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1. INTRODUCTION



INTRODUCTION

Lentil (Lens culinaris Medik.) one of man's oldest protein rich

food legume crops, having its probable progenitor as Lens orientalis with

Afghanistan, Turkey and Ethiopia being the most important centres of genetic
diversity, originated in the Tertiie crescent of the Near ast and dates back
to the beginning of Agriculture itself (Zohari, 1972; Williams 2£~§i%3974’
and Ladizinsky, 1979). On the basis of physio-morphological traits,
cultivated lentil has been further divided into two sub-species namely
microsperma and macrosperma (Papp, 1980)., The microsperma types are adapted to
the Indian sub-continent and the parts in Near vast,whereas macrosperma types
are mainly specific to Mediterranean region and the New ‘orld.

ILentil besides}being a protein rich crop providing more than twice
the amount of dietary protein as compared to cereals; has also been mentioned
as having various medicinal properties in several old herbals(Wcbb & Hawtin,1931)
The 16th Century writer Dondonaeus recommended them as part of the diet in
monasteries as he believed they dampened the sexual appetite, Nicholas
culpepper, a noted 17th century astrologer/physician, wrote that lentil was
governed by the planet Venus, He went on to say that when eaten whole,lentil
'blinds the body and stop looseness but the liquid it is boiled in loosens
the belly'. Other old herbals report that lentil 'thicken the blood' whicl
may relate to their comparatively high iron content (9.6mg/100g air dry seed
as compared to 7.3, 6.Q, 6.3 and 3.1 mg/100g air dry seed in chickpeas, faba
beans, lupin and wheat, respectively)., The straw and pod walls, residues frc.
threshing, have a high feed value (moisture 10.2%, Fat 1.8%, protein 4..4%,
carbohydrates 50.0%, fibre 21.4 and ash 12.24). The seed coat left after
decortication are also considered a valuable feed and may contain upto 13%

protein, Starch extracted from lentil has a stable viscosity over a wide rangs



of temperatures, and is sometimes used in the printing and textile industries.
The yield of starch from seed is about 28.9%% and the residue containing nearly
Loo, protein, is a valuable animal feed (Kay,1979).

Inspite of its above mentioned valuable attributes, lentil is
considercd a relatively minor crop on the world scale, as only about %% of the
total world area relegated to pulses, is under lentil. The ratio is, however,
higher in several individual countries, particularly, in Asia, the highest
being in Jordon(75%) followed by Syria (51%),Turkey (28%), Iran (249),
Bangladesh(20%) and Lebanon (18%)e “In India the lentil is grown on about onc
million hectares of land which is 509% of the total world area under lentil and
India's contribution to the total world production of lentil is around 374,
which is the highest followed by Turkey,Syria, and USA (Anon.,1981):/ The
countries like India, Jordon, Syria, Iran, Bangladesh and Ethiopia, having
large acreage under lentil, have very low productivity per unit area as the
yield of lentil per hectare in these countries ranges from 4.2 to 7.l quintals
as compared to 18.3 g/ha in France and 10,5 g/ha in UsSA, which have low
acreage under lentil,

In India, production of lentil and its per unit productivity have
remained more or less static over years and has not shown a phenomenal jump
as has been achieved in cereals. Recently, a series of varieties of lentil
suitable for different parts of country have been mentioned (Jeswani and
Saini, 1981), but most of these are land races which have originated through
selection under poor agronomic situations leading to a serious genetic drift
of eléments responding to better management conditions and therefore these
varieties may also not lead to a quantum jump in lentil production, which is
our immediate need in order to combat the protein malnutrition in the country.

Prevalent varieties of lentil in the country, in general, also lack in
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resistance to diseases and good seed size for better marketability. ﬁowever,
it is worth mentioning about the two varieties identified at Himachal Pradesh
Krishi Vishva Vidyalaya, Palampur having field resistance to rust and lentil
blight, One of them HPL-5, which has been released in the name of ‘'Vipasha'
for the general cultivation im Himachal Pradesh,where blight and rust are
problems, is free from hard seeds, slightly bold in se:d size and has
outyiclded the standard variety PLO-12 by a considerable margin in the state,
Another variety is HPL-l4, which is of macrosperma type having average 100-sead
weight 6,5g as compared to 2-3g of existing varieties, but the yield potential
is more or less the same as of PL9-12. These varieties still nceeds genetic
modification with reference to various quantitative traits in order to improve
their adaptability in other parts of the region through appropriate breeding
methodologye™

A critical appraisal of the lentil breeding work in the country and
at the global scale indicates that like other grain legumes, litfle concerted
efforts have been made for its genetic amelioration. The hybridization work
undertaken is also very limited and probably it is due to the tedious crossing
procedure in this autogamous species because of small and delicate flowers and
also due to the problem of non-s;achrony of flowering between macrosperma and
microsperma lentil. Under such a situation, mutation breeding appears to be
of an added advantage, it has been now established that in mutation breeding
radiation is as efficient as hybridization in supplying genetic variability
(Brock,1965 and Gregory, 1968).

In hybridization, in order to ddcide about a suitable preeding
method, the basic information on the components of generated genetic

variability is imperative (Cockerham, 1961). Similarly in mutation breeding



A
it is also important to know the nature and magnitude of various components of
induced genctic variance to choose appropriate breeding methodology to
GXploit.the nature and magnitude of induced variability to the maximum,
Though numerous repeorts are available on the induction of polygenic variation
in many cconomic crop plants, the partitioning of the variation into additive
and dominance components has received very little attention, Recently,Virk
et al1.(1978) ,Yonezawa (1979) and Virk and Gupta (1980) have suggested certain
biometrical genetic models and in the present study the same have been made
use of for the genetic amelioration of both microsperma (HPL-5) and macrosperma
(HPL-4) varieties of lentil through mutation with the following objectives:
ie to get the information on the segregation pattern of induced variability

between and within lines in MZ’ M3 and I\'IL+ and its persistance over
generations under different radiation doses with respect to seed yield
and other polygenic traits,

ii to understand the genetic architecture of induced variation under
different doses with respect to polygenic traits studied,using
biometrical genetic models,

iii. to understand the relationship of different radiation doses with various
parameters of induced variability and varieties studied,

ive  to establish the most appropriate selection stage in lentil mutation
breeding for various polygenic traits on the basis of segregation
pattern and probability cestimates for isolating potential mutants
excelling parents, and

Ve to identify potential mutants with desirable traits.
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REVIEW OF LITERATURE

Natural selection in the presence of existing environments coupled
with spontaneous mutations and recombinations has end up with our present day
domesticated plants from their wild ancestors. This gradual process of
‘evolution' has its genesis on the raw material of svailable variability for
different morphological and physiological traits. For a long time this process
went on capitalising the vast reservoirs of natural variability available.

The classical discoveries of Muller (1927) and Stadler (1928) which enabled the
man to create variation at 'will' opened new vistas for the improvement of
crop plants, The mutation technique came as a potential alternative/
supplementary to other breeding methods such as introduction and hybridization.

Mutations are the ultimate source of all variability in organisms.
Variability caused by induced mutations is not essentially different from
variability caused by spontancous mutation during evolution. Variation
generated following mutagenic trcatment is often classified into macro and
micro-mutations, although this categorisation is only arbitrary (Gaul,1965)
because the genetic nature of the changes arc of the same kind, In some cases
the classification of mutation into micro and macro depends on the power of
observation method, as has been demonstrated by Seyffert (1962, 1963) for

colour differences in Mathiola incana, However, so long as we maintain thie

classification the macro-mutations are those changes which give rise to
discontinuous variation and are therefore easily isolated in early generations,
while micro-mutations result in continuous variation where scgregation
persists through advanced generations. The two types of induced variation

therefore require different methods of investigation,
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The polygenic theory, given by Mather (1941, 1943 and 1954) involved
two different genetic units for the phsnotypic determination of traits in any
organism, the oligogenes rosponsible for discontinuous variation and the
polygenes responsible for charactevs with continuous variation,

Synthesis and discussion on the theory about the inheritence of
characters with continuous variation have been given by Lerner (1958),
Scossiroli (1960) and Gaul (1965), Any quantitative trait is the result of
the joint action of many single genes whose individual substitution produces
small phenotypic effccts and of the environmental influences., Usually
different genes cooperating to determine the same traits are kept together in
blocks intermingled with genes cooperating to influence other traits. Such
'Polygenic blocks' are the result of a natural selection process but they
may be broken by recombination, Therefore one may say that in such blocks
a genatic variation 1s stored which represents the potential to face
ecological requirements at different locations and in different ycars to face
evolutionary trends or to provide variability for artificial selection.

Evidence for the spontaneous mutability of the genetic factors
underlying quantitative characters has been provided by several workers in the
past., According to Gaul (1967) the report of Johannsen in 1913 might be
considered first to prove the existence of spontaneous mutations for
quantitative traits cven if de Vries (1901) speaking of characters which arc
of quantitative nature quoted "many mutations are smaller than differences
between extreme variants'’s Baur (1924) and Stubbe (1934) described
spontaneous mutations for quantitative characters in Anthirrinum majus, kas®t

Mo Tan e B A

(1935) in tobacco and Schuler and Sprague (1956) in corn.



micro-mutations (Swaminathan, 1965), Gaul (1965) has envisaged the importance
of micro-mutations in two wayse. vFirst that they occur more frequently than
macro-mutations and sccondly that they do not affect the vitality so
adversely as the macro-mutations do.

he theoretical expectations of induced random micro-mutation in a
self fertilizing species with the large number of genes each having small
individual positive or negative effect on a particular character (Brock,1965)
would depend on the total number of genes involved, on the relative proportion
of genes with positive or negative effects and on the degree to which the
genes of the parental genome operate as a balanced sete In such cases random
mutation would be expected to increasc the variance and to shift the mean
away from the direction of previous seclection., In characters not subjected
to previous selection induced mutations do not follow a particular trend but
would be random. Highly the seclectced or adapted trait, greater will be the
shift in mean and also greater asymmetry of distribution of varianceg, If the
extreme limits arc not reached in the parental genome, effective selection
would be possible in cither direction,

Developments in the genetic analysis of induced polygenic variation

The first and extensive report involving the deliberate selection of
mutations in quantitatively inherited traits following irradiation with
ionizing radiations came from Gregory's work in 1955, 1956, 1957 and 1961 in
peanut, He concluded that mutations affecting quantitative characters in a
crop plant can be induced by radiation and that phenotypic selection can
accumulate positive mutations to produce better strains, Various other workers
did m good work in this direction and induced polyecenic variation successfully

in many-cconomic crop plants (Oka ¢t al.,1958 in rice; Mocs, 1958 and Gaul,1967
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in barley; Rawlings et 51.,1958 in soybcan; Wittemer, 1960 in tobacco; Daly,
196Q in subterranean clover; Krull and Frey, 1961 in oats; Scossiroli, 1962 in
Maize; Bhatia and Swaminathan, 1962 in wheat; Pate and Duncan,1963 in cotton;
Palenzona, 1964 in wild tomato and Gupta and Swaminathan,1967 in brassica).

While many experiments have been conducted to assess the amount of
induced genctic variation in self-fertilising plants, the genetical
interpretation of the variation has received little attentions Such genetic
defination of induced polygenic variation is of paramount importance as it
is the accurate basis for deciding appropriate brecding methodology to
exploit the valuable variability gencrated and thus achieve the desired
breeding goale The difficulty is not in deriving biometrical genetic
cxpectations but of equating them to the kind of data that are generated
without having to make untestable assumption or alternatively having tc
restrict the analysis to only part of data, A few attempts have been carried
in this direction which are briefly reviewed here and further advance awaits
assessment of the biometrical methods for manipulating induced variatién.

As a consequence of the pecularity of phenotypic manifestation of
gquenti tative characters the only method available to detect the induction of
new variation coming from mutagenic treatment is thet given by mecan and
variance comparisonse

Many workers (Jinks, 1954; Hayman,1954, 1958; Scossiroli,1962;
Palcnzona, 1965; Lawrence, 1965 and Scossiroli et al,,1966) using different
biometrical analysis have clearly demonstrated that the increasc of phenotypic
variation in generations following irradiation particularly in self pollinatod
plants is mainly due to an increase in genetic component and it may be

accounted for by the effects of mutations on the genetic factors influencing
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gquantitative characters, The genetic nature of the increased variation, as
well as the role and importance of radiation in plant breeding has been
stressed by cxperiments of selection performed according to classical methods
in differcnt crop plants (Borojevie, 1965; Brock and Latter,1961
Gaul, 1964 and 1565; Goud, 1967; Oka ct 2l.,1958; Scossiroli,1965 and

1966)e In some instances the improvement in yield obtained through radiation
breeding were not obtained by the standard method of plant breeding, that is
selection following hybridizatione. It has been demonstratcd and clearly statcd
by different workers that radiation is as efficient as hybridization in
supplying genctic variability (Gregory, 1956, 1968; Frey, 1965 and Brock,19s).

Kao gt 2l4(1960) took the first step in this direction and based
their genetic analysis on the assumption that allele 'A' mutates to 'a' at
the rate 'p', when an individual (AA) is treateds They defined the K,
population as consisting of cntirely (1-p)AA and (p)Aa plants. They omitted
the possibility that both 'A' zlleles can mutate to the same or different
alleles.

Aastveit and Gaul (1967) avoided the above necessity by using the

derived by selfing M, plants as the starting point, They then allowed the

Hy 1

three kinds of individusis in respect of a single goene locus il.ce AAyRa, aa

to arise in M2 with arbitrary frequencies of p,q and r, respectively., They

concentrated on statistics of a single rank in successive generations rather

than on different ranks in the same generation, To accomplish this, all M2

M3 and Mq have to be grown in the same ycar to eliminate bias due to genotype
x environment interaction, The genetic variance and co-variances of the MZ,Mﬂ

2
and ML+ population are partitioned into components which more directly roflect

the genic effect of indiwidual gencs,
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Noticing the inconvenience of growing thrce gencrations in same
year Virk et al.(1978) proposed another method which requires a single
generation of a population with hierarchical. pedigree system., They confine

their attention to the variation ti-t arise within progenies of individual M1

plants treating different M, plants more or less as repliéates. Each M1 plant

1
cen be regarded as F1 between hypothetical parents which in successive
gencration of selfing yield progenies whose progenies can be completely

= F, etc., whose means, variances and co-variances

2 3 3
are well known (Mather and Jinks, 1971)e In this way thc analysis of

specificd since M, = Fz, M
contribution to the variation of loci which have become hetcrozygous in the
F1 as a result of the mutagenic treatment can be obtained,

Following mutagenic treatment of a pure breeding line any single
M1 nlant will be heterozygous at a number of loci,'K' either for original
allele 'A' and a mutant allele 'a' or for both mutant allele 'a' and 'a2‘ on
selfing each of these 'K' loci will segregate with the expectations typical
of an F

2

Vi = V, =1/2 sl;( a, + /4 % h,© (Mather and Jinks,1971)
2 2 i=1 =1

Now if the selfing cc*inues and at ths same time a hierarchﬁil
structurc is rctained, thc contribution of this scgregation to the variance
of rth rank in the nth generation (Vrin) is given by the general formula of
Mather ond Jinks (1971).

. _ _ r N1
VrMn = Van = (1/2)'D + (1/2) .

=

where D= di2

rll-
PR SN

h. 2
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The corresponding parent offspring co-variances WrlMn(n-1) is given by

WrMn (n-1) = Wrih(n-1) = (1/2)rD + (1/2)2nﬁr-2

The formulae apply directly to the variances and co-variances
derived from the progenies of any cne IVI,I plant, To cxtend them to the average
variances and co-variances obtained from the progenies of all M1 plants, tho
defination of 'D' and ‘'H' as given by Dickinson and Jinks (1956) are required

to be modificde Thus, if it is assumed that in the M, generation the three

1

kinds of individuals AA,Aa and aa in respect of any one locus arise with
arbitrary frequencies ‘o', '[>' and ! Y" as a result one of both 'A’ élleles
mutating to 'a' or vice-versa, then summing over'K' such loci only a proportion
*B' will be contributing to the variation defined by the general formulae and

the definations of 'D' and 'H' bocomes & 2 pidi_z and & > Bihia,
i=1 i=1
respectively, where <5 ¥ Bi+ Y& = 1,

On the other hand, if it is assumed that 'A' mutates to 'a' with
a frequency of 'v' and that mutation at each allele is indcpendent so that 'AAY
mutates to 'aa' with a freguency of 'VZ', then summing over 'K' such loci only
a proportion '2 uvv' will be contributing to the variation defined by the

general formulae and the definations of 'D' and 'H' become 5% L ui'.vidi2 and
k . i=1
z

2 .
;2 L uivihi s respectively, wherc u, = (1-vq).

Thus, it is clcar thet any assumption about genc and genotype

2

5

frequency in the M1 can be accomodated by adjusting the coefficients of d

2
and h™ 4 The coefficient will always be twice the frequency of hoterozygotcs

in M1 and it will be identical for d2 and h2. Thus the estimates of 'D' and
'H' and the relative valucs of the estimates is independent of any assumptions

about genc and genotype frequencies in the M1 generation, The general
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formulac, however arc based on a freéuency of heterozygotes in the F1= M1 of
one, vherc as in these models it is P or 2 uv and the maximum frequency
that could be obtained, with thc random model (u,v) is half when u=ve. To
put it othcr way, both additive and non-additive or dominance components of
variance in thesc models arc half of those expaected from the general forrulac
if the general definations of 'D' and 'H' are uscd in the general formulae
no matter which model it is, if thesc formulae arc uscd for statistics
avergged over the progenies of all M1 plants,

There are two ways of making the adjustment. YWe can maintain the
convention that rank 1(r-1) in the sclfing series refers to the variation
among F2(M2) individuals, in which case we must substitute (r+1)for ‘r' in
the general formlae or we can recognize that in the special case we are
considering the highest hierarchy (rank 1) is the variation among F1(M1)
individualé in which casc the highest rank specified by the general formila
is not r=1 but r=2,

To get the expectations of rank zero i.e. variation among M1 plants,
somec additional paramcters are required to be introduced, If wc assume
arbitrary genotype frequencies of '«', ' B ' and ! Y for allele AA(+d) Aa(h)
and aa(-d) then the mean = «(d + B h -¥d and variance

VoM, =d% Bh° + Ya© o («a+ o +¥a)2
1/2 % 27s B(1-BYIa° +1/2(2B) %=1/ 1p2In21/2[hB( <~ Y Tih

1/2D1 + 1/2H - /% H1 -1/2 F

§]

i}

1

1]

k
here D
wnere 1 E1

o

2 4.d.2
ii

k 2,2
fos oy U

o
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k
F, = z b B, («f; -Y,)dh
where 2 = [ 4odi B;+ pi(1+ ﬁl))

If however, we use the genotypc frequencics uZ, 2uv and v2 which
assumes that alleles at the samec locus mutate independently, we need to

introduce only two parcmeters,

H1 . 16 u.zv‘zh.2
121 i 171
and
F = K 8 u,v, (u. -v,)d.h
1 = i'i i p A T
i=1
since D1 will then equal D.

The complete specification requires five genetical components and
at least one and usually two or more environmental components, By including
both D and D1 in the specifications no assumption about the gene and genctype
frequencies is required and we can always subsequently test the validity of
the assumption that leads to D = D1.

Infact there are two strategies for reducing the number of
genetical components to the level where they may be readily estimateds The
first was proposed by Aastveit and Gaul (1967) who by confining attention to
renk zero statistics could omit *D' and combine 'H' and 'H% into a single
parameter with the composition (H -1/2 H1). Jirk et al.,(1978) proposed to
omit rank zero statistics and thereby remove the need for 'D1', 'H' and 'F1'c
The first obviously makes better use of the data from early generations but it
requires one more statistics for estimating the additional parameters whereas
the latter makes much better use of data from later generations, has one less
parameter and estimates parameters which are more simply interpreted in terms

of gene action,
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However, the analysis of Virk et al.(1978) as proposcd above has
certain shortcomings like:

i, Their idea is not applicable before the M4 generation unless the
mutagenic treatment is applied to zygotic cells or at a very early stage
of embryo developuent, As discussed earlier the seeds of the higher
plants are multicellular at the time of treatment,

iis Thc method does not provide an estimate of the multiplicatiﬁe component
of the A-D gene effects which is necessary not only in predicting the
efficiency of artificial selection but also to provide information about
the association of dominant genes in the parental lincse

iii, Thehierarchical pedigree structure may lead to genetic drift,

As a result Yonezawa (1979) proposed another method for predicting
the additive and dominance components of induced variation which are practicabl:
up to M3 generation since the M3 is regarded as being the best generation to
start selection for breeding (Yonezawa,1975)e According to them as the IVI1
plants are genetically chimeric at the level of both spike andtwhole plant
therefore, the genetical segregation in M1 spike and plant progenies is
different from that in the progeny of F1 individuals. For cxample if we
consider a singlc locus at which the parental alléle 'G' mutates to mutant
allele 'g' thc mutation rate G-g being 'm' and assuming independent occurrence
of mutations, the expected frequencies of GG, Gg and gg cells in mutagenically
treated cmbryos are (1-m)2, 2m(1-m) and.véa respectively. Since mutation rate
'm' is of the order of 1072 or lower (Yonezawa and Yamagata,1977) these
values can be approximated by 1-2m, 2m and zero respectively. So if N1

spike primordia consists of initial cells at the time of mﬁtagenic treatment,
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the frequency of the primordia, which are of the Gg genotype for 'i' cells
among the 'c' is given by (Ci)(Zm)i(1-2m)c'i. Since the number 'c!' is much
smaller than 'l/m3 this formula can be approximated by

1=2CMecoocscaol = O

PCM qoocovcesal= 1

O eoccocoeeci 2 2
because if M1 spike primordia consist of 'c' initial cells at the time of
mutagenic treatwent, the frequency of primordia which are of Gg genotype for

'i' cells among the 'C' is given by

cCi(Zm)l (4-2m)°-2
soif 1 = O©

°c, (2m° (1-2m)°=0

= l=2¢m

similarly if i = 1
cCi(Zm)1(1-2m)c-1

= 2cm
and ifi = 2
we get °c_(am?(1-am)”"? = o
Hence for this locus, there is no segregation in the 1-2cm of the

total M, spiked derived M, lines and the remaining 2cm lincs scgregate with

2
the ratio

Le = 3 1 1
T GG: 3o Gg Chy e ge

Which indicates that a ratio of 1/4:1/2:1/4 as assumed by Virk ct al,
(1978) does not hold unless c=1, If ‘¢’ is made cqual to the total number of

the initial cells contained in an cmbryo, the above ratio represents the
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scgregation in M1 plant derived M, lines. Genotypic frcquencies of M

2 2
population as a whole are independent of the cell number, and are given by
(1-3/2m) GG: mGg : 1/2m gg. Vith 'k' genes concerned with the character at
issue, the number of mutations occuring simultaneously in a single cell is
expected to be subject of the '"Poission' distribution with mean 2km which is
likely to be smaller than unitye. This is another characteristies.of induced
variation that mutant individuals carrying two or more mutant genes will be
very infrequent, indicating that effects of linkage, if any would be much
less than in genctic variation caused by hybridization,

Yonezawa (1979) defined and estimated the different genetic
paramctors by using the additive-dominance model (Mather and Jinks,1971) and
the genotype frequencies formulated in the prececeding scction the mean and the

genetic variance of M, populations are described as

Me = ﬁo —Z(d)m + (h)ﬂ

and by omitting thc terms with the second power of the mutation rate 'm!

i, = 30m + Hm -2Fm, respectively, whero
ﬂ6 = mean of the parent uscd

(nm = ¢ +md(d 7 0)

(h)m = E£mh

Dn = Emd®

Hm = th2

™ =<+ ndh
The symbols (d)m and (h)marc similarly defined as in Mather and
Jinks {1971)e The plus and minus sign in the summation of (d)m and Fm

correspond to whether the original alleles of the parent have larger or
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smaller effects than the respective mutant alleles, The summation in this
case is over gll the 'k' genes affecting the character at issue,

When the M2 population is made up of the M2 lines derived from

different M1 plants or spikes, the variance VM2 can be partitioned into two

statistically independent components i.e. between and within M2 line variances,

which are:

- 2 1 2
My =5 D+ 5gHm -7 Mnoand
W, = (32 )Dm + (1 ——=)Hm -2(1 = < ) Fm respectively
2 c 2c c ’ *
The corresponding statistics of the M3 population are formulated by
My = I, =2(dm + 1/2(h)m
and VM3 = 1/2Dm + 1/2Hm - Fm
when the M3 population consists of the M3 lines derived from differcnt ﬁz
plants VM3 is divided into
Vﬁ3=3Dm + 1/4Hm - Fm and
v M3 = 1/2Dm + 1/L4Hn
If the M3 population ishierarchically structured byM1 plants the

variance VM3 can be further partitioned into the two components i.e. the

variance between M3 groups derived from different M, plants and the variance

1
between M3 lines from the same M1 plants, which are presentcd by
v 2 1 a
M. = EDm + uE Hm - o Fm and
2B
Ve = (3= 2Mm+ (1/4-1/80)Hn -(1-1/c)Fm i
M3w = - -{1-1/c)Fm, respectively,

Co-variance between the MZ and MB generation may provide additional
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source for parameter estimation. The genetic co~-variance between M2 plants
and their M3 progeny means is given by
W'EB/M2 = 3 Dm + 1/2 Hn - 3/2Fm and that between M, lines and M

2 3
group is

Vi W -2 (- .
4 3/ M2 cDm + gy Hm 56 m
By using the M2 and M3 populations, we have two sources for the

cstimation of the two first degree parameters, (d)m and (h)me Theorctically

seven sources Vﬁé, VMZ' VﬁzB, Vﬁé

the three second degree parameters 'Dm', *Hm' and "', Among these seven
g P ’

W, VM, WME/M2 &WMB/ M2 are available for

however, those statistics that are based on the hierarchiél pedigree structure

originating from M1 spikes or plants, namely Vﬁé, VMZ, VﬁéB, vﬁsw and WEé/ﬁé,
include the cell number 'c' and therefore should not be used unless the value
of '3" is precisely known in advances In practice 'c' appears to differ with
M1 spikes (Sarvella gz'gl.,1962) and its estimate is influenced by the
haplontic and diplontic selection against mutations (Yonczawa and Yamagatta,
1975)e The co-variance WII'TB/M2 would also be unsuitable, its estimates wnay be
much biased by both measurement crror and genotype x year interaction since
M, plants can neither be replicatcd nor grown in the same ycar as their M3
progenics,

50 Vﬁs and VMB are reliable sources

of estimates of the three second degres parameters, Then applying the perfect

Hence only three variences VM

fit solution, thc estimates of the parameters are obtained by

- TR A
(D = 1/2 (MO + M2 3

(h)m = 2(M2 - I\’IB)
A A Am. Ny
Dm = - 1/4 VM + 1/2 VM3+ 1/2 va
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A Al A
Hn = 1/2 WM. - VWM, + 3 V¥

2 3 3?
¥ i (o %r
= - M 1.
™ = -5/8 Vi, + 1/4 W, + 9/ L
where ﬁb, ﬁé and ﬁé are of course estimated by the total mean of the respective
populations,

A sinmple equation to test the adequacy of additive-dowminance model
to accocunt for the induced variability has also been suggested by Virk and Gupta

(1980) as EEé + ﬁh - 3M3=O , but it was modified in consultation with Dr, D.S.Virk

(1983) as 2ﬁ4 + ﬁé - jﬁB = 0 and was made use in present analysis. If the value i
significantly less than or egual to zero than the additional variability following
mutagencsis can be explained on a simple additive-dominance model, otherwise the
role of interactions has to be analysed asbone of the possible reasons of
wariability.

Yonezawa (1979) has further given some methods to predict the genetic
nature and seclection efficiency in later generations using the estimates of the
first and second degree parameters defined aboves

Sonc rough estimates on the degree of dominance and geﬁe distribution
can be obtained by the use of the estimates. Supposing that each gene is alike

in both genetic c¢ffect and mutation rate, the parameters may then be written as

(@m = ke, d
(h)m = mkrz(h)
Dn = mkd?
Hr = mkh2
fn = mkrgd/h

where coefficient 'r! corresponds to the gegree of gene asscciation of Mather
and Jinks (1971), which in this casc assumcs + 14 O and -1 according to whether

ally half and none of the parental genes have larger contributions to the
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phenotype than mutant genes. The coefficient ‘rz' measures the isodirecticnality
of dominance taking the values of +1, O and -1 if all, half and none of the
alleles with increasing effect are dominant to the ones with decrcasing effect
respectivelys The coefficient 'rz' shows the degree of association of dominant
genes, the value of which is +1, O and -1 when all, half and nonc of the
parcntal alleles are dominant to mutant ones,

As in case of the populations obtained by crossing between two inbred

lines, the ratic- ,/%% = lgl gives the average degree of dominance,

The coefficients r, and r, cannot be estimated uniquely but their

5igns i.e. the signs of (d)m and (h)m together with the ratio

{h)m (d)m _ rs
=/

may in some cases give some idea on the balance sheet of gene association and
isodirectionality of dominance, Tor example, the situation of (h)m O and

r2/r1 1 strongly suggests that r, = and r, 1, namely about half of the

parental genes have increasing effect éompared to mutant genes, dominance being
positively directed for most of the genes concerned, The validity of this

speculation would be confirmed if the value of 'r.' calculated as

3
Fm

——

=T is around z<ro.

Voo
In the case where two parcntal lines with significantly different

phenotypes, say P, and P_ are available, the mnutation rate can be cstimated

1 2
1
oy (d)m,'- (d)m2 2 % + md
5 .7 e 7
17 "2 2 ZF .4

="

Where P, and ﬁé = means of Pq and P,, (d)m, end (d)m2 = (ddm of P, and P,

k' = number of genes for which the two parents carry different alleles,
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Mutation Studies in Lentil

Very few mutation studies have becn conducted in grain legumes
specifically in lentil and that too in the direction of genetic analysis
following mutagenesis, However, t'~ available recports arc briefly rcviewed
here,

Sharmz =nd Chatterji (1962) while investigating the genomic influcnce
on radiosensitivity found that genus Lens is more radiosensitive than Lathyrus
and Pisum genera because of its low chromatin content, thus opening new
optimism towards potential mutation breeding in lentil which is one of the
first crops demesticated by man (Zohari, 1972; Youngman, 1968) and is
difficult to hybridise on account of small, fragile and clecistogamous flowecrs,
Uhlik (1972) was the first person to e ome out with a study concerning the
cytogenctic effects of thermal neutrons in lentil and found a2 lincar relationship
between the doses and frequency of bridges and frogments after irradiationa
The frequency of fragments was found in linear dependence on the doses of the
thermal neutrons only in the range of lower and medium doses of irradiation,
whereas it was linear even at higher doses for bridges, A linear relationship
between chromosome aberration and irradiation doses was also established,

Sinha and Godward (1972¢) reported that vericty macrosperma is
more radiosensitive than variety microsperma. At varying doses of gamma
radiation studied in threce successive generations, they found that in 8 kR
dose the mean value of height, number of primary branches, number of pods
increased whereas at 12, 16 and 20 kR doses therc was decrease in mean value
a3 compared to control. The mean values of pods per plant were more or less

the same as that of 4 and 8 kR, whercas at 12, 16 and 20 kR, the values were

clearly less than control, Number of sceds per plant showed a definite
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tendency to decrease with an incrcase in dose.  Induced variation in the
population increased with the dose.

Sinha and Godward (1972b) found various cytological abnormalities
in the M1 and M2 generations folloing mutation of both micro and macrosperma
lentile The frequency of abnormalities was lower in My than in M1 but
pollen and seed sterility were higher in the M, than in the Hqe

Moursi et 2le{1974)in lentil studied the effect of gamma rays in
inducing mutations and reported that pre-sowing irradiation of air dried

sceds of lentil gave rise to renge of mutations in the M, generation, some

2
of which may be of value for improving yields Shaikh (1975) reported that
some of the lentil mutants showed good promisc with regard to yield in
Bangladesh,

Significant mean differences in M3 and Mh generations of lentil
were reported by Uhlik and Yrban (1976) for varicus morphological traits like
plant height, whole plant weight, height of the lowest pod, number of pods
and 100=-seecd weight,

Sharma and Sharma (1978) obtaincd true brecding mutonts with pods

large or larger than those of parents in the M, generation following

2
exposure of L 2325 scods to 6kR sawna rayse In 10kR treatment the sizc of
pods decreased, Significant correlation was found between pod surface erea
and 1000~sced weight, indicating that pod size may be used as selection

criterion for sced weight, A1l the mutations were found to be recessive

and nonogenically controlled,

Tirdea (1978) studied the effect of gamma-rays upon lentil seceds

derived from three small and three 1érge sceded varicties subject to eight
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different doses of radiation and found that the effect of irradiation was
small in the small seeded varieties and it tended to reduce the number of
pods per plant,

Sharma and Sharma (1979 >xplained the pattern of induced mutability
in different genotvpes of lentile The mutation frequency and mutation
spectrum were greater following treatment with NMU than gamma rays. Mutations
affecting plant height and pod characters were chiefly affected by gamma rayse

Ravi et 33,41979) in lentil reported that five high yielding
progenies selected in the Mq, two progenies in M5' four in M6 derived from
irradiated material at 10, 20, 3 kR and one EMS derived progeny outyiclded
the control in M#, M5 and M6 generations for the four quantitative traits
under study viz., plant height, number of primary branches, number of pods
and seeds per plant, The study also revealed that higher doses of mutagen
(20kR) employed in this study are not suitable for increasing variabilitye.
They also practised selection for these four traits and reported that delajed
selection in M3 to M5 generations were found to be more efficient than MZ

selection when plants with multiple mutant loci are to be obtained, as

deletirous mutations are generally eleminated in early generations (Rao et
ale,1960).

Hussain and 4&&11@ (1979) in field boan showed that some of the
mutants surpassed their control significantly in two successive genecrations
while other showed fluctuating results from M4 to M5 for seed yield, Shaikh
gﬁ gl.,(1979) recorded mutants of lentil with greater sced yield and protein
contents than original varieticse

Sharma and Sharmz (1981) whilc studying the cffects of mutagens in

the cheracter association in lentil reported that correlation coefficient
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differcences are cttributed to the effects of mutagens on linkage and changed
effects of mutated genes. Sharma and Sharma (1982) further studied the
mutagenic effects of gamma rays and NMU on four quantitative traits in M1 to

M, gencrations of lentil variety UL 235, The mean valuc and coefficient of

3

variation increased in M, generation for all traits cxcept 1000-grain weighte

1
In M2 mean values increased in case of gomma rays trecatment but remained
below the level of control value in the NMU treatments, Thec mean values of
all characters were comparable to the control in all the mutagen treatments
in M3 generation, Barring 1000~secd weight in 6kR gamma rays and 0,00%% NiU
and seed yield in 0,005% NMU, the variability for all the traits in all the
treatments increascd in MZ generation and genetic parameters continued to
be higher in the treated populations as compared to the controls The
induced genetic variability was probably due to mutations in the genes
having additive effecte Different characters responded differently to the

> and MB., Thus

selection seems to depend upon character and nature of inheritence of a

mutagenic treatments with regard to induced variation in M

traite

Scn (1982) reported the successful mutation in B 77 variety of
lentil ard obtained promising mut-ats with early maturity, good ideotype and
increased 1000-seed weighte One of the mutant S 256 yielding on an average
22481 g/ha was recommended for cultivation in West Bengals

Kalia (1982) conducted a study to understand the nature and
magnitude of induced variation, its relationship with diffcrent doses and
genotypes used alongwith judging the efficiency of augmented design
superimposed on randomized block design for handling large progenies in MB

generation of microsperma (HPI~5) and macrosperma (HPL-4) varietics of
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lentil by using 5, 10, 15, 20 and 25 kR doses of gamma rays with respect to
secd yield components and phenological traits. It was concluded that
sufficient genetic variability was induced for most of the polygenic traits
in both types of lentil., High maaitude of increased induced variation within
progeny with high heritability and genetic advance suggested that in mutation

breading programme, selection in M, gencration would be more effective both

3
between and within lines, Augmented design superimposed on completely
randomized block design was found to be more efficient for evaluating large

number of mutation progenies in M, and later gencrations., The variety

3
macrosperma was found to be more radiosensitive them microspermae Shift in
population mean and induced genetic variance was dependent upon specific

genotype~trait combination. High yielding and early maturing nutants in both

types were isolated,
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MATERTALS AND METHODS

The present investigation on the genetic analysis was carried out

in two varieties of lentil (lens culinaris Medik) at the experimental farm

of department of Plant Breedihg, Himachal Pradesh srishi Vishva Vidyalaya
Palampur, situated at 1280m above 7ean sea level and at 32°6| North latitude
and 7603' East longitude, This part of the state is a sub=-temperate mid-hill
zone having high monsoon rainfalls,
341 Materials

The varieties used in the present study were HPL-5, a microsperiia
type adapted to a wide range of environments and HPI<4, a macrosperma type
specifically adapted to sub-tempera%e mid-hill zone of Himachal Pradesh,
Microsperma type mainly adapted to the Indiam sub-continent and parts of the
Near-East, has smaller seeds with orenge or yellow cotyledons, It is more
polymorphous as a group but the plent is generally shorter, more pigmented and

has smaller pods, lecaves and leaflets than macrosperma. Macrosperma type

is adapted to Mediterranean region and the new world, has large seeds normally
yellow cotyledons with no or little pigmentation in the flowers or
vegetative structure,

The experimental materigl consisted of MZ' M3 and MM generations of
these two varieties, Two hundred “»y seeds of each variety were got
irradiated with different radiation dosecs viz. 5, 10415 and 20kR from Co6O

source at IARI, New Delhi, These wcre raised during 1980-81 as M, generation

1
and from this generation, only normal looking plants, free from sterility
and physio-morphological abnormalitics were sclected and bulked to provide
the seed for MZ population in cach dose and in cach varietyes The lines in

M, and Mq gencrations were sclected from the carlier generated material under

same dose of radiation of the above mentioned varieties (Kalia, 1982). The
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criteria of selecting these lines were again on the basis of normal looking
plants in the whole line and without any sign of sterility and abnormality,
In M d M
n 3 an i

individual plants in M

generation, seed of each line was a random bulk tracing back to
; generation raised during Rabi, 1978, At no stage
selection was practised within lines, which constituted the M3 and M,

generation of present study.

%e2e Layout of the experiments

Independent experiments werce raised for each dose and variety during

59 M3 and M4 generations under each dose

of the two varieties were simultaneously raised alongwith parents (control),

1981-824 For each experiment the M

in randomised block design with two replications. Each plot within a
replication consisted of a single row of 2 meter length with row to row
spacing of %0cm and within row, plant to plant spacing of 7-8 cme Thus, cach
plot consisted of 25 plggts. The recommended dose of fertilizer at the rate

of 20 kg N and 40 kg P.O. per hectare was applied at the time of sowinge

0
25
In 211, there were eight experiments raised,s The number of lines raised

generation wise and dose wise for each variety are given below:

Nurzh2r of lines

Dose microsperma (HPL-5) macrosperma (HPL-4)
M, M, M), M, M, M),

5 kR 17 ~ 89 61 7 17 23

10kR 13 Ly 27 9 18 26

15kR 18 28 49 17 6 22

20kR 6 7 20 5 5 7
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3¢3e Data recording
For recording of the data, ten random plants in each row and
replications were tagged for taking the obscrvations on the following traits:

1e Grain vicld(g)/plant: It was recorded in grams as weight of seeds per

plant on Sartorius 2355 top pan balance.

2. Biological vield{g)/plant: It was rccorded as weight of the whole plant

excluding roots after harvesting and sun drying on Sartorius 2355 top pan
balance,

3« Harvest index(%)t Harvest index for each plant was calculated as the ratio

of grain yield to biological yield and expressed as percentagee

le Number of pods/plant: The number of pods were counted for each plant,

5. 100-seced weight(g): Weight of 100 seeds was recorded for each plant.

6o Number of Primary branches/plant: Primary branches in each plant were

recordcd,

7« Plant height(cm): Each plant was measured from ground level to the tip

of the uppermost branch at maturity.

86 Days to maturity: Days taken were recorded for each plant from the date

of sowing to physiological maturity.

3.k, Statistical analysis

Data recorded on individual plants for all the traits, all the
generations over differcnt radiation doses was analysed to have the generation
meons (first degree statistics) and variances (second degree statistics) as
per the analysis requirements of Yonezawa (1979) to know the nature and
magnitude of induced variation for polygenic traits, Thc variance within
10 plants of each row was also worked out to have the comprehensive genetic
background and basis for deciding thc effective stage of selection in lentil

under the mutation breeding programme for maximum genetic gains.



3elte1e Analysis of variance

Dosc wise analysis based on individual plant analysis of each row
and each generation based on 10 plants was carricd out for both microsperma
(HPL-5) and macrosperma (FPL-4) varicties of lentil for various polygenic
traits to get the mear performance and respective standard error of each
line in different generations. In M3 and ML+ generations, within linc mean
and variance analysis was also carried out for the individual lines,

The varience analysis of Mz, M, and M4 in each dose was carried

3
out as suggested by Yonezawa (1979) as per the ANOVA table given below:

) ANOVA
Item d.f. M.S. EQM-SQ
Blocks T | MS e Wa+Db 2BxL + ab 2 BI
' BI [} s av g~
R _ 2 2 2
Lines ] MSL & W+ bsBxl + br g~ L
Block x lines (a~=1)(r-1) MS 2 W+ b2 BxL
BxL s s
Within line  ar(b-1) MS 2w+ 2o
W -3 s
Error MSP %; e

(parental variance)

Where
r = Number of replications
a = Number of lines of each guneration under different dosese.
b = Number of plants recorded in cach linc,.

Varignce of different lines was tested against parental variance
variance within lines and variance due to line x block interaction, so as to
obtain the realistic estimates of genetic variation induced after

cleminating all other factors,
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For comparing the two means belonging to differcnt generations

paired 't' test was used as per Pansc and Sukhatme (1978).

Sstimates of coefficients of variation and horitability (broad sense)

3. 4.2.

Phenotypic coefficients «f variation (C4¥,) due to lines was worked

out by eleminating line x block interaction as:

f WS, - _
— g * M5/ % x 100

Yhere
X = mean of the respective population.

Phenotypic coefficient of variation within linus was estimated as

Heritability estimates (broad sensc) were also worked out by general formula

-
H= 6g/ 6;x1oo

Yhere = genotypic variance

*Uo\,P R\pe

= phenotypic variance

The estimates were calculated due to lincs by eleminating line x

block interaction as:

2 o
G’Q - MSL - MSBxL - Mbw//;b

2
e
6;"6~g+M53w
2 2
thus H = 6g/ 6“Px1oo

Heritability due to lines was also calculated by ignoring lines x block

interaction as

2

(g: MS, - MS,/r
2 2

6 P = g + US,
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2

and H = 9
G’,G-xmo

P

Heritability within lines was also worked out as:

- MS O-MS
b

w
- ,ggq-Parsntal variance
g

'“do\}s qu\b

thus H

a 2
) x 100
5/ 5

34443 Genetic component analysis for induced variation

By considering the variation that arises within the progenies of

individual M1 plants and treating different M1 plants more or less as F

replicates between hypothetical parents, one can analyse the contribution to

1

the variation of thosc loci which have become heterozygous following mutagenic
treatment of a pure breeding line. The properties of the selfed progeniecs of
the individuad M1 plants can then be specificd by using usual selfing scries
formulac of Mather and Jinks (1971) since M2 = F2, M3 = F3 and S0 oOne
Genetical expectations of the means (VMn) for the 'n'th gencration produced by
selfing following mutagenic treatment of a pure breeding line (n=0) as per
Mether ond Jinks (1971) and further suggested by Yonezawa (1979), are as:
o= oms @ +(7) "),

where  (d).= = k(u. - v, )d.

i 35 i i’

(h),= K 2uving
i=1 *

in a u, v system, wherc frequencies of three genotypes viz., AA, Aa and aa
in respect of a single gene difference are u2, 2 uv and v2 and 'n' is

parental meane
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3elte3e1 Scaling test for adeguacy of additive - dominance model

Using the Mather and Jinks (1971) approach of scaling test the
following equation was used to test the adequacy of additive - dominance
model for the induced polygenic nriation under each dose in ecach variety,

The equation will hold ture only in the absence of non-allelic interaction.

2M4+I"12-3M3::0

The standard error of the above equation for testing its deviation from zero

was worked out as:

ATy vw I
{//,4 M4 +V M2 + 9V H3

Significant deviation of above equation from zero led to the

conclusion for the inadequacy of additive-dominance model and thus probable
presence of non-allelic interaction for the induced variations

Virk and Gupta (1980) did also suggested earlier such type of
scaling test but due to some mistekes in the equation, it was required to

be modified as above after presonal discussion withDreD,S. Virk,

3.4e3.2 Estimation of genetic components

The genetic components were estimated by using first degree and
second degree statistics as per the following procedure given by Yoneza
(1979) and their respective standard errors were worked out by imperical
waye By using first degrce statistics, the additive (dm) and dominance (hm)

cffects were worked out as:

~
e}
ot
|

—1/2(MO+M2-2M})

~~
=3
A d
]
v
”~~
=1
1
=1
o
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Wherc .
HO, N, and H,

generations, For testing their significance, the standard errcr's were

are the mean values of parents (control), M, and M,

worked out asj

SuEe of () _t/ Vi W Hge VI, 4 4V E)

and . .
, == /i M ¥
S.Ee of (h)_ ,/(vmaqtv»ﬂ})

Average degrec of dominance was calculated as ratio of (h)m/(d)m‘
By using second degrec statistics, the additive (Dm), dominance (Hm) end

Fm variances were worked out as,

A A A A
Di=ow /L VM, +1/2VM, + 9/2VM

2 3 >
A A A A
Ha = /2 V M2 -V M3 + 3V m3
and A A N A
Fm= - g M
5/8 VI~12+V1"13~1-9/4VM3
wherey A
\'J M2 = Variance due to M2 lines
A
V M, = Variance between lines in M
A D 3
VM

= Variance within lines in M3°

3
Average degrec of domihance was calculated as ratio ofq/WE;&ﬁr;

The ratio of coefficients 'r1' which corresponds to the degrec of
gene association of Mather and Jinks (1971) and ‘r2' which measurcs the

isodirection ality of dominance, was worked ocut as per Yonezawa (1979) as:

Yo, = (28 /(am
1 /Hn /o
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The coefficient 'rB' which shows the degree of association of domincnt

genes, was worked out as,
i

ry = /Du. fn ‘

3eltelt Estimates of normal probability integrels

Estimates of normal probnbility integrals valucs for isolating
potential nut-nts falling outside the parental range were computed by

following Jinks and Pooni (1976) as,

P-mn

X = am
e ——
Whaere, P = parental mean value
m = expected mecan of a mutation generation
and
dm = additive genic effect

Normal Probability integrals corresponding to 'x' value were obtained as
per Fisher and Yates (1938), The probability estimates for isolating
potential mutants were also worked out by taking environmental effects also
in addition to additive onc as:

p-m
xl.. -

dn +¢

The normal probability integrel values corresponding to x' were obtained as

above.



4. RESULTS



EXPERIMENTAL RESULTS

Results obtained from the present investigation on the Genetic

analysis of induced polygenic variation in M_y M

2" '3
microsperma (HPL-5) and macrosperma (HPL-4) varieties of lentil under different

and M4 generations of both

radiation doses vjze 5, 10, 15 and 20 kR for different polygenic traits are

presented below:

he1e Analysis of variance

The results obtained from the analysis of variance for the induced
variation for various polygenic traits namely seed yield, bioclogical yield,
harvest index, number of pods, 100-sced weight, number of primary branches,

plant height and days to maturity in M., M

2" 3

radiation doses vize, 5, 10,15 and 20kR for both microsperma and macrosperma

and M4 generations under different

varieties of lentil are incorporated in Tablest to 4, Dose wise and within

dose variety wise results obtained are presented in the following pages.

41,1, Analysis of variance under SkR

The results obtained from the analysis of variance under S5kR (Table 1)
are presented below varicty wisa:

Analysis of variance under SkR for microsperma (HPI~5) lentil: Analysis of

variance in microsperma (HP1L-5) urier SkR showed that variance due to within

lines was significant in M2’ M, and M4 generations for seed yield and number

3

of pods, whereas, it was significant in M_ and M

2 3

5 for plant height and in M4 for 100-seed weight when it was tested

against parental variance, For seed yield the variances due to lines and

for days to maturity and

only in M

line x block interaction were significant both against parental as well as
within lines variance. Biological yicld exhibited significant variance due to

line x block interaction in M2 and due to lines in M4 when tested against
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Table 1e. Analysis of variance for induced genetic variation for various polygenic

traits in M,, M, and M, generations of microsperma (HPE-5) and
macrosperma (HP%-#) varities of lentil under 5kR

Traits/ gg_?.s. due to M3 mese.due to qus.due to Error mes

variety L LB WL L LB WL L LB WL Parental
; variance

ééizg dofe16 16 306 88 88 1602 60 60 1098 18

sY 1.5%@ 3.,1%@ 0.5% 23.9*@ 25,1*@ 0.7* 2.6%@ 1.8%@ 0.3* 0.1

BY 16,9 42,3+ 3.6 14,1 1.5 4,9 25,8% 9.9 4,8 8.8

HI 2809 117.8 50,5 139.5 135.5 37.3 157.3 97.9 49,9 154.5

NP 623.1*@367.200121,6* 701.6*@@451.9*@133.9* 726.4*@al52.8*@ 99.7*  10.6

SDW 0.60* 0.2 041 0.7* 0.2 0.1 0.6*@ 0.2 0,8 o;z

NPB 1548%  8.6% 1.7 19.0*  1M.1* 2.5 17.8¢ 11.8¢ 2.1 2.8

PH 17.3*@223.2%@ 742* 23.3* 13.2* k.9 31.6%  20.4* 48 5.9

DM 24, 7*@ 18,8* 12,2* 158.4%@@ W.4r@ 10,4 107.4% . 39.8¢  7,1* 7.3

HPL-4 d.f, 6 & 126 16 16 306 38 38 702 18

st 2.3* 3.7 0.3  2.0% 1.5%@ 0.8 0.5 0.4 0.3 0.6

BY 1% 9,8 5,2¢  25,00@ 9.2 7.4 16.5% 6.3 3.8 L9

HI 109.3 51.2 55.5 122.8 81.3 53.7 1.7 129.8  43.8  91.7

NP 120.7*@ 73,8 52,8% 107.9* 167.9‘@ 69, 4*11522. 8*@25368.91*@ L907.5* 31.7

SDW 0.2* 0.2* 0,3* 0.,9*@2 0.%3* 0.5* 1.4*@ 0.8*@ 0,5* 0.1

NPB 3.5 Du2v 7.3* 8.1 3.3* 12.3* 30.5%@R 17.71%@ 16.3* 140

PH D3.5%@ 35.5* 17.5%  22.6%  10,0* 19.6% 71.5*@@ 31.l%@ 15.7* 5.8

DM T7.6% 1346 13,1 6h.2* 3Mh 16,5 52.6% 32,81 12,3 16.6

SY- Seed yield(g), BY-Biological Yield(g),HI~-harvest index(%) NP-Number of pods,
SDW-100-sced weight(g),NPB- Number of primary branches,BH- Plant height(cm),and
DM-Days to maturity.

L- linesy LB - Lines x blocks and WL- within lines.

* Significant at 5% level, when tested against within linc parental m.s.

*@Significant at 5% levcl when tested also against significant within line m .s of
respective generation

*@@Significant at 5% level, when tested also against significant mes. due to blocks
x linecs interaction,
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parental variances Variance due to lines and line x block interaction were
significant against both parental and within lines variances in MZ’ M3 and
M4 generations, whereas variance due to lines was also significant against
significant line x block interact’'m in M3 and M, gcrerations for number of
podse. Hundred seed weicht exhibited significant variance due to lines when
tested against parental variance in all the generations, however, in M4 it
was also significant against within line variance, Variance duc to lines and
line x block interaction was significant against within lines variance in a1l
the generations for number of primary branches,plant height and days to
maturity, However,plant height exhibited significant variance due to lines
end line x block interaction when tested agoinst within lines variance, but
variance due to lines in M2 was also significant against significant 1inc x
block interaction, Variance due to lines for days to maturity was also
significant when tested against variance within lines in M2 and also against
significant line x block interaction in M3.
Malysis of variance under SkR for macrospcrma(lPL-4) lentil: Analysis of

N

variance for macrosperma (HPL-4) revealed that within lines variancc was
significant for number of pods, 100-sced weight, number of primary branches
and plant height in a1l th: thres gencrationse Within lines variance was

significant for biological yicld in M2 and M_ nnd for seed yield in M. cnlye.

3 3
Variances duc to lincs and line x block interaction werc significant for seed
yield in all the gencrations when teésted against parental variance but in
it was also significant within line variance, Biological yield exhibited
significant varisnce due to lines in all the generations when tested against

parental variance, however, in MB' variance due to lines was also significant

against within lines variance, Number of pods exhibited significant variance
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duec to lincs ond line x block interactieon in M3 and Ml+ against parental
variance but in M2 variance due to lines was significant when tested against
both parental variance and line x block interaction varionces Variance due to
line x block interaction in M3 and Ml+ was significant for number of podse
Variance due to lines in M4 was significant against variances due to parent,
within lines and line x block interactions, Variances due to lines and
line x block interaction werc significant in MZ' M3 and Mh’ when tested
against parental variance for 100-seed weight, morecover, variancc due to lines
in M3 was also significant against variance due to within lines ond line x
block interactions and it was significant against within lines variance in
M4f Variances due to lines and line x block interaction were significant
against parental variance for number of primary branches in MZ’ M3 and Mh but
in Hk variance due to lines was also significant when tested against
significant variance duc to within lines and line x block intcractione For
plant height, in M2 variance due to lines was sipgnificant against variances
due to parent and within line and variance due to line x block interaction
was significant against parental variance, in M3 the variances duc to lines and
line x block interaction were significant against parental variance; and in

M4 variance duc to lines was signiiicant against variamce due to parent ,

within lincs and line x block interaction.

4.1e2, Analysis of variance under 10 kR

The results obtained from the analysis of variance under 10 kR
(Table 2) are presented below varicty wise:

Malysis of variance under 10kR for microsperma (HPL-5) lentil: Analysis of

voriance (Table 2) revealed that variance due to within lines was significant

for seed yield, biological yield, number of pods and plant height in all the



Lo
Tablc 2, Analysis of variance for induced genetic variation for various polygenic
traits in M,,M, and My gencrations of gigrosgegmggHPL-B) and g§g£g§pqug(HPL-4)
varictics o% 1entil at 10kk

; - FRI
- - P By el

MeSe duc to . frror
Trait/ “_ME 35 - ‘ M“ ‘ MNeSe
vericty L 1B WL L LB WL L LB Wl Par?ntal

e . e e e e N ATEINCE

1.5 dofe12 12 23k 43 b3 792 26 26 L8 18
SY 1.9%@ 1.2%@ 0.6* L,7*@ 3.8%@ 1.4* 1.6%  1.1%C 0.3* 0e1
BY 13,350 16,3%0  5.6* (9.5%@21h*C  13.1%  9.8%@  7.6%@  3.0% 2.2
HI 104e2 183.3* 33,2 98,3 92.0* 40.4  94,5* 100.6%  31.9 57e2
NP 876. 90947, 5*@ hh3,0% 978, 7%C056L.6*0LL0, 3% 526,3%@ 600.5%@ 245.3% 13443
SDW 0.,5%@ 0% 8,6% 0,5* 0.1 0u1  0.3*  0.3* 0Ot 01
NPB 18.8* 14,7 Le3  30.1* 11.1 5¢6  10e5% Ak 9% 247 8.2
PH 6660109, @ 8a1% 63,8%@ 3he3  10,3* 30.6%@ 22.2%Q  Te1* 37
DM 92.4%  37,3%* 5.8 93.2% 09.4* he1 G5.5%  78.5* L0 8.7
HPL-4 def.8 8 162 17 17 324 25 25 468 18
SY L,8*a 2,4*> 0.7* 1.4*@ 0.1 0,5% 2.0%00 0.7*Q@  0.5* 02
BY 38,3%a210.6*% 7.7 20,6+ 3.8 Bo2* 29.6%@ 641 5,0% 3e3
NI 1303.6%01070,3%@ 1144 8% 191,2% 43,2  135.9* 272.5*@ 121.3  121.2* 8045
HI 176.5%0 102.3* 56.3*% 111.3*Q Oho6*  66,9% 99,770 1580y h6,5* 37.2
SDW 1100 0,3%  0.,3%  0,6%  0.7*  0.5* 1.2*@  11%C  0.3* 0e1
NPB 15.8%@  9,5*@ Bhx L g 3 3+ £.8%  10.7% 8.7 DuI* 0.5
PH £1e5%7 61,142 16,2%  27.3*@ 13.3%  16,0% L3 broe 17.1*2 11.1% heb
DM 31.9*® 11,6 10,0* 14,2 15.0 9.2% 15.8*  11.5 7okt 765

SY- Sced yield(g), BY-Biological Yicld(g), HI-harvest index(%) NP=Number of pods,

3DW-100-sced weight(g), NPB-Number of primary branches, PH-Plant height(em), and

DM-Days to maturity, :

L - Lines, LB -~ Lines x blocks and WLewithin lines,

* Significant at 5% levely when tested against within line parental m.s.

#Significant at 5% level when tested alsc ageinst significant within line mese of
respective gencration

*o~Significent at % level, when tested also against significaent me.s. duc to blocks X
lincs interaction,
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generations, whereas, for 100-seed weight it was so only in MZ' Variance due
to lines was significant against parcntal and within lines variances in Hz,M3
and Ml+ for seed yield, biological yield, number of pods and plant height,
whereas, it was so only in MZ for "00-seed weight, Biological yield and
number of pods in M3 also exhibited significant variance duc to line x block
interaction. Yariance due to lines was significant against parental variance
fof harvest index in Mq, 100=-seed weight in M3 and M4 and for number of primary
branches and days to maturity for all the generations, Variance due to line x
Block interaction was significant both against parental and within lines
variances in all the generations for seed yield, biological yield and number

of pods,however, it was so only in M. and M4 for plant height, Variances

2
due to line x block interaction was significant against parental variance
in MZ' M3 and M4 generations for harvest index and days to maturity, in

M2 and Mh for 100-seed weight and only in Mh for number of primary branches,

Analysis of variance under 10kR for macrosperma (HPI-4) lentil: Analysis of

variance in Ma, M, and M,+ generations for macrosperma under 10kR reveeled

3

significant within lines variance for all the traits in all the genecration
except for days to maturity where it was significent only in M2 and M3
generations, Seed yield exhibited significant variance duc to line and lines
X block interaction when tested against‘parental and within lines variances
for all the genecrations except in M3 where line x block interaction variance
was found to be non-significant, Variance due to lines was significant
against parental and w:j.thin lines variance for biological yicld, harvest index
and plant height in M,, M, and M, for number of pods, 100-seed weight and

number of primary branches in M2 and Mbr and for days to matvrity in i, only.

2
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Biological yield and 100-secd weight in M, and seed yield and plant height in

2
Mq also exhibited significant variance due to lines when tested against their
respective significant variance due to line x block interaction, Number of
pods, 100-seed weight and number ¢ primary branches exhibited significant
variance due to line when tested against parental variance in MB’ Line x
block interaction variance was found to be significant when tested against
both parental and within lines variances in M2 and Mbr for seed yield, number
of primary branches and plant height; in M4 for harvest index and 100=secd
weight and in M2 for number of pods, Harvest index and 100-seed weight in

M. and M3’ biological yield in M_, number of primary branches and plant height

2 2

in M, exhibited significant variancc due to line x block interaction when

3

tested against parental variance,

Lhe1e3a Analysis of variance under 15kR

The results obtained from the analysis of variance under 15kR (Table
3) are presented below variety wise:

Analysis of variance under 15 kR for microsperma (HPL-5) lentil: Analysis of

variance revealed that variance within lines was significant for all polygenic

traits studied, except for 100 seed weight in M_ and seed yield and plant

2
height in Mho Harvest index, number of pods and number of primary branches
exhibited significant variance due to lines and line x block interaction
against both parental and within lines variances in all the generations under
studye Seed yield and plant height also showed significant variancc duc to
lincs and linc x block intcraction against both parcntal and within lines
variancece Biological yivld, 100 scecd weight and days to maturity also

exhibited significant variance duc te linces and line x block intceraction
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Table 3. Analysis of variance for induced genetic variation for various polygenic
traits in M5,M, and M gencrations of microsperma(HPL-5) and macrosperma(HPL-4)
varictics o% 1entil undcr 15 kR

, _ m.s, due to - Error
Trait/ o ¥ . S
varicty L LB WL L LB WL L LB WL  Parental
—_ variance
HPL-5 deofe 17 170 324 27 27 504 L8 L8 882 18
SY 1.6%2  1,1%@  0,5*  1.5%@2 0.7*@ O.4% 0,7* 0.7* Ce3 0¢3
BY 8.5% 111 5.2%0 18,6%00 9.6*@  5,1* 8.l 17.la  3.8% 3.3
HI 109e @ 110,0*@ U2, lb*  99.6%*@ 106.,6%2 62.,4* 70,7*@ 81.7*@ L41,1% 30,0
NP 671.0%Q 704,9%@ 240,9*1556,3*02698, 6% 360,7% 937.6%01056.5%0268,6% 22841
SDW 0.6% 0e5* 0a1 0. 2400 0.5?@ 0.2%  0.3*¢ 0.3*@ 0.2* 0e1
NFB 7.1 S5.8%e 2. 1ha1*a 0 30 2.7* 368.8%@ 354.5%@ 8.4s 140
PH 32.1%@ Lh.2*e  6.3%  30.5%00 12.2%7  6.5*%  9.6*  ihb* 5.2 5¢5
DM 17:1*@ (42 7:9*  70.1*C  11.b 9e5% 66846*0 623,0%256046* 75
HPL-4 defe 16 16 306 5 5 108 21 21 3% 18
SY 1.6%C 1,10 0,2* 1.0%2  0.9%0  0,8%  3,7*00 0.9*Q O.4* 0.2
BY 8.8  0,0%  L,3  36.3*Q 3.1 Loor 65.8%00 8,6%2 5,8* 4,5
HI 356 1¥0128.2%0  U6,3% 69,5  156.5% h6.6% 134,6%0 124,4%0 50.8* 34,3
NP h02.1 2188  67.5 33k3 AL 116.2 678.9% 173.9 102.3  256.3
SDW 2.7* 1e5% 0e3 0.9%@  1.2%C O % 1,3* 2:3* 0.3 0.3
NPB 1M.6*20 L4.8*x  2.,2% 12.3*@ 3.8 hoS5* 9.0 S.1%C 2.9* 2.2
PH 6La6*C  33.8%Q 10.6* 36.8*Q 49,11  16.0* 37.1*0 L49,7%@ 11.1* 4,6
DM 59.2*Q 30,0*@ 8,9* 32.6*@ 6.3 14,5% 38.,0%Q 29.0*C 13.8* 5.2

Note: Symbols carry same meaning as explained in foot note of Table 1.
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against both parental and within linc variances in M3 and Mq except for days
to maturity, where varionce duc to linc x block interaction was non-significant
in M3 and for biological yield where variance due to lines was significant

against parental variance in M “undred seed weight in Mz, seed yleld and

2‘
plant height in M4 exhibited sigﬁificant vari-nce due to lines and line x

block intcractions when tested against variance due to parsnt, Besides above,

the Table 3 further showed that variance due to lines in M, for secd yield,

3
biological yield, number of pods and plant height was also significant
agrinst their respective significent variance due to line X block interactiom,

Malysis of variance under 15kR for macrosverma (HPL-4) lentil: Analysis of

variance revcaled significant within lines variance in Mz, M3 and Mq
generations for seed yield, harvest index, number of primary branches, plant

height and days to maturity, in M, and Mq for biological yield and in M3 for

3

100 seed weight, Seed yield showed significant variances due to lines and

line x block interaction in M and M,+ when tested ogainst both parental

2! M3

and within lines veoriances except in ML+ where variance due to lines was also
significant against its significant line x block intcraction, Variances duc
to lines and linc x block interaction for biological yicld were significant

against parental variance for M_ -ad M#‘ whereas, in M, variance due to lines

2 3

was significant against both parental and within lincs variancc, Variances
due to lines in M4 for biological yield was also significant when tested
against its significant line x block interaction, Harvest index had
significant variance due to lines and line x block intcraction when tested

agoinst their parcental and within lines variances in M. and M4. Variance

2

due to lines in M2 for harvest index was also significant when tested

against significant line x block interaction, Number of pods did not
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exhibit significant variance in a1l the generaticns .except in IVII+ where
variance due to lines was significant against parental variance, Hundred secd
weight exhibited significant variances due to lines and linc x block

interaction in M_, M, and M4 when tcsted against parental voriance and in

2' '3

M3 the variances were also significant when tested against respective within
lines variances, Number of primary branches, plant height and days to maturity
had significant voriance duc to lines and linc x block interactions in Mz,

M3 and M4 when tested against respective parental and within lines variances

except varinance due to line x block interaction which was non-significant

for number of primary branches and days to maturity in M3’

heleks Analysis of variance under 20kR

The results obtained from the analysis of variance under 20kR
(Table 4) are presented below variety wises

Analysis of variance under 20 kR for microsperma (HPL-5) lentil: Analysis of

variance rcvealed that variance within lines was significaont when tested

against parental variance for A1l traits in M_, M, and IVII1L except for days to

2’ '3

maturity ~nd sced yield in M, and l\'I,+ md number of pods in Mq. Sced yicld

2

had a significant line x block interaction variance in M2 when tested against

parental variance and in M, agair % both parental and within lines varimnces.

3
Variances duc to lines and line x block interaction was significant for
bioclogical yicld in MZ and M3 when tested against parental and within lines
variances and in ML+ these were significant only whcn tested against parental
variance, Harvest index also cxhibited significant variance duc to lines
and line x block interactions against both parcntal and within lines

variances in M2 and M4. Number of pods showed significant variances duc to

lincs and line x block interaction against both parental and within lines
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Table U, Analysis of variance for induced genetic variation for various polygenic
traits in M,,M; and Mh generations of microsperma (HPL-5) and macrosperma

JHPI~4) varieties of lentil under 20kR

et/ . M, S, due to , Lrror
rai y M M MeSe
variety =y LB2 L L €%§‘ WL L qLB WL Farental
- varliance
HPL-5 Jduf.5 5 108 6 6 126 19 19 360 18
SY 045 1. h# 0.2 0.5 1o 1% 0.3* 041 0.2 041 0.3
BY 19,0% b lx0 2,8+ 13.,8%0  27.4*  6.6% L 9* 5,3 2.3*  0.01
HI 274 8*2 162.3* Uk, 0% 4y, 2 45,3 41,7% 132.6%2155.5%0 h248* 23.9
NP 720.9*Q 360.%4 202,0%  2878.5%1 223,5 179.2% 609,7*533.2* 133.3 171.2
SDY 0e2*C  0,1*G  0.1% 0.1 0.1 0.1 0.2%2 0.,1%C  041% 041
NPB 3.6 0.9 20 1% 13.2% 0,9 2.3 8.8%010.5*2 2.3* 1.7
PH 35e9*  15.9*C Boh* h7.6% 5.5* 7.6%  19.8*0 7.2*@  &6* 0,1
DM 56.,9% 27,6 13.2 30.5  U46,7* 12,8 43.8% 19.1*  10.2 15.5
HPL- 4d.fe 4 4 20, 4 4 90 6 6 126 18
SY 0e1 0.5 0.3*% 1.3%) 0.3 0.5* 0.3 0.2 0.1 0.3
BY 11e5% 0.5 6.9* 320 11.3*  8.9%  23.1* 1.9 3.0% 2.7
HI 51.0% 22,2 32.8% 18,5 18.2 39.2% 41,8 73.3*  L45,0% 16,6

NP 106.3  197.3 k5.6 191.7  247.2 82.6  177.0 133.2  45.4 118.9

SD 1e9%  1.8%0 043% 6.3*0  142%0 0.3* 7.0*C  Ho1k 0.3*  0u7
NPB 1okt De3 3e2 3.9 1.6 Ze1 9.5 b5 3¢5  7e5
PH 26.2% 35 L 17,5+ 13.9%  112.6*0 10.6% 77,430 29,5%C 12,9% 4,7
Dt 37.4% 23.8*  8.1% B3.9%C 76,9*  7.5% 33.2%  15.6%  12.9* W7

Note: Symbols carry same meaning as explained in foot note of Table 1.
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variances in M2 and Mh‘ Number of pods showed significant variances due to

lines and line x block interaction against both parental and within lines

variances in M2 and M_,however, these variances in Mq were significent

3’

against parental variance only, Hundred seed weight had significant veriances
due to lines and line x block interaction in M2 and M# when tested agoinst
both parental and within lines variances. Number of primary branches exhibited

such a trend for variance due to lines in H_ and for variances due to lines

3

and lines x block interaction in MM' Plant height showed significant variance

due te lincs and line X block interaction in Mz,M3 and M4 when toested against

both parental and within lines variances respectively except in Mz’ where
line x block interacticn was significant only against parental variancee. Days

to maturity exhibited significant variance due to lines in M2

X block interaction variance in M, and M4 against parantal varianccee

3

and M# and line

Analysis of varisnce under 20kR for macrosperma(HPL-4) lentil: Within lines

variance was significant for all the generations studied for biolegical yield,
harvest index, 100-sced weight, plant height and days to maturity,however, for

sced yield it was significant in M_ only, For seed yicld, variance due to

2

lines was significent only in M, when tested against both parcntal as well

3

as within lines variances. Binlc ical yiecld exhibited significant variance

duc to lines when tested agminst parental variance in M, and M, In My, it

2 3

was significant when tested against within lines variancc. Line x block

interaction variance was significant against parental variance only in M

3‘
- Harvest index exhibited significant variance due to lines in M2 and
significant line x block interaction in M4 when tested against parental

varionce, Hundred seed weight and days to maturity exhibitcd significant

variances due to lines and line x block interaction in all the generations
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when tested against both parental and within lines variances except for days
to maturity in M4 where variance duc to line x block interaction‘was
significant agrinst parental variancce onlye Plont heirht exhibited significant
variances duc to lines and line x block interaction when tested against both
parental and within lines variances in Mh and against parental variance in M2

and MB’ however line x block interaction variance in M, was also significant

3

agoinst significent within lines variancese.

he2, Estimates of coefficient of variation (C.V,)

The Co.V, at phenotypic lovel between lines (eleminating line x block
interaction) and within lines was estimated to know the extent of induction

of polygenic veriation in M, M, and M4 gencration under voarious radiation

2' '3

doses vize., Dy 10, 15 and 20 kR in comparison to parcntal ce.v. with respect
to microsperma and macrosperma varitics of lentile The results obtained on
CeVe due to lines (eleminating line x block interaction), within lines and
parcnts are given in Tables 5 to 8, The dose wise and within dose, varicty
wise results obtained are given below:

LPe1l Estimates of C,V, under 5 kR

The results obtained on the estimates of C.Ve due to lines, within
lines and varents (HPL-5 and HPL.') as given in Tablc 5 arc presented below

variety wise:

- . Estimates of C.V, under 5 kR for micrcspermn (HPL=5) lcntil

Estimates of C,Ve due to lines (cleminating linc X llock intcraction)

Py M3

and M4 was more as compared to perental variation indicating thereby the

and within lines, revealed thot, in general, the variation prescent in M

induction of varintion following radiations. The Ca.V. duc te lines was high

for sced yicld and biological yicld in M M, ond MQ wns moderate for

2" 3
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Table 5, Estimates of phenotypic coefficients of variation(%) for various polygenic
traits in parents,M_,M, and M generations in mlcrosEerma(HPL-B) and nacrosperma
(IPL-4) varieties o% éntll under S5kR

Tpnait/ I ?4,2 : o & M‘{- Parents
variety . BI*  WL**  BL _ WL BL WL WL
HPL-5 ' i '

¢ed yield(g) 46,90 52495 9789 65415 59.26 6742 23.11

Biological yield(g) 50.46 31407 52457 3347k 58,46 33499 32445

.Harvest index (%) 25.84 9a7h 2k,52 931 3k k9 12.33 16,00
Number of pods 34,77 9.53 k2,92 11,46 k2,39 11.%0 11.96
100-sced weight(g) 10,00 16,66 11e21 18.10 11.98 19430 17431

No.of primary branches37,41 27,148 L6, 24 31.82 48,89 34,50 230

Plant height(cm) 12.84 7.58 11477 7425 12417 72k 11426
Pays to maturity 2.05 1,07 2.40 1.02 1.57 Ce92 1657
HPL-4

Seed yield(g) 61.66 82,40 82.93 83.68 58,84 7725 Skl

Biological yield(g) 51410 32.90 58.09 33,25 47.05 31.23 25426
Harvest index (%)  36.92 13,21 33,93 12.15 32.92 11,90 18.4C
Number of pods 43,17 15451 55409 18,83 51.87 16464 32.63
100-seed weight(g)  8.20 11423 11.46 13.23 11.95 13.42 3.26
No.of primary branches 70.53 43,43 7423 39.97 69.61 37.09 23,06
Plant height(cm) 18.98 8.8% 2..29 10.08 19,06 8.82 11453

Days to maturity 2,04 1496 2420 1.02 1.98 0.97 2.4

T

* Between lines eleminating line x block int.(BL)

**Within lines (WL).



0

horvest index, number of pods ond number of primary brenches in all the
generations, The estimntes of CeoVe within lines was onfficiently high for
sced yield in 21l the gencration gherens, it wns moderate for biological
yield ard number of primary bra  1es in all the genorations but it was, low

for harvest index, 100 seed weight, plant height and moturity days.

* Estimntes of C,V, under 5 kR for macrospermn (HPI-4) lentil

Estimates of C,V, due to lines were in gensral high =5 compared to
parental CoVe and it was also larger than within lines C,Ve except for secd
yield in ~11 the generaticns. Moderate values of CoVe duc to lines was
observed for harvest index, whercas, 100 sced weight, plont height ~nd
maturity days exhibited low C.V. Within lines CeV, was high for sced yield
only in 211 the generations, moderate for biological yield and number of

primnry branches and low for rest of the traoits.

bo.2 Estimntes of C V. under 10 kR

The rcsults obtoined on the estimates of CoV, duc tc lines, within
lines and parents (HPL-5 and HPL-4) arc given in Table 6 and presented below

variety wise,

Iitimates of CuV, under KR for microsperma (HPL~3) kentil

Estinntes of CoVe due to lines were higher than the parentald C.V,
though within lincs CoV, in some cases was marginally lower thon the parental
CeVe o CuVy duc to lines wns high for sced yield in all the generations under
studye CaVe wns moderate for biological yield oxcept in M3 where it was
high for harvest index, numbers of pods and number of-primary bronches and

it was low for 100 sced weight, plant height ~nd doys to moturitye. Vithin

lines C.Ve in MZ and M4 was high for sced yield which was large than C.V, duc
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Table 5., Estimates of phenotypic coefficients of variation(%) for various polygenic
traits in parents Mp,Mz and Mj generation in microsperma(HPL-5) and macrosperma
(HPI-4) varieties of léntil under 10kK

Trait /variety ng 33 My, Parents
BL WL BL WL BL WL WL
HPL-5

Biolofical yield(g) 38.41 29,13 5510 26.28 38,96 2713 28.25

Harvest index (%) 25458 10413 29.52 11.22 28,59 12,05 13,33
Number of pods Lk, 77 9.53 48,86 10.35 40,79  10.02  29.35
100-seed weight(g) 10,75  18.14 10494 184441 10.79  19.61 10,4k

No.of primary branches?6.55 23,47 43,09 25436 36014 25611 2471

Plant height(cm) 12.96 6.59 14,63 7427 12455 6.98 8.35
Days to maturity 1.80 0,88 1.65 0,80 1,67 0e81 0.70
HPI-4

Seed yield(g) 69.12 65,77 22,42 80.72 60.47  67.41 37,48

Biological yield(g) 42.19  23.86 61.86 3k 64 42,84 25,63  31.88

Harvest index (%) ho.12 13.92 37.04 12.74 34,01 12,66  27.25
Number of pods 52.89 13,10 51,84 15403 b7,43 13,87  21.20
100-seed weight(g) 9. 34 11.66 11425 12497 8.98 144 573

No.of primary branches 49.20 33425 61435 38,17 55.05 35,60 22494
Plant height(cm) 15.14 2.63 16,05 7e91 13,69 7,00 8.65

Days to maturity 1469 0490 157 0,88 1,42 0.84 1¢37

BL - Between lines eleminating line x block int.

WL = Within lines



52

tc lines.e Moderate estimntes of CoVe within lines were noticed for

biological yield and number of primary branches.

Estimates of Ce.V, under 10 kR for macrosperms (HPI-4) lentil

Estimates of C.Ve due to lines and their comparison with porental
C.V, showed that veriation was induced for variocus polygenic traitsshowever,
the sxtent of induction varied mnd it was quite prenounced for sced yield,
number of poeds and number of primary branches. CeVe due to lincs was high
for seed yield and number of primary brmnches for all the generations for

numnber of pods in M, =nd M3 and for biclogical yield in M., It was moderate

3
and MM and for biolegical yicvld in M9 ahd Mq.

2

for harvest index in MZ’ M3

For biological yield and number of primary branches in all the generations

C.V. was moderate.

4e2.3 Estimates of CeVe under 15 kR

The results obtained on the estimates of C.V, due to lines, within
lines and parents (HPL-5) and HPL-%) are given in Table 7 and prescnted below

variely wise:

Estimates of C,Ve under 15 kR for microsperma (HPI~5) lentil: The

estimates of CeVe.-gue.to Yines were higher than the parental C.V, except

for 100 sced weight in Mq generations Ca.Ve duc to lines was high for sced
Yield but within lines C.V, was still higher. Biological yicld, harvest index,
number of pods showed that C.V, was moderate in MZ’ M3 and Mq and for number
of primary branches it was moderate in M2 and M3 and was high in M, , Hundr-: .
sced weight, plant height and maturity days showed low C.V. The induction of
variation was quitc prominent for seed yicld, biological yicld, number of

pods and number of primary branches. Within lines C.V. was modorate for

biological yicld and number of primary brenchcs and it was low for rest of

the traits,
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Table 7, Estimates of phenotypic coefficients of variation(%) for various polygenic

traits in parents, M2,Mg and M; generations in microsperma(HPL-5) and
t

macrospermal{ HPL-4) varidties of lentil under 15 kR

Trait/variety . %3 —_— - H Perents
BL WL BL WL BL WL WL
HPL-5
Seed yield (g) 66.82 74429 51490 60.60 46,56  60.73  29.88
Biological yield(g) 41.49 27.01 43,31 27.07 36.21 25411 25.91
Harvest index(%) 35.51 13439 35.69 12453 31.80 12429 21.83
Number of pods 38.99 9,48 46,57 9,89 641 8495 23.90
100-seed weight(g) 12,69 19.17 16,29 21432 13.54  20.59 @ 14,28
Noeof primary branches 28,78 22,07 31491 22,52 79.89 2644 13.60
Plant height(cm) 11,59 6458 12,28 6.89 9.99 6448 9453
Days to maturity 1062 Oe 9k 1099 0.98 13429 2.72 1455
HPL-4
Seed yield (g) 56422 70,01 56464 72400 66,34 69,50  36.93
Biological yield(g) 40.01 27.09 55.32 32.39 53451 28401 31,00
Harvest index (%)  41.84 14,02 30.86 11.66 36.62 13,19  33.94
Number of pods Lo,77 13435 53445 1557 50675 13497 34,40
100-seed weight(g) 10.22 11457 10.69 13.05 8.75 11621 8,68
No.of primary branchesi4.88 33.33 52,96 34,83 L, 88 32468 26,43
Plant height(cm) 14413 6.99 18.13 8.77 13.98 7.2k 8436
Days to maturity 1¢ 70 0,87 1096 0.98 1496 0.97

1615

BL- Between lines eleminating block x line int.

Wl Within lines,
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Estimates of CeVe under 15 kR for macrosperma (HPL-L4) lentil: Estimates of

CoVe due to lines in comparison to parental C,V, were high for all the
traits. in all the gencrations except for harvest index in M_, where it was
slightly low. Induction of variability was quitc pronounced for seed yield,
number of pods and number of primary branches, Seed yield in a1l the
generations, biological yield and number of pods in M3 and Mq and number of

primary branches in M,, showed high amount of C.V. duc to lines, whercas,

3

moderate CeVe was noticed for harvest index in all the generations, for

biological yield and number of pods in M, and for number of primary

2
branches in M2 and M4. Within lines C.V, was very high for seed yield
which was higher than C.V. due to lines, Biological yield and number of
primary branches exhibited moderate within lines C.V. Rest of the traits

i.es harvest index, number of pods, 100 seed weight, plant height and

maturity days showed low within lincs C.V,

L,2.t Estimotcs of CoV. under 20 kR

The results obtained on the estimates of C,V, due to lines,

within lines and parents (HPL-5 and HPL-4) are given in Table 8 and

prosented below variety wises

Estimates of C,V. under 20 kR for microsperma (HPL~5) lentil: The estimates

of C.V, indicated the induction of sufficiert variability for all the
traits following radiation., However,C.V., was more pronounced for sced
yield, biological yield, number of pods and nunber of primary branches,

The CeV, due to lincs was high only in M, for biological yield and number

3
of pods. Secd yicld, harvest index and number of primary branches cxhibited
a moderate C.V, due to lines in all the gencrations, whercas, it was so only

in M, and M, for biological yield and number of pods and low for 100 secd

weight, plant height and days to maturity in all the gencrations,
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Table 8, Estimates of phenotypic coefficients of variation(%) for various polygenic
traits in parents, Mp, M3 and My generations in microsperma (HPL~5) and
macrosperma (HPL-4) varieties of lentil under 20 kR

M, M3z My Parents

Traitdvariety BL WL BL WL BL WD WD
HPL-5

Seed yield(g) 39,52  55.12 L2, o4 56426 35466 56,77  26.72
Biological yield (g) L40.21 27,37 48,16 29420 38,91 30456 1410
Harvest index(%) 30,92 10,69  27.71 10.89 | 30435 11,28  19.47
Number of pods 42,65  10.65  63.79 13.17 43410 11,64 20,60
100-seed weight(g) 9.23 17481 9422 17.83 9.45 18401 7487
No.of primary branches 29.33  23.99  39.17 28,54  37.31 28,35 18460
Plant - height (cm) 10.49 6,35 15,62 8,36 12480 761 1,52
Days to maturity 2.55 1409 2,40 1412 2.43 1.02 2.27
HPL-4

Seed yield(g) ko,60  57.80  71.0k4 61,08 b 46 52.63 40415
Biological yield(g) U48,02  25.66  77.38 29.41 7841 31,28 23k
Harvest index(%) 30,81 11,39 30.60 11,89 32,40 11,02 23.60
Number of pods k2,99 12,82 43,28 13456 56454 13,92 20.85
100-seed weight(g)  16.41 11,67  28.07 11.30 28.25 11402 5.38
No.of primary branches38.60  31.72  L40.19 28,47 66.35 35,51  27.54
Plant height{cm) 1724 754 15 7.26 24,95 7.0k 8,40
Days to maturity 2.2k 0.85 2422 0.83 1.97 0,96 1409

Bl~ Between lines eleminating block x lines int,

WL~ Within lines.,
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Within lines C.V. was high only for seed yicld where its value was
greater than the C.,V., due to lines, A moderate estimatc of C.V,. due to
within lincs was observed for biological yield and number of-primary branches
Rest of the traits exhibited a lov value of within lines C,V,

Estimates_of C.Ve under 20 kR for macrosperma (HPL-4) lcentil: As indicated

by the estimates of C.V.,sufficient variability was induced for 11 the
traits under study., C.V. due to lines was quite high for bioclogical yield in

all the generations, for seed yield in M, and for number of primary branches

3

in H4 and it was moderate for harvest index in 211 the generations, for sced

yield in M2 and M#, for number of pods in M2 and MB' for 100-seed weight in Mj

and Mq, for number of primary branches in M_ and M3 and for plant height in

2

M Within lines C,V, was higher for sced yicld only and in M2 and M) 1t was

1+.
even higher than the C,V. due to lines, Biological yield and number of
primary branches showed moderate within lines C.V. Rest of the traits

exhibited a low amount of within lines C.V,

4,3, Estimates of heritability (broad scnse)

Heritability was estimated in broad sense ,firstly,with respect to
induced variation due to lines by eleminating as well as by ignoring line X
block interaction ond induction oi variation within lines for various
polygenic traits in MZ’ M3 and M4 génerations under various radiation doses

studicd for microsperma and macrosperma varietics of lentil., The results

obtained on various cstimates of heritability arc incorporated in Tables
9 to 12« The dose wise and within dosc varicty wisc results obtained are

presented below in the following pagese
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he3q1e Hstimates of heritability under 5kR

Results obtained on the estimates of heritability under 5 kR are
given in Table 9 and presented below variety wise:

'gnpimates of heritability under 5k for microgperma(HPIpﬁ)_lentil: Heritability

estimates indicated that in general heritability was high between lines when
variance due to line x block interaction was ignored as compared to one, when
it was eleminoted, Heritability within lines capitalising on heterozygous gene
loci following mutagenesis was substantial for seed yield and number of pods
in all the generations and in Ml+ only for 100-seed weight, Heritability
between lines after eleminating line x block interaction was quite large for
seed yield in M2 and moderate for 100-sced weight and number of primary
branches in all the generations, Heritability computed ajpte’ faﬁlo‘ﬁ??/LJhéﬁ(
block interaction was very high for seed yield, number of pods, number of
primary branches, plant height and maturity days for all ﬁhe generations under
study, whereas, it was moderate for 100-sced weight in Ma, MB and MQ: end in

Mh only for biological yiclde Rest of the traits under various generations

cither exhibited very low or nil heritability.

Heritability estimates under SkR for macrosperma (HPL-4) lentil: Within lines

heritability estimates werc high for 100 secd weight, number of primary branches

and plant height in M_, 1, and Mh generations snd number of pods in M4,where

2' '3
heritability estimates were moderate in M2 and M3 generations, Heritability

estimates as observed in microsperma were inflated when computed by ignoring
line x block interaction, Howcver, heritability after eleminating line x block
interaction was high in M2 for biological yield and moderatc for number of

pods, plant height and maturity dayse In M3 and Mh' all thc traits except
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Table 9, Estimates of heritability(broad sense) for induced variation.for various
polygenic traits in MZ’M and My generations of microsperma (HPL-5) and
macrosperma(HPL-4) varieties of lentil under S5kR

Trait/ " i, My
variety _Ble BLi WL Ble Bli WL Ble BLi WL
HPI~5
Seed yield 69.4 91.1 75.0 23,2 99.k 97.7 2649 9k.8 ok.6
(g) , \
Biological 19,0 - - 18.7 - - 18.2 48,9 -
yield(g)
Harvest - - - 1246 - - 27.0 - -
index (%)
No.of pods 17.5 96,8 83.8 1745 97.0 85,2 23.9 971 80.7
100-s§ed wte32,0 46,9 - 29.6 571 - 2L,6 43,8 58.5
(g
Noepf primary28.7 7043 - 24,7 74,7 - 2741 73.2 -
branches
Plant height 16,6 49,5 10,0 1548 59,8 - 211t 68,7 -
Scm)
Days to 4,9 5hk,5 25,2 L.2 9142 17.6 ke 87.3 -
maturity
HPL.4
Seed yield - 6644 - 16.7 61.7 26,7 137 549 -
(g)
Biological 56.7 39.2 2.00 1641 66.7 1945 1445 5345 -
yield(g)
Harvest index = - - 1641 - - 18.7 - -
(%)
No.of pods 2643 58,4 25.1 26.9 546 373 14,3 99.4 98.7
100-sced wte =~ 72.9 68,7 14,6 90. 4 82.1 6.9 9249 83.3
(g)
No.of primary - 5Sh.7?7 75.4 - 774 84.5 8.9  93.5 81.8
branches
(cm)
Days to 19,8 64,9 - 12.6 59.1 - 12.9 5243 -
maturity

Ble - Between lines eleminating line x block int.

Bli -~ Between lines ignoring line x bleck int,

WL - YWithin lines
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number of primary branches in MB’ showed a moderate to low estimates of
heritability, Heritability estimates were high when computed by ignoring
interaction variance for number of pods, 100-seed weight, number of primary
branches, plant height and maturity days in all the generationse For
biological yield the estimates were high in MB and N4 but moderate in MZ'

whereas for sced yield, these were high in MZ and MB and low in Mq.

Ly3,24 Estimates of heritability under 70kR:

Results obtained on the sstimates of heritability under 10kR are
given in Table 10 and presented below variety wise:

Estimates of heritability under 10kR for microsperma (HPL-5) lentilsHeritability

estimates indicated within lines heritability were high for sced yield in all

the generations, for biological yield and number of pods in M, and M, and for

2 3

100 secd weight in M_, Plant height exhibited a moderate amount of heritability

2

within lincs for all the generations, whercas, it was so only in M4 for
biological yicld and number of podse. Heritability between lines by ignoring
interaction variance was as usually more, being very high for seed yield,
biological yield, number of pods, 100-seed weight, plant height and maturity

days in all the gencrations and in M, for number of primary branches. It was

3

wnoderate for primary branches in M_ :nd M4 generations., Harvest index exhibited

2
a nmoderate heritability only in M#' Heritability estimated by cleminating line
x block interaction variance was high only for maturity days in all the
generations whereas, it was moderate for number of pods, in MZ’ M3 and Mq and for
100 sced weight and plant height in M_ and M, gencrations,.

2 3
Estimatcs of heritability under 10kR for macrosperma (HPL-4) lentil: Heritability

estimates within lines of different generations were very high for sced yicld

and number of primary branches, whereas, it was so only in M, for 100-sccd weight

3
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Table 10, Estimates of heritability(broad sense) for induced variation for various

polygenic traits in M ,M and M gencrations of
macrosperma(HPL-4) varleéles of lentll under 10kR

microsperma(HPL=5) and

M

M,

Trait/ 2

variety Ble BLi WL BLe BLi, WL Ble BLi_ WL
HPL-5

Seed yield (g) 19.9 85.7 60,5 19.6 93.9 80.9 14,9 83,3 42,3
Biological yield16.4 70.9 4p,8 17.8 93,7 70,6 1749 6247 2343
Harveéf)index(%)19.6 - - 16.7 - - 18.0 29.7 -
No.of pods 347 73 bt 5%3.4 35,8 75.8 532 354k 59¢3 29.2
100-seed wte(g) 25.8 74,2 78,9 25.6 73,8 - 13.1  5h.3 -
No,ofPrimary b 38,9 - 1749 5649 - 20.2 333 -
branches '

Plant height(cm)26.4 89,2 36,6 26,6 88.9 46,6 171 81.4  31.0
Days to maturityh2.5  82.8 - 52.2 829 - 53,1 83.3 -
HPL-4

Seed yield (g) 214  93.2 62,6 26.6 78,3 5h,7 3.4 846 49,2
Biological yield16.7  8he1 39,5 16.2  77.6 45.9 19.6 796  19.9
Harvest gndexﬁ%)19.6 65.2 205 193 49,9 28,6 5.4 456 11.1
No. of pods 337 88k 18.4 = bo.7 25.6 3549 Shalt 2042
100 seed weight 10,3 789 43,5 10,5 67.5 61,8 1he1 80,6 36,6
No. of(gzimary 153 0.6 62,9 - 72,5 79,6 M9 86,5  The2
branches

Plant height(em)12.2  86.1 55,8 - 7142  55.4 12,7  80.9 4145
Days to maturity 9.9  61.7 140 = - 1041 5.4 35,5 -

Ble - Between lines eleminating line x block int,

Bli - Between lines ignoring line x block int,

L - Vithin lines,.
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and M2 and M3 for plant height. loderate heritability within lines was found

for biological yield in M2 and M}, harvest index and number of pods in M

3,
100 seced weight and plant height in M4. None of the trait in any generation

showed high amount of heritability computed after cleminating line x block

interaction, however, moderate estimates were found for number of pods in

M. and Mqand seed yicld in M Other traits exhibited low to nil heritability.

2 3*
Heritability cstimates computed by ignoring interaction variance were very
high in all the gencrations for seed yield, biological yicld, harvest index,
100-sced weight, number of primary branches and plant heighte It was also

high for number of pods in M, and Mq end for days to maturity in M_ e Moderate

2

and days to maturity in M.

2

estimates were found for number of pods in M

3

Le%e3e Lstimates of heritability under 15kR

Results obtained on the estimates of heritability under 15kR are
given in Table 11 and presented below variety wisec:

Estimates of heritability under 15kR for microsperma (HPLe5)lentil: Estimatos

of heritability within lines were very high for number of primary branches and
naturity days in Mh' Generally, the lines exhibited moderate to low
heritabilitye, Heritability estimates within lines werc moderatc for number of

primary branches in M, and M4 and ‘or harvest index in M3' Heritability

3
estimates after cleminating variance due to line x block interaction was high
only for nunber of primary branches in My, e Generally, a1l other traits under
different gencrations showed a low heritability., Estimates of heritability
obtained after ignoring line x block intcraction was quite high for sced yield,
biological yicld, harvest index, number of pods, 100~sced weight, number of
primary branches and days to maturity in all the gencrations and in MZ and MB

only in case of plant hcight where heritability was moderate in Mh’
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Table 11, Estimates of herltablllty (broad sense) for induced variation for various

polygenic traits in M

and M, generations of microsperma (HPL-5" and

macrosperma (HPL-4) V2 tFon ot Yentil under 15kR
Trait/ " _ " . My —
variety BLe BLL WL Ble BL4 WL BLe Bldi WL
HPL-5
Seed yield (g) 9.7 63,6 213 124 631 7.9  16.9 35,8 -
Biologéc§l yield - W0 22,7 118 69,9 21,2  15.6 43,8 7.9
Harvestgindex(%) 7ot 571 170 29 5346 35.0 boq 43,7 156
Noe of pods 18,2 hg,2 2.7 1.2 24,4 22,5 1142 6069 8.1
100 sced weight 1562 62,6 - 182 79,7  2L.3  15.7 k5,14 9.7
No. of(%zimary 19.0 7he5 39,5 17,5 86.3 45,3 68.1 9.4 78,0
branches
Plant height(cm)15.2 7069 14 19,7 75.1 847 1k, 1 27.6 =
Days to meturity 5.5 38.8 24 2lke 1 80.6 11.6 9.5 97.7 973
HPL-4
Seed yield (g) 20.7 7642 8e3 1845  6Ue2 5.4 27.9 88.9 3243
Biological yield25.1  32.7 - 2h2 77,9 k2 343 87.2  12.2
Harveé%)index(%)EE.S 82,k 14,8 23.8 - 151 176 59¢3 193
No. of pods 19.8 - - 1846 - - 20.7 bs,2 -
100 seed weight 28.4 78,6 - 25,9 46,8 9.6 16,8 597 =
No. of éggmary 17,7 684 0.2 17.9 69,9 349 19,5  60.9 139
branches
Plant height(cm)20.2 86.6 39,1 2641 77,6 55,0  19.5 77.7 409
Days to maturity21.9 8348 264 5.9  72.4 47,0 8e1 76.1  L5.h

Ble - Between lines eleminating line x block int,.

Bli -~ Betweem lines ignoring line x block int.

WL -« WHthin 1lincs.
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Estimates of heritability under 15kR for macrosperma(HPL-4)lentil: Heritability

estinates indicated a noderate to low heritability within lines in all the

generations for various polygenic traits., These estimates were moderate in

—

43 for sced yield and number of primary branches and in M2 and 1"1'4 for plant
height and maturity dayse Moderate to low heritability estimates were found
for various traits when heritability between lines was computed after
cleminating variance due to line x block interaction, 1t was moderate for
seed yield in Mh’ for biological yield in all the gencrations, for harvest

index in MZ' for 100 seed weight in MZ and M,, for plant height in M

3 3*
Heritability estimates obtaincd after ignoring intceraction was very high for
sced yicld, 100-seed weight, number of primary branches, plant height and
days to maturity in all the generations, for biological yield in MBand Mq, for
harvest index in M2 and MLIL and moderate for biological yield in M2 and

number of pods in Mq.

L,7.4, Estimates of heritability under 20 kR

Results obtaincd on the estimates of heritability under 20kR arc
given in Table 12 and presented below variety wise:

Estimates of heritability under 20kR for microsperma(HPLS) lentil: A very high

heritability estimates within lines was obtained for biological yield and plant
height in all the generations, whereas, a modcrate value was obtained for harvest
index in all the generations. Heritability estimates obtained after eleminating
line x block interaction variance was moderqte for biological yield in a1l the
generations, for harvest index in M2 and Mq, for number of pods in M3 and

for plant hecight in all the generations, Heritability values estimated after
ignoring line x block interaction were high for biological yicld, nunber of nods
and plant height in all the generations, for harvest index, 100-seced weight

and nmaturity days in M, and M4 generations,

2
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Table 12. Estimates of herltabllity (broad sense) for induced variation for various
polygenic traits in M and M generations of microsperma (HPL-5) and
macrosperma (HP1-4) varlties of 1ent11 under 20 kR

Trait/ % M My

verioty Ble " Bld WL __ Ble _ Bld WL . Ble B4  WL_
EEi;ii . .

Seed yield (g) = - - - - 50 - = -
Biological yield 22.1  99.9 995 252 99,9 998  25.3 9.7 99k
Harvcsigzndex %) 20.9 8349 29,9 = - 271 19.5 69,4k 2844
Now of pods  11.4 61,6 8.2 42,9 887 2.2 18 5601 -
100 seed weight(g)17.6 509 7.1 - - He7 118 603 7.1
No. of primafy - - 9.6 18,9 76,8 k.7 12,7  67.5 13.7
branches

Plant height(em) 3241 991 91«8 28,7 99.3  9%.2 1941 Be5  95.6

Days to maturity 14.2' 5649 - 5.7 - - 1e1 ko,7 -
HPL-.4

Seed.yield (g) - - 1641 50,0 68,2 27,7 k2.2 - -
Biological yield - 6140 bp,6 56,9 84,1 52.3 7647 78,5 k.5
Harveségzndex(%) - 5048 32,6 - - 40,3 - - 46,4
No., of pods = - - - - - 5942 = -
100 seed weight 70.1 888 49,5 9143 9643 L4241 91.3 6.7 BB
No. of(siimary - - - - - - L6,8 - -
;§:§§hﬁzight - 69.6 57.7 - bo,5 38,5 71,3 88,5 L6.7

Days to maturity 71e.2  77.7 26.9 69,2 80,7 22,8 43,9  75.2 46,8

Ble - Bebween 1ines cleminating line X block inte
Bli = Between lines ignoring line x block int,

WL « Within: lines,



65

Estimates of heritability under 20kR for macrosprama(HPL-4)lentil: depitability

¢stimates within lines were high for 100-secd weight and number of primary
branches in M2, for biological yield, harvest index and 100-sced weight in M3
and harvest index, 100 sced weight, vlant height and days to maturity in M4'
Moderate heritability estimates within lines variance were obtained for sced
y for

yield in MB’ for harvest index in M, and MB’ for plant height in M

2 j

maturity days in M2 and M}. Heritability estimates obtained by c¢leminating
line x block interaction variance were quite high for 100-sced weight end days
to maturity in all the generations,for seed yicld and biological yicld in M3
and Ml+ and for number of pods, number of primary branchcs and plant height in
Mq generation. Estimates of heritability obtained after ignoring line x block
interaction were quite high for biological yicld, 100 secd weight, plant height

and days to maturity in all the generations, for seed yield in M3 and for

harvest index in M2.

kel Estimates of individual line mean and within line snalysis of variance in
Mz and Mj, generation -

In M3 and Ml+ generations, estimates of means werc obtained for all
the lines studied individually for various polygenic traits under diffcrent
radiation doses studied for both microsperma and macrosperma varietics of
lentil in order to isolate the desirable mutant lines in comparison to parents
(Control)e The results obtained on the cstimates of individual line mean are
given in Tables 13 to 20, In order to know the magnitude of induced variation
within line, analysis of variance within linc was also carried out for all the
lines in M3 and M4 generations under all radiation doses for both the varicties,
The actural results thained are available in records and here in order to

avoid longthy tables, the lines which showed significant within linc variance

arc marked with star(*) in Tables 13 to 20, The lines in these tables having
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their meen values marked with star(*) indicate that for these lines within
line variance is significant at 5 per cent level, The mean values narked
with '@' indicate that these values are significontly deviating from their
parental mean in the desired direction, The desired direction for all the
traits except days to maturity is positive shift from the parental values.
The dose wise and within deése variety wisc results obtained on the estimates
of individual line mean and within line analysis of variance in M3 and M4 are
given bclow:

b1, EBstimates of individual line mean and within linc enalysis of variance
under 5 kR

The variety wise results obtained on the estimates of line mean and
within line anelysis of variance under 5 kR arc given in Tables 13 and 14 and
prescnted bolow:

Estinates of individual line nean and within line analysis of variance(Table 13)
under 5 kR for microsperma (HPI-5) lcntil

Analysis was done at individual plant level in M3 and M4 to assess
the shift in mean of different lines at micro level and also to reveal the
segregation pattern of mutant locie. Line mean analysis indicated that only

one line out of 89 lines in M, and none of the lines out of 61 lines in Mbr

3

showed significantly positive shift ‘n mean for seed yield, The line showing
significant shift was HPLM 7% which showed a 280.5 per cent increase over

control, For biclogical yield 5 lines in M. and 7 lines in N4 exhibited

3

superiority over control, 15 and 4 lines for number of pods, 8 and & lincs

for 100 seed weight showed a significant positive shift in M, and M,,

3

respectively, For number of primary branches only 3 lines in M, were found to

3

be superior as compared to control. None of the lines exhibited superiority

for harvest index, plant height and days to maturity,
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Table 1. Estimates of line mean alongwith within line analysis of variance in M3

and M4 generations of microsperma (HPL-5) variety of lentil under S5kR

S -

Progeny/ Seed Biolo-  Harvest Number  100-seed Number Plant Days to
penerationyield gical  index of pods weight  of height maturity
' per yield  per per (g) primary (cm)
plant per plant plant branches
() plant %) _.ker plant -
1. 2. Ze_ . 5e . 6o Ts.. 8e 9
5
HPLM 1 Te32% k70 28,03  30.05* 2.98 5.05 20.50 174,05
2 1.09*  6,0*@ 27,05 24,95* 3,142 4,10 19,87  17L.25
3 1,014 3,71 2k, 72 31,00* 2,87 k.90 21412 173.95
L 1.1 4.5k 28.0k  37.30%@ 2.59 5.45 22,10 175.20
5  1.05%  3.85 22,97 28.80* 2.82 5495 19,70 174435
6 1.15 3.88 26,69  30,00*  2.61 L, 55 2117 175.00*
7 125 L,77 25.49  29.55* 2,63 3.90 2157 171,00
8  0.88* 3,45 26,78  27.20* 2.80 4,05 20,51 17475
9  1.18%  3.96 26,15  25.65% 2.48 2.70 21,10 175.65*%
10 1.08% 4,19 2he31  30.50%  2.78 be15 20,20 175.05
11 1.450* 4,16 28,28  28.25* 3.13® 3.9 2040 175.65
12 1.71* 5.820  30.65 36.15* 2,90 4,80 23.25 175.50%
13 1.51%  L.52 29.60  36,10*  3.36@ 3.9 20695 17k, 65%
14 Tel3*  hZ0 2R0A 5 05* 2.76 4,10 20,22 17575
15 1029* 4,28 29,91  24.,00* 2,68 2.bo 19.50 175,95
16 0,72 7 2.35 26,95  23.55*%  2.88 2.55 1945 176,00
17 1.08* 4,01 26,12 28,55*  2.87 4,15 21.25 178485
18 2,0%3*  7.06*@ 28.21 38.150n 2.9% 5410 21,07 172.00%
19 T137%  5e15% 2k,69  29.70* 2,75 4,75 21417 1764 0. .
20 Te71% 5431 28.45  h2ho*@ 2,81 3.80 22,17 175415
21 1.33% 4,00 29.14  26.65¢  2.64 5425 21.65 175450

MN_o..LA
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Table13 Contda

e

24 3e by 5. 6o 7o 8. %
1.69* 5.49 26,37 i 35%@ 2,77 3695 21.35  175.60
1. ho* 4.96 29413 3l 35% 3,00 3455 20,87  175.80%*
1,28% L, 25 oRos 3 5% 2,72 510 20,32 174,90
W 5,17 731 3.0% 2,65 5,05 20,65 174450
T1e59* 5.52 29.54  38.,h4o*@ 2,72 515 22,12  175.70*
1.8 582 20,0k 35.90% 302 K70 2137 17415
1416 4,23 26,82 29.55* 2.79 3455 20,02 176.35
1.33* k.71 27.22  33.70* 2.9 4450 2197 17430
1o l1# L5k 27,79  29.bo*  2.93 k.30 21,95  172.85
1o b8 be77 29.43 25,90% 2,97 4,25 21.00 173.00
14 30* 5.86@ 23.87 32,96% . 2,70 485 21,07 174,15
0.91% 3.29 24,76 22.15% . 2,78 3.90 1897  173.%5
0.78 2,39 26,69  22.55*  2.72 3015 2095  17h4.25
1029 h.62 27,62  34.85% 2.5k 4,05 20,50 175405
1,09* 3463 28.55*%  32.15% 2.81 %465 20.45  176.05
1.58¢ 5,37 28,64 2k.80% 2,89 3,90 20430 174,80
1.37* ko65 26430 28, 60* 2.94 1.95. 21,00  173.80
1.11* 3.46 27.02 58,20%2 2,89 3,90 21,57  175.10%
1.09* 377 24,67  27.25% 2.83 3.80 21430 176460
1.03% 3495 25.33 26.65% 2.82 2.25 20,95 177.85
1446+ R 30.28  2%,20% 2,68 3¢25 206,30 176,55
1. L45* 5.7k 2445 29495% 2,74 L.05 19.90  175.50
Te19* 4,80 26,32 3k, 90% 2.97 b4, 70% 15,66 176 05%
1e33% b.73 26.16  31.20% 3.07. bo4s 20,92 177,60
1.b40% 4,83 23.92  37.00*@ 3,200 5.75@ 19.72 172.90
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Table1’ Contd,

i AR B e e A i M . WS A At A

TSR O te _2e 6o Toeon 8 Qe

Lo 1425% 3,34 26,89  21,35% 2.94 3.45% 19440 175430
48 1453* 5,16 27 46 19,55* 2.85 3.45 18.35  171.65
4o 1.02* 3.48 28.59 22 2.89 3.00 184 8C 178415
50 1.08 L,27 20,90 29495* 2099 3460 21.50 181.0C
51 1420% L, 64 2he29 27,05  2.75 Leds 20.07 181430
52 1a33* 4,85 27.83  29.20*  2.93 3.65 20,45 174,55
53 1e32% 3.98 28,22  20.60% 2.98 2.90 20,97%  18k.40*
5h 1o bo* L.98 20.36  32,75* 2471 k.15 21.12 173.80
55 1. 48* h.z2 20.15*  27.95* 2475 3.65 20.37 171,00
56 1415* ko143 28,68 22.,50* %.18@ 2470 22.22 172470
57 0.99* 3.53 27.50  31.60* 2,87 .45 21,80 179.6C
58 142l ha35 20,29*  26.30*  3.00 3.55* 18,07 176,30
59 1.63* 5427 27.96%  33.35%  2.54 3.85%  19.87  180.75%
60 1.07* k.39 22.95  30.65* 2.99 L. 90+ 20,42 177.95
61 426> 3495 26,28  26.40* 2,75 3495 19,70  175.85
62 1a 217 3. 47 28.52 31.20% 2.91 b, 95 1%.82  177.65
63 1,22% 3.52 26.89  22,00* 2,82 2.75% 20,00  180.50C
6l Tolr* .85 26 0% z, .50* 2.93 3-95 19457 172.1G...
65 14 24% bobp 2he71 29.75*  2.68 3.20 18477 177.90.
66 1019* 4,67 26,21 21,25* 2.96 3430 19415% 174410
67 1.36% L,71 27.98  27,20* 2.2k 4,00 20.65* 176,05
68 C.88 °  3.40 27,07  29.75* 2.90 4,25 19.87  175.k40
69 Tol3% 3.5k 29.74 30, 4o* 2,99 4,60 20,17 173425
70 1.30* 5.06* 26.10 31.25* 2475 3e25 20.25 175,00

71 0,76 3,02 2hk.28  20.00%  2.43 1.95 17.50%  175.60

Contd,es-
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s

a—— Sp——_

To 2 .____,5_-“___,__.._5.«,‘“._&,,____,,‘-w_._.t__-,_é_..__.__,.._'1-,“,,,‘, B %
72 1.39* b L8 23,28 30465* 3,09 3,05* 20,10 177 .65
73 1. Lo* 5,34 211k 29.00% 2,84 L.20 18.45_  180.5C
o, Ak Zoer  h.7h 20,53 38 "nFa 2,90 5.05 20,72 17365
75. 2.13* .10 20.21 432,95*@  3.01 6.650 22,05  171.KC
76 0,09 2,62 2G. 25 A8 4% 2.70 1410 19,07.  130.2C
77 0438 2.5k 28.99 20, 85* 2.95 2.35 20.52  182430°
75 1.1% 3486 27420 22,90 2.99 2,30 20,45 171.0C
79 1021 3.36 31,354 20,95 1 3,17 2.60 20.%7 181,67
8  0.80 5.00 26,98 ko0 2.9 5,75 19,30 180.5°
81 1.13* 4,51 18.22 31.05*  2.97 470 21,22 181.80
82 1.62% 5.0k 2k, 20* 43,60*@  3.07 6.65%@ 2757 1754 3C
83 1,22 L. 65 2k 3k 3k, 607 3.0k 5.05 22,65  176.&
Sh 1436 08 19.87%  28.65%  2.72 4,00 20.50 17885
85 1.98* 5.4% 22.16 26.80%@  3.200Q 1,80 21.80% 17870
86 10,202 L.h2 23,57 33,65%0  3.580 Le10 20,22  180.7u
87 1o 43* Ly ikt 21,32 29,65%  2.85 3,00%  19.85  181.9%
88 1.25% 4,95  2h,02 20,85*% 275 2410 19,02°  175.65"
89 0.87 = %.3? 22.25% . ,80% 2486 3,20 18,77  175.60°
My

éo - 1.9k 6.020 23,27 3k, 20% 2.70 4,00 20,27 1780
K 1,98 6,380 18411 31,00% 2,54 3,70 20,30 178,77
92 1.98 5.872  23.10 43,70*@  2.61 he35 22.55  177.5
93 1.97 5.08 181¢ 36.95%)  2.72 4,80 23,22 174,50~
ok 1.97 3.3 23.91 3l 20* 2,74 3,10 19,62 1976200
95 1,96 54 Lt 19,5k 37.85*@  2.56 5400 20,65  177.3C

Contd. ao
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Table13 Contd.

. 2. A 5. 6. Te 8, s

96 1499 538 23406 29.40% 2462 4,80 20,72  177.9C.
97 1,98 L, o5* 27.98 22,55% 2460 3425 21472 175475
98 1.97 Lo ok 19.60 34,05 2.6k 5.10 20.77  180.70..
29 1.96 5¢74 o, 7h %.,35%  2.65 L, 95 20457 176.15%
100 1.95 k15 7467 34,70%  2.65 2.70 20,37  177.3C.
101 1497 3,88 25438 32.05* 2.65 i lo 22,05 179,80 .
102 1.97 5.61 23,20 31.50% 2455 4,25 20.57 7775
103 1.9 5.06 25.4% 28,60*  2.80 3,40 21,45  178.10
04 1.9 ke 25 22474 28.80* 2.98 3485 20.52 178..4E
105 4.06* 443 22.26 28,20%  2.77 3,60 20.60 17746C
106 1.01* 3432 22,15 29.83*  2.71 4,15 21.40 179.1C
107 1.08*  L,70 19.95 32,80*%  2.82 4,30 19,77  175.20
108 1.23* L 45 21.93 27.85% 2,86 3455 19.95  180.0C.
109  1.28 5.02* 21.61 27.55 2480 3405 19.17 . 179.4C
110 1.02* 3465 26,42 25.75* 2.80 3¢55 18,80 179420 .
111 .62 5.15 23447 29.50% 291 3410 20,55  180.35.
112 111 3.94 22.83 28,50*  2.73 %e35 21425 174 45
113 1,17 5.87*@  21.57 33,L45%  2.56 4.85 22,72 176.55
1 1.70% 5.95@ 20.97 35,05%  2.93 540 20,95  178.7%
115 1e31* k.27 27,47 31.30% 2.9% 3.95 22,00 18010
116 1.20* b7 22.53 29.55* 2475 ka15 21.52 177670
17 1.13* 4,08 23. 1k 29.85*%  2.77 5.15 20.90 179+ 2
118 1e27% Lok 21427 29.90*%  3.25€ 2,90 19.82 178,80
119 .28 5.48 10,26 26.65%  2.90 2450 20,90  117.8
120 1e25* 5,L46* 19.37 27.85% 2452 3430 21.50 170405
121 0.66 3421 20476 23,10  2.62 2,95 21,30 17405

Contdese
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1 2e 3, b, S 6s D Be . 9o
122 1.3 4,05 26.81 18, Lo 2.55 1.8 20,82 176,20
123 1.19* L b6 21.45 29.05*  3.10@ k.15 22,67* 180,55
126 0,97 3.26 27.69  27.25%  3.05 395 22,85 178,70
125 1.16% L. 49 20.8¢€ 33.,20%.  2.83 k.10 21,47 179.15
126 1419% 3459 21400 254 70* 3406 3460 20,65  179.45:
127 1427* 4,00 24,58 28,25* 249k b, 15% 20,22 178.1Q
128 1.67 274 19.22 25.25% 2479 3460 19.95 17k, 70*
129 0.86 2495 20429 22.70% 2.85 2.60 20,32 175420
130 0,70 3.28 17431 20,75*  2.81 2.20 19.97  173.20
131 0,79% 2.65 20.67 20,15%. 2.78 3e35 19,66 178095
132 1,62 3,07 17434 25.25% 2.9 3.65 20,70 173.30
133 0,83 3.58 20.85 21.25*  3.06 2.70 21,45 174,05
3% 137 5.98 21,03 32.05*  2.78 4,00 20,12 173,10
135 1,69 2.69 20,29 20,00 2.96 2,80 19,25 173,40
136 1.63* 6.7%% 20,14 17.25% . 3.02 1,950 2147 173,80
137 1.67 2.69 21,74 26.,10* 2,94 3420 18,15% 174,15
138 1463 2.41 20,7k 13, 20% 2.72 2.80 16,70 174, 55%
139 16K 249 0.1 21,50+ 2,76 2.35 17,87 175.L0
W0 1,51 2.60 17,467 22.15% 3,320 3,70* 15,92 1795
(LS 2435 19,78 17,05% . 3,130 2,05 20,70 179,95% -
142 0.72 317 2k,59 20455* 279 3440 19.80 177.80.
143 1463 2.80 20466 21.45% . 2,78 2420 19,97 1794 35
W 1,69 24 9% 17496 22.85% 2.7k %30 19.72 180,30 .
W5 1.60 3.22 17.83 17,850  2.62 2445 19,92 180,55
W6 0.8k 3412 19427 25.70*  2.8% k ko 1847 180.45.
W7 1,07 T L.76 15,980 20.35* 2,53 2.80 20,52 178.90*

) Contd. oe
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Tablel® Centd.

1. 2.

3. l:". 5' 6. 7' 80» 9
143 1,05% ko35 18.21 19.90* 2.70 3410 18,67  179.60C
149 0,96 - 3.62% 21,46 18,70% 2.68 2410 21427 178,30
150 0.8W 3.65 20, 4k 27, 25*% 2.92 2465 20467 175.25
PL-5 1,13 361 27.02 27,30 2471 3675 21,50 1724 30
(control)
Parental
Sak 4+ 0,06 0,66 2,78 0,73 0411 0.37 0.54 0.€0
Lrine
m2an
S.E + 0,87 0.97 2.71 5.96 0.18 0,96 1015 2.63
Pooled
SoW + 0465 1.15 3.87 he71 0.20 0,93 1419 2.23
Iines
falling .. ' . ‘
outside “3 1 > 0 13 8 3 0 0
the
parental . | ! ,
ronge .1h4v0 7 0 ¥ 4 0 0 0

* indicates lines with significant within line variance.

@ indicates lines c¢rowing significant shift in desired direction.

-y
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Within line analysis of variance revealed that for seed yield 70 out
¢f 89 lines in M, and 22 out of 61 lines in M showed significant within lincs
varionce in the segregating populaetion following mutagencsis of homozygous
loci of true breeding lines, ©imil-rly, the number of lines exhibiting

zignificent within lines variance in M and M4, respectively jwere 5 and 6 for

3
biolosicrl vield, 8 and zero for harvest index, 85 and 57 for number of pOdS’
10 ¢nd 2 for number of primary bronches, 7 and 2 for plant height and 14 and
7 for days to meturity, For 100-seed weight none of the lines in M3 and Mq

exhibited significant within lines variance,

stimates of individual line mean and within line analysis of variance(Table 14)
mnder 5 kR for macrosperma (HPL-4) lentil:

Line mean analysis of macrosperma showed that three lines out of 17
in MB and 9 lines out of 38 in Mq had a positive shift in wecan for sced yicld.
Linc HPLM %26 was the best line isolated in M3 (128% increase over control)
follewed by HPLES 328 and HPLM 329, In M, the top yiclding line was HPLM 365
(140.2% increase over control) followed by HPLM 366, 348, 349, 350, 754
790, 75k, and 355, None of the lines in M3 and M, exhibited a desirable
shift {or maturity, harvest index and 100-sced weight., ¥For biological yield
7 lines in M3 -nd 6 lines in M4 showed a significant superiority over control,

the top mos. liue being HPLM 326 in M, and HPIM 379 in M, 1In M4 threc lines

3
for number of pods, eight lines for number of primary branches and six lines
Lor plant height showed a significant positive shift in mean.

Within lincs analysis of variagnce in M3 and My revealed that 5 out 2
C.ans exhibited significant within line variance for seed yield in M3 and I‘/ILlL
generation, respectively. Number of lines exhibiting significant within
lines variance in M3 ond M, , respectively were 2 each for secd yicld, 6 and

@ for number of pods, 17 and 36 for sced weight, 17 and 35 for number of

nrimary branches, 15 and 26 for plant height and 8 and 16 for days to maturity.
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Table 14, Estimates of line mean alongwith within line analysis of variance in M3
and M, generations of macrosperama lentil (HPL-4) under 5 kR

;;;;é;;}S?ed Biolo-  Harvest Number of 1og;seed Number of Plgﬁ%““ﬁé§%j¥3““

zenera- yield g}cal index pods per weight primary height maturity

tion | Per yield per per plant plant (g) branches  {cm)

plant(g)plant(g) (%)

N e I B o B e T 9w

iy

§;£ﬁ326 1.87*%6  7.5W@ 24,143 20, 80* 6,86% 5.00* 20.37% 196,75
327 1.16 5.,57*@  20.43 16,15 6,63* L, 60% 20,57*  197.05
228 1.63*0 6,05*Q  25.69 11,70 6,35% 3,80* 19427 196,90
329 1.37*@ 6,188 21,66 164 70* 6,34 6,15% 22,27*%  199,20*
330 0,36 L,12 21,07 15,50 64 30% 5. 10% 23.02*  195.35
331 0,92  5.06 17,36 18,70  6,L4b* 3.65% 22,07*  195.60*
332 0.92 390 26454 13485 6e35% L,00* 20.91*  198.90*
333 0.87 3,64 23,63 114,95 5088* L, 25* 20.59* 196,55
334 0.98% L Lq 21469 16,00% 6.13* L, 80* 20.95%  196.80*
335 1.11 5.hom 20,51 7.05 6.30* 4, 60* 20.95%  194,05*
336 1.20 5.48e 20,75 1415 6e31% b, 85% 20.60*  199,20*
337 0.78 4,29 18,85  16,60%  6,26% 5.85* 20.72*  199.85%
338 1.1k 4,76 23.97  13.65 6o bl by 45 19.90%  197.65
339 1.59* 5.6 20.46 15,..% 6. 20* 4,50% 22.22%  198.25*
340 0,72 5405 2%.46 11655 6.29% k,50% 19.20 200.95
341 1,22 Se2 2L,38 14,20 6.56* b, 70* 19.75% 199,25
342 1,03 3,86 2L,02  13.85 6.65% L, 70% 21.32% 197,60

gﬁn 34% 0,61 3.bo 1743 15410 6,31* 5.95% 20.90 196,85
34k 0,85 3,92 19,84 20.10 6.39* L, 95* 21.,67* 194, 95%
345 0499 4,87 18,70 18,65 6, Li5* by ho* 25457%  1964L0*
36 1,02 h.53 2612 17415 6.69* 6.60%@  19.85*  195.05*
JH7 0,97 Lo 22,58 16.30 6,62% 5.00% 25.00% 198,45

Contdeso



76

Table 14 Contd,

1- § 20‘ . 30 1+° — '_5. . 6. - 7. 8. 90

L A . A e o e A A e e b ®

348 1. 782 L, 27 2014 16,20 6.28*% 4, 25% 23.43%  195,95%

349 1.94@ L, 76 20,0% 18,25% 6e21* 4,85% 21.42%  197,70*

350 16950 3.97 20,31 16,75 6.63* 8,25%  21,05*  199.15%
351 0.38 5439 2L, 3k 14,90 6.57*  L,20*  22,ko* 196,25+
352 1025 5. 456 25,858 16.95 he12* 5e25* 20.27*  199.10"
%53 0.97 Lo 3k 22.2% 19.20 6.33* 2,85 20,02 1956.45
254 1830 %50 2k 63 10,45 6.52% 2.50 21.57*  195.75

355 1,860 3,66 24,58 17.45 6o 5L 4, 00%* 19.72%  195.35*%

356 1401 L bk 25.28 16,70 6.58* 6.ho*@  21.40 1954 55*
357 0.86 597 25,10 16,90 6.75* Le55% 21.12% 196,45
358 0.77 L.09 18,92 16.85 6.79% 3455% 21,65%  197.60*
359 0.83 3.77 22,26 15.65 6.3 5,45+ 20,85  197.40%
360 0.85 3,18 2k, 16 17.50 6.00%  L,15* 21,92  196.65
361 0.99 4,05 23,86 19.50%  6,18%  5,30% 24,15  195.25*
362 0460 3,40 25.03% 19.bo*  5,96% h6o*  24,20%@ 194,95*
363 1,06 L,52 23414 23.30%@  6.28% 6.60*@  20.70 195435%
364 1.920 b,43 23,70 20.15 6.20*  6.30*@ 21.40  195.15

365 1970 4,86 19,39 10, 75% 6.27* 6,40*@ 19,70 196, Lo*
366 14950 lte23 22, 8L 16.05 6.80 2.70% 26,70*@ 199,80

367 1,04 L, 10 21,03 14,25 6,06 2.75 22, 77%€ 195,25
368 0.95 L ok 23,67 1%.85 6.07* 3650% 22.10*  198.85
369 0.97 LRt 23,78 11,40 £ L7 3¢ 80* 20.67 198,80

370 1¢16* 3475% 26,91 13,95 6.87% 6.40%@ 2L.,12* 197,90
371 1.02 4,55 20,09 17.50% 6.16* 5 .60* 22.82% 195,85

372 0,84 3499 2h Lo 21,80% 6,28%* L, 65% 22470 19745

Contd. so6o
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Table 14 Contd.

s PP S VP e

- N 5. 2
373 1.19 e300 25,43 16,55 6.,08% 5e25% 2% 2% 198,65
37h 0.99 5.12 ! 20.07 14,65 6o 20% L, 80%* 254 35* 195.10
375 1,30% 6.10*@ 20,06 14, 85% 6.,97* 6.10* 21460* 196,75
376 1.30 5.18 2,53 16435 6,60%* 6.bome  22,L0* 200,65
377 1,071 6,012 21.39 20,40 6, P4 3,65* 26,270 197.25
378 1615 4,06 20.70 12,75 5,96*% L 95% 234 li5* 200.50
57% 1.19 7.10® 19.80 33,85%@ 6,39 5025*% 26.20*@  197.90
380 1,790 6.29 18.0% 22,607 6,41 L, 30* 25.47*@ 196,85
HPI-4 0,82 3633 23,71 17425 6.86 L bo 20.67 190.00
(Control)
Paren-
tal SE 40,15 0.50 2.19 1,26 0.05 0.23 0.53 0.1
Line
mean
SE + 0.22 0.97 2.61 2.17 0.25 1,09 1.69 1,67
Pooled
8.Be+ 0,26 1,03 3,38 2.2 0.21 0.93 1.56 1,82
Lines M, 3 7 0 0 0 0 0 0
falling ~
outside
parental
range i), Q 6 0 3 0 8 6 0

PR

* Indicates lines with significant within line variance.

€ Indicates lines showing significant ghift in desired direction.
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Lkoh,2 Estimates of individual line mean and within line analysis of variance .
under 10 kR:

The variety wise results obtained on the estimates of line mean and
vithin line analysis of variance under 10 kR are given in Tables 15 and 16 and
presented below:

Estimates of individual line mean and within line analysis of variance (Table
A5)_under 40 kR for microsperma (IPL.5) lcntil:

line mean analysis rcvealed that as much as 19 lines out of L4k lines
in MB and 2 lines out of 27 lines in M4 exhibited a desirable shift in meaa:far

sued yields The top most performance was shown by HPLM 189 in M, and HPLM 196

3

in M, which surpassed their parents by a margin of 211.8 and 105.%%, respectively.
None of the linecs in M5 and M) exhibited desirable shift for maturity. In 1"13 R
12 lincs for biological yield, onc line for harvest index, 7 lines cach fur
number of pods, 100 sced weight and number of primary branches and 8 lines for
plant height showed a positive shift in mean. In M) one linc each for rumber

of pods and plant height showed a desirable shift in mean, Within linc analysis

of U+ lines in M3 and 27 lincs in M4 indicated that a total of 39 and 11 lines

for seed yield, 32 and 2 for biological yield, 3 and zero for harvest index,

34 and 7 for number of pods, 2 and 1 for 100 seed wecight, 2 zndzero. for

muiber of primary branches, 27 and 9 for plant height and 2 and zero for days
to maturit;. respectively in M, an. A), populations showed significant variancee.
-

Estimates of individual “ine mean and within line analysis of variance (Table
16)_under 10 kR for macrosperma (HPL-4) lentil:

Screening of 18 lines in M., and 26 lincs in My, for their meen

3

performance w.r.t. various polygenic traits showed that only one line HFLM 391
in M, oxhibited superior performance (70% increase over control) for sced

~
yiclde In ML+ tour lines had a superior shift in mean, the best performer being

HPLM 423, which surpassed the control by a margin of 79%. WNone of the lines in

M, and Mq showed a desirablc shift in mcan for days to maturity and harvest

3



79
Table 15. Estimates of line mean alongwith within line analysis of variance in M3 and
M), generation of micro-sperma lentil(HPL~5) under 10 kR

Progeny/ Seed Biolo- Harvest Number of 100-seed Number of Plant 'Days to

genera.. yield gical index pods per weight  primary height maturity
tion per yield  per plant (g) branches  (cm)
plant  per plant per plant
, 8l plant{g) (% — e

Ao 2o 3B, 4o 5, 6o 7o Ce 9

M.,

ﬁgfﬁ 151 1,01 6o 3h* 18 30 32.70 2.49 3.55 25,35% 174,20
152 .t 5455 20,76 33410 2,58 3,85 26,%2% 183,60
153 1.37% 5,48 21,70 bq,60% 2,48 5410 22,82%  173.70
154 2.09*@ 8,200 23,54 50.75* 2,79 6.25 27,45*@  175.60
155 2.6Lk*a G.%0%*@ 23,67 59.05*@  3,04® 3,05 28.02*€¢ 179,10
156 1.59% 7,07 22.86 L 45+ 2.87 7.90@ 22,82 175470
157 .67 6.59%  22.80 50.25*  2.78 5095 25.32* 178,50
158 1.19 6.06 22.26 Lo, 20* 2.57 5.05 254,00 178,90
159 1.45%  7,19* 22.17 46,56% 2.70 5.95 25.07% 179,30
160 1.9%3*@ 8.27*@ 22.58 4o,00 2.48 5.15 27.97*@  179.05
161 1.35%  6.50%  22.29 46.80*  2.61 5.70 23455* 178,80
162 1,59% 6,31 21.60 45.65% 2.82 5.35 2k,97* 172,10
163 1.05  5.91% 18,61 32,65 2.86 4430 25.45% 174,50
164 1.59% 6,60 22.57 bz,752% 2,57 7035 2he35% 175,40
165 1.21%  5.00% N b4 3..70 2.51 1,95 22.82%  175.10
166 1,21%  5,16* 77,18 39,10 2.67 5040 21.75% 174,70
167 1.63* 6,60 19,83 53.40*@ 2,80 5405 2h,27% 177,40
168 A b7 6,.38% 21.21 49, 70% 2.75 6,40 2hbo* 179,00
169 1.,60*  5.68 19.91 55,300 2,60 6415 2he65%  176,90%
170 1.39*  5.69¢  25.76 57.70% 2,62 4,90 22,84 177.65
171 1,71 6,65% 22,67 ba,75% 2.63 7.15 22,87* 177,70
172 1.25%  6,76% 20.69 22.25*% 2,69 6.90 23,00 17720

Contd,
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Table 15 Contd,

1o 2e B by " Se 6o 7o . 8 O
173 1o 1h* 5.93* 20.45%  27.25 2,58 5.80 21,67  177.95
1L 1.95%@ 9.27*@ 2246k b, 75% 2479 7450 24.87* 177,60
175 2.46*  8,00%@ 23,80  bhoisr 2.77 7.20 25.85  177.10
176 1.9%*@  8.,02*@ 27,63  47.05* 2.77 5.70 25422 176,70
177 1.62% €.32% 235436 Lo, 75+ 2.68 6485 22,65 175,40
178 1015 6,17 19.02  51.85* 2,86 6.85 23,75  179.70
179 1o bh1* 7.63 21.79 37.65% 2470 4,10 25.60 179,40
180 1.36 7.60% 21,02 ho,70* 2,87 6,70 2k, 70 177.70
181 1.78%0  7.9@ 22,07  50.60* 2,84 5495 22.92%  179.50
182 1.73*@  8.,50*@  25.10  50.20% @ 2.75 7.80m 24,60 170,10
183 1.96¥@  ©,60% 2h,54  50,00% 2.9 5.60 24,97  177.70
184 2.0@ 7.88% 25.12 L6, 20* 2490 6,35 2347 179.20
185 1.85*@  6,31* 2ka71 L6.65% 2,86 6.56 26.608  178.30
186 1.81*@  12.,66%€ 26.62 504 70* 2.92 6.55*% 22.87 179450
187 2.61*@  7.12* 27.21@  L49,55% 2,94 6.95 27.67*@ 175.00
188 2.2@  11,98*@ 2h,81*  36,45% 3,000 5405 25.27*  177.05
189 3.15*@  8.9%*@ 24,12 38,55 2.85 10,00%@  28.60*@ 178.90
190 2.13*@  6.,21* 21.21  51.85% 2425@ 6.15 25,15%  174.00%
191 2.1%@  13.35%@  22.78* 41,20 2.81 5455 22,67 175410
192 2.67%@ 6. 66% 23,22 by 15% 2.95 5.05 27.62*@ 175,00
193 1.97*¢ L, 8L 20.15 L3, 95% 295 6,65 2k 20* 175420
194 14 46* 4, 80 18.83  L2,05* 2.66 5,70 22,00  171.80
My,

;;; 1426* 6,31* 25. 44 Lh,70* 2.55 7.00 27.45*¢ 17440
196 2.08%0 70 23% 22.75 47.20* 2,59 7435 25.37% 172,80

Contdee .
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Contdeso

1o 2. 3, L, 5. __ 6. e 8. 9,

197 1e31* 5.70 19436 44, 70 2.76 4,60 25,00 173.90
198 1459 459 23,03 38,20 2,61 5625 23,17 171,95
199 10,05 5.49 21025 33,00 2.83 ba70 25.27*% 174,80
200 0,87 4,95 17.23 L 65 2. bl 5,50 24,05 175,00
201 0.95* 5.97 20,23 32415 2475 L.bo 2l 10% 474,15
202 1.20% 5,16 19,09 42,85% 2.61 5625 22.85 173.80
203 1.98*¢  5.46 19,09 45,60 2.65 5465 22,77 17495
20k 1,15* 5,33 17,48 35,40 2.60 4,85 22.97% 173,85
205 1.68 5.04 18.05 37.10 2470 4,80 25.05 17590
206 1400 5.05 18.62 534308 2.63 6.30 2,17 173.60
207 0483 4,68 15.91 Lo.70 2460 5.10 22,62 174480
208 0.88 4,85 16,85 33.35 2,64 5615 22.k0 174490
209 0.86 5.08 18.02 b1, 45 2038 5.45 22,45 174,90
210 0.87 5025 18,79 41,85 2458 5425 22,97  175.00
211 130 S5k 18.84 36,60 2.4 3430 22.70 173,75
212 1,04 5.00 17455 40,05 2450 5.40 22477 173490
213 Te 21 5.07 20, iy 29.50 2.51 2,80 22.b0* 178,30
21k 0.91 429 20,46 33,05 2,48 4,50 22.32 179,10
215 0.86 3.43 22,76 34.95 2.39 L.80 22,47 175.80
216 0.63 4,25 21.69 36,45 2.59 415 20.95*  178.60
217 1o 11* L6k 21,0k 3h.25 2.49 5,00 22.22 178,25
218 0.93 5.04 20.63 38.35 2.77 5475 22,50  178.25
219 1.02% o84 20.75 37.75* 2.63 L, 70 2415 179,30
220 0.94 Ly Ok 19,11 41, b5* 2.6k 5490 2%.20 178.30
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Table 15 Contds

1, 2. By Ly 5o [ 7o, 8e. %
221 1.07 4,61 194 14 38455% 2.61 5,05 25,22  180.10
HPI~5 1,01 5e¢31 21,47 39.50 2471 5.25 23422 173455
(Control) ‘

Parental S.E+ 0.00 0.34% 1,60 2.29 0,06 0,64 0043 0,66
Li

Slge+Mean OJiz 1,53  2.20 6.40 0.1k 1.1 1660 2417
Pooled S.Ee+ 0,36 1432 2468 6633 0.1k 123 1,146 1.99
Lines

falling M, 19 12 1 3 3 3 8 0
outside -

parental

range Mq 2 0 0 1 0 0 1 0

* Indicates lines with significant within line variance,

@ Indicates lines showing significant shift in desired direction.
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Table 16\ Estimates of line mean alongwith within line analysis of variance in M3 andMq
enerations of macrosperma (HPL-4) variety of lentil under 10kR

A Lt A A A A e A U Rl 8 M L

Progeny/  Jed  Piological Harvest Number T i00-seed Number of Plant Days to

generation ¥.1g  yield per index of pods weight primary height maturity
Be. plant(g) per per plant (g) branches  (cm)
Paa) plant per plant
. £ (%) R
-:l-o--A - ._..‘-..._......._23.‘..._ 3 . L*’g e i . 6 ° _7_‘, . —— __.......(3.1...‘.4.-.__., .9-‘!..“...... s
M
HPLM 38 1,12 D a15% 22,20 21,90 6,820 L.00* 23.90 196420
382 C.83 3,66 22,70 18,95 6.79%@  La35* 25.72 196,00
58 0.1 5.05 19,55 21,70  6.38*  hu55*  26,05% 197.30

3&4 1.23* 5.46* 21,10 19.35 6.,5%* L, Lo* 26,27 197.20
385 1.4 6,90% 21,22 26,950 6.73*@  3.55* 25,70% 196,25
386 1,07 Se36% 18.80% 21,70 7.00%@ hJhox  28.47%@ 195,80
37 0,57 2e% 18.28 21.75* 6.51* L, 25*% 26.97% 195,95
383 1.15%  5,36% 23,45  28,u5%@  6.57%  W.65* 25.57* 196,60
38¢ 1611 5,01 22.52 26,000  6,50%  4l50% 25.77% 197,15
30 1.15%*  5.85* 20.0%*  26,75¢  6.62¢  l70* 2Lk 50* 19775
391 1.87*@  3,67* 22.79 25,80*@ 6 Log* 3,50% 2%,90% 198.20
292 0,31 3418 2ha13* 19,95 6o lib* h,20* 25.20% 195.75
393 T.62% 7.04* 234606 23655 6,99%C  L,80* 25¢12% 195.00

394 1613 L, 9q* 25657 502 6. 4% 5,00*@ 25.17% 196,25
395 0.85 3,58 ohy3h  20,70% 6,68+ L 5% 24,00% 196,90
396 1e22% 500%% 26.89%  20.35 6465 Nk 25,02% 195,90

397 1.48* 5. b7# 25.16 18.50 6.71@ 5.10% 25,40*%  195.30%

398 0.95 b33 21,77 27415 6,43 3.75* 23.90* 196,95
t,
399 1.03 5.83 18,90  20.85 6.37*  3.70* 25.37% 196,90
400 0.85 595 18,16 22.25 6.12* 3e30* 25,07 198420
401 1,10% 4,39 21.26  19.80* 6439 3.35*% 2,70 196,10

Contd. o0
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Table 16 Contd.

1a 2e 2 b, Se 6e 7o 3s Oe
ho2 0.88 4,03 21.88 20,10 6.43 3.55* 2he12  195.55
Lo3 1,40 5633 21464 2345 633 L85  25.,40* 196,05
Lok 1.55* 6,73+ 21479 21470 6,38 5.15%2  25.87* 195,90
Los 1.85*@ 6,60 2k, 95* 28.05@ 6.l 5.15*@ 28,09 196,95
Lo6 1,84@ 6,40 2546 2%¢95 64 35% 3.70*  p5.75% 198,20
Lo 0,87 4,97 17.48 25.05*@  5.75*% ho35%  28.87*@  198.25
Lod 1,03 6439 16,83 2190 6otk 5.20*@ 27,47 197,05
o9 0,84 Le27 19,41 20,65 6.76@ L h4s* 25,77 195.80
410 1416 ho72 22,06 23,00 6.62% heos*  25.25*  197.55
411 1.09% 4,23 20,98 21,60 6 46*  3.70% 26,65 196,75
b2 1622 6,03* ' 21,52 22,45 6e22 3.85  26,85%*  197.35
413 0.4 L, 8z 21458 19.15* 64 8% 2.85% 24,07 196470
Lk 1e35% Sl 23.61 30,00%@ 6458 L,15% 26,45 197495
b5 111 8.870 1€e22 31.15¢ 6443 hoS55%  25.51* 196, O
116 1.10°  6.67  A7.05 2855  5.81%  3.90% 25,12 196.75
ka7 1.96%*@ 8.33% 22,62 32,60%¢ 6,59 5.20%@ 30,65*@ 198,30*
418 1.51*  6.65 20,83 25.852  6,85%@ h.35¢ 26,15 196,40
k19 142 6459 20,89 27.65¢ 6,56 5.052* 26,70% 196,90
420 1,43 6497 19,82 D552 6.09 L,50*  26.85* 197,15
421 1o btk 6.99 21.39 26,35 6.%0 5.60%Q 25.65* 198415
koo 1e42 6.56 22,47 24,75 6,26 h,70%  25,52% 195,25
k23 .90 6.12 19.39 18.80 6434 345 2495 196,75
koy 1416 4,57 20,45 20.85 6. 45% 3,60% 24,70 196,05
HPL-L(control)1.10  5.75 22.39 17.40 6.29 3.85  2h.77 195,80
PatentalS.E+ 0,09 0.41 1.36 2.01 0.08 0.19 0.48 0.61
Line mean Sk+ 0430 1,19 2.28 346 0.22 0.65 1436 0.87
Pooled 5.E.+ 0.27 1.12 2.56 3.85 0,21 0659 1680 1e0k
Line falling M, 1 0 0 6 6 1 1 0
outsideparen-
tal range M, b 2 0 9 2 6 2 0

* Indicates lines with within line significant variance,
@ Indicates lines showing significant shift in desired direction.



index., However, 6 lincs cach for number of pods and 100 seced weight and one
linc each for number of primary branches and nlant height had a positive shift
in mean in MB generation. In Mu,z lines each for biological yield, 100 seced
weight and plant height, 6 lines f  number of primary branches sand 9 lincs for
number of pods showcd a desirablc shift in mean,

Hithin lincs onalysis of 18 and 26 lines in M, and My,respectively

3
showcd that most of the lines exhibited the presence of significant amount of
variasnce. Table indicates that @ and 10 lincs for seed yield, 11 and 3 lincs .
for biological yield, 4 and 1 line for harvest index, 4 and 4 lincs for number
of pods, 1% and 10 lines for 100 sced weight, 18 and 24 lires for number of
primzry branches, 15 and 14 for plant height and 2 and 1 linc for days to
maturity in

3 and Mq respectively, cexhibited significant variance.

Lh,3 Estimatcs of individual line mean and within line analysis of variance
vnder 15 kR

The variety wise results obtained on the cstimates of linc mean and
within linc analysis of variance under 15 kR are given in Tables 17 and 18 and
presented below:

Estinates of individual line mean and within line analysis of variance (Table1?)
under 15 kR for microsperma (HPL-5) lentil:

T:dividual line anslvsis .ovealoed that none of the 28 lines in M3
and 49 lines in Mq showci a desirable shift in mean for secd yield, biological
yicld, harvest index, number of pods, numbcr of primary branches and days to
naturity. However, as wmuch as 19 lines out of 28 in MB and 40 lines out of
Lo in Mq exhibited a desirable shift for 100 secd weight, the top most lines
being HPLM 249 in M3 (36.6% increase over parent) and HPLM 262 in My, (27.5%

increase over parent). Only one line HPIM 224 showed a significant shift for

plant height in MB'
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Table 17. Estimates of line mean alongwith within line analysis of variance in M5 and
My, generations of g}ggoseer@E(HPL-B) variety of lintil under 15 kR

"Seed Biological Harvest Number of 100-seed Number of Plant.5;§é to
Progeny/ yield yield per index pods per weight primary height maturity

generation per plant per plant plant (g) branches (cm)
plant(g) (g) (% o per plant
b 1, 2 3, L, 5 [ 7. 8 R
EFIM 222 0.9 3476 19,69 +e70 2.87 34 95% 22.82  175.65*
223 160 7432 23,97 66,05 Ze 50 6475% 24,37 179,05
22k 1,65 647k 22,k1% L, 4o* 3,312 7.00% 27.62*@ 177,00
225 1.20 537 19.65 b1.15 3,042 6.10 2377  179.70

226 1. 9k* 8.04* 21, o* 46,60 2,50 6e15*% 22,55 176,25

227 1.23 5431 22,02 k9,00 2.58 5.40* 22,87 176425
228 1,75 6.83 25.73 56.45% 2,33 7.00* 2ly60  177.20
229 122 k,92 22435 50,80 2.79 6, 20* 22,60 175,85
230 0.93 3498 21.90* 32,10 3.32%¢  L,q0* 22,35  178.80
231 146 595% 24,78 35.55 2.85 La75 21,400 175.20
232 1.18 L, 78 2%.66 k1,55 34120 5,35* 21.72  177.50
233  0.97 5.07 18471 50405 2,74 6,00 22,62  179.70*
23k 1420 5e41% 22495 43,10 3.16@  5.70* 21.52 173.25
235 1.58 6431 26.10 37.05 3374 5.35* 22,32 178485
226 1419 ko5 22450* 52450 3.43e 6.35* 23,90 179,40
237 1.43k 5461 25. 47 59,80 2411 L, 65% 23,80 179,10
238 1,15 5423 20465 39,70 2.56 6.30* 22,02* 178,30
239 1.13 5.22 20, ik 33.95 3.15¢ L 6o+ 23.12 178460
240 1,32 4,98 25.80* 46455 3.4 5,90% 23472 179.70
2k 1,03 bolq 18, 10* 37,10 3.36*@  5,20% 22465  177.85
b2 1,08 L.77 19.98* 38,45 3.282  5.45 23.L45  176,65%
k3 1,32 5.09 2,32 k0,30 3.58@  5,30* 21.67 175,30
ohly 1,54 6.03 21.73* L8, L5 3.29*0  6,00% 24;05 176.65

Contd...
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Table 17 Contd,

T o " a2 6. 3o e
2h5 1430 5.67 21,69  53.,25*  2.98@ 6.65¢  23.85 17310
2L6 1.0% 5.09 22,59 44,35 3.220 6.00 2110 175450
2k 1426 5.353* 25.17*  35.95 3.07*@ L, 8o* 22465 1764 70*
218 146 6,33 20,97*  50.55%  3.@  6,55% ok b8+ 176,45
2h9 1.62% 6,51 24,33 57,70%  3,63%@  6.,60% 25,42 178450
250 1455 5.40* 22,09  Lk2,95*  3.b420 5.45% 23,40 177,30
251 1,0L 539 17,61 38,90 34130 5.30*  2%.15 177.20
252 1439 5.36* 24,18 47,05 36320 6.10 25.47 179450
253 1671 7.10 23.23*  53,65% 3,010 6,05% 23485 178,50
254 10200 5.97 20.99 52.40*‘ 3,250 6.80* 2k, 77 178450
255 1.76 716 25.80*  57.95 3,220 6,90 b b2 217 70*
256 .35 6.7 20,49 5410 2,93 5.15  23.92  177.90
257 1632 5.17 21.61* L4645 2,96 5.70* 23.80 179440
258 1622 6,19 19.4% 49,60 3,210 7.20 22.27 178450
259 1439 7.05 19.57 63.10 3,080 6.85 23,47 17720
260 1.30 6.02 19.36 46,75 3,200 7.05 22,97 179,70
261 1.01 5.36 17.86 50435 3.0% 5.10 23,00 178,75
262 1.13 h,o7 21,30 37 10 3.3k 5.60 22.62 179420
263 1430 5.91 21,99 49,45 2.90 5.50% 23455 176465
264 102k 5068 20,90  4h,05 34120 5.60 23,77 176.20
265 1420 5.99* 20.64* 38,20 3.16@ k.50 2312 176,20
266 1o bk 5.68 2k,00* 32,80 2,89 Ly 75+ 22.45 17790
267 110 5438 20,79 42,35 3,270 6.25% 22,77 178,00
268 1.06 k.72 19,43 44,85 3.156) 6.00 23.62 17910
269 1612 4,85 20,57 k4,90 3,020 6o 15% 25432 177455
270 1,10 572 19,19  53.05 3,090 7,40 22.75 178435

Contdesoe
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Table 17 Contde

1 R by 5. T e S
271 1.18 5.72 2043% 46410 3e302 5.10* 2%.05 178,85
272 1427 5,85 2123 Lk, 30 3.23*Q 5.0 25435 175.05*
273 1.03 5.70 19,67 L4, 80 2486 6.00 23427 179010
274 1.99 4,96 20,58 46, . 2.81* 5.35 23%.72 182,90*
275 1623 6,03 21. b2 43,35 5o2202 570 25497 17735
276 0,91 bol2 20,16 45,35 3.03¢ 5.45 22427 178425
277 1e22 5¢99% 20,47 44,10 34160 5480* 23,90 179.40
278 1,07 k.67 20.33 37.60 3.082 5¢35 22,45 176,85*
279 .08 L.89 16,1t Wi bo 54130 5425 22,85 177465
280 . 1.13 5.65* 18.19 42,85 3,080 6.35*% 23415 179485
281 0.99 5435 17.55 41,25 3.18@ 6.55 2%.20 178,80
282 0.97 4490 20447 45,60 3.092 5.50% 23,37 178420
233 1630% 5640 17,68 48,60 3.,01¢ 6450 23,32 177.65
284 1402 5.67 17.53 48,30 2490 5.35%*  23.40 17885
285 1421 5415 23,2 53,96*  3.070 5455 22.62 178.05
266 0.96 k95 18.61 48.55 3,12¢ 5460 23400 178,40
287 1620 5422 21.69 Lh. 85 3,050 5.75* 2355 1794 70*
233 1037 5,94 2h.72 35,30 3,040 5. 60% 22.55 17775
289 1,34 6.03 2622 36400 7130 65 25405 176.60%
290 Te 1k 5.76 2031 L6.55 2.22 6.,50* 22.92 177, 30"
291 1, HO* TS 21,41 53460% 3,00@ 6.3%0* 22430 175415%
292 1.21 5¢1% 20,08* 41,35 2.43 %490 2k, 15 176410
293 L 4,83 20,46* 4k, 50 2,95 5¢30 25425 17750
294 0,99 k17 20,25 25435 3413Q 5.05 21.92 178,95
295 1.17% 5.32 18,02% 45,60 3,05@ 5680 22,10 177,80
296 1423 5.57* 21,80 Lk, 05 %,06Q 5050% 23412 17795+

Contde.



Table 17 Contd.

N 2. 2. I, A 6. A 3. e
297 1655 6,08* 22,39 4o, 10 3,08@ 5650 22,47 179425
298 1,20 5,67 21,27 39035 54 14@ 6630 24,02 178415
HPL-5 1098 7.C* 25.11 6,20 2.62 7450 2h,52 177420
(control)
Patental S.E+0.14 Oul1 1022 5,38 0,08 0.23 0.52 0.61
Line mean 0.23 0.75 2,06 7,61 0.18 347 1,00 Ly 76
S'E°i
Fooled S.Be+ 0.26 0,83 2.31 7.74 0,18 2.60 1.07 2.68
Iines
falling W™ 0 0 0 0 19 0 1 0
outside 3

0 0 0 40 0 0 0

parental M4 0
range

* Indicates lines with significant within lines variance.

@ Indicates lines showing significant shift in desired direction.
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Analysis table indicated that except for harvest index and number of

primary branches most of the 28 and 49 lines studied in M, and My, respectively,

3
did not exhibited occurrance of significant within lines variance for rest of
the traits. The number of lines showing significant variance for harvest index
and number of primary brenches were 13% and 9, 23 and 19, respectively,in M3 and
Mh generations, The number of lines with significant within lines varialice in
M3 and ¥, generations were 2 and 3, 4 and 8, 5 and 5, 5 and 2, 3 and zero and 6,
9 for seed yield, biological yield, number of pods, 100 seed wecight, plant

height and days to maturity, respectively,

Estimates of individual line mean and within linc analysis of veriance (Table 18)
under 15 kR for macrosperma (HPL-4+) lentil:

Line mean analysis indicated that none of the lines in M3 had desirable
shift in mean for seed yield and days to maturity. However, line HPLM 436 in
ML+ exhibited 89,7% incrcase over control for seed yicld, lines HPLM 435 and 44
showed a desirszble shift for days to maturity. Three lines in M3 and four lincs
in M4 showed significantly better performance over parents ?or harvest index.

Within lines variance analysis of 6 and 22 lines in M3 and Mh
generations, respectively, showed that most of the lines were non-significant
for many polygenic traits except for plant height and days to maturity where thQ
numbcr of significant lines was 5 and 10, and 3 and 12 in M3 and Mq generations,
respectively. The number of lines with significant within lines variance in M3
and M, generations were found to be 1 and 4 for sced yicld, 2 and 4 for
biological yieldp and 4 for harvest index, 2€x” and 1 for number of pods, and

2 each for number of primary branches, None of the lines showed significant

variance for 100 seed weight,
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Table 18, Estimates of line mean alongwith within line analysis of variance in MB and M,
generations of macrosperma(HPL-4) variety of lentil under 15 kR '

A A P

Seed Biological Harvest Number of 100-seed Number of Plant  Days to
Progeny/ yield ykeld per index per pods per weight primary height maturity

generation per plant plant plant (g)  branches/ (cm)

e plant(g) (g) (%) plant

e 2e D Ly 5. [ 7 R 9e

M

§;£§‘425 0,83 3,28 23.59¢ 23,90 6420 3475 21.60% 199,35
h26  0.81 3454 22,508  17.05 61k 5435 21422% 198.85
27 1.01 L.85 20462 22,75 6413 4,20 23465% 198,65
428 1,28 6.09 21436 26,00 5487 4,90 23,82  200,00%
hkag 1,33+ 6.29*  20.89 21,45 5.97 3455 2 47*  201.70*
430  0.92 3.56%  25.47:¢ 15.40 6e39 . 3,60% 21.95% 201,30*

My,

T b3 0478 416 18,00  23.75 6,67  3.85 24,12 197,50
432 0.98 4,56 18,74 21215 6,54 375 23462 197,70
433 0,82 3459 23, 16@ 19460 6,02 315 23,90* 197.85
L3l 1,63+ 745 1795 31,40 6.53 L, 95* 26415  199.30
435  1,60%  6.88% 20,31 29400 6418 4e10 27.60 194,000

436 2.41%@ 9.80* 21.18 33,15% 6.61 S L5* 26452% 198,85%

437 1.72% 2.58* 18,11 31.80 6,06 5,40 26.20* 198,80*
k38 1,79 529 17.07* 21,50 6.10 3495 24,80*  199.90*
439 9.94 3623 2k, 9%0 20,80 6413 3.7 23,202 199,50%*
bho 0,89 L5k 22,09* 16,00 6o 40 3.145 24e32*  199,10%
e 1440 7429 17697 33415 6,94 3480 27.12* 198,10*
2 0,86 hob7 19.94 1715 6457 3415 25.95 198.70*
bz 0.92 4,01 21,23 19.35 6029 4,00 24 67*  197.40%
bhly 1.1 ky99 22405 19.40 6473 4.0 22,82  195,55*0
b5 1,10 4,98 19479 25410 6454 he15 23,85% 197,45

Contdees
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Table 18, Contd.

1o Lo 3. e Ll'. 5. X 6. 7e 8. 9..'.

Lug 1419 4,89 25¢89%@ 25,45 64l43 %495 2410 1974 15%

Lty 0671 4,33 16,06 19,60 6,62 3,20 25432 196 . 70%

Lig 0495 4,22 20.57 17.90 6421 3,00 254 95* 198,50

Bho 1487 5426 20, 12* 18.50 6,07 3,80 25467 198,40

450 1.76 7426 22.80¢ 28,60 6,08 4,85 26415 197.25

451 14 4O 6457 2141 22,80 628 Le35 2k, 92 199.05

k52 148k by33 16.33 13,15 6421 3435 274 37* 199435

HPL4 1627 6,85 17.28 - 25.70 6,62 5e60 25.80 198,65
ParentalSE+ 0«10 0.48 131 3658 0,13 0433 0,48 0.51

Line _

mean SeEgx 040 1473 247 5e53 0.2k 0469 1436 137
Pooled SeEet 0,35 1455 2,66 6Jlt2 0.26 0.72 1.29 1,32

Lines M, O 0 3 0 0 0 0 0

falling -

outside Mq 1 0 L 0 0 0 0 2

parental

range

* Indicates lines with significant within lines variance.
@ Indicates lines showing significant shift in desired direction.
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Lh,b Estimates of individual linc mean end within line analysis of variance
under 20 kR:

The variety wise results obtained on the estimates of linc mean and
within line analysis of variance under 20 kR are given in Table 19 and 20 and
presented below:

Estimates of individual line mean and within line analysis of variance (Table19)
under 20 kR for microsperma (HPL-5) lentil:

Individual line analysis for mcan performance wer.t. various polygenic
traits revealed that none of the 7 and 20 lines studied in MB and Nq generation
showcd a significant. shift in mean over control for seed yield, biological
yicld, harvest index, plant height znd days to maturity., Line HPLM 305 in M3
and HPLM 308 in My showed 2 positive shift for number of pods. Two lines in
M3 and six lines in M4 exhibited superior performance w.r.t. number of primary
branches. For 100 sced weight, five lines in Mh showed a desirable shift in
MC AN e

Vithin lines analysis indicated that most of the 7 and 20 lines
studied in M3 and M4 respectively, showed the presence of significant variance

for biological yicld and number of primary branches. The number of lines

showing significant variance in both M, and Mh gencrations were 1 and 3 for

3

harvest index, 2 and zero for number of pods, 1 and zero for 100 sccd weight
and days to maturity., None of the lines showed significant variance @ither in

M3 or M for seed yield and plant height,

Estimates of individual line mean and within linc analysis of variance (Table 20)
under 20 kR for macrosperma (HPL-4) lentil:

Estimates of line mean indicated that none of the lines in M, and Mq

3

generations showed superior mean performence for all the traits studied oxcept

100 seed weight, where line HPLM 45h in M, and HPIM 462 and 464 in M;, exhibited

3

significantly positive shift in mean,
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Table 19, istimates of line mean alongwith within line analysis of variance in Ii,

and M
I
generations of microsperma (HPL-5) variety of lentil under 20kR

3

T,

Seed  Biological Harvest Number of 100-seed Number of Plant Days to

Progeny/ yield yield per index podsper  weight Primary  height maturity
generation per plant per plant plant (g) branches/ (cm)
plant&ﬁ (g) (%) plent . .
M
D .
HPIM299 R 5.55* 2L4a17 18,15 2.88 L, 50%* 20.17 173.85
200 139 5.64* 24,01 28,35 2.89 %4 60* 20.45 171,40
301 1458 6,02* 2k.65 20,25 2482 3. b0* 19.07 170,70

302 1.2h Lezls 21,13 23,55 2,97 5+90* 19.52  173.80

303 1.17 5.80% 24,19 16,80 2495 k10 17.07 172.75
304 1.12 b b3 24,00 37.85* 2.76 5.60*@ 21,45 172,10
205 1637 6,60 21425 b9.55*@ 2.93 5.15*@ 21,55 171.35%

by,

T 206 1.18 Lhg 20,63 37,30 2471 5.20%@ 21,00 173.35
307 1416 4,18+ 26422 23460 2467 3.95*% 22,20 174,55
308 1,07 h.pgs 25,1k b2,350 2457 5.45%@ 22,77 172,10
309 110 5.08% 23,44 25,25 2481 3475* 21.82 176,50
310 1.09 he2ox 22,98 30,10 2.85 L, 10% 21.22 173.90
311 1.19 4,18+« 26,03 27.10 2,7k 3.95* 20,52 174,65
312 1.27 2.90* 21.50* 2255 2,73 L, 45% 19.77 174480
313 1021 L, 18+ 23 ko> 2.75 2.83 5.05*@ 20492 174,70
3 1.4 3.85% 23,39 25.05 2.72 3.65* 2leg0  175.95
315 1,12 3.71* 21,05 23435 2,84 3425% 21.82 175.65
316 1,97 2,087* 24,50 27.20 2453 5.00%@ = 19.90 176.45
317 1413 Lo51* 24,37 31,70 2.61 L, 50% 22.57 177.75
318  1.03 3.91* 18,28 28.10 2.75 4,00* 20.80 177.20
319 1.03 3.95*% 17.10 28,40 2.62 b 35 20,82 175.60

Table 19 Contd.
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Table 19 Contd,

:l—. ‘g_'..» 3. l‘*. 5. 6. . " 7. ’8.:“‘“ _9":”&%* T
320 1.08 L,ol* 25.24% 20,95 2.82 34.65% 19450 172,75
321 0.93 3490%* 18,47 2L, 70 2,65 3.10% 21.32 17615
322 1.03 3.,02% 22428 24,60 2.71 L, 30%* 20,07 17515
323 1413 b lig* 22435 37.75 2.93 Ly 70% 20487 173455
324 1617 3.,80% 2k, 75 32,05 2,74 5.00%@ 21,42 175.80
325 1.05 L by 22,26 31410 2.63 5.00%@ 19,37 175495
IPL~-5 1.9 7.01 25411 24,70 2.84 3455 24,52 17%420
(Control)

Parental S,E+0.12 0402 1.09 2493 0,05 0429 0,08 0,88
Line meanS.E+0.11 0.59 2436 7.59  0.09 0.70 1615 10142
Pooled S,E.k 0416 0.43 243 7,41 0.09 0,69 0.86 1462
Lines

falling M3 0 0 0 1 0 2 0 0
outside

parental M, O 0 0 1 5 6 0 0
rengo

" * Indicates lines with significant within line variancec.

@ Indfcates lines showing significant shift in desired direction.
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Table 20, Estiémates of line mean alongwith within line analysis of variance in M3 and
My, gencrations of macrosperma (HPL-4) variecty of lentil under 20 kR

Seed  Biolopical Harvest — Number of 100-seed Number of Plant Days ?o
Progeny/ yield yield per index per pods per weight primary height maturity

gencration per plant plant plant (g) branches/ (cm)
plant(g¥s) (%) plant ———

%

HPIM 453 1,06 4,63 21, 79* 20,30 5.98% 4,70 25,42 198.20
Lsh 1,52 6, L6* 22,20* 22.85 7.23*@ 5.25 2%,60*  200,60*
bes  1,66% 7,67 20,29 27410 6463 4,85 24,07 196,60
456 1,39* 5,88 20,74 23415 6,89* 4,50 25.25% 198,50
hs? 1,218 B 20,08 22,75 5.88 4,65 25.30*  197.55

M,

T 458 1,19 3,84 25,23* 1545 6463 3425 26.80%  196.75
459  1.11 3483 25.,06* 17425 5¢63  3.55 23,65% 196,80
heo 1,36 6.32 22,90 23,95 6.77 3470 25.65%  196.40*
41 1,10 4,75 20,98 18,10 7.01* 3420 28,20 198,00
h62 1,17 473 23,97 18.50 2,360 4.85 28.17%  197.25
k63 0.9 3,96 23.30% 16,15 6.71%  3.60 27.85*  198.90
Lol 1,12 4,85 23,24 21.15 7:.39*@ h.75 26455 199.90*

HPL-4 1,27 685 17,28 25450 6.16 475 25480 198,40

(control)

Parental 1.1 0637 0.91 o 0.05 0.61 0.48 0.49

S.E.+

Iine mean 0419 1¢16 1427 2.77 0.58 0.60 1.61 0.99

SeE.+ ,

Poold 5.£40.91  1.07 1.53 3.67 Ouilh 0.8 1447 140k

Lines

falling M, O 0 ) 0 1 0 0 0

outside

parental M4 0 0 0 0 2 0 0 0

range

* . . . s e .v. . . .
Indicates lines with significant within line analysis of variance

€Indicates lines showing sisnificent shift in desired direction,
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Within lines analysis of variance indicated that in M3’ three lincs
cxhibited the prescnce of significant varisnce for sced yield, biological yiedd
100 sced weight and plant height. For harvest index only two lincs and for
days to maturity only one line in M; showed significart variance within lincs.
In M4 number of lines with significant varience were 2 for days to uaturity,

3 for 100 seed weight, 4 for harvest index and 5 for plant height,
Estimates of population mean in MZ_,_LAI_% _alx_d.___l\j#_g_qpf;g_a}“_i_pjl‘sﬂ:

In order to understand the shift in mesn in different gencrations

under various radiation doses for different polygenic traits w.r.t bhoth
microsperma (HPL-5) and macrosperma (HPL-4) varieties of lentil in relation to
parental varities (control), the ponulafion mean in each genceration were
estimated and same are incorporated in Tables 21 and 22. In the Tables 2% ond

22 the mean values marked with star (*) indicate positive shift and the ones
narked with '@' indicate negative shift at 5% level of significance, The variety
wisc and within a variety dose wise results obtained wer.t shift in mecon are
given below in the following pages:

Le5.1 Estimates of mean in M, M, and M, generation under microsperma (HPL-5)

2
lontil:
Estimates of mean in M2, KB and My generation of microsperma voriety

under 5, 10, 15 and 20 kR radiation doses for eight polygenic traits are given

in Table 21, The estimated values revealed that under 5 kR dose the shift in

mean following mutagenic trcatment was positive and significent for many traits
and persisted through various generations. The shift in mean for secd yicld was

positive and significant in M. and 1,e For biological yiecld, it was positively
J

2

significent in all the gencrations. The shift in mean was positive and

significant for number of pods in M. and M for 100 seed weight in MZ' M., and

2 3? 3

Mq, for number of primary branches in M_ and M, and for maturity days in all the

2 3
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Tablc 21, Estimates of parental (M.), Moy M3 and My populations mean with respect
to various polygenic traits under different radiation doses in microsperma
(HPL-5) variety of lentil

= ——

Seed Biological Harvest Number of 100-seed Number of Plant Days to

Dose/ yield yield per index pods per weight primary height maturity
generation per  plant per plant plant (g) branches/ (cm)
Plent(g) (z) (%) | plant
My 1,58 4,86 €736 M8 209ks 418 21,59 q7h,55s
+0.04 10,07 +0.38 $0.60 40,01 +0.07 014 40419
By 1,396 b398 26,58 29,68% 2,87 3,95+ 20.50 176,11
5KkR #0.02 40,05 0414 0.27 40,01 40,0k $0.52 20,08
M, 111 b6 21.56@  27.00 2479* 3449 20,510 177,32+
$0.02 10,06 #0420 +0.28 10,01 +0.,04 +0.06 40,08
Mo 1413 3.6 27,02 27.30 2,71 3475 21,50 172,30
0,06 40,66 #2.78 3073 40411 0437 054 +0.60
ﬁé 1.63* 6,38+ 23470%  L8.ahx 2,89 6.13* 25e59*  176490%
0.05 10,15 0,36 1130 40,02 40,13 $0.18 40,15
ﬁB Te73% 7,24 22, 48* b olyx v o o7 6.07* 2h 6l 177,13
10kR #0404 40,12 2021 40471 10,01 10.08 .11 £0,07
M, 1.05 5,080 19.782 39,49 2,600 5,13 2339 175.60%
20.03 10,08 0.2k 40,67 40,01 40407 4011 + 0,09
ﬁé 001 5,31 21,47 39450 271 5.25 23,22 173,55
_;#_0.09 :'_0034 _4_-1.60 i-_ 2-59 :_0006 _1‘0.64 ;!_‘0043 _t 0.66
M, 1.5 5602 10.05e  broske 3, 13* 5652 24,59 178,11
2004 40,12 4034 .32 10,02 20.08 +0.1% 4+ 0.13
My w3 5,54 22.430 Lbho3e 3.5+ 5.0 23,188 17940
15kR $0.03 10,09 40433 10,80  +0.02 40,07 2011 40413
My 1.27%¢  5.5% 20.608  M1,24e  3,1q% 64 44@ 23.24@ 178,99%
My  1.98 7,01 25.11 63.20 2.62 750 2ke52 177,20
201t 10,49 +1e22 +3.38 10,08 +0.23 052 10.61
W, 1.2 475 2k 13 35.40% 2,759 5,00+ 21,420 174,644
L= 10,04 40,75 0461 130 40,02 £0.13 £ 0.77 0,33
My 1332 5,490 23.3%@  37.78+ 72,86 be32s 19.90Q  172,28¢
20kR 7 40.05 40,22 #0455 +1e13 40,02 #0413 X023 40,32
M, 10100 Th,060 22.66@  29,35* 2,7 b, 32% 21.060 175,13+
~  20.02 10,08 40433 #0.58 40,01 +0.07 +0e13 40,16
My 198 77,01 254711 2470 2.88 3¢55 2he52 173,20
. #0.12 40,02 17409 2293 #0.05  40.29 40,08  .5.88

" Significant + ve SHITT in wean @ significant -ve shift in momm.
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generations studied. Harvest index and plant height exhibited a significantly
negative shift in mean in Mh‘ A sipgnificant negative shift in mean was also
noticed for number of primery branches in M.

Under 10 kR dose the shift in mean was positive ard significant for all

the traits under M2 and M, generations and it was so also in Mq for days to

3

meturity. Riological yield per plont, harvest index and 100 seed weight showed
a signific-ntly negative shift in mesn in M4 generation,

Under 15 kR dose estimates of shift in mean indicated that generally
the shift was negative and significant. It was so in all thc generations for
seed yield, biological yield, harvest index, number of pods and number of primary

branches., For plant height,it was also significont but negetive in M, and Mq.

3

However, a significantly positive shift in mean was observed for 100 seed weight
in all the generations -nd for days to maturity in M2 and M, .
Under 20 kR dose, seed yield, biological yield and plant height in 211

the generations, harvest index in M_ and Mg, 100 seed weight in M, and M4 and

3 2

days to maturity in M, showed a significantly negetive shift in mean. Positive

3

and sipnificant shift in wean was found for all the generations for number of

pods and number of primary branches and for days to maturity in M, and Mh'

2

L,5,2 Estin-tes of mern in‘ME, M, ..d M4 generation under macrosperma (HPL~l)

p

lentil:

Estimates of mesn in M_, M, and Hh populations of macrosperms variety

2' 73
under 5, 10, 15 and 20 kR radiation doses for eight polygenic traits are given

in Table 22.

Under 5 kR dose, shift in mean was positively significant for seed

yield in IVI3 and M4’ for biological yield and days to maturity in M., M, and Mh’

2’ 3

and for number of primary branches in Mq. Harvest index and 100 seed weight

exhibited a significantly negative shift in mean, whereas, it was so only in M

3

for number of pods and in M_ for number of primary branches,

2
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Table 22, Estimates of parental (Mp), Mp, My and M; population mean.with respect to
various polygenkc traits under different radiation doses in macrosperma

(HPL-4) variety of lentil T

Dose/ Seed yield Biological Harvest Number of 100~seed Number of Flant ﬁéys to
generation per plant yield per index/ pods per weight primary height maturity
(g) plant(g) plant plant (g) branches/ {cm)
2, plant e
M, 0.9 459 20,66 17,38 6.k42e 3,790 23.15% 197,47
) _‘_"_0005 ;!;0.19 +O.63 o, 61 tO.OLl- ,+.O°23 1_,1_0.35 10050
O 96+ 22,290 15,332  6.37@ 4, 68 20,87  197.65*
10,05 015 .40 #0045 10,0k 40419 0.2+ 0,22
kR 3’74 0,96* Lo box 22.21@ 17.41 6412 L,83*  22.55*  197.07*
40,02 40,07 +0.25 0,30  +0.03  +0.11 0.1+ 0.13
M, 0.8 3433 23,71 17.25 6,86 Lobo 20,67  490.00
#0015 2050 +2.19  +1.26 10,05 +0.23 40653  + 0.91
M, 1.h# 7423 19.69 25,09  6.53* 4,09  28,l0*  197.082
o £0.06 021 +0.56 10,80  #B.04 +0.1h +0630 + 0,23
M3 1,08 L.8% 22,46 22,72 6.63* boobx 25,37 196,472
10kR +0.04 +0.15 +0.43 10,61 40,04 0414 +0s21  + 0.16
M,  1.25% 5484 20,622 23.92*  6.38* ho28*  26,06* 196,900
+0.03 40,10 030 0,48  +0.02 #0410 015 £ 0.12
My, 1.10 5475 22,39 17,40 6.29 3.85 24,77 199.80
+0.09 40411 +1.36 42,01 +0.08 4019 40,48+ 0461
M, 1.020 5.310 18.79* 21.46c  6.41@  3.658 25.84 199,30
+0.03 40417 +0.37 1044 +0.03 +0,08 40418 4 0.16
My  1.030 L, 600 22,41 21,092 6.1% ko1%e  22.79¢  199.97*
15kR +0.05 0.20 40.62 10,96 40,06 +0.0k 4036+ 0.35
M, 1.160 5.53@ 22.25% 23.132  6.37@ 3,992  25.200  197.987
+0,03 #0711 034 +0.50 +0,02 +0,08 40616 + 0,18
My .27 6.85 17,28 25.70 6.62 5,60 25,80  198.65
40,10 +0.48 #1231 - 5,58 40413 N33 408+ 0.57
]
H, .34 6432 21.02% 20,276 6,50+ 423 27.13* 198,30
#0406 +0.26 +0.57 0,67  +0,06 +0.18 042 10427
My .35 5,870 21.04* 22,23 6450 h66  24,73®  198.18
20kR +0.07 0430 + 0.63 40,91 0.0k +0.18 0,32+ 0,28
M, t.the 4,670 23.53* 18.652  B.79* 3.842  26.93*  197.719
40,03 #0415 + 057  +0.57  +0.05 3016 30,30+ 0.3C
By .27 6.85 17.28  25.50 6,16 4a75 25,80  198.4cC
+1.11 +0.3% + 0,91 F2 M 40,05 +0461 0,48+ 0.4

* Significant +ve shift in mean
© Significant -ve shift in mean.
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Under 10kR radiation dose, shift in mean was positive and significamt
for all the generations under study for number of pods, 100-seed weight and
plant height and significantly negative for days to maturity. The shift in
mean also tended to be significan® y positive for seed yield in Mz and MQ’

for biological yield in M, and for number of primary branches in MB and M,+

2

and significantly negative for biological yield in M, and for harvest index

3

in M M
in N2 and L

Under 15kR dose shift in mean was generally negative, Seed yield,
biological yield, number of pods, 100-seed weight and number of primary

branches in M_, M_ and Mq,plant height in M

2" 73 3

M4 exhibited significantly negative shift in mean., Shift in mean was

and Mq and days to maturity in

significantly positive for harvest index in all the generations and for days
i in M M.
to maturity in > and 3
Under 20 kR dose the shift in mean was significantly positive for
all the generations under study for harvest index and 100-seccd woight and for

plant height in M2 and M,. The shift was significantly negative for seed yield

in Mq, for biological yield and plant height in M3 and Mh’ for number of pods

1

5

in Mz and M4 and for number of primary branches and maturity days in !

gencration,

k,6. Component analysis of radiation induced polygenic variation

Component analysis of induced polygenic variation was attempted by
using the recent sophisticated biometrical techniques in order to understand
the nature of irduced genetic variation by partitioning the variation into
additive and dominance genetic components and also to got the information on

the role of non-allelic interaction in the induced genetic variation through
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scaling test by testing the adequacy of additive dominance model, The results
obtained on the adequacy of additive-dominance model and genetic component
analysis with respect to induced polygenic variation for various traits
studied under different radiation doses for both microsperma (H°I-.5) and
macrosperma (HPL-4) varietics of lentil are presented in the following pages.

Le6u1e Scaling tost for the adequany of additive-dominance model:

The results obtained on the scaling test with respect to both the
varieties under different radiation doses are given in Table 23 and presented
below variety wise. The values in the Table 23 marked with star(*) indicates
the inadequacy of additive dominance model to account for the induced

polygenic variation and establishes the presence of non-allelic interactions.

Adequony of additive-dominance model in microsperma (HPI~5) lentil: The scaling

tost revealed that most of the values were significantly deviating from zero,
indicating the inadequacy of the additive-dominance model., Under S5kR dose the
values were significant for seed yield, harvest index, 100-seced wecight ,numbcr
of primary branches and days to maturity indicating the presence of non-allelic
interactions, whereas,biological yield, number of pods and plant height showcd
that a simple additive~dominonce model is adequate for induced variation, Under
10kR dosc¢ ~11 the traits cxcept nv “er of pods exhibited inadequacy of additive
dominance model, Under 15kR radiation dosc all the traits except biological
yield ond number of pods hed significant valuc of scaling test which indicated
the presence of non-allelic interactions. Under 20kR dose of radiation all the
traits except harvest index, 100 sccd weight and number of primary branches
showed the inadequacy of additive dominance model in explaining the variation

induced,
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Table 23 Bstimated values in scaling test for additive-dominancce model

’ - . 'Microspcrma (HPL~5) . Macrosperma (HPL-4) e
Charactors BRI TTAONR OkR__ ZOKR G AGKR ___TSRR . ZOML_
Sced yield =0,359% -1.45% 0,384  -0,502* ~0.600% (0,668* 06259  ~0oh20

+0,076 10139 +0.0%5 «153 40,159 +0.149  #0,164  + 0.270
Biological
yield Ca009  =5,159* 04164  ~3,604* -4.371% L, 250* 2.556%  -2.071"
40,008 40.L2% in.332 4+ 0,688 +0.435 40,536 10,800 0,970
Harvest
index ~0.142% L 277*  27,059%  -0.570 ~1a798  -6,438%  ~7.943* 4077
40,707 4048818 14135 #1865  +1.438 11,531 42,025  42.2°9
Number of
pods =04 208 5,60k 0,054 5.374* 6.185% 4,778 bl 212,120%
#2052 43.219  +2.749 41,908 #2024 42,875 434147 & 2.336
100mseed
weight ~04087%  w0.293* ~0.,399* =0,37% 0130  =0.604* 0.756* 0o643*
40,014 10,02k 40,069 40,073 +0e135 404131 #0.19% 0.5
Nunmber of
primary

branches  -0.659*  -1.,816*  1.353* 0,702 -0580 =0.068  ~0.,946*  =2,0%0
204024 40,307 40,292 40,435 £ 0,655  +0.480 404213 0,641

Plant

height 1.097  -1.5hhE 1531¢ 383k 30651 hhqax 7,887+ 6.8
1586 40.435  10.380  40.766 40,851 10,759 21.155  #l.22k

Days to

maturity  0.858*  -3.020% 3,919+ 8,067* 1,338 1,466+ -h.630* 1,307

$0.209 40,170 #1.569 47049 40,773 40,586 41.113 41,085

* Indicates inadequacy of additive dominance model at 5 per cent level.
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Adeguacy of additive-dominance model in macrosperma (HPI-4) lentil: The scaling

test showed that under 5kR radiation dose, the additive dominance model was
adequate for oxplaining the induced variation with respect to harvest index,
100 seed weight, number of primary branches and days to maturity. For seed
yvield, biological yield, number of pods and plant height, the scaling valucs
were significant at S5kR dose, indicating the inadequacy of additive-dominance
model and establishing the presence of non-allelic interactions. Under 10kR
rodietion doee, all the traits under study except number of pods and number of
primary branches showed the inadequacy of additive-dominance model. Under 45kR
radiation dose, the additive-dominance model was adequate for explaining induced
variation only for secd yield and number of pods. Under 20%R dose, all the
polygenic traits except seed yield and days to maturity exhibited the
inadequacy of additive~dominance model,

ko6,2. Genetic component analysis_of induced polygenic variation

In this genetic analysis both first and second depgree statistics have
been made use of for partitioning the induced variation into additive and
dominance components, In the first degree statistics, populaticn mean values
of M, (parents), M, and MB generations in each dose werc used, In this analysis

- as indicated earlier, M, was equat:? with F_ and than the analysis was donc by

2 2
using Mather and Jinks (1971) approach as suggested and modified by Yonezawa
(1979)e In sccond depree statistics whcrever the required statistics in the

desired magnitude was available, the analysis was done as per Yonezawa (1979)

approache The results obtained on thesc estimates are presented below:

Genetic component analysis(first degree statistics approach)

Coriponent analysis, using first degree statistics parometers was

performed for both microsperma and macrosperma lentil for partitioning the
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induced variation into additive and dominance effects and also to know the
average depgree of dominance, Results obtained are given below variety wise:

Estimates of induced additive(dm)dominance(hm) and (hm)/(dm) ratio in
oiorosperna (HPL-5) lentil

The results obtained on ti.e estimates of induced additive (dm),
dominence (hm) and (hm)/{(dm) ratio indicating average degree of dominance unde:
various radiation doses for various polygenic traits in microsperma (HPL-5)
arc ziven in Table 2k, For seed yield the additive effect was significant
and negative under 10kR dose indicating that more increasing alleles have
mutated to decreasing alleles or it may be more likely thot either the
increasing alleles are more radio-sensitive or the parent has more of
decreasing alleles, However, under 15kR dose the sced yield exhibited a
positive and significant additive effect for seed yield which showed that
more increasing alleles are present, For seed yield the dominance effects
were significant under 5 and 15kR dose of radiation, whcreas, the average
degree of dominance under 15kR exhibited incomplete or paréial dominance.
Additive effect was negative and significant gnder 10kR dose and significantly
positive under 15kR dose for biological yield, whereas, dominance effects
were significant under 5¢10 and 20 kR dose, Averagce degree of dominance for

under 10kR dose, where both additive and
biolorical yinldy/whereas, dominniice effects werc simnificant exhibibted
partial dominance, For harvest index only dominance effects werce found
significant under 5, 10 and 15 KR pradiation dosese. Additive and dominance
effects both, were significant under 5 and 15 kR dose of radiation for
number of peds, whereas, only dominance effects were significant under 10 and
20kR dose, Averare degree of dominance showed over~dominance under 5KR dose
and incomplete dominance under 15kR dose, Hundred seed weight showed that

both additive and dominance effects were significant under 5, 15 and 20kR
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Table 24, Lstimates of additive (d)m ,dominance (h)r effects and average degree of
dominance(h)m/(d)m for different polygenic traits under different radiation
doses in microsperma(HPL-5) variety of lentil.

Dose/ Seed Biological Harvest Number of 100-seed Number of Plant Days to
estimate  yield yield index pods weight primary height maturity
of effect (g) (g) (%) =) branches  (cm) _
(m  -0,0k 0,15 0.65 1,38 _0.05% 0,01 1,04 =1.87
+0.,04 40,35 +1e 41 .49 +0.01 0,01 40,59  + 0.34
5kR (W)m 0,38+  0,94* 1.64% 10,34 0.13%  O.47*  21.70%  -0.3L
40,08 10,15 +0.82 +1.32 #0.03  +0.16 + 1,09 + 0,30
Av.,Dom, = - - 7ol 2. 74 - - -
(Adm  —Coi1*  =1,39* 0.10 <042 ~0.01 -0.38 =0.23  ~1.87*
+0.06  +0.26 +0.84 +1467 +0.03  +0,84 +0.26 0,34
10kR (h)m 0,20 -1.72% 2,47+ 7.80* 0.09 0.13 1.90% 0,34
+0412 40,38 40483 +2.97 ¥0.03 40,30 #Q,41 40,70
Av,Dom, -~ 1e23 - - - - - -
(d)m 0.25%  0,77* 0436 8o 3U* ~0.38*%  ~0,85*% 1e38* 0,26
40,06 +0.11 4072 +1495 +0.06 40,12 +0.13 034
15kR (h)m  ~0.3%*  0.13 -6.77* ~h 97 -0s25*  -2.16 2.83* 1,43
009  +0.19 +0.96 +2429 #0405 #0421 035 #0.39
Av.Dom' 1.36 - - 0059 OC65 - 2’05 -
(Am 0,30 0,39 1.28 2426 -0,06* 0.03 3.07¢ 1,64
40,08 10,23 40,83 £1496 0,01 +0.21 +0.25 40,56
OKR (1)m —0.11  =1,47% 1.58 15.2%* ~0,22* 1.4 3,04 L,7%
40.13 40,53 +1463 3ok 0,06 40,37 057 +0.91
Av.Dom, - - - - 3ol - 0.99 -

e B .l s oo e

*Significant at %% level
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doses of radiation, whereas, average degree of dominance indicated complete
dominance under 5 and 20kR dose and partial dominance under 15kR dose of
radiations Dominance effects under 5 and 20 kR and positive additive effect
under 15 kR dose was significant for number of primary branches, Plant height
exhibited significant dominant effects under all the doses studied, whereas
fhe additive effects were positive and significant under 15 and 20kR. The
average degree of dominance showed complete dominance under 15KR dose and
incomplete dominance under 20kR dose, Additive cffects werc significantly

negative for days to maturity under % and 10kR dos¢ of radiation,

Estimates of induced additive(dm),dominance(hm) and (hm)/(dm) ratio in
macrosperma (HPI~4) lentil

Results obtained on the estimates of induced additive (dm),dominance
(hm) and a.verage degree of dominance (hm)/(dm) under various radiation
doses for eight different polygenic traits in macrosperna (HPL-lL) are given in
Table 25, Estimates indicated that both additive and dominancc cffects were
significant for seed yield under 5 and 1CkR dose except that of dominance
effect under 5kR which was significantly negative, The average degrce of
dominancc.under 5 and 10kR dose exhibited completc dominance, For'biological
yield the ~dditive effects were s’ -aificantly positive under 10 and 15kR dose
of radiation and significantly negative under 5kR dose, whercas, dorinance
cffect was significant only under 10kR dose, with average degree of dominance
exhibiting complete dominance under 10ki dose., Significently negative effects
were obtained for harvest index undef 10, 15 and 20kR radiation dose,whereas,
dominance effects were significant under 10 and 15kR doses of radiation. The
average degree of dominance, under 410 and 15kR dose for harvest index,where

both additive and dowinance effects were significant, was complete dominance.
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effects and average degree of

dominance(h)m/(d)m for different polygenic traits under different radiation
doses of macrosperma(HPL-4) variety of lentil

Dose/ Sced Biological Harvest Number of 100-secd Number of Plant Days to »
e?ti%%tet yield yield index pods weight primary  height maturity
or eiiect (g) (=) (%) ' (g) branches (cm)
(d)m 0,28* -1,00% -0, 1N 10 78% 0.27* ~0,58% 1.04%  ~8,91%
+0,09 0431 0,18 40,83 +0,05 + 0,07 041 40,49
S5kR  (h)m -Q 47* -0,73 =3,27%  h,09% 0.10 -1.77* L,56% ~0435
+0.13 30,48 +1.49  +1,52 +0.12 + 0,35  +0.85  +0.75
AV.DOHI.'I.?" Lad - 2.06 - 3.05 4.37 -
(d)m  0,17% 1.60* -t l* 1,47 ~0422% ~0,27 1422%  1,97%
+0.07 4022 0,67 1,42 +0.05 0,18 40.27 +0.52
1OkR(h)m 0.65* L, 68* ~554* L, 74 -0420 ~0429 6.05%  1.22%
+0e12 40451 141 42,59 +0.11 40,39 #0.73  #0.57
fv.Dom,3.82 2.92 3491 - - - 498 0,62
(ddm 0,12 1. 47* “L,37r 2,49 0,38 0, 43* %03* =GeG8*
+0.73 4041 40,79 2,05 10,10 019 +0.,45  +0.48
15kR(h)m  -Q.01 0.13 7.2 0,74 0e56* ~}.09% 6e11* =1427*
+CeM +0430 +145 42,16 +0.14 40,18 40481 40415
Av,Dom, - - 1665 - 14 46 2.52 2,01 1429
(d)m -0,04 0.71 ~1489* -0,34 -0.13 ~0,17 1673*  0.17
40,09 +0.37 40482 +1.56 40,72 40,36 10,46 #0.40
20KR (n)y 0,01 0e89 ~0404  +5,92% 0,16 ~0.86  4480% -0.24
+0.18 +0.79 +1.70  +2,52 #0,16 40,50  +0.58  40.79
Av.Dom. - - - - - - 277 -

* Significant at 5 per cent level,
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For number of pods,additive effect was positive and significant only under
S5kR dose of radiation, whercas, dominance was significant under 5 and 20 kR
dose, Average degrec of domiannce for number of pods under S5kR showed complete
dominancces Significantly positive additive effects were rcvealed for 100-seced
weight under 5 and 15 kR dose of radiation, whereas, it was significantly
negative under 10kR. The dominance effect for 100 seed weight was significant
under 15kR and the average degrce of dominance e¢xhibited complete dominance,
For number of primary branches the additive effect was significant and
negative under 5kR dose and significantly positive under 15kR dose of radiations
whercas the dominance cffects were significant under 5 and 15kR dose, The
average degrec of dominancc showed complete dominance for number of prinary
branches under 5 and 15 kR dosc¢ of radiation, Positive and significant additive
as well as dominance effects were obtained for plant height under all the doscs
of radiation studied, whereas, the average degree of dominance indicated
complete dominance, For days to maturity, the additive sffects were
significantly negative under 5 and 15kR dose and significantly positive under
10 kR, whereas, the dominance effects were significant under 10 and 15kR doses,
Average degree of dominance for days to maturity under 10 and 15kR doses
exhibited partial and complete dorinance, respectively,

Genetic component analysis (second degrec statistics approach)

The sccond degree statisiics required in appropriate magnitude as
per Yonczawa (1979) for genetic component analysis were available in microsperm:
lentil with respect to number of pods under 5kR dose and plant height under
20kR dose and in macrosperma with respect to 100-sced weight under 20kR dosc,
henece the component analysis using second degrec statistics was done with
respect to above situations only. The results obtained on the estimates of

additive (Dm), dominence (Hm), Fm, average degreec of dominance, r2/r1 estimatcd



110

as Sﬁ)ﬁ, iﬂl% neasuring isodirectionality of dominance and dcgree of genc

Sin” /e

— . 'm .
association and 'r.' estimatcd as ——--— measuring the degrec¢ of gene

3 [PV

Vi

association are incorporated in Table 26, All the variances i.e. Dm, Ha and In
were found to be significaal in microsperma under 5kR dose for number of pnde
whercas average degree of dominance exhibited overdominence. Valuc of 'r2/r1'
ratio was more than one, As the value of (h)m for this was also mor. than onc,
hence, it indicated that about half of the parental gencs have increasing effcct
compared to mutant genes, dominance being positively directed for most the geres
concerned, Estimates of nr3' was also found to be riorc than one which indicated
that all parental allele were dominant to mutant ones. For plant height in
microsperma under 20kR dose, the Dm, Hm and Fm were significant, whereas,the
average dcgree of dominance exhibited complete dominance. The value of 'rZ/rq'
ratio was less than onc¢ which indicated that parental genes lacked dominance

as compared to mutant gencs, Value of 'rB' was nore than one which indicated
that all parental alleles were dominant to mutant ones, In macrosperua under
20kR dose for 100-seed weight, only Hm and Fm values were significant and
average degree of dominance exhibited over dominance, The value of 'r2/r5' ratio
for this trait was less than one but in negative direction, indicating that
parental genes lack dominance in comparison to rutant genes, whereas 'r3' vadus

was again more than one indicating th-~t all parental alleles were dominant to

mutant cnes,
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Table 26. Estimates of different genetic components and probability estimates for

obtaining potential mutants in M2, M3 and M4 generations by using second
degrece statistics approach
Trait/ . —— Normal probability estimat s
variety/ Dm dm T Hr1/Dim ra/r1 Ty s M3 i,
dose

Microsperma

Number of
pods (SkR) 34,82*% 423,52* 208,51 12.16* 2.4 1,72 0,102 0e184 0. 480

+ 3685 412,11+ 9.49 (04131)  (0.363)  (0.43k)
Plant
height 3.82*  22.02* 15.09* 5.77 Oelt1 1465 0,057 0,091 0,038
(20kR) «
.80 43.33  +2.36 (C.059) (0.099)  (0.041”

macrosEerma

100-sced
weight 0409 Oul2*  0,28* 5,02% -0.,53 1¢26 0,090 0e140 0,022
(20kR)

+0.93  #0.19  40.07 (0.173) {0.223)  (0.079)

* Significant at 5 per cent level

Probability valuus in parenthesis indic..es the values obt.ined on the basis of both

additibe and environmental v: ~iance.

probability was higbest for obtaining porentint muvinive stus wwgiove sameeoo
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4,7, Estinates of normal probability integrals for predicting the expccted
potential mutants excelling their parental values in the Hp,Mz and Hy

o .. o . it

generations
In order to predict the probability of isolating the¢ potential
mutants excelling their parental values for the desired traits under differeont

doses with respect to both the varieties, the normal probability integrals

. Penm Pa-n . .\
corraesponding to EEL and P values werc estimated and the results
1 T4

obtained are given in Table 27 and 28 rnnd arce presented variety wise below:

Le741. Estimates of normal probability integrals in microsperma(HPL-5)lentil:

Results obtained on the estimates of nornal probability integrals
for predicting the number of potential mmtant lines falling outside the parental

range in M2, M, and M# gencrations for various polygenic traits ir wfCroSperma

3
are incorperated in Table 27. The sstimateo were obtained based on both
induccd additive affects as well as induced additive plus environmental effects,
sc as to know the procision of predictions, The estimated values obtained on
the basis of combined induced additive and envircnmental effects (dm + e) were
more as compared to onc calculated mainly on the basis of induced additive
effects (dn),

For higher sced yield, t~. highest probmility would be in M4
generation under 10kR dosc of radiation, where the value was 0.46 when
caleculatcd on the basis of dn and 0472 when calenlations were based on dn+e,
For higher biological yicld the highest probability of obtaining potential
mitoants would also be in ML+ géneration under 10kR radiation dose, where the
probability values were O.43 and 0,456, respcctively, for both type of
probability estimatese In Mq generation under 5kR dose of radiation the

probability was highest for obtaining potential mutonts for higher number of
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Table 27, Estimates of probability values for obtaining true breeding lines in lp,Mz and
My falling outside the parental range under different radiation doses in
microsperma(HPL-5) variety of lentil

Dose/ Seed Biological Harvest Number 100-secd  Number of Plant Déys to
generation yield yield index of pods  weight primary  height maturity
(g) () %) (a2 branches __ (cm)
M2 - - - Qe 01 0,0001 - - 04110
(0,165)  (0,305) (0,243)
5kR ¥3 - - - 0,043 0,003 - - 0.022
(0.251)  (0.363) (0.123)
My, - - - 0.410 04480 - - 0,003
(0,468)  (0.,428) (0.630)
M, 0,064 06220 - - - - - 0,03k
(Ce117)  (0.301) (0.173)
M, 0,038 0,084 - - - - - 0,028
KR 73 (0.082)  (0.171) (0.348)
M, 0,460 0430 - - - - - 04130
(06,472)  (0,456) (0.333)
M,  0.0003  0.0%3 - 9-004 0-088 0.0t 0,480 -
2 (0,085)  (0.238) (0.105) (0.151) (0.095) (CL.u92]
15kR M3 04003 0,027 - 0011 0,047 04018 0e160 =
(06137)  (04229) (0.133) (0,102), (0,088) (0.312)
M) 040009 04032 - 0,016 0096 06100 0s170 =
(Ce100)  (0.235) (0,149) (0.161) (0.208) (0.319)
M2 - - - - 0,080 - 0415C 04190
(0.393) (04158) (0.370)
ZOkRM3 - - - - 04380 - 0,066 0,28
(0 U476) (0.068) (0,4+16)
Mu - - - - 0,030 - 0,130 0.120
(04355) (04131) (0.326)
66

Note: Values in parenthesis arc

estimates obtained by taking environmental error also.
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pods, For 100-seed weight, M4 generntion under 5kR dose ~nd M3 generation
under 20kR dose exhibited high values of probability estimates, whereas,

for more number of primary branches, M4 gencration under 15kR dose of
radintion was found to be most suit-ble for isolating potenti-l mutant lines,

For plant height best estimates were observed under 15kR dose in M, generation

2
where prcbability of isolating mutants with desirable shift would Le 0.48, when
estimated on the basis of dm alone and 0.492 when cstimated on the basis of
dm+c, For early maturity, the best generation would be M3 under 20kR dose of

raciation on the basis of dm alone ~nd in M4 generntion under 5kR dose on the

basis of dm+e.

4,7.2¢ Estinates of normal probability integrals in macrosperma (HPL-4)lentil

Estimates of normal probability values for predicting the number of
potential mutnats falling outside the parental range in MZ’ M3 and M4
generation for eight different types of polygenic traits werc obtained for
macrosperma and are given in Table 28, Here again the probability values
obtained on the basis of dm alone were less than the ones obtained on the
basis of dm+e, For higher seed yield, the highest probability would be in
M3 generation under 10KR dose, whereas, for biological yield, Mh generation
under 10KI would give the maximun probability of isolating desirable potential

mutentse For haorvest index, M, generation under 10kR dose was found to have

3
maximum probability of isolating desired mutanta, For number of pods Ml+
generation under SkR rociation dose was found to have maximum probability
value, The normal probability value for isclating potential mutants for

hundred sced weight was maximum under 10 kR dose in Mh generation, whereas,

for number of primary branches, the msximun probability would be in M

3
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Table 20 Lstlmates of probability values for obtaining true breeding lincs in hz,NB,M4
falling outside the parcental range under different radiation doses in
macrosperna (HPL-4) lentil

Dose/ Seed Biological Harvest  Number of 100-sced Bumber of Plant Days to
generation yield yield index pods weight primary height wmaturity
. [ G ) ‘ (g) branches _ {en)
2 0,389 0 100 - 0e260 0,054 Oe 140 06086 04200
( c.b6k)  (0.3205) (0.492) (0.146)  (0.298)  (04173) (0.223)
SkR MB Ce120 0051 - 0160 04036 04310 0420 0,190
(0,352)  (0.251) (0.374)  (ose1) (0.405)  (Ok72) (0.217)
M, 0,310 06130 - 04 460 0,049 06220 06035 04210
(0.4%6)  (0.322) (0.492)  (0.140)  (0.335)  (0.238) (0,235
M2 CeOBk 06180 0,028 - 0o 140 - Ce001 o083
(Ce261)  (04270)  (04333) (0.267) (0.,070) (0e.211)
10kR M3 0450 04300 0480 - 0.061 - 06310 04,045
(0.,184)  (0.363) (0.496) (9.189) (0eh03) (0.163)
My 0190 0,480 04100 - 04340 - 04160 04070
(C4378) (0.488)  (0.389) (0.409) (0.301) (0.194)
M2 -, 0¢150 04360 - 04290 0,000003 0.4  C.2l0
(0.280) (0 B20) (06378)  (0.103)  (0.496) (0.393)
15KR M3 - 0,064 0e120 - 04100 040005 06160 04090
(0.192)  (0.241) (0e242)  (0.181)  (0.208) (C.298)
Mq - 04180 04250 - 04250 0.,0009 0420 0.240
(0.201)  (0.344) (0.355)  (0.149)  (0.h440) (0,393)
M2 - - 0023 i - - 04220 -
(04203) (0319)
20kR M3 - - 0,023 - - - 06270 -
(0.203) ( 04351)
M4 - - 040005 - - - 04250 -
(0.082) (04 34t)

Note: Values in parenthesis arc estimates obtained after tak ing envionmental crror also,
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generation under 5kR dose, For plant heibght and ¢arly maturity the
meximum probability of isolating potential mutants of macrosperma would

be under 15 kR radiation dose in M2 generation,



5. DISGUSSION



DISCUSSION

The objectives of the present investigation in microsperma and

macrosperma varieties of lentils (Lens culinaris Medik.) were, firstly,

A ek e s

to understand the pattern of segregation and persistance of induced
variation over geénerations under different radiation doses for seed yield
and other polygenic traits, secondly, to understand the genctic architecture
of induced polygenic variations through sophisticated biometrical genetic
models and thirdly, to understnad the relationship of different radiation
doseés with various paramecters of induced variability and varietics used,

It was also considered apt to establish the appropriate stage of sclection
in lentil mutation breeding programme on the basis of segregation patturn
of induced variation and probability estimates of obtaining potential
mutants excelling parents and to identify the potential mutants with
desirable attributes, Results obtained on the above mentioned aspects have
also been discussed for formulating an effective mutation breeding programme
for the genetic amelioration of lentil crope-

Mutation breecding is a valuable supplementary approach in plant
brecding under the situation as is prevailing in food lcgumes, specifically
in lentil where the variability evisting in natural genc pools is not
mecting the requirements of present genctic transformation and also becausce
of tcdious crossing procedurc owing to small, delicate flowers and non-

synchrony in flowcring between microsperma and macrosperma typcse Under

such situations, it is imperative to create the desired variation
artificially through mutagencsis. Among the various mutagens, ionizing
radiations have been used most cffectively for induction of mutations

in thc past ond have resulted in the devclopment of new varietics (Micke,1975).
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They arc preferred primarily because of their effectiveness, the ease of
treating material and its handling immediately after treatment. Data on
chemically induced polygenic variation are very limited (Ramcl, 1983).
Among ionizing radiations, gamma rays are considered to be the most
cffective on account of their shorter wave length posscssing more energy
pcr photon and mono~-emergetic radiations and hence the same have becen used
in present study for induction of polygenic mutations,

The importance of genotypes used for polygenic mutation as well as
the intensity of radiation applicd, are factors of primc consideration
specialliy in‘the initial stage of an cffective mutation brecding programme,
From a resume of work on the induction of polygenic variation in various
crops, it can be clearly scen that low doses of radiation arc more cffective
for inducing polygenic mutatiops. Therefore, in the present study low doscs
ranging from 5 to 20 kR havc been used, which arc cither below or around the
1D 50 for lentil (Sharma, 1977)e It has been speculated that best adapted
and high yiclding lines should be favourcd for induction of polygenic mutants
so that it is possible to accumulatce in one genotype the most favourable
alleles and at the same time eliminate the deleterious oncs (Rawlings ct als,
1958)e 1In the present unaterial HPL-5, a microsperma type of lentil is this
kind of genotype which is high yiclding,rcsistant to blight and rust and
adapted to wide range of cnvironments in H.P, State., Another variety used
in the present study is HPL-4, a very bold seccded, having resistance to
blight and rust but it is specifically adapted to sub-tempcrate climatc of
mid-hill zonc and the purpose of including this variety is its genctic
diversity and also to improve its adaptation by identifying high yielding

mutants with bold sceds along with desired maturity,
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Micro-mutations arc of importance for their adaptive evolution
unlike macro-nutations with deleterious pleiotropic effectse Thus, the
polygenic variations are of paramount importance for achieving desirable
and directed cvolutionsa The high ~ate of micro-mutations coupled with their
much greater probability of improving adaptation cxplains why cvolution in
uatural populations usunlly procccds in the classical Darwinian mode,
trekking its way through a serics of small stepse. Numerous studics of
natural populations have demonstrated that phenotypic differences between
individuals within populations, as wcll as diffcrences between populations,
race and spccies are generally influenced by multiplce genetic factors with
relatively small effccts (Wright, 1968; Falconer, 1981; Lande, 1981;and
Coyne, 1983)e The optimum phenctype can be more ncarly achicved by most
individuals in the populations based on micro~nutations, whilc avoiding
the segrcgation load produced by polymorphism of macro-mutationse Thus,
in thc present study, emphasis has been on the polygenic nutations induced
by different radiation doses and to carry out their genetic analysis in order
to know the nature and magnitude of induced variability by using
sophisticatud biomcterical genctic models of Yonezawa (1979) and Virk ct al.,
(1978), which have considerably r. ioved difficultics in applying a

mutagendeity screcning technology to polygencs.

The results obtained on the induction of variation under differcont
doses over gencration (Table 1-4) indicats: that sufficicent polygenic
mutations have been induced frr most of the traits studicd, nanecly seed yield,
biclegical yield, number of pods, 100-sccd weight, number of primary branches,

plant height oand days to maturity in both microsperna and nacrosperna

voricties of lentil, The exception is only the harvest index, for which the
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induction of polygenic mutation is dose and variety specific, As the dose
increases from 10kR onwards in both the varieties, there is a considerable
induction of polygenic muations for this trait also, On the other hand
traits like seed yield and number of primary branches exhibit absence of
induction of polygenic mutations in both the varieties at higher doses,
Under higher dose, number of pods exhibit absence of induction of polygenic
mutations in macrosperma types It is worth mentioning that in all the doses ,
the induction of mutation for polygenic traits are showing their persistance
from Mzto M#, indicating thercby that in the material studigd, sufficient
genetic variability has been induced in comparison to environmental weriance
(parental variance), &Sarlicr workers have also reported induction of genetic
veriation in the irradiated materiales Such induction of polygenic variation
through mutation in microsperma lentil have also been reported carlicr by
Abo Hegazi (1973), Shaikh (1975), Tirdea (1978), Sharma and Sharma (1978,1979),
Ravi et al.,(1979), Shaikh et al.,(1979), Sen (1982), Kalia (1982) and
Sharma and Sharma (1982). In macrospcrma lentil, the report on the induction
of polygenic variation is limited (Tomozei and Tirdea, 1975 and Kalia, 1982).
Induction of polygenic mutations in other cconomic crop plants have also boen
reportcd by numcrous workers (Koo, 1962 in oats; Gaul, 1963 and Bansal,1969

in barley; Verma, 1973 in Brassica juncca; Rao and Joshi, 1976 in triticale;

Raja Ram, 1973, Bhatti ot al., 1970 and Mandal, 1974 in gram; Rao,1974% in
pigeon pea; Rajput, 1974 and Malik et als, 1979 in mungbean). Segregation

pattern in M2, M_ and Mq gencrations resulting from heterozygous gene loci

3
folloving mutation in the two purc line varieties studicd has further rovealed
the presence of appreciable amount of genctic variability present both

betwecen lines and within lines for most of the polygenic traitse
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With respect to variances duc to lines, the magnitude appears to be
changing from generation to generation being, in general, at peak in M4 for
most of the polygenic traits in both varicties under different radiation
doses‘with minor exccptionse However, in some of the traits under certain

doscs, variance due to lines is higher in M, generation, Variance within

3

lines, is in general, higher in M, in comparison to M, and M# gencrations,

3 2
specifically under medium to higher doses of radiation.. Individual within
linc analyses (Table 13 to 20) also further establish the fact that the
number of lincs cxhibiting significant within linc varianc¢ is higher in

majority of thc doses in M_ as comparcd to M, in both the varicticss The

3
importance of within line variance in MB and later generations has also been
cwphasiscd earlier in lentil (Ravi ct al., 1979; Sharma and Sharma, 1978 ;
and Kalia, 1982)s Prescnce of sufficient genetic variation within lines in
later genecrations is understandable from the fact that polygencs which arc
numcrous for a quantitative trait like seed yield have high mutation
frequency as compared to major genes, as reported by Ramel (1983), Higher
polygenic mutations lead to retention of more induced genetic variation in
later generations, Probably, in the prescnt material too, the presence of
considerable amount of induced genctic variation even in Ml+ gcneration, for
many of thé polygenic traits studicd under majority of the doses,specifically
undcr highcr oncs, might bc due to high mutation ratc of polygenes for the
traits under studye Presence of such segregation as recorded in the present
material has also been documented by Dumskhovic et al.,(1970) in wheat and by
Hussain and Abdalla (1979) in Vicia faba,

Another important point to note in Tables 1 to 4, is the presence

of considerable amount of linc x block interaction. In somc cascs this
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interaction, under certain doses in both the varietics for differcnt traits,
happens to be considerably high whcn compared to within line variances in
different gecnerations, indicating the importance of genotypc x micro-
environment interaction, however, line x block intcraction does also contain

some -amount of genetic variability due to heterogenity of M, and M4 lines,

)
Probably, this interaction is responsible for rendering variance due to lines
non.significant when tested against parental or within line variances for
some of the traits in some radiation doses in different generations. In
M3 and M, generations, ineffectivencss of mutagens is apparently due to high
amount of genotype x micro-cnvironment interaction, which is normally taken
as error_variance for testing the variance due to lines in the analysis of
variance, Such conclusions arc errcneous, because in such cases, therc is
induction of polygenic mutations but as usual thc effect of such individual
genes is so small that it is too much influenced by environment and gets
confounded into line x block interaction, Present findings, suggest that to
conclude whether the induction of mutations in the polygenes is there or not,
variances due to lines, line x block and within lines must be tested against
the parental variance and if any one of the above threc variances is
cignificant within the limit of s:i»pling error then one can safely say that
induction of polygenic mutations has occured, This point also nccds
consideration while deriving conclusion about the effectiveness and efficiency
of various doses of a mutagcna

In order to compare the extent and magnitude of variability over
traits over gencerations and doses, estimates of coefficient of variability
is considered to be the most potential and reliable parameters In the present
study the estimates of C.V.(Tables 5 to 8) again confirm the induction of

large amount of variability for all the polygenic traits as in most of thc
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cascs CoV, in diffecrent gencrations over different doses is higher than the
parcntal C.V., in both due to lines and within lincs, The value of C,V. due
to lines is, in general, higher as compared to within lines in all the
generations for all the traits cxceont for secd yicld where CoVe duc to within

lines in general is higher in both microsperma and macrosperma varietics,

It is worth mentioning that the variances due to within lines are in gencral

higher in M, than in M,+ but C,V, in both M, and Mh generations is morc or less

3 3
of cqual magnitude at least in microsEerma. However, in macrosperma within

line C,V, is slightly reduced in M4 as compargd to M3.~ High estimates of C.V,
have been observed with respect to seced yicld, biological yield, harvest index,
number of pods and number of primary branches in all the generations over
differcnt doses, For 100-seed weight and plant height, the cstimatcs of C.V,
arc nederatc but low for days to maturity, Over doses, cocfficient of variation
reveals that in microsperma the cstimates increase from 5 to 15kR but get
TG'duccd under high dose of 20kR, whercas, in macrosperma,CeVe is maximun under
5kR and starts showing progressive decline with increasing radiation doscse

This confirms the differential radiosensitivencss of microsperma and
nacrosperna types in lentil (Sinha and Godward, 1972 and Kalia, 1982)., High
CaVe following mutation, has also '.cn reported in lentil by Abo-Hegazi (1973),
Nandan and Pandya (1980), Sharma and Sharma (1982) and Kalia (1982). In the

present wmaterial, the sced yicld under SkR in microsperma has the highest C.V,

Gl s

duc to lincs which is more then four times of parcental C.V. whercas, the
lowest C,V, has been with rcspect to days to maturity.

Another important parameter of variability which needs consideration
for the induced polygenic variation is the heritability which is estimated

as ratio between genetic variance and total phenotypic variance observed in a
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particular population, In any crop improvement programme may be through
hybridisation or mutation, response to selection would depend upon the
magnitude of heritability i.e, on the magnitude of genetic variance generated
or induced, besidecs, other factors. In the present study, estinates of
heritability due tec lines ignoring genotype x micro-enviromment interaction
(line x block interaction) and duc to within lines (Tables9 to 12) are
considerably higher as comparcd to heritability duc to linos .eleminating line
x block interaction for most of the traits under different radiation doses

in M_, M, and ML+ generations., In lentil moderatc to high heritability

2 73
estimates in M, has also been reported carlicr by Chowdhry ot al.,(1998),

3
Ravi et al,,(1979), Haddad,(1980), Nandan and Pandya (1980) and Kelia (1932).

High heritability estimates following mutation has also been observed in
various other crop species by Rawlings ot al.,(1958), Papa et ale,(1961) and
Williams and Hanway (1961) in scybean, Krull and Frey (1961) and Koo (1962) in
oats, Gill ct al.,(1974) in barlcy; Sarma (1975) in peanut, Borojevic (1965),
Goud (1967) and Ibraohim and Sharaan (1974) in wheat and Jana and Roy (1973) in
rice, It is worth noting that climination of genotype X micro-c¢nvironment
interaction has considerably reduced the heritability estimates due to lines
and the extoent of reduction has be @ to the tune of 75 per cente In(case of
days to maturity under S5kR dosc in M3 gencration with respect to microsperna,
it is reduced from 91 per cent to 4 per cente. Heritability, due to linces
eliminating genotype x nmicro-environment interaction has remained nore or

less constant over generations with the exceptions of sced yield under SkR
dosc¢ of radiation, whercas, in uicrosperna varicty heritability cstimates have

rceduced in M3 and M4 as compared to M In nmacrosperma thesc cstinates arc

20
higher in M3 as compared to MZ and ¥« In gencral, thc heritability cstinmates
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are higher under lower doses as comparcd to higher ones. Present findings
reveal that the presence of genotype X microeenvironment interaction leads
to over-cstimation of heritability in induced polygenic variations Thercfore,
it is suggested that while evaluating the induccd polygenic variation,
prescnce of genotype x micro-environment interaction musb be considercd, as
it is well cstablished that prescncce of this intoraction crcates hindrance

in recalising the cxpected gain through selection in a population (Spraguc,

1966)4 High heritability estimates in M, and M4 gencrations within lines also

3
indicate that selection would be more cffective in later generations, as late
as in Mh for sced yield and other yicld contributing traitse

Another important parameter to detect the induction of new variation
caused by mutagenic agents is the shift in mcan of the irradiated population
in rclation to parental controly The mcan values for polygenic traits in
irradiated population are in most cases lower than the unirradiated material
indicating negative shift in mean (Scossiroli, 1965; Gregory, 1968 =nd Gaul,
1965)e This effect of radiation on ncan has becn attributed to deletericus
nutations which are supposed to occur in higher frequency than the favourable
oncse, 1in the present materialy the shift in mean appears to be variety-trait-
generation..dose specific (Tables 21 and 22). In microsperma, under 5 and 10kR
doses the shift in mcan in MZ and M3 generations as comparced to parent is
mostly positive or ncutral and in Mh generation, all trends, negetive,
ncutral and positive shifts have been observed for different traits, howcver,
for sced yield and number of pods, it is ncutral, but for days to naturity,
shift is towards latcness, Such a positive, ncutral shift in mean under low

doses has nlso been documented in M. gencration by Kalia (1982), Under

3

higher doses in microsperma, the shift in mean is negative for nmost of the

Py
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traits in different generations as has been earlier observed by various workers
(Scossiroli, 1965; Sinha and Godward, 1972; Sharma and Sharma, 1978; Tirdea
1978; and Kalia, 1982). The trend in shift in mean with respect to
macroéper@g is somewhat different from that in microsperma. In this case

for important traits like seed yicld, the positive shift in mean has bcen

observed in M, and Mh generations and neutral in M., under 5 kR dose and

3
positive shift in M

2

and Ml+ and neutral in M, under 10kR, Under higher doses

2 3
as observed in microsperma, the shif{ is negative for most of the traits in
macrospermas The important trait under consideration in macrosperma has also
been carly maturity and for this the desired shift in mean has been noticed
under 10kR in all the three gencrations and under 15 and 20kR dose in Mh
generation onlye For 100-sced weight, consistent positive shift in mean over
gencrations has becn recorded under 10 and 20kR doscs, whereas, umder 5 and
15kR doses, the shift in mcan has becn towards negative sidc, In general, for
majority of thc traits in most of the gencrations under different doses, the
shift is towards negative side, These results on the shift in mean are not
following cxactly the Brock's hypothesis and the present study reveals that
such shift in mean of irradiated population are¢ generally unpredictable and
arc dependent upon specific genotynic-trait-doscegeneration combinatione
Shift in mean has also becen reported to be genotypic-trait specific by Frey
(1968) in pats and Kalia (1982) in lentil. A disharmonious and deleterious
cffect of higher dosus of gamma rays for sced yield has also been reported by
Oka ct al.,(1958), Rawlings ot al.,(1958) and Kao vt al.,(1960). Aastveit
(1966) also concluded that Brock's hypothesis can not be universally
valid and the direétion of micro-mutational variability is indecpendent of

genotypc, but associated with vitality.
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Beside considering the shift in irradiated population mean, it will
also be worthwhile to consider the shift in mean on the basis of individual
line mean in M3 and Mh generations in both varicties studied under different
doses (Tables 13 to 20)e It is irn’.resting to note that irrespective of past
selcction history of trnits under consideration in both varietics, the shift

in line mean in both M, and M4 generation for all the traits “studied in both

3
the verietics is either unidirectional or there is no shift in mean fron
parental varicty. Batemon (1959) has also stated that in a population
mutations can occur in one direction only as has been the case in the present
studye Even on thc basis of linc mean analysis. the prescent findings do not
follow the Brock's hypothesis. Wherever therc has been a shift, it has been
nainly towards positive side, Thercfore, according to present results, past
history of sclection has nothing to do with the pattern of shift in mean of
irradiated material.,

It is now well recognised that effectiveness of radiation dose and
cfficicncy of dose are distinct phenomcnone While effectiveness of all the
doses have beoen obscrved in both the varieties for most of the traits studied,
it will be desirable to identify the most cfficient one by looking at
relationship of various decces with difforent parameters of variability like,
shift in mean, coefficicnt of variability and heritability. As discussed
earlicr, the shift in mean is dose-trait-varicty specific and lowér doses
appear to be nmore efficient for most of the yicld troitse In microsperma

alsc on the basis of line mean analysis in M, and MQ generations excelling

3
their parcntal control arc higher under 5 and 10kR for secd yield,biolcgical
yicld, pods per plant, branches per plant and tallness, however, for 100-sccd

weight, 15kR dosc appears to be thc most cfficient for having unidircctional
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positive shift., Beyond 10kR, except for 100-seed weight, there is not nuch

shift in mean for majority of the lines studied in M, and M4 generations, In

3
macrosperna for seed yield, biological yicld, branches and height, 5kR appears
to be the nost efficient dose, for 700-seed weight, 1CkR appears to be the
rnost cfficient, and for days to maturity, 15kR appcars to be the good onee
In general, on the basis of both population and individual mean, it can be
safely concluded that in microsperma 5 and 10kR doscs and in macrosperma 5kR
or below would be more efficient for secd yield and some of its components,
whereas, for 100-secd weight, 15kR in microsporma and 10KR in pacrosperma
and for days to maturity, 10 and 15kR doses in macrosperma would be most
cfficient for inducing desirable mutations, On the basis of MB,Kalia (1982)
has also reported lower doses to be the most efficient for yield and yield
components in lentile Negative shift in mcan at population level in
irradiated material in corparison tu control at higher doses as recorded in
present material has also been documented carlier (Scossiroli, 1965; Sinha and
Godward, 1972; Sharma and Sharma, 1978; Tirdea, 1978; and Kalia, 1982).
Looking at thc rclationship of various doses with phenotypic
cocfficient of variability, it appears that C.V. due to lines in some
instances appears to be lincarly related with the radiation doses
administered, but in others, it is lacking as roported earlier (Scossircli,
1965)e Only the intermediate doses have induced maximum increase in variation
and there is a strong decline with increasing doscs. The lack of linearity
nmay be duc to elimination of non-reproductive mutants in carlicer gencrations
as actunlly practised in the prescent material, The increase in variation
upto 15kR has been with roespect to M

generation, however in M, and M4

2 >

gencrations, there is a slight rcduction from 5 to 10kR and sometimes there
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is slight increase but beyond 10kR there is general reduction in induced
variability in both the varieties, Results on the coefficient of variability,
reveal that 5 and 10kR doses are the most efficient for most of the yield
components for inducing variation *ctween lines and for days to maturity,
higher doses i.e. 15 and 20kR appear to be better, Within linescoefficient
of variance in M3 and M# generations further indicates that for seed yicld
within lines genetic variance under different radiation doses remains more or
less same in both the varicties. However, on the basis of the highest
cocfficicent of variance due to within lines in M3 and M4 generations, 10kR
dosc of gamma radiation appeara to be the best for both the varictics. It
is worth mentioning that though in most of the traits, under low doses shift
in meen has becn unidirectional, still high amount of induced genctic
variation has becn documented in the prescent studye

Relationship of heritability cstimates with diffcront doscs of
radiation indicates that heritability due to lines climinating genotype x
micro-e¢nvironmental interaction, in general, decreascs with incrcasgng dose
of radiation in microsperma, whereas, in macrosperma it inereases with
incrcasing dosc, being highest under 20kR, With respcet to heritability
within lincs, it is highest ot lower doses and negligible at higher doses
with respect to microspcrma varicty, whercas, with respect to macrosperma
variety, thc situation is reverse specifically for seed yield, It appcars
that at higher doses, therc has becn random mutation specifically in
microsperma type leading to little shift in mcan but such random mutations
normally leads to high magnitude of voriation as has beon mentioned by

Brock (1965).
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On the basis of shift in mean, estimatcs of coefficient of
variance, heritability, pattern of variation and segregation within and
between lincs, it is emerging out that present results confirm the earlier
views that macrosperma is morc radio-sensitive than microspermas On the
basis of desirable mutant lines in M3 and M4 gencrations, it also appears
that number of lines thrown under 5 and 10kKR doscs arc much higher for
microsEerma,as compared to racrosperma for sced yields This further confirms
difference in radiosensitivity of the two varieties under studye Sinha and
Godward €1972) and Kalia (1982) have also rcported that variety macrosperna
is more radio-sensitive than microspernas

Anothor most important aspect of the present inveatigation is to
know the genetic architecturc of induced variation with respect to yield and
its components, Importance of such an analysis in purposeful management of
induced genetic variability is obvious. Rational choice of most suitable
brecding method among several available, would depend to a large extent on the
nature of gene action involved in control of a trait or traits of interest
to the brecder with respect to induced variatién. Mcaningful genctic analysis
of polygenic traits can be said té have been initiated with the work of
(Fisher, 1918), when he showed that continously varying traits arc also
governed by genes which obey Mcandelion laws and suggested partitioning the
hereditary varience into additive, dominance and epistatic components, After
this, there has been a prolific development in biometricai genetical models
for partitioning the genetic variability generatcd through hybridisation.
However, such developments in partitioning the induced genetic variation into

its various components has received little attention. While many experiments
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have been conducted to assess the amount of induced genetic variation in

self fertilising plants, the genetical interpretation of variation has more

or less becn neglected, ILike created variation through hybridisation, genetic
architecture of induced variation is of paramount importance in deciding
appropriate breeding methodology to achieve the desired breeding goale
Recéntly, there has been some developments in genctic analysis of induced
polygenic variation by deriving some biometrical genetical cxpectations of
different generatiog;of irradiated material by treating M, as F, and M, as

1% 2

F, ond so one Kao gt al.,(1960) took the first step in this direction and
based their genetic analysis on the assumption that allcle 'A' rutates to 'a’
at the rate 'p' when an individual AA is subjected to mutagenesis, Aastveit
and Gaul (1967) suggested the usc of genctic variances and covariances of L
M3 and M4 populations by growing them simultaneously in the same year to
avoid biasness duc to genotype x cnvironnent interaction for partitioning the
induced variation into genetic components. Noticing the inconvenience of
growing threce generations in one year, Virk et al., (1978) proposcd anothor
method which requires single generation of a population with an hierarchical

pedigree systom by considering each M, plant as F1 and M_, as F_ o They used

1 2 2

Mather and Jinks (1971) approach, Though this approach appears tc bc a novel
oncy specificially for detection of non-allelic intoraction in inducced
variation, however, due to its few shortcomings as being not applicablc beforc
the M) generation, not providing the estimate of multiplicating component of
cdditive-~dominance genc affect and leading to genetic drift because of

hicrarchical pedigree structurc, Yonezawa (1979) proposed another method

for predicting the additive and dominance componcnts of induced variation
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which are practicablc upto MB gencrations since M, is regarded as being the

3
best gencration to start selection for brecedings Present study also
indicates that M3 is the best stage for starting sclection both within and
between lines, however, sclection in M£+ generation between lines for most
of the traits and within line for few traits is alsoc equally cffectives
Virk and Gupta (1980) also suggested a simple equation to test the adequacy
of additive-dominance modcl by using Mo é

equation appears to be incorrect as per Mather and Jinks (1971) expectations,

s M_ and M3 population mean but this
however, in the prescnt study, the equation has been modified by correcting
the samc as per Mather and Jinks (1971). In the present study, the novel
approach of Yonezawa (1979) for partitioning the induced variatienm into
genetic components and the medified equation of Gup (1980) for
testing the adeguacy of additive-dominance model for detecting the presence
of non-allelic interaction in induced polygenic variation under different

radiation doses in both microsperma and macrosperma varieties have been umade

use of,e

Scaling test reoveals that for seed yield under all doses of
microspcrmaband under 5 and 10kR doses in macrosperma, fhere is a inadequacy
of additivc~dominance model indicc :’ng, thereby the prescence of non-allclic
interaction in radiation generated variability., With respect to nicrosperna
non=-allelic interaction has becn detected under 10 and 20k for biological
yicld, under 5, 10 and 15kR for harvest index, and number of primary branches,
under 20KR for number of pods, under 10415 and 20kR for plant height, and
under all the doses for hundred seed weight and days to maturity. With
respect to macrosperna, presence of none-allelic interaction has been noticed

under all the doscs for biological yield and plant height, under 10,15 and 20kR
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doses for harvest index and hundred seed weight, under 15 and 20kR for number
of primary branches, and under 10 and 15kR for days to maturity. It is
further interesting to note that it is only under 5 and 10kR,vhere non-allelic
interaction has been noticed for seed yieldy that high yieldihg mutants
excelling parents have been noticed in both the varicties indicating
thereby, non-allelic interaction of additive x additive nature, because only
such interactions are fixable in advanced generations and can lead to

transgressive segregants in M, and M4 generations following mutagencsis of

3
a pure line‘variety. Other traits where additive x additive type of
interaction appears to be present, arc biological yield under 10kR, hundred
seed weight under all doses, number of primary branches under 5 and 10kR,
plant height under 40kR in microspcrma, whereas, in macrosperma it is
existing for biological yiecld under 10kR, harvest index under 15kR, hundred
sced weight under 10 and 20kR, plant height under 5 and 10kR and for days to
maturity under 15kR, as indicatcd by the presence of transgressive scgregonts
in M3 and M4 generations (Table 29), Prescnce of such non-allelic ﬁgzigfction
for induced polygenic variation in lentil is being reported for the/time, Such
studics on non-allelic interaction with respect to induced polygenic variation
in other crops too, is as good as :il,

Prescnce of non-allelic interaction in quantitative traits as a
major portion.of total genctic vériance has been confirmed by Cockerham (1959).
Ketata ¢t al.,(1976) have reported in wheat that genctic models
neglecting cpistamis may result in biased information. Noneallclic
interaction of additive x additive type has also been documented recently in
lentil by Haddad ct al.,(1982) for several polygenic traits following diallel

technique. Presence of non-allelic interaction following hybridisation have
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Table2d, Estimates of the mutant progenies under different doses and gencrations in

both nlcrogggrma and macrosperma varicties of lentil, surpassing significantly

et s | e . i A

the control in desirable direction for different polygenic traxks.

Characters/ o microsperma macrosperna
generation SkR 10kR 15kR 20kR S5kR 10kR 15kR 20kR
Se?d)yield My 1 19 o) 0 3 1 0 0
g

M, 0 2 0 0 9 L 1 0
Biological
yicld (g) M3 5 12 0 0 7 0 0 0

M1+ 7 0 0] 0 6 2 0 0
Harvest 1\’13 0 1 0 0 0 0 3 0
index (%)

M, 0 0 0 0 0 0 L 0
Nurber of M3 15 3 0 1 0 6 0 0
pods '

Ml+ L 1 0 1 3 9 0 0
100-seezd) MB 8 3 19 0 0 & 0 1
weight (g

My, 4 0] Lo S o} 2 0 2
Number of H 3 2 3 0 2 0 1 0 0
prinary
branches M4 0 0 0 6 8 6 0 0
Plant M3 0 8 1 o 0 1 0 0
height (cm)

M L 0 0 0] 0 é 2 0 0]
Days to M, 0 0 0 0 0 0

naturity
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been found tc be a non-trivial factor in the inheritance of agronomically
important traits in various crops by Bauman (1959), Gorsline (1961),

Spraguc ct al.,(1962) and Stuber and Moll (1969) in corn, by Hanson and Wcber
(1961) in soybean, by Burton (1968} in pearl millet, and Yermanos and Allard
(1961) in flax, Howevcr, such information with respect to induced polygenic
variation has not becn taken up in any crop so far.

Component analysis (Tables 24 and 25) rcveals that mutagenically
induccd additive effects arc prescnt for number of pods, hundred secd weight
and days to maturity under 5 kR, for secd yield, biological yicld and days
to maturity under 10kR, for all the traits except harvest index and days to
maturity under 15kR and for hundred seed weight, plant hecight and days to
maturity under 20kR in microsperma variety of lentil, It is intcresting to
notc (Tablc 24) that at 15 kR dose the induction of additive ceffects is
universal for all the traits studied, whereas, at lower or highcr doscs it is
trait specifice Moreover, at 15kR dose, most of the estimated induced
additive cffects are positive. Under SkR for hundred secd weight and days to
maturity, under 10 kR for sccd yield, biolcgical yicld and days to maturity,
and under 15 and 20kR for hundred secd wcight, the negative induced additive
effects indicate that the net dircction of polygenic mutation is from
increasing allcles to decreasing alleles, The positive additive effccts,under
5kR dosc¢ for numbcr of pods, under 15kR for all the traits cxcept harvest
index, and deys to maturity, and under 20kR for plant height and days to
maturity, indicate that the net direction of induced mutation is fronm
decrcasing allele to increasing allele as per Virk ct al.,(1978). This
establishes that cither the decreasing alleles have a high mutation ratc or

the parents contain more of increasing than decreasing alleles for the traits
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cxhibiting positive additive effectse It is interesting to note that

induced positive dominance effects are present for all the traits cxcept days
to naturity under low doses of 5kR, for harvest index, number of pods and
plant height under 10kR, for plant height under 15kR , and for number of pods,
number of primary branches and plant height under 20kR, indicating, thereby,
that more increasing alleles are dominant than decreasing alleles. Negative
induced dominant effects are present for biological yield under 10kR, for
seed yleld, harvest index, numbcr of pods and hundred sced weight under 15kR
and for biological yield and hundred seed weight under 20kR, indicating that
more decreasing alleles are dominant than increasing alleles. Relationship of
doses with genetic components indicates that at lower doses, more positive
dominance effects have been induced through mutation and under medium radiation
doses, more of positivc additive effccts have been induccds Induction of
mutation for induced additive effect is universal for all traits under 15kR
and for dominance under 5kR in microsperma. Thercfore, in microsperma, SkR
for induction of dominance and 15kR for induction of additive cffects arc most
cfficient doses for all polygecnic traits cxcept days to maturity. Average
degree of dominance, wh;rover both additive and dominance c¢ifocts arc
significant, reveals overdominance for number of pods under 5kR and complctc
dominance is prescent for hundred seed weight under 5kR, biological yicld
under 10kR, number of pods, hundrod sccd weight, plant height and secd yicld
under 15kR, and hundred secd weight and plant height under 20kR, The genctic
components cstimated on the basis of second degree statistics for

microsperma (Table 26) varicty indicate that for number of pods under SkR
additive and dominaent variances are significent and average degrec of

dominancc is over-dominancee, This finding is cxactly in linc with the one
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bascd on first degrce statistics for this trait under similar radiation dose.
Plant height under 20kR dosc in microsperma exhibits both additive and
dominance variances to be significant with completc dominance and these
cstimates arc again exactly similer to thc one based on first degrec
statistics (Table 24).

In macrosperma, the net direction is mutation of decreasing alleles
to increcasing alleles with respect to seed yicld under 5 and 10kR, biological
yield under 10 and 15kR, number of pods and hundred sced weight under 5 and
15kR, number of primary barnches under 15kR, plant height under all doscs
and days to maturity under 10kR, whercas, net direction is mutation of
incrcasing alleles to decreasing alleles with respect to biological yicld
under 5kR, harvest index under 10,15 and 20kR, hundred sced weight under 10kR,
nunber of primary branches under S5kR and days to maturity under 5 and 15kR
doscse Dstimates of induced dominance effects indicate that not dircction
of dominance is that increasing allcles are dominant to dccreasing allceles
in casc of seed yicld, biological yicld and days to maturity under 10kR,
nunber of pods under SkR, hundred sced weight under 15kR and for plant
height under all doses, whercas, in casc of sced yicld under 5kR, harvest
index under 5, 10 and 15k®, number ~f pods undcr 20kR, nunber of primary
branches under 5 and 15kR, and days to maturity under 15kR, morc decrcasing
alleles arc dominant then incrcasing allclese In this varictysno specific
trend is cmerging out with roespect to genetic components and radiation doses
as has been observed‘in microspermae However, for sced yicld, 5 and 10kR
arc the nost cfficicnt doses for induction of additive and dominance cffoct,
Complete dominance has been observed for seed yicld under 5 and 10kR, for

biclogical yicld under 10kR, for harvest index under 10 and 15kR, for number
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of pods under 5kR, for hundred seed weight under 15kR, for number of primary
branches under 5 and 15kR, for plant height under all doses, and for days to
maturity under 10 and 15kR, In macrosperma, hundred seed weight under 20kR
dose exhibits absence of additive variance on the basis of second degree
statistics (Table 26), which is not in line with the information obtained
from first degree statistics for this trait, However, the dominance variancc
is significant in positive direction indicating that increasing alleles are
dominant over decreasing allcles.

The estimates of ‘r2/r1ﬂ ratio and 'r3' values measuring thec
isodirectionality of dominance and dcgree of genc association indicate that in
microsperma under 5kR for number of pods, about half of the parental genes have
increasing effect compared to mutant gencs, dominance being positively
directed for most of the genes concerned and all the parental alleles arc
dominant to mutated ones. For plant hcight, under 20kR dosc in microspcrma,
the parental genes arc lacking dominance as comparcd to mutant genes.
Parental genes lack dominance in comparison to mutant genes for 100-sced
weight under 20kR dose in macrosperma varicty of lentil, Average degrec of
dominance on the basis of sccond degrec statistics is over dominance for
numbcr of pods under 5 KR in micrasperma and 100 sved weight under 20KR in
macrosperma, whercas, complete dominance is present for plant height under
20kR in microspermae

Following mutagencsis, rceports availablc on the investigation of
genc action for polygenic traits in any crop including lentil arc as good as
nile However, there are some reports regarding the gene action of various
traits in lentil estimated through hybridisation studics, Singh and Jain
(1971) have observed hetcrosis for number of bramches, number of pods and

sced yicld indicating non-additive genctic variance for these traitse
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Malhotra.gg.al.,(1973) have shown GCA effects to be important for maturity,
sced yield, number of pods and plant height and have reported partial
dominance for days to maturity and completc dominance for plent height as
observed in the present studye. Singh EE.Ei"(1975) have obscrved dominance
for sced yield and number of podse. Goyal gt ale,(1976 and 1977) have
obscrved significant GCA and SCA effccts for secd yield, number of primary
branches and sced size. Hadded et al.(1982)have obtained additive gemetic
Variance for days to maturity in cone cross and dominancc variance for seed
weight, plant height ond days to maturity in another cross,

On the basis of above information obtained on the genctic
architecture of induced polygenic variations, it is very difficult to recommend
a suitable breecding technology for handling the induced variability under all
the doses, because type of gene action and component of gene effects vary not
only from dose to dose but also from varicty to variety. Diffcerences in genetic
variances from treatment to treatrment, generation to gencration for different
traits arc not unusual since as stated by Brim and Cockerham (1960), different
populations and different traits nced not to c¢xhibit the same type of gene
action,

In lentil breeding as with other crops, knowlcdge of the additive
coriponent is important because it assists in dcfiﬁing appropriate breeding
method, With =& signifieant additive component, all methods of breeding and
selcction are appropriate and should be effcective, For traits, where
dominance variancce is equally important, improvement will require the proper
combination of mass, family and progeny test sclection (Cockorham, 1961) o
In the present study with respect to important traits like sced yield, it
appears on the basis of genetic component analysis under 10kR dosc that

pedigree method following mutagencois in M, gencration would be profitable,

3
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Undér 15kR dosc, probably modificd bulk methods like stratified bulk breeding
method or single seed descent which also makes use of some portion of
non-additive variation besides exploiting additive would be profitable in
migrosgermq varietys In macrosperm:, for seed yield, where both additive

and dominance variance have shown their appearance under 5 and 10kR doses in
irradiated material, it is suggested that stratified bulk breeding method or
any other form of bulk brecding or family selection method may be uscde
Recently, Saini (1983) while comparing different breeding methods in soybean
has shown that stratificd bulk method is comparable to pedigree method under
a situation where additive genetic variance is present and has advantage over
other methods under a situation where both additive and dominance variance

are present, Stratification in lentil can be donc casily on the basis of seed
sizey maturity, plant type, secd colour etc. etc. For handling the irradiated
material following mutagenesis, single seccd descent method as proposed by
Goulden (1939) and modificd by Grafius (1965) and Brim (1966) and also further
advocatcd by Haddad (1980) and Muchlbaucr et ale,(1981) in lentil, would also be
an efficient mean of advancing irradiated population without selection while
preserving genetic variance for sclection at later stages. Single sced
descent method has been shown to be an efficient cost saving procedurc for
advancing Jentil population by Haddad (1980). A high amount of within line

variance present both in M, and Mh gencrations (Table 29) besides significant

3
variance due to lines in the present study further gocs in favour of adopting
singlc secd descent method in mutation breeding programme too, as it has been
shown by Haddad (1980) and Muchlbaucr et aley(1981), that thc breagdown of

additive genetic variance is different betwecn single seed descent method and

pedigree nethods In the single seed descend method all the additive genetic
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variance is in between lines while in bulk pﬁpulation mcthod the additive
genetic variance is a combination of between lines and within lines variancee
The substantial amount of within lines variance component in the bulk
population breeding, indicate the presencce of closely related plants and
thercfore reducing the potential for sclection and increasing probability

of selecting closely related genotypese It may be mentioncd that in the

present study cach line in M, and Mh generation which arc showing high amount

3
of within line variance, has descended from individual normal looking M1 plants
following bulk method without making selection at any generation. So,
thereforc, in lentil mutation breeding programne, stratificd single sced
descent method or bulk method would be advantageous in handling the irradiated
population in early generations, specifically under situation where additive
or both additive and dominance alongwith complimentary type of gene acticn
are present for the trait under genctic improvemente

Under the situation where dominance or non-allelic interaction or
both are present as it is the case under S5kR for sced yield, the best would be
to launch an hybrid breeding prograrme, but due to flopal norphology of lentil
and non-availability of malc sterility mechanisns for officicnt and
ceconomically viable hybrid brecding programme, it would be advisable to defer
the sclection so that natural scloction plays its part and through cvolution,
non-additive gene effects gets converted into fixable effccts as suggested by
Fasoulas (1980), whereby, he has emphasised that role of various
rcconbinational mechanisms following hybridisation/mutation, is not to nercly
reshufflc the genes into randon recombinatiqns, but to reorganisc the structurec
of genctic material and change its function, and that all hcterotic effects

arce constantly converted through recombination into additive and fixable effecte
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and vice versa, This happens because the genetic material carrics built-in-
forces for adaptive and progressive conversions reflected in the extpra-
ordinary properties of self organisation, self regulation and self replication.
Recent findings of Schimke (1980) and Chambon (1981) in biochemical genetics
of higher organisms concerning the phenomenon of gene amplification and of
split genes coroborate this theory on the cvolution of genc action.
Prediction about the potentiality of irradiated matcrial following
mutagenesis under a particular dosc for throwing lines cxcelling its parental
unirradiated material is another most important arca in dealing with polygenic
traits like sced yiecld, seed size ctce in mutation breeding programme, Such
predictions related to crosscs following hybridization botween two diverse
parents for their potcntiality in throwing transgressive segregants have
been made recently by Jinks and Pooni(1976) on the basis of additive genotic
component and differences between parental and hybrid or mutatod line mcan,
Effcctiveness of such predictions as suggested by these workers depends
mainly on the accuracy of the estimation of various genetic components, The
above approach has been found satisfactory by Jinks and Pooni (1980) in
Nicotiana and Saini (1983) in soybean. Till today, the use of above approach
has not been made in mutation breeding programme, probably becausc of
non-availability of cfficient biometrical genctic models for cstimating
various genetic components precisclys. In the present study by using
sophisticated biometrical genetic models, gonctic‘components of induced
polygenic variation have been estimated and by using the approach of
and Pooni
Jinks,(1976), predictions have also been made (Table 27 and 28) about the
potentiality of irradiated material for throwing potentially desirable mutants

excelling its parents (unirradiated material), it would bc intercsting to
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Table 30, Estimates of actual number of lines obtained excelling parental control
and expected number of lines on the basis of prediction values for
various polygenic traits in microsperma and macrosperma varieties of
lentil in M, and 144.

3
Characters/ microsperma(HPl-5) ' macrosperma (HPL-4) R
generation SkR 10kR 15kR 20kR SkR 10kR __ _15KR 20kR
. ) 3461 3,84 5.98 8e71
Seed yicld My - lgy (0 - ) (1) -
g 1067 0.08 2.0k 8,10
12,74 4,9 16,57 9.83
M, - (2) (0) - (9) (1) - -
12.42 0,04 11478 4,94
. . 7452 64141 be27 6453 1415
et s - a2 © - " © © -
Y & 3,69 0.75 0.87 5,40  G.38
M 126 31 1151 12.24 12,69 6,62
L (0) (0) - (6) (2) (0) -
11,61 1¢57 Lol 12,48 3,96
8.93 1,45 1,01
H
e ) Mz - - , - - (0) (3 ©)

8.64 0e72 0e 11

10411 7e57 0457
M, - - - .. - ((s) (L) (n)
2.60 5650 0.01

22433 3,72 6.36

Nugber of M3 (15 - (0) _ (© - _ _
poas 3483 0.31 2472
28455 7«30 18470
M, (O - (0) - (3) - - -
25,01 0.78 17,48
32431 2.85 3,33 2,06 340 1.39
100-seed = 7g) - (19)  (0) ©0) (6) (0) -
weight(g) "3 5 op 132 2.66 0.61 1,09 0460
26,11 7.89 710 3,64  10.63 7.81
M, (4) - (4o) (5) (0) (2> (0) -
29.28 L,70 0e60 1486 8.8k 5450
- - 2.46 - 6.88 - 1.07 -
Number of = My (©) ) ©)
iy 0.50 5.27 0.01
ranches 10419 13,49 3,23
M4 - - (0) - (8) - (o)
L,90 8.7k 0,02

Contdee-
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Table 20 Contd.

Characters/ microsperma(HPI~5) R macrosPerma(HPlpﬁ)
generation _SkR 10kR 15kR _20kR SkR 10kR _ 15KkR 20kr
- - 8473 047 8402 7429 1425 1675
st g (1) (0) © (1 ()
tony b8 0.46 7.1 558 0,96 135
M - - 1563 2.62 9.04  7.83  9.68 2.4
b (0) (0) 6) (2) (0) (0)
8433 2460 1.33  ke16 9424 1,75
Days to  \  10.95  15.31 291 %69 2,93 1.79
maturity 3 (0) (0) - (0) (0) {0) (0) -
1496 1.23 1.96 3423 0,81 0,54
M 3843 8.99 6e52 8,93 560k 8.64
4 o) (o - (0) (0) (0) (0) -
0.18 3451 2.40 798 1482 5,28

Note: The values in parenthesis indicate actual number of mutant lines obtained.
The values abovc and below parenthesis indicate expectcd number of mutant
lines on the basis of both additive and environmental variance and additive
variance alone, respectively,
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examine whether predictions arc holding true with the expected one on the basis
of predictions made. It can be seen from the Table 30 that the prediction is
holding true for some of the traits under certain doses which indicates that
there is certain co-lincarity between predicated and oxpected walucse For a
plant breeder, sced yield is the most important polygenic trait and for this
the present prediction approach is fitting very well specifically under 5 and
10 kR doses in both microsperma and macrosperma varicties of lentils It is
further intereeting to note that this prediction is holding true wherc

rdditive component is important and therc is absence of non-allclic interaction
as indicated by scaling test, However, this prediction is not universelly
fitting under all the doscs for all the traits and thercefore this aspect of
prediction in mutation breeding programme, worrants further in-depth studies.
by utilising these biometrical genctic models vhich at present in literature are
as good as nil in all the crops and probably the present one is the first
attempt in this direction,

Besides, above in nutation breeding, plant breedgr is also generally
posed with a guestion regarding the appropriate stoge te start sclection for
cfficient genetic gainse This aspect in mutation brecding has also recieved
very little attention by workers cngoged with pelygenic mutations, However,
Scossiroli (1965) hes reported that beth M, and M3 generations are good for
cffective sclecticns, whereas, Palcenzonn (1966) and Yonczawa (1979) have
suggested M3 to be the best generation to start sclcction in mutation brecding.
The study by Sharma (1977) reveals that the stmge at which scloction is to be
nade varies fron trait to trait. In the present study, it is apparent that
bosides high amount of induced varionce duc to lines, therc is a sufficicntly
cqually high magnitudc of varionce duc to within lincs for sced yicld and

other traits in M ¢cneration, whercas, in M cneration, though sonmce amount of
3 ) ) L ’ g
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within line variance is prescnt but variancce due to lines is comporatively
more in microsperma (Table 1 to &),  However, in macrosperma, the situation
appears to be little different. Individual line onalysis (Table 31) further
revcals that in microsperma specifically under low dose, the number of lincs
exhibiting significant within line variancc for sced yield and its componcnts
are higher in M_5 generation as compared to M), and in macrosporma under 5 kR
dose,y the frequency of lincs exhibiting significant within lines variance are

higher in M, generation but such lines under 10 and 15 kR are norc in Hu

3

gencration,

In general, the coefficient of variation and heritability
estinates duc to within lines in M3 generation are comparatively higher as

compared to due to lines in M, gencraticn, whereas, thesc genctic paramcters

3
are hoving higher nmagnitude due to lines in M4 gencration with some exceptions,
On the basis of all thesc informations, it is self-evident that in lentil
mutation breeding programne, !\?3 generation would be most appropriate stage for
stoarting sclection both between ond within lines and in M4 gencration, onc can
upto some extent restrict the sclection betweon lines depending upon trait
under inprovement, However, under " sher doses, it would be appropriate to
start sclection both within and between lines in M4 generation and this holds
more truc in gacrasperna variety of lentil, Prediction studics based on the
additive component have nlso furkher rcevealed that the sclection between lines
in Mq generation would be more effective =s the predictinn approach for
identifying the potential mutant lines is holding mcore true in M4 gencration
than in M3. Therefore, present findings are in favour of starting effective

selection, both within and between lines in M3 and betweon lines in M# and

supports the carlier views of Palenzona (1966), Dumenovic ct ale, (1970),
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Table 31 . Number of lines exhibiting significant within line variance for different
polygenic traits under different radiation doses in M3 and Mh generations
for microsperma and macrosperma varieties of lentil

Characters/ Microsperma Hacrosperma
generation kR 10kR 1OkR — __20kK BkR " 10KR TokR 20KR
Seed Yield M, 70 39 2 0 5 9 1 3
(g) 5
M, 22 11 3 0 2 10 L 0
Biological
Yield(g) MB 5 32 b 7 2 1 2 3
My, 6 2 8 20 2 3 4 0
Harvest
index (%) M3 8 3 13 1 0 L 0 2
M, O 0 9 3 0 1 k 4
Number of
pods M3 85 A 5 2 6 L 0 0
M, 57 7 5 0 9 5 1 0
100~seed
weight (g) M3 0 2 5 1 17 14 o 3
M, 0 1 2 0 36 10 0 3
Number of
primary MB 10 2 23 6 17 18 2 0
branches
M, 2 0 19 19 35 2k 2 0
Plant
height (cm) M3 7 27 3 0 15 15 5 3
B2 o) 0 0 26 14 10 5
Days to
maturity HB 14 2 6 1 8 2 3 1
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Hussain and Abdalla (1979), and Yonezawa (1979).

Theough last, yet the nost important aspect is to look at the induced
polygenic variation in order to identify potential mutants for desirable traits.
The number of potential desirable mv” nts under cach radiation dosc for both the
varitics with respect to different traits studied are given in Table 29. It cau
be sced that in micrﬁsncrmd, such desirable mutants arc available for seod yield,
biolcgical yield, number of pods, 100 sced weight, nuniber of primary branches and
plant height under different doses. For sced yield, the frequency of desired
riutants is more under 10 kR dose, whercas, for 100 sccd weight, it is nere under
15> KR in picrosperma. In pacrosperna, for seed yicld and other desired traits
like nunber of pods, nurber of primary branches, plant height and biological
yield, such desirable mutants are more under 5 kR, which appears to be nost
effective dose for isolating desired rutants. However, far bold seed size
which is a unique speciality of mgggggpggmg, 10 kR dose appears to be most
efficient for inducing still bolder secd size mutantse. As, in @aCrosperma,
¢arliness is the most desired trait in order to widen its adaptability, 15 kR
dosc happens to be one which has thrown two mutants which are significaontly
earlicr in maturity than porent. These two mutants nomely HPIM 435 and HPIM 44
(Table 18) arc 3 ond 4 dovs cnrlier c.an the parcntal control and have good
sced yicld and sced size. In both the varitics 20 KR dose appcars to be
inefficient dose with regard to isolation of desirable mutontse Some of the most
promising mutants for scud yield in microspermn are HPIM 74 (280.5 % increase
over parent) under 5 kR dosc, HPLM 189 (211.8% increasc), ond HPIM 196 (105.9%
increase) under 10 kR, In macrosperma, the maximum number of mutants for sced
yield arc under 5 kR dose and thesc arc HPLH 326 (128 % increase), HPLM 328 (98.8%

increase), HPIM 348 (117% increasc), HPIM 349 and HPIM 350 (136% iﬁcroaﬁe),
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HPIM 354 (12%4 increase), HPLM 355 (126% incrcase), HPIM 364 (134 increase),

HPL 365 (140% incr.asc), HPLM 366 (138% increasc) and HPLM 380 (1184 increasc).

Under 10 kR in macrosperma, HPIM 391 nnd HPIM 423 and under 15 kR dose HPLi 436
are the best yielding mutent, Some itents having still bolder seed size in
nacrosperna, arc HPIM 381, 382, 385, 386, 393 and 397 under 10 kR (Table 16)
and HPLel 454, 462 and 464 (Table 20) under 20 kR dose¢ of radiation, the maximum
incrense in seed size being under 20 kR where mutant HPIM 464 had a 100 sced
weight of 7.329 gne Eorlier workers have nlso isolated usceful mutants for
improving yield in lentil (Eaurs%ﬁt?£?4; Shaikh, 1975; Uhlik and Urbam, 19763
Ravi ct al., 1979 and Kalia, 1982).

It is concluded from the above discussion that gamma radiations are
effective in the induction of polygenic variation over generations and lower tc
nmedium doses are cfficient, Persistance of variation over generations indicates
that the induced variation is of genetic nature, Iine and withinlinc analysis

of varionce in M, and Mh gencrations indicate thet M, is the most appropriete

3 3
stage for starting selection both within and betwecn lines. Cocfficient of
variation (C.V,) in microsperma increases from 5 to 15 kR dose but in macrospcerna,
it is highest under 5 kR dose. Heritability is more under low doses and
genotype x nicro-environment intcraction inflotes the ectimates of heritability,
The shift in mean is varicty-trait-generation and doce specific, with positive
ond neutral shift under lower doses nnd negative shift under higher doses,
Additive, douinance and non-allelic interaction have been detected in the induced
polygenic varintion snd these @&re dosc and trait specific. In microspernma,
dominance is nainly present under 5 kR, and additive c¢ffects ore predominant
under 15 kR dose. First degrec and second degree statistics are giving riore or

less similar information, Macrosperma is more radiosensitive than microsperng.
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SUMMARY

The objectives of the present investigation entitled "Genetic
analysis of induced polygenic variation in microsperna and macrosperma

verieties of lentils (Lens culinaric Medik), were, to understand the pattern

of segregation and persistance of induced variation over generations under
different rediation doses, to undcrstand the genetic architecture of induced
polygenic variation, nnd to understand the relationship of different radiation
doses with various parameters of induced variability ond varietics used with
respect to various polygenic traitse. Establishing the appropriate stage of
selection and breeding method in lentil mutaticn breeding progromme and to
isolate mutants with desirable traits, were also of prime interest,

materia noicted M and rcnoratis f microsperna
Phe naterial concistod of M, an M# genorations of microsp

2' '3
(HPI-5) and macrosperma (HPL-4) varitios of lentil under 5, 10, 15 and 20 kR
doses of gamma radiations. Polygenic traits studied were, seed yicld,
biological yicld, harvest index, number of pods, hundred sced weight, number
of primary branches, plant height and days to maturity. Genetic analysis of
induced polygenic varintion was done as per Virk et al., (1978), Yonczama,
(1979) and Virk and Gupta (1980).

Résults obtained on the induction of variation under diffcrent doses

over generations indicated that sufficient polygenic variation has been induced

for most of the traits studicd, in both microspurma and gacrosperma verictics of

lentils in 211 the gencraticns. However, with respect to harvest index, the
variation induced was not significant and wss dose and variety specific.
Induction of polygenic mutation under 2ll the doses showed their persistance

from M2 to M4 for most of the traits. Segregation pattern of induced polygenic

mutants in MZ’ M, and M, generaticns revealed the presence of significant

3

amount of genetic variability both between lines and within lines for most of

the traitse Magnitude of variance due te lines appcared to be changing from
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generation to generation, being highest in Mq for nmost of the traits under
different doses in all the generations with few exceptions, whereas, variance
due to within lines was higher in M3 generation specifically under medium to
higher radiztion descse  Individual line analysis of variance in M3 and M4
revealed that the frequency of lines exhibiting significant within line

variance was highest in M, in both the varieties for most of the traits.

3
Bonsiderable ahount of line x block interaction was also observed which in
some cases wos even highar thon the within lines variance in different
generations, signifying the presence of genotype x micro-enviromment
interaction,

Cocfficients of variation (C.V.) due to line and within lines in
both the varieties of lentil over generations and doses were higher than
parental C,V. In general, C,V, due to line was higher as compared to
corresponding C.V, within lines cxcept for seed yicld, where this relation
was reversee Magnitude of Cl.Ve wos constant in MB and Mh of microspernae
High estimates of C.V. were observed for seed yield, biological yield, harvest
index, number of pods and number of primary branches in all the generations
under different doses, wherecas, these estimates were moderate for 100-seed

weight and plant height and low for days to maturity., In microsperma, CeV.

increased from 5 to 15kR, whercas, for macrosperma it was maximum under SkR

dosc only.

Heritability (broad sense) estimates, in general; were higher under
low radiation doses. Prcsence of genotype x micro-environment interaction
(line x block intcraction) inflated the heritability estimates for most of the
traits under different doses in M2, M3 and M# generationse, Heritability in

M3 and Mq was higher in both the varieties,



153

The shift in mean of irradiated population for various polygenic
traits appeared to be variety-trait-generation-dose specifice The shift was
positive or néutral under low doses of radiation and it beceme negative at
higher doseé of radiation in both ti.: varieties, however, the positive,
neutral shift was observed under M2 and M3 generations in microsperma and in
later generations like M4 in macrospermae Desired shift in mean for days to
maturity in macrosperma was observed in all the gencrations under 10kR dose
and in Mh only under 15 and 2CkR., Study of shift in mean at individual line
mean level revealed that either the shift was unidirectional or neutral for
most of the traitse In microsperma, 5 and 10kR doses and in macrosperma, 5ki
were more efficient for producing desired shift for secd yield and its
componentse |

Relationship of various doses with various parameters of variability
indicated that intermediate doses induced the largest increcase of variation
and there was a strong declinc with highest dosc, Heritability estimates
obtained by eliminating genotype x micro-cnvironment interaction decreased
with increasing dosc in microsperma, whereas, in macrosperma, it increascd
with increasing dose, being highest at 20kR, Macrosperma variety of lentil
was more rédio—sonsitivc than micro.perma. A larger number of potential
mutants with desirced traits under 5 and 10kR in microsperma as comparcd to
macros erma, further confirmed the differcrtial radio-scnsitivity.

chaling test in microsperma variety revealed the presence of non~
allelic interaction for seed yield, hundred seed weight and days to maturity
under all the radiation doses used, for biological yield under 10 and ZOkR;
for harvest index and number of primary branches under 5, 10, and 15 kR, for

number of pods under 20kR, and for plant height under 10, 15, and 20kR doses
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of gamma rayse With rcspect to macrosperma, detection of non-allelic
interaction was noticed under all radiation doses for biological yield and
plant hcight, under 10, 15 and 20kR for. hervest index and huhdred secd weight,
under 15 and 20kR for number of primary branches, and under 10 and 15 kR for
days to maturity., The nature of non-allelic interaction was additive x

additive for seed yield under 5 and 10kR in both microsperma and nacrosperma,

for biological yield under 10kR, for hundred seed weight under all doses, for
number of primary branches under 5 and 10kR, and for plant height under 10kR
in microspermae In macrosperma, the additive x additive nature of non-allelic
interaction was under 10 kR for biological yield, under 15kR for harvest index,
under 10 and 20kR for hundred seed weight, under 5 and 10kR for plant height,
and under 15kR dose for deys to maturity,

Component analysis in microsperma revealed that mutagenically induced
additive effects were significantly positive for number of pods, hundred sced
weight and days to maturity under S5kR, for seed yicld, biological yield and
and days to maturity wnder 10kR, for 211 traits except harvest index and days
to maturity under 15kR, for hundred secd weight, plant height and days to
naturity under 20kR, The additive effects induced were significantly negative
for hundred sced weight and days tc maturity under SkR, under 10kR for secd
yicld, biological yield, and days to maturity and under 15 and 20kR for hundred
secd weighte Under 15kR dose induction of positive additive effects for all the
traits was universal, whereas, at lower or higher doses, it was trait specific .
Significant éositive‘dominance effects were reporfted for all the traits except
days to meturity under SkR, for harvest index, number of pods ond plent height
under 10kR, for plant height under 15kR, and for number of pods, number of

prinary branches and plant height under 20kR radiation dose, Significant negatit
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dominance effects were present for biclogical yicld under 10kR, for sced yicld,
harvest index, number of pods and hundred seed weight under 15kR, and fcr
biclogical yield and hundred seed weight under 20kR, Induction of nmutation
for induced dominance effects was universal for all the traits under 5kR dosce
Average degree of dominance oxhibited over-dominance for number of pods under
S5kRe Complete dominance was oexhibited for 100-sccd weight under S5kR,
biological yield under 10kR, number of pods, hundred sesd weight, plant height
and seed yield under 15kR, and hundred secd weight and plant height under
20kR, The genetic components estimated on the basis of second degree
statistics for microsperma indicated that both additive and dominance variance
were sipnificant for number of pods under 5kR and plant height under 20k, with
former showing over-dominance and late onc exhibiting complete dominances

In microsperma significant positive additive effects indicated that
the net direction was mutation of decreasing allelss to incrcasing allcles
with respect to seed yield under 5 and 10kR, biolngical yield under 10 and 15kR,
nunber of peds and 100-seed weight under 5 nnd 15 kR, number of primary
bronches under 15kR, plant height under 211 the doses and days to naturity
under 10kR, whereas, net direction was cutntion of increasing alleles to
decreasing alleles with respect to biclogical yield under S5kR, harvest index
under 10415, and 20kR, hundred sced weight under 10kR, number of prinary
branches under 5 kR and days to moturity under 5 and 15 kR doscse Estimates of
induced dominance cffects indicated that net direction of dominance was that
increasing alleles werc dominant/SZcreasing alleles in case of seed yield,
biological yield and days to maturity under 10kR, number of pods under 5kR,
hundred seed weight under 15kR and for plant height under all the doses,

whereas, in case of seed yield under 5kR, harvest index under 5, 10 and 15ki,
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number of pods under 20kR, number of primary branches under 5 and 15kR, and
days to maturity under 15kR, more decrcasing allcles were dominant than
increasing alleles.Out of all the doses, 5 and 10kR doses of radiation
appearcd to be the most efficient f -~ induction of additive and dominance
cffects, Complete dominance was found for secd yield under 5 and 10kR, for
biological yield under 10kR, for harvest index under 10 and 15kR, for number
of pods under 5kR, for hundred sccd weight under 15kR, for number of primary
branches under 5 and 15kR, for plant height under all the doses, and for days
to maturity under 10 and 15kR, Over dominance was exhibited for hundred seed
weight under 20kR on the basis of second degree statistics.

Estimates of 'rz/rq' and 'r,' measuring the isodirectionality of

3
dominance and degree of gene association revealed that for number of pods in
microsperma under 5kR dose about half of the parental genes have increasing
effect as compared to mutant genes, dominance being positively directed for
most of the genes concepned with parental alleles being dominant to mutant ones,
For plant height under 20kR in microspsrma, parental goenes lack dominance as
comparcd to mutant ones, Parental genes also lacked dominance as compared to
mutant genes for 100~sced weight in macrosperma under 20kR dose of radiation,.
Estimates of normal probability integrals for predicting the number
of potential mutant lince falling outside the parental range obtained on the
basis of both induced additivec genctic and envirommental coumponents were more
as compared to onz estimated on the basis of additive genetic component alone,
In microsperma varicty of lentil, thc highest probability for isolating
potential mutants would be :i.nivll+ under 10kR for sced yicld, biological yield,
in M, under S5kR for number of pods, in Muunder 15kR for number of primary

branches, and in MZ under 15kR for plant height, These probability cstimates
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werc found to be maximum in M4 under 5kR and in M3 undcr 20kR for 100-sced
weight and in M3 under 20kR and in Mq under 5kR for days to maturity,
respcctively, when the valucs were obtained on the basis of additive
variance alonc and additive plus enviromment vaoriance,

In macrosperma varicty, the probability of obtaining highest
number of potential mutants would be maximunm in N3 under 10kR for seed yicld
and harvest index, in'Mh under 10kR for biological yicld and 100 seed weight,

in I«'IL+ under 5kR for number of pods, in M, undcr 5KR for number of primary

3

mmNMm:mdinMaumhr19m:mrphmthﬁ@ﬁzmdcuﬁymmmﬁim
Comporison of the actual mutnnt lines excelling their parents with the
expccted number of lines on the basis of thesc predictions indicated that the
prediction approach based on additive component alone was fitting well for
somc of the traits under cortain doses. For sced yicld, the predictions were
holding true under 5 and 10kR doses in both the vorieties, It was intercsting
to note that the predictions were holding more true where additive component
was predoninant and non-allelic interaction was abscnt,

Line and within lines analysis of veriance, estimates of paraneters
of genctic variability, genctic co wonent analysis and prodiction approach

further revealed that in lentil mutation breeding progromne, M, generation

3

vould be nmost apnropriate stage to start selection both between and within

lines and in I"IL+ generation the selection could be rostricted to between linces,
It was further suggestced that stratified single seed descent

nethod or stratified bulk breeding method would be advantageous in handling

the irradiated population in early gencrations, spccifically under situations

where additive or both additive and dominance variance alongwith complimentary
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type of gone action were presept., Under the situation wherc dominance or
non-allelic interaction or both werc present, it would be advisable to defer
the selection at later stage.

Ih general, it was concluicd that sufficient polygenic variation
was induced for mest of the traits studied over generations and radiation doses.
The variation induced was doscevaricty-trait specific, Variability induccd
persisted in later gencrations and segregstion pattern revealed that within
lines variance'was more in MB’ whereas, between lines variance was more in Mh'
Bufficient amount of genotype x micro-environment interaction was fdund for
various traits, Coefficient of variation increased from 5 to 15kR in
microsperma, whereas, in macrosperma it was maximum under SkR, Herifability
astimates were high under low doses and were biased upwardly due to the
presence of genotype x micro-environment interaction, The shift in mean of
irradiated population both at individual and population level was variety-
trait-gencration-dose specific, with positive or nocutral shift under low doses
and negative shift under higher doses. Non-allelic type of gene action was
found for various polygenic traits which in some cases was of additive x
additive nature, Component analysis revealed all type of gene action i.c.
additive, dcminance and over-dominance for different traits, and was dose and
trait specific, Prediction values for obtaining potential mutants were
gencrally satisfactory when obtained on the basis of additive genetic component
alone and were holding true in Mh gencrationy Selection would be more effective
both between and within lines in M3 and between lines in Mq generatione Some
desirable mutants with respect to secd yield, seed size and maturity were
isolated in both the varictiese. The results obtained were also discusscd for
formulating an appropriate breeding methodology for handling the irradiated

material for genetic amelicration of lentil crope
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