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1. INTRODUCTION 



INTRODUCTION 

L e n t i l (Lens c u l i n a r i s Medik.) one of man's o l d e s t p r o t e i n r i c h 

food legume c r o p s , having i t s probable p rogen i to r as Lens o r i e n t a l i s with 

Afghanistan, Turkey and E t h i o p i a being t h e most important c en t r e s of gene t ic 

d i v e r s i t y , o r i g i n a t e d in the f e r t i l e c r e s c e n t of the Near East and da tes back 

t o the beginning of Agr i cu l tu r e i t s e l f (Zohar i , 1972; Williams e t a l ^ 9 7 ^ i 

and Ladiz insky , 1979) . On the b a s i s of physio-morphological t r a i t s , 

c u l t i v a t e d l e n t i l has been f u r t h e r d iv ided i n t o two sub- spec ie s namely 

microsperma and macrosperma (Papp, 1980) . The microsperma types are adapted to 

the Indian sub-con t inen t and the p a r t s i n Near East_, whereas macrosperma. types 

a re mainly s p e c i f i c t o Mediterranean reg ion and t h e New \ ' o r ld . 

L e n t i l bes ides being a p r o t e i n r i c h crop p rov id ing more than twice 

the amount of d i e t a r y p r o t e i n as compared t o c e r e a l s , has a l s o been mentioned 

as having va r ious medic ina l p r o p e r t i e s i n s e v e r a l o ld herbals(V/cbb & Hawtin,19ol) 

The 16th Century w r i t e r Dondonaeus recommended them as p a r t of the d i e t in 

monas ter ies as he be l i eved they dampened the sexua l a p p e t i t e . Nicholas 

cu lpepper , a noted 17th century a s t r o l o g e r / p h y s i c i a n , wrote t h a t l e n t i l was 

governed by the p l a n e t Venus. He went on t o say t h a t when ea ten w h o l e , l e n t i l 

' b l i n d s the body and s t o p looseness but the l i q u i d i t i s bo i l ed in loosens 

the b e l l y ' . Other old h e r b a l s r e p o r t t h a t l e n t i l ' t h i c k e n the blood' whicl 

may r e l a t e t o t h e i r comparat ively high i r o n content (9.6mg/lOOg a i r dry seed 

as compared t o 7.3» 6 . 0 , 6 .3 and 3 .1 mg/l00g a i r dry seed i n ch ickpeas , faba 

beans , l up in and wheat, r e s p e c t i v e l y ) . The s t r aw and pod w a l l s , r e s i d u e s f:-Ci 

t h r e s h i n g , have a high f GGQ. VS. lue (moisture 10.2%, Fat 1.8%, protein km¥/0f 

carbohydrates 50.0%, fibre 21.*)% and ash 12.2%). The seed coat left after 

decortication are also considered a valuable feed and may contain upto 13% 

protein. Starch extracted from lenti l has a stable viscosity over a wide range 
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of temperatures, and is sometimes used in the printing and textile industries. 

The yield of starch from seed is about 28.5% and the residue containing nearly 

l+QF/o protein, is a valuable animal feed (Kay,1979)• 

Inspite of its above mentioned valuable attributes, lentil is 

considered a relatively minor crop on the world scale, as only about 3% 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 (2*$), 

Bangladesh(20%) and Lebanon (l8%). "in India the lentil is grown on about one 

million hectares of land which is 50% of the total world area under lentil and 

India's contribution to the total world production of lentil is around 37%, 

which is the highest followed by TurkeyvSyria, 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 k.2 to 7.k quintals 

as compared to 18.3 q/ha in Prance and 10.5 q/ha in USA, 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 phenomenql 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, 198l), but most of these are land races which have originated through 

selection under poor agronomic situations leading to a serious genetic drift 

of elements 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. However, 

it is worth mentioning about the two varieties identified at Himachal Pradesh 

K-rishi Vishva Vidyalaya, Palampur having field resistance to rust and lentil 

blight. One of them HPL-5, which has been released in the name of 'Vipasha1 

for the general cultivation in Himachal Pradesh,where blight and rust are 

problems, is free from hard seeds, slightly bold in se^d size and has 

outyielded the standard variety PL9-12 by a considerable margin in the state. 

Another variety is HPL-4, which is of macrosperma type having average lOO-seed 

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 needs genetic 

modification with reference to various quantitative traits in order to improve 

their adaptability in other parts of the region through appropriate breeding 

methodology.y 

A critical appraisal of the lentil breeding work in the country and 

at the global scale indicates that like other grain legumes, little 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 tlu problem of non-synchrony of flowering between macrosperma and 

microsperma lentil. jJnder 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 delcide about a suitable breeding 

method, the basic information on the components of generated genetic 

variability is imperative (Cockerham, 1961). Similarly in mutation breeding 
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it is also important to know the nature and magnitude of various components of 

induced genetic variance to choose appropriate breeding methodology to 

exploit the nature and magnitude of induced variability to the maximum, 

Though numerous reports are available on the induction of polygenic variation 

in many economic crop plants, the partitioning of the variation into additive 

and dominance components has received very little attention. Recently,Virk 

.et al.(1978)tYonezawa (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-Jf) varieties of lentil through mutation with the following objectives: 

i. to get the information on the segregation pattern of induced variability 

between and within lines in M , M and M, 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, 

iv. to establish the most appropriate selection stage in lentil mutation 

breeding for various polygenic traits on the basis of segregation 

pattern and probability estimates for isolating potential mutants 

excelling parents, and 

v, to identify potential mutants with desirable traits. 



2. REVIEW 

OF 

LITERATURE 



REVIEW OF LITERATURE 

Na tu ra l s e l e c t i o n i n the presence of e x i s t i n g environments coupled 

with spontaneous mutat ions and recombinat ions has end up with our p re sen t day 

domest icated p l a n t s from t h e i r wild a n c e s t o r s . This gradual p rocess of 

•evolut ion* has i t s genes i s on the raw m a t e r i a l of a v a i l a b l e v a r i a b i l i t y for 

d i f f e r e n t morphological and p h y s i o l o g i c a l t r a i t s . For a long time t h i s process 

went on c a p i t a l i s i n g the v a s t r e s e r v o i r s of n a t u r a l v a r i a b i l i t y a v a i l a b l e . 

The c l a s s i c a l d i s c o v e r i e s of Muller (1927) and S t a d l e r (1928) which enabled the 

man t o c r e a t e v a r i a t i o n a t • w i l l 1 opened new v i s t a s fo r the improvement of 

crop p l a n t s . The mutat ion technique came as a p o t e n t i a l a l t e r n a t i v e / 

supplementary t o o ther breeding methods such as i n t r o d u c t i o n and h y b r i d i z a t i o n . 

Mutations are the u l t i m a t e source of a l l v a r i a b i l i t y i n organisms. 

V a r i a b i l i t y caused by induced muta t ions i s not e s s e n t i a l l y d i f f e r e n t from 

v a r i a b i l i t y caused by spontaneous mutat ion dur ing e v o l u t i o n . Var i a t ion 

genera ted fol lowing mutagenic t r ea tment i s often c l a s s i f i e d i n t o macro and 

mic ro -muta t ions , a l though t h i s c a t e g o r i s a t i o n i s only a r b i t r a r y (Gaul,1965) 

because the gene t i c na tu re of the changes a re of the same k i n d . In some cases 

the c l a s s i f i c a t i o n of mutat ion i n t o micro and macro depends on t h e power of 

observa t ion method, as has been demonstrated by S e y f f e r t (1962, 1965) for 

colour d i f f e r e n c e s i n Mathiola i ncana . However, so long as we mainta in t h i s 

c l a s s i f i c a t i o n the macro-mutat ions a re those changes which give r i s e to 

d i scon t inuous v a r i a t i o n and a re t h e r e f o r e e a s i l y i s o l a t e d i n e a r l y g e n e r a t i o n s , 

while micro-muta t ions r e s u l t in cont inuous v a r i a t i o n where seg rega t ion 

p e r s i s t s through advanced g e n e r a t i o n s . The two types of induced v a r i a t i o n 

t h e r e f o r e r e q u i r e d i f f e r e n t methods of i n v e s t i g a t i o n . 
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The polygenic theory, given by Mather (19^1, 19*0 and 195*0 involved 

two different genetic units for the phanotypic determination of traits in any 

organism, the oligogenes responsible for discontinuous variation and the 

polygenes responsible for characters with continuous variation. 

Synthesis and discussion on the theory about the inheritance of 

characters with continuous variation have been given by Lerner (1958), 

Scossiroli (i960) and Gaul (1965). Any quantitative trait is the result of 

the joint action of many single genes whose individual substitution produces 

small phenotypic effects 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 genetic variation is stored which represents the potential to face 

ecological requirements at different locations and in different years 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 (196?) the report of Johannsen in 1913 might be 

considered first to prove the existence of spontaneous mutations for 

quantitative traits even if de Vries (1901) speaking of characters which are 

of quantitative nature quoted "many mutations are smaller than differences 

between extreme variants". Baur (192*0 and Stubbe (193*0 described 

spontaneous mutations for quantitative characters in A^thirrinum majus, East 

(1935) in tobacco and Schuler and Sprague (1956) in corn. 
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micro-mutations (Swaminathan, 1965), Gaul (1965) has envisaged the importance 

of micro-mutations in two ways. F i r s t tha t they occur more frequently than 

macro-mutations and secondly that they do not affect the v i t a l i t y so 

adversely as the macro-mutations dc. 

The theore t i ca l expectations of induced random micro-mutation in a 

self f e r t i l i z i n g species with the large number of genes each having small 

individual pos i t ive or negative effect on a par t i cu la r character (Brock,1965) 

v/ould depend on the t o t a l number of genes involved, on the r e l a t ive proportion 

of genes with posi t ive or negative effects and on the degree to which the 

genes of the parental genome operate as a balanced s e t . In such cases random 

mutation would be expected to increase the variance and to shi f t the mean 

away from the direct ion of previous se lec t ion . In characters not subjected 

to previous select ion induced mutations do not follow a par t icu la r trend but 

would be random. Highly the selected or adapted t r a i t , greater wil l be the 

shi f t in mean and also greater asymmetry of d i s t r ibu t ion of var iances . If the 

extreme l imi t s are not reached in the parental genome, effective selection 

would be possible in e i ther d i rec t ion . 

Developments in the genetic analysis of induced polygenic var ia t ion 

The f i r s t and extensive report involving the del iberate selection of 

mutations in quant i ta t ive ly inher i ted t r a i t s following i r r ad ia t ion with 

ionizing radia t ions came from Gregory's work in 1955, 1956, 1957 and 1961 in 

peanut. He concluded that mutations affecting quant i ta t ive characters in a 

crop plant can be induced by radia t ion and that phenotypic select ion can 

accumulate pos i t ive mutations to produce bet ter s t r a i n s . Various other workers 

did H good work in th i s di rect ion and induced polygenic var ia t ion successfully 

in many-economic crop p lan ts (Oka est aL. ,1958 in r i c e ; Moos, 1958 and Gaul, 1961 
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in barley; Rawlings e_t al . ,1958 in soybean; Wittemor, i960 in tobacco; Daly, 

196Q in subterranean clover; Krull and Frey, 1961 in oats ; Scoss i ro l i , 19&2 in 

Maize; Bhatia and Swaminathan, 1962 in wheat; Pate and Duncan,1963 in cotton; 

Palenzona, 196'f in wild tomato -and Gupta and Swaminathan,1967 in brass ica) . 

While many experiments have been conducted to assess the amount of 

induced genetic var ia t ion in s e l f - f e r t i l i s i n g p l an t s , the genetical 

in te rpre ta t ion of the var ia t ion has received l i t t l e a t t en t ion . Such genetic 

defination of induced polygenic var ia t ion i s of paramount importance as i t 

i s the accurate basis for deciding appropriate breeding methodology to 

exploit the valuable v a r i a b i l i t y generated and thus achieve the desired 

breeding goal . The d i f f i cu l ty i s not in deriving bioraetrical genetic 

expectations but of equating them to the kind of data that are generated 

without having to make untestable assumption or a l t e rna t ive ly having to 

r e s t r i c t the analysis to only pa r t of da ta . A few attempts have been carried 

in t h i s direct ion which are br ief ly reviewed here and further advance awaits 

assessment of the biometrical methods for manipulating induced var ia t ion . 

As a consequence of the pecular i ty of phenotypic manifestation of 

quan t i t a t ive characters the only method available to detect the induction of 

new var ia t ion coming from mutagenic treatment i s that given by mean and 

variance comparisons. 

Many workers (J inks , 1954; Hayman,1954, 1958; Scossi rol i , l962; 

Palenzona, 1965; Lawrence, 1965 and Scossi rol i et_ al . ,1966) using different 

biometrical analysis have c lear ly demonstrated that the increase of phenotypic 

var ia t ion in generations following i r r ad i a t i on pa r t i cu l a r ly in self poll inated 

plants i s mainly due to an increase in genetic component and i t may be 

accounted for by the effects of mutations on the genetic factors influencing 
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quantitative characters* The genetic nature of the increased variation, as 

well as the role and importance of radiation in plant breeding has been 

stressed by experiments of selection performed according to classical methods 

in different crop plants (Borojevic, 1965; Brock and Latter,1961 ; 

Gaul, 1964 and 1965; Goud, 1967", Oka ct al. ,1958; Scossiroli,1965 and 

1966). 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 hybridization. It has been demonstrated and clearly stated 

by different workers that radiation is as efficient as hybridization in 

supplying genetic variability (Gregory, 1956, 1968; Frey, 1965 and Brock,1963). 

Kao si. ai.,(l960) 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 treated. They defined the M 

population as consisting of entirely 0-p)AA and (p)Aa plants. They omitted 

the possibility that both 'A' alleles can mutate to the same or different 

alleles. 

Aastveit and Gaul C1967) avoided the above necessity by using the 

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

three kinds of individuals in respect of a single gene locus i.e. AA,Aa, aa 

to arise in M 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 M 

M and M, have to be grown in the same year to eliminate bias due to genotype 

x environment interaction. The genetic variance and co-variances of the I'L,M-, 

and Mi population are partitioned into components which more directly reflect 

the genie effect of individual genes. 
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Noticing the inconvenience of growing three generations in same 

year Virk _e_t ^1.(19?8) proposed another method which requires a single 

generation of a population with hierarchical, pedigree system. They confine 

their attention to the variation t]vvt arise within progenies of individual M 

plants treating different M plants more or less as replicates. Each M plant 

can be regarded as F between hypothetical parents which in successive 

generation of selfing yield progenies whose progenies can be completely 

specified since M_ = F_. M, = F, etc. whose means, variances and co-variancos 
2 2' j> 5 

are well known (Mather and Jinks, 1971 )• In this way the analysis of 

contribution to the variation of loci which have become heterozygous in the 

F as a result of the mutagenic treatment can be obtained. 

Following mutagenic treatment of a pure breeding line any single 

M plant 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 'a ' on 

selfing each of these 'K' loci will segregate with the expectations typical 

of an F„ 
2 

V = V = 1/2 £ d2. + i/k £ h.2 (Mather and Jinks, 1971) 
2 2 i=1 X i=1 X 

Now i f the s e l f i n g con t inues and a t the same time a hierarchi /a l 

s t r u c t u r e i s r e t a i n e d , the c o n t r i b u t i o n of t h i s s eg rega t ion t o the var iance 

of r t h rank i n the n th genera t ion (VrMn) i s given by the genera l formula of 

Mather and J i n k s (1971) . 

V M = V F = ( l / 2 ) r D + ( l / 2 ) 2 n ; r " 1 
i- xi r n xl 

K ? 
where D = v d. 

i=1 x 

H= ^ K h.2 

i=1 X 
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The corresponding parent offspring co-variances Wriin(n-l) i s given by 

WrMn(n-l) = Wrlh(n-l) = ( l /2) r D + ( l /2 ) 2 n ~ r "" 2 

The formulae apply d i rec t ly to the variances and co-variances 

derived from the progenies of any one M p lan t . To extend them to the average 

variances and co-variances obtained from the progenies of a l l M p lan t s , the 

defination of "D1 and 'H' as given by Dickinson and Jinks (1956) are required 

to be modified. Thus, i f i t i s assumed that in the M generation the three 

kinds of individuals AA,Aa and aa in respect of any one locus ar i se with 

arb i t ra ry frequencies ' o ^ ' , * 3 ' and as a r e su l t one of both 'A* a l le les 

mutating to ' a ' or vice-versa, then summing over'K1 such loc i only a proportion 

• P 1 wi l l be contributing to the var ia t ion defined by the general formulae and 

K ? K ? 
the definations of *D' and 'H' becomes 3- 2 p-d.. and 52 2 p.ih. , 

i = 1 1=1 
respectively, where ̂ . + £ + V. = 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 independent so that 'AA' 

mutates to 'aa' with a frequency of 'V ', then summing over 'K' such loci only 

a proportion '2 uvv1 will be contributing to the variation defined by the 

k 2 
general formulae and the definations of 'D' and 'H' become ^ k ui "V.d. and 
k i = 1 

.^ k u.v. h , respectively, where u. = (1-V-|). 

Thus, it is clear thrt any assumption about gene and genotype 

2 
frequency in the M can be accomodated by adjusting the coefficients of d 

2 
and h . The coefficient will always be twice the frequency of heterozygotes 

in M and it will bo identical for d and h . Thus the estimates of »D' and 

'H' and the relative values of the estimates is independent of any assumptions 

about gene and genotype frequencies in the M generation. The general 



formulae, however are based on a frequency of heterozygotes in the F = M of 

one, where as in these models it is p or 2 uv and the maximum frequency 

that could be obtained, with the random model (u,v) is half when u=v. To 

put it other way, both additive- ana non-additive or dominance components of 

variance in these models .are half of those expected from the general formulae 

if the general definations of 'D1 and 'H' are used in the general formulae 

no matter which model it is, if these formulae are used for statistics 

averaged over the progenies of all M plants. 

There are two ways of making the adjustment. We can maintain the 

convention that rank I(r-1) in the selfing series refers to the variation 

among F (M ) individuals, in which case we must substitute (r+l)for 'r' in 

the general formulae or we can recognize that in the special case we are 

considering the highest hierarchy (rank 1) is the variation among F (M ) 

individuals in which case the highest rank specified by the general formula 

is not r=1 but r=2. 

To get the expectations of rank zero i.e. variation among M plants, 

some additional parameters are required to be introduced. If we assume 

arbitrary genotype frequencies of '•£*, • p • and ' Y* for allele AA(+d) Aa(h) 

and aa(-d) then the mean = o^d + p h - Yd and variance 

VOM1 =^d
2+ ph2 + Yd2 - (<d+ ph + Y d ) 2 

= 1/2 x 20K*+ Pd-POd +l/2(2p)h2-yM^2)h2-1/2DfP(<-V'5)dh 

= 1/2D + 1/2H - yh H -1 /2 F 

where D = £ 
1=1 l l 

H = iS i*.2h2 
1 ffl ^ 



F = k 

i=1 

1<f 

where Z = £k <»^i p . + p . (1+ p . )J 

2 2 

I f however, we use the genotype f requenc ies u , 2uv and v which 

assumes t h a t a l l e l e s a t t h e same locus mutate independen t ly , we need to 

in t roduce only two p a r a m e t e r s . 

H„ = V 16 u . 2 v A . 2 

1 i=1 l 1 X 

and 

F„ = 4 - 8 u . v . (u. - v . ) d . h . 
1 2- 1 1 1 1 1 1 

i=1 

since D 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 D in the specifications no assumption about the gene and genotype 

frequencies is required and we can always aubsequently test the validity of 

the assumption that leads to D = D • 

Infact there are two strategies for reducing the number of 

genetical components to the level where they may be readily estimated. The 

first was proposed by Aastveit and Gaul C1967) who by confining attention to 

rank zero statistics could orait 'D' and combine ' H' and 'H' into a single 
1 

parameter with the composition (H -1/2 H ). /irk £t al.,(1978) proposed to 

omit rank zero statistics and thereby remove the need for 'D *» 'H1 and 'F '« 

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 terras 

of gene action. 
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However, the analysis of Virk e_t al. O978) as proposed above has 

certain shortcomings like: 

i. their idea is not applicable before the M. generation unless the 

mutagenic treatment is applied to zygotic cells or at a very early stage 

of embryo development. As discussed earlier the seeds of the higher 

plants are- multicellular at the time of treatment. 

ii. The method does not provide an estimate of the multiplicative 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 lines. 

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 practicable 

up to M generation since the M is regarded as being the best generation to 

start selection for breeding (Yonezawa,1975)* According to them as the M 

plants are genetically chimeric at the level of both spike and whole plant 

therefore, the genetical segregation in M spike and plant progenies is 

different from that in the progeny of F individuals. For example if we 

consider a single locus at which the parental allele 'G' mutates to mutant 

allele 'g' the mutation rate G-g being 'm' and assuming independent occurrence 

of mutations, the expected frequencies of GG, Gg and gg cells in mutagenically 

2 P 

t reated embryos are (1-m) , 2m(l-m) and -yn, respect ive ly . Since mutation ra te 

'm' i s of the order of 10~? or lower (Yonezawa and Yamagatn,1977) these 

values can be approximated by 1-2m, 2m and zero respect ive ly . So i f M 

spike primordia consis ts of i n i t i a l c e l l s at the time of mutagenic treatment, 
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the frequency of tho primordia, which are of the Gg genotype for 'i1 cells 

among the 'c' is given by (C.)(2ra) (l-2ffl) " . Since the number 'c' is much 

smaller than 1/m this formula can be approximated by 

1 — 2 ^ y ^ » t> o e o o o o o l = 0 

\J • o o o p o o o O o X = C. 

because if M spike primordia consist of 'c' initial cells at the time of 

mutagenic treatment, the frequency of primordia which are of Gg genotype for 

?i' cells among the 'C is given by 

so if i = 0 

°C0(2m)
0(l-2m)C-0 

= 1-2cm 

similarly if i = 1 

'C i(2m) l(l-2m) ( 

= 2cm 

and i f i = 2 

we get °C_(2m)2(l-.2m)C"' = 0 

Hence for t h i s locus, there i s no segregation in tho 1-2cm of the 

t o t a l M,, spiked derived M l ines and the remaining 2cm l inos segregate with 

the r a t i o 

f i < - J L GG: 1 . Gg : - £ - gg 

Which indicates that n ratio of 1/4:1/2:1/^ as assumed by Virk et £l, 

(1978) does not hold unless c=1» If 'c' is made equal to the total number of 

the initial cells contained in an embryo, the above ratio represents the 
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segregation in M plant derived M lines* Genotypic frequencies of M 

population as a whole are independent of the cell number, and arc given by 

(l-3/2in) GG: mGg : 1/2m gg. With 'k1 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 unity. This is another characteristics '.of induced 

variation that mutant individuals carrying two or more mutant genes will be 

very infrequent, indicating that effects of linkage, if any would bo much 

less than in genetic variation caused by hybridisation. 

Yonezawa (1979) defined and estimated the different genetic 

parameters by using the additive-dominance model (Mather and Jinks,1971) and 

the genotype frequencies formulated in the preceoding section the mean and the 

genetic variance of M2 populations are described as 

M 2 = MQ -2(d)m + (h)m 

and by omitting the terms with the second power of the mutation rate 'in* 

M 2 = 3Dm + Hm -2Fm, respectively, where 

M = mean of the parent used 

(d)m = 1 + md(d > 0) 

(h)m = Z mh 

Dm = x md2 

Hm = rmh 2 

Fm = "E+ mdh 

The symbols (d) and (h) are similarly defined as in Mather and J m m 

Jinks (1971)• 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 all the 'k* genes affecting the character at issue. 

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

different M plants or spikes, the variance VM? can be partitioned into two 

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

which are: 

VM_ = — D m + ~ - H m - i - Fm and 
2 c dc 0 

VM = (3-^ )Dm + (1 --4~)Hm -2(1 - ~ ) Fm, respectively. 

The corresponding statistics of the M, population are formulated by 

M = MQ -2(d)m + 1/2(h)m 

and VM, = l/2Dm + 1/2Htn - Fm 

when the M popu la t i on c o n s i s t s of the M l i n e s der ived from d i f f e r e n t M 

p l a n t s VM_ i s d iv ided i n t o 
3 

V M = 3Dm + 1/ifHm - Fm and 

7 M , = l/2Dm + lAHm 

If the M population is hierarchically structured by M plants the 

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

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

between M lines from the same M plants, which are presented by 

V 2TV_ 1 TT 1 

V ~ 
V 

R „ s c^ + Sc 

M w = ( 3 " c® + < lA-V8c)Hm - ( l - l / c ) F m , r e s p e c t i v e l y . 

Co-variance between the M and M genera t ion may provide a d d i t i o n a l 
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source for parameter e s t i m a t i o n . The gene t i c co-var iance between M p l a n t s 

and t h e i r M progeny means i s given by 

WM-/M = 3 Dm + 1/2 Hm - ~*>/2Fm and t h a t between M l i n e s and M 

group i s 

By u s ing the M and M p o p u l a t i o n s , we have two sources for the 
2 3 

e s t ima t ion of the two f i r s t degree p a r a m e t e r s , (d)m and (h)m. T h e o r e t i c a l l y 

seven sources VM , VM , VMB, VM W, VM , 1/iM /M &WM.V M are a v a i l a b l e for 
2 2 3 3 3 ^ *- J <-

the t h r e e second degree parameters •Dm', 'Km1 and ' F m ' . Among these seven 

however, those s t a t i s t i c s t h a t are based on the h ierarchical pedigree s t r u c t u r e 

o r i g i n a t i n g from M sp ikes or p l a n t s , namely VM , VM , VM B, VM W and WM 'M , 

i nc lude t h e c e l l number 'c* and t h e r e f o r e should not be used un less the value 

of ' 3 ' i s p r e c i s e l y known in advance. In p r a c t i c e ' c ' appears t o d i f f e r with 

M sp ikes ( S a r v e l l a et, aL. ,19o2) and i t s e s t ima te i s in f luenced by the 

h a p l o n t i c and d i p l o n t i c s e l e c t i o n aga ins t muta t ions (Yonezawa and Yamagatta, 

1975) . The co-var iance VM,/M would a l s o be u n s u i t a b l e , i t s e s t ima te s may be 
3 2 

much biased by both measurement error and genotype x year interaction since 

M2 plant3 can neither be replicated nor grown in the same year as their K 

progenies. 

Hence only three variances W L , VM, and VM, are reliable sources 
c- 5> 3 

of e s t i m a t e s of the th ree second degree p a r a m e t e r s . Then applying the per fec t 

f i t s o l u t i o n , the e s t i m a t e s of the parameters are obta ined by 

(d)ra = 1/2 (M_ + M - a L ) U d. 5> 

(h)ra = 2(M2 _ M ) 

A A A_ t 
Dm = - 1/k VM + 1/2 VM,+ 1/2 VM, 

2 3 3 
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Hra = 1/2 VM£- VM + 3 VM , 

FM = -5/8 VM2 + 1A VM,. + 9/k VM-

where M , M and M are of course estimated by the t o t a l mean of the respective 

populations. 

A simple equation t o t e s t the adequacy of additive-dominance model 

to account for the induced v a r i a b i l i t y has also been suggested by Virk and Gupta 

(1980) as 2M + M. - 3M =0 , but i t was modified in consultation with Dr. D.S.Virk 

(1983) as 2M. + M - 3M = 0 and was made use in present ana lys i s . If the value i, 

s ign i f ican t ly l e s s than or egual to zero than the addit ional v a r i a b i l i t y following 

mutagenesis can be explained on a simple additive-dominance model, otherwise the 

role of in te rac t ions has to be analysed as one of the possible reasons of 

v a r i a b i l i t y . 

Yonezawa (1979) has further given some methods to predict the genetic 

nature and select ion efficiency in l a t e r generations using the estimates of the 

f i r s t and second degree parameters defined above. 

Some rough estimates on the degree of dominance and gene dis t r ibut ion 

can be obtained by the use of the es t imates . Supposing that each gene i s al ike 

in both genetic effect and mutation reufce, the parameters may then be written as 

(d)m = mkr.d 

(h)m = mkr (h) 

2 
Dm = mkd 

Hm = rakh2 

Fm = mkr,d/h 

where coefficient »r» corresponds to the degree of gene association of Mather 

and Jinks (1971)» which in t h i s case assumes _+ 1, 0 and -1 according to whether 

a l l , half and none of the parental genes have larger contributions to the 
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phenotype than mutant genes. The coefficient 'r • Measures the isodirectionality 

of dominance taking the values of +1, 0 and -1 if all, half and none of the 

alleles with increasing effect are dominant to the ones with decreasing effect 

respectively. The coefficient •i*,,' shows the degree of association of dominant 

genes, the value of which is +1, 0 and -1 when all, half and none of the 

parental alleles are dominant to mutant ones. 

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

lines, the ratic • ̂ /~ = —r- gives the average degree of dominance. 

The coefficients r and r cannot be estimated uniquely but their 

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

Ch)m /ld)m__ _ r2 

y"~aT~~ J _/Dm ri 

may in some cases give some idea on the balance sheet of gene association and 

isodirectionality of dominance. For example, the situation of (h)m 0 and 

Tp/r 1 strongly suggests that r - and r_ 1, naoely about half of the 

parental genes have increasing effect compared 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 

Fm 
= r., i s around zero. _/Dm Sip 

In the case where two parental lines with significantly different 

phenotypes, say P and P are available, the mutation rate can be estimated 

b y (djiry (d)m2 2 J ' ^ md 
i : '"'- = —zr—— = m 

P - P 2 - 5 -

1 2 ^ + d 

Where P" and P* = means of P^ and P , (d)my. and (d)m = (d)m of P and P 

k ' = number of genes for which t h e two p a r e n t s c a r r y d i f f e r e n t a l l e l e s . 
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Mutation Studies in Lentil 

Very few mutation studies have been conducted in grain legumes 

specifically in lentil and that too in the direction of genetic analysis 

following mutagenesis. However, tv~ available reports are briefly roviei-jed 

here. 

Shares and Chatterji (19&2) while investigating the genomic influence-

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 cleistogamous flowers. 

Uhlik (1972) was the first person toc ome out with a study concerning the 

cytogenetic effects of thermal neutrons in lentil and found a linear relationship 

between the doses and frequency of bridges and fragments after irradiation. 

The frequency of fragments was found in linear dependence on the doses of the 

thermal neutrons only in the range of loiter 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 variety macrosperma is 

more radiosensitive than variety microsperma. At varying doses of gamma 

radiation studied in three successive generations^ they found that in 8 kE 

dose the mean value of height, number of primary branches, number of pods 

increased whereas at 12, 16 and 20 kR doses there was decrease in mean value 

as compared to control. The mean values of pods per plant were more or less 

the same as that of k and 8 kR, whereas at 12, 16 and 20 kR, the values were 

clearly less than control. Number of seeds per plant showed a definite 
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tendency to decrease with an increase in dose. Induced variat ion in the 

population increased with the dose. 

Sinha and Godxvard (1972b) found various cytological abnormalities 

in the M and M generations following mutation of both micro and macrosperma 

l e n t i l . The frequency of abnormalities was lower in M2 than in M but 

pollen and seed s t e r i l i t y were higher in the M2 than in the M ,̂ 

Hours! e_t aL.)(l97if)in l e n t i l studied the effect of gamma rays in 

inducing mutations and reported that pre-sowing i r r ad ia t ion of a i r dried 

seeds of l e n t i l gave r i s e to range of mutations in the M generation, some 

of which may be of value for improving yie ld . Shaikh (1975) reported that 

some of the l e n t i l mutants shewed good promise with regard to yield in 

Bangladesh, 

Significant mean differences in M .and Mr generations of l e n t i l 

were reported by Uhlik and tfrban (1976) for various morphological t r a i t s l ike 

plant height , whole plant weight, height of the lowest pod, number of pods 

and 100-seed weight. 

Sharma and Sharma (1978) obtained true breeding mutants with pods 

large or la rger than those of parents in the M generation following 

exposure of L 235 seeds to 6kl? .jaiuina r ays . In 10kE treatment the s ize of 

pods decreased. Significant corre la t ion was found between pod surface area 

and 1000-seed weight, indicat ing tha t pod s ize may be used as select ion 

c r i t e r ion for seed weight. All the mutations were found to be recessive 

and nonogenically control led . 

Tirdea (1978) studied the effect of gamma-rays upon l e n t i l seeds 

derived from three small and three large seeded v a r i e t i e s subject to eight 
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different doses of radiation and found that the effect of irradiation ivas 

small in the small seeded varieties and it tended to reduce the number of 

pods per plant. 

Sharma and Sharma (1979) explained the pattern of induced mutability 

in different genotypes of lentil. 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 rays. 

Ravi ejb al.,(l979) in lentil reported that five high yielding 

progenies selected in the M, , two progenies in M^, four in iv derived from 

irradiated material at 10, 20, j50 kR and one EMS derived progeny outyielded 

the control in M. , Mj. and M, 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 variability. 

They also practised selection for these four traits and reported that delayed 

selection in M, to K generations were found to be more efficient than M 

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

deletirous mutations are generally eleminated in early generations (Rao el 

al.,1960). 

Hussain and Adallfc (1979) in field boon showed that some of the 

mutants surpassed their control significantly in two successive generations 

while other showed fluctuating results from M. to M,- for seed yield. Shaikh 

et al.f(l979) recorded mutants of lentil with greater seed yield and protein 

contents than original varieties. 

Sharma and Sharma (19SI) while studying the effects of mutagens in 

the character association in lentil reported that correlation coefficient 
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differences are a t t r ibuted to the effects of mutagens on linkage and changed 

effects of mutated genes. Sharma and Sharraa (1982) further studied the 

mutagenic effects of gamma rays and NMU on four quant i ta t ive t r a i t s in M to 

M, generations of l e n t i l var ie ty L 235, The mean value and coefficient of 

var ia t ion increased in M generation for a l l t r a i t s except 1000-grain weight, 

In M moan values increased in case of gamma rays treatment but remained 

below the level of control value in the NMU treatments. The mean values of 

a l l characters were comparable to the control in a l l the mutagen treatments 

in M_ generation. Barring 1000-seed weight in 6kR gamma rays and 0,005% NMU 

and seed yield in 0,005% NMU, the v a r i a b i l i t y for a l l the t r a i t s in a l l the 

treatments increased in M generation and genetic parameters continued to 

be higher in the t reated populations as compared to the cont ro l . The 

induced genetic v a r i a b i l i t y was probably due to mutations in the genes 

having additive e f fec t . Different characters responded dif ferent ly to the 

mutagenic treatments with regard to induced var ia t ion in M and M , Thus 
2 5 

select ion seems to depend upon character and nature of inheritence of a 

t r a i t , 

Son (1982) reported the successful mutation in B 77 var ie ty of 

l e n t i l ar.d obtained promising mutants with early maturi ty, good ideotype and 

increased 1000-seed weight. One of the mutant S 256 yielding on an average 

22,81 q/ha was recommended for cu l t iva t ion in West Bengal, 

Kalia (1982) conducted a study to understand the nature and 

magnitude of induced va r i a t ion , i t s re la t ionship with different doses and 

genotypes used alongwith judging the efficiency of augmented design 

superimposed on randomized block design for handling Large progenies in M 

generation of raicrosperma (HPL-5) and macrosperma (HPL-A) v a r i e t i e s of 
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l e n t i l by using 5 , 10, 15, 20 and 25 kR doses of gamma rays with respect to 

seed yield components and phenologicnl t r a i t s . I t was concluded that 

sufficient genetic v a r i a b i l i t y was induced for most of the polygenic t r a i t s 

in both types of l e n t i l . High magnitude of increased induced variat ion within 

progeny with high h e r i t a b i l i t y and genetic advance suggested tha t in mutation 

breeding programme, select ion in M generation would be more effective both 

between and within l i n e s . Augmented design superimposed on completely 

randomized block design was found to be more ef f ic ient for evaluating large 

number of mutation progenies in M and l a t e r generat ions. The var ie ty 

macrosperma was found to be more radiosensi t ive than J^^rosjgerma0 Shift in 

population mean and induced genetic variance was dependent upon specific 

genotype-trai t combination. High yielding and early maturing mutants in both 

types were i so l a t ed , 
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MATERIALS AND METHODS 

The p re sen t i n v e s t i g a t i o n on t h e gene t i c a n a l y s i s was c a r r i e d out 

i n two v a r i e t i e s of l e n t i l (Lens c u l i n a r i s Medik.) a t the exper imental farm 

of department of P l a n t Breeding, Himachal Pradesh ^ r i s h i Vishva Vidyalaya 

Palampur, s i t u a t e d a t 1280m above nean sea l e v e l and a t 32 6 North l a t i t u d e 

o ' and 76 3 Eas t l o n g i t u d e . This p a r t of the s t a t e i s a sub- temperate m i d - h i l l 

zone having h igh monsoon r a i n f a l l s , 

3 .1 M a t e r i a l s 

The v a r i e t i e s used i n the p r e s e n t s tudy were HPL-5» a microsperma 

type adapted t o a wide range of environments and EPL^k, a macrosperma type 

s p e c i f i c a l l y adapted t o sub- temperate m i d - h i l l zone of Himachal Pradesh, 

Microsperma type mainly adapted t o the Ind ian sub -con t i nen t and p a r t s of the 

Near -Eas t , has smal le r seeds with orange or yellow c o t y l e d o n s . I t i s more 

polymorphous as a group but the p l a n t i s g e n e r a l l y s h o r t e r , more pigmented and 

has smal ler pods , l eaves and l e a f l e t s than macrosperma. Macrosperma type 

i s adapted t o Mediterranean reg ion and the new world, has l a r g e seeds normally 

yellow coty ledons with no or l i t t l e p igmenta t ion i n the f lowers or 

v e g e t a t i v e s t r u c t u r e , 

The exper imenta l m a t e r i a l c o n s i s t e d of M , M and M, gene ra t ions of 

these two v a r i e t i e s . Two hundred :?y seeds of each v a r i e t y were got 

i r r a d i a t e d with d i f f e r e n t r a d i a t i o n doses v i z . 5 , 10,15 and 20kR from Co/^ 

source a t IARI, New D e l h i , These were r a i s e d dur ing 198O-81 as K genera t ion 

and from t h i s g e n e r a t i o n , only normal looking p l a n t s , f ree from s t e r i l i t y 

and physio-morphologica l abno rma l i t i e s were s e l e c t e d and bulked t o provide 

the seed for M popu la t ion in each dose and i n each v a r i e t y . The l i n e s in 

M^ and M, g e n e r a t i o n s were s e l e c t e d from the e a r l i e r genera ted m a t e r i a l under 

same dose of r a d i a t i o n of the above mentioned v a r i e t i e s (Ka l i a , 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, and M, generation, seed of each line was a random bulk tracing back to 

individual plants in M generation raised during Rabi, 1978, At no stage 

selection was practised within lines., which constituted the M_ and II. 

generation of present study. 

3«2. Layout of the experiments 

Independent experiments were raised for each dose and variety during 

1981-82^ For each experiment the M , M and M, generations under each dose 

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

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 30cm and within row, plant to plant spacing of 7-^ cm. Thus, each 

plot consisted of 25 plants. The recommended dose of fertilizer at the rate 

of 20 kg N and ̂ K) kg P-0,. per hectare was applied at the time of sowing. 

In all, there were eight experiments raised. The number of lines raised 

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

Dose 

5 kR 

10kR 

15kR 

20kR 

M2 

17 *« 

13 

18 

6 

microsperma 
M? 

89 

kk 

28 

7 

Nunnor 

(HPL-5) 

\ 

61 

27 

*+9 

20 

of lines 

M2 

7 

9 

17 

5 

macrospt 

M3 

17 

18 

6 

5 

irma (HPL-4) 

\ 

>8 

26 

22 

7 
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3»3» Pata recording 

For recording of the data, ten random plan ts in each row and 

rep l ica t ions were tagged for taking the observations on the following t r a i t s : 

1. Grain y ie ld(g) /p lan t : I t was recorded in grams as weight of seeds per 

plant on Sar to r ius 2555 top pan balance, 

2 . Biological y ie ld (g) /p lan t : I t was recorded as weight of the whole plant 

excluding roots after harvesting and sun drying on Sartor ius 2355 top pan 

balance. 

3* Haryest index(%)& Harvest index for each plant was calculated as the r a t i o 

of grain yield to biological yield and expressed as percentage, 

k9 Number^of. .p_ods/plgnt; The number of pods were counted for each p lan t . 

5 . 100-seed weight(g); Weight of 100 seeds was recorded for each p lan t . 

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

recorded. 

7» Plant height(cm): Each plant was measured from ground level to the t i p 

of the uppermost branch at maturi ty. 

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

of sovri.ng to physiological maturi ty. 

3.*f. S t a t i s t i c a l analysis 

Data recorded on individual p lants for a l l the t r a i t s , a l l the 

generations over different radiat ion doses was analysed to have the generation 

means ( f i r s t degree s t a t i s t i c s ) and variances (second degree s t a t i s t i c s ) as 

per the analysis requirements of Yonezawa (1979) to know the nature and 

magnitude of induced var ia t ion for polygenic t r a i t s . The variance within 

10 plants of each row was also worked out to have the comprehensive genetic 

background and basis for deciding the effective stage of select ion in l e n t i l 

under the mutation breeding programme for maximum genetic gains . 
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3»^»1» Analys is of yarisnce 

Dose vd.se a n a l y s i s based on i n d i v i d u a l p l a n t a n a l y s i s of each row 

and each genera t ion based on 10 p l a n t s was c a r r i e d out for both microsperma 

(HPL-5) and macrojsperma (HPL-Jf) v a r i e t i e s of l e n t i l for va r ious polygenic 

t r a i t s t o get the mean performance and r e s p e c t i v e s t anda rd e r r o r of each 

l i n e i n d i f f e r e n t g e n e r a t i o n s . In M and M, g e n e r a t i o n s , wi th in l i n e mean 

and va r i ance a n a l y s i s was a l s o c a r r i e d out for the i n d i v i d u a l l i n e s . 

The va r i ance a n a l y s i s of M , M and M, i n each dose was c a r r i e d 

out as suggested by Yonezawa (1979) as per the ANOVA t a b l e given below: 

_ ANOVA . 

Item d . f . M.S. E.M.S. 

Blocks r-1 

Lines a-1 

Block x lines (a-1)(r-1) 

IfiLthin l i n e a r ( b - l ) 

Error 
(parental variance) 

Where 

r = Number of r e p l i c a t i o n s 

a = Number of l i n e s of each gene ra t ion under d i f f e r e n t doses . 

b = Number of p l a n t s recorded i n each l i n e . 

Variance of d i f f e r e n t l i n e s was t e s t e d aga in s t p a r e n t a l var iance 

va r i ance wi th in l i n e s and va r i ance due t o l i n e x block i n t e r a c t i o n , so as t o 

ob ta in the r e a l i s t i c e s t i m a t e s of g e n e t i c v a r i a t i o n induced a f t e r 

d o m i n a t i n g a l l o ther f a c t o r s . 

MSBI 

MS_ 
L 

MS 
W 

P 

2 2 2 
g- W + b <s-BxL + ab g~ BI 

^ - W + b <_rBxL + br ^ L 

MSBxL ^ ~ W + b J - B x L 

2 2 
<T W + JS- e 

MSp %> e 

http://vd.se


31 

For comparing the two means belonging to different generations 

paired ' t* t e s t was used as per Panse and ^ukhatrae (1978). 

3 .^ .2 . Estimates of coefficients_ofTvaria.tipn and hor i tab i l i ty ; OpI^-S^L-Sp^seX 

Phenotypic coeff icients cf var ia t ion (C.V.) due to l ines was worked 

out by eleminating l ine x block in te rac t ion as : 

/ ^ L - * * 
+ MS_7 * X 100 

rb F/ 
Where 

x = mean of the respective population. 

Phenotypic coefficient of variation within lin<iS was estimated as 

J ^ ~ / x x 100 

Heritability estimates (brood sense) were also worked out by general formula 

H = 6g/ C x 100 

V/here 6g = genotypic variance 

a. 
61 = phenotypic variance 

The estimates were calculated due to linos by eleminating line x 

block interaction as: 

A MS. - MS,, _ - MS,, / r b 
6 g = L BxL Vr 

J. 

° P ' 6~g + MSW 

JL a. 
thus H = 6 g/ C' x 100 

P 

Her i tab i l i ty due to l ines was also calculated b£ ignoring l ines x block 

in terac t ion as 
C = MS_ _ MS_/r 

g 1 y 
J. 4 

6" P = 6"*g + MS 
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and H = ^ a „._ 

P 

Horitability within lines was also worked out as: 

tr - MS - MS 6g w p 
X 3L r— + Parental variance bg b bg 
P 

thus H = r- / r- x 100 r/ r 
g/ p 

3«^»3 Gongtic component analysis for, induced variation 

By considering the variation that arises within the progenies of 

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

replicates between hypothetical parents, one can analyse the contribution to 

the variation of those loci which have become heterozygous following mutagenic 

treatment of a pure breeding line. The properties of the selfed progenies of 

the individual M plants can then be specified by using usual selfing series 

formulae of Mather and Jinks (1971) since M = F , M = F and so on, 

Genetical expectations of the means (Mn) for the 'n'th generation produced by 

selfing following mutagenic treatment of a pure breeding line (n=0) as per 

Mather and Jinks (1971) and further suggested by Yonezawa (1979)» are as: 

Mn = m + (d)± +(
1/2)

 n" 1(h) i 

k where (d).= £ ""(u. - v. )d. 
1 i=1 x x 1 

(h).= 2 k 2 u,v h, 
1 i=1 A * X 

in a ut v system, where frequencies of three genotypes viz., AA, Aa and aa 

2 2 
in respect of a single gene difference are u , 2 uv and v and •m' is 

parental mean. 
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3. AU3.1 Scaling t e s t for adequacy of addit ive -. dominance, model 

Using the Mather and Jinks (1971) approach of scaling t e s t the 

following equation was used to t e s t the adequacy of addit ive - dominance 

model for the induced polygenic var ia t ion under each dose in each var ie ty , 

The equation wil l hold ture only in the absence of non-a l le l ic in te rac t ion . 

2 \ + M2 - 3 M_ = 0 

The standard error of the above equation for t e s t ing i t s deviation from zero 

was v/orked out as : 

+ / ^ V M̂  + V H2 + 9 V M 

Significant deviation of above equation from zero led to the 

conclusion for the inadequacy of additive-dominance model and thus probable 

presence of non-a l le l i c in te rac t ion for the induced va r i a t ion . 

Virk and Gupta (1980) did also suggested e a r l i e r such type of 

scal ing t e s t but due to some mistakes in the equation, i t was required to 

be modified as above af ter presonal discussion withDr»D.S. Virk. 

3«^«3»2 Estimation of genetic components 

The genetic components were estimated by using f i r s t degree and 

second degree s t a t i s t i c s as per the following procedure given by Yonezawa 

(1979) and the i r respect ive standard e r rors were worked out by imperical 

way. By using f i r s t degree s t a t i s t i c s , the addit ive (dm) and dominance (hm) 

effects were worked out as ; 

( d )m = V 2 < MQ + M2 - 2 Mj) 

and 

(h)ffl = 2 (M2 - M ) 
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17 , Ml' and M, are the mean values of parents (control). M̂  and M, 
o' 2 3 2 3 

generations. For testing their significance, the standard error's were 

worked out as; 

S.E. of (d) = + / 1A (V M A + V «L + 4 V ML) 
m —/ v» 2 3 

and -±/T7 S.E. of (h) = - A ( V M #V M_) 
m y 2 3 

Average degree of dominance was calculated as ratio of (h) /(d) . 

By using second degree s ta t i s t i c s , the additive (Dm), dominance (Hm) and 

Fm variances were worked out as, 

Dm = - 1/if V 1 + 1/2 V L + 1/2 V M_ 
2 3 3 

A A /\ _ * 
Hm = 1/2 V M2 - V M + 3 V ^ 

and 
A 

Fm = - 5 / g V M2 + V M3 + 9 / l f V M? 

where, A 

V M = Variance due to M lines 
A _ 

1/H,= Variance between lines in M_ 
* 5 3 

V M, = Variance within lines in M,. 
3 3 

Average degree of dominance was calculated as ratio of J Hm/Dra « 

The ratio of coefficients *r • which corresponds to the degree of 

gene association of Mather and Jinks (1971) and %r* which measures the 

isodirection al i ty of dominance, was worked out as per Yonezawa (1979) as: 
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The coefficient , r ' which shows the degree of association of dominant 

genes, was worked out as, 

Fa 

r, = y1 Dm. Hm 

3«^•^ Es t ima tes of normal p r o b a b i l i t y i n t e g r a l s 

Es t ima te s of normal p r o b a b i l i t y i n t e g r a l s va lues for i s o l a t i n g 

p o t e n t i a l mutants f a l l i n g ou t s ide the p a r e n t a l range were computed by 

fo l lowing J i n k s and Pooni (19?Q a s , 

P - ra 
x = dm 

Where, 

and 

P = p a r e n t a l mean value 

ra = expected moan of a mutat ion genera t ion 

dm = a d d i t i v e genie e f f e c t 

Normal P r o b a b i l i t y i n t e g r a l s corresponding to ' x ' va lue were obtained as 

per U s h e r and Yates (1938) . The p r o b a b i l i t y e s t i m a t e s for i s o l a t i n g 

p o t e n t i a l mutants were a l so worked out by t a k i n g environmental e f f e c t s a lso 

i n a d d i t i o n to a d d i t i v e one a s : 

p - m 

dm +e 

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

above. 
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EXPERIMENTAL RESULTS 

R e s u l t s ob ta ined from the p r e s e n t i n v e s t i g a t i o n on the Genetic 

a n a l y s i s of induced po lygen ic v a r i a t i o n i n M , M and M. gene ra t ions of both 

ffligrp_sp_erma (HPL-5) and macrosperma (HPL-4) v a r i e t i e s of l e n t i l under d i f f e r en t 

r a d i a t i o n doses v^z . 5 , 10, 15 and 20 kR for d i f f e r e n t polygenic t r a i t s are 

p re sen ted below: 

Zf»/,» Analysis^ j>f .vy-ifiP-ge, 

The r e s u l t s ob ta ined from the a n a l y s i s of va r i ance fo r the induced 

v a r i a t i o n for va r ious polygenic t r a i t s namely seed y i e l d , b i o l o g i c a l y i e l d , 

ha rves t i ndex , number of pods , 100-seed weight , number of primary branches , 

p l a n t he ight and days t o m a t u r i t y i n M , M and M. gene ra t i ons under d i f f e r e n t 

r a d i a t i o n doses v i z . , 5i 10,15 and 20kR for both microsperma and macrosperma 

v a r i e t i e s of l e n t i l a re i nco rpo ra t ed i n Tables 1 t o 4 . Dose wise and within 

dose v a r i e t y wise r e s u l t s obta ined are p r e s e n t e d i n t h e following pages . 

4 . 1 . 1 . Analys is of va r i ance under 5kR 

The r e s u l t s ob ta ined from the a n a l y s i s of va r i ance under 5kR (Table 1) 

are p r e sen t ed below v a r i e t y wisa: 

Analysis of va r i ance under 5kR for microsperma (HPL-5) l e n t i l ; Analysis of 

va r i ance i n microsperma (HPL-5) uriier 5kR showed t h a t va r i ance due t o within 

l i n e s was s i g n i f i c a n t i n M , M and M. gene ra t ions for seed y i e l d and number 

of pods , whereas , i t was s i g n i f i c a n t i n M and M, f o r days t o m a t u r i t y and 

only i n M for p l a n t he igh t and i n M. for 100-seed weight when i t was t e s t e d 

aga ins t p a r e n t a l v a r i a n c e . For seed y i e l d the v a r i a n c e s due t o l i n e s and 

l i n e x block i n t e r a c t i o n were s i g n i f i c a n t both aga ins t p a r e n t a l as wel l as 

wi th in l i n e s v a r i a n c e . B i o l o g i c a l y i e l d e x h i b i t e d s i g n i f i c a n t va r iance due t o 

l i n e x block i n t e r a c t i o n i n M and due t o l i n e s i n M, when t e s t e d aga ins t 
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Table 1»t Analysis of variance for induced genetic var ia t ion for various polygenic 
t r a i t s in M , M and M, generations of microspcrma (HPI>-5) and 
macrosperma (Hp£-4) v a r i t i e s of l e n t i l under 5kR 

T r a i t s / 
var ie ty L LB 

M m.s. 

WL 

due to 

L LB 

M, ra.s.due to 
3 

V/L ,L LB 

M.ms.due to Error ra.s, 

V/L Parental 
variance 

HPL-5 d.f.16 16 306 88 88 1602 60 6o 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 11.5 4.9 25.8* 9.9 4.8 8.8 

HI 38.9 117.8 50.5 139.5 135.5 37.3 157.3 97.9 ^9.9 15^.5 

NP 623.1*@367.2#*121.6* 701.6*@@451.9*@133.9* 726.4*@@452.8*@ 9 9 . 7 * 10.6 

SDW 0.60* 0.2 0.1 0.7* 0.2 0.1 0.6*® 0.2 0.8* 0.2 

NPB 15.8* 8.6* 1.7 19.0* 11.1* 2.5 17.8* 11.8* 2.1 2.8 

PH 17.3*@@23.2*@ 7.2* 23.3* 13.2* 4.9 31.6* 20.4* 4.8 5.9 

DM 24.7*© 18.8* 12.2* 150.4*©@ 41.4*@ 10.4* 107.4*. . 39.8* 7.1* 7.3 

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

SY 2.3* 3.7* 0.3 2.0*@ 1.5*@ 0.8* 0.5* 0.4 0.3 0.6 

BY 11.4* 9.8 5.2* 25.0*@ 9.2 7.4* 16.5* 6.3 3.8 4.9 

HI 109.3 51.2 55.5 122.8 81.3 53.7 l 4 i . 7 129.8 43.8 91.7 

NP 120.7*@ 7 3 . 8 52.8* 107.9* 167.9*© 69.4*11522.8*©@536$.91*@ 4907.5* 31.7 

SDW 0.3* 0.2* 0.3* 0.9*@2 0.3* 0.5* 1.4*@ 0.8*@ 0.5* 0.1 

NPB 3.5* 5.2* 7.3* 8.1* 3.3* 12.3* 30.5*0© 17.1*@ 10.3* 1.0 

PH 53.5*0 35.5* 17.5* 22.6* 16.0* 19.6* 7L5*@2 31.4*@ 15.7* 5.8 

DM 77.6* 13.6 13.1 64.2* 31.4 16.5 52.6* 32.81* 12.3 16.6 

SY- Seed y i e ld tg ) , BY-Biological Yield(g),HI-harvest index($) NP-Number of pods, 
SDW-100-seed weight(g),NPB- Number of primary branches>P*- Plant height(cm),and 
DM-Days to maturi ty. 
L- l i n e s , LB - Lines x blocks and WL- within l i n e s . 
* Significant at % l e v e l , when tes ted against within l ine parental m.s. 
•©Significant at 5% leve l when tes ted also against s ignif icant within l ine m. . s of 

respective generation 
•©^Significant at % l eve l , when tes ted also against s igni f icant m.s. due to blocks 

x l inos in te rac t ion , 
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parental variance. Variance due to lines and line x block interaction were 

significant against both parental and within lines variances in M , M and 

t'\ gcnerationst whereas variance due to lines was also significant against 

significant line x block interact: m in M, and M. generations for number of 

pods. Hundred seed weight exhibited significant variance due to lines when 

tested against parental variance in all the generations, however, in h. it 

was also significant against within line variance. Variance due to lines and 

line x block interaction was significant against within lines variance in all 

the generations for number of primary branches,plant height and days to 

maturity. However,plant height exhibited significant variance due to lines 

and line x block interaction when tested against within lines variance, but 

variance due to lines in M was also significant against significant line x 

block interaction. Variance due to lines for days to maturity was also 

significant when tested against variance within lines in M_ and also against 

significant line x block interaction in M_. 

Analysis of variance under_^kR for macrosperma(HPL-*f) lentil: Analysis of 

variance for macrosperma (HPL-4) revealed that within lines variance was 

significant for number of pods, 100-seed weight, number of primary branches 

and plant height in all th.i three generations. Within lines variance was 

significant for biological yield in M_ and M_ .and for seed yield in M only. 
2 t> J 

Variances due to l ines and l ine x block in terac t ion were s ignif icant for seed 

yield in a l l the generations when tes ted against parental variance but in 

i t was also s igni f icant within l ine var iance. Biological yield exhibited 

s igni f icant variance due to l inos in a l l the generations when tes ted .against 

parental variance, however, in M,, variance due to l ines was also signif icant 

against 'within l ines var iance. Number of pods exhibited s ignif icant variance 
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due to linos and lino x block interaction in M- and M, against parental 

variance but in M variance due to lines was significant when tested against 

both parental variance and line x block interaction variance. Variance due to 

line x block interaction in M, and M. was significant for number of pods. 

Variance due to lines in M, was significant against variances due to parent, 

within lines and line x block interactions. Variances due to lines and 

line x block interaction were significant in M , M and M. , when tested 

against parental variance for 100-seed weight, moreover, variance due to lines 

in M was also significant against variance due to within lines and line x 

block interactions and it was significant against within lines variance in 

M.. Variances due to lines and line x block interaction were significant 

against parental variance for number of primary branches in M , M and M. but 

in K, variance due to lines was also significant when tested against 

significant variance due to within lines and line x block interaction. For 

plant height, in M variance due to lines was significant against variances 

due to parent and within line and variance due to line x block interaction 

was significant against parental variance, in M the variances due to lines and 

line x block interaction were significant against parental variance; and in 

Mi variance due to lines was significant against variance due to parent , 

within lines and line x block interaction. 

^.1.2. Analysis of ...variance, under 10 kR 

The results obtained from the analysis of variance under 10 kR 

(Table 2) are presented below variety wise: 

Analysis of variance under 10kR for micrpsperma _JHPl>r5)-2*:J'-t?-X: Analysis of 

variance (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 
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Tabic- 2 . Analysis of va r i ance for induced gene t i c v a r i a t i o n for va r ious polygenic 
t r a i t s i n M-.M, and M/+ gene ra t ions of ^ojcos^QrmaiWL-d) a n d S&£E2SE2ES2^HPL"^ 
v a r i e t i e s or l e n t i l a t 10kR 

————— 

T r a i t / 
v a r i e t y 

EEL-5 d, 

SY 

BY 

HI 

NP 

SDV/ 

NPB 

PH 

DM 

_ — — . _ _ ~ « - — • - - ' — — — 

\ 
L LB 

. f . 1 2 12 

1.9*© 1.2*© 

13.3*© 16.3*© 

104.2 183.3* 

8?6.9*@947.6*e < 

0.5*© 0.4* 

18.8* 14.7 

66.6*©109.4*© 

92.4* 37 .3* 

HPL-4 d.f . 8 8 

SY 

BY 

NT 

HI 

SDW 

NPB 

PH 

DM 

4.8*© 2.4*© 

38.8*0010.6* 

- • • — * " « • • * — -

WL 

234 

0 .6* 

5.6* 

33.2 

443.0* 

©.6* 

4 . 3 

8 . 1 * 

5.8 

162 

0.7* 

7 .7* 

1303.6*ei07o.3»@i16.8* 

176.5*© 102.3* 

1.1*03 0 . 3 * 

15.8*© 9.5*© 

61.5*© 6i.T*f! 

31.9*« 11.6 

56 .3* 

0 . 3 * 

! 3.4* 

! 16.2* 

10.0* 

m . s . 
M 

3. 
L LB 

43 43 

4.7*@ 3.8*0 

69.6*@©i4.9*© 

98 ,3 92.6* 

due t o 

WL 

792 

1.4* 

13 .1* 

40 .4 

978.7*©3564.6*©44o.3* 

0 .5* 0 . 1 

3 0 . 1 * 11.1 

63.8*0 3^.3 

93.2* 89.4* 

17 17 

1.4*@ 0 .1 

26.6*0 3 .8 

191.2* 143.2 

111.3*© 94.6* 

0 .6* 0 . 3 * 

4.9* 3 .3* 

27.3*© 13.3* 

14.2 15.0 

0 . 1 

5 .6 

10 .3* 

4 .1 

324 

0 .5* 

8.2* 

135.9* 

66.9* 

0 . 5 * 

6.8* 

16.0* 

9.2* 

L LB 

26 26 

1.6*© 1.1*0? 

9.8*© 7.6*© 

94 .5* 100.6* 

526.3*© 6oo.5*@ 

0 . 3 * 0 . 3 * 

16.5* 14.9* 

36.-6*© 22.2*© 

95.5* 78 .5* 

25 25 

2.0*©© 0.7*© 

29.6*© 6.1 

272.5*© 121.3 

99.7*© 158.4*© 

1.2*© 1.1*C 

10.7*© 8.7*© 

43.4*0© 17.1*© 

15.8* 11.5 

Wl 

496 

0 .3* 

3.6* 

31 .9 

245 .3* 

0 .1 

2 .7 

7 . 1 * 

4.0 

468 

0 .5* 

5.0* 

121.2* 

46.5* 

0 . 3 * 

5 .3* 

11 .1* 

7 .4 

Jirror 
m.s.. 

Pa ren t a l 
j^ajriancp. 

18 

0 .1 

2 .2 

51 .2 

134.3 

0 .1 

* . 2 

3.7 

8.7 

18 

0 .2 

3.3 

80.5 

37 .2 

0 .1 

0.8 

4.6 

7.5 

SY- Seed y ie ld ( g ) , BY-Biological Y i e l d ( g ) , H i -ha rves t index (.%) NP-Number of pods, 
oDW-100-seed we igh t (g ) , NPB-Number of primary b ranches , PH-Plant he igh t (cm) , and 
DM-Days to m a t u r i t y . 
L - L i n e s , LB - Lines x b locks and WL-within l i n e s . 
* S i g n i f i c a n t a t 5% l e v e l s when t e s t e d aga ins t vd th in l i n e p a r e n t a l m . s . 
"©Signif icant a t 5% l e v e l when t e s t e d a l s c a g a i n s t s i g n i f i c a n t wi th in l i n e m . s . of 

r e s p e c t i v e genera t ion 
•©©Significant at % l e v e l , when t e s t e d a l s o a g a i n s t s i g n i f i c a n t m.s . duo t o blocks x 

l i n e s i n t e r a c t i o n . 



generat ions, whereas, for 100-seed weight i t was so only in M_» Variance due 

to l ines was s ignif icant against parental and within l ines variances in H_,M-, 

and M. for seed yie ld , biological y ie ld , number of pods and plant height, 

whereas, i t was so only in M for :00-seed .we^^h^* Biological yield and 

number of pods in M also exhibited s ignif icant variance due to l ine x block 

in te rac t ion . Variance due to l ines was s ignif icant against parental variance 

fof harvest index in M,, 100-seed weight in M, and M. and for number of primary 

branches and days to maturity for a l l the generat ions. Variance due to l ine x 

block in terac t ion was s ignif icant both against parental and within l ines 

variances in a l l the generations for seed yie ld , biological yield and number 

of pods,however, i t was so only in M and M. for plant height. Variances 

due to l ine x block in te rac t ion was s ignif icant against parental variance 

in M , M and H, generations for harvest index and days to maturity, in 

M and M, for 100-seed weight and only in M, for number of primary branches. 

Analysis of variance under 10kR for macrosperma (HPL-4). l e n t i l ; Analysis of 

variance in M , M and M, generations for macrosperma under 10kR revealed 

s ignif icant within l ines variance for a l l the t r a i t s in a l l the generation 

except for days to maturity where i t was s igni f icant only in M and M 

generations. Seed yield exhibited s ignif icant variance due to l ine and l ines 

x block in terac t ion when tes ted against parental and within l ines variances 

for a l l the generations except in M where l ine x block in terac t ion variance 

was found to be non-s ignif icant . Variance due to l ines was s ignif icant 

against parental and within l ines variance for biological y ie ld , harvest index 

and plant height in M^ M and M,, for number of pods, 100-seed weight and 

number of primary branches in M and M, and for days to maturity in 14 only. 
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Biological yield and 100-seed weight in M and seed yield and plant height in 

M. also exhibited s ignif icant variance due to l i n e s when tes ted against the i r 

respective s ignif icant variance due to l ine x block in te rac t ion . Number of 

pods, 100-seed weight and number o-p primary branches exhibited signif icant 

variance due to l ine when tes ted against parental variance in M • Line x 

block in te rac t ion variance was found to be s ignif icant when tes ted against 

both parental and within l ines variances in M and M, for seed yie ld , number 

of primary branches and plant height; in M. for harvest index and 100-seed 

weight and in M for number of pods. Harvest index and 100-seed weight in 

M and M , biological yield in M , number of primary branches and plant height 

in M exhibited s igni f icant variance due to l ine x block in terac t ion when 

tes ted against parenta l variance, 

^•1»3« Analysis of variance under ,15kR 

The r e s u l t s obtained from the analysis of variance under l5kR (Table 

3) are presented below var ie ty wise: 

Analysis of variance undefr 15_ kR for microsperma (HPL-5) l e n t i l : Analysis of 

variance revealed that variance within l i nes was s ignif icant for a l l polygenic 

t r a i t s s tudied, except for 100 seed weight in M and seed yield and plant 

height in M, . Harvest index, number of pods and number of primary branches 

exhibited s ignif icant variance due to l ines and l ine x block in teract ion 

against both parental and within l inos variances in a l l the generations under 

study. Seed yield and plant height also showed s ignif icant variance due to 

l ines and l inu x block in te rac t ion against both parental and within l ines 

variance. Biological y ie ld , 100 seed weight and days to maturity also 

exhibited s ignif icant variance due to l i nes and l ine x block interact ion 
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Table 3 . Analysis of va r i ance for induced g e n e t i c v a r i a t i o n for va r ious polygenic 
t r a i t s i n Mp,M-z and M^ gene ra t ions of microsperma(HPL-5) and macrosperma(HPL-4) 
v a r i e t i e s or l e n t i l under 15 kR 

m,_s. due t o Error 

Trait/ M 2 " ~~ "j '_ __," _~?±-
v a r i e t y 

HPL-5 d. 

sy 

BY 

HI 

NP 

SDW 

NPB 

PH 

DM 

HPL-4 d. 

SY 

BY 

HI 

NP 

SDW 

NPB 

PH 

DM 

L 

,f. 17 

1.6*0 

8.5* 

LB 

17n 

1.1*0 

11.1*0 

109.9*6 110.0*© 

671.0*0 

0 .6* 

7.1*Q 

32.1*0 

17.1*0 

f. 16 

1.6*0 

8.8* 

ML 

324 

0 .5* 

5.2*^ 

42.4* 

L 

27 

1.5*00 

} 10.6*0© 

99.6*Q • 

LB 

27 

0.7*@ 

9.6*0 

106.6*0 

7o4.9*o 24o.9*1556.3*00698.6*0 

0 .5* 

5.8*0 

44.2*0 

6 .2 

16 

1.1*0 

9.0* 

356.4*09128.2*0 

402.1 

2.7* 

11.6*QC 

64.6*0 

59.2*0 

218.8 

1.5* 

! 4.8*o 

33.8*0 

30.0*0 

0 .1 

2.4* 

6.3* 

7.9* 

306 

0.2* 

4 . 3 

46 .3* 

67.5 

0 . 3 

2.2* 

10.6* 

8.9* 

0.2*00 

14.1*0 

38.5*08 

70.1*0 

5 

1.0*0 

36.3*0 

69.5 -

334.3 

0.9*0 

12.3*0 

36.8*e 

32.6*0 

0.5*0 

9.3*© 

12.2*0 

13.4 

5 

0.9*0 

3 .1 

156.5*0 

36.1 

1.2*0 

3 .8 

49.1® 

6 .3 

WL 

504 

0.4* 

5 . 1 * 

62.4* 

360.7* 

0.2* 

2.7* 

6.5* 

9.5* 

108 

0 . 5 * 

4.9* 

46.6* 

116.2 

0 .4* 

* . 5 * 

16.0* 

14.5* 

L LB WL 

45 48 882 

0 .7* 0 .7* 0 . 3 

8.4*0 17.4*0 3.8* 

76.7*0 8i.7*ffi 41 .1* 

937.6*01056.5*0268.6* 

0.3*© 0.3*0 0.2* 

368.8*0 354.5*© 8.4* 

9.6* 14.6* 5 .2 

668.6*0 623.0*0560.6* 

21 21 396 

3.7*OQ 0.9*0 0.4* 

65.8*00 8.6*0 5.8* 

134.6*© 124.4*0 50.8* 

678.9* 173.9 102.3 

1.3* 2 .3* 0 . 3 

9.0*0 5.1*0 2.9* 

37.1*0 49.7*0 11 .1* 

38.0*0 29.0*0 13.8* 

Pa ren t a l 
var iance 

18 

0 .3 

3 .3 

30.0 

228.1 

0 .1 

1.0 

5 .5 

7.5 

18 

0 .2 

4.5 

34 .3 

256.3 

0 .3 

2 .2 

4.6 

5 .2 

Note: Symbols c a r r y same meaning as exp la ined i n foot note of Table 1 . 



against both parental and within line variances in M, and M^ except for days 

to maturity, where variance due to line x block interaction was non-significant 

in M, and for biological yield where variance due to lines was significant 

against parental variance in M , hundred seed weight in M » seed yield and 

plant height in M, exhibited significant variance due to lines and line x 

block interactions when tested against variance due to parent. Besides above, 

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

biological yield, number of pods and plant height was also significant 

against their respective significant variance due to line x block interaction^ 

Analysis of variance under 1gkR for macrosperma (RPL-*f). lentil; Analysis of 

variance revealed significant within lines variance in M , M and M. 

generations for seed yield, harvest index, number of primary branches, plant 

height and days to maturity, in M and M. for biological yield and in M for 

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

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

and within lines variances except in M, where variance due to lines was also 

significant against its significant line x block interaction. Variances du.. 

to lines and line x block interaction for biological yield were significant 

against parental variance for M ,ud M. , whereas, in M variance due to lines 

was significant against both parental and within lines variance. Variances 

due to lines in M. 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 interaction when tested 

against their parental and within lines variances in M and M.• Variance 

due to lines in M 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 all the generations .except in M. where 

variance due to lines was significant against parental variance. Hundred seed 

weight exhibited significant variances due to lines and lino x block 

m in terac t ion in M , M and H. when tes ted against parental variance and 
2 3 T-

M the variances were also s ignif icant when tes ted against respective within 

l ines var iances . Number of primary branches, plant height and days to maturity 

had s igni f icant variance duo to l ines and l ine x block in terac t ions in M , 

M and K, when tes ted against respective parental and within l ines variances 

except variance due to l ine x block in terac t ion which was non-significant 

for number of primary branches and days to maturity in M,. 

4 ,1 .4 . .Analysis_ .of_variance under 20 kR 

The r e s u l t s obtained from the analysis of variance under 20kR 

(Table k) are presented below var ie ty wisel 

AnalyBisof variance under 20 kR for microsperma (HPL-5). lpn t i l ? Analysis of 

variance revealed that variance within l ines was s ignif icant when tes ted 

against parental variance for a l l t r a i t s in M , M, and M. except for days to 

a tu r i t y ?nd seed yield in M and M, and number of pods in M.. Seed yield m 

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

parental variance and in M agai: t both parental and within lines variances. 

Variances due to lines and line x block interaction was significant for 

biological yield in M and M_ when tested against parental and'within lines 
2 j? 

variances and in M, these were significant only when tested against parental 

variance. Harvest index also exhibited significant variance due to lines 

and line x block interactions against both parental and within lines 

variances in M and M,. Number of pods showed significant variances due to 

lines and line x block interaction against both parental and within lines 
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Table 4. Analysis of variance for induced genetic var ia t ion for various polygenic 
t r a i t s in M_,M and M, generations of microsperma (HPL-5) and n^rjosjgerma 
BHPL-4) v a r i e t i e s of l e n t i l under 20 kR 

T r a i t / 
var ie ty 

HPL-5 . 

SY 

BY 

HI 

NP 

SDV/ 

NPB 

PH 

DM 

HPL-' 4c 

SY 

BY 

HI 

NP 

SDW 

NPB 

PH 

DM 

,d . f .5 

0 .5 

19.0*0 

274.8*0 

720.9*0 

0.2*0 

3.6 

35.9*0 

56.9* 

i.f. 4 

0.1 

11.5* 

51.1* 

106.3 

1.9*0 

1.4 

26.2* 

37.4*0 

M2 

LB 

5 

1 O 4 * 

14.4*0 

162.3*0 

360.4 

0.1*0 

0 .9 

15.9*0 

27.6 

4 

0 .5 

0 .5 

32.2 

197.3 

1.8*0 

5.3 

35.4* 

23.8*0 

\fL 

108 

0 .2 

2.8* 

44.2* 

202.0* 

0.1* 

2.1* 

3.4* 

13.2 

90, 

0.3* 

6.9* 

32.8* 

45.6 

0.3* 

3.2 

17.5* 

8.1* 

m. s . due 

L 

6 

0 .5 

13.8*0 

44.2 

2878.5*0 

0 . 1 

13.2*0 

47.6*oc 

30.5 

4 

1.3*0 

32.4*0 

18.5 

191.7 

6.3*0 

3.9 

13.9* 

43.9*G 

Jb 
LB 

6 

1.1*0 

27.4*0 

45 .3 

223.5 

0 .1 

0 .9 

3 5 .5* 

46.7* 

4 

0 .3 

11 .3* 

18.2 

247.2 

1.2*-1 

1.6 

112.6*0 

76.9*0 

to 

V/L 

126 

0 .3* 

6.6* 

41.7* 

179.2* 

0 . 1 * 

2 . 3 * 

7.6* 

13.8 

90 

0 .5* 

8.9* 

39.2* 

82.6 

0 .3* 

3.1 

10.6* 

7.5* 

M4 
L LB 

19 19 

0 . 1 0 . 2 

4.9* 5-3* 

132.6*0155.5*0 

609.7*533.2* ' 

0.2*0 0.1*0 

8.8*010.5*0 

19.8*0 7.2*0 

43 .8* 19.1* 

6 6 

0 . 3 0 . 3 

23 .1* 1.9 

41.8 73 .3* 

177.0 133.2 

" V/L I 

360 

0 .1 

2 .3* 

42>'8* 

Error 
m.s . 

-arental 
rariance 

18 

0 . 3 

0.01 

23.9 

133.3 171.2 

0 .1* ' 

2 .3* 

>6,6* 

10.2 

126 

0 .1 

3.0* 

45.2* 

45.4 

7.0*0 4.1*0 0 .3* 

9.5 4.5 

77.4*0 29.5*c 

33 .2* e 15.6*' 

3 .5 

3 12.9* 

12.9* 

0.1 

1.7 

0.1 

15.5 

18 

0 . 3 

; 2.7 

; 16.6 

118.9 

0.1 

7.5 

4.7 

4.7 

Note* Symbols carry same meaning as explained in foot note of Table 1, 



hi 

variances in M and M̂ ,. Number of pods showed significant variances due to 

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

variances in M and M,however, these variances in M. were significant 

against parental variance only. Hundred seed weight had significant variances 

due to lines and line x block interaction in M and l \ when tested against 

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 

and lines x block interaction in M. . Plant height showed significant variance 

due to linos and line x block interaction in H ,M and M. when tested against 

both parental and within lines variances respectively except in M^, whore 

lint x block interaction was significant only against parental variance. Days 

to maturity exhibited significant variance due to lines in M and M. and line 

x block interaction variance in M and M, against parental variance, 

Analysis of variance under 20kR for macros-perma(HPL-*Q lentil; Within lines 

variance was significant for all the generations studied for biological yield, 

harvest index, 100-seed weight, plant height and days to maturity,however, for 

seed yield it was significant in M only. For seed yield, variance due to 

lines was significant only in M, when tested against both parental as well 

as within lines variances. Biological yield exhibited significant variance 

duo to lines when tested against parental variance in M and M . In M. , it 

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

interaction variance was significant against parental variance only in M . 

Harvest index exhibited significant variance due to lines in M and 

significant line x block interaction in K. when tested against parental 

variance. Hundred seed weight and days to maturity exhibited significant 

variances due to lines and line x block interaction in all the generations 



k8 

when tested against both parental and within lines variances except for days 

to maturity in M, where variance due to line x block interaction was 

significant against parental variance only. Plant height exhibited significant 

variances due to lines and line x block interaction when tested against both 

parental and within lines variances in M. and against parental variance in M 

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

against significant within lines variances, 

^»2» Estimates of coefficient of variation (C.V.) 

The C.V. at phenotypic level between lines (eleminating line x block 

interaction) and within lines was estimated to know the extent of induction 

of polygenic variation in M , M and M, generation under various radiation 

doses viz., 5j 10, 15 and 20 kR in comparison to parental c.v. with respect 

to J^icrosgorma and macrosperma varities of lentil. The results obtained on 

c.v. due to lines (eleminating line x block interaction), within lines and 

parents are given in Tables 5 to 8. The dose wise and within dose, variety 

wise results obtained are given below: 

if̂ . 1 Estimates of C.V. under 5 kR 

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

lines and parents (HPL-5 and HPL-':) as given in Tablo 5 are presented below 

variety wise: 

• ff_sAijnates of C.V. under 5 kR for micrcsperroa (HPL-5) lentil. 

Estimates of C.V. due to lines (eleminating line X block interaction) 

and within lines, revealed that, in general, the variation present in M , M, 

and M. v/as more as compared to parental variation indicating thereby the 

induction of variation following radiations. The C.V. due to lines v/as high 

for seed yield and biological yield in M . M, and M. v/as moderate for 
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Table 5 . Estimates of phenotypic coeff ic ients of variation(%) for various polygenic 
t r a i t s in parents,M~tM, and M, generations in microsperma(HPL-5) and macrosperma 
(HPL-4-) v a r i e t i e s of l l n t i l under 5kR 

"'• • ••.•IIM1 I . . . • ! • . . . | . I , . .1 „ — , „ „ , • . ||. ! • ! • • • . . . >•!•• « * * * • • • M i l l " l » | l l l * . •!. •••••• I • • l — l - * l - l •• • ! • • | . | « g | M , « . » l l t .H.I^I—!•• | l l • •• I '• ' • ! ' • 

Tnait/ M,2 3 ' k Parents 
variety BL* WL»» . BL WL BL BE WL j , . . * • • , . .... • . . . . - . . . ^ . . . . ( J . • , . . ^ _ u. • - ) • , • • f , . 

HPL-5 
SeeTy ie ld (g ; 1+6.90 52.95 97-89 65.15 59.26 67,4-2 23.41 

Biological yield(g) 50.46 31.07 52.57 33.74- 58.46 33,99 32.4-5 

Harvest index (%) 25.84- 9.74- 24.52 9.31 34-.4-9 12.33 16.00 

Number of pods 34.77 9.53 4-2,92 11.46 4-2.39 11.70 11.96 

100-seed weight(g) 10.00 16.66 11.21 18.10 11.98 19.30 17.31 

No.of primary branches37.4-1 27.43 46.24- 31.82 48.89 34-.50 24-.30 

Plant height(cm) 12.84- 7.58 11.77 7.25 12.17 7.24- 11.26 

Days to maturity 2.05 1.07 2.40 1.02 1.97 0.92 1.57 

HPL-4-

Seed yield(g) 61.66 82.40 82.93 83.68 58.84- 77.25 54-.49 

Biological yield(g) 51.10 32.90 58.09 33.25 4-7.05 31.23 25.26 

Harvest index (%) 36.92 13.21 33.93 12.15 32.92 11.90 18.4c 

Number of pods 4-3.17 15.51 55.09 18.83 51.87 16.61 32.63 

100-seed weight(g) 8.20 11.23 11.46 13.23 11.95 13.4-2 3-26 

No.of primary branches 70.53 4-3.4-3 74-.23 39.97 69.61 37.09 23.06 

Plant height(cm) 18.98 8.83 2 - 2 9 10.08 19.06 8.82 11.53 

Days to maturity 2.04- O.96 2.20 1.02 1.98 0.97 2.14-

* Between l ines eleminating l ine x block int.(BL) 

**Within l ines (WL). 
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harvest index, number of pods and number of primary branches in all the 

generations. The estimates of C.V. within lines was sufficiently high for 

seed yield in all the generation ̂ ;hereas, it was moderate for biological 

yield arid number of primary bra 10s in all the generations but it was, low 

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

' ' Estimates of C.V. under 5 kR for macrosperma, (HPI^j^eiitjil 

Estimates of C.V. due to lines were in general high as compared to 

parental C.V. and it was also larger than within lines C.V. except for seed 

yield in all the generations. Moderate values of C.V. due to lines was 

observed for harvest index, whereas, 100 seed weight, plant height and 

maturity days exhibited low C.V. Within lines C.V. was high for seed yield 

only in all the generations, moderate for biological yield and number of 

primary branches and low for rest of the traits. 

•̂2.2 Estimates of C.V. under 10 kR 

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

lines and parents (HFL-5 and HPL-̂ f) are given in Table 6 and presented below 

variety wise. 

^IJA^te-S of C.V. under kE_ for microsperma (HPL-5) jtontil 

Estimates CP C.V. due to lines were higher than the parental C.V. 

though within linus C.V. in some cases was marginally lower than the parental 

C.V. , C.V. due to lines was high for seed yield in all the generations under 

study. C.V. was moderate for biological yield except in K whore it was 

high for harvest index, numbers of pods and number of-primary branches and 

it was low for 100 seed weight, plant height and days to maturity. Within 

lines C.V. in M and M. was high for seed yield which was large than C«V, due 
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Table 6. Estimates of phenotypic coefficients of variation (%) for various polygenic 
t ra i t s in parents M2,M-z and Mij. generation in microsperma(HPL-5) and macrosperma 
(HPL-4) varieties of lent i l under 10kR 

<n_ •*. y • J. M„ M_ M, Parents Trait /variety 2 3 4 
BL ML BL WL BL WL WL 

HPL-5 

Seed yield(g) 50.53 54.18 ?2.8o 63.06 62.23 73.77 38.35 

Biological yield(g) 38.41 29.13 55.10 26.28 38.96 27.13 28.25 

Harvest index {%) 25.58 10.13 29.52 11.22 28.59 12.05 13.33 

Number of pods 44.77 9.53 ^ .86 10.35 40.79 10.02 29.35 

100-seed weight(g) 10.75 18.14 10.94 l8.4i 10.79 19.61 10.44 

No,of primary branches36.55 23.47 43.09 25.36 36.14 25.11 24.71 

Plant height(cm) 12.96 6.59 14.63 7.27 12.55 6.98 8.35 

Days to maturity 1.80 0.88 1.65 0.80 1.67 O.81 0.70 

HPL-4 

Seed yield(g) 69.12 65.77 72.42 80.72 60.47 6?.4i 37.48 

Biological yield(g) 42.19 23.86 61.86 3^.64 42.84 25.63 31.88 

Harvest index(%) 40.12 13.92 37.04 12.7^ 3^.01 12.66 27.25 

Number of pods 52.89 13.10 51.84 15.03 ^7*43 13.87 21.20 

100-seed weight(g) 9.3^ 11.66 11.25 12.97 8.98 11.4i 5.73 

No.of primary branches 49.20 33.25 61.35 38.17 55.05 35.60 22.9^ 

Plant height (cm) 15.14 2.63 16.05 7.91 13.69 7.00 8.65 

Days to maturity 1.69 0.90 1.57 0,88 1.42 0.84 1.37 

BL - Between lines eleminating line x block int . 

WL - Within lines 
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to lines. Moderate estimates of C.V. vdthin lines were noticed for 

biological yield and number of primary branches. 

Estimates of C.V. under 10 kR f or; macrosperma (HPI>-4) lentil 

Estimates of C.V. due to lines and their comparison with parental 

C.V. showed that variation was induced for various polygenic traits,however, 

the extent of induction varied and it was quite pronounced for seed yield, 

number of pods and number of primary branches. C.V. due to lines was high 

for seed yield and number of primary branches for all the generations for 

number of pods in M_ and M_, and for biological yield in M . It was moderate 

for harvest index in M , M and M. and for biological yi-ld in M and M. . 

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

C.V. was moderate. 

4.2.3 Estimates of C.V. under 15 kR 

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

lines and parents (HPL-5) and HPL-A) are given in Table 7 and presented below 

variety wise: 

Estimates of C.V. under 15 kR for microsperma (HPL-5) lentil; The 

estimates of C.V*.due.to lines were higher than the parental C.V. except 

for 100 seed weight in M. generation. C.V. due to lines was high for seed 

yield but within lines C.V. was still higher. Biological yield, harvest index, 

number of pods showed that C.V. was moderate in M , M and M. and for number 

of primary branches it was moderate in M and M and was high in M. . Hundred . 

seed weight, plant height and maturity days showed low C.V. The induction of 

variation was quite prominent for seed yield, biological yield, number of 

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

biological yield and number of primary branches and it was low for rest of 

the traits. 
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Table 7 . Es t imates of phenotypic coe f f i c 
t r a i t s i n p a r e n t s , M^jM, and M/̂  
macrosperma(HPL-4) v a r i e t i e s of 

M 
T r a i t / v a r i e t y 2 

BL \jL 

HPL-5 

Seed y i e l d (g) 66.82 74,29 

B io log ica l y i e ld (g ) 41.49 27.01 

Harvest index (%) 35.51 13.39 

Number of pods 38.99 9.48 

100-seed weight(g) 12.69 19.17 

No.of pr imary branches 28.78 22.07 

P l a n t height(cm) 11.59 6.58 

Days to m a t u r i t y 1.62 0 .94 

HPL-4 

Seed y i e l d (g) 56 .22 70.01 

B io log ica l y i e l d ( g ) 40.01 27.09 

Harvest index (%) 41.84 14.02 

Number of pods 42.77 13.35 

100-seed weight(g) 10.22 11.57 

No. of pr imary branches44.88 33 .33 

P lan t height(cm) 14.13 6 .99 

Days to m a t u r i t y 1.70 O.87 

BL- Between l i n e s e l emina t ing block x l i i 

WL- Within l i n e s . 

en t s of va r i a t ion(%) for va r ious polygenic 
g e n e r a t i o n s i n microsperma(HPL-5) and 
l e n t i l under 15 kR 

M, M, Pa ren t s 

I it 
BL WL BL WL ML 

51.90 

43.31 

35.69 

46.57 

16.29 

31.91 

12.28 

1.99 

60.60 

27.07 

12.53 

9 .89 

21.32 

22.52 

6.89 

0 .98 

46.56 

36.21 

31.80 

*S6.Ht 

13.54 

79.89 

9 .99 

13.29 

60 .73 

25.11 

12.29 

8.95 

20.59 

26.44 

6.48 

2,72 

29.88 

25.91 

21.83 

23.90 

14.28 

13.60 

9.53 

1.55 

56 .64 

55.32 

30.86 

53.45 

10.69 

52.96 

18.13 

1.96 

72.00 

32.39 

11.66 

15.57 

13.05 

34.83 

8.77 

0.98 

66.34 

53.51 

36.62 

50.75 

8.75 

44.88 

13.98 

1.96 

69.50 

28.01 

13.19 

13.97 

11.21 

32.68 

7.24 

0.97 

36.93 

31.00 

33.94 

34.40 

8.68 

26.43 

8.36 

1.15 

i n t . 



Estimates of C.V. under 15 kR for macrosperma (HPL-*t) lentil: Estimates of 

C.V. due to lines in comparison to parental C.V, were high for all the 

traits, in all the generations except for harvest index in M where it was 

slightly low. Induction of variability was quite pronounced for seed yield, 

number of pods and number of primary branches. Seed yield in all the 

generations, biological yield and number of poris in R^ anc^ ̂ 4 ant^ number of 

primary branches in M , showed high amount of C.V. duo to lines, whereas, 

moderate C.V. was noticed for harvest index in all the generations, for 

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

branches in M and M. . 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.e. harvest index, number of pods, 100 seed weight, plant height and 

maturity days showed low within lines C.V. 

k.Z.k Estimates of C.V. 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 

presented below variety wise: 

Estimates of C.V_._ under 20 kR tor microsperma (HPL-5) lentil: The estimates 

of C.V. indicated the induction of sufficient variability for all the 

traits following radiation. However,C.V. was more pronounced for seed 

yield, biological yield, number of pods and number of primary branches. 

The C.V. due to lines was high only in M for biological yield and number 

of pods. Seed yield, harvest index and number of primary branches exhibited 

a moderate C.V. due to lines in all the generations, whereas, it was so only 

in M2 and M^ for biological yield and number of pods and low for 100 seed 

weight, plant height and days to maturity in all the generations. 
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Table 8. Estimates of phenotypic coeff icients of variation(%) for various polygenic 
t r a i t s in parents , M£, M3 and MZf generations in microsperma (HPL-5) and 
macrosperma (HPL-4) Variet ies of l e n t i l under 20 kE 

Trait/variety 
BL 

M2 
WL BL 

M3 

WL BL 

*% 

WL 

Parents 

WL 

HPL-5 

Seed yield(g) 39-52 55.12 42.94 56.26 35.66 56.77 26.72 

Biological y ie ld (g) 40.21 27.37 48.16 29.20 38.91 30.56 1.10 

Harvest index(%) 30.92 10.69 27.71 10.89 30.35 11.28 19.4? 

Number of pods 42.65 10.65 63.79 13.17 43.10 11.64 30.60 

100-seed weight(g) 9.23 17.81 9.22 17.83 9.45 18.01 7.8? 

Nb^of primary branches 29.33 23.99 39.17 28.54 37.31 28.35 18.60 

Plant height(cm) 10.49 6.35 15.62 8.36 12.80 7.61 1.52 

Days to maturity 2.55 1.09 2.40 1.12 2.43 1.02 2.27 

HPL-4 

Seed yield(g) 4o.6o 57.80 71.04 61.08 41.46 52.63 40.15 

Biological yield(g) 48.02 25.66 77.38 29.41 78.4i 31.28 2tfc>34 

Harvest index (%) 30.81 11.39 30.60 . 11.89 32.40 11.02 23.60 

Number of pods 42.99 12.82 43.28 13.56 56.54 13.92 20.85 

100-seed weight(g) 16.41 11.67 28.07 11.30 28.25 11.02 5.38 

No.of primary branches38.6o 31.72 40.19 28.47 66.35 35.51 27.54 

Plant height(cm) 17.24 7.54 14.15 7.26 24.95 7.04 8.40 

Days to maturity 2.24 O.85 2.22 O.83 1.97 O.96 1.09 

BL- Between l i n e s eleminating block x l i n e s i n t . 

WL- Within l i n e s . 



Within lines C.V. was high only for seed yield where its value was 

greater than the C.V. due to lines. A moderate estimate of C.V. due to 

within lines was observed for biological yield and number of-.primary branches 

Rest of the traits exhibited a lo<- value of within lines C.V. 

Estimates of C.V. under 20 kR for macrosperma (HPL-4) lentil; As indicated 

by the estimates of C.V.,sufficient variability was induced for all the 

traits under study. C.V. due to lines was quite high for biological yield in 

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

in M, and it was moderate for harvest index in all the generations, for seed 

yield in M and M, , for number of pods in M and M , for 100-seed weight in M.. 

and M,, for number of primary branches in M and M7 and for plant height in 

M, . Within lines C.V. was higher for seed yield only and in M and M^ it was 

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 linos C.V. 

^•3« Estimates of heritability (broad sense) 

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 and induction of variation within lines for various 

polygenic traits in Mp» M-z and M^ generations under various radiation closes 

studied for roicrosperraa and macrosperma varieties of lentil. The results 

obtained on various estimates of heritability are incorporated in Tables 

9 to 12. The dose wise and within dose variety wise results obtained are 

presented Selow in the following pages. 
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^•3»1» Estimates of h e r i t a b i l i t y under 5kR 

Results obtained on the estimates of h e r i t a b i l i t y under 5 kE are 

given in Table 9 and presented below var ie ty wise; 

Estimates of. h e r i t a b i l i t y under 5kR for microsperma(HPL-5) l e n t i l : Her i tab i l i ty 

estimates indicated that in general h e r i t a b i l i t y was high between l ines when 

variance due to l ine x block in te rac t ion was ignored as compared to one, when 

i t was eleminated. Her i t ab i l i t y within l ines cap i t a l i s ing on heterozygous gene 

loci following mutagenesis was subs tan t ia l for seed yield and number of pods 

in a l l the generations and in M> only for 100-seed weight, Her i t ab i l i ty 

between l ines after eleminating l ine x block in te rac t ion was quite large for 

seed yield in M and moderotft for 100-seed weight and number of primary 

branches in a l l the generat ions. He r i t ab i l i t y computed *yUK c|pT©ir>W^ IJK* X 

block in te rac t ion was very high for seed y ie ld , number of pods, number of 

primary branches, plant height and maturity days for a l l the generations under 

study, whereas, i t was moderate for 100-seed weight in H^ M? and M .̂ and in 

M. only for biological y ie ld . Rest of the t r a i t s under various generations 

e i ther exhibited very low or n i l h e r i t a b i l i t y . 

Her i t ab i l i ty estimates under 5kR for.macrosperma (HPLJQ l e n t i l : Within l ines 

h e r i t a b i l i t y estimates were high for 100 seed weight, number of primary branches 

and plant height in M , M and M^ generations and number of pods in M^where 

h e r i t a b i l i t y estimates were moderate in M and M generat ions. Her i tab i l i ty 

estimates as observed in microsperma were in f la ted when computed by ignoring 

l ine x block i n t e r ac t i on . However, h e r i t a b i l i t y after eleminating l ine x block 

in terac t ion was high i n M for biological yield and moderate for number of 

pods, plant height and maturity days. In M, and M ,̂ a l l the t r a i t s except 
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Table 9* Estimates of her i tab i l i ty (broad sense) for induced var ia t ion for various 
polygenic t r a i t s in Mp,M-z and M/j. generations of microsperina (HPL-5) and 
macrosperma(HPL-.4) v a r i e t i e s of l e n t i l under 5kR 

Trait/ 
variety Ble 

M2 
BLi WL BLe 

M ? 
Bid WL BLe 

M4 
BLi WL 

HPL-5 

Seed yield 69.4 91.1 75.0 23.2 99.4 97.7 
(g) 

Biological 19.0 - - 18.7 
yield(g) 
Harvest - 12.6 
index {%) 
No.of pods 17.5 96.8 83.8 17.5 97.0 85.2 

100-seed wt.32.0 46.9 - 29.6 51.1 
(g) 

No.pf primary28.7 70.3 - 24.7 74.7 
branches 
Plant height 16.6 49.5 10.0 15.8 59.8 

$cm) 
Days to 4.9 54.5 25.2 4 .2 91.2 17.6 
maturity 

HPL-4 

26.9 

18.2 

27.0 

23.9 

24.6 

27.1 

21.4 

4.1 

94.8 

48.9 

-

97.1 

48.8 

73.2 

68.7 

87.3 

94.6 

-

-

80.7 

58.5 

-

-

H 

Seed yield - 66.4 - 16.7 61.7 26.7 13.7 5.9 
(g) 

Biological 56.7 39.2 2.00 16.1 66.7 19.5 14.5 53.5 
yield(g) 
Harvest index - 16.1 - - 18.7 

(%) 
No.of pods 26.3 58.4 25.1 26.9 54.6 37.3 14.3 99.4 98.7 

100-seed wt. - 72.9 68.7 14.6 90.4 82.1 6.9 92.9 83.3 
(g) 

No.of primary - 54.7 75.4 - 77.4 84.5 8.9 93.5 81.8 
branches 
Plant height 19.3 80.8 51.0 19.8 59.9 55.1 15.1 84.4 46.8 

(cm) 
Days to 19.8 64.9 - 12.6 59.1 - 12.9 52.3 
maturity 

Ble - Between l ines eleminating l ine x block i n t . 

Bli - Between l inos ignoring l ine x block i n t . 

WL - Within l i n e s 
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number of primary branches in M , 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 generations. For 

biological yield the estimates were high in M, and K. but moderate in M , 

whereas for seed yield, these were high in M and M and low in M.• 

4.3.2. Estimates of heritability under "iOkR; 

Results obtained on the estimates of heritability under IOkR are 

given in Table 10 and presented below variety wise: 

Estimates of heritability under IOkR for microsperma (HPL-3) lentil;Heritability 

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

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

100 seed weight in M , Plant height exhibited a moderate amount of heritability 

within lines for all the generations, whereas, it was so only in M. for 

biological yield and number of pods. 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 generations and in M for number of primary branches. It was 

moderate for primary branches in M and M. generations. Harvest index exhibited 

a moderate heritability only in H,. Heritability estimated by eleminating line 

x block interaction variance was high only for maturity days in all the 

generations whereas, it was moderate for number of pods, in M , M and M. and for 

*KX) seed weight and plant height in M and M, generations. 

2 3 

Estimates of h e r i t a b i l i t y under 10kR for macrosperna (HPL-4) l e n t i l ; Her i tab i l i ty 

estimates within l i n e s of different generations were very high for seed yield 

and number of primary branches, whereas, i t was so only in M for 100-seed weight 
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Table 10. Estimates of heritability(broad sense) for induced variation for various 
polygenic traits in M, 
macrosperma 

T r a i t / 
v a r i e t y ELe 

HPL-5 

Seed y i e l d (g) 19.9 

B io log ica l y i e l d l 6 . 4 
(g) 

Harvest index(%)l9 .6 

No.of pods 3^.7 

100-seed w t . (g ) 25*8 

No.ofPrimary 14.4 
branches 
P l a n t height(era)26.4 

Days t o ma tu r i t y42 .5 

HPL-4 

Seed y i e l d (g) 21 .4 

B io log ica l y i e l d l 6 . 7 
(g) 

Harvest index(%)l9 .6 

No. of pods 33.7 

100 seed weight 10.3 
(g) 

No. of Primary 15.3 
branches 

P l a n t h c i g h t ( c o ) l 2 . 2 

Days to m a t u r i t y 9 .9 

(HPL-4) • 

M2 
BLi 

85 .7 

70 .9 

-

7 3 . 4 

74 .2 

38 .9 

89*2 

82 .8 

93 .2 

84.1 

65 .2 

88.4 

78*9 

90.6 

86.1 

61 .7 

v a r i e t i e s 

WL 

60 .5 

42.8 

-

5 3 . 4 

78 .9 

36 .6 

-

62.6 

39 .5 

20.5 

18.4 

43 .5 

62 .9 

55 .8 

14.0 

: of l e n t i l undei 

i 

BLe 

19.6 

17.8 

16.7 

35 .8 

25.6 

17.9 

26.6 

52 .2 

26.6 

16.2 

19 .3 

-

10.5 

-

-

"? 
BLi 

93 .9 

93 .7 

-

75.8 

73 .8 

5 6 . 9 

88 .9 

82 .9 

7 8 . 3 

77.6 

4 9 . 9 

40 .7 

67 .5 

72 .5 

71 .2 

-

• 10kR 

WL 

80.9 

70.6 

-

53 .2 

-

46 .6 

-

5^.7 

41 .9 

28.6 

25.6 

61.8 

79 .6 

5 5 . 4 

10.1 

M4 
BLe 

14.9 

17.9 

18.0 

3 5 . 4 

13.1 

20 .2 

17.1 

53 .1 

1 3 . ^ 

19.6 

15.4 

35.9 

14.1 

1*.9 

12.7 

5 .4 

BLi 

83 .3 

62.7 

29.7 

5 9 . 3 

5^.3 

33 .3 

81 .4 

83 .3 

84.6 

79.6 

45 .6 

54.4 

80 .6 

86 .5 

80 .9 

35 .5 

Wl 

42.3 

23.3 

-

29.2 

-

31.0 

-

49*2 

19.9 

11.1 

20.2 

36.6 

74 .2 

41.5 

-

Ble - Between lines eleminating line x block int. 

Bli - Between lines ignoring line x block int. 

'•"L - Within lines. 
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and M and M for plant height. Moderate heritability within lines was found 

for biological yield in M and M , harvest index and number of pods in M , 
2 3 0 

100 seed weight and plant height in M,. None of the trait in any generation 

showed high amount of heritability computed after eleminating line x block 

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

M and M.and se.-)d yield in M,» Other traits exhibited low to nil'heritability. 

Heritability estimates computed by ignoring interaction variance were very 

high in all the generations for seed yield, biological yield, harvest index, 

100-seed weight, number of primary branches and plant height. It was also 

high for number of pods in M and M. and for days to maturity in M • Moderate 

estimates were found for number of pods in M and days to maturity in M, . 

/f»3»3» Estimates of heritability under l5kR 

Results obtained on the estimates of heritability under l5kR are 

given in Table 11 and presented below variety wise: 

Estimates of heritability under 1j?kR for microsperma (HPL-5)lentil^ Estimates 

of heritability within lines were very high for number of primary branches and 

maturity days in M. . Generally, the lines exhibited moderate to low 

heritability. Heritability estimates within lines were moderate for number of 

primary branches in M and M, and for harvest index in M . Heritability 

estimates after eleminating variance due to line x block interaction was high 

only for number of primary branches in M. . Generally, all other traits under 

different generations showed a low heritability. Estimates of heritability 

obtained after ignoring line x block interaction was quite high for seed yield, 

biological yield, harvest index, number of pods, 100-seed weight, number of 

primary branches and days to maturity in all the generations and in M and M7 

only in case of plant height where heritability was moderate in M. • 
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Table 11. Estimates of heritability (broad sense) for induced variation for various 

macrosperma 

T r a i t / 
v a r i e t y BLe 

HPL-5 

Seed y i e l d (g) 9 .7 

B io log i ca l y i e l d -
(g) 

Harvest index(%) 7 . 4 

No* of pods 18,2 

100 seed weight 15.2 
(%) 

No. of. Pr imary 19.0 
branches 
P l a n t he ight(cm)15.2 

Days to m a t u r i t y 5 .5 

HPL-4 

Seed y i e l d (g) 20.7 

B io log ica l y i e l d 2 5 . 1 
(g) 

Harvest index(%)25.8 

No. of pods 19.8 

100 seed weight 28.4 
(g) 

No. of pr imary 17.7 
branches 
P l a n t he ight (cm)20.2 

Days to ma tu r i t y21 .9 

(HPL-4) 

\ 
Bid 

63 .6 

44.0 

57 .1 

49.2 

62 .6 

74 .5 

70 .9 

38.8 

76 .2 

32 .7 

82 .4 

-

78.6 

68 .4 

86.6 

83.8 

v a r i t i e s 

WL 

21 .3 

22 .7 

17.0 

2 .7 

39 .5 

11.4 

2 . 4 

8 .3 

14.8 

-

0 . 2 

39 .1 

26.4 

of l e n t i l under 

: 

BLe 

12.4 

11.8 

2 .9 

14.2 

18.2 

17.5 

19.7 

24.1 

18.5 

24.2 

23.8 

18,6 

25 .9 

17.9 

26.1 

5 .9 

M3 
Bid 

63.1 

69 .9 

53.6 

74 .4 

79 .7 

8 6 . 3 

75 .1 

80 .6 

64 .2 

77 .9 

-

46.8 

69 .9 

77.6 

72.4 

l5kR 

WL 

7 .9 

21 .2 

35 .0 

22 .5 

24 .3 

45 .3 

8 .7 

11.6 

15.4 

4 . 2 

15.1 

-

9.6 

34 .9 

55.0 

47.0 

M4 
BLe 

16.9 

15,6 

4 . 1 

11.2 

15.7 

68 .1 

14.1 

9 .5 

27 .9 

34 .3 

17.6 

20 .7 

16.8 

19.5 

19.5 

8.1 

Bid 

35 .8 

43.8 

43.7 

60 .9 

45 .1 

99.4 

27.6 

97.7 

88 .9 

87 .2 

59 .3 

45 .2 

59 .7 

60 .9 

77 .7 

76.1 

WL 

-

7 .9 

15.6 

8.1 

9.7 

78.0 

mm 

97.3 

32 .3 

12.2 

19.3 

-

13.9 

40 .9 

45.4 

Ble - Between lines eleminating line x block int. 

Bli - Between lines ignoring line x block int. 

WL - Within lines. 
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Estimates of heritability under _ l5kR for macrosperma(HPL-*f) lentil; Heritability 

estimates indicated a moderate to low heritability within lines in all the 

generations for various polygenic traits. Those estimates were moderate in 

MT for seed yield and number of primary branches and in M and M, for plant 

height and maturity days. Moderate to low heritability estimates were found 

for various traits when heritability between lines was computed after 

eleminating variance due to line x block interaction. It was moderate for 

seed yield in M. , for biological yield in all the generations, for harvest 

index in M , for 100 seed weight in K and M , for plant height in M . 

Heritability estimates obtained after ignoring interaction was very high for 

seed yield, 100-seed weight, number of primary branches, plant height and 

days to maturity in all the generations, for biological yield in M_,and M, , for 

harvest index in M and M, and moderate for biological yield in M and 

number of pods in M,. 

hmj9km Estimates of heritability under 30 kR 

Results obtained on the estimates of heritability under 20kR are 

given in Table 12 and presented below variety wise:, 

Estimates of heritability under 20kR for microsperma(HPL^) lentil; A very high 

heritability estimates within line?: was obtained for biological yield and plant 

height in all the generations, whereas, a moderate value was obtained for harvest 

index in all the generations. Heritability estimates obtained after eleminating 

line x block interaction variance was moderate for biological yield in all the 

generations, for harvest index in M and M, , for number of pods in M, and 

for plant height in all the generations. Heritability values estimated after 

ignoring lino x block interaction were high for biological yield, number of pods 

and plant height in all the generations, for harvest index, 100-seed weight 

and maturity days in M and M, generations. 
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Table 12. Estimates of heritability (broad sense) for induced variation for various 
polygenic traits in M , M, and M. generations of microsperma (HPL-5) and 
macrosperma (HPL-4) varities of lentil under 20 kR 

Tra i t / 
^society 

""' '. ' 

BLe 

M2 
'- Bid WL 

H ? 
BLe BLi , Wf ... 

V 
- BLe BLi WL 

Seed yield (g) - - - 5,0 -

Biological yield 22.1 99.9 99.5 25.2 99.9 99*8 25.3 99.7 99*^ 
(g) 

Harvest index {%) 20*7 83.9 29.9 - - 27.1 19.5 69.4 28rf4 

No. of pods 11.4 61.6 8.2 42.9 88.7 2.2 14.8 56.1 -

100 seed weight(g)i7.6 50.9 7.1 - - 14.7 11.8 60.3 7.1 

No. of primary - - 9.6 18.9 76.8 14.7 12.7 67.5 13.7 
branches 
Plant height (cm) 32.1 99.1 91«8 28.7 99.3 96.2 19.1 98.5 95.6 

Days to maturity 14.2 56.9 - 5.7 - - 1.1 47.7 -

HPL-4 

Seed.yield (g) - - 16.1 50.0 68.2 27.7 42.2 

Biological yield - 61.O 42.6 56.9 84.1 52.3 76.7 78.5 4.5 
(g) 

Harvest index(%) - 50.8 32.6 - - 40.3 - - 46.1 

No. of pods " - - 59.2 

100 seed weight 70.1 88.8 49.5 91.3 96.3 42.1 91.3 96.7 46.1 
(g) 

No. of primary - - 46.8 
\\y CiY] cVl Q ?̂ 

Plant height _ 69.6 57.7 - 49.5 38.5 71.3 88.5 46.7 

Days to maturity 71.2 77.7 26.9 69.2 80.7 22.8 43.9 75.2 46.8 

Ble - Between lines eleminating line x block int. 

Bli - Between lines ignoring line x block int. 

V/L - Within ; lines. 
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Estimates of h e r i t a b i l i t y under 20kR for raacrosprama(HPL-^)lentil; Hoi i tabi l i ty 

estimates within l ines were high for 100-seed weight and number of primary 

branches in M , for biological y ie ld , harvest index and 100-seed weight in M 

and harvest index, 100 seed weight, plant height and days to maturity in M. • 

Moderate h e r i t a b i l i t y estimates within l ines variance were obtained for seed 

yield in M , for harvest index in M and M , for plant height in M t for 

maturity days in M and M . Her i t ab i l i ty estimates obtained by dominating 
2 j> 

line x block interaction variance were quite high for 100-seed weight and days 

to maturity in all the generations,for seed yield and biological yield in M7 

and M, and for number of pods, number of primary branches and plant height in 

Mj( generation. Estimates of heritability obtained after ignoring line x block 

interaction were quite high for biological yield, 100 seed weight, plant height 

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

harvest index in M . 

k.k. Estimates of individual line mean and within line analysis of variancei in 
M3 and Mzt generation 

In M and M, generations, estimates of means were obtained for all 

the lines studied individually for various polygenic traits under different 

radiation doses studied for both microsperma and macrpsperma varieties of 

lentil in order to isolate the desirable mutant lines in comparison to parents 

(Control). The results obtained on the estimates of individual lino mean are 

given in Tables 13 to 20. In order to know the magnitude of induced variation 

within line, analysis of variance id. thin line was also carried out for all the 

lines in M and M, generations under all radiation doses for both the varieties, 

The actural results obtained are available in records and here in order to 

avoid lengthy tables, the lines which showed significant within line variance 

are marked with star(*) in Tables 13 to 20. The lines in these tables having 
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their mean values narked with star(*) indicate that for these lines within 

line variance is significant at 5 par cent level. The mean values narked 

with '@' indicate that these values are significantly deviating fron 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 dose variety wise results obtained on the estimates 

of individual line mean and within line analysis of variance in M, and M. are 

given below: 

k,k%1. Estimates of individual l ine mean and within l ine analysis of variance 
under 5 kR 

The var ie ty wise r e s u l t s obtained on the estimates of l ine mean and 

within l ine analysis of variance under 5 kR are given in Tables 13 and 1*f and 

presented below: 

Estimatejs of individual l ine mean and wijUiin, l ine analysis of varijance_(Table 13) 
j-guter. Jp.kR for microsperma (HPL-5) l e n t i l 

Analysis was done at individual plant level in M and M. to assess 

the shi f t in mean of different l i ne s at micro level and also to reveal the 

segregation pat tern of mutant l o c i . Line mean analysis indicated that only 

one l ine out of 89 l i nes in M and none of the l ines out of 61 l ines in I \ 

showed s ign i f ican t ly posi t ive shif t 'n mean for seed y ie ld . The l ine showing 

s ignif icant sh i f t was HPLM ?k which showed a 280.5 per cent increase over 

cont ro l . For biological yield 5 l ines in M and 7 l ines in M̂  exhibited 

super ior i ty over cont ro l . 15 and 4 l ines for number of pods, 8 and k l ines 

for 100 seed weight showed a s ignif icant pos i t ive shi f t in M and M. , 

respoctively# p o r n u mber of primary branches only 3 l ines in M were found to 

be superior as compared to cont ro l . None of the l ines exhibited super ior i ty 

for harvest index, plant height and days to maturi ty. 
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Table l?, . Es t imates of l i n e mean alongvdth wi th in l i n e a n a l y s i s of var iance in M 
and M. gene ra t i ons of microsperma (HPL-5) v a r i e t y of l e n t i l under 5kR 

Progeny/ Seed Bio lo - Harvest Number" 100-seed N u m b e r P l a n t Days t o 
g e n e r a t i o n y i e l d g i c a l index of pods weight of he igh t matur i ty 

per y i e l d per per (g) pr imary (cm) 
p l a n t per p l a n t p l an t branches 
_(g_) p l a n t (.%) per p l a n t 

1.. . , . 

i_ 
HPLM 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

.2 . . ." „ 

1.32^ 

1.09* 

1.014 

1.11* 

1.05* 

1.15 

1.25 

0.88* 

1.18* 

1.08* 

1.40* 

1.71* 

1.51* 

1.>3* 

1.29* 

0.72 J 

1.08* 

2.03* 

1.37* 

1.71* 

1.33* 

.-J,. .„ 

4.70 

6.04*© 

3.71 

4 .54 

3.85 

3.88 

4 .77 

3.45 

3.96 

4.19 

4.16 

5.82© 

4.52 

4„30 

4.28 

2.35 

4.01 

7.06*@ 

5.15* 

5.31 

4.00 

4. 

28.03 

27.05 

24.72 

28.04 

22.97 

26.69 

25.49 

26.78 

26.15 

24.31 

28.28 

30.65 

29»6o 

1K.Q6 

29.91 

26.95 

26.12 

28.21 

24.69 

28.45 

29.14 

5 . 

30.05* 

24.95* 

31.00* 

37.30*@ 

28.80* 

30.00* 

29.55* 

27.20* 

25.65* 

30.50* 

28.25* 

36.15* 

36.10* 

I.-05* 

24.00* 

23.55* 

28.55* 

38.15"® 

29.70* 

42.4o*@ 

26.65* 

6 . 

2.98 

3.14@ 

2.87 

2.59 

2.82 

2.61 

2 .63 

2.80 

2.48 

2 .78 

3.13® 

2.90 

3.36© 

2.76 

2.68 

2.88 

2.87 

2 .94 

2.75 

2.81 

2.64 

7. . 

5.05 

4.10 

4.90 

5.45 

3.95 

4.55 

3.90 

4.05 

2.70 

4.15 

3.90 

4.80 

3.90 

4.10 

2.40 

2.55 

4.15 

5.10 

4.75 

3.80 

5.25 

8. 

20.50 

19.87 

21.12 

22.10 

19.70 

21.17 

21.57 

20.51 

21.10 

20.20 

20.40 

23.25 

20.95 

20.22 

19.50 

19.45 

21.25 

21.07 

21.17 

22.17 

21.65 

. 9-

174.05 

174.25 

173.95 

175.20 

174.35 

175.00* 

171.00 

174.75 

175.65* 

175.05 

175.65 

175.50* 

174.65* 

175.75 

175.95 

176.00 

178.85-

172.00* 

176.90.. 

175.15 

175.50 

n 4. J 



1. 

22 

23 

24 

25 

26 

27 

28 

29 

50 

31 

32 

35 

34 

35 . 

36 

37 

38 

39 

to 

4i 

42 

45 

44 

45 

46 

2 . 

1.69* 

i . 4o* 

1.28* 

1.44 

1.59* 

1048 : 

1.1& 

1.55* 

1.41* 

1.48* 

1.38* 

0 .91* 

0 .78 

1.29 

1.09* 

1.58* 

1.37* 

1.11* 

1.09* 

1.03* 

1.46* 

1.45* 

1.19* 

1.35* 

1.40* 

3 . 

5 .49 

4.96 

4,25 

5.17 

5.52 

4.82 

4 .23 

4.71 

4 .54 

4.77 

5.86© 

3.29 

2.89 

4 .62 

3.65 

5.57 

4.65 

3.46 

5-77 

5.95 

4.41 

5-74 

4.80 

4 .75 

4 .85 

4 . 

26.37 

29.13 

oR 05 

-7.31 

29.54 

29.04 

26.82 

27.22 

27.79 

29.43 

23.87 

24.76 

26.69 

27.62 

28.55* 

28.64 

26.30 

2V.0> 

24.6? 

25.35 

50.28 

24.45 

26.52 

26.16 

28.92 

. 68 

T a b l e d 

44.35*@ 

34.35* 

3,_J5*© 

37.70*© 

38.40*@ 

35.90* 

29.55* 

35.70* 

29.40* 

25.90* 

52.96*' . 

22.15*'-

22.55* 

54.85* 

52.15* 

24.80* 

28.60* 

58.20*@ 

27.25* 

26.65* 

23.20* 

29.95* 

54.90* 

31.20* 

37.00*© 

Contd. 

6 . 

2 .77 

3.00 

2.72 

2.65 

2.72 

3.02 

2.79 

2.90 

2 .93 

2.97 

2.70 

2.78 

2.72 

2 .54 

2.81 

2.81 

2 .94 

2 .89 

O O-r ZmOJ 

2.82 

2 .68 

2.74 

2.97 

3.07.. 

3.28© 

7 . 

3 .95 

3.55 

5.10 

5.05 

5.15 

4.70 

3.55 

4.50 

4.30 

4.25 

4.85 

3.90 

3.15 

4.05 

3 .65 

3.90 

1.95. 

3.90 

3.80 

2.25 

3.25 

4.05 

4.70* 

4.45 

5.75@ 

8 . 

21.35 

20.87 

20.32 

20.65 

22.12 

21.37 

20.02 

21.9? 

21.95 

21.00 

21.07 

18.97 

20.95 

20.50 

20.45 

20.30 

21.00 

21.57 

21.30 

20.95 

20.30 

19.90 

19.66 

20.92 

19.72 

9. 

175.60 

175.80* 

174.90 

174.50 

175.70* 

174.15* 

176.35 

174.30 

172.85 

173.00 

174.15 

173.^5 

174.25 

175.05 

176.05 

174.80 

173.80 

175.10* 

176.60 

177.85 

176.55 

175.50 

1760.5? 

177 .6or 

172.90 
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Tablel5 Oontd. 

Is... 

k? 

48 

49 

50 

51 

52 

53 

5'. 

55 

56 

57 

58 

59 

6o 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

ZZHZIZ 
1.25* 

1.53* 

1.02* 

1.0& 

1.20* 

1.33* 

1.32* 

i .*o* 

1.48* 

1.15* 

0.99* 

1.24* 

1.63* 

1.07* 

1.26* 

1»J1* 

1.22* 

i . 4 i * 

1.24* 

1.19* 

1.36* 

0.88- ' 

1.43* 

1.30* 

0.76-

_ _ 3 . 

3.84 

5.16 

3.48 

4 .27 

4 .64 

4.85 

3.98 

4.98 

4 .32 

4 .13 

3 .53 

4.35 

5.27 

4.31 

3.95 

3.47 

3.52 

4,85 

4.42 

4.67 

4.71 

3.40 

3 .54 

5.06* 

3 .02 

.._ 

26.89 

27.46 

28.59 

20.90 

24.29 

27.83 

28.22 

28.36 

30.15* 

28.68 

27.50 

28.29* 

27.96* 

22.95 

26.28 

28.52 

26.89 

?6 03 

24.71 

26.21 

27.98 

27.07 

29.74 

26.10 

24.28 

...muz 
21.35* 

19.55* 

22 "5* 

29.95* 

27.05* 

29.20* 

20.60* 

32.75* 

27.95* 

22.50* 

31.60* 

26.30* 

33.35* 

30.65* 

26.40* 

31.20* 

22.00* 

2,' ,50* 

29.75* 

21.25* 

27.20* 

29.75* 

30.40* 

31.25* 

20.00* 

„ . 6 X 

2 . 9 ^ 

2.85 

2.89 

2 .99 

2.75 

2 .93 

2 .98 

2.71 

2.75 

3.18@ 

2.87 

3.00 

2 .54 

2.99 

2.75 

2.91 

2 .82 

2.93 

2.68 

2.96 

2.24 

2.90 

2.99 

2.75 

2 .43 

IJZIZ 
3.45* 

3.45 

3.00 

3.60 

4.45 

3.65 

2.90 

4.15 

3.65 

2.70 

3.45* 

3.55* 

3.85* 

4.90* 

3.95 

4.95 

2.75* 

3 95 

3.20 

3.80 

4.00 

4.25 

4.60 

3.25 

1.95 

.....8.„ 

19.40 

18.35 

18.8C 

21.50 

20.07 

20.45* 

20.97* 

21.12 

20.37 

22.22 

21.80 

18.07 

19.87 

20.42 

19.70 

19.82 

20.00 

19.57 

18.77-

19.15* 

20.65* 

19.87 

20.17 

20.25 

17.50* 

„.Jb ___ 

175.30 

171.65 

178.15 

181.00 

181.30. 

17^.55 

184.40* 

173.80 

171.00 

172.70 

179.6C 

176.30 

180.75. 

177.95 

175.85 

177.65 

180.50.. 

179.10-

177.9a. 

174.10 

176.05 

175.40 

173,25 

175.00 

175.60 

C o n t d , . . o 
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T a b l e d Contd. 

90 

91 

92 

93 

9^ 

95 

1.9^ 

1.98 

1.98 

1.97 

1.97 

1.96 

6.02® 

6.38© 

5.870 

5.08 

3 .33 

5.hh 

23.27 

18.11 

23.10 

18.1S 

23.91 

19 .5^ 

3^.20* 

31.00* 

43.30*« 

2.70 

2 . 5 ^ 

2.61 

36.95*0 2.72 

3if.20* 2 . 7 ^ 

37.85*© 2.56 

^ . 00 

3.70 

*f.35 

^t. 80 

3 . ^ 

5.00 

20.27 

20.30 

22.55 

23.22 

19.62 

20.65 

Contd. 

178.0. 

178o7: 

177-6! 

17^.50' 

177..2T' 

177.3c 

t 0 0 
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1 . 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

m 
112 

113 

1l4 

115 

116 

.117 

118 

119 

120 

121 

- . _ „ , „ . . . 

1.99 

1.98 

1.97 

1.96 

1.96 

1.97 

1.97 

1.96 

1.90 

1.06* 

1.01* 

1.08* 

1.23* 

1.28 

1.02* 

1.62* 

1.11 

1.17* 

1.70* 

1.31* 

1.20* 

1.13* 

1.21* 

1.28* 

1.35* 

0.66" 

3 . 

5 .38 

4.95* 

4 .94 

5.31 

4 .15 

3 .88 

5 . 6 i 

5.06 

'4.25 

4 .43 

3 .32 

4.70 

4 .45 

5.02* 

3.65 

5 .15 

3 .94 

5.87*@ 

5.95® 

^ . 27 

4 .17 

4 .o8 

4 .04 

5 .48 

5.46* 

3.21 
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4 . 

23.06 

27.98 

19.60 

c . 6 7 

25.38 

23.20 

25.43 

22.74 

22.26 

22.15 

19.95 

21.93 

21.61 

26 . 42 

23.47 

22 .83 

21.57 

20.97 

27.47 

22 .53 

23.14 

21.27 

19.26,, 

I 9 . 3 n 

20.76 

29.40* 

32.55* 

34.95* 

3-. . 35* 

34.70* 

32.05* 

31.50* 

28.60* 

28.80* 

28.20* 

29.83* 

32.8o* 

27.85* 

27.55* 

25.75* 

29.50* 

28.50* 

33.45* 

35.05* 

31.30* 

29.55* 

29.85* 

29.90* 

26.65* 

27.85* 

23.10 

6. 

2 .62 

2.60 

2.6*+ 

2.65 

2.65 

2 .65 

2 .55 

2.80 

2 .98 

2 .77 

2 .71 

2 .82 

2 .86 

2.80 

2.80 

2 .91 

2 .73 

2 .56 

2 .93 

2 .94 

2 .75 

2.77 

3.25© 

2 .90 

2 .52 

2 .62 

7 . 

4.80 

3 .25 

5.10 

4 ,95 

2.70 

4.40 

4 .25 

3.40 

3.85 

3.60 

^ . 15 

H.30 

3.55 

3.05 

3.55 

3.10 

3 .35 

^ . 85 

2.40 

3.95 

if. 15 

5 .15 

2.90 

2.50 

3.30 

2.95 

20.72 

21.72 

20.77 

20.57 

20.37 

22.05 

20.57 

21.45 

20.52 

20.60 

2 1 . 40 

19.77 

19.95 

1 9 . 1 7 . 

18.80 

20.55 

21.25 

22.72 

20.95 

22.00 

21.52 

20.90 

19.82 

20.90 

21.50 

21.30 

l l v . 
1 7 7 . 9 C 

175.75 

180 .7a . 

176.15* 

177.8c . 

179.80 . 

177.75 

178.10 

178,45 

177.6C 

179.1C 

175.20 

I8O.OC. 

179. to 

179.2C . 

180.35 -

17'+. 45 

176.55 

I78.2.S 

180.1a 

177.7>: 

179.2A 

178.80 

n7,r<: 

178.05 

174.05 

Con td . . . 



Is gt. 3_*___ 

122 1.32 4.05 

123 1.19* 4.46 

124 0 . 9 / 3.26 

125 1.16* 4.4-9 

126 1.19* 3.59 

127 1.27* 4.oo 

120 1.67 ' 2.74 

129 0.86' 2.95 

130 0.70 3.28 

131 0.79* 2.65 

132 1.62' 3.07 

133 0.83" 3.58 

134 1.37* 5.98@ 

135 1.69 .. 2.69 

136 1.63* 6.73*© 

137 1.67 2.69 

138 1.6 J 2.4i 

139 1.64* 2.49 

140 1.51 2.6o 

1 4 1 1 . ,'->•'•- 2.35 

142 0.72" 3.17 

143 1.63 2.8o 

144 1.69 2.94 

145 1.60 3.22 

146 0.8V 3.12 

147 1.07 " 4.76 
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4 . 

26.81 

21.45 

27.69 

20.86 

21.00 

24.58 

19.22 

20.29 

17.31 

20.67 

17.34 

20.85 

21.03 

20.29 

20.14 

21.74 

20.74 

19.71 

17.46-

19,78 

24.59 

20.66 

17.96 

17.83 

19.27 

15.98^ 

5 . 

18.40* 

29.05* 

27.25* 

3 3 . 2 0 * , 

25.70* 

28.25* 

25.25* 

22.70* 

20.75* 

20.15*'. 

25.25* 

21.25* 

32.05* 

20.00' 

17.25* 

26.10* 

13.20* 

21.50* 

22.15* 

17.05* . 

20.55* 

21.45*.. 

22.85* 

17.85® 

25.70* 

20.35* 

6 . 

2 .55 

3.10© 

3.05 

2 .83 

3 .06 

2 .94 

2.79 

2.83 

2.81 

2.78 

2 .92 

3 .06 

2.78 

2 .96 

3.02 

2 .94 

2.72 

2.76 

.3.32® 

3.13© 

2.79 

2.78 

2.74 

2 .62 

2.86 

2 .53 

. . ? • • , 

1.8^-

4 .15 

3.75 

4.10 

3.60 

4.15* 

3.60 

2.60 

2.20 

3 .35 

3.65 

2.70 

4.00 

2.80 

L 9 5 L 

3.20 

2.80 

2 .35 

3.70* 

2.05 

3.40 

2.20 

3.30 

2.45 

4.40 

2.80 

8 . 

20.82 

22.67* 

22.85 

21.47 

20.65 

20.22 

19.95 

20.32 

19.97 

19.66 

20.70 

21.45 

20.12 

19.25 

21.17 

18.15* 

19.70 

17.87 

15.92 

20.70 

19.80 

19.97 

19.72 

19.92 

18.47 

20.52 

9 . 

176,20 

180.55' 

178.1a 

179.15. 

179 .45 . 

178 .1a : 

174.70* 

V%20 

173.20 

172.95 

173.80 

174.05 

173.10 

173.40 

173.80 

174.15 

174.55* 

173.40 

174.95 

179,95* 

177.80-

179,35-

180.30 . 

180.55 

180.45. J 

178.90* 

Contd.. . 
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1. 2. 3. ^. 5. 6. 7. 8. 

1^8 1.05* 

1^9 0.96' ' 

150 0.8V 

HPL-5 1.13 
( c o n t r o l ) 

P a r e n t a l 
S0K. .+• 0„06 

Line 
mean 
s „ s . + 0.87 

Pooled 
s.i-: + 0.65 

l a n e s 
f a l l i n g ,7 „ 
ou ts ide 3 
the 
parental*. 

r'i 1 0 

^ .35 

3.62* 

3.65 

3.61 

0.66 

0.97 

1.15 

5 

7 

18.21 

2 1 , % 

2 0 . ^ 

27.02 

2.78 

2.71 

3.87 

0 

0 

19.90* 

18.70* 

2" c25* 

27.30 

0 .73 

5.96 

<t.?1 

1 5 

2.70 

2.68 

2.92 

2.71 

0.11 

0 .18 

0 .20 

•8 

3.10 

2.10 

2.65 

3.75 

0.37 

0.96 

0 .93 

3 

0 

18 .67 . 

21.27 

20.67 

21.50 

0 . 5 ^ 

1.15 

1.19 

0 

0 

179.60 

178.30 

175.25 

172.30 

0.60 

2.63 

2.2.3 

0 

0 

* indicates lines with significant within line varianceo 

© indicates lines t&cving significant shift in desired direction. 
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Within line analysis of variance revealed that for seed yield 70 out 

of 8"' 9 l ines in M and 22 out of 61 l ines in M. showed s ignif icant within l inos 

variance in the segregating population following mutagenesis of homozygous 

loc i of true breeding l i n e s , ^ i ra i l - r ly , the number of l ines exhibiting 

s ignif icant within l i nes variance in M and M, , respectively,were 5 and 6 for 

bioloc-icKL yie ld , 8 and zero for harvest index, 85 and 57 for number of pods 

10 and 2 for number of primary branches, 7 and 2 for plant height and 1*f and 

? for days to maturi ty. For 100-seed weight none of the l ines in M and M, 

exhibited s ignif icant within l ines variance. 

g:\titTiates of individual l ine mean and within l ine analysis of varj.ance(TabJLp_lfl;) 
under..5. kR for inacrp_sp_erma (HPL-4) l e n t i l ; 

Line mean analysis of macrosj^rraa, showed that three l ines out of 17 

in l-l7 and 9 l i nes out of 38 in M. had a pos i t ive sh i f t in mean for seed yield. 

Line HFLM 326 was the best l ine i so la ted in M_ (12&% increase over control) 
3 

followed by HPLM 328 and HPLM 329. In M. the top yielding l ine was HPLM 365 

^kO.Zi increase over control) followed by HPLM 366, :348, 3^9, 350, 35^ 

-~°0, 7rJLb,, and 355. None of the l ines in M and M. exhibited a desirable 

shif t for maturi ty, harvest index and 100-seed weight. For biological yield 

7 l ines in M and 6 l ines in M, showed a s ignif icant super ior i ty over control , 

the top mcs. l ine being HPLM 326 in M and HPLM 379 in M. . In M̂  three l ines 

for number of pods, eight l ines for number of primary branches and s ix l ines 

for plant height showed a s ignif icant pos i t ive shi f t in mean. 

Witbim l i n e s analysis of variance in M and M, revealed that 5 out 2 

7/.ins exhibited s ignif icant within l ine variance for seed yield in M_ and M̂  

generation, respec t ive ly . Number of l ines exhibi t ing s ignif icant within 

l ines variance in H and M, , respect ively were 2 each for seed yie ld , 6 and 

9 for number of pods, 17 and 36 for seed weight, 17 and 35 for number of 

primary branches, 15 and 26 for plant height and 8 and 16 for days to maturity. 

file://g:/titTiates
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Table 14. Es t imates of l i n e mean alongwith within, l i n e a n a l y s i s of va r iance in II 

and Mi gene ra t ions of macrospBrama l e n t i l (HPL-4) under 5 kR 

Progeny/ 
genera­
t ion 

3zizrr 
ll-
HPLM326 

327 

328 

329 

330 

331 

332 

333 

334 

335 

336 

337 

338 

339 

34c 

341 

342 
M 4 -,, -.L. 343 

344 

345 

346 

347 

•Seed 
y i e l d 
per 
p l a n t (g. 

Z2-ZIT-

1.87*!*: 

1.16 

1.63*0 

1.37*© 

0.86 

0.92 

0 .92 

0.87 

0.98* 

1.11 

1.20 

0.78 

1.14 

1.59* 

0.72 

1.22 

1.03 

0.61 

0.85 

0.99 

1.02 

0.97 

Biolo­
g i c a l 
y i e l d per 

) p l a n t ( g ) 

"ziznz. 

7.54*® 

5.57*® 

6.05*0 

6.18® 

4.12 

5.06 

3.90 

3 .64 

4 .41 

5.4o© 

5.48© 

4.29 

4.76 

5.69S 

3.05 

5.26 

3.86 

3.4o 

3.92 

4.87 

4.53 

4.71 

Harvest Number of 100-seed 
index pods per weight 
per p l a n t p l a n t (g) 

'T. 

24.43 

20.43 

25.69 

21.66 

21.07 

17.36 

26.54 

23.63 

21.69 

20.51 

20.76 

18.85 

23.97 

20.46 

23.46 

24.33 

24.02 

17.43 

19.84 

18.70 

26.12 

22.58 

57" 

2.0.80* 

16.15 

11.70 

16.70* 

15.50 

18.70* 

13.85 

14.95 

16.00* 

17.05 

14.15 

16.60* 

13.65 

1 5 . 3 •'•'* 

11.55 

14.20 

13.85 

16.10 

20.10 

18.65 

17.15 

16.30 

...- J7L 

6.86* 

6.63* 

6.35* 

6.34* 

6.30* 

6.46* 

6.35* 

5.88* 

6.13* 

6.30* 

6 .31* 

6.26* 

6.44* 

6.20* 

6.29* 

6.56* 

6.65* 

6 .31* 

6 .31* 

6.45* 

6.69* 

6.62* 

Number of P l a n t 
pr imary he igh t 
branches (cm) 

~"7. " 

5.00* 

4,60* 

3.80* 

6.15* 

5.10* 

3.65* 

4.00* 

4.25* 

4.8o* 

4.6o* 

4.85* 

5.85* 

4.45* 

4.50* 

4.50* 

4.70* 

4.70* 

5.95* 

4.95* 

4.40* 

6.60*0 

5.00* 

. . . . . .T ; ....... 

20.37* 

20.57* 

19.27 

22.27* 

23.02* 

22.07* 

20.91* 

20.59* 

20.95* 

20.95* 

20.60* 

20.72* 

19.90* 

22.22* 

19.20 

19.75* 

21.32* 

20.90 

21.67* 

23.57* 

19.85* 

25.00* 

•Oays to 
maturi t ; 

"s7""~" 

196.75 

197.05 

196.90 

199.20* 

195.35 

195.60* 

198.90* 

196.55 

196.80* 

194.05* 

199.20* 

199.85* 

197.65 

198.25* 

200.95 

199.25 

197.60 

198.85 

194.95* 

196.40* 

195.05* 

198.45 

Gontd. .„ 



I s 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

2 . 

1.78© 

1.9% 

1.9% 

0.88 

1.25 

0.97 

1.83© 

1.860 

1.01 

0.86 

0.77 

0.83 

0.85 

0 .99 

0.60 

1.06 

1.92© 

1.970 

1.950 

1o04 

0 .95 

0.97 

1.16* 

1.02 

0 .84 

3 . 

^ . 3 7 

4.76 

3.97 

3 .39 

5 . ^5© 

4 . 3 ^ 

3.50 

3.66 

4 .44 

3.97 

4.09 

3.77 

3 .18 

4.05 

3.40 

4.52 

4 .43 

4.86 

4-. 23 

4.10 

4„ 2 4 

3 .44 

3.73* 

4.55 

3.99 
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4 . 

20.14 

20.03 

20.31 

24.34 

25.88 

22.23 

24.63 

24.58 

25.28 

25.10 

18.92 

22.26 

24.16 

23.86 

25.03 

23.14 

23.70 

19.39 

22.84 

21o03 

23.67 

23.7"8 

26.91 

20.09 

24.42 

. J5. ..... 

16.20 

18.25* 

16.75 

14.90 

16.95 

19.20 

10.45 

17.45 

16.70 

16.90 

16.85 

15.65 

17.50 

19.50* 

19.40* 

23.30*© 

20.15 

1H„75* 

16.05 

14.25 

13.85 

11.40 

13.95 

17.50* 

21.80* 

.._ik_ 
6.28* 

6 .21* 

6.63* 

6 .57* 

6 .12* 

6.33* 

6.52* 

6.54* 

6.58* 

6.75* 

6.79* 

6.34* 

6.00* 

6.18* 

5.96* 

6.28* 

6.20* 

6.27* 

6.80 

6.06* 

6.07* 

6.47* 

6.87* 

6.16* 

6.28* 

2JL 

4.25* 

4.85* 

8.25*@ 

4.20* 

5.25* 

2 .85 

2.50 

4.00* 

6.4o*e 

4.55* 

3.55* 

5.45* 

4.15* 

5.30* 

4.6o* 

6.60*© 

6.30*@ 

6.4o*G 

3.70* 

2.75 

3.50* 

3.80* 

6.4o*@ 

5.60* 

4.65* 

. . . 8 . _ — 

23.43* 

21.42* 

21.05* 

22.40* 

20.27* 

20.02 

21.57* 

19.72* 

21.40 

21.12* 

21.65* 

20.85 

21.92 

24.15 

24.20*© 

20.70 

21.40 

19.70 

26.70*0 

23.77«@ 

22.10* 

20.67 

24.12* 

22.82* 

22.70 

™ ? . _ _ „ 

195.95* 

197.70* 

199.15* 

196.25* 

199.10" 

196.45 

195.75 

195.35* 

195.55* 

196.45 

197.60* 

197.50* 

196.65 

195.25* 

194.95* 

195.35* 

195.15 

196.40* 

199.80 

195.25 

198.85 

198.80 

197.90 

195.85 

197.45 

Contd..o. 
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IZ11Z 
373 

37;+ 

375 

376 

377 

378 

!?79 

38o 

2 . 

1.19 

0.99 

1,30* 

1.30 

1.01 

1.15 

1.19 

1.7SC 

HPL-4 0 .82 
(Control ) 
Paren­
ta l SE-,+0.15 

Line 
mean 

Pooled 
S.E.+ 

0.22 

0.26 

Lines Mv 3 
f a l l i n g ^ 
ou t s ide 
p a r e n t a l 
range IV 9 

3 . 

5 .38^ 

5.12.: 

6.10*© 

5.18 

6.01© 

4.06 

7.zi-9@ 

6.290 

3.33 

0.50 

0.97 

1.03 

7 

6 

_Jf. 

25.48 

20.67 

20.06 

24.53 

21.39 

20o70 

19.80 

18.05 

23.71 

2.19 

2.61 

3.38 

0 

0 

5 . 

16.55 

14.65 

14.8s* 

16.35 

20.40 

12.75 

33.85*© 

22.6on 

17,25 

1.26 

2.17 

2.42 

0 

3 

6. 

6.08* 

6.20* 

6.97* 

6.60* 

6.7k* 

5.96* 

6.39* 

6.41 

6.86 

0.05 

0.25 

0.21 

0 

0 

'?~ 

3.25* 

4.80* 

6.10* 

6e^om 

3.65* 

^ .95* 

5.25* 

4.30* 

4.4o 

0 .23 

1.09 

0 .93 

0 

8 

-Jk- ._ 
23.42* 

25.35* 

21.60* 

?2.40* 

26.270 

23.^5* 

26.20*© 

25.47*© 

20.67 

0 .53 

1.69 

1.56 

0 

6 

_ 9 > 

198.65 

195.10 

196,75 

200.65 

197.25 

200.50 

197.90 

196.85 

190.00 

0.91 

1.67 

1.82 

0 

0 

* Indicates linos with significant within line variance. 

© Indicates lines showing significant shift in desired direction. 
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4.4.2 Estimates of individual line mean and within line analysis of •variance, . 

The variety wise results obtained on the estimates of line mean and 

within 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 
-15.). ijnder 10 kR for microsperma jKPL^__l£nJil,: 

Line mean analysis revealed that as much as 19 lines out of kk lines 

in M_ and 2 lines out of 27 lines in M. exhibited a desirable shift in mean for 
3 4 i 

ŝ ed yield. The top most performance was shown by HPLM 189 in M and HPLM 196 

in M/{_ which surpassed their parents by a margin of 211.8 and 105.%, respectively. 

None of the lines in M^ and M,V exhibited desirable shift for maturity. In M , 

12 lines for biological yield, one line for har*©ot index, J liuco oaoh fur 

number of pods, 100 seed weight and number of primary branches and 8 lines for 

plant height showed a positive shift in mean. In M. one line each for Pumber 

of pods and plant height showed a desirable shift in mean. Within line analysis 

of 44 lines in M and 27 linos in M. 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 weight, 2 and zero, for 
number of primary branches, 27 and 9 for plant height and 2 and zero for days 
to maturity, respectively in M_, ani A. populations showed significant variance. 

Estimates of individual Tine mean and within line analysis of..varijnp_e__(Table_ 
1j5)_junder̂  10 kR for macrosperma (HPL-4) lentil: 

Screening of 18 lines in M and 26 linos in M, for their mean 

performance w.r.t. various polygenic traits showed that only one line HPLM 391 

in H^ exhibited superior performance (70%' increase over control) for seed 
J 

yield. In M. tour lines had a superior shift in mean, the best performer being 

HPLM 423, v/hich surpassed the control by a margin of 79%. None of the linos in 

M and M, showed a desirable shift in mean for days to maturity and harvest 
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Table 15. 

Progeny/ 
genera­
t i o n 

1 . 

HPLM 151 

152 

153 

154 

155 

156 

157 

153 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

Estimat 
Mi gene 

Seed 
y i e l d 
per 
p l an t 

_ig.) 
2'. 

1.01 

1 o'j"\' 

1.37* 

2c09*© 

2„64*<3 

'1.59* 

1.67* 

1-11 

1.45* 

1.93*@ 

1.35* 

1.51* 

1.05 

1O59* 

1.21 s 

1.21* 

1.63* 

1.47* 

1.60* 

1.39* 

1.71* 

1.25* 

;es of l i n 
i ra t ion of 

B io lo ­
gical . 
y i e l d 
per 
p l a n t ( g ) 
3 . ..,.,_. 

6.34* 

5.55 

5.^8 

8.20*C5> 

9.90*© 

7.07 

6.59* 

6.06 

7.19* 

8„27*@ 

6.50* 

6.31 

5 .91* 

6.60 

5.09* 

5.16* 

6.60 

6.38* 

5 .68 

5.69* 

6.65* 

6.76* 

e mean 
micro-

Harves 
index 
pe r 
p l a n t 

4 . 

18 30 

20.36 

21.70 

23.54 

23.67 

22.86 

22.80 

22.26 

22.17 

22.58 

22.29 

21.60 

18.61 

22.57 

00 W5 

^ . 1 8 

19.83 

21.21 

19.91 

25.76 

22.67 

20.69 

alongwith wi th in l i n e 
sperma l en t i l (HPL-5) 1 

t Number of 
pods per 
p l a n t 

5 . 

32.70 

33.10 

41.60* 

50.75* 

59.05*@ 

41.45* 

50.25* 

4o.30* 

46.56* 

40.00 

46.80* 

45.65* 

32.65 

43.752* 

3 . - / 0 

39.10 

53.40*0 

49.70* 

55.30© 

37.70* 

41.75* 

32.25* 

a n a l y s i s of 
ander 10 1* 

100-seed Number of 
weight 
(g) 

2 .49 

2.58 

2 .43 

2.79* 

3.04@ 

2.87 

2 .78 

2.57 

2.70 

2.48 

2.61 

2.82 

2.86 

2.57 

2.51 

2.67 

2.80 

2 .75 

2.6o 

2 .62 

2 .63 

2.69 

pr imary 
branches 
pe r p l a n t 

7 . 

3 .55 

3.85 

5.10 

6 .25 

8.05 

7.90© 

5.95 

5.05 

5.95 

5.15 

5.70 

5.35 

4.30 

7.35 

4.95 

5.40 

5.05 

6.4o 

6 .15 

4.90 

7.15 

6.90 

var iance 

""PlaraF" 
he ight 
(cm) 

8 . 

25.35* 

26.32*^ 

22.82* 

27.45*© 

28.02*© 

22.82 

25.32* 

25.00 

25.07* 

27.97*© 

23.55* 

24.97* 

25.45* 

24.35* 

22.82* 

21.75* 

24.27* 

24.40* 

24.65* 

22.84 

22.87* 

23.00 

i in M, and 

Days to 
matur i ty 

9 . 

174.20 

183.60 

173.70 

175.60 

179.10 

175.70 

178.50 

178.90 

179.80 

179.05 

170.8O 

173.10 

174.50 

175.40 

175.10 

174.70 

177.40 

179.00 

176.90* 

177.65 

177.70 

177.50 

Contd. 
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Table 15 Contd. 

1. 2. 3,_ 4. 5._ 6 . 2,.. 
173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

185 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

1.14* 

1.93*@ 

2.46*© 

1.93*@ 

1.62* 

1.15 

1.41* 

1.36 

1.78*Q 

1.73*@ 

1.96*© 

2.o4*@ 

1.85*© 

1.81*© 

2.61*© 

2.24*© 

5.15*0 

2.13*0 

2.4l*© 

2.67*© 

1.97*© 

1.46* 

1.26* 

2.08*© 

5.93* 

9.27*@ 

8.oo*@ 

8.02*© 

6.32* 

6.17 

7 .63 

7.6o* 

7.94*© 

8,30*© 

6.60* 

7.88* 

6 .31* 

12.66*© 

7.12* 

11,98*© 

8.93*@ 

6 .21* 

13.35*© 

6.66* 

4.84 

4.30 

20.45* 

22.64 

23.80 

2 ? . 63 

23.36 

19.02 

21.79 

21.02 

22.07 

25.10 

24.54 

25.12 

24.71 

26.62 

27.21© 

24.81* 

24.12 

21.21 

22.78* 

23.22 

20.15 

18.83 

27.25 

47.75* 

44.up* 

47.05* 

49.75* 

51.85* 

37.65* 

49.70* 

50.6o* 

50.2D* 

50.00* 

46.20* 

46.65* 

50.70* 

49.55* 

36.45* 

38.55 

51.85* 

41.20 

44.15* 

43.95* 

42.05* 

2.58 

2 .79 

2.77 

2.77 

2.68 

2.86 

2.70 

2.87 

2 .84 

2.75 

2.90 

2.90 

2.86 

2.92 

2.9^* 

3.00© 

2.85 

3.25© 

2.81 

2.95 

2.95 

2.66 

5.8o 

7.50 

7.20 

5.70 

6.85 

6 .85 

4.10 

6.70 

5.95 

7.8o@ 

5.60 

6.35 

6.50 

6.55* 

6.95 

5.05 

10.00*© 

6.15 

5.55 

5.05 

6 .65 

5.70 

21.67 

24.87* 

25.85 

25.22 

22.65 

23.75 

25.60 

24.70 

_2s_ 

177.95 

177.60 

177.10 

176.70 

175.40 

179.70 

179.40 

177.70 

22.92* 179.50 

24.60 

24.97 

23.47* 

170.10 

177.70 

179.30 

26.6o@ 178.30 

22.87 179.50 

27.67*© 175.00 

25.27* 177.05 

28.60*© 178.90 

25.15* 17^.00* 

22.67 175.10 

27.62*© 175.00 

24.20* 175.20 

22.00 171.80 

6 .31* 25.44 44.70* 2.55 7.00 27.45*6 174.40 

7.23* 22.75 47.30* 2.69 7.35 25.57* 172.80 

C o n t d . . . 



Table 15 Contd. 

1. 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

2 . 

1.31* 

1.59 

1.05 

0.87 

0.95* 

1.20* 

1.98*1? 

1.15* 

1.68 

1.00 

0.88 

0.88 

0 .86 

0 .87 

1.3*1-* 

1.04* 

1.11 

0 .91 

0.86 

0 .63 

1.11* 

0 .93 

1.02* 

0 .94 

3 . 

5.70 

'+.59 

5.49 

4.95 

5.97 

5.16 

5.46 

5 .33 

5 .04 

5.05 

^ 68 

4 .85 

5 .08 

5.25 

5.-1*4-

5.00 

5.07 

4 .29 

3 .43 

4.25 

4 .64 

5 .04 

*f.8i 

4 .94 

4 . 

19.36 

23.03 

21.25 

17.23 

20.23 

19.09 

19.09 

17.48 

18.05 

18.62 

15.91 

16.85 

18.02 

18.79 

18.84 

17.55 

20.44 

20.*f6 

22.76 

21.69 

21.04 

20.63 

20.75 

19.11 

5 . 

44.70 

38.20 

38.00 

44.65* 

32.15 

42.85* 

45.60 

35.*»0 

37.10 

53.30S 

*O.70 

38.35 

*n.*f5 

41.85 

36.60 

*to.05 

29.50 

33.05 

3*4.95 

36.*f5 

34.25 

38.35 

37.75* 

*n.45* 

6 . 

2 .76 

2.61 

2.83 

2.44* 

2.75 

2.61 

2.65 

2.60 

2.70 

2.63 

2.60 

2 .64 

2 .38 

2.58 

2.41 

2.50 

2.51 

2.48 

2.39 

2.59 

2 .49 

2.77 

2 .63 

2 .64 

7 . 

4.60 

5.25 

4.70 

5.50 

4 .40 

5.25 

5.65 

4 .85 

4.8o 

6.30 

5.10 

5 .15 

5 .45 

5.25 

3.80 

5.40 

2.80 

4.50 

4.8o 

4.15 

5.00 

5.75 

4.70 

5.90 

8. 

25.00 

23.17 

25.27* 

24.05 

24.10* 

22.85 

22.77 

22.97* 

23.05 

24.17 

22.62 

22.40 

22.45 

22.97 

22.70 

22.77 

22.40* 

22.32 

22.47* 

20.95* 

22.22 

22.50 

24.15* 

23.20 

9. 

173.90 

171.95 

174.80 

175.00 

174.15 

173.80 

174.95 

173.85 

173.90 

173.60 

174.80 

174.90 

174.90 

175.00 

173.75 

173.90 

178.30 

179.10 

175.80 

178.60 

178.25 

178.25 

179.30 

178.30 

C o n t d . . o 



1. 2. 

221 1.07 

HPL-5 1.01 
(Control) 
Parental S.E+_ 0.09 

Line Mean n . 

Pooled S.E.+ 0.36 

Lines 
fa l l ing M 19 
outside ^ 
parental M 
range 4 

?• 
4.61 

5.31 

0.34 

1.53 

1.32 

12 

0 

4 . 

19.14 

21.4? 

1.60 

2.20 

2.68 

1 

0 
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Table 15 Contd. 

5 . 

38.55* 

39.50 

2 . ; 9 

6.4o 

6.33 

3 

1 

6 . 

2.61 

2.71 

0.06 

0.14 

0.14 

3 

0 

7 . , 

5.05 

5.25 

0.64 

1.11 

1.23 

3 

0 

„Jk 
25.22 

23.22 

0.43 

1.64 

1.46 

8 

1 

9T~ 
180.10 

173.55 

0.66 

2.17 

1.99 

0 

0 

* Indicates lines with significant within line variance. 

@ Indicates lines showing significant shift in desired direction. 



Table 16. E s t i m a t e , of l ine mean alongvath within l ine analysis of variance in ^ andH^ 
•enerations of magrosperma (HPL-4) var ie ty of l e n t i l under 10kR ^ 

P r ^ n y T " ' " ' ' ^ T ^ m o ^ T ^ T l l ^ ^ r i ^ ^ io^e^TfunEer* 'oT Plant Days|to 
generation y.y,d y i e l d per index of pods weight primary height maturity 

pe / plant(g) per per p lant (g) branches (cm) 
P'^ai-) plant P e r P l a n t 

__ _ _ _ , , — , ; " £ . 7 . , . 8. 9. 

M 

ll.. 
HPLM381 1.12 5.15* 22.20 21.90 6.833 4.00* 23.90 196.20 

382 0.83 3.66 22.70 18.95 6.79*@ 4.35* 25.72 196.00 

385 o e 9 l 5.05 19.55 21.70 6.38* 4.55* 26.05* 197.30 

384 1.23* 5.46* a i . i o 19.35 6.53* ^ ^ * 2 < S '2 7 1 9 7*2 D 

3c5 1.44* 6.90* 21.22 26.950 6.73*@ 3«55* 25.70* 196.25* 

386 1.07 5.36* 18.80* 21.70 7.00*© 4.40* 28.4?*@ 195.80 

38? 0.57 2.90 18.29 21.75* 6.51* 4.25* 26.97* 195.95 

385 1.15* 5.36* 23.45 28.45*@ 6.57* 4.65* 25.57* 196.60 

38$ 1.11 5.01 22.52 26.00© 6.50* '+.50* 25.77* 197.15 

1.15* 5.85* 20.03* ?6.75@ 6.62* 4.70* 24.50* 197.75 

1.8?*@ 3.67* 22.79 25.80*© 6.49* 3.50* 23.90* 198.20 

0.81 3.18 24.13* 19.95 6.46* ',.20* 25.20* 195.75 

1.62* 7.04* 23.66 23.55 6.99*0 4.80* 25.12* 195.00 

394 1.13* 4.91* 25.57 .503 6.43* 5.00*@ 25.17* 196.25 

395 0.85 3.58 24.34 20.70* 6.68* 4.15* 24.00* 196.90 

396 1.22* 5.03* 26.89* 20.35 6.65 4.45- 25.02* 195.90 

397 1.48* 5.47* 25.16 18.50 6.71@ 3.10* 25.40* 195.30* 

398 0.95 4.38 21.77 21.15 6.48 3.75* 23.90* 196.95 

"399 1.03 5.83 18.90 20.85 6.37* 3.70* 25.37* 196.90 

400 O.85 5.95 18.16 22.25 6.12* 3.35* 25.07 198.20 

401 1.10* 4.39 21.26 19.80* 6.39 3.35* 24.70 196.10 

Contd. . . 

3CO 

391 

392 

393 

M4 



1. 

402 

403 

4o4 

405 

4o6 

407 

4o8 

409 

410 

4n 

412 

^13 

414 

415 

4i6 

417 

4i8 

419 

420 

421 

422 

423 

424 

2 . 

0 .88 

1.40 

1.55* 

1.85*© 

1.84*© 

0.87 

1.03 

0 .84 

1.16 

1.09* 

1.22 

0 .94 

1.35* 

1.11* 

1.10* 

1.96*@ 

1.51* 

1.42 

1.48 

1.44 

1.42 

1.97© 

1.16 

H P L - 4 ( c o n t r o l ) l . l 0 
Pa ten t alS.E-t- 0 .09 
Line mean SE+ 0.30 
Pooled S .E .+" 0.27 

dne f a l l i n g M, 1 
ou t s ideparen-
t a l range \ 4 

3 . 

4 .03 

5.33 

6.73* 

6.6o 

6.40 

4.97 

6,39 

4.27 

4.72 

4 .23 

6 ,03* 

4 .83* 

5.41 

8.^7© 

6.67 

8.33© 

6.65 

6 .59 

6.97 

6 .99 

6.50 

6.12 

4.57 

5.75 
0.41 
1.19 
1.12 
0 

2 

"" 4. 

21 , 

21 , 

21 , 

• 

,88 

,64 

.79 

24.95* 

23. 

17. 

.61 

.48 

16.88 

19. 

22. 

20. 

21 . 

21, 

23, 

16, 

M 

,06 

.98 

.52 

.58 

.61 

•22 

17.05 

22, 

20, 

20. 

19. 

21. 

22. 

19. 

20, 

.62 

.83 

.89 

.82 

.39 

.47 

.39 

.45 

22.39 
1.36 
2.28 

0 

Q 

84 
Table 

5 . 

20.10 

23.45 

21.70 

28.05® 

23.95 

25.05*© 

21.90 

20.65 

23.00 

21.60 

22.45 

19.15* 

30.00*© 

31.15© 

24.55 

32.6c*© 

25.856 

27.65© 

?5.55@ 

26.35e 

24.75 

18.80 

20.85 

17.40 
2.01 
3.46 
3.85 

6 

9 

16 Contd 
6 . 

6.48 

6.33 

6.38 

6.42 

6.35* 

5.75* 

6.44 

6.76© 

6.62* 

6.46* 

6.22 

6.48* 

6.58 

6.48 

5 .81* 

6 .59 

6.85*© 

6.56 

6 .09 

6.30 

6.26 

6.34 

6.45* 

6.29 
O.08 
0.22 
0.21 

6 

2 

i. 
7 . 

3.55* 

4.85* 

5.15*© 

5.15*© 

3.70* 

4.35* 

5.20*© 

4.45* 

4.95* 

3.70* 

3 .85 

2.85* 

4.15* 

4-55* 

3.90* 

5.20*© 

4.35* 

5.05©* 

4.50* 

5.60*© 

4.70* 

3 .45 

3.60* 

3.85 
0.19 
0 .65 
0.59 

1 

6 

8 . 

24.12 

25.40* 

25.87* 

28.09 

25.75* 

28.87*© 

27.47 

25.77* 

25.25* 

26.65 

26.85* 

24.07 

26.45 

25.51* 

25.12 

30.65*© 

26.15 

26,70* 

26.85* 

25.65* 

25.52* 

24.95 

24.70 

24.77 
0.48 
1.36 
1.80 

1 

2 

_ 9. 
195.55 

196.05 

195.90 

196.95 

198.20 

198.25 

197.05 

195.30 

197.55 

196.75 

197.35 

196.70 

197.95 

196. 0 

196.75 

198.30* 

196.40 

196.90 

197.15 

198.15 

195.25 

196.75 

196.05 

195.80 
0.61 
0.87 
1.04 
0 

0 

* I n d i c a t e s l i n e s with \</ithin l i n e s i g n i f i c a n t v a r i a n c e . 
© I n d i c a t e s l i n e s showing s i g n i f i c a n t s h i f t i n d e s i r e d d i r e c t i o n . 
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index. However, 6 lines each for number of pods and 100 seed weight and one 

line each for number of primary branches and plant height hod a positive shift 

in mean in K generation. In Mr ,2 lines each for biological yield, 100 seed 

weight and plant height, 6 lines f number of primary branches and 9 linos for 

number of pods showed a desirable shift in mean. 

Within lines analysis of 18 and 26 lines in H and M, ,respectively 

showed that most of the lines exhibited the presence of significant amount of 

variance. Table indicates that 9 and 10 lines for seed yield, 11 and 3 lines . 

for biological yield, h and 1 line for harvest index, k and *f lines for number 

of pods, 1*f and 10 lines for 100 seed weight, 18 and 2k lines for number of 

primary branches, 15 and l*f for plant height and 2 and 1 line for days to 

maturity in M and M. respectively, exhibited significant variance. 

k.k.J Estimates. of individual line mean and within line.analysis, of. y.ariancĵ  
under 15 kR 

The variety wise results obtained on the estimates of line mean and 

within line analysis of variance under 15 kR are given in Tables 17 and 18 and 

presented below: 

Esti.ma.tes_ of individual_JLine_ja_ean_.and. wi th in l i n e a n a l y s i s of va r iance (Table 17.) 
u."-.(J-py_.A5_kR. for microsperma (HPL-5) l e n t i l : 

I n d i v i d u a l l i n e onoU rsis ^evealed t h a t none of the 28 l i n e s in M_ 

and A-9 l i n e s i n M. showed a d e s i r a b l e s h i f t i n mean for seed y i e l d , b i o l o g i c a l 

y i e l d , ha rves t i ndex , number of pods , number of primary branches and days t o 

m a t u r i t y . However, as much as 19 l i n e s out of 2o i n M_ and kO l i n e s out of 

^9 i n M. e x h i b i t e d a d e s i r a b l e s h i f t for 100 seed weight , the top most l i n e s 

being HPLM 2^9 i n M (36.&/0 i n c r e a s e ever p a r e n t ) and HPLM 262 in M^ (27.5% 

i n c r e a s e over p a r e n t ) . Only one l i n e HPLM 22^ showed a s i g n i f i c a n t s h i f t for 

p l a n t he ight in M_. 
5> 

http://Esti.ma.tes_
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Table 17. Estimates of l ine mean alongwith within l ine analysis of variance in M-, and 
M̂  generations of microsperma(HPL-5) var ie ty of l i n t i l under 15 kR 

Seed Biological Harvest Number of 100-seed Number of Plant D&ys to 
Progeny/ yield yield per index pods per weight primary height maturity 
generation per plant per plant plant (g) branches (cm) 

plant(g) (g) _(%) _____ per plant ___ 
I ^ J i „ gL____3. A._ ~ . - iC- 6. 7. ~ CT..T1L „ 

5 
HFLM 222 0.91 3.76 19.69 .-f.70 2.8? 3.95* 22.82 175.65* 

223 1.90 7.32 23.97 66.05 3.45© 6.75* 24.37 179.05 

224 1.65 6.74 22.41* 47.40* 3.31© 7.00* 27.62*© 177.00 

225 1.20 5.37 19.65 4-1.15 3.04@ 6.10 23.77 179.10 

226 1.94* 8.o4* 21.40* 46.60 2.50 6.15* 22.55 176.25 

227 1.23 5.31 22.02 4i.oo 2.58 5.40* 22.87 176.25 

228 1.75 6.83 25.73 56.45* 2.33 7.00* 24.60 177.20 

229 1.22 4.92 22.35 50.80 2.79 6.20* 22.60 175.85 

230 0.93 3.98 21.90* 32.10 3.32*© 4.10* 22.35 178.80 

231 1.46 5.95* 24.78 35.55 2.85 4.75 21.4o 175.20 

232 1.18 4.78 23.66 4i ,55 3.12© 5.35* 21.72 177.50 

233 0.97 5.07 18.71 50.05 2.74 6.00 22.62 179.70* 

234 1.20 5.41* 22.95 43.10 3.16@ 5.79* 21.52 178.25 

235 1.58 6.31 26.10 37.05 3.37© 5.35* 22.32 178.85 

236 1.19 4.95 22.50* 52.50 3.43© 6.35* 23.90 179.40 

237 1.43 5.61 25.47* 39.80 2.11 4.65* 23.80 179.10 

238 1.15 5.23 20.65 39.70 2.56 6.30* 22.02* 178.30 

239 1.13 5.22 20.44 33.95 3.15© 4.6o* 23.12 178.60 

240 1.32 4.98 25.80* 46.55 3.443 5.90* 23.72 179.70 

241 1.03 4.41 18.10* 37.10 3.36*© 5.20* 22.65 177.85 

242 1.08 4.77 19.98* 38.45 3.28® 5.45 23.45 176.65* 

243 1.32 5.09 24.32 40.30 3.5&@ 5.30* 21.67 175.30* 

244 1.54 6.03 21.73* 48.45 3.29*<? 6.00* 24.05 178 = 65 

Contd.. . 



1. 

245 

246 

24? 

248 

24-9 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

26o 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

2 . 

1.30 

1.03 

1.26 

1.46 

1.62" 

1.55 

1.04 

1.39 

1.71 

1.2a 

1.76 

1.35 

1.32 

1.22 

1.39 

1.30 

1.01 

1.13 

1.30 

1.24 

1.20 

1.44 

1.10 

1.06 

1.12 

1.10 

. J. 
5.67 

5 .09 

5.33* 

6 .33 

6.51 

5.40* 

5.39 

5.36* 

7.10 

5.97 

7.16 

6.70 

5.17 

6.19 

7.05 

6.02 

5.36 

4.97 

5 .91 

5.68 

5.99* 

5.68 

5.38 

4 .72 

4.85 

5.72 

37 
Table 17 Contd. 

k._ 

21.69 

22.59* 

25.17* 

20.97* 

24.33* 

22.09 

17.61 

24.18 

23.23* 

20.99 

25.80* 

20.49 

21.61* 

19.43 

19.57 

19.36 

17.86 

21.30 

21.99* 

20.90 

20.64* 

24.00* 

20.79 

19.43 

20.57 

19.19 

, ._„5. 

53.25* 

44.35 

35 c. 05 

50.55* 

57.70* 

42.95* 

38.90 

47.05 

53.65* 

52.40* 

57.95 

54.10 

46.45 

49.60 

63.10 

46.75 

50.35 

y 10 

49.45 

44.05 

38.20 

32.8o 

42.35 

44.85 

44.90 

53.05 

6 . 

2.98© 

3.22© 

3.07*© 

3.41@ 

3.63*@ 

3.42© 

3.13© 

3.32© 

3.01© 

3.25© 

3.22© 

2.93 

2.96 

3.21© 

3.080 

3.20© 

3.093: 

3.34© 

2.90 

3.12© 

3.16@ 

2.89 

3.21© 

3.15Q 

3.02© 

3.09© 

7 . 

6.65* 

6.00 

4.80* 

6.55* 

6.60* 

5.45* 

5.30* 

6.10 

6.05* 

6.80* 

6.90 

5.15 

5.70* 

7.20 

6.85 

7.05 

5.10 

5.60 

3.50* 

5.6o 

4.50 

4.75* 

6.25* 

6.00 

6.15* 

7.4o 

8. 

23.85 

21.10 

22.65 

24.48* 

25.42 

23.40 

23.15 

25.47 

23.85 

24.77 

24.4-2 

23.92 

23.80 

22.27 

23.47 

22.97 

23.00 

22.62 

23.55 

23.77 

23.12 

22.45 

22.77 

23.62 

23.32 

22.75 

9. ... 

173.40 

175.50 

176.70* 

176.45* 

178.50 

177.30 

177.30 

179.50 

178.50 

178.50 

217.70* 

177.90 

179.40 

178.50 

177.30 

179.70 

178.75 

179.20 

176.65 

178.20 

176.20 

177.90 

178.00 

179.10 

177.55 

178.35 

C o n t d . . „ . 
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Table 17 Contd. 

271 

jr~3&. 

275 

276 0.91 

277 

285 1.21 

286 

1.18 5.72 20.34 46.10 3.30© 5.10* 23.05 178.85 

272 1.27 5.85 21.23 44.30 3.23*© 5.80 23.35 175.05* 

273 1.03 5.70 19.67 44.80 2.86 6.00 23.27 179.10 

2?4 1.99 4.96 20,58 46.. J 2.81* 5.85 23.72 182.90* 

1.33 6.03 21.42 43.35 3.22© 5.70 23.97 177.35 

4.4?. 20.16 45.35 3.03© 5.45 22.27 178.25 

1.22 5.99* 20.47 44.10 3.16© 5.80* 23.90 1 7 9 . ^ 

27$ 1.07 4.67 20.83 37.60 3.08© 5.35 22.4-5 176.85* 

279 0.88 4.89 16.44 44.40 3.13© 5.25 22.85 177.65 

280 . 1.13 5.65* 18.19 te.85 3.08© 6.35* 23.15 179.85 

281 0.99 5.35 17.55 41.25 3.18© 6.55 23.20 178.80 

282 0.97 4.90 20.47 45.6o 3.09© 5.90* 23.37 178.20 

283 1.30* 5.4o 17.68 48.60 3.01© 6.50 23.32 177.65 

284 1.02 5.67 17.53 48.30 2.90 5.35* 23.40 178.85 

5.15 23.42 53.96* 3-07Q 5.55 22.62 178.05 

0.96 4.95 18.61 48.55 3.12© 5.60 23.00 178.40 

287 1.30 5.22 21.69 44.85 3.05© 5.75* 23.55 179.70* 

288 1.37 5.94 24.72 35.30 3.o4@ 5.60* 22.55 177.75 

289 1.3^ 6.03 21.22 36.00 3.13© 6.45 23.05 176.60* 

290 1.14 5.76 20.31 46.55 2.22 6.50* 22.92 177.30* 

291 1.40* 6.46* 21.41 53.60* 3.00© 6.30* 22.30 175.15* 

292 1.21 5.13 20.08* 41.35 2.43 3.90 24.15 176.10 

293 1.14 4.83 20.46* 44.50 2.95 5.30 23.25 177.50 

294 0.99 4.17 20.25 25.35 3.13© 5.05 21.92 178.95 

295 1.17* 5.82 18.02* 45.60 3.05© 5.80 22.10 177.80 

296 1.23 5.57* 21.80 44.05 3.06© 5.50* 23.12 177.95* 

Contd... 
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Table 17 Contd. 

1. 

297 

298 

HPL-5 
( con t ro l ) 
P a t e n t a l S, 

Line mean 
S.E.+ 

2 . 

1.55 

1.20 

1.98 

.E+0.14 

0 .23 

3 . 

6.08* 

5.67 

0.*H 

0 .?S 

"Tf. *" 

22.39 

21.27 

25.11 

1.22 

2.06 

5 . 

^2.10 

39.35 

6^.2C 

3.38 

7.61 

. 6 . 

3.08© 

3 . 1 ^ 

2 .62 

0 .08 

0 .18 

7. 

5.50 

6.30 

7.50 

0 .23 

3^7 

~rr 
22. V? 

24.02 

2^.52 

0 .52 

1.00 

-2s .— 

179.25 

178.15 

177.20 

0.61 

4.76 

Pooled S.E„± 0 .26 O.83 2.31 7 .7^ 0.18 2.60 1.07 2.I 

Lines 
f a l l i n g M O O 0 0 19 0 1 0 
ou t s ide 
p a r e n t a l M. 0 0 0 
range 

0 k) 0 0 0 

* 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 ^9 l i nes studied in M and M. , respectively, 

did not exhibited occurrance of s ignif icant within l i nes variance for res t of 

the t r a i t s . The number of l ines shoving s ignif icant variance for harvest index 

and number of primary branches were 13 and 9, 23 ^ d 19» respect ively , in M and 

Mi generat ions. The number of l ines with s ignif icant within l ines variance in 

M and M. generations were 2 and 3 , k and 8, 5 and 5 , 5 and 2, 3 and. zero and 6, 

9 for seed yie ld , biological y ie ld , number of pods, 100 seed weight, plant 

height and days to maturity, respect ive ly . 

Estimates of individual l ine mean and within l ine analysis of variance (Table 1.8) 
under 15, _kR for macrosperma ( H P U ) l e n t i l ; 

Line mean .analysis indicated that none of the l ines in M, had desirable 

shif t in mean for seed yield and days to maturi ty. However, l ine HPLH kj>6 in 

M. exhibited 89.7% increase over control for seed y ie ld , l ines HPLM ^35 and Wf 

showed a desirable sh i f t for days to maturi ty. Three l ines in M and four l ines 

in M. showed s ign i f ican t ly be t t e r performance over parents for harvest index. 

Within l i n e s variance analysis of 6 and 22 l ines in M and M. 

generations, respect ively , showed that most of the l i n e s were non-significant 

for many polygenic t r a i t s except for plant height and days to maturity where the 

number of s ignif icant l ines was 5 and 10, and 3 and 12 in M and M. generations, 

respect ive ly . The number of l ines with s ignif icant within l ines variance in M 

and M. generations wore found to be 1 and k for seed y ie ld , 2 and k for 

biological y i e l d o and k for harvest index, zej*n and 1 for number of pods, and 

2 each for number of primary branches. None of the l ines showed signif icant 

variance for 100 seed weight. 
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Table 18 . Es t imates of l i n e mean, alongwith wi th in l i n e a n a l y s i s of va r iance in M, and Mj, 
gene ra t ions of macrosperma(HPL-4) v a r i e t y of l e n t i l under 15 kE 

Seed B io log ica l Harvest Number of 100-seed Number of P l a n t Days to 
Progeny/ y i e l d y i e l d per index per pods per weight pr imary height matur i ty 
genera t ion per p l a n t p l a n t p l a n t (g) b ranches / (cm) 

p l a n t ( g ) (g) J2£L_. p l a n t __ 
4. — 5 ? 6 . .?._ 

\ ^ 
HPLM 425 

426 

427 

428 

429 

430 

M4 
431 

432 

433 

434 

435 

436 

437 

438 

439 

44o 

44i 

442 

443 

444 

445 

0 .83 

0.81 

1.01 

1.28 

1.33* 

0 .92 

0 .78 

0 .98 

0.82 

1.63* 

1.60* 

2.4i*@ 

1.72* 

1.79 

0 .94 

0 .89 

1.40 

0.86 

0.92 

1.11 

1.10 

3.28 

3.54 

4 .85 

6.09 

6.29* 

3.56* 

4.16 

4.56 

3 .59 

7.45 

6.88* 

9.80* 

9.58* 

5.29 

3 .23 

4.54* 

7.29 

4 .47 

4.01 

4 .99 

4 .98 

23.59© 

22.50© 

20.62 

21.36 

20.89 

25.47® 

18.00 

18.74 

23.16© 

17.95 

20.31 

21.18 

18.11 

17.07* 

24.93© 

22.09* 

17.97 

19.94 

21 .23 

22.05 

19.79 

23.90 

17.05 

22.75 

26.00 

21.45 

15.40 

23.75 

21.15 

19.60 

31.40 

29.00 

33.15* 

3 ^ 8 0 

21.50 

20.80 

16.00 

33.15 

17.15 

19.35 

19.40 

25.10 

6.20 

6.14 

6.13 

5.87 

5.97 

6 .39 

6.67 

6 .54 

6.02 

6.53 

6.18 

6.61 

6.06 

6.10 

6.13 

6.40 

6 .94 

6.57 

6.29 

6.73 

6.54 

3.75 

5.35* 

4.20 

4.90 

3.55 

3.60* 

3.85 

3.75 

3.45 

4.95* 

4.10 

5.45* 

5.40 

3.95 

3.75 

3 .45 

3.80 

3.15 

4.00 

4.10 

4.15 

21.60* 

21.22* 

23.65* 

23.82 

24.47* 

21.95* 

24.12 

23.62 

23.90* 

26.15 

27.60 

26.52* 

26.20* 

24.80* 

23.20© 

24.32* 

27.12* 

25.95 

24.67* 

22.82 

23.85* 

199.35 

198.85 

198.65 

200.00* 

201.70* 

201.30* 

197.50 

197.10 

197.85 

199.30 

194.00© 

198.85* 

198.80* 

199.90* 

199.50* 

199.10* 

198.10* 

198.70* 

197.40* 

195.55*9 

197.45* 

G o n t d . . . 
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446 

44? 

448 

$49 

450 

451 

452 

HPL-4 

2 . 

1.19 

0.71 

0 .95 

1.87 

1.76 

1.40 

1.84 

1.27 

ParentalS£+ 0.10 
Line 
mean S.E#£ 0 . 40 

Pooled S .E .7 0.35 
Lines M7 0 
f a l l i n g -* 
o u t s i d e Mi 1 
p a r e n t a l 
range 

_2. _ - . 
4.89 

4 ,33 

4.22 

5.26 

7.26 

6.57 

4.33 

6.85 

0 .48 

1.73 
1.55 
0 

0 

4". 

25.89*© 

16.06 

20.57 

20.12* 

22.80s 

21.41 

16.33 

17.28 

1.31 

2.47 
2.66 

3 

4 
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Table 18. 

5 . 

25*45 

19.60 

17.90 

18.50 

28.60 

22.80 

13.15 

25.70 

3.58 

5 .53 
6 .42 

0 

0 

Contd. 

6 . 

6*43 

6.62 

6.21 

6.07 

6.08 

6.28 

6.21 

6.62 

0 .13 

0 .24 
0.26 

0 

0 

7 . 

3 .95 

3.20 

3 .00 

3.80 

4 .85 

4.35 

3 .35 

5.6o 

0 .33 

0 .69 
0 .72 

0 

0 

8 . 

24.10 

25.32 

25.95* 

25.67 

26415 

24.92 

27.37* 

25.80 

0.48 

1.36 
1.29 
0 

0 

„ £ . , . 

197.15* 

196.70* 

198.50 

198.40 

197.25 

199.05 

199.35 

198.65 

0.51 

1.37 
1.32 
0 

2 

* Indicates lines with significant within lines variance. 
@ Indicates lines showing significant shift in desired direction. 
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«̂**••**• Estimates of individual lino, mean, and within line_ analysis of. yari.an.ce_ 
.™-Aer. 20 ̂ R» 

The variety wise results obtained on the estimates of line mean and 

within line analysis of variance under 2.0 kR are given in Table 19 and 20 and 

presented below: 

Estimates of individual line mean and within line analysis of variance (Tablelg) 
under 20_kR_fpr microsporia .(jffL-5_)_.JLgjifri_ĵ  

Individual line analysis for mean performance v/.r.t. various polygenic 

traits revealed that none of the 7 and 20 lines studied in M and M. generation 

showed a significant. shift in mean over control for seed yield, biological 

yield, harvest index, plant height and days to maturity. Line HPLM 305 in M 

and HPLM 308 in M. showed a positive shift for number of pods. Two lines in 

M and six lines in Vu exhibited superior performance w.r-t. number of primary 

branches. For 100 seed weight, five lines in M. showed a desirable shift in 

mean. 

V/ithin lines analysis indicated that most of the 7 and 20 lines 

studied in M and M. respectively, showed the presence of significant variance 

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

showing significant variance in both M, and M. generations were 1 and 3 for 

harvest index, 2 and zero for number of pods, 1 and aero for 100 seed weight 

and days to maturity. None of the lines showed significant variance Either in 

M or M^ for seed yield and plant height. 

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

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

generations showed superior mean performance for all the traits studied except 

100 seed weight, where line HPLM k$k in M and HPLM 1*62 and k6k in M. exhibited 

significantly positive shift in mean, 

http://yari.an.ce_
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Table 19. Es t imates of l i n e mean alongwith wi th in l i n e a n a l y s i s of var iance in ii and M, 
gene ra t ions of microsperma (HPL-5) v a r i e t y of l e n t i l under 20kR 

Seed B i o l o g i c a l Harvest Number of 100-seed Number of P l a n t Days to 
Progeny/ y i e l d y i e l d per index pods per weight Primary he ight ma tu r i ty 
genera t ion per p l a n t pe r p l a n t p l a n t (g) b r anches / (cm) 
. _ „ „ BlaPJ.lg) (g). ..(%) _ „ BlagtL.,,, _ . _ _ _ _ . 

HPD-1299 

300 

301 

302 

303 

304 

305 

1.42 

1.39 

1.58 

1.24 

1.17 

1.12 

1.37 

5.55* 

5.64* 

6.02* 

4.34* 

5.80* 

4.43* 

6.64* 

24.1? 

24.01 

24.65 

21.13* 

24.19 

24.00 ' 

21.25 

18.15 

28.35 

20.25 

23.55 

16.80 

37.85* 

49.55*@ 

2.88 

2 .89 

2.82 

2.97* 

2.95 

2.76 

2 .93 

4.50* 

3.60* 

3.40* 

3.90* 

4 .10 

5.60*© 

5.15*© 

20.17 

20.45 

19.07 

19.52 

17.07 

21.45 

21.55 

173.85 

171.40 

170.70 

173.80 

172.75 

172.10 

171.35* 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

1.18 

1.16 

1.07 

1.10 

1.09 

1.19 

1.27 

1.21 

1.14 

1o12 

1.97 

1.13 

1.03 

1.03 

4.49* 

4.18* 

4.29* 

5.08* 

4.29* 

4.18* 

3.90* 

4 .18* 

3.85* 

3 .71* 

2.87* 

4 .51* 

3 . 9 1 * 

3 .95* 

20.63 

26.22 

25.14 

23.41 

22.98 

26.03 

21.30* 

23.42* 

23.39 

21.05 

24.50 

24.37 

18.28 

17.10 

37.30 

23.60 

42.35© 

25.25 

30.10 

27.10 

33.55 

32.75 

25.05 

23.35 

27.30 

31.70 

28.10 

28.40 

2.71 

2.67 

2.57 

2.81 

2.85 

2 .7^ 

2 .73 

2.83 

2.72 

2 .84 

2 .53 

2.61 

2 .73 

2.62 

5.20*@ 

3.95* 

5.45*@ 

3.75* 

4.10* 

3.95* 

4.45* 

5.05*® 

3.65* 

3.25* 

5.00*@ ' 

4.50* 

4.00* 

4 .35* 

21.00 

22.20 

22.77 

21.82 

21.22 

20.52 

19.77 

20.92 

21.9c 

21.82 

19.90 

22.57 

20.80 

20.82 

173.35 

174.55 

172.10 

176.50 

173.90 

174.65 

174.80 

174.70 

175.95 

175.65 

176.45 

177.75 

177.30 

175.60 

Table 19 Contd. 
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Table 19 Contd. 

1 . 

320 

321 

322 

323 

324 

325 

1.08 

0.93 

1.03 

1.13 

1.17 

1.05 

1.98 IIPL-5 
(Control) 
Parental S.E+0,12 

Line mesnS.E+0.11 

Pooled S„E.± 0.16 

l ines 
fal l ing M, 0 
outside 
parental M, 0 
rang© 

3.. 

4.04* 

3.90* 

3.02* 

4.47* 

3.80* 

4.47* 

7.01 

0.02 

0.59 

0.43 

0 

0 

T: 5. 

25.24* 20.95 

18.47 24.70 

22.28 

22.35 

24.75 

22.26 

25.11 

1.09 

2.36 

2.43 

0 

0 

24.60 

37.75 

32.05 

31.10 

24.70 

2.93 

7.59 

7.41 

1 

1 

2.82 

2.65 

2.71 

2.93 

2.74 

2.63 

2.84 

0.05 

0.09 

0.09 

0 

5 

2a „ 

3.65* 

3.10* 

4.30* 

4.70* 

5.00*© 

5.00*@ 

3.55 

0.29 

0.70 

0.69 

2 

6 

I2ZZ 
19.50 

21.82 

20.07 

20.8? 

21.42 

19.37 

24.52 

0.08 

1.15 

0.86 

0 

0 

172.75 

176.15 

175.15 

173.55 

175.80 

175.95 

173.20 

0.88 

1.42 

1.62 

0 

0 

* Indicates lines with significant within line variance* 

@ Indicates lines showing significant shift in desired direction. 
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Table 20. Estimates of l ine mean alongwith within l ine analysis of variance in M_, and 
M/f generations of macrosperma (HPL-4) var ie ty of l e n t i l under 20 kR ^ 

Seed Biological Harvest Number of 100-seed Number of Plant Days to 
Progeny/ yield y ie ld per index per pods per weight primary height maturity 
generation per plant plant plant (g) branches/ (cm) 

plant(gfe) (.%) Plant _ _ 

HPIM ^53 1.06 ^.63 21.79* 20.30 5.98* 4.70 25.^2 198.20 

454 1.52 6.46* 22.29* 22.85 7.23*@ 5.25 23.6o* 200.60* 

^55 1.66* 7.67* 20.29 27.10 6.63 4.85 24.07 196.60 

456 1.39* 5.88* 20,7^ 23.15 6.89* 4.50 25.25* 198.50 

^57 1.21* 4.71 20,08 22.75 5.88 4.65 25.30* 197.55 

458 1.19 3.84 25.23* 15.45 6.63 3.25 26.80* 196.75 

459 1.11 3.83 25.06* 17.25 5.63 3.55 23.65* 196.80 

*&> 1.36 6.32 22.90* 23.95 6.77 3.70 25.65* 196.40* 

461 1.10 4.75 20.98 18.10 7.01* 3.20 28.20 198.00 

^62 1.17 4.73 23.97 18.50 7.36© 4.85 28.17* 197.25 

^ 3 0.94 3.96 23.30* 16.15 6.71* 3.60 27.85* 198.90 

464 1.12 4.85 23.24 21.15 7.39*© 4.75 26.55 199.90* 

HPL-4 1#27 6.85 17.28 25.50 6.16 4.75 25.8o 198.40 
(control) 
Parental 1.11 0.37 0.91 2 '-4 0.05 0.61 0.48 0.49 
S.E.+-
Line mean 0.19 1.16 1.27 2.77 0.^8 0.60 1.61 0.99 
S.E.+ 
Pooled S . £ ± O . 9 1 1.07 1.53 3.67 0.44 0.84 1.47 

•Indicates l ines with s igni f icant within l ine analysis of variance 

©Indicates l ines showing s igni f icant sh i f t in desired d i rec t ion . 

1.04 

Lines 
fa l l ing M 0 0 0 0 1 0 0 0 
outside ? 
parental M, 0 0 0 0 2 0 0 0 
range H 
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Within lines analysis of variance indicated that in M , three linos 

exhibited the presence of significant variance for seed yield, biological yield 

100 seed weight and plant height. For harvest index only two lines and for 

days to maturity only one line in K. showed significant variance within lines. 

In M. number of lines with significant variance were 2 for days to maturity, 

3 for 100 seed weight, k for harvest index and 5 for plant height. 

Estimates of population mean_ jLn_M_j VL, and__M̂  j^i?2L?!L?-22£: 

In order to understand the shift in mean in different generations 

under various radiation doses for different polygenic traits w.r.t both 

microsperma (HPL-5) and tnacrosperma (HPL-^) varieties of lentil in relation to 

parental varities (control), the population mean in each generation wore 

estimated and same are incorporated in Tables 21 and 22. In "the Tables -2t «nd 

22 the mean values marked with star (*) indicate positive shift and the ones 

marked with *@' indicate negative shift at % level of significance. The variety 

wise and within a variety dose wise results obtained w.r.t shift in mean are 

given below in the following pages: 

^.5.1 Estimates of mean in M . M, and M. generation under microsperma (HPL-5) 

2 3 *t 

lentil: 

Estimates of mean in M t i': and M. generation of microsperma variety 

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 treatment was positive and significant for many traits 

and persisted through various generations. The shift in mean for seed yield was 

positive and significant in Vi^ and M7. For biological yield, it was positively 

significant in all the generations. The shift in mean was positive and 

significant for number of pods in M and M,, for 100 seed weight in M_, M, and 

' - D 2 3 
M V f o r number of pr imary branches in M and M and for ma tu r i t y days in a l l the 
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Tabic 2 1 . Es t imates of p a r e n t a l (M ) , M2, M3 and ty popu la t ions mean with r e s p e c t 

twl^TsrlZZVntT U n d e P d i f f 0 r G n t r M i a t i 0 n d ° S e S i n m i — e i microsperma 

Seed B io log i ca l Harvest Number of 100-seed 
Dose/ y i e l d y i e l d pe r index pods per weight 
genera t ion per p l a n t p e r p l a n t p l a n t (g) 

Plaptfc). fe) &L - , -

Number of P lan t 
pr imary he igh t 
b r anches / (cm) 
•plant 

Days to 
matur i ty 

5kE 

M-

ML 

M l4 

1.58* 4.86* 
+p.o4 +0.07 

1.39* 4.39* 
+0.02 +0.05 

1.11 4.16* 
+0.02 +0.06 

% 1-13 3 .61 
±0.06 +0.66 

27.36 
±0.38 

26.54 
+0.14 

21.56® 
+0.20 

27.02 
+2.78 

34.84* 
+p.6o 

29.68* 
+0.27 

27.00 
±0.28 

27.30 
±0.73 

2.94* 
+0.01 

2.87* 
+0.01 

2.79* 
±0 .01 

2.71 
+0.11 

4.18* 21.59 174.55* 
+.0.07 +0.14 +0.19 

3.95* 20.50 176.11* 
+0.04 +0.52 -*p.o8 

3.49© 20.5KS 177.32* 
+0.04 +0.06 j p . 0 8 

3.75 21.50 172.30 
+0.37 +0.54 +0.60 

M. 

M. 
10kR 

M, 

M. 
0 

M. 

K 
15kE 

M, 

M 
'0 

1.63* 
±0.05 

1.73* 
+0.04 

1.05 
+0.03 

O.01 
±3 .09 

1.15© 
±°«04 

1.33S 
+0.03 

1.2K8 
+0.02 

1.98 
+0.14 

M. 

20kR 
I I 

1.27@ 
+o.o4 
~~1.33@ 
±0.05 

1.100: 
+0.02 
~1.98 

. ± 0 . 1 2 
T S ignif icant" + ve 

M. 

M 
'0 

6.38* 
±0.15 

7.24* 
+0.12 

5.08@ 
+O.08 

5.31 
+0.34 

5.602@ 
±0.12 

5.54@ 
+0.09 

5.59© 
+0.06 

7.01 
+p .4 i 

4.75@ 
+0.15 
5.49© 

+0.22 
4.o6@ 

+0.08 
7.01 

±0 .02 

"snTTt i n " 

23.70* 
±0.36 

22.48* 
+0.21 

19.78© 
±0.24 

21.47 
+1.60 

19.05® 
±0.34 

22.43© 
±0.33 

20.60@ 
+0.20 

25.11 
±1.22 

24.13 
+O.61 
23.34© 
¥0.55 
22.66@ 
±0 .33 
25.11 
+1.09 

48.14* 
±1.30 

44.24* 
+0.71 

39.49 
+0.67 

39.50 
± 2.59 

^1.54© 
+0.32 

44.03© 
±3.8o 

41.24© 
±0.52 

63.20 
±3.38 

35.40* 
+1.30 
27.78* 
+1.13 
29.35* 
±0.58 
24.70 
±2.93 

2 .81* 
±3.02 

« 2.77* 
+J3.01 

2.6o@ 
+0.01 

2.71 
±0.06 

3 .13* 
±0.02 

3.25* 
±0 .02 

3 .11* 
±3 .01 

2.62 
+0.08 

2.75® 
+0.02 
~2.86 
+0.02 
~2.72© 
+0.01 
"2 .84 
±0.05 

6.13* 
+0.13 

6.07* 
+0.08 

5 .13 
±0 .07 

5 .25 
+0.64 

5.65® 
• 0 . 0 8 

5 .738 
+0,07 

6.44@ 
±0 .09 

7.50 
±°'23 
5.02* 

±0.13 
4.32* 

±°-13 
4.32* 

+0.07 
3.55 

+0.29 

25.59* 
+O.18 

24.64* 
±3.11 

23.39 
+0.11 

176.96* 
±0.15 

177.13* 
±0.07 

175.60* 
+ 0 .09 

23.22 173.55 
±0 .43 + 0.66 

mean 

24.59 
±0.14 

23.18© 
±0.11 
23.24© 
±3.07 

24.52 
±0 .52 

21.4a© 
± 0 .17 

19.90(3 
± 0.23 

21.06© 
+ 0 .13 

24.52 
+ o»o8 

178.11* 
+ 0.13 

177.40 
±0.13 

178.99* 
±0.76 

177.20 
±3.61 

174.64* 
±0.33 

172.28© 
+0.32 

175.13* 
+0.16 

173.20 
-.3.88 

s i g n i f i c a n t -ve s h i f t i n mean,, 
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generations studied. Harvest index and plant height exhibited a significantly 

negative shift in mean in M, . A significant negative shift in mean was also 

noticed for number of primary branches in M. . 

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

the traits under M and M generations and it was so also in M. for days to 

maturity. Biological yield per plant, harvest index and 100 seed weight showed 

a significantly negative shift in mean in ii, generation. 

Under 15 kR dose estimates of shift in mean indicated that generally 

the shift was negative and significant. It was so in all the generations for 

seed yield, biological yield, harvest index, number of pods and number of primary 

branches. For plant height,it was also significant but negative in M and M. . 

However, a significantly positive shift in mean was observed for 100 seed weight 

in all the generations and for days to maturity in M and M. . 

Under 20 kR dose, seed yield, biological yield and plant height in all 

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

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

and significant shift in mean was found for all the generations for number of 

pods and number of primary branches and for days to maturity in M and M. . 

^.5.2 Estimates of mean in'M„, M ĉ d M. generation under macrosperma (HPL-4) 

lentil; 

Estimates of mean in M , M and Mr populations of iiia£r_osp_erma variety 

under 5t 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 M and M^, for biological yield and days to maturity in M , M and Mi , 

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

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

for number of pods and in M for number of primary branches. 
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Table 22. Estimates of parenta l (Mo), M2» M3 a n d M4 population mean with respect to 
various polygenic t r a i t s under different radia t ion doses in ^£Osperma 

(HPL-4) var ie ty of l e n t i l 

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

(g) plant(g) plant plant (g) branches/ (cm) 
_ , (%) _ _ j s i f f l L - _ . . 

M 0.90 4.59* 20.66® 17.38 6.42© 3-79® 23.15* 197.47* 
+0.05 ±0.19 +0.63 ; . 61 ±3.04 +0.23 ±0.35 +0.30 

M 1.14* 4.96* 22.292 15.33© 6.37© 4.68 20.87 197.65* 
±°.°5 ±0.15 +0.40 ^0.45 +0.04 +0.19 +0.24 + 0.22 

5kR — "~ ~ *~ "~ 
M̂  o#96* 4.46* 22.21© 17.41 6.4i@ 4.83* 22.55* 197.07* 

+0.02 ±3.07 +0.25 +0.30 ±3.03 +0.11 +0.14 +_ 0.13 
MQ 0.82 3.33 23.71 17.25 6.86 4,40 20.67 490.00 

±3.15 ±3.50 +2.19 ±1.26 +0.05 ±3.23 ±0.53 ± 0 . 9 1 

M 1.41* 7.23* 19.695 25.09* 6.53* ^.09 28.40* 197.08© 
+O.06 ±3.21 +O.56 .±3.80 +0.04 +0.14 ±3.30 + 0.23 

M3 1.08 4.89? 22.46 22.72* 6.63* 4.24* 25.37* 196.470, 
10kR +0.04 ±0.15 +0.^3 +O.61 +0.04 +0.14 ±0.21 ± 0 . 1 6 

M̂  1.25* 5.84 20.62® 23.92* 6.38* 4.28* 26.06* 196.90a 
+0.03 ±0.10 ±3.30 ±3.4S ±3.02 ±0.10 ±3.15 + 0.12 

MQ 1.10 5.75 22.39 17.40 6.29 3.85 24,77 199-80 
±3.09 ±0.41 +1.36 ±2.01 ±3.08 ±3.19 +0.48 + 0.61 

M2 1.02® 5.31© 18.79* 21.46(3 6.4i@ 3.65© 25.84 199.34* 
±0.03 +O.11 ±0.37 +0.44 ±3.03 +0.08 +0.18 +0 .16 

M 1.03$? 4.60© 22.4i* .21,09® 6.13© 4.19© 22.79© 199.97* 
l5kR ±0.05 ±0.20 ±3.62 ±0.98 +0.06 +0.04 +O.36 + 0.35 

M̂  1.16© 5.53© 22.25* 23.13© 6.37© 3.99© 25.20© 197.98© 
±3.03 +0,11 ±3.3^ ±0.50 ±3.02 +O.08 j+0.16 +0 .18 

C 1.27 6.85 17.28 ps.70 6.62 5,60 25.80 198.65 
+0.10 .+0.48 +1.31 _ 5.58 +0.13 ; ;p.33 +0.48 + 0.51 

M 1.34 6.32 21.02* 20.27© 6.58* 4.23 27-13* 198.30 
+0.C6 ±0=26 ±0.57 ±3.67 ±3.06 +0.18 +0.42 ± 0 . 2 7 

M, 1.35 5.87© 21.04* 22.23 6.50* 4.66 24.73® 198.18 
20kR ±°.°7 ±0.30 + 0.63 ±3.91 ±0.04 ±0.18 +0.32 + 0.28 

M"^ 1.14© 4.61© 23.53* 18.65© 5.79* 3.84© 26.93* 197.713 
+0.03 +0.15 ± 0 . 5 7 5 ) . 57 ±0.05 +0.16 +0.30 +0.30 

M0 1 ' 2 7 6 - 8 5 17.28 25.50 6.16 4.75 25.80 198.4c 
± 1 - 1 1 ±° .3^ ± 0.91 ^2.44 +0.05 +0,61 +0.48 + o.4s 

* Significant +ve sh i f t in mean 
Q Significant -ve sh i f t in mean. 
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Under 10kE radia t ion dose, shif t in mean was posi t ive and s ignif icant 

for a l l the generations under study for number of pods, 100-seed weight and 

plant height and s ign i f ican t ly negative for days to maturi ty. The shi f t in 

mean also tended to be s ignif icant y pos i t ive for seed yield in M and M. , 

for biological yield in M and for number of primary branches in M, and M. 

and s ign i f ican t ly negative for biological yield in M and for harvest index 
J? 

in M and M 

Under l^kR dose shi f t in mean was generally negat ive. Seed yield, 

biological y ie ld , number of pods, 100-seed weight and number of primary 

branches in M , M and M. ,plant height in M and M̂  and days to maturity in 
M, exhibited s ign i f ican t ly negative shif t in mean. Shift in mean was 

s ign i f ican t ly positive for harvest index in a l l the generations and for days 

to maturity in M and M . 
2 5 

Under 20 kR dose the sh i f t in mean was s ign i f ican t ly posi t ive for 

a l l the generations under study for harvest index and 100-aocd woight and for 

plant height in M and M. • The shi f t was s ign i f ican t ly negative for seed yield 

in M. , for b iological yield and plant height in M and M., for number of pods 

in h and \ and for number of primary branches and maturity days in l\ 

generation. 

^ • 6 . Component analysis of radia t ion induced -polygenic var ia t ion 

Component analysis of induced polygenic var ia t ion was attempted by 

using the recent sophist icated biometrical techniques in order to understand 

the nature of induced genetic var ia t ion by pa r t i t i on ing the variat ion in to 

additive and dominance genetic components and also to got the information on 

the role of non-a l le l ic in te rac t ion in the induced genetic variat ion through 
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scal ing t e s t by t e s t i ng the adequacy of additive dominance model. The resu l t s 

obtained on the adequacy of additive-dominance model and genetic component 

analysis with respect to induced polygenic var ia t ion for various t r a i t s 

studied under different radia t ion doses for both microsperma (HPL-5) and 

macrosperrna (HPL-Jf) va r i e t i e s of l e n t i l are presented in the following pages. 

^•6»1» Scaling t e s t for the adequacy of additive-dominance model; 

The r e s u l t s obtained on the scal ing t e s t with respect to both the 

va r i e t i e s under different radia t ion doses are given in Table 23 and presented 

below var ie ty wise. The values in the Table 23 marked with s tar (*) indicates 

the inadequacy of additive dominance model to account for the induced 

polygenic var ia t ion and es tabl ishes the presence of non-a l le l ic in te rac t ions . 

Adequacy of additive-dominance model in_microsperma (HPI^-5) l e n t i l ; The scaling 

tost revealed that most of the values wore s ign i f ican t ly deviating from zero, 

indicat ing the inadequacy of the additive-dominance model. Under 5kR dose the 

values were s igni f icant for seed y ie ld , harvest index, 100-seed weight,number 

of primary branches and days to maturity indicat ing the presence of non-al le l ic 

in t e rac t ions , whereas,biological y ie ld , number of pods and plant height showed 

that a simple additive-dominance model i s adequate for induced var ia t ion . Under 

10kR dose a l l the t r a i t s except nu ' er of pods exhibited inadequacy of additive 

dominance model. Under 15kR radia t ion dose a l l the t r a i t s except biological 

yield and number of pods had s ignif icant value of scal ing t e s t which indicated 

the presence of non-a l le l ic i n t e r ac t ions . Under 20kR dose of radiat ion a l l the 

t r a i t s except harvest index, 100 seed weight and number of primary branches 

showed the inadequacy of additive dominance model in explaining the variat ion 

induced. 
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Table 23. Estimated values in scaling t e s t for additive-dominance model 

rh "*" "__ Microspores (HPL-5) Macrosperma (JPLriL. . — 
S Jkg __JPJ* 15.KR_ 20kR... JLi$L_ M . J l i L ~ . ..̂ .̂ ]3l— 

Seed yield -0.359* -1.45* -0.384* -0.502* -0.600* 0.668* 0.259 -0.420 
+p,o?6 +0.139 +0.095 .153 +0.159 +0.149 +0.164 + 0.2P.0 

Biological 
yield 0.009 -5.159* 0.164 -3.6o4* -",.371* 4.250* 2.556* -2.071* 

+p.C>8 ±0o4?.6 +pt333 +0 .688 +0.485 +0.536 +0.890 +0.978 

Harvest 
index -9.142* -4.277* -7.059* -0.570 -1.798 -6.438* -7.943* V ; . ^ " 

+0.707 +0.8818 +1.135 +1.865 ±1.438 +1.531 +2.025 +2.2,*9 

Number of 
pods -0.208 -5.6o4 -0.054 5.374* 6.185* 4.778 4.442 -12.120* 

+2.052 +3.219 +2.749 +1.908 +2.424 +2.875 +3.147 + 3.3:36 

100-seed 
weight -0.087* -0.293* -0.399* -0.379* 0,130 -0.6o4* 0.756* 0.643* 

±o.oi4 +0.024 +0.069 +0.073 +0.135 .+0.131 ±0.194 +p.i;5 

Number of 
primary 
branches -O.699* -I .816* 1.353* 0.702 -O.580 -0.068 -0.946* -2.0-'54* 

+€'.024 +O.307 +0.292 +0.435 + 0.655 +p.43o +0.213 +0.641 

Plant 
height 1.097 -1.544* 1.531* 3.334* 3.651* 4.411* 7.887* 6.811* 

+1.586 +0.435 ±0.380 +0.766 ±0.851 ±0.759 +1.155 +1.224 

Days to 
maturity 0.858* -3.220* 3.919* 8.067* -1.338 1.466* -4.630* 1.3'v< 

+0.209 +0.170 ±1.569 ^",049 +0.773 ±0.586 ±1.113 ±1O035 

* Indicates inadequacy of additive dominance model at 5 per cent l eve l . 
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MejZU^^.Pjf .a^itiy.e..dominance model in macrosperma (HPL-*Q l e n t i l : The scaling 

t e s t showed that under 5kR radia t ion dose t the additive dominance model was 

adequate for explaining the induced var ia t ion with respect to harvest index, 

100 seed weight, number of primary branches and days to maturity. For seed 

y ie ld , biological y ie ld , number of pods and plant height , the scal ing values 

were s ignif icant at 5kR dose, indica t ing the inadequacy of additive-dominance 

model and es tabl ishing the presence of non-a l le l i c i n t e r ac t i ons . Under 10kR 

radiat ion doBe, a l l the t r a i t e under etudy except number of pods and number of 

primary branches showed the inadequacy of additive-dominance model. Under l^kR 

radia t ion dose, the additive-dominance model was adequate for explaining induced 

var ia t ion only for seed yield and number of pods. Under 20kR dose, a l l the 

polygenic t r a i t s except seed yield and days to na tu r i ty exhibited the 

inadequacy of additive-dominance model. 

^ . 6 . 2 . Genetic component analysis of induced polygenic variation. 

In t h i s genetic analysis both f i r s t and second degree s t a t i s t i c s have 

been made use of for pa r t i t i on ing the induced var ia t ion in to additive and 

dominance components. In the f i r s t degree s t a t i s t i c s , population mean values 

of M (parents) , M and M generations in each dose were used. In t h i s analysis 

as indicated e a r l i e r , M was equate:! with F and than the analysis was done by 

using Mather and Jinks (19?1) approach as suggested and modified by Yonezawa 

(1979). In second degree s t a t i s t i c s wherever the required s t a t i s t i c s in the 

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

approach. The r e s u l t s obtained on these estimates are presented below: 

Genetic component ana lys i s ( f i r s t degree s t a t i s t i c s approach) 

Component analys is , using f i r s t degree s t a t i s t i c s parameters was 

performed for both microsperma and .macrosperma l e n t i l for pa r t i t ion ing the 
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induced var ia t ion in to additive and dominance effects and also to know the 

average degree of dominance. Results obtained are given below var ie ty wise: 

ffgtiroat.es. of induced additive(dm)dominance(hm) and (hm)/(dra) r a t i o in 
aJcrospenaarTHPL-5) l e n t i l 

The r e s u l t s obtained on the estimates of induced additive (dm), 

dominance(hm) and (hm)/(dm) r a t i o indicat ing average degree of dominance under 

various radiat ion doses for various polygenic t r a i t s in microsperma (HPL-5) 

arc given in Table 2.k, For seed yield the additive effect was s ignif icant 

and negative under 10kR dose indica t ing that more increasing a l l e l e s have 

mutated to decreasing a l l e l e s or i t may be more l ike ly that e i ther the 

increasing a l l e l e s are more radio-sens i t ive or the parent has more of 

decreasing a l l e l e s . However, under 15kR dose the seed yield exhibited a 

posi t ive and s ignif icant additive effect for seed yield which showed that 

more increasing a l l e l e s are present . For seed yield the dominance effects 

were s ignif icant under 5 .and l5kR dose of r ad ia t ion , whereas, the average 

degree of dominance under l5kR exhibited incomplete or p a r t i a l dominance, 

Additive effect was negative and s ignif icant under 10kR dose and s igni f icant ly 

pos i t ive under 15kR dose for biological y ie ld , whereas, dominance effects 

were s ignif icant under 5T10 and 20 kR dose. Average degree of dominance for 
under 10kR dose, where both additive and 

biological y ie ld /where a s , dominance effects were s ignif icant oxhibibted 

p a r t i a l dominance. For harvest index only dominance effects were found 

s ignif icant under 5, 10 and 15 kR radia t ion doses. Additive and dominance 

effects both, were s ignif icant under 5 and 15 kR dose of radiat ion for 

number of peds, whereas, only dominance effects were s ignif icant under 10 and 

20kR dose. Average 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 s ignif icant under 5» 15 find 20kR 

http://ffgtiroat.es
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Table 2.4. Es t imates of a d d i t i v e (d)m' tdominance (h)tr. e f f e c t s and average degree of 
dominance(h)m/(d)m for d i f f e r e n t po lygenic t r a i t s under d i f f e r e n t r a d i a t i o n 
doses i n mi crosperma(HPL-5) v a r i e t y of l e n t i l . 

Dose/ Seed B i o l o g i c a l Harvest Number of 100-seed Number of P l a n t Days to 
es t imate y i e l d y i e l d index pods v/eight pr imary he igh t ma tu r i ty 
of e f f ec t (g) (_g) {.%) (g) branches (cm) 

(d)m - 0 . 0 4 - 0 . 1 5 0.65 1.38* - 0 . 0 5 * 0 .01 1.04 -1 .87* 
+0.04 +0.35 +1.^1 +C.49 +0.01 +0.01 +0.59 + 0.34 

5kR (h)m 0.38* 0.94* 1.64* 10.34* 0 .13* 6.47* 21.70* - 0 . 3 4 
+0.08 +O.15 +O.82 ±1.32 j p . 0 3 +O.16 + 1 . 0 9 + 0 . 3 0 

Av.Dom. - - - 7*44* 2 .74 -

(d)m -C.41* - 1 . 3 9 * 0.10 - 0 . 4 2 - 0 . 0 1 -O.38 - 0 . 2 3 -1 .87* 
+0.06 +O.26 +0.84 +1.61 +0.03 +0.84 +O.26 ±0.34 

10kR (h)m 0.20 -1 .72* 2.47* 7.8o* 0 .09 0 .13 1.90* -0 .34 
+0.12 +O.38 4O.83 +2.97 ±0.03 ±3.30 +0.41 +0.30 

Av.Dom. - 1.23 - - -

(d)m 0.25* 0.77* - 0 . 3 6 8.34* - 0 . 3 8 * -O.85* 1.38* 0.26 
+0.06 +0.11 +0.72 +1.95 +0.06 +0.19 +0.13 ±0.34 

l5kE (h)m -0 .34* 0=13 - 6 . 7 7 * -4 .97* - 0 . 2 5 * - 2 . 1 6 2 .83* 1.43 
±0 .09 +0.19 ±0.96 +.2.29 +0.05 ±0.21 +0.35 ±0.39 

Ac.Dom. 1.36 

(d)m 0.30 
+0.08 

20kR ... 
(h)m - 0 . 1 1 

+0.13 

Av.Dom. -

-

0.39 
+0.23 

- 1 . 4 7 * 
±°-55 

-

1.28 
+0.83 

1.58 

+ 1 - 6 3 

mm 

0.59 

2.26 
J = 1 . 9 6 

15.23* 
+3.44 

• • 

O.65 

-0 .06* 
+0.01 

-0 .22* 
+O.06 

3.41 

-

0 .03 
+0.21 

1.45* 
+0.37 

• • 

2.05 

3.07* 
+0.25 

3.04* 
+0.57 

0.99 

-

1.64* 
+0.56 

4 .75 
+0.91 

"" 

*Significant at 5% 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 

radiation. Dominance effects under 5 and 20 kR and positive additive effect 

under 15 kl? dose was significant for number of primary branches. Plant height 

exhibited significant dominant effects under all the doses studied, whereas» 

the additive effects were positive and significant under 15 and 20kR. The 

average degree of dominance showed complete dominance under l5kR dose and 

incomplete dominance under 20kR dose. Additive effects were significantly 

negative for days to maturity under 5 and 10kR dose of radiation. 

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

Results obtained on the estimates of induced additive (dm),dominance 

(hm) and average degree of dominance (hm)/(dm) under various radiation 

doses for eight different polygenic traits in macrosperaa (HPL-̂ f) are given in 

Table 25. Estimates indicated that both additive and dominance effects were 

significant for seed yield under 5 and 10lcR dose except that of dominance 

effect under 5kR which was significantly negative. The average degree of 

dominance under 5 and 10kR dose exhibited complete dominance. For'biological 

yield the rdditive effects were s: lificantly positive under 10 and 15kR dose 

of radiation and significantly negative under 5kR dose, whereas, doniinance 

effect was significant only under 10kR dose, with average degree of dominance 

exhibiting complete dominance under 10kR dose. Significantly negative effects 

were obtained for harvest index under 10, 15 and 20kR radiation dose,whereas, 

dominance effects were significant under 10 and l5kR doses of radiation. The 

average degree of dominance, under 10 and l5kR dose for harvest index,where 

both additive and dominance effects were significant, was complete dominance. 
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Table 2 5 . Es t imates of a d d i t i v e ( d ) m ' , dominance (h)m e f f e c t s and average degree of 
dominance(h)m/(d)m for d i f f e r e n t po lygenic t r a i t s under d i f f e r e n t r a d i a t i o n 
doses of macrosperma(HPL-4) v a r i e t y of l e n t i l 

Dose7 Seed B io log i ca l Harvest Number of 100-seed Number of P l a n t Days to 
es t imate y i e l d y i e l d index pods weight pr imary he igh t ma tu r i ty 
_ . e f . f e c t . ...(a) (£> (2Q (g) branches (cm) „ „ 

(d)m 0.28* -1 .00* - 0 , " n 1.^8* 0.27* -0 .58* 1.04* - 8 . 9 1 * 
+0.09 +0.31 ±P.1'S j O . 8 3 10 .05 + 0 .07 +0.41 +0.z!-9 

5kR (h)m -0 47* - 0 . 7 3 -3 .27* 4.09* 0.10 - 1 . 7 7 * 4.56* -0 .35 
+0.13 j p . 4 8 +1.49 +1.52 +0.12 + 0 . 3 5 +0.85 +0.75 

Av.Dom.1.71 - _ 2.06 - 3 .05 4.3? 

(d)m 0.17* 1.60* - 1 . 4 1 * - 1 . 4 7 -0 .22* - 0 . 2 7 1.22* 1.97* 
+0.07 +0.22 +O.67 11 .42 +0.05 +0.18 +0.27 10 .52 

(h)m 0.65* 4.68* -5 .54* 4 .74 - 0 . 2 0 - 0 . 2 9 6.05* 1.22* 
+0.12 +0*51 +1.41 +2.59 +0.11 +,0.39 10 .73 ±p.57 

4v.Dom.3.82 2.92 3.91 - 4.98 O.62 

(d)m 0.12 1.47* - 4 . 3 7 * 2.49 0,38* 0 .43* 3 .03* -C.98* 
+O.73 +0.11 +0.79 +2.05 +0.10 +0.19 +0.45 +0.43 

15kR(h)m - 0 . 0 1 O.13 -7 .24* 0 , ? 4 O.56* - 1 . 0 9 * 6 .11* -1 .27* 
+0.11 +0.30 +1.^5 +2.16 10 .14 10 .18 1O.81 1O.15 

Av.Dom. - - 1.65 - 1.46 2 .52 2.01 1.29 

(d)m - 0 . 0 4 
+0.09 

20kE (h)rf 0.01 
+O.18 

Av.Dom„ -

0.71 
+0.37 

O.89 
+P-79 

— 

- 1 . 8 9 * 
+O.82 

- 0 . 0 4 
+1.70 

-

- 0 . 3 4 
±1.56 

• 5.92* 
12 .52 

-

- 0 . 1 3 
±0.72 

0.16 
ip.16 

-

- 0 . 1 7 
+O.36 

- 0 . 8 6 
+0.50 

-

1.73* 
+0.46 

4.8o* 
+0.58 

2.77 

0.17 
+p.4o 

-0 .24 
+0.79 

-

Significant at 5 per cent level, 
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For number of pods ,additive effect was positive and significant only under 

5kK dose of radiation, whereas, dominance was significant under 5 and 20 1<R 

dose. Average degree of domiannce for number of pods under 5kR showed complete 

dominance. Significantly positive additive effects were revealed for 100-seed 

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 degree of dominance exhibited complete dominance. 

For number of primary branches the additive effect was significant and 

negative under 5kR dose and significantly positive under 15&R dose of radiation? 

whereas,the dominance effects were significant under 5 and 15&R dose. The 

average degree of dominance showed complete dominance for number of primary 

branches under 5 and 15 kR dose of radiation. Positive and significant additive 

as well as dominance effects were obtained for plant height under all the doses 

of radiation studied, whereas, the average degree of dominance indicated 

complete dominance. For days to maturity, the additive effects were 

significantly negative under 5 and 15kR dose and significantly positive under 

10 kR, whereas, the dominance effects were significant under 10 and l5kR doses. 

Average degree of dominance for days to maturity under 10 and 151* doses 

exhibited partial and complete dominance, respectively. 

Genetic component analysis (second degree statistics approach) 

The second degree statistics required in appropriate magnitude as 

per Yonezawa (1979) for genetic component analysis were available in microsperma 

lentil with reepect to number of pods under 5kR dose and plant height under 

20kR dose and in niacr_osperma with respect to 100-seed weight under 20kE close, 

hence the component analysis using second degree statistics was done with 

respect to above situations only. The results obtained on the estimates of 

additive (Dm), dominance (Hm), Fm, average degree of dominance, rJr estimated 
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as IJS, ALJ5. measuring isodirectionality of dominance and degree of gene 

Em J Dm 
Fra 

association and 'r' estimated as T^~TT— measuring the degree of gene 
•* _/Dra." Hm 

association are incorporated in Table 26. &11 the variances i.e. Dm, Hm and Fa 

were found to bo significaat in microsperma under 5kR dose for number of podr 

whereas average degree of dominance exhibited overdominance. Value of 'rVr ' 

ratio was more than one9 As the value of (h)m for this was also aorc than one, 

hence, it indicated that about half of the parental genes have increasing effect 

compared to mutant genes, dominance being positively directed for most the gores 

concerned. Estimates of 'r,' was also found to be more 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 degree of dominance exhibited complete dominance. The value of 'rVr/ 

ratio was less than one which indicated that parental genes lacked dominance 

as compared to mutant genes. Value of 'r-,* was more than one which indicated 

that all parental alleles were dominant to mutant ones. In macrosperma 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 *rp/r_' ratio 

for this trait was less than one but in negative direction, indicating that 

parental genes lack dominance in comparison to mutant genes, whereas »r ' valuj 

was again more than one indicating that all parental alleles were dominant to 

mutant ones. 
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Table 26. Estimates of different genetic components and probabi l i ty estimates for 
obtaining po ten t ia l mutants in M , M and M. generations by using second 
degree s t a t i s t i c s approach 

T r a i t / ^ ,T „ / - ^—- , Normal probabi l i ty estimates 
va r i e ty / Dm *° ^ - / W & T r / ^ ^ - • 1 _ M, " ~ 

dose 
3 ^ 

Microsperma 

Number of 
pods (5kR) 34.82* 423.53* 208.51 12.16* 2.14 1.72 0.102 0.184 0.480 

+ 3.85 +12.11 + 9.^9 (0.131) (0.363) (0.484) 

Plant 
height 3.82* 22.02* 15.09* 5.77 0.4i 1.65 0.057 0.091 0„038 

(20kR) 
+0.80 +3.33 +2.36 (0.059) (0.099) (0.04i; 

macrosperma 

100-seed 
weight 0.09 0.49* 0.28* 5.02* -0.53 1.26 0.090 0.140 0.022 
(20kR) 

+.0.93 +0.19 +0.07 (0.173) (P.223) (0.079; 

* Significant at 5 per cent level 

Probabil i ty values in parentbosri ^ :>^iCc^es the values obt ined on the basis of both 

additive and environmental v,~ -iance. 

probabi l i ty was highest for obtaining potenxiaj. muiuno 
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•̂ 7• Estimates .of normal probability integrals for predicting; the expected 
potential mutants excelling their parental values in the MgfMj and 1% 

generations 

In order to predict the probability of isolating the potential 

mutants excelling their parental values for the desired traits under different 

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

P—n P — m corresponding to ~ ~ and '— values v;ere estimated and the r e su l t s * b dm dm + e 

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

^•7.1. Estimates of normal probability integrals in nic_rj3sp_e_rna_(HPL»5)lentil; 

Results obtained on the estimates of nornal probability integrals 

for predicting the number of potential mutant lines falling outside the parental 

range in M , M and M. generations for various polygenic traits ir> «2i£E2SE2£S2: 

are incorporated in Table 27. Th» *.stii3»*«" were obtained based on both 

induced ad^litivQ affects as well as induced additive plus environmental effects. 

so as to know the precision of predictions. The estimated values obtained on 

the basis of combined induced additive and environmental effects (dm + e) were 

more as compared to one calculated mainly on the basis of induced additive 

effects (dm). 

For higher seed yield, t•. highest probaility would be in M. 

generation under 10kR dose of radiation, whore the value was 0.46 when 

calculated on the basis of dm and 0.^72 when calculations were based on dn+e. 

For higher biological yield the highest probability of obtaining potential 

mutants would also be in M. generation under 10kR radiation dose, where the 

probability values were 0.^3 and 0.456, respectively, for both type of 

probability estimates. In Mr generation under 5kR dose of radiation the 

probability was highest for obtaining potential mutants for higher number of 
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Table 27 . -Estimates of p r o b a b i l i t y va lues for ob t a in ing t r u e breeding l i n o s i n I v ^ t ^ a ^ 
1-Uf f a l l i n g ou t s i de the p a r e n t a l range under d i f f e r e n t r a d i a t i o n doses i n 
microsperma(HPL-5) v a r i e t y of l e n t i l 

Dose/ Seed 
genera t ion y i e l d 

^JML 

B i o l o g i c a l Harvest Number 
y i e l d index of pods 

100-seed Number of P l a n t Days to 
weight primary he igh t matur i ty 

(g) branches^ (cm) 

M. 0...C01 
(0.165) 

0.0001 
(0.305) 

0.110 
(0.248) 

5kR K 0.043 
(0.251) 

0.003 
(0.363) 

0.022 
(0.123) 

M, o.4io o.48o 
(0.468) (0.428) 

0.003 
(0.630) 

\ 

M 
10kR 3 

M4 

uz 

l5kR M_ 
3 

\ 

M2 

20kRM_ 
5 

M4 

66 

0.064 
(0.117) 

0,038 
(0.082) 

o,46o 
(0 .472) 

O.O003 
(0.085) 

0 ,003 
(0.137) 

0,0009 
(0,100) 

-

-

-

0.220 
(0.301) 

0.084 
(0.171) 

0.430 
(0.456) 

0 .0^5 
(0.238) 

0.027 
(0.229) 

0,032 
(0.235) 

-

« • w» 

-

— 

-

-

(0.105) 

0.011 
(0.133) 

0.016 
(0,149) 

-

-

M» 

~ 

-

~ 

0-088x 
(0.151) 

0 .047 
(0 .102) , 

0,096 
(O.161) 

O.080 
(0.393) 

0,380 
(0.476) 

0,030 
(0.355) 

•" 

-

-

0.014 
(0.095) 

0 ,018 
(O.088) 

0.100 
(0.208) 

-

-

-

0.034 
(0.173) 

0.028 
(0.348) 

0.130 
(0.333) 

0.480 -
(0 ,492 ; 

0.160 -
(0.312) 

0,170 -
(0.319) 

0.^50 0.190 
(0 .158) (0 .370) 

O.066 0.280 
(0 .068)(0 .416) 

0.130 0.120 
(0 .131)(0 .326) 

Mote: Values in parenthesis are estimates obtained by taking environmental error also. 
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pods. For 100-seed weight, M. generation under 5kR dose and M, generation 

under 20kR dose exhibited high values of probability estimates, whereas, 

for more number of primary branches, M, generation under l5kR dose of 

radiation was found to be most suitable for isolating potential mutant lines. 

For plant height best estimates were observed under l5kR dose in M generation 

where probability of isolating mutants with desirable shift would be 0.*f8, when 

estimated on the basis of dm alone and 0.^92 when estimated on the basis of 

dm+e. For early maturity, the best generation would be M under 20kR dose of 

radiation on the basis of dm alone and in M. generation under 5kR dose on the 

basis of dra+e. 

^•7«2. Estimates o_f 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 M , M and M. 

generation for eight different types of polygenic traits were 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 

M generation under 10kR dose, whereas, for biological yield, M. generation 

under 10kii would give the maximum probability of isolating desirable potential 

mutants. For harvest index, M generation under 10kR dose was found to have 

maximum probability of isolating desired mutanta. For number of pods M. 

generation under 5kR radiation dose was found to have maximum probability 

value. The normal probability value for isolating potential mutants for 

hundred seed weight was maximum under 10 kR dose in M. generation, whereas, 

for number of primary branches, the maximum probability would be in M 
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Table 28 . Es t imates of p r o b a b i l i t y va lues for o b t a i n i n g t rue breeding l i n e s i n M2,Mj,MZf 

f a l l i n g ou t s i de the p a r e n t a l range under d i f f e r e n t r a d i a t i o n doses i n 
raacrqsgerrna (HPL-4) l e n t i l 

Dose/ Seed 
genera t ion y i e l d 

(g) " (g) 

B i o l o g i c a l Harvest Number of 100-seed Bumber of P l a n t Days t o 
y i e l d index pods weight pr imary he ight matur i ty 

J$Q __ _____ (g) jy_anches_ _...(cnj. 

ML 

5kE M 

0.389 
( 0.464) 

0.120 
(0.352) 

0.100 
(0.305) 

0.051 
(0 .251) 

0.260 0 .054 o . i 4 o 0.086 0.200 
(0.492) (0.146) (0.298) (0.173) (0.223) 

0.160 
(0.374) 

0.036 
(0.121) 

0.310 
(0.405) 

0.420 0.190 
C01472) (0.217) 

Mi 0.310 0.130 
(0.436) (0.322) 

o.46o 0.049 0.230 0.035 0.210 
(0.492) (0.140) (0.335) (0.238) (O.Z35 

M2 

10KR M_ 
3 

\ 

M2 

15kE M_ 
3 

\ 

H 2 

20kE M 

M4 

0.034 
(O.261) 

0.450 
(0.484) 

O.190 
(0.378) 

- , 

-

-

-

-

mm 

0.180 
(0.270) 

0.300 
(0.363) 

0.480 
(0 .488) 

0.150 
(0.280) 

0 .064 
(0 .192) 

0.180 
(0.301) 

-

-

"• 

0.028 
(0.333) 

0.480 
(0.496) 

0.100 
(0.389) 

0.360 
(0.420) 

0.120 
(0.241) 

0.250 
(0 .344) 

0 .023 r 
(0.203) 

0 .023 
(0.203) 

0.0005 
(0.082) 

0.14o 
(0.207) 

0.061 
(O.189) 

0.340 
(0.409) 

0.290 
(0.378) 

0.100 
(0.242) 

0.250 
(0.355) 

-

-

"•• 

— 

-

-

0.000003 
(0.103) 

0.0005 
(0.181) 

0.0009 
(0 .149) 

-

-

• • 

0.001 
(0 ,07c) 

0.310 
< 0 . ' i 0 5 ) 

0.160 
(0.301) 

. 0.-+90 
(0.496) 

0.160 
(0.208) 

0.420 
(0.440) 

0.220 
(0.319) 

0.270 
( 0.351) 

0.250 
(0.344) 

0.083 
(0.211) 

0.045 
(0.163) 

0.070 
(0.194) 

G.240 
(0.393) 

0.090 
(0.298) 

0.240 
(0.393) 

-

--

Note: Values i n p a r e n t h e s i s are e s t i m a t e s ob ta ined a f t e r t a k ing environmental e r r o r a l s o . 
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generation under 5kR close. For plant height and early maturity the 

maximum probabi l i ty of i so la t ing poten t ia l mutants of macrosperna would 

be under 15 kR radia t ion dose i~ M generation. 



5. DISCUSSION 



DISCUSSION 

The objectives of the present investigation in microsperma and 

macrosperma varieties of lentils (Lens culinaris Medik,) were, firstly, 

to understand the pattern of segregation and persistance of induced 

variation over generations under different radiation doses for seed yield 

and other polygenic traits, secondly, to understand the genetic architecture 

of induced polygenic variations through sophisticated biometrical genetic 

models and thirdly, to understnad the relationship of different radiation 

doses with various parameters of induced variability and varieties used. 

It was also considered apt to establish the appropriate stage of selection 

in lentil mutation breeding programme on the basis of segregation pattern 

of induced Variation and probability estimates of obtaining potential 

mutants excelling parents and to identify tho 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 crop. 

Mutation breeding is a valuable- supplementary approach in plant 

breeding under the situation as is prevailing in food legumes, specifically 

in lentil where the variability existing in natural gene pools is not 

meeting the requirements of present genetic transformation and also because 

of tedious crossing procedure owing to small, delicate flowers and non-

synchrony in flowering between raicrosperma and macrosperma types* Under 

such situations, it is imperative to create the desired variation 

artificially through mutagenesis. Among the various mutagens, ionizing 

radiations have been used most effectively for induction of mutations 

in the past and have resulted in the development of new varieties (Micko,l976)o 
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They are 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 (Rarael, 1983)» 

Among ionizing radiations, gamma rays are considered to be the most 

effective on account of their shorter wave length possessing more energy 

per photon and mono-energetic radiations and hence the same have been used 

in present study for induction of polygenic mutations. 

The importance of genotypes used for polygenic mutation as well as 

the intensity of radiation applied, are factors of prime consideration 

specially in the initial stage of an effective mutation breeding programme, 

Prom a resume of work on the induction of polygenic variation in various 

crops, it can be clearly scon that lov; doses of radiation are more effective 

for inducing polygenic mutations. Therefore, in the present study lov/ doses 

ranging from 5 to 20 kR have been used, which are either below or around the 

LD 50 for lentil (Sharma, 1977). It has been speculated that best adapted 

and high yielding lines should be favoured for induction of polygenic mutants 

so that it is possible to accumulate in one genotype the most favourable 

alleles and at the same time eliminate the deleterious ones (Rawlings et̂  al., 

1958), In the present material,HPL-5, a microsperma type of lentil is this 

kind of genotype which is high yielding,resistant to blight and rust and 

adapted to wide range of environments in H„P. State. Another variety used 

in the present study is HPL-4, a very bold seeded, having resistance to 

blight and rust but it is specifically adapted to sub-temperate climate of 

mid-hill zone and the purpose of including this variety is its genetic 

diversity and also to improve its adaptation by identifying high yielding 

mutants vdth bold seeds along with desired maturity. 
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Micro-mutations arc of importance for t he i r adaptive evolution 

unlike macro-nutations with deleterious ploiotropic e f fec t s . Thus, the 

polygenic var ia t ions are of paramount importance for achieving desirable 

and directed evolution. The high .-ate of micro-nutations coupled with the i r 

much greater probabi l i ty of improving adaptation explains why evolution in 

natural populations usually proceeds in the c l a s s i ca l Darwinian node, 

trekking i t s way through a se r i e s of small s t eps . Numerous studies of 

na tura l populations have demonstrated that phenotypic differences between 

individuals within populations, as well as differences between populations, 

race and species are generally influenced by multiple genetic factors with 

r e l a t i v e l y small effects (Wright, 1968; Falconer, 1981; Lande, 198l;and 

Coyne, 1983)« The optimum phenctypo can be more nearly achieved by most 

individuals in the populations based on micro-mutations, while avoiding 

the segregation load produced by polymorphism of macro-mutations. Thus, 

in the present study, emphasis has been on the polygenic nutations induced 

by different radia t ion doses and to carry out the i r genetic analysis in order 

to know the nature and magnitude of induced va r i ab i l i t y by using 

sophis t icated bioneter ica l genetic models of Yonezawa (1979) and Virk et_ a l . , 

(1978), which have considerably r . ;oved d i f f i cu l t i e s in applying a 

mutagenicity screening technology to polygenes. 

The r e s u l t s obtained on the induction of var ia t ion under different 

doses over generation (Table 1-4) indicate that suff icient polygenic 

mutations have boon induced frr most of the t r a i t s s tudied, namely seed yield, 

biological y ie ld , number of pods, 100-seod weight, number of primary branches, 

plant height .and days to maturity in both raicrosperma and macrosperma 

va r i e t i e s of l e n t i l . The exception i s only the harvest index, for which the 



120 

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 rauations 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 type. It is worth mentioning that in all the doses , 

the induction of mutation for polygenic traits are showing their persistance 

from M to M. , indicating thereby that in the material studied, sufficient 

genetic variability has been induced in comparison to environmental variance 

(parental variance), Earlier workers have also reported induction of genetic 

Teriation in the irradiated material. Such induction of polygenic variation 

through mutation in mjcrosperma lentil have also been reported earlier by 

Abo Hegazi (1973), Shaikh (1975), Tirdea (1978), Sharma and Sharraa (1978,1979), 

R a v i ££. al.,d979), Shaikh et al.,(l979), Sen (1982), Kalia (1982) and 

Sharma and Sharma (1982), In macrosperma lentil, the report on the induction 

of polygenic variation is limited (Tomozei and Tirdea, 1975 and Kalia, 1982). 

Induction of polygenic mutations in other economic crop plants have also been 

reported by numerous workers (Koo, 19^2 in oats; Gaul, 1963 and Eensal,l969 

in barley; Vorma, 1973 in Brassica juncea; Rao and Joshi, 1976 in triticale; 

Raja Ram, 1973, Bhatti ot_ al., 1970 and Mandal, 197^ in gram; Rao, 197^ in 

pigeon pea; Rajput, 197A- and Malik et_ al,, 1979 in mungboan). Segregation 

pattern in M , M and M. generations resulting from heterozygous gene loci 

following mutation in the two pure line varieties studied has further revealed 

the presence of appreciable amount of genetic variability present both 

between lines and within lines for most of the polygenic traits, 
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With respect to variances due to lines, the magnitude appears to be 

changing from generation to generation being, in general, at peak in M^ for 

most of the polygenic traits in both varieties under different radiation 

doses with minor exceptions. However, in some of the traits under certain 

doses, variance due to lines is higher in M, generation. Variance within 

lines, is in general, higher in M in comparison to M and M. generations, 

specifically under medium to higher doses of radiation... Individual within 

line analyses (Table 13 to 20) also further establish the fact that the 

number of lines exhibiting significant within line variance is higher in 

majority of the doses in M as compared to M, in both the varieties. The 

importance of within line variance in M and later generations has also been 
J? 

emphasised earlier in lentil (Ravi et_ al., 1979; Sharaa and Sharma, 1978 ; 

and Kalia, 1982). Presence of sufficient genetic variation within lines in 

later generations is understandable from the fact that polygenes which are 

numerous 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 present material too, the presence of 

considerable amount of induced genetic variation even in M. generation, for 

many of the polygenic traits studied under majority of the doses,specifically 

under higher ones, might be due to high mutation rate of polygenes for the 

traits under study. Presence of such segregation as recorded in the present 

material has also been documented by DumaPovic et_ al.,(l970) in wheat and by 

Hussain and Abdalla (1979) in Vicia,faba. 

Another important point to note in Tables 1 to k, is the presence 

of considerable amount of line x block interaction. In some casos this 
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interaction, under certain doses in both the varieties for different traits, 

happens to be considerably high when compared to within line variances in 

different generations, indicating the importance of genotype x micro-

environment interaction, however, line x block interaction does also contain 

some amount of genetic variability due to heterogenity of M and M, 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 

M and M. generations, ineffectiveness of mutagens is apparently due to high 

amount of genotype x micro-environment interaction, which is normally taken 

as error variance for testing the variance due to linos in the analysis of 

variance. Such conclusions are erroneous, because in such cases, there is 

induction of polygenic mutations but as usual the 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 three variances is 

significant within the limit of sr; pling error then one can safely say that 

induction of polygenic mutations has occured. This point also needs 

consideration while deriving conclusion about the effectiveness and efficiency 

of various doses of a mutagen. 

In order to compare the extent and magnitude of variability over 

traits over generations and doses, estimates of coefficient of variability 

is considered to be the most potential and reliable parameter. 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 the 
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cases C.V, in different generations over different doses i s higher than the 

parental C.V.t in both due to l ines and within l i n e s . The value of C.V. due 

to l ines i s , in general , higher as compared to within l ines in a l l the 

generations for a l l the t r a i t s except for seed yie ld where C.V. due to within 

l ines in general i s higher in both microsperma and macrosperma v a r i e t i e s . 

I t i s worth mentioning that the variances due to within l ines are in general 

higher in M than in M. but C.V. in both M and M. generations i s more or loss 

of equal magnitude at leas t in microsperma. However, in macrosperma within 

l ine C.V, i s s l i g h t l y reduced in M. as compared to H • High estimates of C.V. 

have been observed with respect to seed y ie ld , biological y ie ld , harvest index, 

number of pods and number of primary branches in a l l the generations over 

different doses. For 100-seed weight and plant height , the estimates of C.V. 

are moderate but low for days to maturi ty. Over doses, coefficient of variat ion 

reveals that in microsperma the estimates increase from 5 to l5kR but get 

r0 'duccd under high dose of 20kR, whereas, in rnacrosperma^C.V. i s maximum under 

5kR and s t a r t s showing progressive decline with increasing radia t ion doses. 

This confirms the d i f f e ren t i a l radiosensi t iveness of microsperma and . 

macrosperma types in l e n t i l (Sinha and Godward, 1972 and Kalia, 1982). High 

C.V. following mutation, has also •.•-•en reported in l e n t i l by Abo-Hegazi (1973), 

Nandan and Pandya (1980), Sharaa and Sharraa (1982) and Kalia (1982). In the 

present mater ia l , the seed yield under 5kR in microsperma has the highest C.V. 

due to l ines which i s more than four times of parental C.V. whereas, the 

lowest C.V. has been with respect to days to maturi ty. 

Another important parameter of v a r i a b i l i t y which needs consideration 

for the induced polygenic var ia t ion i s the h e r i t a b i l i t y which i s estimated 

as r a t i o between genetic variance and t o t a l phenotypic variance observed in a 
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particular population. In any crop improvement programme may bo through 

hybridisation or mutation, response to selection xirould depend upon the 

magnitude of heritability i.e. on the magnitude of genetic variance generated 

or induced, besides, other factors.. In the present study, estimates of 

heritability due to lines ignoring genotype x micro-environment interaction 

(line x block interaction) and due to within lines (Tables9 to 12) are 

considerably higher as compared to heritability due to linos .eleninating line 

x block interaction for most of the traits under different radiation doses 

in M , M and M, generations. In lentil moderate to high heritability 

estimates in M, has also been reported earlier by Chowdhry et al. ,0998)* 

Ravi et_ al.,(l979)t Haddad,(l98o), Nandan and Pandya (1980) and Kalia 0932). 

High heritability estimates following mutation has also been observed in 

various other crop species by Rawlings et_ al. ,(1958), Papa et_ aL.,(l96l) and 

Williams and Hanway (1961) in soybean, Krull and Frey (1961) and Koo (1962) in 

oats, Gill £t ,al.,(197*0 in barley; Sarma (1975) in peanut, Borojevic O965), 

Goud (1967) and Ibrahim and Sharaan (197*0 in wheat and Jana and Roy (1973) in 

rice. It is worth noting that elimination of genotype x micro-environment 

interaction has considerably reduced the heritability estimates due to lines 

and the extent of reduction has be 1 to the tune of 75 per cent. In case of 

days to maturity under 5kR dose in M^ generation with respect to microsperma. 

it is reduced from 91 por cent to k per cent. Heritability, due to lines 

eliminating genotype x micro-environment interaction has remained more or 

less constant over generations with the exceptions of seed yield under 5kR 

dose of radiation, whereas, in uicrosperma variety heritability estimates have 

reduced in M, and M, as compared to M . In macrosperma those estimates are 

higher in M as compared to M and M. # In general, the heritability estimates 
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are higher under lower dosee as compared to higher ones, P̂resent findings 

reveal that the presence of genotype x micro-environment interaction leads 

to over-estimation of horitability in induced polygenic variation* Therefore, 

it is suggested that while evaluating the induced polygenic variation* 

presence of genotype x micro-environment interaction must be considered, as 

it is well established that presence of this interaction cruates hindrance 

in realising the expected gain through selection in a population (Spraguo, 

1966), High heritability estimates in M and M, generations within lines also 

indicate that selection would bo more effective in later generations, as late 

as in M, for seed yield and other yield contributing traits. 

Another important parameter to detect the induction of new variation 

caused by mutagenic agents is the shift in mean of the irradiated population 

in relation to parental control* The mean' values for polygenic traits in 

irradiated population are in most cases lower than the unirradiated material 

indicating negative shift in moan (Scossiroli, 1965; Gregory, 1965 and Gaul, 

1965)» This effect of radiation on mean has been attributed to deleterious 

nutations which are supposed to occur in higher frequency than the favourable 

ones. In the present material* the shift in mean appears to be variety-trait-

generation-dose specific (Tables 2.1 and 22). In microsporia, under 5 and 10kR 

doses the shift in moan in M and M generations as compared to parent is 

mostly positive or neutral and in M. generation, all trends, negative, 

neutral and positive shifts have been observed for different traits, however, 

for seed yield and number of pods, it is neutral, but for days to maturity, 

shift is towards lateness. Such a positive, neutral shift in mean under low 

doses has also been documented in M generation by Kalia (1982)* Under 

higher doses in microsperma, the shift in mean is negative for most of the 
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t r a i t s in different generations as has been e a r l i e r observed by various workers 

(Scoss i ro l i , 1965; Sinha and Godward, 1972; Sharma and Sharma, 19?8; Tirdea 

1978; and Kalia, 1982). The trend in shi f t in mean with respect to 

macrosperma i s somewhat different from that in microsperma. In t h i s case 

for important t r a i t s l ike seed yie ld , the posi t ive sh i f t in mean has boen 

observed in M_ and M, generations and neut ra l in M under 5 kR dose and 

posi t ive shi f t in M and M, and neutra l in M under 10kR. Under higher doses 

as observed in microsperma, the shi f t i s negative for most of the t r a i t s in 

macrosperma. The important t r a i t under consideration in macrosperma has also 

been ear ly maturity and for t h i s the desired shi f t in mean has been noticed 

under 10kR in a l l the three generations and under 15 and 20kfi dose in M. 

generation only. For 100-seed weight, consistent pos i t ive shi f t in mean over 

generations has been recorded under 10 and 20kR doses, -whereas, under 5 and. 

l5kR doses, the shi f t i n mean has been towards negative s i d e . In general, for 

majority of the t r a i t s in most of the generations under different doses, the 

shi f t i s towards negative s i d e . These r e s u l t s on the sh i f t in mean are not 

following exactly the Brock's hypothesis and the present study reveals that 

such shi f t in mean of i r r ad ia t ed population are generally unpredictable and 

are dependent upon specif ic genotypic-trai t-dose-generat ion combination. 

Shift in mean has also been reported to be genotypic- t ra i t specif ic by Froy 

(1968) in oats and Kalia (1982) in l e n t i l . A disharmonious and deleterious 

effect of higher doses of gamma rays for ceed yield has also been reported by 

0 k a 21 £i«»(l958), Rawlings et_ a l . , d 9 5 8 ) and Kao ot a l . , 0 9 6 o ) . Aastveit 

(1966) also concluded that Brock's hypothesis can not be universal ly 

val id and the direct ion of micro-mutational v a r i a b i l i t y i s independent of 

genotype, but associated with v i t a l i t y . 
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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 M and M, generations in both varieties studied under different 

doses (Tables 13 to 20). It is interesting to note that irrespective of past 

selection history of tmits under consideration in both varieties, the shift 

in line mean in both M_ and M. generation for all the traits "studied in both 

the varieties is either unidirectional or there is no shift in mean from 

parental variety. Bateman (1959) has also stated that in a population 

mutations can occur in one direction only as has been the case in the present 

study. Even on the basis of line mean analysis . the present findings do not 

follow the Brock's hypothesis. Wherever there has been a shift, it has been 

mainly towards positive side. Therefore, according to present results, past 

history of selection 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 

efficiency of dose are distinct phenomenon. While effectiveness of all the 

doses have been observed in both the varieties for most of the traits studied, 

it will be desirable to identify the most efficient one by looking at 

relationship of various doses with different parameters of variability like, 

shift in moan, coefficient of variability and heritability. As discussed 

earlier, the shift in mean is dose-trait-variety specific and lower doses 

appear to be more efficient for most of the yield traits. In microsporia 

also on the basis of line mean analysis in M and H. generations excelling 

their parental control are higher under 5 and 10kR for seed yield,biological 

yield, pods per plant, branches per plant and tallness, however, for 100-sced 

weight, l5kE dose appears to be the most efficient for having unidirectional 
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posi t ive s h i f t . Beyond 10kR, except for 100-seed weight, there i s not much 

shi f t in mean for majority of the l ines studied in M, and M. generations. In 

macrosperma for seed yield, biological y ie ld , branches and height, 5kR appears 

to be the r.;ost eff ic ient dose, for ;00-seed weight, 10kR appears to be the 

most e f f i c ien t , and for days to maturity, l5kR appears to be the good one. 

In general , on the basis of both population and individual mean, i t can be 

safely concluded that in nicrosperma 5 and 10kR doses and in macrosperma 5&R 

or below \i?ould be more ef f ic ient for seed yield and some of i t s components, 

whereas, for 100-seed weight, 15kR in microsporma and 10kR in nacrosperma 

and for days to maturity, 10 and l5kR doses in nacrosperma would be most 

ef f ic ient for inducing desirable mutations. On the basis of M,,Kalia (1982) 

has also reported lower doses to be the most eff ic ient for yield and yield 

components in l e n t i l . Negative shi f t in mean at popu?_ation level in 

i r r ad ia t ed material in corrparison tu control at higher doses as recorded in 

present material has also been documented ea r l i e r (Scoss i ro l i , 1965; Sinha and 

Godward, 1972? Sharma and Sharraa, 1978; Tirdea, 1978; and Kalia, 1982). 

Looking at the re la t ionship of various doses with phenotypic 

coefficient of v a r i a b i l i t y , i t appears that C,V. due to l ines in some 

instances appears to bo l i nea r ly re la ted with the radia t ion doses 

administered, but in o thers , i t i s lacking as reported e a r l i e r (Scoss i rol i , 

1965)« Only the intermediate doses have induced maximum increase in variat ion 

and there i s a strong decline with increasing doses. The lack of l i n e a r i t y 

may be due to elimination of non-reproductive mutants in ea r l i e r generations 

as actual ly pract ised in the present mate r ia l . The increase in var iat ion 

upto 15kR has been with respect to M generation, however in M and M. 

generations, there i s a s l igh t reduction 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 between lines and for days to maturity, 

higher doses i.e. 15 and 20kR appear to be better. Within line*coefficient 

of variance in M and M. generations further indicates that for seed yield 

vdthin lines genetic variance under different radiation doses remains more or 

less same in both the varieties. However, on the basis of the highest 

coefficient of variance due to vdthin lines in M, and M. generations, 10kR 

dose of gamma radiation appears to be the best for both the varieties. -It 

is worth mentioning that though in most of the traita, under low doses shift 

in mean, has been unidirectional, still high amount of induced genetic 

variation has been documented in the present study. 

Relationship of hcritability estimates with different doses of 

radiation indicates that heritability due to lines eliminating genotype x 

micro-environmental interaction, in general, decreases vdth increasing dose 

of radiation in microsperma, whereas, in macrosporma it increases vdth 

increasing dose, being highest under 20kR. With respect to heritability 

vdthin lines, it is highest at lowur doses and negligible at higher doses 

with respect to microsperma variety, whereas, idth respect to macrosperma 

variety, the situation is reverse specifically for seed yield. It appears 

that at higher doses, there has been random mutation specifically in 

microsperma type leading to little shift in moan but such random mutations 

normally leads to high magnitude of variation as has been mentioned by 

Brock (1965). 
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On the basis of shift in mean, estimates of coefficient of 

variance, heritability, pattern of variation and segregation within and 

between lines, it is emerging out that present results confirm the earlier 

views that macrosperma is more radio-sensitive than microsporma* On the 

basis of desirable mutant lines in M and M, generations, it also appears 

that number of lines thrown under 5 and 10kR doses are much higher for 

microsperma as compared to nacrosperma for seed yield. This further confirms 

difference in radiosensitivity of the two varieties under study. Sinha and 

Godward (1972) and Kalia (1982) have also reported that variety macrosperma 

is more radio-sensitive than microsperma, 

Anothor most important aspect of the present investigation is to 

know the genetic architecture 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 

breeding 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 breeder with respect to induced variation. Meaningful genetic analysis 

of polygenic traits can be said to have been initiated with the work of 

(Fisher, 1918), when he showed that continously varying traits are also 

governed by genes which obey Meandelian laws and suggested partitioning the 

hereditary variance into additive, dominance and epistatic components. After 

this, there has been a prolific development in biomotrical genetical models 

for partitioning the genetic variability generated 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 been neglected. like created variation through hybridisation, genetic 

architecture of induced variation is of paramount importance in deciding 

appropriate breeding methodology to achieve the desired breeding goal. 

Recently, there has been some developments in genetic analysis of induced 

polygenic variation by deriving some bionetrical genetical expectations of 

different generations of irradiated material by treating M as F and M as 

F and so on. Kao et_ al.,(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 subjected to mutagenesis. Aastveit 

and Gaul (196?) suggested the use of genetic variances and covariances of li , 

M and M. populations by growing them simultaneously in tho same year to 

avoid biasness due to genotype x environment interaction for partitioning the 

induced variation into genetic components. Noticing the inconvenience of 

growing three generations in one year, Virk et_ al., (1978) proposed another 

method which requires single generation of a population with an hierarchical 

pedigree system by considering each M plant as F and M as F . They used 

Mather and Jinks (1971) approach. Though this approach appears tc be a novel 

one, specificially for detection of non-allelic interaction in induced 

variation, however, due to its few shortcomings as being not applicable before 

the M^ generation, not providing the estimate of multiplieating component of 

additive-dominance gene affect and leading to genetic drift because of 

hierarchical pedigree structure, Yonezawa (1979) proposed another method 

for predicting the additive and dominance components of induced variation 
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which are pract icable upto M_, generations since M i s regarded as being the 

best generation to s t a r t se lect ion for breeding. Present study also 

indicates that M, i s the best stage for s t a r t i n g select ion both within and 

between l i n e s , however, se lect ion in M. generation between l ines for most 

of the t r a i t s and within l ine for few t r a i t s i s also equally effective* 

Virk and. Gupta (198O) also suggested a simple equation to t e s t the adequacy 

of additive-dominance model by using M , M and M population mean but t h i s 

equation appears to bo incorrect as per Mather and Jinks (1971) expectations, 

however, in the present study, the equation has been modified by correcting 

the same as per Mather and Jinks (1971)« In the present study, the novel 

approach of Yonezawa (1979) for pa r t i t ion ing the induced variat ion into 

genetic Components and the modified equation of Guptalvandj^irk) (1980) for 

t e s t i ng the adequacy of additive-dominance model for detecting the presence 

of non-a l le l ic in te rac t ion in induced polygenic var ia t ion under different 

radia t ion doses in both microspcrraa and macrosperma v a r i e t i e s have been made 

use of. 

Scaling t e s t reveals that for seed yield under a l l doses of 

tnicrosperma and under 5 and 10kR doses in macrosperma, there i s a inadequacy 

of additive-dominance model indicc';:'.ng, thereby the presence of non-al lc l ic 

in terac t ion in radia t ion generated v a r i a b i l i t y . With respect to nicrospcraa 

non-a l le l ic in te rac t ion has been detected under 10 and 20kK for biological 

y ie ld , under 5» 10 and 15kR for harvest index, and number of primary branches, 

under 20kR for number of pods, under 10,15 and 20kR for plant height, and 

under a l l the doses for hundred seed weight and days to maturity. With 

respect to macrosperma, presence of non-a l le l ic in te rac t ion has been noticed 

under a l l the doses for biological yield and plant height , under 10,15 and 20kH 
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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 maturi ty. I t i s 

further in t e res t ing to note that i t i s only under 5 and 10kR,where non-al le l ic 

in te rac t ion has been noticed for seed y ie ld , tha t high yielding mutants 

excell ing parents have been noticed in both the v a r i e t i e s indicat ing 

thereby, non-a l le l i c in te rac t ion of addit ive x additive nature,because only 

such in te rac t ions are fixable in advanced generations and can lead to 

t ransgressive segregants in M and M, generations following mutagenesis of 

a pure l ine va r i e ty . Other t r a i t s where addit ive x additive type of 

in te rac t ion appears to be present , are biological yield under 10kR, hundred 

seed weight under a l l doses, number of primary branches under 5 and 10kR, 

plant height under lOfcR in microsporia, whereas, in macrosperma i t i s 

exis t ing for biological y ie ld under 10kR, harvest index under 15kR» hundred 

seed weight under 10 and 20kR, plant height under 5 and 10kR and for days to 

maturity under 15kR, as indicated by the presence of t ransgressive segregants 

in M and M, generations (Table 29) • Presence of such non-a l le l ic interact ion 
y f i r s t 

for induced polygenic var ia t ion in l e n t i l i s being reported for the/ t ime. Such 

s tudies on non-a l le l ic in te rac t ion with respect to induced polygenic variat ion 

in other crops too , i s as good as ; i l . 

Presence of non-a l le l ic in te rac t ion in quant i ta t ive t r a i t s as a 

major portion of t o t a l genetic variance has boon confirmed by Cockerham (1959)* 

Ketata e_t a l . , (1976) have reported in wheat that gc-notic. models 

neglecting epistartis may r e s u l t in biased information. Non-allelic 

in te rac t ion of additive x addit ive type has also been documented recent ly in 

l e n t i l by Haddad et_aL.,( l982) for several polygenic t r a i t s following d i a l l e l 

technique. Presence of non-a l le l i c in te rac t ion following hybridisation have 
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Table29. Estimates of the mutant progenies under different doses and generations in 
both micros-perma and raacros^rjna v a r i e t i e s of l e n t i l ^ surpassing s ignif icant ly 
the control in desirable direct ion for different polygenic t r a i t s „ 

C h a r a c t e r s / 
genera t ion 

Seed y i e l d 
(g) 

B io log ica l 
y i e l d (g) 

Harvest 
index {%) 

Number of 
pods 

100-seed 
weight(g) 

Number of 
primary 
branches 

P lan t 
he ight (cm) 

Days to 
n a t u r i t y 

K3 

M3 

\ 

M3 

M3 

N3 

H3 

51cR 

1 

0 

5 

7 

0 

0 

15 

h 

8 

h 

3 

0 

o 

0 

0 

0 

10kl 

19 

2 

12 

0 

1 

0 

3 

1 

3 

0 

3 

0 

8 

0 

0 

0 

microsperma 
I l5kR 

0 

0 

0 

0 

0 

0 

0 

0 

19 

ko 

0 

0 

1 

0 

0 

0 

20kE 

0 

0 

0 

0 

0 

0 

1 

1 

0 

5 

2 

6 

0 

0 

0 

0 

.. . 5kB _.. 

3 

9 

7 

6 

0 

0 

0 

3 

0 

0 

0 

8 

0 

6 

0 

0 

macro 
10kR 

1 

0 

2 

0 

0 

6 

9 

6 

2 

1 

6 

1 

2 

0 

0 

sperma 
._..15.KR 

0 

1 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

20kR 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 
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been found to be a non-trivial factor in the inheritance of agronomically 

important traits in various crops by Bauman (1959), Gorsline O961), 

Sprague et_ al.,(1962) and Stuber and Moll O969) in corn, by Hanson and Weber 

(1961) in soybean, by Burton (1968) in pearl millet, and Yermanos and Allard 

(1961) in flax. However, such information with respect to induced polygenic 

variation has not been taken up in any crop so far. 

Component analysis (Tables 2.k and 25) reveals that mutagenically 

induced additive effects are present for number of pods, hundred seed weight 

and days to maturity under 5 1̂ » for seed yield, biological yield 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 height and days to 

maturity under 20kR in microsperma variety of lentil. It is interesting to 

note (Table 2*0 that at 15 kR dose the induction of additive effects is 

universal for all the traits studied, whereas, at lower or higher doses it is 

trait specific. Moreover, at 15kR dose, most of the estimated induced 

additive effects are positive. Under 5kR for hundred seed weight and days to 

maturity, under 10 kR for seed yield, biological yield and days to maturity, 

and under 15 find 20kR for hundred seed weight, the negative induced additive 

effects indicate that the net direction of polygenic mutation is from 

increasing alleles to decreasing alleles. The positive additive effects,under 

5kR dose for number of pods, under 15kR for all the traits except harvest 

index, and days to maturity, and under 20kR for plant height and days to 

maturity, indicate that the not direction of induced mutation is from 

decreasing allele to increasing allele as per Virk e_t al.,(l978). This 

establishes that either the decreasing alleles have a high mutation rate or 

the parents contain more of increasing than decreasing alleles for the traits 
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exhibiting positive additive effects. It is interesting to note that 

induced positive dominance effects are present for all the traits except days 

to maturity under low doses of 5kR, for harvest index, number of pods and 

plant height under 10kR, for plant height under 15k1* , and for number of pods, 

number of primary branches and plant height under 20kK, indicating, thereby, 

that more increasing alleles are dominant than decreasing alleles. Negative 

induced dominant effects are present for biological yield under 10kR, for 

seed yield, harvest index, number of pods and hundred seed weight under l5kR 

and for biological yield a;id hundred seed weight under 20kR, indicating that 

more decreasing alleles are dominant than increasing allales, 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 positive additive effects have been induced. Induction of 

mutation for induced additive effect is universal for all traits under 15kR 

and for dominance under 5kR in microsperma. Therefore, in microsperma, 5kR 

for induction of dominance and l5kR for induction of additive effects are most 

efficient doses for all polygenic traits except days to maturity. Average 

degree of dominance, wherever both additive and dominance effects are 

significant, reveals overdominance for number of pods under 5kR and complete 

dominance is present for hundred seed weight under 5kR, biological yield 

under 10kR, number of pods, hundred seed weight, plant height and seed yield 

under l5kR, and hundred seed weight and plant height under 20kR, The genetic 

components estimated on the basis of second degree statistics for 

microsperma (Table 26) variety indicate that for number of pods under 5kR 

additive and dominant variances are significant and average degree of 

dominance is over-dominance. This finding is exactly in line with the one 
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based on first degree statistics for this trait under similar radiation dose. 

Plant height under 20kR dose in micros-perma exhibiis both additive and 

dominance variances to be significant with complete dominance and those 

estimates are again exactly similar to the one based on first degree 

statistics (Table 2k). 

^-n nacrospcrma, the net direction is mutation of decreasing alleles 

to increasing alleles with respect to seed yield under 5 and 10kR, biological 

yield under 10 and 15kR, number of pods and hundred seed weight under 5 and 

15kR, number of primary barnches under l5kR» plant height under all doses 

and days to maturity under 10kR, whereas, net direction is mutation of 

increasing alleles to decreasing alleles with respect to biological yield 

under ?kR, harvest index under 10,15 and 20kR, hundred seed weight under 10kR, 

number of primary branches under 5̂ R and days to maturity under 5 and 15kB 

doses. Estimates of induced dominance effects indicate that net direction 

of dominance is that increasing alleles are dominant to decreasing alleles 

in case of seed yield, biological yield and days to maturity under 10kR, 

number of pods under 5kRt hundred seed weight under l5kR and for plant 

height under all doses, whereas, in case of seed yield under 5kR» harvest 

index under 5» 10 and 15&R, number of pods under 20kR, number of primary 

branches under 5 and l5kR, and days to maturity under 15kR, more decreasing 

alleles arc dominant th.an increasing alleles. In this variety,no specific 

trend is emerging out with respect to genetic components and radiation doses 

as has been observed in microspcrma. However, for seed yield, 5 and 10kR 

are the most efficient doses for induction of additive and dominance effect. 

Complete dominance has been observed for seed yield under 5 and 10kR, for 

biological yield under 10kR, for harvest index under 10 and 15kR, for number 

http://th.an
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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 variance 

is significant in positive direction indicating that increasing alleles are 

dominant over decreasing allolea. 

The estimates of 'Tp/r ' ratio and 'r ' values measuring the 

isodirectionality of dominance and degree of gene association indicate that in 

microsperma under 5kR for number of pods, about half of the parental genes have 

increasing effect compared to mutant genes, dominance being positively 

directed for most of the genes concerned and all the parental alleles arc 

dominant to mutated ones. For plant height, under 20kR dose in microsperma, 

the parental genes are lacking dominance as compared to mutant genes, 

Parental genes lack dominance in comparison to mutant genes for 100-seed 

weight under 20kR dose in macrosperma variety of lentil. Average degree of 

dominance on the basis of second degree statistics is over dominance for 

number of pods under 5 kR in microsperma and 100 seed weight under 20kR in 

macrospcrma, whereas, complete dominance is present for plant height under 

20kR in microspcrna, 

Following mutagenesis, reports available on the investigation of 

gene action for polygenic traits in any crop including lentil arc as good as 

nil. However, there are some reports regarding the gene action of various 

traits in lentil estimated through hybridisation studies, Singh and Jain 

(1971) have observed heterosis for number of broaches, number of pods arid 

seed yield indicating non-additive genetic variance for those traits, 
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Malhotra „q£ ill.«(1973) have shown GCA effects to be important for maturity, 

sued yield, number of pods and plant height and have reported partial 

dominance for days to maturity and complete dominance for plant height as 

observed in the present study. Singh <rb £l»t(l975) have observed dominance 

for seed yield and number of pods. Goyal je_t .al.,(1976 and 1977) have 

observed significant GCA and SCA effects for seed yield, number of primary 

branches and seed size. Haddad e£ al. d982)have obtained additive genetic 

variance for days to maturity in one cross and dominance variance for seed 

weight, plant height and days to maturity in another cross. 

On the basis of above information obtained on the genetic 

architecture of induced polygenic variations, it is very difficult to recommend 

a suitable breeding 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 variety to variety. Differences in genetic 

variances from treatment to treatment, generation to generation for different 

traits are not unusual stated by Brim and Cockerham (i960), different 

populations and different traits need not to exhibit the same type of gene 

action. 

In lentil breeding as with other crops, knowledge of the additive 

component is important because it assists in defining appropriate breeding 

method. With a significant additive component, all methods of breeding and 

selection are appropriate and should be effective. For traits, where 

dominance variance is equally important, improvement vail require the proper 

combination of mass, family and progeny test selection (Cockerham, 1961). 

In the present study with respect to important traits like seed yield, it 

appears on the basis of genetic component analysis under 10kE dose that 

pedigree method following mutagenesis in M generation would be profitable. 
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Under l5kR dose, probably modified 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 

microsperma variety. In macrospertru., 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 breeding or family selection method may be used, 

Recently, Saini (1983) while comparing different breeding methods in soybean 

has shown that stratified 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 done easily on the basis of seed 

size, maturity, plant type, seed colour etc. etc. For handling the irradiated 

material following mutagenesis, single seed descent method as proposed by 

Goulden (1939) and modified by Grafius (1965) and Brim (1966) and also further 

advocated by Haddad (1980) and Muehlbauer et_ al. ,(1981) in lentil, would also bo 

an efficient mean of advancing irradiated population without selection while 

preserving genetic variance for selection at later stages. Single seed 

descent method has been shown to be an efficient cost saving procedure for 

advancing lentil population by Haddad (198®)» A high amount of within line 

variance present both in M and M, generations (Table 29) besides significant 

variance due to lines in the present study further goes in favour of adopting 

single seed descent method in mutation breeding programme too, as it has been 

shown by Haddad (19^0) and Muehlbauer et_ al., O981), that the breakdown of 

additive genetic variance is different between single seed descent method and 

pedigree method. In the single seed descend'method all the additive genetic 
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variance is in between linos while in bulk population method tho additive 

genetic variance is a combination of between lines and within lines variance, 

The substantial amount of within lines variance component in the bulk 

population breeding, indicate the presence of closely related plants and 

therefore reducing the potential for selection and increasing probability 

of selecting closely related genotypes. It nay bo mentioned that in the 

present study each line in M and Mi generation v/hich are showing high amount 

of within line variance, has descended from individual normal looking M plants 

following bulk method without making selection at any generation. So, 

therefore, in lentil mutation breeding programme, stratified single seed 

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 action 

are present for the trait under genetic improvement, 

Under the situation where dominance or non-allelic interaction or 

both are present as it is the case under 5kR for seed yield, the best Tirould be 

to launch an hybrid breeding programme, but due to floral morphology of lentil 

and non-availability of male sterility mechanisms for efficient and 

economically viable hybrid breeding programme, it would be advisable to defer 

the selection co that natural selection plays its part and through evolution, 

non-additive gene effects gets converted into fixable effects as suggested by 

Fasoulas (1980), whereby, ho has emphasised that role of various 

roccmbinational mechanisms following hybridisation/mutation, is not to merely 

reshuffle tho genes into random recombinations, but to reorganise the structure 

of genetic material and change its function, and that all hoterotic effects 

are constantly converted through recombination into additive and fixable effects 
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and vice versa. This happens because the genetic material carries built-in-

forces for adaptive and progressive conversions reflected in the extra­

ordinary properties of self organisation, self regulation and self replication. 

Recent findings of Schimke (198O) and Chambon (1981) in biochemical genetics 

of higher organisms concerning the phenomenon of gene amplification and of 

split genes coroborate this theory on the evolution of gene action. 

Prediction about the potentiality of irradiated material following 

mutagenesis under a particular dose for throwing lines excelling its parental 

unirradiated material is another most important area in dealing with polygenic 

traits like seed yield, seed size etc, in mutation breeding programme. Such 

predictions related to crosses following hybridization between two diverse 

parents for their potentiality in throwing transgressive segrogants have 

been made recently by Jinks and Pooni(l9?6) on the basis of additive genetic 

component and differences between parental and hybrid or mutated line mean, 

Effectiveness of such predictions as suggested by these workers dejpends 

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 because of 

non-availability of efficient biometrical genetic models for estimating 

various genetic components precisely. In the present study by using 

sophisticated biometrical genetic models, genetic components of induced 

polygenic variation have been estimated and by using the approach of 

and Poovii 

Jinks^(l976), 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 be interesting to 



143 

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 nacrjpsperma and macrosperma varieties of 

Charac t e r s / 
g e n e r a t i o n 

Seed y i e l d 
(g) 

B io log i ca l 
y i e l d (g) 

Harvest 
index (%) 

Number of 

pods 

s\ f\f\ .— —. — J 

100-seed 
weight(g) 

Number of 

pr imary 
branches 

l e n t i l i n M and M. . 

i 

M3 

\ 

M3 

M4 

M3 

M4 

M3 

M4 

M_ 
3 

M4 Hr 

H 3 

M* 

microsperma(H 
5kR 10kR 

-

• " 

_ 

-

_ 

22 .33 
(15) 
3 .83 

28.55 
(4) 
25.01 

32.31 
(8) 
0 .27 

26.11 
(4) 

29.28 

-

«-

3.61 
(19) 
1.67 

12.74 
(2) 

12.42 

7.52 
(12) 
3.69 

12.31 
(0) 

11.61 

-

.. 

« M 

mm 

am 

«. 

-

_ 

PL-53. _. 
l5kR 

3.84 
(0) 
0 .08 
4 . 9 
(0) 
0 .04 

6.41 
(e) 
0.75 

11.51 
(0) 
1.57 

-

_ 

3-72 
(0) 
0 .31 
7.30 
(0) 
0 .78 

2 .85 
(19) 
1.32 
7.89 
(4o) 
4.70 

2.46 
(0) 
0 .50 

10.19 
(0) 
4 .90 

20kR 

-

— 

_ 

-

mm 

_ 

3 .33 
(0) 
2 .66 
7.10 
(5) 
O.60 

-

_ 

mac 
5kR 

5.98 
(3) 
2.04 

16.57 
(9) 

11.78 

4 .27 
(7) 
0 .87 

12.24 
(6) 
4 .94 

-

«v 

6.36 
(0) 
2 .72 

18.70 
(3) 

17.48 

2.06 
(0) 
0 .61 
3.64 
(0) 
1.86 

6.88 
(0) 
5 .27 

13.^9 
(8) 
8.74 

;rosperma 
10kE 

8.71 
(1) 
8.10 
9 .83 
(1) 
4 .94 

6 .53 
(0) 
5.40 

12.69 
(2) 

12.48 
8 .93 
(0) 
8.64 

10.11 
(0) 
2.60 

-

3.40 
(6) 
1.09 

10.63 
(2) 
8.84 

-

_ 

(HPI>-4) 

1 ^ 

— 

1.15 
(0) 
(3.38 
6.62 
(0) 
3.96 
1.45 
(3) 
0 .72 
7.57 
(h) 
5.50 

-

1.39 
(0) 
0.60 
7.81 
(0) 
5.50 

1.07 
(0) 
0.01 
3=23 
(0) 
0 .02 

Contd. 

20kR 

-

•• 

-

1.01 
(0) 
0.11 
0.57 
(In 3 
0.01 

-

_ 

-

-

• O 



Characters 
genera t ion 

P lan t 
he ight 
(cm) 

Days t o 
ma tu r i ty 

L 

M3 

M4 

M3 

H4 

..5.kE. 

10.95 
(0) 
1.96 

38 .43 
(0) 
0.18 
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Table 

microsperma(HPL-5) 
10kR 

-

15.31 
(0) 
1.23 

8.99 
(0) 
3.51 

__L2*„.. 

8.73 
(1) 
4 .48 

15.63 
(0) 
8 .33 

-

-

30 Contd. 

20kR 

0 .47 
(0) 
0 .46 

2.62 
(0) 
2.60 

2.91 
(0) 
1.96 

6.52 
(0) 
2.40 

.5kR .... 

8.02 
(0) 
7.14 

9.04 
(6) 
1.33 

3.69 
(0) 
3 .23 

8 .93 
(0) 
7.98 

macrosperma(HPL-4) 
10kE 

7.29 
(1) 
5.58 

7 .83 
(2) 
4 .16 

2 .93 
(0) 
0 .81 

5 .04 
(0) 
1.82 

1^kl? 

1.25 
(0) 
0 .96 

9.68 
(0) 
9.24 

1.79 
(0) 

0.54 

8.64 
(0) 
5.28 

20kr 

1.75 
(0) 
1.35 

2.41 
(0) 
1.75 

-

-

Note: The values in parenthesis indicate actual number of mutant lines obtained. 
The values above and below parenthesis indicate expected 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 JO that the prediction is 

holding true for somo of the traits under certain doses which indicates that 

there is certain co-linearity between predicated and expected values. For a 

plant breeder, seed 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 mncrosperma varieties of lentil. It is 

further interesting to note that this prediction is holding true where 

rdditive component is important and there is absence of non-allelic interaction 

as indicated by scaling test. However, this prediction is not universally 

fitting under all the doses for all the traits and therefore this aspect of 

prediction in mutation breeding programme, warrants further in-depth studies 

by utilising these biometrical genetic models i;hich 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 breeder is also generally 

posed with a question regarding the appropriate stage to start selection for 

efficient genetic gains. This aspect in mutation breeding has also rocieved 

very little attention by workers engaged with polygenic mutations. However, 

Scossiroli (1965) has reported that both M_ and M_ generations are good for 
d. 5 

effective selections, whereas, Palenzona (1966) and Yoneaawa (1979) have 

suggested M, to be the best generation to start selection in mutation breeding. 

The study by Sharma (1977) reveals that the stage at which selection is to be 

made varies from trait to trait. In the present study, it is apparent that 

besides high amount of induced variance due to lines, there is a sufficiently 

equally high magnitude of variance due to within linos for seed yield and 

other traits in M, generation, whereas, in M. generation, though some amount of 



within line variance is present but variance due to lines is cooperatively 

more in microsperraa (Table 1 to 4). However, in nacrosperma, the situation 

appears to be little different. Individual line analysis (Table 31) further 

reveals that in microsporia specifically under low dose, the number of linos 

exhibiting significant within line variance for seed yield and its components 

are higher in M_. generation as compared to Mit and in nacrosporma under 5 KR 

doso, thu frequency o*f lines exhibiting significant within linos variance are 

higher in M generation but such lines under 10 and 15 KR arc nore in M. 

generation. 

In general, the coefficient of variation and heritability 

estinstcs duo to within lines in M, generation are comparatively higher as 
j 

compared to due to lines in M, generation, whereas, these genetic parameters 

are having higher magnitude due to lines in M. generation with some exceptions, 

On the basis of all these informations, it is self-evident that in lentil 

nutation breeding programne, M_ generation would bo most appropriate stage for 

starting selection both between and within lines and in M, generation, one can 

upto some extent restrict the selection between lines depending upon trait 

under inproveraent. However, under 'r'.̂ her doses, it would bo appropriate to 

start selection both within and between lines in Mr generation and this holds 

more true in nacros-ijcrmq variety of lentil. Prediction studios based on the 

additive component have also further revealed that the selection between lines 

in M^ generation would be more effective as the prediction approach for 

identifying the potential mutant lines is holding mere true in M. generation 

than in M_. Therefore, present findings are in favour of starting effective 

selection, both within and between lines in M, and between lines in M. and 

supports the earlier views of Palenzona (1966), Dunanovic et al., (1970), 
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Table 31 . Number of l ines exhibi t ing s ignif icant within l ine variance for different 
polygenic t r a i t s under different radia t ion doses in M, and M̂  generations 
for micros-perma and macrosperma v a r i e t i e s of l e n t i l 

Characters ; 
genera t ion 

Seed Yield 
(g) 

B io log i ca l 
Yield(g) 

Harvest 
index (%) 

Number of 
pods 

100-seed 
weight(g) 

Number of 
primary 
branches 

P lan t 
height(cm) 

Days t o 
ma tu r i ty 

M3 

\ 

M3 

\ 

M3 
l \ 

M3 

\ 

M3 

\ 

M3 

\ 

70 

22 

5 

6 

8 

0 

85 

57 

0 

0 

10 

2 

7 

2 

14 

7 

Microsperma 
'10kR "' 

39 

11 

32 

2 

3 

0 

3* 

7 

2 

1 

2 

0 

27 

q 

2 

0 

2 

3 

4 

8 

13 

9 

5 

5 

5 

2 

23 

19 

3 

0 

6 

9 

0 

0 

7 

20 

1 

3 

2 

0 

1 

0 

6 

19 

0 

0 

1 

0 

5 

2 

2 

2 

0 

0 

6 

9 

17 

36 

17 

35 

15 

26 

8 

16 

lOkH 

9 

10 

11 

3 

4 

1 

4 

5 

l*f 

10 

18 

2h 

15 

14 

2 

1 

Macrosperma 

iik. .. 
1 

if 

2 

if 

0 

if 

0 

1 

0 

0 

2 

2 

5 

10 

3 

12 

2M3f 
3 

0 

3 

0 

2 

if 

0 

0 

3 

3 

0 

0 

3 

5 

1 

2 
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Hussain and Abdalla (1979), and Yonezawa (1979). 

Though 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 each radiation dose for both the 

varitios with respect to different traits studied are given in Table 29« It cai 

be seed that in cicr^sporna, such desirable mutants are available for seed yield, 

biological yield, number of pods, 100 seed weight, nunber of primary branches and 

plant height under different doses. For seed yield, the frequency of desired 

mutants is more under 10 kR dose, whereas, for 100 seed weight, it is mere undo:" 

15 kR in microsperma. In macrosperma, for seed yield and other desired traits 

like number of pods, number of primary branches, plant height and biological 

yield, such desirable mutants are more under 5 kRj which appears to bo nost 

effective dose for isolating desired nutants. However, for bold seed size 

which is a unique speciality of macrosperma, 10 kR dose appears to be most 

efficient for inducing still bolder seed size mutants. As, in macrosperma, 

earliness is the most desired trait in order to widen its adaptability, 15 kR 

dose happens to be one which has thrown two mutants which are significantly 

earlier in maturity than parent. These two mutants namely HPLM ^35 and HPLM W f 

(Table 18) are 3 'Tid *f d.rys earlier :.inn the parental control and have good 

cced yield and seed size. In both the varitios 20 kR dose appears to be 

inefficient dose with regard to isolation of desirable mutants. Some of the most 

promising mutants for se.d yield in microsp^rma are HPLM 7*f (?.80.5 % increase 

over parent) under 5 kR dose, HPLM 189 (211.8% increase), and HPLM 196 (105.9% 

increase) under 10 kR. In mocrospormn., the maximum number of mutants for seed 

yield are under 5 kR dose and those are HPDI 326 (128 % increase), HPLM 328 (98.8% 

increase), HPLM 3*f8 (11?% increase), HPDI 3^9 and HPLM 350 (136^ increase), 
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HPLM 35^ (123% i n c r e a s e ) , HPLM 355 (126$ i n c r e a s e ) , HPLM jfck ( 1 3 ^ i n c r e a s e ) , 

HPUI 365 (1^0% i n e x v a s o ) , HPLM 366 (138% i n c r e a s e ) and HPIM 38O (118% i n c r e a s e ) . 

Under 10 Id? i n macrosperma, HPIM 391 and HPLM 423 and under 15 kR dose HPLM ^36 

are the bes t y i e l d i n g mutant . Some --tents having s t i l l bolder seed s i z e i n 

nacrosporma, are HPIM 381 , 382, 385, 386, 393 and 397 under 10 kR (Table 16) 

and HPLivI k^k, kG2 and k&k (Table 20) under 20 kR dose of r a d i a t i o n , t h e maximum 

i n c r e a s e i n seed s i z e being under 20 kR where mutant HPLM k6k had a 100 seed 

vreight of 7»39 gEU E a r l i e r workers have a l s o i s o l a t e d u se fu l mutants for 

eJtcJi-

improving yield in lentil (Kaurs^i 197^ Shaikh, 1975; Uhlik and Urban, 1976; 

Ravi ct al#i 1979 and Kalia, 19&2). 

It is concluded from the above discussion that gamma radiations are 

effective in the induction of polygenic variation over generations and lower tc 

medium doses are efficient. Persistance of variation over generations indicates 

that the induced variation is of genetic nature. Line and withinlino analysis 

of variance in M and M, generations indicate that M, is the most appropriate 

stage for starting selection both within and between lines. Coefficient of 

variation (C.V.) in microsperma increases from 5 to 15 kR dose but in nacrosporma, 

it is highest under 5 kR dose. Heritability is more under low doses and 

genotype x micro-environment interaction inflates the estimates of heritability. 

The shift in mean is variety-trait-generation and dose specific, with positive 

and neutral shift under lower doses and negative shift under higher doses. 

Additive, dominance and non-allelic interaction have been detected in the induced 

polygenic variation -and these are dose and trait specific. In microsporma, 

dominance is mainly present under 5 kR, and additive effects arc predominant 

under 15 kR dose. First degree and second degree statistics are giving more or 

less similar information. Macrosperma is more radiosensitive than microsperma. 



6. SUMMARY 



SUMMARY 

The objectives of the present investigation entitled "Genetic 

analysis of induced polygenic variation in nicrosperna and aacrosperma 

varieties of lentils (Lens culinaric Medik), were, to understand the pattern 

;©f segregation and persistence of induced variation over generations under 

different rediation doses, to understand the genetic architecture of induced 

polygenic variation, and to understand the relationship of different radiation 

doses with various parameters of induced variability and varieties used with 

respect to various polygenic traits. Establishing the appropriate stage of 

selection and breeding method in lentil mutation breeding programme and to 

isolate mutants with desirable traits, were also of prime interest. 

Rio material consisted of M , M and II generations of microsporiaa 

(HPL-5) and macrosperraa (HPL-^) varitioe of lentil under 5t 10, 15 and 20 kR 

doses of gamma radiations. Polygenic traits studied were, seed yield, 

biological yield, harvest index, number of pods, hundred seed weight, number 

of primary branches, plant height and days to maturity. Genetic analysis of 

induced polygenic variation was done as per Virk crt_ al., (1978), Yonezatta, 

(1979) and Virk and Gupta (1980). 

Results obtained on the induction of variation under different doses 

over generations indicated that sufficient polygenic variation has been induced 

for most of the traits studied, in both microspcrma and aacrosperma varieties of 

lentils in all the generations. However, with respect to harvest index, the 

variation induced was not significant and was dose and variety specific. 

Induction of polygenic mutation under all the doses showed their persistancu 

from M to M. for most of the traits. Segregation pattern of induced polygenic 

mutants in M t M, and M. generations revealed the presence of significant 

amount of genetic variability both between lines and within lines for most of 

the traits. Magnitude of variance due to lines appeared to be changing from 
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generation to generation, being highest in M. for most of the traits under 

different doso3 in all the generations with few exceptions, whereas, variance 

due to within lines was higher in M, generation specifically under medium to 

higher radiation doses. Individual line analysis of variance in M and H. 

revealed that the frequency of lines exhibiting significant within line 

variance was highest in M in both the varieties for most of the traits. 

Considerable a&ount of line x block interaction was also observed which in 

some cases was even higher than the within lines variance in different 

generations, signifying the presence of genotype x micro-environment 

interaction, 

Coefficients of variation (C.V.) due to line and within linos 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 except for seed yield, where this relation 

was reverse. Magnitude of C.V. was constant in M, and M^ of microspenaa. 

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, whereas, these estimates were moderate for 100-seed 

weight and plant height and low for days to maturity. In microspermat C.V. 

increased from 5 to 15kR» whereas, for macrosperma it was maximum under 5kR 

dose only. 

Heritability (broad sense) estimates, in general, were higher under 

low radiation doses. Presence of genotype x micro-environment interaction 

(line x block interaction) inflated the heritability estimates for most of the 

traits under different doses in M_, M_ and M. generations. Heritability in 

M, and M. was higher in both the varieties. 
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The sh i f t in mean of i r r ad ia t ed population for various polygenic 

t r a i t s appeared to be var ie ty- t ra i t -genera t ion-dose spec i f i c . The sh i f t was 

posi t ive or neut ra l under low doses of radia t ion and i t became negative at 

higher doses of radia t ion in both th'. v a r i e t i e s , however, the pos i t ive , 

neutra l sh i f t was observed under M and M generations in microsperma and in 

l a t e r generations l ike M. in macrosperma. Desired shi f t in mean for days to 

maturity in macrosperma was observed in a l l the generations under 10kR dose 

and in M. only under 15 and 20kR. Study of shi f t in mean at individual l ine 

mean leve l revealed that e i ther the sh i f t was unidi rec t ional or neutral for 

most of the t r a i t s . In microsperma, 5 and 10kR doses and i n macrosperma, 5kS 

were more ef f ic ient for producing desired sh i f t for seed yield and i t s 

components. 

Relationship of various doses with various parameters of va r i ab i l i t y 

indicated that intermediate doses induced the largest increase of var ia t ion 

and there was a strong decline with highest dose. Her i t ab i l i t y estimates 

obtained by eliminating genotype x micro-environment in te rac t ion decreased 

with increasing dose in microsperma, whereas, in macrosperma, i t increased 

with increasing dose, being highest at 20kR. Macrosperma var ie ty of l e n t i l 

was more radio-sens i t ive than microsperma. A larger number of po ten t ia l 

mutants with desired t r a i t s under 5 and lOkR in microsperma as compared to 

macrosperma, further confirmed the d i f f e ren t i a l r ad io - sens i t i v i t y . 

Scaling t e s t in microsperma var ie ty revealed the presence of non­

a l l e l i c in te rac t ion for seed y ie ld , hundred seed weight and days to maturity 

under a l l the radia t ion doses used, for biological yield under 10 and 20kR 

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 rays. With respect to macrosperraa, detection of non-allelic 

interaction was noticed under all radiation doses for biological yield and 

plant height, under 10, 15 and 20kR for. hcrvest index and huhdrcd seed 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 ndcrosperma 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 microsperma. In macrosperma, the additive x additive nature of non-allelic 

interaction was under 10 kR for biological yield, under l5kE for harvest index, 

under 10 and 20kR for hundred seed weight, under 5 and 10kR for plant height, 

and under 15kR dose for days to maturity. 

Component analysis in microspenna revealed that mutagenically induced 

additive effects were significantly positive for number of pods, hundred seed 

weight and days to maturity under 5kR, for seed yield, biological yield and 

and days to maturity under 10kR, for all traits except harvest index and days 

to maturity under l5kR, for hundred seed weight, plant height and days to 

maturity under 20kR. The additive effects induced were significantly negative 

for hundred seed weight and days tc maturity under 5kR, under 10kR for seed 

yield, biological yield, and days to maturity and under 15 and 20kR for hundred 

seed weight. Under l5kR dose induction of positive additive effects for all the 

traits was universal, whereas, at lower or higher doses, it was trait specific . 

Significant positive dominance effects were reported for all the traits except 

days to maturity under 5kR, for harvest index, number of pods and plant heiĵ ht 

under 10kK, for plant height under 15&R, and for number of pods, number of 

primary branches and plant height under 20kR radiation dose, Significant negctix 
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dominance effects were present for biological yield under 10kR, for seed yield, 

harvest index, number of pods and hundred seed weight under l5kR, and for 

biological yield and hundred seed weight under 20kH# Induction of mutation 

for induced dominance effects was universal for all the traits under 5kR dose. 

Average degree of dominance exhibited over-dominance for number of pods under 

5kR. Complete dominance was exhibited for 100-socd weight under 5kR, 

biological yield under 10kR, number of pods, hundred seed weight, plant height 

and seed yield under 15kR, and hundred seed weight mid plant height under 

20kP# The genetic components estimated on the basis of second degree-

statistics for microsperma indicated that both additive and dominance variance 

were significant for number of pods under 5kR and plant height under 20kR, with 

former showing over-dominance and later one exhibiting complete dominance. 

In macrosperma significant positive additive effects indicated that 

the net direction was mutation of decreasing alleles to increasing alleles 

with respect to seed yield under 5 and 10kR, biological yield under 10 and l5kR, 

number of pods and 100-soed weight under 5 and 15 kR, number of primary 

branches under 15kR, plant height under all the doses and days to maturity 

under 10kE, whereas, net direction was nutation of increasing alleles to 

decreasing alleles with respect to biological yield under 5kR, harvest index 

under 10,15, and 20kR, hundred seed weight under 10kR, number of primary 

branches under 5 kR and days to nnturity under 5 and 15 kR closes. Estimates of 

induced dominance effects indicated that net direction of dominance was that 

to 
increasing alleles were dominant/decreasing alleles in case of seed yield, 

biological yield and days to maturity under 10kR, number of pods under 5kR» 

hundred seed weight under l5kR and for plant height under all the doses, 

whereas, in case of seed yield under fjkR, harvest index under 5» 10 and l5kE, 
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number of pods under 20kR, number of primary branches under 5 and l5kR, and 

days to maturity under l5kR, more decreasing alleles were dominant than 

increasing alleles«Gut of all the doses, 5 and lOkR doses of radiation 

appeared to be the most efficient f r induction of additive and dominance 

effects. Complete dominance was found for seed yield under 5 and 10kR, for 

biological yield under 10kB, for harvest index under 10 and l5kR, for number 

of pods under 5kR, for hundred seed weight under 15kR, for number of primary 

branches under 5 and 15&R, 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 'r_/r ' and *r ' measuring the isodirectionality of 

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 concerned with parental alleles being dominant to mutant ones, 

For plant height under 20kR in microsperma, parental genes lack dominance as 

compared to mutant ones. Parental genes also lacked dominance as compared to 

mutant genes for 100~seed weight in macrosperma under 20kR dose of radiation.. 

Estimates of normal probability integrals for predicting the number 

of potential mutant lints falling outside the parental range obtained on the 

basis of both induced additive genetic and environmental components were more 

as compared to one estimated on the basis of additive genetic component alone. 

I n PJ-.crosperma variety of lentil, the highest probability for isolating 

potential mutants vjould be in M. under 10kR for seed yield, biological yield, 

in M. under 5kR for number of pods, in M, under I5k^ for number of primary 

branches, and in K under I5kft for plant height. These probability estimates 
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were found to bo maximum in M, under 5 ^ and in M.. under 20kR for 100-seed 

weight and in M under 20kR and in M, under 5kR for days to maturity, 

respectively, when the values were obtained on the basis of additive 

variance alone and additive plus environment variance. 

In raacrosp_erraa variety, the probability of obtaining highest 

number of potential mutants would be maximum in M, under 10kR for seed yield 

and harvest index, in M, under 10kR for biological yield and 100 seed weight, 

in M, under 5kR for number of pods, in M, under 5kR for number of primary 

branches and in M under 15kR for plant height and early maturity. 

Comparison of the actual mutant lines excelling their parents with the 

expected number of lines on the basis of these predictions indicated that the 

prediction approach based on additive component alone was fitting vrell for 

some of the traits under certain doses. For seed yield, the predictions were 

holding true under 5 and 10kR doses in both the varieties. It was interesting 

to note that the predictions were holding more true where additive component 

was predominant and non-allelic interaction was absent. 

Line and within lines analysis of variance, estimates of parameters 

of genetic variability, genetic cc oonent analysis and prediction approach 

further revealed that in lentil nutation breeding programme, M generation 

would be most appropriate stage to start selection both between and within 

lines and in M, generation the selection could be restricted to between lines. 

It was further suggested that stratified single seed descent 

method or stratified bulk breeding method v/ould be advantageous in handling 

the irradiated population in early generations, specifically under situations 

where additive or both additive and dominance variance alongwith complimentary 
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type of gene action were present . Under the s i tua t ion whore dominance or 

non-a l le l ic in te rac t ion or both were present , i t would bo advisable to defer 

the se lec t ion at l a t e r s tage . 

It. general , i t was concluded that suff icient polygenic var ia t ion 

was induced for iacst of the t r a i t s studied over generations and radiat ion doses. 

The var ia t ion induced was dose-var ie ty - t ra i t spec i f i c . Var iabi l i ty induced 

pers is ted i n l a t e r generations and segregation pat tern revealed that within 

l ines variance was more in M , whereas, between l ines variance was more in M. • 

Sufficient amount of genotype x micro-environment in te rac t ion was fibund for 

various t r a i t s . Coefficient of var ia t ion increased from 5 to 15kR in 

microsperma, whereas, in macrosperma i t was maximum under 5&R» Her i tab i l i ty 

estimates were high under low doses and were biased upwardly due to the 

presence of genotype x micro-environment i n t e rac t ion . The sh i f t in mean of 

i r r ad ia ted population both at individual and population level was var ie ty-

t ra i t -generat ion-dose spec i f i c , with posi t ive or neut ra l sh i f t under low doses 

and negative sh i f t under higher doses. Non-allelic type of gene action was 

found for various polygenic t r a i t s which in some cases was of additive x 

addit ive nature . Component analysis revealed a l l type of gene action i . e . 

addi t ive , dominance and over-dominance for different t r a i t s , and vras dose and 

t r a i t spec i f i c . Predict ion values for obtaining po ten t ia l mutants were 

generally sa t i s fac tory when obtained on the basis of addit ive genetic component 

alone and were holding true in M. generation. Selection v/ould be more effective 

both between and within l ines in M and between l ines in M. generation. Some 

desirable mutants with respect to seed y ie ld , seed s ize and maturity wore 

i so la ted in both the v a r i e t i e s . The r e s u l t s obtained were also discussed for 

formulating an appropriate breeding methodology for handling the i r rad ia ted 

material for genetic amelioration of l e n t i l crop. 
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