macromutational populations ( 0.38-0.64 ) tha‘n‘
in the unselected ( 0.32-0.38 ) and selected ( 0.26-0.35 ) populations. With
the exception of LL group of mutagenic damage of gamma-rays (cv 26.2‘%),
ali macromutational populations showed higher CV ( 27.3-35.4% ) than
control ( 27.0% ). The selected populations had lower CV ( 17.7-24.2% )
than control, and so‘was the case wi‘th‘ LL groups of mutagenic damage
in unselectéd populations of gll the three mutagens, - ‘In the macrvomutatiornal‘

and unselected populations, NEU was the most effective mutagen in increasing
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Table 41 ; Range, mean, vuriance CV, SE, analyais of varianca, compunents of ‘vnzia‘tion‘,:

heritability and genetic advance for 100~ seed weight in !‘53 generation

Treatment Range Mean Vari- cv. SE Variance (CH A 0 Herit- GA X of
‘ ance Inter~ Intra- @ @ a?;%ity mean
family family
Control : PS 1.7-3.8 2.0 0.3 27.0 0,03 0.5 0.3 10.2 27.0 14,3 8.0
L 4076 1.6-3.7 2.1 0.3 26.6 0,03 0.5 Q.2 11.% 26,6 20,0 11.0
574-3 1.7-3.8 2.2 0.4 29.0 0.03 0.7 0.3 13,0 29.0 20.0 12.0
Macromutational population
Ganma rays: LL 1.1-3.9 2.4 0.3 20.2 0.05 0.75%* 0,29 12.9 26.2 261 i3.1
H 0.8-4.0 2.3 (.52 3.6 0.03 L. l4x* 0,37 17.2 3.6 29.4 19.2
Overall 0.8-4.0 2.3 0,47 29.8 0.03 0.9* (.35 15.2 29,8 26.0 C16.0
EI: ‘ LL L.4-4.4 2.7 0.5 27.3 0.05 1.07%% 0.4, 13,5 271.3 24.4 13.8
HH 1.2-4.8 2.3 0.64 34.3 0.04 L.45%% 0,44 19,3 3.3 31.5 22,3
Overall 1.2-4.8 2,5 0.9 31.2 0.03 1.26% 0,42 16,6 n.2 28.3 18.2
NEU: LL 1.2-4,6 2.3 0.44 28.5 0.04 0.87%% (.33 14,0 28,5 24,3 14.3
il 1.4-4.8 2.2 Q.82 35.4 0.03 1,36%% 0,44 19.3 © 35.4 29.7 21.7
Overall 1.2-4.8 2.2 0.53 32.5 0.03 1,10** (.39 16,9  32.5 26.8 17,9
' Selected population
Gamma rays: ILL 1.7-4.2 2.5 0.26 20.1 0.03 0.47*% (.21 9.0 20.1 19.8 8.3
‘ HH 1.6-4.0 2.3 0.32 24.2 0.02  0.61%* (0,25 11,5 24.2 22,4 1.2
Overall 1.6-4.2 2.4 0.30 22,6 0.02  0.,55% 0,24 10.3 22.6 20.5 9.6
ElL: LL 1.8-4,2 3,1 0.3 17.7 0.03 0.55%*  0.24 8.0 17.7 - 20.7 7.5
it 1.5-4.8 2.5 0.3 23,3 0,02 0.68** (.26 11.7 23.3 24.9 12.0
Overall 1.5-4.8 2.8 (.32 20.2 0.02 0.61** (.25 9.6 20.2 22,6 9.4
NB3 LL 1.6-4.5 2,6 0,32 21.8 0.03  0,57% (.26 9.6 21.8 19.3 8,7
- HH 1.3-4.8 2.6 0.35 ' 22.8 0.0 0.69* 0,27 11,1 22,8 23.8 11.2
Overall 1.3-4.8 2.6 0.33 22.2 0.02  0.62% 0.26 0.3 22,2 21.4 9.8
Unselected population
Carma rays: LL 1,1-3.8 2,3 0.32 24,6 0.0 0.61**  0.25 - 11.7 2.6 22.4 g
HH 1.0-3.9 2.1 0.33 27,5 0.02  0.67** 0.25 13.9 27,5 25.3 14,4
Overall 1.0-3.9 2.2 0,33 26.1 0.01 0.64%*  0.25 12.6 26.1 23.4 12.6
El LL 1.3-4,2 2,3 Q.33 25.0 0.01 0.63%* 0,26 12.0 25.0 23.0 11.8
- H 1,1-4.4 2.0 0.36 30,0 0,02 0.73** 0,27 15.1 30.0 25.2 15.6
Overnll 1.1-4.4 2,1 0.34 27.8 0.0 0.68% .26 13.9 27.8 25,0 14.3
NEU: LL 1.2-4.0 2.2 0,35 26,9 0.01 0.04% 0,28 12.2 26.9 20,7 il.5
— Ht 1.0-4.5 2.0 0.3 30,8 0.02 0.75%* 0.29 15.2 30.8 26,1 15.3
Overall 1.0-4.5 2.1. 0.36 '28.6 0.01 0.68% 0,28 13.6 8.6 22.5 13.3

k4= Gignificant at 1% level,
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CV, folloWed by EI and gémma-rayé, but in case of séle‘ct‘ed populations,
the trend observed was gamma-rays = NEU > El. The comparison of
variance and CV in ,différ'ent‘ populations showed that fhe mutogenie damage
group HH (‘ Varionce 0.32~0.64, cv 22.8-35.4%) was superior to ‘LL (variance
0.26-0.54, CV 17.7-28.5%) in terms of magnitude of variability. |

The analysis of variance for seed size ( Table 41) showed that
all the treated populations ( except LL group of gamma-rays in selected
populations ) had sigoifieantly higher interfamily variance than the control.
The range of interfamily variance in the treatéd populations was from 0.47-
145 in compafison with 0.50 in the control. The magnitude of mterfamlly
~ variance dlffer-ed depending on the nature of population, mutagen used
and groups of mutagenic damage. Among the populations compared, the
macromutational populations showed maximum interfamily variance ( 0.75-1.45),
followed by unselected ( 0.61 -0.75 ) and selected (0.47 0 0.69 ) pop'uiation‘s.‘
Based on the magnitude of interfamily variance induced in selected and
unsélectéd populations, the mutagens were ar‘r‘énged in the order of NEU ‘7
El > gamma-rays, however in macromufational populations, the order was
El > NEU > gamma-rays. Among the two groups of mutagenic damage,
HH showed higher magnitude of intéf‘family variance ( 0.61-1.45 ) for seed |
size than the LL group ( 0.47-1.07 ). |

Among the components of variation, GCV was higher in all the
lmacr‘omutational populations { 12.9-19.3% ), followed by all the unselected
(11.7-15.2% ) populatlons, whereas in selected populations only the mutagemc
| damage group IH of all the mutagens showed hlgher GCV (11111, 7% )
than control ( 10.2% ).. As a result of selection in I\/I2 generation, GCV
dec‘r'eased‘in Mg (8.0-11.7% ), The PCV also followed almost a sxmllar' |

pattern for different mu’tagenic populatmns. Although both GCV and
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PCV were higher in thé damage group HH‘than LL,‘ they did not follow
a definite trend with regard to‘the mutagens. The order of mutag‘ens
differed in dlffer'ent populatmns. “ | |

The heritability est:mates were thher in vanous mutagemzed
populations ( 19.3-31.5% ) than in the econtrot { 14.3% ) pqpulatlon. The‘
estimates of heritability were also higher in M, (24.‘1% ) than in M, (20.9%)
generation. The GA also increased ( 8:.3—22.3% of mean ) over control
(8.0% ), the only ‘exeeption being LL grou.p in selected populations of EI,‘
where GA decreased td 7.5%. ~The GA was higher in the macromutational .
populétions ‘( 13.1—22.3% ) than in the unselected ( 11.4-15.6%) and sele‘cted
- (7.5~12.0% ) populations. The order of mutagens differed in the various
populations with regard to GA. | |
3.1.8 Seed &ield per plant

The range for yield per plant ( Table 42 ) increased in the mutageni zed
populations ( 0.1-3.0g ) over the control (0.4-1.6g ). "The ‘range t‘br yield per
plant narrowed to 0.3-3.0g as a result of selection apptied in M2 genération.
Meaximum increase in range was noticed in the mécromutatioﬁal poptxlation
(0.1-3.0g ), followed by unéelected (0.2-—3.0g ) population. The order of mutagens
with regérd to range for yield per plant was NEU ( 0.2-3.0g ) = El
( 0.1-2.9g ) > gamma-rays ( 0‘.2—2.‘6g ). Among the groups of tntxtagenic
damage, HH had a wider range than LL for grain yield/ plant { 0.1-3.0
and 0.2-2.7g, respeetively). |

The mean yield per plant increased with all the mutagens. The
increase in mean yteld per plant was more pronounced ( 1.0f1.5g ) When
‘selectlon was practlsed in M2 generation Among the mutagens, NEU

- caused gr‘eatel merease in mean yield 1n its treatments (range 0.8- 15g)



154~

than EI ( 0.7-1.4g ) and gamma-rays ( 0.6~1.4g ). The mutagenic damage
group HH showed higher mean yield pef plant ( range 0.8~ 1.5g ) than LL
group ( 0.6-1.3g ). '

~ The mutagénic‘ treatments. increased variance for plant prc‘Jductivity‘ :
. significantly in all the cases. | The magnitude of increase was variable in
various populations and mutagens. In the treated populations, estimates of
variance ranged between 0.12-1.16 in comparison with 0.09 of control. The
CV varied from 79.5 to 90.1% in the macromutational and unselected
populations‘ as compared to 48.4% in the control. The CV reduced drastically
m ‘MS | 3‘3.‘3—47.6%‘) as a result of selection in M, generation. ‘The variance
Was maximum in the macromutational M3 populations { 0.34-1.16), followed by
unselected ( 0.24-0.96 ) and selected ( 0.12-0.51) populations. The mutagens
differed significantly in respect of induced variance, which were arranged in
the following order on . .the basis of éfficiency: NEU > EI = gamma-rays. |
The above order of mutagens also repeated for CV in the selected and
unselected populations, but the order:in the‘ maéromutational populations
was El > NEU = gamma-rays. Among the groﬁps of mutagenic damage,
HH showed greater variance ( 0.26-1.16 ) and higher CV ( 36.4-90,1%) than
LL ( variance 0.12-0.56, CV 33.3-83.3% ). |

Table 42 also shows fhe analysis of variance, componehts of

variation and genetic parameters for seed yield/plant in M3 generation.
The interfamily difference for plant productivify was éignificant in each
treatment. The interfamily vafiénce varied from 0.21 to 2.79 in different
mutég‘enized populations, as compared to 0.2 in the control. The inferfamily |
vafiance decreased drastically When selection for yiéld Was applied in Mz.

generation, The range of variance in these materials narrowed to 0.21-1.06.
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Table 42 : Range, mean, vaciance, CV, SE, analyais of variance, bmponénts of vaﬁriatioh, heritability

and genetic advance for yield per plant in M3 generation

Treatment

Range Mean  Variance  CV sk Variance ccv Heritabi- GA X of
‘ ‘ Inter- Tntra~ (%) (%) lity (£) mean
family  family
Contro) : PS ‘O.l‘n~1.6 © 0.6 0.09 48.4 0.02 0.2 0.07 22,8 48.4 22,2 22.1
L 4076 " 1.4~3.5 2.1 0.20 21,3 0,02 0.4 0,14 10,9 21.3 26,3 1.5
5 74-3 1.6-3.0 2.1 0.10 16.3 0.02 0.2 0.10 8.2 l6.3 25.0 8.4
Macromutational population ]
Gamma rays: LL 0.2‘—1.8‘ 0.7 0.34 83,3 0.04 0.66%  0.26  40.4 83.3 23,5 0.3
Hi 0.2-2.0 0.9 0,63 88.2  0.04 1,36* 0,45 47.4 88.2 28.B 524
Overall 0.2-2.0° 0.8 0.45 86.0° 0.03 .0.91x 0,34 43.5 86.0 . 25.5 45.2
EI: . 1L 0.2-2,1 0.8 0.42 8.0  0.05 0.86%* 0,31 4.3 BlL.O- 25.9 ‘43‘,3
HH 0.1-2.4 0.9 0.67 89.9 0,04 1.54% 0,45 51.2 89,9 32.4 60,1
Overall 0.1-2.4 0.8 0.54 87.5 0.03 1,17%* Q.BB 47.2  87.5 29.1 52,5
NEU: LL 0.3-2.6 0.9 0.56 83.1 0.05 1.15% 0.4} 42,6 831 26.2 44.9
1} 0.2-3.0 1.z 1.16 89.8  0.04 2.79% 0,76 53,2 89.8 35,0 “64.8
Overall 0.2-3.0 1.0 0.76 86.6  0.03 1,71 (.53 48,7 86.6 3t.0 . 55.8
Selected populétion
Gama rays : LL 0.6-2.4 1.0 0.12 33,3 0.02  0.21% 0,10 143 33,3 179 12,5
1 0.6-2.6 1.4 0.26 3.4 0,020 0.51*= 0,20 17.8 36.4 24.0 '18.0
Overall 0.5-2.6 1.2 G.17 34.4 0.01 . Q.31 (.14 15.6 .4 20.5 4.5
EI: LL 0,0-2.3 1.1 0.16 36.4 0.02 0,2%9%« 0,13 16.4 36,4 0.2 15.2
HH 0.4-2.9 1.4 0.34 41,6 0.02 0.68% 0,26 20.9 41.6 25,1 21.5
Overall 0.4-2.9 1.2 0.22 39.1 0.01 0.42¢ 0,17 18.4 W1 22,0 17.7
NEU: L 0.4-2.7 1.3 0.30 42,1 0.03 0.56%% 0,24 19.6 42,1 21,5 18.7
HH 0.3-3.0 1.5 0.51 47.6 0,02 1.06** 0,37 24,7 471.6  26.8 26.3
Overall 0,3-3.0 1.4 0.39 44,6, 0.02  0.77%* 0,30 © 21,9 44,6 24,0 22,1
Unselected population
. Gamua rays: LL 0.3-1.8 0.6 0.24 d1.6 0.0 0.44** (0,19 38.0 8.6 21,5 "36;3
m 0.3-1.9 0,8 0.48 86.6 0.02 1.00% 0.3 4.9 86.6 26,7 4.8
Overall 0,3-1.9 0.7 0.35 8.5 0.00 0.,69% 0.27 40.3 845 23.9 40,5
El: LL 0.3-2.0 0.7 0.31 79.5 0.01  0.61** 0,24 39.1  79.5 24,1 : 39.6 .
- i 0.2-2.2 0.8 0.52 90.1 0.02 1.19%* 0,37 50.8 90,1 3.1 58,3
Overall 0.2-2.2 0.8 0,49 B6.4 0.01 1.03%*  0.36 45.2  Bh.4 27.2 ‘48.6
NEU @ LL 0.4-2.3 0.8 0,44 2.9 .02 0.92%% 0,33 42,9 B4 26,1 451
- Il 0.3-3.0 1.1 .96 Hy.1 0.43 2.24%% 0,65 51.2 89,1 32,7 60,3
Overall 0.3-3.0 0.9 0.68 87,7 0.02 L.50%*  0.48  48.0 87.7 29.8 54.0

whs Siguifjcant“ut 1% level.
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The macromutationa} pdpulations showed greater inteffaﬁ)ily variance
(0.66-2.79 ), followed by unselected ( 0.44-2.24 ) and selected ( 0.21-1.06 ).
‘populations.. The mutagens differ'ed ‘signit.'icantly ‘wit‘h rega'rd‘to“ thé magnitU(‘i-é‘
of interfamily variance. On the basis _df efficiency Gf induced ‘fnterfamily‘
variance the mutagens were abfanged in the following order: NEU - El ==
gamma-rays. Higher interfamily vvariance was recorded in the mutagenic
damage group HH ( 0.51-2.79.) than LL ( 0.21-1.15 ). | |

Botﬁ the components of variation { GCV and PCV ) were higher
m the treat‘edwpopulations ( macromutational and unselected ) than in the
control. Both GCV and PCV were higher in the macromutétional popu‘latibnls‘ 3
(GCV 40.4-53.2%, PCV 81.0-89.9% ) followed by unselected populations
(GCV 38.0-51.2%, PCV 79.5-90.1% ). Both GCV and PCV decreased drastically
as a result of M2 selection. The GCV ranged from 14.3 to 24.7% and -
PCV from 33.3 to 47.6% as against 22.8% GCV and 48.4% PCV in the -
control. On the basis of efficiency of GCV induced, the mutagens were -
arranged in the order of NEU > EI > gamma-rays. The GCV and PCV |
were also higher in the HH group of mutagenic dam‘age ( GCV 17.-8—53.2%, |
PCV 36.4-90.1%) than in LL group (GCV 14.3-42.9%, 33.3-83.3% ).

The estimates of heritability as well as GA increased in the
macromutationél as well as unselected populat‘io‘ns compared with the contbol.“‘
Heritability and GA in selected populations in MB‘generation decreased
drastically due to selection in M2 generation. The heritability ‘of plant‘.
produetivity was highest in the macromutational populations (23.5-35.0% ), “ 7
followed by unselected ( 21.5-32.7% ) and selected (“‘17‘.9~2‘6.8% ) Populat‘ions,j‘

" as against 22.2% in the control. The mﬁgnitude of heritability in My |

(25.9% ) was higher than that in M, generation ( 20.8% ). The GA for
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yield per ‘piant was highest in the macromutational populations ( 40.3-64.8%
of mean), followed by unselected ( 36.3-60.3% ) and ‘s‘elected population

( 12.5-26.3%). The hemtablhty and GA were hlgher in HH group of mutagemc :
damage ( heritability 24.0-35.0%, GA 18.0-64.8% of mean ) than in LL

group ( heritability 17.9-26.2%, GA 12.5-45.1% ).

3.2 Selection of promising families in M3
The family mean was used as a criterion to identify promising
progenies in M3 generation, since intrafamily variance is expected to decline
in'M3. Thg families were identified as promising for various characters |
by‘ comparing ‘their' means with the highest character mean of the control,
Therefore, in order to identify the families with‘significantly higher mean
than the highest value of control at 1 or 5% level, the entire material
was grown in augmented block design with three controls ( untreated variety
Precoz Selection (PS), L 4076 and S74-3 ). The analysis of variance in
augmented block design for eight characters ( Table 43 ) showed that
the entries ( l\/I3 families ) differed signficantly among themselves in
respect of mean for all the eight characters. The estima;ces of block
effects and different SE and CD for these eight characters‘are presented
in Appendices XXXIII and XXXIV. Tables 44 and 45 show the‘propor'tion(%)
of promising families identified on the basis of superiority of their means
for various characters. It can be seen that the maximum proportion of
families ( 17.6% ) over the entire experimeht was identified as promising
for pods/plant, followed by yield/plant ( 13.9% ), pod cmsters/plant ( 12.0%),
branches/plant ( 8.6% ), plant height ( 4.9% ), days to maturity“( 3.9% ),
iOO-seed weight ( 2.9%) and seeds per pod ( 2 7% ). Thus, pods per plant

showed max1mum 1mprovement among the elght characters studled, followed



-158-

(eAel %L I8 IUBOLIUSIS wx

oAD1 %G 18 1UBOIJIUBIS

06¢E
€¢°0 02 0 L0°0 0s°0%1L ¥1°99 €L 06°9 09°L1 9sl 1049 xooEm.bE
. . ) ) SaLIlIa M3U "SA }osyd
*EE0 #xPV°0 - x20°0  xaP8TLEL «x10°68 £470°0L  5xBLFL %x¥V79T veLE pue SalIud MIN'
#x69704  «¥6°0  #x00"L  xPETE0LLI +x90' V8587 wxb 8 BEEL sxBl OELE £x8E7FOSY 4 seT1a1deA HO9UD
H . o (So1a1ud MaULN23UD)
+xL8°0  ax¥P°0 #2000 %x9T%ET 41807200 #6870l  sxBG'OL xxlE76Z 9cL¢ serIug-
S0y %09 - eL-o LY 8¥61 £8°228 ¥9°LL 19°9ZL 8%°¢6¢€ 8L : - syoorg
4 justem ‘ 1ued yuerd
JuBl pass - pod  jumid/spod /serounpad /sayoueiq wsey Aunjew ‘
/ PRIX =001 /Spo9g  PAlID8yyH  dAIIPRNE Supmag  Jueld o) skeq  dQ soxgnbg Jo wns

saJenbs Jo wns UBd]

uon BIBUDS mE Ul SJ9}0BJ4BYD SNOIIBA JO] uBisop O0[q pajudWLsNE Ul sougllea jo sisA(euy  ¢F SGBL



6'¢lL

9°02 6 L' 9°LL 0°zL 9'g 67 6°¢ pgLg  Juswledxe BU3 JO [BI0L
(14 €791 8¢ 9°¢ 9°0% LbL b'LL €79 LG coolL 184270
898 L€% 6°¢ s 0°08 012 0oL g0l 84 9Lb HH
Ll 96 6L Lt 151 L6 89 9% 9% 625 T1 ‘
: QaEN
1°02 ggl L% 9z vAL L €8 6% g'e 9901 11819A0
208 b 0% &y ¥ 1°92 g ul 8zl 84 z°8 VLG HH.
1°01 L9 _..w (7 %6 8°C &'¥ 22 L rAYY 11
. ‘ i
6791 zel 2% 6°L L°g1 701 g 9¢ g8 £80L [[B8A0
9°8¢ €702 9'F 6°¢ 9°¥7 79l PLL 89 0°9 £8¥ HH
S°L LS £°0 £0 £l YA 6'e 0t Al 009 11
sArl wEEmU
Sd9lo -
a0 B oot e saime S o sy
yim sarmrueg /CIOHA S /SP0d  jgunmnag  Sunmag Y9 sfeq  [®I0L

uor1BJIaUaS mE Ul S}UDW}RBaJ] SNOLIBA Ul SI919BJBUD JUDJISJIID JIC] S91

wey Suistwoad jo ag8ejuodiad ¥ mBM,H.



-160-

@-ON_ mw.M—. m.N N.-N. w.N.,_.. a0°ZL 9'8 6% 6°¢ ﬂum_vmw HEOE_.”.HWQNU mr—w MO H.NHO.HL
8¢ 8% 0 90 0¥ 52 A A 8961 pa153198UN
0°69 ¥ o¥ 0 oL ¥'8 z°9S 9°6¢ $°62 g9l 6°Z1L Z9L - DP91931es
oL | c'g L ) L'z 9 1t 89 0p 1"z ¥z AT Ecoﬁmu:Eopva
'SJ919BIBYD ‘ rueld juegd Ajranyswl paIpnis ‘
ordinuw weid - 3usem pod yuerd /siolsn[o  /sayduBiq 1usey 01 SaIfiwB]j uo13e[ndod

Ultm saljieq \Ewbw mmwmnoo_ /SPR%8 /sPod 3unmnag Junmag EmE shr(g 1810l

suoljeindod mE SNOLIBA UI SJ91DBJBYD JUSISJIID 10] sarpiwe] Suistwosd jo a8mjusnded ¢y 2ldBL



-161-

by seed yield per‘ plant, ‘The' remaining characters showed medium to
low response to selection (Fig.7 ). The chemical mutagen‘NEU generated
promising families with mLiltjple characters with the highest frequency
(125.2% of all M, families ), followed by EI ( 20.1% )-and gamma-rays
(16.9% ) (Fig.8 ). Diffefent promising families with multiple characters
were isolated inQolving cambination of two or more than two diffepent
characters. |

Among the thrée. populations compared in IVI3 ( Table 45 and 47,
Fig.9 ), the population subjected to selection in N.[2 generation showed
maximum fréquency of promising families for the various characters ( 8.4%
for seeds/pod to 56.2% for pods/plant) as well as promising families with
multiple characters ( 69.0% of the selected families). Next in order were
the maecromutational populations ( 11.3% promising families with multiple
charaéters ) and unselected populations ( 3.9% ). Out of the two groups
of mutagenic damage. compared (Fig. 10) HIH had much higher frequency
of promising families ( 28.6-36.8%) with multiple characters, than LL
group ( 7.5-14.7% ). |

The analysis of the proportion of bromising families with various
combination of characters ( Tables 46 and 47 ) shows that the proportion
of promising families with muitiple characters among the total promising
families was highest in the NEU-treated populations ( 80.8%), followed by.
El ( 79.0%) and gamma-rays ( 76.9%). Out of the two groups of rnutagenic
damage ( Table 46), HH had mueh higher proportion ( 79.8-84.1% ) of
promising families wifh multiple characters than LL group ( 69.2-74.3%).
The proportion of promising families wifh multiple characteré to |
the total promisin‘g families was highest in the selected popua\ltiﬁoh

(85.4%), followed by macromutational ( 65.8% ) and unselected (57.1%) o
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populations ( Table 47 ).

A comparison of the selection efficiency for promising families
in Mz and M3 generations ( Table 48 ) shows that a very large proportion
of plants selected in M2 as promising wer'é confirmed as promising families
in M3 also ( from 73.7% in LL group of gamma-rays to 83.3% in HH group
of NEU ). The contribution of IVI3 generation to the total number of
promising families was smaller in the macromutational ( 14.3-20.0% ) and
unselected ( 3.5-12.5% ) groups of mutagenized materials. Thus, selection
for quantitative characters can be effectively practised in M2 generation
itself, although selection in M, did not exhaust the entire variability
ge‘nerated‘thfough mutagenic treatments, as 24.0 per cent of the total
‘promising families were added in M3‘ generation. |

Similarly Table 49 shows a comparison of seleétion efficiency for.“
promising families with multiple characters in M2 and M3 generatic‘ms.‘ It
can be seen that a very la;-ge proportion ‘of plants selected in M2 as -
promising for multiple characters were confirmed as promising families

with the same multiple characters in M, also ( from 57.9% in LL group

3
of gamma-rays to 75.3% in HH group of NEU ). The M3 generation
added a smaller proportion to the total number of promising families for
multiple characters in Mg: 8.6 - 12.7% in the macromutatiopal and 1.8-7.3% |
in unselected populations. Thus, selection even for multiple quantitative -
characters can be practised in M, generation‘ itself with reasonably high
degree of réliability, aithough selection in M? did not exhaust the eﬁtiré
variability generated through mutagenic treatments, asr 19.1% of the total |
promising familiés with multiple charac‘t‘ers Were added by M3 screéﬁing

(Table 50 ').‘ NEU ‘contributed maximum number of promising families with
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higher magnitude of heritability than M2 for all the eight characters. The
estimates of genetic advance either increased or remained unchanged in
Maover M2 depending on the nature of a c‘haracter, population, mutagen and
group of mutagenic damage. The GA was expected to be higher in the
macromutational populations than in the unselected and selected populations.
The groups of mutagenic damage were in the order of HH > LL with regard
to the magnitude of GA. The above trends for the mutagens, groups of
mutagenic darﬁage, various type ‘of populations and characters were éonfirmed

- by the proportion of promising families isolated in M2 and M:3 generations.
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many factors, internal as well as external, thai influence the frequency of
induced mutations. All these factors interact in determining the efficiency
of a particular treatment in induced mutagenesis.v The results obtained in
Pisum (Blixt et al., 1963) indicate that the initial mutation rate is perhapsr
not appreciably altered. - The main impact of the modifying factors, genetic
as well as environmental, is through the various stages between the initial
mutational event and the realization of the mutation in the next generation.
Therefore, the number of mutations recovered in M2 is often as ( or even
more) closely related to the factors like M1 lethality and sterility as to
the dose administered. Reproducible results with respeet to the mutation
rate in M11 are, therefore, often easier to obtain using the total M1 damage
as an integrdted system of biological effect. In a éeries of experiments,
similar M1 effects resulted in similar mutation rates in Mz, although the
dose applied to induce a particular M1 effeét and M2 mutation rate varied
in wide limits. The same is true for chemical treatments. The variation
here ﬁends to be évén greater for different mutagens (Blixt, 1972).

The .ear‘ly record of the phenomenon of 1eaf—aberrafcions, subsequently
célled a-sectors, can be found in the paper of Arntzen and Krebs (1925).
The phenomenon was confirmed in 1eguminous_c-rops by Burn (1954) and
Kaplan (1954). It was demonstrated to be dose-depehdent and diré‘ctly‘ ‘
related with chromosomal aberrations. The phenomenon has at’tracted_ spécizil
attention since it makes possible the estimation of mutagenic effects that .
may be more closely related to gene mutations than determination of growth
reduction or plant lethality (Burns, 1954; Kaplan, 1954; Blixt et al, 1960,

| 1964’, 1‘965; Zachrias and Ehrenberg, 1962). The importance of l‘eaf~aberrationsv |
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in experimental mutagenesis incressed since a close relat‘ionship between
leaf spgtting in M1 and chlorophyll mutations in M2 was demonstrated
by Blixt et al. (1964) and Singh (1988). Some chlorophyll mutations
scored in M, could be caused by a mechanism similar-‘to the cause of
leaf spots and streaks appearing in M1 generation ( Moutschen-Dahmen
et al., 1959). Therefore, keeping in view fhe importance of leaf-aberration
as a criterion for concentrating mutations in the mutagenized pbpulation,
the I\/I1 material was classified into categories of high damage and low
damage. Blixt (1972) also indicated that selection of M, plants in legumes,
in general, and i‘n peas in particular,with appropriate degree of leaf-
aberrations makes it possible to maintain a high mutation rate which can be
regulated almost at will for a potent agént like ethyl methane sulphonate
(EMS). The efficiency of mutagenic agents can be manipulated not only
by changing the conditions before, during, or after treatment, but also
by identifying the IVI1 plants most likely to carry mutations.

Different systems can be evolved for measu’ring these immediate
M1 effects on the basis of various characters used as indicators of mutagenic
darﬁage. Since these effects are utilized to determine the mutagenic |
éffect of an agent as an indication of mutation frequency, i.e. the!- initial
effect on DNA, the various M1 parameters differ in their informational
“value., Leaf and chromosomal abberrations and sterility parameters are
probably most accurate in this respeet, whilst the characters refiecting
general metabolic disturbances due to the treatment, such as, germination
and growth inhibition are leaét importanf ( Blixt, 1972). ‘Therefore, plant

| sterility ( seed setting) was used as the other criterion for grouping M,
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material. Singh (1988) also used sterility as a parameter for grouping M,
material in peas; the other parameter taken for this purpose was leaf-
aberrations (a-sectors) on seedlings, and classified the M, material in four
groups of mutagenic damage, viz., LL, LH, HL and HH. The effect on

M1 fertility was studied following treatment with x-rays and neutrons
(Heringa, 1964), gamma-rays (Heringa, 1964) and EMS ( Heringa, 1964;
Speckman, 1964; Wellensiek, 1965). In case of chemicals, sterility has been
found to be caused by factors other than chromosomal aberrations also
(Wildervanck, 1964). Positive correlations between sterility and mutation
rafe have been réported from several studies ( Kivi, 1965; Ehrenberg, et al.,
1961; Walther, 1970; Singh et al., 1972).

In the present study, the highest frequeney of chlrophyll and
morphological mutations has been reqorded in the HH group ( 14.3 and
1.37% mutated I\/I2 progenies .and plants, respectively ) and lowest in LL
group ( 6.0 and 0.58% ) with all the mutagens and doses (Table 13,
Appendix X, Fig. 3 ). Among the remaining two intermediate groups,
the HL group ( 11.4 and 1.07%) was superior to LH group ( 8.7 and 0.83%)
with regard to the induction of total mutations. - Similar results were
obtained by Singh (1988) in peas, w here the order of groups w1th regard
to the induction of macromutations in M generation was HH ‘7 HL > LH >
LL. This indicates that seedling damage ( leaf aberrations) is a better
measure of the genetic change induced by mutagenic treatments than seed
fertility. Likewisé Blixt (1972) found leaf-aberrations to be the most
dependable index among all the IVI parameters, As in the present investigétion ,

Blixt et 81(1964) and Singh (1988) also found posmve correlatlon between
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the degree of leaf-aberrations in IVI1 and chlorophyll mutation Pate‘ in

M2 generation. With regard to the sterility in 1\/11 also, several reports
can be eited in support of the results of the present study ( Kivi, 1965;
Ehrenberg, et al., 19671; Walther,‘ 1970; Singh et al., 19'72; Singh, 1988 ).
‘These ‘studies showed positive correlation between sterility level in MT'
and frequency of chlorophyll and morphological mutations in I\fl2 generationé.
The highest chlorophyll and morphological mutation frequency was recorded
in the fertility range of 30-70% which is in close agreement with the
‘results of the present investigation. From the resuits of the present
investigation, it can be concluded that higher the damage caused to M1 '
plants in the form of leaf-aberrations and seed sterility by particular doses
of different mutagens ( in this case, e.g. 20 kR of gamma-rays and 0.1% of
both the chefnical mutagens, EI and NEU), the higher the fr‘equency of
mutations obtained in M2 generation. As discussed below, the same

groups of mutagenic damage also carry higher frequency of‘mz"crom‘u‘tations
for different characters in succeeding geﬁerations.

In general, the mutation spectrufn was not iﬁfluenced i:y the groups
of M, damage, exéept that‘-some of the mutation types oceurred more
frequently than others in certain groups (quantitative differences only). "I“his
may be due to a relatively high frequency of mutation induetion in ‘thét
particular gréﬁp. The independence of chlorophyll mutation spectrum |
from the degree of sterility in M1 generation has béen reported earlier
(Gaul, 1958; 1965b; Sihgh, 1988). Similarly, the degree of léaf aberratiohs

and mutation spectrum were also found to be independent of each other

in peas ( Singh, 1988).
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2.1.4 Mutagenic effectiveness and efficiency

In general, both mutagenic effectiveness and efficiency decreased
with increasing doses of mutagens, however, the highest dose of gamma-
rays and medium doses of chemicals were found to bé ‘most efficient for
inducing mutations (Fig.5). This obviously shows that the increase in |
mutation rate was not proportional to the increase in the doses of various
chemical mutagens. The higher mutagenic effectiveness does not reflect
per se mutation frequency and hence cannot be used as an index for
maximization of mutﬁtion,rates (Sharma, 1977; Singh, 1988). There are
several biological, environmental and chemical factors which modify and
influence the response of cells in higher plants to physical and chemical
mutagens, consequehtly, mutagenic effectiveness and efficieney also change
(Blixt, 1972). The exact nature and mechanism of the factors influencing
mutation frequency XE‘E’XE the biological damage caused by a given |
radiation or chemical mutagen are not known. |

The mutagenic effectiven‘ess and efficien‘cy have been discussed

separately as follows.

2.1,4.1 Mutagenic effectiveness

Effectiveness pertains to the rate of mutation induection in
relation to mutagenic dose. Extensive s‘tudies on mutagenic ‘effe‘ctiveness
and efficiency of various mutagens were carvied‘ out by Konzak et al
(1965). In the present investigation, effectiveness of mutagens differed
~ considerably ( Table. 15). Among the mutagens used, NEU was“the‘m‘ost
effecitve mutagen, folloWed‘by EI énd gamﬁla—rays. Thus, NEU was 1.2

‘ énd 241 ‘times more effective than EI and gamma-rays, r_'espectively. The
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order of effectiveness of mutagens was NEU > EI > gamma-rays. Higher
mutagenic effectiveness of NEU and NMU ( both nitroso compounds ) over
other chemical mutagens and ionizing radiations has been demonstrated
earlier in lentil ( Sharma, 1977; Sarker, 1985), rice ( Siddiq, 1967), wheat
(Desai and Bhatia, 1975 ), greehgram { Prasad, 1972), Lathyrus (Nerkar,
1977) and peas ( Monti, 1968; Mohan, 1983; Singh, 1988).

2.1.4.2 Mutagenic efficiency

Mutagenic efficiency is referred to as the mutation fate in

relation to M1 damage. | Effectiveness and efficiency are two different
properties Qf mu'tagens.~ ‘A highly effective mutagen may not necessarily
show high efficiency and vice versa. The results presented in Table 15 |
indicate that mutagenic efficieney is not as variable as mutagenic effectiveness
among' the mutagens used. This is an interesting observation. It wquld

be desirable to compare these two parameters whenever recorded in |

other experi‘ments. The mutagenic effectiveness being more variable

could be a direct reflection of differential mutagenicity per unit dose of
various mutagens. The low variability for efficieney caﬁ be interprete‘du

by assuming théi the extent of damage‘ in I\‘/I1 determines the mutability

of genes, irrespective of the mutagen. In other wOrds, with equal

degree of damage,all mutagens and their doses will yield more or Iesé _
comparable amount of mutation. However, the trend was similar émong
the mutagens. Similér‘ to mutagenic effectiveness, NEU showed the -highest
efficiency (0.38), followed by El (0.33) and gamma-rays (0.31). Thus, NEU
- was ‘1.2 émd 1.1 times as much e_fficient ,as“gamma~rays and El, respectively,

Higher. effiéiency‘of nitroso—com{iounds than other mutagens has been reported .
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in wheat ( Desai and Bhatia, 1975 ), lentil ( Sharma and Sharma, 1979b;
Sarker, 1985; Dixit and Dubey, 1986; Sarker and Sharma, 1989 ) .and

peas ( Mohan, 1983; Singh, 1988 ). However, Nerkar (1977) reported
contradictory results. In his study, the order of mutagéns based on their
efficiéncy was gamma-rays >> EMS > NMU. The higher efficiencyv of

a mutagen indicates relatively less biological damage ( seedling injury,
lethality or sterility, ete. ) leading to more mutations. In this sfudy,
higher efficiency of NEU indicates relatively more mutations induced even
with less biological damage ( sterility), whereas the reverse was true for
gamma-rays. The iow efficiency of gamma-rays may be attributed to the -
use of low doses corresponding to theif mutation induection ( Sarker 1985),
whereas in case of NEU the choice of doses used was more‘ appf‘opriate

(Singh, 1988).

2.2 Micromutations

The best example of breeding for mieromutations is the extensive
and detailed‘ work of Gregory (1956, 1961,1967) in groundnut and Gaul
et al. (1969) in barley. They demonstrated substantial improvement in
yield folloWing selection in irradiated populations.

In view of the impértance of induced micromutations in improving -
the polygenically contr‘olled characters of economic importance, an attempt
was made to explore the possibility of increasing the efficieney of induction
of micromutations of breeding val‘ue.‘ The results related to different aspects
of induced polygenie variability a‘r'e d‘is‘.c_:ussed genet‘ation wise for various

characters.,
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in the mutagenized populations in M3 generation as compared with MV2 ‘
generation (18.4-27.8% heritability and 20.8-36.8% of mean GA). A
higher GA in M3 over M2 was also reported by Sharma (1977) and
Sarker (1985) in lentil, and Goud (1967) in wheat. Similar trend has
been observed in the present study. Genotypie variance, heritability and
GA were reported to increase as a result of mutagenic treatment in rice

(Jana and Roy. 1973), Brassica Juncea (Verma, 1973; Mahla, 1988),

groundnut (Sarma, 1975), ragi ( Raveendran et al., 1982), mungbean (Khan,
1984) and lentil ( Sarker, 1985). The substantial increase in the estimates
of heritability and GA in NI3 over MZ as a result of release of additional
variability in l\/l3 generation suggests that although selection in M3‘ could R
be more advantageous than in M.[2 generation, it could also be practiSed
effectively in Mz generation with reasonable success. This is evident
from the proportion of promising families obtained for this character

increasing from 6.8% in M2 to 8.6% in M3 generation.

2.2.1.4 Number of clusters per plant

The number of clusters per plant inereased slightly in the treated
populations over control in both M2 and I\/I3 genération; ( Table 22 and
38, Appendix XVI). The increase in rﬁean number of clusters per plant
.‘in the treated populations has been repeatedly reported by various workers
(Krishnaswamy et al., 1977; Sharma and Haque, 1983; Verma and Singh,
1984; Bhadra, 1982 ) and can be explained on the basis of induection of
f‘nor‘e positive mutations. Sarker (1985) reported increase in mean in tv,ro
of the "treatmen't‘s in lentil. How’eVer, contrary to these findings, lower or

unaltered .meahs in the treated populations were also reported by séveral ‘
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workers ( Gaul, 1965; Goud,1967; Mandal, 1974; Gill et sl, 1974; Sarker,
1985). This is attributed to the induction of lower or equal number of
mutations that increase the number of clusters.

The range for clusters per plant increased in the treated bopulations
over control in M2, which further increased slightly in M3 generation. The
increase in variance and CV was also signifieant‘in the treated populations
over control in both MZ and MS generations. However, the magnitude of
increase was slightly higher in I\/I3 than in M2 generation. Thus, additional
variability was released in M3 generation for this character, Thése results
are in agreement with the findings of several previous workers ( Bhadra,
1982; Sharma Eind Haque, 1983; Verma and Singh, 1984 ).

Both components of variation, viz., PCV and GCV ini:reased in
the treated populations than in the control in M2 as well as M3‘ generations
(Tables 23 and 38 ). A relatively higher correspondence between GCV and
PCV resulted in higher her‘itab‘ility for this character. Thus, a considerable -
proportion of the induced variability is genetic which also enhancéd genetic

advance over the control in both M, and Mg generations. The considerable

3
increase in heritability and GA indicates that there is a tremendous scope
for improvement of clusters per plant. The increase in genotypic?variability," |
heritability and GA for eclusters per plant as a result of induced mutations
has been reported in many crops ( Bhadra, 198‘2;‘ Sharma and Haque, 1983;
Verma and Singh, 1984). Higher GA in M, over M, suggests that selection
for clusters per plant in iVI3 is expected to give better dividends than in
MZQ HoWever, “selec‘:tion in M2 ‘c‘arialso‘ be affected with almost equal .
success as iarge amount of variabilify (CV) is expressed in M2 itself,

73.4% as against 73.9% ‘i:niMS.‘ The proportion of promising families in
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with a reasonable success, Although the success in terms of isolation

of promising families through selection in M, generation ( 11.4%) is

2
reasonably good, it can be enhanced to almost 1.5 times for this character
{ to 17.6% promising families ) if extensive selection is carried out a

generation later ( in M3).

2.2.1.6 Number of seeds per pod

The range as well as population mean for seeds/pod increased
in l‘\/I2 and MB‘generations compared to the controls { Tables 26 and 40,
Appendix XVII). Increase in mean seed setting in the treated popul‘ations
has been reported from studies in var‘ious crop plants ( Shakoor and Haq,
1980; Mohan, 1983; Sarker, 1985; Singh, 1988; Sarker and Sharma, 1989).
The increase in seed settings in the mutagenized populations again,
can be explained on the basis of 'induction of more positive mutations, és .
was the case with number of pods per plant. However, contrary to these
findings, lower or unaltered means in the treated populations were reported
by Pathirana (1982) in groundnut; Rajput and Siddiqui (1983) in soybean,
and Verma and Singh (1984) in mungbean, The reduction in average; seed
number could be only dqe to induetion of‘muta‘tibns causing sterility more
frequently in the treated populations.

The estimates of induced variability, c.aleulatedr as “vérianee and‘

CV, were higher in both M, and M3 generations as compared to controls.

2
The comparison of variability (CV) for diffe‘r'ent‘ characters revealed that
.seed no./pod had relatively lower variability (19.9% CV in M2 and 20.5%
CV in MS) than most other characters except days to maturity where

CV observed was the lowest, 2.4% in M, and 5.6% in M, (Table 52).
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The GCV and‘PCV‘also increased in the treated populations over control
in both M2 (6.3-8.5% GCV, 18.5-20.6% PCV) and M3 ( 5.2-11.5% GCV )
generations. This resulted in higher heritability and GA in the mutagenized
populations. It can be seen that a considerable proportion of induced
variability was genetic in nature, which increased heritability and genetic
advance over control in both generations. Similar observations were

' reported earlier ( Mandal, 1974; Tickoo and dJain, 1980; Pathirana, 1982;
Ravi et al., 1980; Mohan, 1983; Sarker, 1985; Singh, 1938; Sarker and
Sharma, 1989). However, Verma and Singh (1984) noticed lower vériance
for this character. It is difficult‘ to explain why mutagenic treatments
should reduce the variance. The estimafes of both components of
variétion, GCV and PCV, were rel&‘ltively‘ higher in M3 than in‘ M2
generation, indicating release of small amount of additional variability

in M3 generatipn. The values of heritability ( 13.8-26.2%) as well as
GA ( 3.9-12.5% of mean) wei‘e little higher in M3 thah M2 generation
(10.5-17.7% heritability and 4.4-7.4% of mean GA). The release of
additional vatiabili'éy in MS wés most prdbably responsible for greater
heritability and GA over M2 generation. ’fhe magnitude of induced‘
variability (CV) in Mg generatio‘n‘( 20.5%) was & little higher t»han‘ in
‘MZ‘ gener'atjon (19.9%). SimultahéouSIy, the proportion of promising
families isolated dropped from 3.6% in M, to 2.7% in M,. Therefore, |

it is reasonable to suggest that selection for seeds/pod shbuld be
‘pre.ferably excerc‘ised‘ “()nly in Mz, advaneing the matefial to ohe‘ more

generation ( M3) will not result in any substantial advantage through

selection,
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2.2.2  Specificity of parameters

In the present investigation, certain specific patterns were observed
whieh were constantly maintained throughout the experiment. The specificity‘
of such patterns is discussed. |
2.2.2.1 Mutagen specificity

An attempt has been made to know the relative effect of different
mutagens on mean and magnitude of induced variability fqr polygenie |
characters. In general, it was found that all the mutagens are not equally
effective in indueing variability for polygenie traits. Among-the mutagens
used, the chemiecals induced more variability than radiations for all the
eight quantitative characters in the order: seed yield per plant > pods per
plant == clusters per plant = branches per plant > 100-seed w.eight
(seed size ) > seeds per pod > plant height > days to maturity (Table 51).
However, differences among the mutégens wefe more pronounced for seed
yield per plant. Superiority of alkylating agents over radiatiohs, in
general, in induéing rﬁutations in all kinds of genes is now an éstéblished
fact. This is also true for polygenic variability in higher piants (Mohan,
1983; Sarker, 1985; Singh, 1988; Sarker and Sharma, 1989 ).  Th-us,.‘th‘e
present study has yielded exﬁected results, as both the chemical mutagehs ‘
(NEU and EI ) belong to the highly effective gréup of alkylating c‘zom‘poundsﬁ‘ ;
and are known to induce point mutations in the biological systems with |
very high frequency. On the other hand, ionizing radiations (gamma-rays)
éct‘ primarily through iriducti‘on of chromosomal aberrations‘, therefore,
induce point mﬁtafions with lbwer fre‘quency -tha‘n‘ ‘chemicals.

In general, the character means shifted in desirable directions with
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all the three mutagens. However, the mutagens showed differences
among themselves with regard to shift in character means. The mean
values in the NEU—treated material were higher than in the EI and gamma-
ray treatments. This indicates that NEU induces higher frequency of
mutations with positive effects than EI and gamma-rays. The increase in
progeny mean for a number of characters following mutagenic treatments
have been reported in lentil ( Sharma, 1977 ) 'rice ( Matsuo and Onozawa,
1961 ) and peas ( Mohan, 1983; Singh, 1988) . Rajput (1974) recorded
‘ shift in mean towards positive direction in all the characters ( except pod
length) in mungbeans. Sidorova (1971) reported higher proportion of
economically important mutants followmg EMS treatments than NEU in
peas, and also found that early mutants appeared more frequenctly after
‘gamma-ray treatment and mutants with higher pod number after EMS
treatment. Similar to the results of the present study, Akhund-Zade (1979)
and Singh (1988) reported superiority of nitroso compounds with respect
to shift in mean and enhancement of induced variation for all the guantitative
characters studied. The order of mutagens with regard to shift in mean
and enhancement of induced variability for all the eight characters, in beth
M, and M, generations was NEU => El = gamma-rays (Téble 51, Fig. 6
and 8 )
2.2.2.2, rDose dependence

Another distinet feature of this investigation was the dose-
dependent increase m the magmtude of polygenic varlablhty The dosage .
effects within a mutagen were consplcuous w1th respect to mean and |

‘coef‘flclent‘of variability, As d1scussed earller, the hlghest dose of gamma-
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rays ( 20 kR ) and the medium dose of chemicals ( 0.01% ) induced
maximum variability for almost all the eight polygenic traits in M2
generation. The lowest dose of gamma-rays ( 5 kR ) generated smallest
amount of variability than the medium dose ( 10 kR ). In the case of
chemicals, the highest dose (0.02% ) induced higher or almost the same
magnitude of variability as the lowest dose ( 0.005% ) but it was always

less than their medium doses. Interestingly, the highest dose of gamma-
rays and medium doses of both chemicals, which ihduced maximum variability,
are biologically comparable ( Table 7 ). Thus, these doses of various
mutagens can be treated as most optimum for induction of polygenic
mutations in lentil. This conelusion is'élso supported by the frequency

of macromutations in M, generation. As can be seen from Table ‘12,

the highést frequency of macromutations ( chlorophyll and m‘orphological )
was induced at the highest dose ( 20 kR ) of gamma-rays (9.6 and 0.88%

M2 mutated progenies an‘d‘ plants, respectively ) and medium doses ( 0.0i%)
of the chemical mutagens, NEU (13.3%and 1.54% ) and EI ( 11.6% and
1.11%). This differential dose response of different mutagens for

frequency of mutations is understandable, as radiations predominantly

act through induction of éhromosoﬁal aberrations. The variation in dose-- :
dependent increase in mutations induced by mutagens of both categories

can also be explained by assuming that the gamma-ray doses in the present
study are not strong enough to reach a saturation point beyond which:
mutation rate beginé to deéline. It appears that the stronger mutégens, EI
and NEU in this stud‘y,‘ reached their saturation point at their m‘edium‘

dose and further‘ increase in dose did not enhance the mutation _fr'equencyf . o
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It was also observed that the medium dose of strong mﬁtagens ( 0.01%
El and NEU ) and higher dose of the relatively weaker mutagen { 20 kR
gamma-rays ) are comparable in their effectiveness. Srivastava _eig_{
(1973), Hussein et al. (1974) and Singh (1988) also déhonstrated that
higher doses of the strong mutagens are more toxic than the higher dose

of relatively weaker mutager;‘s. According to Vo Hung (1974), the highest
| dose is not always the most effective one,

It is thus clear that high doses cannot always be used for
maximization of mutation rates. The response of plant cells to physieal
and chemical mutagens is influenced by several biological, envirohmehtal
and chemicdl factors. These factors ultimately“ determine the effectiveness
(mutations per unit dose ) and efficiency ( ratio of mutations to damage )
of mutagens. The exaet nature and mechanism of the factors influencing
mutation frequeney vis-a-vis biological damage caused by a given radiation
or chemical mutagen are not known,

Scossiroli (1977) found,as hoticed in the present investigation,
that polygenic variability increases with radiation dose but the relationship
between variance and dose is not linear. it has been generally observed
that when a wide range of doses is used, the‘inter"mediate dose éauses
maximum variation and there is a marked decline in mutation rate with
further increase in dose. The linear relationship may be distUrbéd by
elimination of mﬁtations through gametic or zygotic selections, thereby
reducing the potential géneﬁc variability initially induced. In rice, Oka
‘et al. (1958) assummg a proportlonal increase of variance with radiation

dose, estimated on increase of 0.0153 units of genetlc varlance per 1000 R
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generated by the mutagenie treatment starts manifesting in M, itself,

2
which is the first segregating generation. Further segregation for the
polygenic systems in M3 is expressed as "release of additional variability".
This being the mechanism of induction and inheritance of micromutations,
selection in 1\/12 can certainly help in identifying progenies that are likely
to show ‘more variability and better response to selection, and simultaneously
reduce the volume of unwanted material by rejecting " roughage" ( an
expression used by Sharma, 1986). .
2.2.2.5 Differencé in character response

All the eight polygenic chéracters studied in the present inves;cigation
did not respond in identical mannér to mutagenic treatments ( Table 51,
Fig. 7 ). Among the characters studied, seed yield showed maximum
induced variation { CV 83.8-86.1% in M2 and 84,5-87.7% in M3)’ followed

by pods per plant ( CV 73.6-76.1% in M, and 74.1-77.0% in Mg), clusters

2

per plant ( CV 72.1-74,7% in M, and 72.6-75.3% in M3) and branches per

2

plant (CV 55.7-63.3% in M, and 64.2-65.4% in MS)' The remaining four

2
characters shoWed less mutability. Therefore, the four major tra;ts of
economie importance , viz., pods, yield, clusters and branches aré highly
amenable té mutageniec manipulétion. Interéstingly, these four traits
showed induced variability to be more in positive‘direction,v as can “ be seen
from the shift of ‘population means. These results are in agreement with“ |
those reported from many earlier studies ( Mandal, 1974; Rao, 197{1; |
Rajput, 1974; NaLampang, and Jénbn, 1982; Bhadra, 1982; Mohan, 1983; _

- Singh, 1988). It is interesting to‘note‘ thét the economically most important

characters gave maximum response to‘mutag"enic treatments, = They are
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not only highly mutable but also showed increased variability in bositive
directions, which can be exploited through effective selection.

The other interesting feature of this investigation was that,
and M

despite similar pattern of variability in M for all the eight .

2 3
traits, they were riot identical in the expressioii of change (Table 51
and 53 ). The increase in variability (CV) due to generation advancement
was very small in case of fruiting clusters ( 73.4% in M, and 73.9% in
MS)’ seed yield per plant ( 84.6% and 86.2%), poeds per plant ( 74.8% and
75.4% ) and seeds per pod (19.9% and 20.5%). However, it was-significantl'y‘
higher for the remaining four characters viz., days to maturity (Cv 24% |
in M, and 5.6% in_M3), plant height ( 16.4% and 19.2% ), seed size
(24.7% and 27.5%) and branches per plant (59.8% and 64.7%). In contrasi,
Singh (1988) reported negligible increase in varianée‘due to generation
advancement in case of days to flowering and seed size in peas. The
paucity of reports indicates that such differential behaviour of different
characters has not been exploited/neported earlier. It remains to‘ be
decided whether character-to-character differences can be attributed to
the intra-populational structure or previous selection history of differentA
v&iriéties ( Sharma, 1986). Such a poésibi]ity, however, cannot éxplain
the present situation because the untreated materiél of the same‘ ilariefy
did not show a regular increase in varianee with advancing generétion.
Even thougii it cannot be ‘readily e‘,x‘pla‘ined why some characters
should reveal gre_atér' variability in lafter generations than others, these
results clearly ‘demonstrate that some characters have a tendency to‘ |
| stabilize soaner than others. This may be partly related with ‘the number

" of polygeneé controlling them. From the present discussion, it can be agreeci
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that selection for some characters { fruiting’ clustefs and pods per plant,
seeds per pod and seed yield per plant ) could be confined to M2 alone,
as much advantage is not expected by further selection in latter generations.
There is not much increase in GA in M3 than MZ geﬁ’eration for these
characters, viz. pods per plant { 23.8-66.3% of mean in M3 and 29.4-
50.0% of mean in MZ)’ clusters per plant ( 27.2-86.2% and 28.0-44.8%),
seeds per pod ( 3.9%-12.5% and 4.4-7.4%) and seed yield per plant (12.8~
64.8% and 30.2-46.6%). Although these characters, as is believed, are
governed by a large number of genes, their stabilization in early generations -
seems difficult, yet due to accumulation and fixation of more favourable
genes ( positive mut‘a‘tions)‘ in the population, it may become easief.
Shakoor and Haqv(1980) also selected mufants in M, generation for grains
per pod and pods and yield per plant which were true breeding in M3
generation, suggesting that such polygenic characters can be stabilized
in early generations. At least for‘ these characters both time and labour
can be saved and oniy the M2 seleations cah be advanced tp M3 for
confirmation, further seleection, preliminary testing and multiplication;

The éame rule can alse be épplied for other‘characters as well,
even though their variance increased in M, over M2 appreciably. Ther‘
l\/I2 pfogenies ean be classified as promising on the basis of their higher
CV and desired shift in mean than the highest value of control, and only
these progeniés‘sﬁould be advanced for second cyele of intensive selection.

Therefor‘e,"‘ irrespective of whether a :character‘shOWS increase in
variance with the advancirﬁg‘g‘enerat\io‘ns‘ or not, preliminary screening m
.‘ eafly generatrirohs should be of great help in reducing the volume of Work

and ‘saving time. The reduced volume of material ‘_with a definite indication
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of induction of qhange as 8 result of mutagenic treatments can be identified
early and evaluated thoroughly in the subsequent generations.

Only one genotype ( Precoz Selection) was used for mutagenic
treatments in this study. The possibility of genotypic”differénces cannot
be ruled out as different experiments carried out in the past showed
divergent results. The dependence of the direction and magnitude of
induced polygenic variability on the genotypic background of the material

has been reported earlier (Gregory, 1956; Mohan, 1983).

2.2.3  Screening technique for micromutations

One of the main methodoiogical problems associated with mutation
breeding is nonavailability of suitable screening techniques. .‘ Most of the |
mutation breeding experiments failed to give desired results becau‘sé it
was not possible to identify the mutated families which aré always in
much smaller number than the nonmutated ones.

Different selection techniques have been employed to detect .dnd
measure the induced polygenic variability in many studies. Some of these
were described in " Review of “Literature”. An important difference
between the‘earlier and the present study relates to the procedure of
handling the material carrying indueed variability to identify promisiﬁg‘
families which offer maximum .opportuﬁity to detect polygenic mutations
at the earliest possible time. Singh (1988) also followed the same
procedure of handling thé material carrying induced variability to identify
promising families‘in pea and obtained‘favourable‘ results. A eommon
praéticé in the earlier studies was to select the normal looking plants in

‘Mé generation at random to raise ‘M3 families, where selection is to be | ‘
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applied for the first time. The pr‘ocedure of random selection is highly
uncertain and also involves continuation of voluminous unwanted material, |
therefore, the outecome in M3 is unpredictable. In contrast to this, the
main emphasis in the present study is laid on selection”in M2 generation
itself.

Selection in M2 generation was also practised by many earlier
wor'kérs ( Brock and Latter, 1961; Brock and Andrew, 1965; Bhatia and
Van der Veen, 1965; Bansal, 1969 ). However, their selection was based
on mean values without ény consideration for variation, although the main
objective of induced mutagenesis is to induce variability. Further, they
studied characters having high heritability, mostly under controlied
conditions. Moréo;/er, the selection techniques followed by some ea:lier
workers were not based oh rigorous interfamily and intrafamily selectioné
using progeny mean and CV as the ‘criterion for seleection. In 'the: preseﬁt
study, all these parameters were taken care of. Gupta and Swaminathan
(1967) and Rao (1974) suggested that different I\/I2 families should be
selected on the basis of desired shift in mean and higher varianqe than
. the highest values recorded in the contrbl. However, Jana and Roy (1973)
used only family mean as a criterion for selecting promising families in
IVI2 generation. Bhadra (1982) practised‘interfamily and intrafamily
on the basis of higher CV and mean than in the control -

2
and identified many promising families which were confirmed in l\/l3 on

selection in M

the basis of higher mean than the control. ' Similarly, Singh (1988) also

practised interfamily and intrafamily selection in MZ on the basis of higher

CV than the highést recorded in the control and higher mean than that
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of control population, and identified many promising families which were
confirmed in i\’i3 on the basis of higher mean than the highest recorded
in the control. The CV was not used as criterion for selection in Mq
because intrafamily variance is expeeted to decrease in M3 generation.
Kharkwal (1983) also emphasized the effectiveness of early generation

selection for identifying superior progenies for quantitative traits.

2.2.4 Selection efficiency in M, and M3 generations

Comparative studies of selection in M2 and M3 generations revesled
in i’riany cases that the two populations may not differ in seleection
response ( Scossiroli, 1968; Sharma, 1977). Tickoo and Jain (1980),
Bhadra (’1‘98‘2), Kharlcwal (1983), Sarker (1985) and Singh (1988) concluded
thst promising families can be selected with high degree of confidence
- in 'Mz based on the progeny means and vdriance. On the otheb hand, .
- some expemments demonstrated that selection m MS is ‘more effeetive
than in M ( Palenzona, 1966; Jana and Roy, 1973; Kaha and Gupta,
1989). This was, mo_st probably, because the material already‘ seteete‘dr -
in‘ ‘Mz‘ Was confirtiied ‘with higher probability in subseqpent g‘ene:r"atioiis g
(Ravi et al., 1980).‘ Even {f the material se‘lected ‘in ‘M3 "ob lstter
‘generations has higher probability of‘ glettiiig fixed 8s promising streins, -
‘there is no ev1dence to suggest that the frequency of promxsmg mutations
' per se is higher in M3 than in M Because, after all, the vamabxlity ‘
mamfested in M3 generation could not have arisen afresh w1thout
causmg any 1mpact on the M ‘populatlon. Therefore, the questlon amses, |
why not start selection a generation earlier and reJeet most of the

1 “,unmutated ”roughage"_m I\/I2 1tself ooncentrate on the drastically reduced
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Table 54 Nature of M2 selections with multiple characters and their
contribution to total mieromutations (pooled over eight
traits )
Total M, Proportion of total
Mutagen p"r'omi.sing seleg:tions celections, % '
selections confirmed M M, selections
in M in M,, % 2 3
3 3 selections (expected)
Gamma rays 183 64.9 79.8 20.2
El 214 . 69.5 79.9 20.1
NEU 253 71.8 82.6 17.4

quantity of material selected in this preliminary screening, and save one

generation in the breeding procedure?

A perusal of Tables 54 and 55 reveals many interesting features

of the present investigation. As can be seen from Table 54, 64.9 to

‘Table 55 Selection efficiency for micromutations in M, and M

3

generations (Pooled over eight traits)

experiment

Mutagen M2 generation ) M3 generation
Total Promising Total Promising
progenies selections progenies selections.
, \ (%) (%)
Gamma rays 742‘ 20.1 1083 22.0
EI 688 23.3 1066 25.4
NEU 747 24.9 11005 31,1
Total of the 2177 22.8. 3154 26.1
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71.8% Mz selections were éonfir-med as premising in M3 generation. This
suggests that selection in M2 was very effective and dependable. Although ,
the characters showed increase in variance with the advanéing ‘generation
(MS)’ which is confirmed by the fact that 17.4 to 20.2‘% promising
progenies were added in M3 to the total number of promising selections,
nevertheless, early generation selection is of great help in reducing the |
volume of work and saving time. As can be seen from Table 54, the
contribution of M‘Z anci I\/I3 generations to the total selections was 79.8

to 82.6% and 17.4 to 20.2%, respeétively. This suggests that although

new mutated progenies v('about ‘one~fifth of the total ) were added {(which
were not identified in Mz) in M3 to those already selected in Mz; the.
quantum of material nearly trebled. Selection efficiency for micromutations
in I\/I2 and M3 generations pooled over eight traits ( Table 55), also supports
the above view. The above observations are similar to those of Singh

(19883 in peas.

‘The overall analysis of the results obtained in this investigation
reveals that there is tremendous possibility to improve polygenic characters
through induced mutagenesis coupled with efficient seleciion techique. The
basie philosophy behind the selection procedure adopted here is to rejeet o
at the first available opportunity the nonmutated or poorly mutated bulk -
and advance orily the reduced amount of material which is likely to yield
higher variability. Efficiency of mutation breeding for polygenic traits -
éan be inecreased furtheif immensely by selectihg the M1 plants wifh |
maximum pi‘imary damage; the ﬁormal looking M'2 plants from ihe

macrofnutat'ional families as well as nonsegreggting families with high
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variance and maximum desired shift in mean, followed by confirmation
of the mutational change and assessment of the potential of these

selections in M 3
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(i)

APPENDIX - I

Comparative mutation frequency in I\/I2 generation

M, progenies basis .M, population basis
Mutation chlorophyll  morphological  chlorophyll morphological
(%) (%) ' (%) - (%)
Control ‘ ‘ 0.0 0.0 0.0 0.0
‘Gamm-a-rays ‘ 4.7 3.9 0.40 0.37
El 5.4 4.3 0.48 - 0.42
' NEU - 63 5.5 0.65 0.56

Over“éll experiment 5.5 4.6 0.51 - 0.45




(iii)

¥<0 09 9v°0 iy a0 AR I1RdsA0
L4 8L £L°0 L8 7.0 0°2 HH
0970 L9 2 ¢g 2¢70 09 TH
geo LG €g"0 ZF LED 1°g H1
L0 gg £2°0 L°Z 82°0 AL T
‘ %7070/H 0Z
88°0 fal) 6S°0 L*9 6E°0 I [fe1oaQ - ‘
0L - tol 1870 L' 1970 £l HH
$80 9°8 99°0 69 9g°0 0°¢ TH
180 6'G e Le $e°0 Pe HT
gL0 L £8°0 9% $%°0 g¢ gu!
%1070/¥3 OL
£6°0 9'g 0%°0 8% $€°0 ¥ 118I3A0
69°0 L'9 860 1L £9°0 L9 HH
§5°0 €9 A FS 6570 AR TH
Leo £'s 62°0 L'¥ £z°0 £°¢ HT
L€°0 8'¥ 8%°0 82 ZL0 8L 11
%S00°0/94 S
mu:mmmv - mwwcumoa _sjuBid mmEuwo._.m siue(d saruaload
> —— :

:oSE‘m:mm NE ul suonlwinw {[Aydodoiyo jo Adusnbaug

I - XIANZddV



(iv)

APPENDIX - IV

Spectrum of chlorophyll mutations in Mz generation

Distribution of different - Total
Treatment chlorophyll mutations (%) mutations
Albina  Chlorina Xantha Viridis No. %
Control I - - - - - -
Gamma rays
5 kR 9.1 27.3 54.5 9.1 i 21.2
10 kR 5.5 222 55.6 18.7 18 . 346
20 kR 13.1 17.4 39.1 30.4 23 44.2
Overall 9.6 21,1 48,1 21.2 52 24.5
EI
0.005% 5.9 11.8 35.3 47.0 17 24.3
0.01% 10.7 10.7 28.6  50.00 28 40.0
0.02% 4.0 24.0 28.0 44.0 25 35.7
Overall 7.1 15.7 30.0 47.2 70 33.0
NEU |
0.005% 5.6 22.2 38.9  33.3 18 20.0
0.01% 7.5 25.0 30.0 7.5 40 44.4
0.02% 6.3 28.1 28.1 37.5 32 35.6
Overall 6.7 25.8 31.1 36.6 90 42,5
16‘ 45 4 77 212 100.0

Total mutations (1.6)  21.2) (34.9)  (36.3)




_ (v)

Appendix V : Spectrum of chlorophyll mutations in M, generation

Treatment Distribution of different chlgrophyll mutations )
(No, of mutants) v Tocal
Albina " Chlorina Xantha Viridis
Control ‘ - - - -
Gamma rays:
5 kR 3 LL - - 1 - 1
LH - 1 1 - 2
L - 1 2 - 3
HH 1 1 2 1 5
Overall 1 3 6 1 11
10 kR: ) LL - - 2 1 3
LH - ! 2 1 4
CHL - 1 3 - 4
HH ! 2 3 1 7
Overall 1 4 10 3 18
20 KR: LL 1 - 2 1 4
‘ LK - 1 2 2 5
HL 1 1 2 2 6
HH 1 2 3 2 8
Overall 73 4 4 7 23
BL ¢
0.005% : LL - - 1 2 3
LH - - 1 2 3
HL - 1 2 2 5
HH 1 1 2 2 6
QOverall 1 2 6 8 17 -
0.01% LL - - 1 3 4
LH - 1 3 3 7
HL 1 1 2 4 8
HH 2 1 2 4 9
Overall 3 3 8 15 28
0.02% LL - - 1 2 3
. LI - 2 1 2 5
HL - 2 2 3 7
1 1 2 3 4 10
Ovarall 1 6 7 11 25
NEU :
0,005% LL - 1 1 1 . 3
LH - 1, 2 1 4
HL - 1 2 2 5
HH 1 1 2 2 b
Qverall 1 4 1 6 18
0.01% LL - 3 2 3 8
LH 1 3 2 3 9
HL 1 2 4 4 1l
HH 1 2 4 5 12
Overall 3 10 12 15 40
0.02%; LL - 1 1 2 4
LH - 2 2 3 7
HL 1 3 3. 3 10
HH 1 3 3 4 11
Overall 2 9 9 12 32




APPENDIX - VI

Frequency of morphological mutations in MZ generation

(vi)

Gamma rays El NEU
Treatment % Mutated % Mutated. % Mutated
progenies  plants progenies plants progenies plants
5 kR/0.005%
LL 1.8 0.12 1.4 0.19 3.2 0.24
LH 3.3 0.23 2.7 0.29 3.5 0.38
HL 3.6 0.39 4.1 0.44 6.1 0.55
HH 5.0 0.50 5.7 0.48 7.8 0.69
Overall 3.4 0.31 3.5 0.35 5.2 0.47
10 kR/0.01%
LL 2.3 0.16 3.6 0.33 8.5 ‘0.46
LH 3.4 0.36 4.5 0.41 5.9 0.54
HL 3.8 0.45 5.7 0.57 6.5 0,69 .
HH 6.1 0.53 8.1 0.81 7.8 0.98
Overall 3.9 0.37 5.5 0.52 5.9 0.66
20 kR/0.02%
LL 2.1 0.21 3.2 0.23 3.5 0.39
LH 3.1 0.37 3.2 0.35 5.7 0.50
HL 6.0 0.52 4.3 0.46 5.7 0.60
HH 7.0 0.63 5.4 0.51 6.7 0.64
Overall 4.4 0.42 4.0 0.3 5.5 0.54




{vii)

APPENDIX - VII

Spectrum of morphologieal mutations induced by different mutagens

Gnd of g G4y gy Totel mutations
Compact - 8.3 8.6 6.4 13 7.0
Bushy - 6.3 9.8 11.5 18 9.6
| pposipate - 10.4 66 .7 15 8.0
Nerrow leal - 146 8.2 11.6 21 1.2
' Broad leaf - 8.3 w9 7 13 7.0
Rogue - 63 6.6 6.4 12 6.4
Curly leaf - 6.3 8.2 7.7 14 7.5 .
Laciniata . - 4.9 6.4 8 | 4.3
Tendrillar - 6.3 4.9 6.4 11 5.9
Tall - 6.2 9.8 5.1 13 7.0
Dwarl - 6.2 1.5 1.7 16 8.6
Early - 10.4 1S T 18 9.6
Late - 8.3 3.3 5.1 10 5.3
Sterile - 2.1 3.3 2.7 5 2.7
Total mutations - 48 61 78 187 100.0

(25.7) (32.6) (41.7)
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(ix)

Appendix IX Spectrum of morphological mutations induced by different mutagens affecling different plant parts in M.‘Z generation

(No. of mutations}

Treatment Growth habit Folinge i Plant heighl  Malurity Total
compact bushy prostrale narrow brosd rogue curly laciniata tendrillar 1all dwar[ “early late  sierile
@ (3) 4 (B 6 M (8) {9) (te) (1) (1) (13 (9 (15)

Control - - - . -

Gamma rays

SkR LL 1 - - - - - . - - N - w .. 1
L - - - 1 T - - - - - - - 2
L - - 1 - 1 - « - . - - - - 3
i - 1 1 1 ~ - - - - - - 1 - - 4
Overnl] 1 1 2 o2 2 - ! - - - - 1 - - 10
10 kR - LL - - 1 - - - - - - i - - - - 2
L - 1 -1 - 1 - - - - - - - 4
HL - i - 1 ~ - - - 1 - - 1 1 - 5
HH . - . 1 - 1 - 1 - - - . T 1. - 8
Overall 1 2 2 2 ¥ 1 1 - 1 1 i 2 2 - 1
20 kR LI 1 - - - 1 - - . - 1 - - .. 3
LH 1 - 1 1 - - - - 1 - 1 - . 5
HL - - - 1 - - - 1 - 1 - roT ]
HH - - - i - 2 - - 1 - 1 1 1 - 7
Qverall 2 - 1 3 1 2 1 - T2 2 2 2 1 21
Kl
0.005% LL 1 - - - - - - - . | . - . 5
Ly - ! 1 - 1 - - - - - - - - - 3
L - 1 - 1 - - 1 - - - 1 1 - - 5
Hu - - - 1 - 1 - - 1 - 1 1 - . 5
Querali 1 2 1 2 i 1 1 - 1 i 2 2 - - 51
0.01% LL 1 1 - - - - - 1 - 1 - - - - 4
LH 1 - - - 1 - 1 - - 1 - 1 - - 5
HL - 1 1 1 - 11 - - - 1 - -1 7
HH - 1 1 1 - 11 - 1 - 1 1 1 - g
Overall 2 3 ) 2 1 2 3 11 2 2 2 1 25
0.02% LL 1 - - - - - - - . 1 - 1 - - 3
LN - - - - 1 - - 2 - 1 1 - - - 5
HL - - - 1 - 11 - - | 1 1 - - §
HH - 1 1 - - - - - 1 - 1 1 11 7
Overall 1 1 1 1 1 11 2 1 3 3 31t 21
NEU
0.005% LL 1 - - - - - - - - 1 - - - - 2
LH - 1 1 - - - - 1 - - - - - - 3
HL - 1 - 1 - - - - - - 1 1 - 5
HH - - - 1 - 1 - 1 1T - - 8
Overall 1~ 2 1 1 12 1 1 1 1 2 V- 16
0.01% LL 2 1 1 - - - - - 1 - - - - 5
©LH - 1 1 1 1 -1 - - - - 1 - - &
HL “ 1 1 1 i 11 - 1 - 1 1 - - 9
HH - 1 - 2 - 1 1 - T - LA R
Overait 2 4 3 4 2 2 3 " 2 1 R S B 30
0.02% LL 1 1 - 1 - -~ - - - 1 - 1 - - 5
| % - t1 - - 1 - (I T 1
HL - 1 1 1 1 1 1 - i - DR T 10
HE - - 111t - 11t -

overa} 2 .3 - 2 .4 3 2 2 3 1 R T T D A




(%)

Appendix X, Frequency of macromutations in different treatments in M2

generation ‘,
Gamma-rays ' El ” NEU
Treatment [ IERIES O taeas musted
progenies  plants progenies  plants progenies = plants
5 kR/0.005%
‘LL ‘ - 3.6 0.24 4.2 0.47 . 8.0 0.8
LH - 6.6 ‘ 0.46 6.8 0.58 ‘ 8.8  0.89
HL | 9.0 0.78 9.5 0.88 24 1.10
HH " 1.13 12.8 106 13.9 138
Overall 7.7 0.65 8.3 0.75 10.8 1.00
10 kR/0.01%
LL 5.8 0.41 7.2 0.66 8.2 1.19
LH 6.8 0.71 10.2 0.98 11.8 - 1.35
HL 8.8 0.81 12,6 1.23 15.1 1.54
HH 13.4 1.14 16.2 1.62 ‘ 18.2 ‘ 2,18
Overall 8.6 0.76 11.6 1.11 13.3 1.54
20 kR/0.02%
LL 5.3 0.49 5.3 0.46 7.0 | 0.70
LH 8.2 0.74 7.4 0.70 11.4 1.00
HL 12.0 1.04 10.8 1.00 12.4 1.20

HH 14.0 1.35 14.1 1.24 14.5 1.35

Overall 9.6 0.88" 9.4 0.85 11.5 1.08




(xi)

(0°91)b9

(€'SHe

suorIEINW [®10],

(0001 )66¢ (S721)0L (S°8)PS  (S'11)9% (S°81)8S (0°80)E (O°LL)bE  (8°8)gE

Rt c. 9%t Bl - A4 6°L ~ £z - - - CIRIRIN
§% 0L Lg ! 62 2% 81 - o L'e - - 18T
&y 8l Lg 62 66 69 8¢ €9 8t s 8% - Arreg
0F 9 Ly 8'C 62 9 8¢ €9 ey 6'2 - - JBMQg
AL 31 Le Al 6°2 c'g 8¢ L°e S'b 6% - - 1BL
8°¢ LL L'g 62 62 i 61 L'g ¢ f 67 - - IB{LIpUS],
o.‘mu 8 Ly L 62 ¥ 61 - - - - - B1BIUIDE]
¢'e Bl g1 £y 6 z% g L-g £z 6°C 8F - jes] Apng
0'¢ 4 L€ 672 6°2 s 8¢ 1°¢ S°F 6'2 - - w:mom
e gl Ly 6°C 62 22 6L g £z 62 6 - ' Jeol peoig.
g'e  1g z'9 LS 6'2 z'z 8¢ g9 89 Le 6 .- Jes1 modreN
8¢ Gt L°g er 6'2 27 8¢ L°g €'z Le G5 - aresisoid”
&y gL LF PR 6¢ 2z R £9 - PR 8% - Aysng
g'e ¢l L°g 67 6% e 8¢ e e €7 8°F - 1ordWoOD
£6L 1L 881 bLg 9°LL 6°€2 v'92  0°62  67SL 9'8 8% - SIPUIA
g8l b2 L*FL Ll 9°0% ALl Lcy 8°8l £'03 9'8% 9°8% - BUlUEY
gLl ¢h LhL £pL 81l o-cL L €9 L6 Ll €51 - BULIOTYD)
18 2B 1] L'g et 62 z°% LS L°€ 879 6'¢ 8% - BUIGLV

mmnos.muﬂs %20°0 ﬁmﬁa %500°0 %2070 %1070 %S00°0 MM 03 HM 0L R 1011105 adAy

: H.SOH : 19 sAevl BUIWEBD , coﬁmw:E

suaSeinw JUIBJIp AQ paanput (%) suoniginuiodoBUl JO umnoadg - [X .x_mc‘maadf



(xii)

APPENDIX - XII

Population size for mieromutations in M2 generation

Treatment Gémma‘ PaysProgeni};s NEU
5 KR/0.005%
LL 57 46 46
LH 9 58 55
CHL 4 49 52
HH - ‘ 41 59 40
Overall 187 212 . 193
10 kR/0.01%
o 85 73 56
LH | 69 55 56
HL | 50 41 ' 76
HH 68 69 57
Overail 272 238 245
20 kR/0.02%
LL 76 73 79
LH 70 55 76
HL 64 56 78
HH 73 54 18

Qverall 283 238 . 309

‘Total of. the mutagen 742 688 747
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‘ (xxi)

Appendix XXI Classification of families mutated for days lo maturity in My generation

31.2

Tatal i
‘ . Mutated famities :
Treatment ;%Téltl:; total with lower with with -
(%) (No.) mean (%) unchanged © higher
mean (%) mean (%)
Control
Gamma rays
5 KR LL 7.0 4 0.0 5.0 25.0
LH 14.3 7 14.3 57.1 28.6
HL 10.0 8 25.0 50.0 25.0
HH 341 14 35.7 42.9 21.4
‘ O\(erall 17.8 33 24.2 51.6 24.2
10 kKR LL 10.6 g 111 66.7 22.2
" LLH 15.9 11 27.3 45,5 . 27.3
HL 28.0 14 28.6 50.0 21.4
HH 29.4 20 30.0 45.0 - 25.0
Overall 19.§ 54 25.9 30.0 24,1
20 kR LL 13.2 10 20.0 50.0 30.0
LH 18.6 13 30.8 46.2 23.1
HL 25.0 16 31.3 43.8 25.0
HH 30.1 22 31.8 36.4 31.8
Overall 21.6 61 29.5 . 42.6 27.9
El
0.005% LL 13.0 [¢] 0.0 88.7 33.3
LH 13.8 8 25.0 50.0 25.0
HL 20.4 10 30.0 40.0 30.0
HIl 25.4 15 33.3 40.0 26.7
Overall  18.4 39 25.6 46.2 28.2
0:01% LL 11.0 8 12.5 62.5 25.0
LH 18,2 10 30.0 50.0 20.0
HL 26.8 11 36.4 36.4 27.3
il 29.0 20 40,0 35.0 25.0
Overall 20.6 49 32.7 42.9 24‘.4‘
0.02% LL 12,3 9 22,2 44.4 33.3
LR 23.6 13 23.1 53.8 23.1
HL 26.8 15 33.3 40.0 28.7
Hl 33.3 18 38.9 33.3 27.8
Overall 23.1 55 30.9 41,8 27.3
NREU
0.005% LL 15.2 7 14.3 71.4 14.3
LIt 18.2 10 20.0 50.0 30.0
HL 231 12 33.3 41.7 25.0
HH 30.0 12 4.7 33.3 25,0
Overall 21.2 41 29.3. 46.3 24.4
0.01% LL . 19.6 11 18.2 £3.6 18.2
o LH 21.4 12 33.3 50.0 16.7
HL '22.4 17 35.3 52.9 11,8
HH 3.8 18 44.4 38.9 16,7
Overall 23.7 58 34.4 50.0 '15.5
002% LL 19.0 15 26.7 53.3 20.0
LI . 22.4 17 29.4 52,9 17.8
HL 28.2 22 31.8 50.0 18.2
Hu 30.3 28 34.8 47.8 17.4
Overall 24,9 71 50.6

8.2




AppendixXXIl Classification of families mutated for plant height in M, generation

(xxii)

Total N L
fumifies xlhnmu(l fmmho:: ‘
‘Treatment mutated total with lower with with
‘ (%) (No.) mean (%) unchanged higher
‘ mean (%) mean (%)
Control
Gamma rays
5 kR LL 7.0 4 0.0 100.0 0.0
LH 12.2 6 16.7 66.6 16.7
HL 20.0 8 25.0 50.0 25.0
HH 29.3 12 16.7 58.3 25.0
Overall 16.0 30 16.7 63.3 20.0
10 kR LL 11.8 10 10.0 80,0 16.0
LH 15.9 11 9.0 72.7 18.2
HL 24,0 12 16.7 58.3 25.0
HH 26.5 18 16.7 55.6 27.8
Overall 18.8 51 13.7 64.7 21.6
20 kR LL 14,5 11 9.1 81.8. 8.1
LH 20.0 14 14.3 64,3 21.4
HL 28.1 18 16.7 55.6 27.8
HH 32.9 24 16.7 54.2 29.2
Overall 23.7 67 14.9 61.2 23.9
El
0.005% L1 13.0 6 16.7 66.7 16.7
L1t 13.8 8 12.5 75,0 12.5
HL 20.4 10 20.0 60.0 20.0
HH 22.0 13 23.1 46,2 30.8
QOverall 17.5 37 18.9 29.5 21.6
0.01% Ll 11.0 3 12,5 75,0 12.5
ILH 22.2 10 20.0 60.0 20.0
HL 24.6 12 16.7 50.0 33.3
HH 29.3 17 11.6 47.1 35.3
Overall 19.7 47 17.0 55.3 27.7
0.02% LL 13.7 10 30.0 60,0 10.0 .
LY 21.8 12 25.0 50.0 25.0
HL 25.0 14 21.4 50.0 28.8
HH 29.6 18 18.8 - 50.0 31.3
Overall 21.8 52 - 23.7 51.9 25.0
NEU
0.005% LL 13.0 6 16.7 - 66.7 16.7 .
LH 16.4 9 22,2 55.6 22.2
HL 19.2 10 20.0 50.0 30.0
HH 27.5 11 27.3 45.5 27.3
Overall 18.6 36 22.2 52.8 25.0
0.01% LL 16.1 9 11.1 7.8 11.1
LH 17.9 10 20.0 50.0 30,0
,. HL 19.7 15 20.0 48,7 33.3
Hi 28.1 16 25.0 37.5 37.5
Overall 20.4 50 20.0 50.0 a0.0
0.02% L1, 17,7 14 4.3 71.4 143
L1 211 16 18.8 56.2 25.0
HL 25.6 20 15.0 60.0 25.0
HH 27.6 21 19.0 42.9 38.1
Overall 23.0 71 16.9 56.3 26.8




(xxiii)
Appendix XXII Classifieation of families mutnted for total number of branches per plant in
‘ M? gencration

Total ' e
. i Mutated lamilies
'Ireutment Qﬂ:ig; tolal with lower with with
(%) : (No.) mean (%) unchanged higher
mean {%) - mean (%!
Control - R - - - . -
Gamma rays
5 kR LL 8.8 5 20.0 80.0 0.0
LH 14.3 7 28.6 57.1 14.3
HL 25.0 10 20.0 50.0 30.0
HH 29.3 12 25.0 41.9 33.3
Overall 18.2 34 23.5 52.9 23.5
10 kR LL 11.8 10 20.0 0.0 20.0
LH 17.4 12 18,7 58.3 25,0
HL 24.0 12 25.0 50.0 25.0
HH 7.9 19 211 47.4 3.6
Qveralt 19.5 53 20.8 52.8 26.4
20 kR iL 13.2 10 20.0 ‘ 60.0 20.0
LIt 20.0 14 21.4 50.0 28.8
HI, 26.6 Y 17.6 52.9 29.4
Hi 28.8 21 19.0 47.6 33.3
Overall 21.9 62 19.4 51.6 29.0
El
0.005% LL 13.0 6 16.7 66.7 187
LH 15.5 Q 111 66.7 22.2
HL 20.4 10 20.0 60.0 ©.20.0
HH 27.1 ‘ 16 18.8 50.0 31.3
Overall 19.3 41 17.1 58.5 24.4
0.01% LL ‘ 13.7 10 20.0 80.0 20.0
LH 23.6 13 15.4 61.5 23
HL 26.8 11 27.3 36.4 36.4
HH 29,0 20 15.0 45.0 ‘ 40,0
Qvaerall 22.7 54 18.5 50.0 31.5
0.02% LL 15,1 11 18.2 §3.8 18.2
LH 23.6 13 23.1 53.8 281
L 26.8 15 20.0 46.7 33.3
HH 33.3 18 27.8 33.3 38.9
Overall 23.9 57 22.8 50.0 20.8
NEU
0.005% LL 13.0 - 6 16.7 66.7 16.7
LH 18.2 10 20.0 60.9 20.0
HL 23.1 12 16.7 58.3 25,0
HH 35.0 14 21.4 35.7 42,9
Qverall 21.8 42 19.0 52.4 28.6
0.01% LL . .~ 19.8 11- 18.2 63.8 ‘ 1B8.2
LI 23.2 R 15.4 61.5 23.1
HL - 23,7 18- 22.2 38.9 38.9
HH - 26.3 15 26.7 26.7 . 46.7
Overall : 23.3 57 21.0 45.6 33.3
0.02% LL 20.3 16 18,8 62.5 | 18.8
LH 22.4 17 23.5 52.9 23.5
HL 286.9 21 19.0 : 41.6 - 33.3
HH 31.6 24 16.7 45.8 : 37.5

Overall 25.2 78 19.2 o 51.3 1 29.5




(xxiv)

Appendix XXIV  Classification of families mutated for effective clusters per plant in 1\12 generation‘

. .'g‘ota.i.“ Mutated families
Treatment u"““‘:’ total with lower with ‘ with
quale {No.) mean (%) unchanged higher
% ‘ megn (%) meun {%)
Control - - - N - -
Gamma rays
5 kR LL 14.0 , 8 12.5 75.0 12.5
L 20.4 10 . . 60.U 20.0
HL 27.5 11 18.2 45.5 36.4
HH 31.7 13 15.4 46.2 38.5
Overall 22.5 42 16.7 54.8 28.6
10 kR LL 16,5 4 28.6 64.3 21.4
LH 21.7 15 13.3 60.0 26,7
HL -30.0 15 20.0 46.7 33.3
HH 32.4 22 : 18.2 45.5 36.4‘
Qverall 24,3 88 16.7 53.0 30.3
20 kR LL 17.1 13 15.4 61.5 ‘ 23.1
‘ LH 24.3 17 1.6 52,9 29.4
HL 29,7 19 15,8 47.4 36.8
HH 31,5 23 17.4 43.5 39,1
Overall 25.4 72 16.7 50.0 330
El
0.005% LL 19.6 9 1.1 66.7 22,2
LH 20.7 12 8.3 66.7 25.0
HL 26.5 13 o231 46.2 - 30.8
HH 28.8 17 23.5 50.9 41,2
Overal} 24.1 51 17.6 50.9 ‘ 314
0.01% LL 16.4 12 8.3 66.7 25.0
LH 27.8 15 13.3 53.3 33.3
HL 31,7 13 23.1 30.8 46.2
HH 33.3 23 21,7 30.4 47.8
Qverall 26.5 63 17.5 42.9 39.7
0.02% LL 19.2 14 14.3 64.3 21.4
LH 27.3 15 13.3 §3.3 33,3
HL 30.4 17 23.5 . 412 35.3
HH 38.9 21 28.6 ‘ 28.6 42.9
Qverall 28.2 687 20.9 44.8 X 34.3
NEU
0.005% LL ‘ 19.6 g 0.0 77.8 22,2
Li 21.8 12 16.7 50,0 33,3
HL 26.9 14 21.4 35.7 42.9
HH 35.0 14 21.4 28.6 50.0
Overall 25.4 49 16.3 44.9 38.8
0.01%  LL 23.2 13  15.4 '53.8 30.8
LH - 26,8 ) 15 13.3 46.7 40.0
HL 27.6 ' 21 19.0 . 38.1 42.9
HH 33.3 14 21,0 31.6 47,4
Overall 27.8 - 68 : 17.6 41.2 41.2
0.02% LL 25.3 20 15.0 . 50.0 '35.0
LH 27.8 ' 21 14.3 47.8 38.1
HL 32.1 25 . 16.0 . ' 44,0 40.0
HH 35.5 . 27 14.8 ‘ 40,7 44,4
Qverall 30.1. . 93 15,1 45.2 39.8.
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Appendix XXV Classification of families mutated for pods per plant in .'\12 generation

Total
[amilies’ Mutated families
Treatment mutated total wilh lower with S with
(%) (No.) mean (%) unchanged - higher
‘ mean (%) mean (%)
Control -~ - - o= -
Gamma rays
5 kR LL 17.5 10 .0 70,0 20.0
LH 22.9 iR 18.2 34.5 27.3
HL 37.5 18 13,3 53.3 33.3
HH 41.5 17 17,6 171 C35.3
Overall 28.3 53 15,1 54.7 30.2
10 kR LL 23.5 20 10.0 70.0 20.0
LH 26.1 18 16.7 55.6 127.8
HL 36.0 18 16.7 50.0 33.3
HH 38.2 26 19.2 38.5 o 42.3
Overall 30,1 82 15.9 52.4 31
20 kR LL 211 16 12.5 56.3 31.3
LH 30.0 21 14.3 32,4 33.3
HL 7.5 24 16,7 50.0 33.3
HH 38.4 28 21.4 42.9 35.7
Overall 31.4 89 16.9 49,4 33.7
ElI
0,005% LL 26.1 12 8.3 66.7 25.0
LH ' 24.1 14 14.3 57.1 28.6
HL 30.6 15 20,0 46,7 33.3
HH 35.6 21 18.0 42.9 38.1
Overall 29,2 . 62 16.1 51.6 32.3
0.01% LL ' 21.9 16 12.9 56.3 33
LH ' 34.5 ' 19 - 10.5 - 57.9 31.6
HL 41.5 17 17.6 41,2 41,2
HH 37.7 26 1.8 46.1 42,3
QOverall 32,8 78 12,8 50.0 37.2
0.02% LL 24.7 18 11.1 66.7 22.2
LH 34.5 19 15.8 52.6 31,6
HL 39.3 22 18,2 40,9 40.9
HH 44,4 24 - 16.7 - 41,7 41,7
Overall 34.9 - 83 13.7 49,4 34.9
NEU
0.005% LL 23.9 1 9.1 72,7 18.2
. LH ) 25,5 - 14 14.3 57.1 28.6
HL 30.8 16 18.8 43,8 37.5
HH 45.0 18 16.7 38.9 44.4
Overall 30.6 59 15.3 50.8 33.9
0.01% ‘
LL 30.4 17 1.8 52.9 35,3
LH 33.9 19 10.5 52,6 J6.8
HL 31.6 24 20.8 41,7 37,5
HH 38.6 22 18.2 36.4 45.5
Overall 33.9 . B2 15.9 45.1 39.0
0.02% LL 31.6 25 12.0 56.0 32.0
LH 32.9 25 12,0 52.0 36.0
HL 38.5 30 16,7 46.7 36.7
HH 421 B 32 18.8 40.6 40,6
Overall 36.2 : 112 185, 48.2

36,7
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Appendix XXVI Classification of families mutated lor seeds per pod in 1\12 generation

Total
: familics ‘ Mutated [umilies
Treatment mutated total with lower with with
‘ » {%) {No.) mean (%) unchanged higher .
‘ ‘ mean (%) mean {%)
Control - - - - -
Gamma rays
5 kKR LL 5.3 3 0.0 100.0 0.0
LH 8.2 4 0.0 100.0 0.0
HL 12.5 5 - 20.0 60.0 20.0
HH 14.6 6 ©33.3 16.7 50.0
Qverall 9.6 18 16.7 61.1 22.2
LL 3.9 5 0.0 100.0 0.0
LH 10.1 7 14.3 57.1 28.6
HL 14.0 7 28.6 42.9 28.6
HH 14.7 10 20.0 50,0 30.0
Qverall 10.7 29 17.2 8.6 24.1 ‘
LL 6.6 5 0.0 100.0 0.0
LH 11.4 8 12.5 75.0 12,5
HL 14,1 9 22.2 44.4 33.3
HH 16.4 12 25.0 33.3 417
Qverall 12.0 34 17.6 55.9 26.5
El
0.005% LL 8.7 4 0.0 100.0 0.0
LY 8.6 5 20.0 60.0 20,0
HL 12.2 6 16.7 66.7 16.7
HH 13.6 8 25.0 37.5 3.5
. Overall 10.8 23 17.4 60.9 21.7
“0.01% LL 6.8 5 20,0 60.0 20.0
LH 10.9 6 16.7 66.7 16.7
HL 14.8 6 16.7 50.0 33.3
HH 17.4 12 16.7. 41,7 41.7
Qverall 12,2 29 17.2 51.7 31.0
0.02% LL 9.6 7 14.3 71.4 14,3
LH 12.9 7 14,3 71.4 14.3
L 16.1 9 22,2 44,4 33.3
HH 18.5 10 30.0 30.0 40.0
Overall 13.9 33 21.2 51.5 27.3
NEU
0.005% LL 6.5 3 0.0 100.0 0.0
LH 9.1 5 20.0 60.0 20.0
HL 11.5 6 18.7 50.0 33.3
HH 20.0 8 25,0 37.5 31.5
QOverall 11.4 22 18.2 54.5 27.3
0.01% LL 10.7 6 0.0 83,3 16,7
LH 12,5 (I 14,3 57.1 28.6 .
HL 13.2 10 30.0 30.0 40.0 .
HH 17.5 10 30.0 30.0 40.0
. Overall 13.5 33 21.2 45.5 33.3
0.02% LL 11.4 9 22.2 66.7 111
Li 14,5 1 18.2 54,5 27,3
HI 19.4 12. 28.0 41,7 33.3
HH 171 13 ©30.8 ‘ 30.8 38.5
Overal} 14.6 45 24.4 ‘ 46.7 28.9
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Appendix XXVH  Classification of families mutated for 100-seed weight in M‘Z genération_

Total ‘
fumilies Mutated families
Treatment mutated totlal with lower - with wilh
(%) {No.) mean (%) unchanged higher
: mean (%) mean {%)
Control - - - - -
Gamma rays
S kR LI 7.0 4 1.0 100.0 0.0
LH 8.2 4 0.0 100,0 0.0
HL 12.5 5 20.06 60,0 20.0
HIl 14.6 6 16.7 33.3 50.0
Qverall 10.2 19 10.5 A8.4 21.1
10 kR .1, 7.1 6 0.0 100.0 0.0
Lt 11.6 8 12.5 62,5 25.0
HL 14.0 7 28.6 © 42,9 28.6
HH 16.2 11 18,2 45.5 36.4
Overall 11.8 32 . 15.6 59.4 25.0
.20 kR LL 9.2 1 14.3 714 14.3
LH 12.9 9 111 ‘86,7 22.2
HL 15.6 10 20.0 50.0 300
HH 16.4 12 25.0 33.3 41.7
Overail 13.4 38 18,4 52.6 28,9
El
0.005% LL 8.7 4 0.0 ©100.0 0.0
LH 8.6 5 20.0 60.0° 20.0
HL 12,2 . B 16.6 50.0 33.3
HH 15.3 9 119 53.5 33.3
Overall 11.3 24 12,8 62.5 25.0
0.01% LL 9.6 1 0.0 85,7 14.3
LH "9 5 20.0 60.0 20,0
HL 14.8 B 16.6 50.0 33.3
HH 17.4 12 16.6 33.3 50.0
Overall 12.6 30 13.3 53.3 33.3
0.02% LL 9.6 7 14.3 714 4.3
L 14.5 8 25.0 50.0 25.0
HL 17.9 10 20.0 40.0 40.0
HH 18.5 10 30.0 30.0 40.0
Qverall 14,7 35 22.9 45,7 31.4
NEU
0.005% LL 6.5 3 33.3 66.7 0.0
LIl 10.9 .6 16.7 66.7 - 18,7
ML 15.4 8 12.5 $2.5 25.0
1t 20.0 8 12.5 50.0 31.8
Overnll 13.0 25 16.0 60.0 24.0
0.01% LL 10.7 "B 16.7 . 66,8 16.7
LH 14.3 8 12.% 62.9 25,0
HL 15.8 12 16.7 AL 41,7
HH 19.3 11 18.2 36.4 45.5
Overall 15,1 37 16,2 . 48,6 35,1
0.02% LL S12.7 10 10.0 70.0 20,0
‘ - LN 15.8 12 8,3 58.3 S 333 -
HL 17.9 14 7.1 57.1 - 38,7
HH 19.7 15 - 20,0 40.0 40,0 .
- Qverall 16.5 - 51 1.8 33.3

"54.9
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Appendix XXV[IIClaséif‘icetion of families mutatéd for seed yicld per plant in M?, generalion

Total
: families Mutated families
Treatment mutated total wilh lower with with’
{%) (No.) mean (%) unchanged higher
mean (%) mean (%)
Control - ) - - - -
Gamma rays
5 kR LL 15.8 9 111 CO17.8 11.1
LH 204 ' 10 20.0 | 68.0 ©20.0
HL 32.5 ‘ 13 23,1 38.5 38.5
HH 36.6 15 20.0 40.0 40.0
Qverall 25.1 47 19.1 51.1 29.8
10 KR LL 20,0 17 11.8 70.6 17.6
LH 23.2 - 16 18.8 56.3 25.0
HL 34.0 17 17.6 47,1 35.3
HH ‘ 353 24 : 20.8 37.5 41,7
Qverall 21.2 T4 17.6 51.4 311
20 kKR LL 18.4 14 14.3 57.1 ) 28.8
LH 27.1 19 15.8 52.6 31,6
HL 34.4 22 18.2 - 45,5 C 36.4
HH 35.6 26 19.2 ‘ 42.3 38.5
Overall 28.6 81 17.3 48.1 . 34.6°
El
0.005% LL 21,7, 10 10.0 70.0 ) 20.0
LH 20,7 12 16.7 58.3 25.0
HL 26.5 13 23.1 46.2. 30.8°
HH 32.2 19 211 36.8 42.1
Overall 25.5 ‘ 54 18.5 50.0 31.5
0.01% LL 19.2 14 7.1 64.3 28.6
LH 29.1 16 18.8 43.8 31.5
HL 341 14 21.4 35,7 42.9
HH 33.3 23 21.7 30.4 47.8
Overall 28.2 67 17.9 41.8 ’ 40.3
0.02% LL 20.5 15 20.0 60.0 20.0
LY 29.1 16 18.8 50.0 3.3
HL 32.1 18 22.2 38.9 38.9
HH 38.9 21 23.8 28.6 47.6
Qverall 29.4 70 21.4 42.9 35,7
NED
0.005% LL 21.7 10 10.0 70.0 20.0
LH 23.6 13 15.4 8.1.5 23.1
HL 28.8 15 13.3 46.4 40.0
HH 42.5 17 23.5 -+ 35,3 41.1
Overall 28.5 55 16.4 50.9 32.7
0.01% LL 28.6 - 16 12.5 " §6.3 ‘ 3.3
LH 30,4 17 ©11.8 471 41,2
HL 3n.3 23 21.7 . 34.8 43.5
HH 35.1 20 . 20.0 30.0 50.0
Overr;ll 31.0 76 17.1 . 40‘.8 - 492.1°
0.02% LL 27.8 22 13.8 ' 59,1 . 27.3
LH 30,3 - 23 17.4 47,8 34.8
HL ‘ 35.9 28 17.9 42,9 - 39.3
HH . 39.5 30 20,0 : 33.3 46.7
17,5

Overall . 33.3 103 44,7 37.9
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Appendix XXX Pereentage of mutated families in dilferont groups of mutegenic damage for various characters .

in M2 generalion

Treatment Percentage  of mulated families for ‘
days to plant heighl branches/ clusters/  pods/plant  sceds/pod  100-seed  Yield/
meturity ‘ plant plant weight ~plant

Control - - - - - - - -

Gamms rays

5 kR LL 7.0 7.0 8.8 14.0 1.5 5,3 7.0 15.8
LH 14.3 12.2 14.3 20.4 22.4 8.2 B.2 20.4
HL 20.0 20.0 25.0 27.5 37.5 12,5 12.5 32.5
HH 4.1 29.3 28.3 3T 41.5 14.6 14,6 36.6
QOverall 17.6 16.0 18.2 22,5 28.3 9.6 10.2 25,1
10 kR LL 10.6 11,8 118 16.5 23,5 3.9 7.1 20.0 .
‘ LH 15.9 15.9 17.4: 217 26.1 10.1 11.6 255
HL . 28.0 24.0 24,0 30,0 36.0 4.0 14.0 . 34.0
HH 29.4 26.5 27.9 32.4 38.2 14.7 6.2 35.3°
‘ Overall 19.9 . 18.8 19.5 24.3 30.¢ 1.7 1.8 212"
20 kR LL 13.2 14.5 ©13.2 17.1 211 0.6 4,2 18.4
"LH 18.6 20.0 20.0 24.3 30.0 174 12,9 271
HL 25.0 28.1 26.6 29.7 31.5 14.1 15.6 34.4
HH 301 32.9 28.8 31.5 38.4 16.4 16.4 35.6
Overall 21.6 23. 219 25.4 31.4 12.0 13.4 28.6
El
0.005% LL 13.0 13.0 13.0 19.8 26.1 8.7 8.7 2LT ‘
LH 13.8 13.8 15.5 20.7 24.1 8.6 8.6 20.7
HL 20.4 20.4 20.4 26.5 30.6 12,2 12.2 28.5.
HH 25.4 22.0 2741 28.8 35.6 136 15,3 32.2
Overall 18.4 17.5 19.3 24,1 20.2 10.8 13 25,5 .
0.01% LL 11.0 1.0 13.7 16.4 21.9 6.8 9.6 192
LH 18.2 2.2 23.6 27.3 34.5 10.9 9,1, 29,1
HL 26.8 24,6 26.8 3T 415 14.6 14.6 34.1
HH 29.0 28.3 24,0 33.3 37.7 17.4 17.4 333
Overall 20.6 19,7 22.7 26,5 32.3‘ 12.2 12.6 28,2 -
0.02% LL 12,3 13,7 15.1 19.2 24.7 9.6 ) 9.6 20.5
LH 23.6 21.8 23.6 27.3 ~34.5 12,7 14.5 29.1
HL 26.8 25.0 26.8 - 304 39.3 16.1 17.9 32.1
HH 33.9 29.6 33.3 38.8 44.4 18.5 18.5 8.8
Overall 23.1 21.8 23.9 28.2 4.9 13.9 W 294
NEU ‘ B
0.005% LL 15.2 13.0 13.0 19.6 23.9 8.5 8.5 217
LH 18.2 16.4 18.2 21,8 25.5 9.1 10.9 23.6
HL 23.1 19.2 231 26.9 30.8 11.5 15.4 28,8
HH 30.0 27.5 35.0 35.0 45.0 20.0 20.0 42.5
Overall 21.2 18.8 21.8 25.4 © 30,8 11.4 13.0 285
0.01% LL " 19.6 16.1 19,6 23,2 30.4 10.7 10.7 . 28.6
LH 21.4 17.9 23.2" 26.8 33.8 12.5 143 30.4
HL 22.4 19.7 23.7 27.6 316 13,2 15.8 30,3
HH 31.6 28,1 26.3 3.3 18.8 17.5 18,3 ©O36.1
Overall 23.7 20,4 23,3 27.8 333 13.5 15,1 31,0
0.02% LL 19.0 17.7 20.3 25.3 31.6 11.4 12,7 27.8 -
LH 22.4 21.1 . 22.4 27.8 32.9 14.5 15.8 . 30,3
HL 28.2 28.6 26.9 32.1 38.5- 15.4 17.9 359
HH 30.3 27.6 31,6 36,5 42.1 171 18,7 39.5.
Overall 24,9 23.0 25.2 301 36.2 1.6 18.5

33.3 j‘ "“ .




Appendix XX¥[ : Xz‘vulues for different churacters in various populationa

in H2 generation
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Daya to Plant Fruiting Clusters/ Pods/

Seed yield/

Treatment Seeds/ 100-seed
maturity height branches/ plant plant  pod weight plant
plant j
Control 34.9 39.4 44.3 56.1 67.7 26.5 47,8 70,1
Gamma rays :
5 kR : LL 65.3%%  55,1*%%* 77.3%%  78.6%% 103.9%* 52,7+ 66.6% 31.3*
LH 97.0%% 73, g%x* G7.1%% 103, 2%* 128.6%% 67,1%%x B0, 4+ 112.5%%
HL 111.2#%*  81.0%*  106.2%% 112,8#¢ 145.5%%  73,7%% g1, 5+% 128.8+*
HH 115.4%% 94, 7xx 110.2%*% 12C.7%* 147.2%%  93,8+%%  88,0** 139.6%*
10 kR : LL 70.2%% 78, 6%+ B1,5%% B4, 4* 105.6%% 53,0% 73, 4 94, 8%*
LK 99.0**  BO.4*x 103.4%* 108.6%* 132,9%*% 79 4%% 106, 5%% 120.2%*
HL 114.8%%x  9f 1+% 112,2%% 119,9%* 149, 5%% 90, 0%* 110, 2% 134, 5%
© HH 121.5*%  105,3%% 120.6*% 128.5+%%* 152.6%% 100, 4** 139 4%* Y44, 6%*
20 iR ¢ LL 79.0%% 7y Qax BO . 6%% .03 B* 111,2%% 56,7+ - 114, 8% 97, 1%*
‘ . LH 105, 6%*  B3,2%% 10Y,0%% 114,7%* 134 ,9%% 83 2%% 129, 1*x - 125, 84%
HL 119.0#%*% 10} 4%* L1B.4*% 122, 5%* 151, 7*% 98,3*%% ]3],]1%*x 139, 3*%
HH 127.0%% 113, 8%+ 133,8%*% 137, 6%* 156, 3%% 109.6%* 142,0%* 148, 6%*
Et
0.005% :LL 18,5%%  p9,3xx 80,5+ 88.7*? 110,6**  59,5% 77.5%* 102,5*
LIt g9, 4%*  J7,6%% 101.8** 110,5+* 135,2%%  63,2%%  B5,8%~ 118, 2%*
HL 114,.2%%  B7, 5k 113,2%% 123, 4% 149, 7%% 82 ,8%+ 90, 2% 134, 3%%
1M 118.9%* 103,2%* 122,6%% [35.8%* 157.8%% 113,4%*  113,6%x 145 ,7**
0.01% : LL 82.6%%  BA4,6** 97.2%*% 99 8%  119,7%% 7F,2%% 121.6%% . 114,5%
Ly 108.9%% 92, 2%%* 115.4%* 121 . 6%* 146,2%% 89 4%* 1137, 2%* 132,84
HL 124 .6%*%  108.4%* 126.7%% 132,5%% . 156,9%% 107,3%% 147 8%% 145, 6**
i £35.2%*  [17.5%% 139.5%* 146,2#% ' 169,5%% 134,7%* 149 34* 158, 3%+
0.02% : LL 80.3%*% Bl 5%* 93,7%% 95, 1** 12],8%% 75,6%  L17.7%+* 108, 1%
Li 104,6%*  87.6%* 112,01 %% 117,9%% 143,2%%  9],3%% 132 3*% 128.5%*
HL 11B8,.5%% 104.2%% 121,9%* 130,6** 158.54% 105.5%% 138,5%* 143,6%*
il 126, 7%% 115.4%* 135.4%*% 147 ,8*% 165.3%% 131.9%% 146, 2%% 154, 34%
NEU : \ - \
0.005%, {LL B5.2%% 7. 5% B9.7*% 96,8%* 118.5%%  75,3%%  BO.0%**  111,3#+
LH 104. 6%+  81.,3%* 106.3%% 118,5%% 143.6%%  B3,5%% 9] 2% 126, 8%
HL 119,4%% 92, 7% 117.5%*% 131,7%% 155.8%% 95,5%% 105.4%*% 139,3**
Hi 124.7%% 104.9%* 128,6%% 143, 3*% 159.2%% 115.2%% 116,7%* 151,7*%*
0,01% : LL 92.2%*  Bl.B** “104,3%% 110.3#%* 129.1** BO.6% 129, 2+%% 125.8%*
LH 111.6%%x 490, ,7** 121.6%% 128,2*%%* 151.8%% 97 7T#* 1473 Jx* 139.3%*
N 126.5%%  102,.4%% 132.8%*% 139 ,6** 166.2%% 113.5%% 151 ,3%* 153.4%%
HH 133.6%* 115.2%* 146.6%% 153,4%* 177.6%* 135,2%%  157,5%* 165, 8«*
0.02% : LL 88,3%%  76,9%%* 97.9%% 113,6%* 138,6%* B81.9+%  125,5+%* 117.8%*
-~ LH 108.2%%  86.5%* 119.3%% 125,0** 150.2%% 06,9%* 137.6%* 133,6%*
HL 123.6** . 95, 7%~ 134, 6%* 137, 3%* 160.3** 110.3%*% 146,.8%* 150.5%*
H 128.2%% 155, 2%

L129.5%%  110.2%* 150.5%*% 150.8%* . 170.5%%*

166, 7%

* kx =‘Sign1ficant at 5% and 1%, respectively.



Appendix XXRU : Percentage of [)r,OJI}isirrg families lor various charaeters in dilferent treatments
in M2 generation

Treatment Lays Lo Plang Branches/  Clusters/  Pod/ Seeds/ 100-seed . Seed yield/
‘ muturity height plant plant plant pod weight o plant ‘
Control - - - - . - - -

Gamma rays: -
i e e M s

5 kR: LL 0.0 0.0 0.0 1.8 3,5 0.0 0.0 1.8
L 2.0 2.0 2.0 4.1 6.1 0.0 0.0 4.1
Hi 5.0 5.0 7.5 10,0 12.5 2,5 2.4 12.5
il 12,2 7.3 9.8 12.2 14,6 7.3 7.3 14.6
Overall 4.3 3.2 4,3 6.4 8.6 2.1 2.1 7.5
10 kR: LL 1.2 1.2 2.4 3.5 47 0.0 0.0 N I
LI 4.3 2.9 4.3 5.8 7.2 2.9 2.9 58 -
HI 8.0 6.0 6.0 100 12.0 4.0 4,0 12,0
Hu 8.8 7.4 8.8 . 11.8 16.2 4.4 5.9 14,7
Overall 5,1 4.0 5.1 7.4 9.8 2.6 2.9 8.5
20 kR: Ll 2.6 1.3 2.6 3.9 8.6 0.0 1.3 53
LH 5.7 1,3 7 74 10.0 1.4 2.9 " 8.6
HL 7.8 7.8 7.8 10.9 12.5 4.7 4.7 - 1.5
Hil 8.6 9.6 9.6 12.8 13.7 6.8 8.8 13.7
Overall 6.4 AT 6.4 8.5 10.6 3.2 3.9 9.9
0,005%: Ll 0.0 2,2 2.2 4.3 6.5 0.0 0.0 43
Ll 3.4 1.7 34 h.2 G.9 1.7 1.7 5.2
Hi 6.1 4.1 4,1 8.2 10.2 2.0 4.1 8.2 .
HII 8.5 6.8 8.5 119 13.6 5.1 5.1 13.8
Overall 4.7 3.8 1.9 7.5 9.4 2.4 2.8 8.0. -
0.01% : LL 1.4 1.4 2.7 4.1 6.8 1.4 14 5.8
Ll 3.5 3.6 5.5 9.1 s 1.8 - 1.8 10,9
L 9.8 9.8 9.8 14.6 17.1 4.9 4.9 14.6°
IH 116 8.7 11,6 15.9 15.9 7.2 - BT 16.9
Cverall 6.7 5.5 7.1 1.5 12.2 3.8 4,2 13
0.02% : LL 2.7 1.4 2.7 4.1 3,5 1.4 1.3 4.1
L 5.5 5.5 5.5 9.1 18.9 1.8 3.6 N
HL 8.9 7.1 8.9 10.7 16,1 5.4 7.1 12,5
il 13.0 9.3 13.0 16.7 18.5 7.4 7.4 18,5
Overall 7.1 3.5 7.1 8.7 12,2 3.8 4.6 0.5
0.005% : [.L 2.7 2.2 2,2 4.3 4.3 0.0 0.0 4.3
LI 3.6 3.6 3.6 7.3 7.3 L8 1.8 R
HL .7 a.8 5.8 118 1.3 3.8 3.8 115
HH 12.5 7.5 15.0 17,5 20.0 7.5 7.5 17.5
Overall 6.2 4.7 6.2 8.8 10.4 3.1 3.1 9.3
0.01% ¢ I.L 3.6 1.8 © 3.6 7. 7 1.8 1.8 89
LH 7.1 5.4 5.4 10.7 12,5 3.8 3.6 . 12,5
it 7.4 8.6 9.2 11.8 11,8 5.9 8.6 - 13.2
HH 1.0 10.5 12,3 15.8 17.5 7.0 8.8 7.5
Ouerall 8.2 8.1 7.8 11,1 13.1 4.5 5.3 iERE
0.02% LL 5.1 2.5 1.8 3.9 0.1 1.3 2.5
LH 6.6 5.3 5.3 10.3 11.8 3.9 5.3
i, 9.0 6.4 9.0 12.8 4.1 5.1 6.4
“HH 105 10.5 © 11,8 15.8 VR 6.6 7.9
Overall 7.8 6.1 74 12.0 o 133 4.2 5.5
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Appendix XXXNMBlock effects in augmented block design for different characters in
H3 generation

Block ) Characters
o Days to Plant Fruiting Effective Effective ~ Seeds/ 100-meed Saad

maturity  height branches/ clusters -/ pods/plent pod welght yield/

. plant plant plant
1 -0.08  ~1.53  -0.56 -1.82 -5.09 - -0.05  0.14 ~0.01
2 1.98  -2.73 ~4.13 ~20.35 -29.29 -0.08  0.20 -0.87
3 0.38  -0.47 -1.30 .05 ~1.89 -0.03 0,26 0.32
4 -0.59  -~2.53 -3.32 ~9.31 -15.71 0.01  0.02 - - -0.27
5 3,65 1.27 3.50 15.85 16,38 -0.02 0,03 0.64
6 -2.68  ~1.20 1.37 -1.08 ~0.09 -0.07  -0.33 -0.03
7 -1.62 3.10 3,70 19.25 27.08 0.08 - -0.05 o 0a9s
8 -2.26 134 . 523 2,75 2,24 -0.09  -0.30 - -~0.45 .
9 - 0.45  -0.40 -2.43 -0.75  -2.69 0.02. 0.3% 0.07.
10 0.18  -0.66 -2,23 2,32 0.11 -0.06  0.34 .60
11 0.38 0.54 2,29 3.78 10.51  -D.06  -0.03 0,08,
12 2.72 2.09 .40 12.25 5.20 -0.02  0.15 0.97
13 -0,95 3.37 ~-1,08 -2.98 8.98 0.16  0.26 0.57
14 -0.35 0,50 0.97 -1.15 7.38 0.09  0.04 S 0.46
15 0.52 B.14 0.57 17.92 © o 45.98 -0,01 -D.04 0.76 .
16 0.15 4.88 5.87 22.91 50.87 0.08  0.24 1.15
17 413 4.1 -5.90 -19.04 -30.99 -0.18 -0.53 . -1.06
18 -2.88 1.00 -0.76 5.45 7.51 “0.14  -0.18 . -0.05
19 -2.20 0.95 . -2.51 ~4.12 1.08 -0.05 -0.24 - ~0.19
20 ~3.84  -0.865 -1.06 2.07 4.87 -0.23  -0,07 0.01.
21 0.05  -1.50 1.44 -7.02 -13.49 -0.04  0.18 -0.28
22 -1.68  -1.80 -0.56 2.12 1.11 -0.12 0,50 - =0.18
23 0.3 ~0.206 0.60 -1.92 =322 -0.09  0.25 . ~0.30
24 1.15  -0.59 -0.60 1.15 -4.29 0.04  0.29 0.07
25 -3.,75 0.85 . -2.43 -4,02 . N 0.08 0,01 0,01
26 -1.62 1.60 1.84 ~1.95 -3.56 0.10 -0.32 ~0:26
27 -2.02  -0.59 -2.03 -7.15 -9.42 - -0.02  =0.40 -0.62
28 -2.24 2,13 1.19 -0.68 2.7 0.17 -0.06 0,95
29 0.85 0.34 -0.23 6.25 2.44 0.21  0.34 0.58
30 0.85  -0.39 -1.90 -2.48 -9.09 0.10 0,10 -0.32 -
31 5.32 . 3.40 1.70 20.85 33.84 0.28  0.38 1,91
32 3.45 1.40 ‘ ~1.36 4,65 4,18 ~0.02 0.41 0:71
33 5.98 0.5k 0.10 -2.22 18,98 -0,03  -0.14 -0.29
34 6,18 2.80 1.44 22.92 29.31 -0,04  0.01 .93
35 9.32,.. 2.34 0,97 13.05 22,51 -0.00 0,69 1,06 -
36 7.05 0,63 1.95 17.38 30.89 0.02  -0.13 0.8
37 3.07  -4.63 2,30 -6.18 -10.32 -0.06  -0.65 071
38 1.78  -2.46  2.10 -5.22 -11.22  -0.11  -0.50 - 0,67
39 3,18 ~3.43 -0.26 S14.88 -~22.39 -0.17  -0.85 “1.10
40 4.03  -2.95 -0.19 ~5.24 -13.51 -0,01  -0.43 ~0.67
41 -0.22 3,94 ~0.70 2,48 116 . -0.08 .0.1L -0.24°
4z . 0.52  1.47 -1.26 -0.28 0.08 0.0 -0.04 & =012
™ - 0.38 2.47 -0,96 0.85 -3.16  -0.06  0.06 0,
YRR 0,59 3.37 -1.30 0,98 1.60° -0.02  -0.04.

45 . -7.95.  -0.1% . -0.10 3.98  17.91 ~0.06 0,48

Contd..
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Block
No. Days to Plant Fruiting Effective Effective Seeda/ 100-seed - Seed

maturity height branches/ clugters/ pads/plant  pod weight yield/

: © plant plant plant

46 -7.82 1,60« -0.43 0.45- 4.38 -0.04  -0.07 0,08
47 -8.02 -0.66 3.50 0,15 5.36 -0.06 -0.03 -D.19
48 -7.82 -0.60 2.37 5.58 1.33 -0.13 -0.07 -0,21
49 -0,13 0.07 3.37 5.28 3,94 0.06 0,01 0.26
50 0.18 -2.00 0.10 -0.68 4.02 -0,06  -0,10 -0.30 .
51 0.45 ~2,73 0.87 ~1.43 -1.09 ~0.04 0.10 -0.11
52 -0.12 -0,49 -1.14 ~1.24 1.51 -0.07 0.07 -0.19
53 -2.35 -2.66 ~0.10 2.98 . -6.69 -0.01 -0.10 -0,59
54 1.35 -2,53  -1.03 -14.82 -24.76 -0.06 0.45 -0, 86
55 1.85  -0.46 0.26 . -9.01 -16,29 0.15 ~0,08 -0.41"
56 5.76 -1.37 0.21 2,92 -6.36 -0.05 -0.12 ~0.13
57 3.43  -0.50 1.49 6.50 7.4 ~0.09 =0.08 0.16
58 5,95 -1,70 2.04 -5.08 12.72 " ~0.09 0.35 . -D.3%
59 2,45 -0.66  2.37 -0.75 -2.82 -0.08 0.45 ~0.07
60 2.62 -2.36 1.57 6.27 7.39 ~0,05 0.38 0.27
b1 -0.88 0.01 -2,03 -2.75 -2.49 0.01 ~0.09 ~0.22
62 2,95 3.00 2.37 -0.55 -2.,09 -0.05 -0.21 -0.10
63 -2,88 3.74 2,64 4.65 4,58 0,06 -0,19 0.10
64 -2.15 1.96 -1.03 -8, 50 1142 0.02 ~0.09 -0.56
65 -3.62 1.20 2.10 5.14 12.57 0.07 0.15 0.57
66 -5.62 1.47 ~2.16 ~4.15 -3.29 ~0.06 0.25  0.04
67 -4,18 -0.01 ~2.61 -14.,75 -19.19 -0.13 0.30 -0,51
68 -4.,22 0,91 5,30 15,45 11.93 0.11 0.18 1.00

-2.52  -3.33 2,10 -6.82 -6.56 0,03 ~0.49 ~0.63
70 ~0.15 -2.66 -1.30 -14.42 -19.89 © 0.06 -0.48 -0.86"
71 -0.48 -3.20 1.17 -10.55 -15.89 -0.04 ~0.44 =074
12 0.78 -4.93 -1.03 -17.35 -24.16 -0,06°  -0.16 0,87
73 2.78 0.20 -3,36 -0.42 -4 .82 0.22 0.36 0.43
74 2,78 -2.33 -2.83 -0.08 -4.02 0.18 -0.01 0,17
75 -0.55 -1.73 -2.09 -8.15 16.89 0.20 0.02 0,23
76 -2.40 2.14 -3.46 0.01 -7.16 0.12 0.35 0,23
77 -1,35 1.80 -1.10 -2.08 6.91 0.15 0.10 0.48
78 2.58 -1.33 -1,10 -2,68 -5.36 0,19 0.08 0.12 .
79 6.98 0.47 <1,36 -2.55 4,82 0,18 0.74

0.34
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