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INTRODUCTION 

The oilseed crops occupy an important place in the 

economy of Ind,an agriculture. Next to food grains. they hold a 

sizeable s hare of the country's 9 ross cropped a re a (13
%

) 

con t r j but ear 0 u n d 5 % 0 fit s 9 r ass nat ion a I pro due tan d 1 0 % oft he 

val ue of all ag ri cultu rai prod uets. 

In the oilseed scenario of the world India ranks first for 

groundnut. sesame, rapeseed and mustard second for castor and 

fifth for linseed. Rape seed and mustard comes next to groundnut 

covering an area of 26.80 mha with production of 21.47 mt in the 

world. In the country it occupies an area of 4.40 m ha and 

production of 3.97 mt (Anionymous 2002). Being second after 

Rajasta n. the a rea a nd prod u eti on of m usta rd in Utta r Pradesh IS 

1.17 mha and 0.85 mt, respectively (Anonymous. 2002). 

The different olleferous Brassicae grown in lnd,a have 

been divided into two groups I.e.. rapeseed and mustard. 

Rapeseed includes Brassica campestris (L.) var. brown sarson, 

Brassica campestris (L.) var, toria, Brassica campestris (L.) va r. 

yellow sarson, Brassica napus (Gobhl sarson), mustard includes 

8rassica junciea (L.) Czern. and Coss. Brassica carinata 

(Abyssi n ia n m usta rd). 

The Indian mustard, Brassica juncea (L.) Czern. and 

Coss~ is commonly known as rai or raya. Although it is a naturally 

autog a mous s pe cies. yet there occurs freq uent 0 utcross i ng wh i ch 

varies from 20 to 30 per cent. depending upon the environmental 

cond iti on sand ra ndom v~sitatio n of po11 i na ti ng insects. 



Cytologically, Indian mustard [Brassica juncea (L.) Czern. and 

Coss.] is an amphidiploid (2n=36), derivative of Brassica 

campestris (2n!:!20) and Brassica nigra (2n=16). 

Being important. rapeseed and mustard is utilized in 

variety of ways. The seeds are used as medicine spices and as 

component in the preparation of salad, sauces, juices, curries 

and pickles. 

The mustard is mainly grown for oiL the cake obtained 

after oil extraction is widely used for cattle feeding. The unrefined 

oil is used for edible purpose in a number of countries. There is 

increasing Interest in the preparation of detoxified htgh functional 

rapeseed flour. which is a good source of protein and minerals. 

Fatty actd composition of Indian mustard is unfavorable from 

nutrHional point of view. Its fatty acid profile is fairly complex. It 

contains palmitic, stearic, arachidic, behenic. linoleic, linolenic. 

eicosenoic and erusic acid. Erusic acid. antinutritional fatty acid. 

is present in highest concentration fn Indian mustard (about 

50%). The oil consumed in greater amount could be dangerous by 

causing damage to heart muscle. Literature is scantly on the 

aspect of oil, fatty acid, amino acid. glucosino[ate and 

detoxification of mustard flour and its use for feeding purpose for 

human being. 

Inspite of diverse uses of rapeseed and mustard its 

productivity level (-10.12 q/ha) tn the country is very low. Among 

the several factors responsible for low yjeld of the crop in the 

country, non-adoption of the improved agronomic practices by the 

farmers, cultivation of the crop under mixed cropping system] lack 



of breakthrough in the varietal status of the required level and the 

susceptibifity of the crop to diseases and insect-pests are the 

major ones. Further, the quality of Indian mustard becomes poor 

due to the presence of very high level of erucic acid in the oil and 

glucosinolates in its meal. 

For i m prav i ng yi eld and qua I ity pa ra meters ani nsig h t 

knowfedge of genetic mechanism involved in the inheritance of 

variOUS quantitative and quality traits is essential. 

The choice of parents for hybridization is a confronting 

problem before a plant breeder at the time of formulatrng the 

breed ing programme. The clear understanding of genetic system 

involved in the inherrtance of characters, the knowledge about 

nature and magnitude of gene action, correlation among various 

characters heritability and genetic advance IS essential in 

deciding the most appropriate breeding procedure in order to 

increase the genetic potentiafity and to make a break-though in 

the productivity of the crop. 

Several mating designs namery, diallel, partial dial!el, ~ine 

x tester, biparental crosses and triple test cross have been used 

in different crop plants for selection of suHable parents and 

deriving information on various genetic parameters. The diallel, 

bi pa renta I and tri pi e test crosses tech n iq u es h ave the lim itati ons 

of using fewer parents thus leaving many superior parents 

untested. The diarlel cross also results in biased estimation of 

combining ability variance due to large sampling error. On the 

other hand, partial diallel cross does not gfve the idea about 

specific combinrng ability effects and study is confined only to a 



selected No. of crosses. In such situations. line tester technique 

suggested by Kempthorne (1957) appears to be an effective one 

to evaluate a large number of genotypes for thelr combining 

ability and ultimately their utilization in hybridization programme 

for the genetic improvement of yield and quality parameters. 

Keeping in view the fact that very meagre genetical 

research work has been done on yellow seeded Jndtan mustard, 

the present investigation "study of genetic parameters of yield 

and it components and quality traits in brassica juncea (I.) 

Czern. & COSSTO. with 24 parents ~20 females and 4 males) a~ong 

with their 80 F 1 s and 80 F 2 s generation by line x tester mating 

design. was undertaken wHh the following objectives: 

1. To estimate the components of variance 

2. Estimate the general and specific combining ability 

vari ances and thei r effects 

3. To estimate heterosis in F, hybrids 

4. To estimate inbreeding depression in F2 generation 

5. To estimate heretability and expected genettc advance 

6. To find out correlatton among yield and its components and 

quality traits 





REVIEW OF LITERATURE 

The recent development In biometrical genetics has played a 

significant role in providrng basic information and deve~oping 

procedures for utifjzing the germp'asm for selecting desi rable 

genotypes which wouJd give maxjmum food. feed and fiber. The 

theoret,cal basis of quantitative genetics was estabHshed by Fisher 

(1918), Wright (1921) and Haldane (1932). Biometrical genetics 

gained momentum when the concepts on various parameters were 

developed by Sprag ue and Tatum (1942). Comstock and Robinson 

(1948), Comstock et a/~ (1949) and Mather (1949)6 Various models 

were formulated to estimate various genetic parameters. Among them, 

generation mean analysjs (Mather~ 1949; Hayman and Mather. 1955; 

Hayman y 1958; .Jinks and -Jones, 1958; Mather and Jinks, 1971), 

biparentar mating (Comstock and Robinson (1948,1952), dia"el cross 

analysis (.Jinks and Hayman, 1953; Hayman. 1954 a, b~ Griffing" 

1956; Eberhart~ 1964; Gardner and Eberhart, 1966; Jensen, 1970). 

line x tester analysis (Kern pthorne, 1957; Arunachalam~ 1976), partial 

diarleJ cross analysis (Kempthorne and Crunow" 1961; Fyfe and 

Gilbert_ 1963; Federer, 1967; Frey, 1971 and Ponnuswamy, 1972) 

and triple test cross analysis (Kearsey and Jinks, 1968) were the 

major techniques which have received cons\derable attention of p\ant 

breeders and geneticists to ascertain the genetic architecture of metric 

traits~ 

Keeping in view the above the literature on various parameters, 

related to present investigation has been reviewed hereunder. 

2.1 Line x Tester analysis 

The line x tester analysis has been used for estimating general 

and specjfic combining abirities of parents and crosses, respectjvely. 

Kempthorne (1957) precise1y defined the gca and the sea in terms of 

covariance of half-sjbs (Cov~ H.S.) and fulr-sibs (Co~ F~S.), respectrvely, 

which is analogous to design II. 
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2.2 Nature and number of testers 

Federer and Sprague (1947) indjcated that an increase in 

n umber of testers in many cases wou Id h ave greater va I u e than more 

extensive replications and the use of srngfe tester. Keller (1949) made 

a comparison involvrng number and rerationship between tester in 

evaluating the inbred lines of maize and concluded that high and low 

combining lines were on an average, of equal value. 

Matzinger (1953) defined a desirabie tester as one that 

combines the greatest simpJieity in use with the max;m urn information 

on the performance to be expected from the tested Irnes when used in 

other combinaUons. 

Studies on the nature and number of testers to be used were 

also made by Sprague (1966), Hull (1947), Burton (1948, 1959), 

Grogan and Zuber (1975), Vahtin (1964) and Singh and Joshi (1966). 

! n gen era I, m os t of the workers agreed th at fo r in iti a I evaf uatio n 

of large col'ections of inbred lines, more than one tester wtth good gca 

a nd possess j n 9 h ig h add itive geneti c com pon ents a nd with broad 

genetic ba se she u Id be used. 

2.3 Com po nents of ge neti c variance 

Mos t of the cha racters of economjc i m porta nee are qu antitatively 

inherited. They are governed by a large number of genes, with small and 

additive effects and a re characterized by exhi biti ng conti nuous variation. 

They are arso infl uenced by environmental factors. Knowledge about the 

nature and magnitude of genetic vartatton in a crop species is, therefore, 

essential for efficient breeding programme. 

Gardner (1963) postulated the fonowing genetic parameters 

which are usefu~ to plant breeders: 

1 + Add itive 9 e neti c va ri a nee (0. 2 A) wh i ch res u Its fro m the additive 

effects of the gen es at a IJ the seg regating I Dei. 

2. Dominance varia nee (02 0) which results from the intra-allelic 

interaction of genes at segregatjng loci. 
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3. Epistatic variance which results from the inter-allelic interaction of 

the genes at two or more seg regating loci and whjch is divisible, 

add~tive x additive (o2AAL additive x dominance (82 AO) and 

dam inance x domina nce (02 0 D) for two loci situati on a nd into 

additive x additive x additive (8 2AAA). etc~ for three loci and so on. 

4. Average degree of dominance determined by the ratio of 

dominance variance to additive genetic variance. 

5. Genotype x environment interaction which may be divided into 

additive genetic variance x environmental effects and non-addHrve 

ge netic va ri a nee x envi ron mental effects. 

6. Genotypic correlation among important quantitative characters. 

2.4 Combining ability 

The concept of general and specific combining abilities was 

proposed by Sprague and Tatum (1942). According to them, general 

com bini ng a bi I ity (gca) is an 'averag e pe rfo rma nee of line (s) t n a serres 

of hybrid combinations, while specjfic combining ability (sea) refers to 

those cases in which certain combinations do relatively better or worse 

than wou Id be expected on the basi s of a n average perfo rma nee of the 

line involved. They concluded that gca is primarily due to additive 

effects of genes, whi Ie sea is a conseq ue nee of intra-allel ic i nteractio ns 

or dominance and inter-allelic interaction or epistasis. Henderson 

(1952) also d efi ned 9 ca as th e average merit of the ia rge number of 

progenies of an individual or line when mated with a random sample, 

whereas sea was defined as a deviation of an average val ue of a cross 

from the value WhfCh would be expected on the basis of known general 

combining ability of two lines. Sea, on the other hand. is attributed 

primarily to deviations from the additive scheme caused by dominance 

and epistasis (Sprague and Tatum. 1942). This fact is also apparent 

from the formula developed by Griffing (1956a), in which (52gca is the 

variance due to gca, 3 2 A is the additive genetic variance and 0
2 

AA is 

the additive x add itive types of i nter-al1eHc i nteracti ons. 
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Simiiarly. 62 sea is the variance due to sea, (5.2 0 is the 

dominance vairance, 8 2 AD is additive x dominance and 52 DD is 

dominance x dominance types of interactions. Kempthorne (1957) 

defined the general and specific combining ability variances as 52 gea 

and 02 sea, respectively, in terms of half and full-sibs as S2 gca=Cov. 

(Half-sibs) and 8 2 sca::::Cav. (FuU -stbs)-2 Cov. (Half-sibs) 

2 .. 5 Degree of dominance 

tn polygenic inheritance, the effect of individual genes can not 

ordinarily be differentiated from one another consequently it rs not 

possible to determrne the mode of action of individual genes. By 

studying thefr combined effects in segregating populations, however, 

one can gain some insight into their behaviour and can draw inferences 

about the average level of dominance involved in the expression of a 

particular quantitative character. 

Fisher et al~ (1932) presented a method for estimating the 

degree of dominance. Mather (1949) gave a formula for estimating the 

degree of dominance according to which if the value of degree- of 

dominance is greater than zero but less than unity or more than unity a 

certain degree of dominance in the action of genes conditioning the 

expression of characters is ind icated. If the va]ue is greater than unity, 

there is an over dominance of genes at one or more loci, but if this 

va'ue is less than one, there is either no dominance or partial 

dominance. If the value of degree of dominance is zero the dominance 

is absent (Comstock and Robinson, 1948). 

Robinson et al. (1949) and Gardner (1963) recognised that the 

estimates of degree of dominance in over dominance range for yield 

could be obtained as a result of a repulsion phase linkage, even though 

none of the genes involved was more than complementary or partially 

dominant to its alleles. Garnder and Lonnqu ist (1959), and Moll et al. 

(1964) have provided experimental eVidence for linkage bias in the 

results. 
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2.6 Work done on Indian mustard 

Govil et al. (1981) reported that sea was more important than 

gca for seed yietd and oi' content. 

Singh et al. (1981) reported that additive gene action was lower 

and predominant for days to flower_ Both additive and non-additive 

gene effects for number of primary branches showed equal importance. 

Epistatic gene effect contributed to most of the characters, particularly 

to those showing higher magnitude of dominance effects. 

Yadav et al. (1981) observed the importance of both additive 

and non-additive gene effects in controlling the inheritance of 0.1 

content. 

Singh et a/~ (1982) estimated the components of variance and 

degree of dominance. They found that number of secondary branches 

and yield per plant showed over dominance. Number of primary 

branches showed partial dominance, whereas for days to flower, 

incomplete dominance was observed. Oil content was influenced by 

both addttive and non-additive gene actions. 

Dixit et a/~ (1983) reported that both additive and non-addttive 

gene actions influenced the ~nheritance of oil content. 

Govil et al. (1983) reported that additive and dominance 

components of variation were highly significant in F 1 and F2 

generations. Dominance variance was much larger than that of additive 

genetic variance. Average degree of dominance tended towards over 

dominance. 

Chander et at. (1985) observed high value of gca for seed yield, 

number of secondary branches, plant height and 1000- seed weight. 

RC 1262 was found to be a good general combiner for most of the 

characters. 

Singh et al. (1985) reported that both additive and non-additive 

gene effects were important for siliquae per plant and siliqua length in 

Indian mustard. although non-additive gene effects were predominant. 
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The per 5e pe rforma nee of th e pare nts was associated with thei r gca 

effects. Prakash and Laha 101 were good general combiners for seed 

yield. Most of the crosses showing significant sea effects invo1ved both 

~ow x low or low x high general combiners. Singh et al. (1985) 

observed that variances due to gca and sea were highly significant for 

plant height, number of primary branches, days to maturity and seed 

yield. 

Kumar et al. (1986) observed that selection in early segregat;ng 

generations fol'" high yteld could be appropriate for simultaneous 

exploitation of additive and non-additive genetic components. 

Pal and Sing h (1986) reported that additive gene effects were 

important for days to maturity and flower. 

Sing h et al. (1986a) through combining ability analysis indicated 

the preponderance of additive and add~tive x additive gene actions for 

days to flower and maturity, number of primary branches per p'ant and 

length of main shoot. whereas preponderance of non-additive gene 

action was observed only for 1DOO-seed weight. secondary branches 

and seed yield per plant with small amount of addit.ve gene effects. 

Badwal and Labana (1987) revea~ed that both gca and sea 

variances were significant for seed size and protein content, but sea 

variance was significant only for oit content and non additive gene 

effects were important for all the three traits. For oil content and seed 

yield, sea variance was higher than gca variance. indicating that 

dominance was possibly predominant for these traits. 

Gupta et al. (1987) reported addHive gene effects for seed yield 

per plant and non-additive gene effects for number of primary branches 

and siliquae on ma;n raceme. 

Kumar and Sinha (1987) reported the preponderance of additive 

gene effects for seed yieJd. 

J ai n et a/~ (1988) repo rted that both ad ditive and non-additive 

gene actions were important in controlling days to flower and maturity. 
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plant height. number of primary and secondary branches, number of 

sifiquae per prant. 1000-seed weight and seed yield per plant. Epistatic 

effects ot gene action were predomrnant over additive and dominance 

effects with an important ro'e of dupJicate type of epistasis for most of 

the traits and suggested that for exploitation of additive and non­

additive gene effects, recurrent crossing can give desired results. 

Liv and Liv (1989) in Brassica juncea revealed that erucic acid 

was control1ed by two pairs of additive genes w;th domtnance effects. 

Genetic behaviour of erucic acid was fitted to additjve-dominance 

modeJ with additive effect being predominant. 

Pod ko Izi n a and S h pota (1989) tou nd that seed ojJ co ntent was 

mainly controlled by non-addjtive gene action. 

Singh et a/~ (1989) noted the gca and sea variances significant 

for all the 11 quantitative characters studied. 

Thakur et al. (1989) found that the combining abiUty variance 

indicated the predominance of non-additive gene action for seed yie!d, 

primary branches, plant height and 1000-seed weight, whereas additive 

gene action for secondary bra nches, stliquae per piant and days to 

maturity. 

Wani and Srivastava (1989) derived information on combining 

ability from the data on seven characters rn 23 lines and their F lS and 

F 2 s. They found that parents RK 8202, KR 5610, RK 1418. RH 30, V10 

and B 30 were good general combiners for seed yield. 

Chauhan et a/. (1990) reported than when crosses and the:r· 15 

parents were tested, there were sig nificant differences for seed yield 

between genotypes. NDR 8602, Krishna. Pusa Bold and ™ 9 had good 

general combining abiHty. 

Dhillion et a/~ (1990a) In I ndian mustard studied five agronomic 

traits viz., seed yield, number of primary and secondary branches, 

plant height and main raceme Jength. gca and sea variances were 

important for air the characters. Variety RLM 198 was found to be the 

best general com biner for all the traits except seed size. 
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Yadav et aJ. (1990) reported that genetic contro' of seed yieJd 

was mainly throug h dominant gene effects and epistatic of the additive 

x additive and dominance x dominance types. 

Gupta et at. (1991) observed that a relationship did exist 

between the genetic diversity of the parents and sea effects. It was 

suggested that serection of parents for breeding should be based on 

diversity estimates coupled with combining analysis. 

Pal and Kumar (1991) studied the type of gene act jon involved 

in the inheritance of ofJ content jn I ndian mustard. They reported the 

presence of both additive and non-additjve gene actions. Recurrent 

selection might be used to exploit both the types of gene actions for 

improving oil content. 

Singh and Yashpal (1991) studied seven Brassica juncea lines 

from India. four from USSR' and one from Canada and developed 66 

F ,s~ Non-additive genetic variance was found predominant for 

controlling oil content. 

Verma et al. (1991) gave an information on the predominance of 

additive gene effects for 1000-seed weight and oil content. non-additive 

gene action for primary and secondary branches and both additive and 

non-additive types of gene effects for pJant height and seed yield. 

Yadav et at. (1992) evaluated 45 F 1 s of Indian mustard along 

with their 10 parents. They reported that all the trajts (seed yietd, its 

components and oil content) were governed by both additive and non­

additive genetjc variances. Parents Varuna, Krantt, RLC 1359 and RLC 

1357 were rdentified as good general com biners for earliness, siliqua 

length, seeds per siliqua, 1000- seed weight. primary and secondary 

branches an d oi I co ntent. 

Diwakar and Si ngh (1993) derived the informatjon on combining 

ability of 7 yield components and oil content jn parents and their 

hybrids. K2 and K4 were superior for gca. Crosses K7 x Ka. K2 x K4 and 

K4 x K5 had the highest sea for seed yield per plant. 

Malkhandale (1993) reported significant variation rn gea and sea 

for all the traits studied~ Both add itive and non-additive gene actions 
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were involved in controlling the traits. Among all the traits, number of 

branches pre pfant played the most important role in the improvement 

of seed yierd. 

Pate I et al_ (1993) observed th at in herita n ce of seed yield was 

mai n ry gove rned by no n-a dd itive ge ne effects. 

Rish i pal et at. (1993) concluded that gene effects were 

considerably influenced by environment and cross. The expression of 

number of primary branches, seeds per siliqua. 1000-seed weight and 

seed yield were governed by additive and non-additive effects, the 

later, however, being the most important. A duplicate type of epitasis 

was observed for most of the traits. 

Bajsakha et at. (1994) reported that the oppressed mutant 

genotypes were best general combiners. 

Sharma and Si ngh (1994) observed that additive gene action 

was predominated for seed volume. whereas for remaining traits, non­

additive gene action was important. 

Bharteria et al. (1995) reported predominance of non-additive 

gene action throug h line x tester analysis. The cross RLM 198 x Varuna 

has hrgh sea effects for several characters and was a~so high yielder. 

Patel et al. (1996) found that variances due to gca and sea were 

significant for most of the traits except number of seeds per si1iqua for 

gca variance and 1000-seed weight for sea variance. Non-additive 

gene action appeared to be predominant for all the characters except 

days to maturity, which was governed by add itive gene action. 

Singh et at. (1996) reported high mag nitude of variance fo:-- sea 

for days to flower, number of secondary branches. seeds per sifiqua, 

seed yield and oil content. However, estimates of gca variance were 

high for plant height. 

Chaudhary et al. (1'997) found that both additive and non­

additive gene actions were important in most of the characters studied. 

Hybridization system such as multipJe or reciprocal recombinant 
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crossing, which exploit both additive and non-additive gene effects 

simultaneousry were recommended for the improvement of such 

ch aracters_ 

Khulbe et al. (1998) reported that significant differences existed 

for gca and sea for all the traits and were important for aU the 

characters. indicatjng the presence of both additive and non-additive 

gene effects jn controJljng the expression of various trarts. Yierd was 

found to be controJled predominantly by non- additive gene action. The 

crosses with high sea effects did not have parents with good 9 ca 

effects. 

Sheikhe and Singh (1998) observed the predominance of nbn­

additive gene action for most of the traits including the seed yield and 

oil conte nt. 

Verma and Kushwaha (1999) found the significant differences 

for the combinjng ability variances for all the characters. Variance due 

to sea was greater than gca. ind (eating the predominance of non­

additive gene effects in the expression of seed quality traits. 

Chauhan et al. (2000) reported srgn.ficant differences for days 

to maturity and oil content in males and for all the characters in 

females except for secondary branches and seed yjeld per pJant. 

Basudev et al. (2001) observed the presence of gca and sea 

variances for seed yield per plant. days to 50 percent flowering, days to 

maturity. early vigour, plant height. number of primary branches, 

number of siliquae on main axis. length of sHiqua, seeds per siliqua. oil 

content and 1 OOO-seed we~ght. Reciprocal cross effects were also 

significant for alJ the traits except early vigour and length of siliqua_ 

Rao and Gulati (2001) reported the predominance of the non­

additive component for majority of the yield contributing characters. 

Singh et al. (2001) found higher degree of dominance rn aU the 

traits studjed except plant height and protein content in two 

generations. 
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Ghose et at. (2002) reported that both additive and non-additive 

gene actions were of prime importance through studies carrjed out on 

Hne x tester analysis invorving 29 femaJe and 7 male parents. 

2.7 Heterosis 

The term heterosis was first coined by Sh ufl (1914) for the 

superiority in vigour of certain F 1 S over parents. Hayes et al. (1955) 

defined heterosis as increased vigour of F"I over the mean of parents or 

over the superior parent Abercrom bie et al. (1961) described 

heterosis as increased vigour or growth, fertil ity, etc. in the cross 

between two genetically different lines as compared with either of 

parental Jjnes. 

Initia Ily, hybrjd vigour was reported by Keel reuter (1763) in 

artjficiaf plant crosses. Kn ight (1799)'I' Darwjn (1877) and Focke 

(1881) described hybrid vigour in various crosses. Genetrc basis of 

heterosis has been reported by East (1908) and Stringfierd (1950). 

Whaley (1944) reported that the hybrid vigour is the 

manifestation of the effect of heterosis and two terms were synonyms. 

Gowen (1952) reviewed the researches djrected towards explaining 

and utilizing the vigour of hybrids. 

Jin ks (1955) suggested that non-allelfc rnteractions might be the 

cause of heterosis rather than relation between the genes at the same 

locus. Mather (1955) observed heterosis to be an expression of genetic 

baJance, whjch depends upon adjustment and integration of polygenes. 

Allard (1960) considered heterosis as hybrjd vigour such that an F 1 

hybrid fairs out side the range of the parents with respect to some 

traits. Heterosis in common use represents percent increase/decrease 

jn the mean vaJue of the F 1 hybrid over as mid parental value. 

Jinks and Jones (1958) also stated that heterosis is a complex 

genetical phenomenon which depends upon the additive, dominance and 

interact jon of homozygous/homogeneous and homozygousl 

heterogeneous components as well as on the contribution of the genes 

in the parental ri nes. 
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Des kalov (1963) concJuded that heterosis in F 1 is a combined 

expression of genetical. cytoplasmic. biochemical and physiological 

factors and may be attributed to stimulation. resulting from the 

Interaction of drfferent heritable factors of the parents In Fl. Grafius 

(1964) pOjnted out that such studies of j ndividual yield components 

could lead to simplification In genetic explanation of heterosis. 

Coyne (1965) stated that the heterosis could possibly be 

exprarned on the basis of dominance rather tha n on Dverdominance. 

Mather and "'in ks (1971) defined heterosis as the amount by 

which the F1 hybrid mean exceeds over its better parent. In prant 

breeding programmes, heterosts refers to the expression of increased 

vigour of the hybrid over the better parent_ 

Nowadays it is realized that the heterosts js of no practicar varue 

unless the performance of hybrid exceeds that of well-adapted variety 

of the region_ This kind of heterosis expressed over the commercjal 

curtivar is generally designated as the economic heterosis. 

Genetic basis of heterosis for complex characters courd be 

explained by multjplicative interaction at phenotypic level of the 

component traits. It was suggested that the heterosis could possibly be 

exprained on the basis of dominance rather than over dominance 

2.8 Heterosis in Indian mustard 

Singh et a/9 (1983) reported that heterosis for seed yield was 

mostJy due to number of siliquae per plant. primary and secondary 

branches and sHiqua length. Six crosses showed high heterosis over 

better parent. All heterotic crosses i nvoived low x low general 

combiners_ 

Banga and Labana (1984) found greatest hetero-beltiosis for 

seed yield per plant. number of siliq uae on main shoot and number of 

secondary branches. 

Sing h et at. (1985) observed that the progen ies of eight crosses 

were superior to rndlan x rndian cross progenies in respect of number 
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of sifiquae on main shoot, number of secondary branches and number 

seeds per stliqua. Highest heterosis for p'ant heig htr seed yield and 

number of secondary branches was recorded in RLK 78-6-1 x Pahadi 

Raj (82. 76°/Q), PahadiRai x Blase (89.660/0) and Indian x exotic crosses. 

Varuna x Domo (84_4%
) showed hjghest heterosis for seed yield. 

Lefort Buson et a/. (1987) reported the heterosis and F 1 

performance differed among the crosses for a IJ the traits, Heterosis 

was greatest when parental lines were unrelated and come from 

different geographical pools, 

Verma et al. (1989) observed significant heterotic effects over 

sta ndard variety for days to flowering. primary and secondary branches 

per plant, 1000 seed weight. seed yield per prant and oil content. 

Dhillon et al. (1990b) reported highest heterosis (113.6%) for 

seed yield In the cross R LM 198 x RK 2, Heterosis for yield was mainly 

attributed to rncreased branch number, 

Kumar et al. (1990) found positive heterosis for seed yie'd, 

prlmary and secondary branches. siliqua length and seeds per siliq ua. 

Hirve and Tiwari (1991) reported highest heterosis over better 

parent for seed yield and significant heterosis for seed yield 

contri buting tra~ts. 

Rai (1993) found 4.9 to 24,6 per cent heterosis in the crosses of rape 

seed and also reported that heterosis breeding is now recognized as potent 

genetic tool for exploiting the presence of considerable amount of non­

addltive gene action inherent in the expression of seed YIeld through the 

development of superior performing hybrids in Brassicas. 

Patel et alA (1993) corssed slx lines of Indian mustard with four 

testers and found that only three crosses viz_. RC 1277 x Kranti 

(41 .4%). R H 7811 x Krnati (27 _ g%) and RSK2 x Krnati (25. g%) had 

significant heterosis for seed yield over better parent. 

Rai and Sing h (1994) reported heterosis over the better parent 

and commerc~al check for seed yield: oil content and some yield 
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components In 28 jnter varietal crosses of Brassica campestris. The 

average heterosis over better parents for seed yield and oU content 

was 21 + 3 and 32 pe rce nt. respective Iy and the hig hest be i ng 78.8 

percent for seed yield and 11.4 percent for oil content, while number of 

primary branches exhibited 36.2% only. 

Singh et al. (1996) recorded heterosis over better parents rn the 

tune of 77 _ 6 per cent for seed yield and 13.1 percent for all content. 

Ag a rwa I and Badwa I (1998) noted th at 1 8 hybri d s a utyi e Id ed the 

best control va riety RLM 18_ Three of them viz., MS x Pant Rai 1002, 

MS x RH 818 and MS x RLC 1017 were superior over the best control 

in seed yi e'd by 81. 18 50.56 and 64.65 perce nt, respecti vel y + Over a II 

heterosis for seed yield was very high (59.69 %
). 

Khulbe et al. (1998) reported that heterosis was high for length of 

main shoot, number of primary branches, seeds per sinqua, seed yield per 

plant and 1000-seed weight. The range of heterosis was quite low for days to 

maturity and oi i content. A I a rge n u m be r of eros ses exhj bited s i 9 n i fica nt 

negative heterosis for days to maturity and oil content. 

Verm a et al4 (1998) reported s i9 nitl ca nt pOSitive hete ros i 5 for 

seed yjeld and oil content. Crosses RK 8801 x Kranti and JGM 88-A x 

Kranti exhi bited the best hybrid vrgour. 

Patel and Sharma (1999) observed that there was no 

appreciabfe increase in oil content due to hybridization (mean parental 

oil content 36.68 0
/0 a nd hybrid oil content 35_66 %

) 

Chauhan et al. (2000) found heterotic responses ln single and 

three way crosses in I ndian mustard. They observed highest heterotic 

response for seed yield, foJJowed by number of primary and secondary 

branches over better pa rent. when co m pa red with stand a rd check 

highest being 78 per cent for seed yield. 

Katiyar et al. (2000) reported that seven combinations exhi bited>30 

per cent heterosis and 11 crosses showed 31.3 to 71.3 % heterosjs. It is 

concluded that there shou!d be adequate genebc divergence among lines to 

suppa rt a success fuJ hybri d breed i n 9 p rog ra m me. 
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Sood et al. (2001) noted that none of the hybrids was 

consistently good with regard to high heterosis and sca effects. The 

highest heterosis for seed yield was observed in the cross NOR 860 x 

R L M 6 1 9 (1 4 1 %) 

Tyagi et aJ. (2000) revealed that desirable significant and 

negative heterosis for pia nt height was observed in seven crosses, with 

Varuna x SKNM 90-14 exhibitIng the negative value (14%). Maximum 

positive heterosis was recorded for seed yiefd per plant with crosses 

PCR-7 x 5 KNM-13, RH 30 x ™ 18-18 and peR 7 x JM90-12, gIving 

values of 93.13, 81.3 and 77_31 per cent, respectively. In general, 

positive heterosis for seed yie~d was accompanied with positive 

heterosis for siliqua length, seeds per sUiqua. 1000-seed weight, 

biological yield and harvest index. 

Verma et al. (2000) revealed that hybrids RK8902 x DLM-2, PR 

8903 x RK 8902 and RSK 28 x DLM 2 had desirable heterosis for 

seedling vigour. seed yield, days to 50 per cent flowering, 011 content 

and 1 ~OD-seed weight. 

Shei kh and Singh (2001) reported the manjfestatton of hig her degree 

of heterosis for seed yield and other component characters in mustard. 

Singh et aJ. (2003a) found that heterobeltlosis is Indian mustard for 

seed yield per plant was observed in eight crosses. namely KR-5610x PR-15 

(58.38 %
), YRT-3 x PR-15 (54.33°/o).RK-1467x T -6342 (52.600/0). Varun x 

YRT -3 (35.83 %
). KRV-Tall x T - 6342 (33.81 %), RLM-198 x RT-3(34. 10%

), 

Varuna x RLM- 198 (31.50%
) and KR-5610 x KRV-Tall (36.70 %

). Inbreeding 

depression in all the above crosses was very low Le. 10.35, 8.32, 10.15,-

16.54, -7.28,-20.05,-12.56, and-B.OB%. receptively. The hybrid showed a wide 

range of heterosis effect for each character. In the F2 generation, most of the 

high heterotic cross combinaUons for different characters showed low 

inbreeding depression. 

Singh et al. (2003b) observed that high heterosis for seed yield in 

Varuna x Rohini (56.74%
), Vardan x Rohini (53_43%). Varuna x RK-9501 

(52.68% L Vardan x NOR 8501 (36_73%
), Pusa Boald xRohini (37.68%) and 
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Varuna x NDR 8501 (32.54%). The Inbreeding depression in there hybrids 

were very low (11.06,8.25, 10.04. -16.43, -7.26 and -12.48 %
), respectively. 

Kumar et al. (2002) reported that five hybrids with the highest 

heterosis for seed yield were RN-505 x RN-440 RN-505 xPER-43
t 

RN-

393xRN-481. RN- 393 x RN-453 and RN-505 x RN-481, and these crosses 

offer the best possrbilities of further exploitation for the development of high 

yielding varreties. 

Tyagi et af~ (2001) reported that the selative heterosis was 

desirable for plant height. number of primary branches and secondary 

branches per plant. seed per slJiqua. number of siliqua on main shoots 

biological and seed yields and oil contenL Heterobiltiosis was desirabJe 

for prrmary and secondary branches per prant, sHiqua on main shoots 

and biologicaJ and seed yields. 

Standard heterosis was desirable for the number of primary and 

secondary per prant, siliqua length, seeds per siriqa number of srliqua 

on majn shoots. biological yield, seed yields and oil content. The mean 

level of heterosIs was highest for bioJogrcal yield_ The highest standard 

heteros~s (206.14%) and heterobiltjosis (240.56 % ) for seed yieJd per 

plant was recorded jn the cross. BIO 772x Rohinr. 

Kumar 0 and Rathore Neetu (2004) to studied Heterosis on 

yield and its components jn rndian mustard. The crosses NDR-9501 x 

RH-30 and Kranh x NOR-gSa 1 (29_ 80/0) and N DR-950 1 x RK-30 

(23.02%) showed the hrghest heterosis effect for seed yield. There was 

no cross show,ng sjgnifrcant positive heterosts for seed yiefd. 

Singh and Lallu (2004) Found that economjc heterosjs and 

inbreedi ng depression of P 1 and P2 were significa nt for most of the 

character studies. Their 8 crosses also had hrgh economic heterosis 

and comparativery and low inbreeding depressron of seed yield 

2.9 Selection parameters 

2.9.1. Heritability and genetic advance: HeritabiJity is an index ot 

transmissibility of traits from parents to offsprins. The concept of 
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heritability is important to determine whether phenotypic differences 

observed among various individuals are due to genet~c changes or due 

to th e effects of e nvi ron mental factors. 

According to Lush (1940~ 1943~1949) the broad sense 

herita b i I ity is the ratio of total genetjc varrance to phenotype variance. 

In narrow sense, it is the ratio of additive genetic var~ance to 

phenotypic variance. Robinson et al. (1949) stated n a rrow-se nse 

heritability as the additive variance rn per cent of total variance. 

Smith (1952) reported heritability as the ratio expressed In 

percent of variance com ponent due to additive fixable gene effects 

(02g) to sum o2g+6 20+o 2 E where 629, &2D and t").2E are additive, 

dominance and environmental variances, respectivery. 

Comstock and Robi nson (1952) and Johnson et aJ. (1955) have 

reported that the estimates of heritability and predrction of genetic 

advance becomes biased by genotypic- environmentar interactions. 

According to Dudley and Moll (1969) plant breeding comprises 

of 0) assembly or creation of pool of variable germplasm, (ii) selection 

of superior jndividuals from the pool and (iii) utilization of the selected 

individuals to develop superior variety. Estimates of genetic variance 

and herHablHty are important in aJI these three statges. 

Genetic advance or genetic garn is still a more useful estimate. It 

is the value which indicates improvement in genotypic value in the new 

population in contrast to past population. The genetic gain depends 

upon. 

1. The amount of genetic variability in the base population, 

2. The magnitude of the masking effects of environment and 

interaction components of variability on the genetic variability, and 

3. r ntensHy of selecti on 

The genetic gain rs the product of the heritability and selection 

dlfferentjal expressed in terms of phenotypic sta ndard deviation of that 

character. Heritability and genetic advance both are the com ponents of 
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dire ct se~ecti on. It is, necessa ry to uti I ize herita bil ity esti mate sin 

conj unction with selection deferential whjch would indicate the 

expected genetjc 9a in. 

Robinson (1949) placed the heritabillty estimates (in narrow .. 

sense) in three categories viz .. low heritability (upto 10 0/0), med ium 

heritabirHy (10-30 %
) and high heritability (above 300/0) 

2~ 10.9 The work done on heritability and genetic advance in Indian 

mustard: 

Labana et at. (1980) observed that heritability was high for 

number of primary branches and moderate for number of days to flower 

along with high genetic advance for plant height. 

Yadav et al. (1981) observed high heritabiJrty estimates for yieJd 

and earliness. 

Chaudhary and Sharma (1982) reported high herlta bjlity for 

number of primary branches per plant. 

GoviJ et al. (1983) reported higher values of herrtabi lity rn F I 

tha n in F 2 9 en eratio n fo r oj I content. 

Wan and Hu (1983) observed high heritabjlity values for 

flowering period and primary branches as welI as effective secondary 

branches. The highest genetic advance was reported for days to fjower. 

Yadav (1983) reported hrgh heritability with genetic advance for 

days to flower. 

Banga et aJ. (1986) elucidated that broad sense heritabiJjty was 

high for days to flower, seed yield and plant height. For raceme length 

and total number of branches. it was moderately high. 

Singh (198Gb) reported hcg her heritability estimates for 

secondary branches and number of seeds per siliqua. 

KUmar and Sinha (1987) found 83 percent heritability for seed 

weight on the other hand. Badwal and Labana (1988}found low 

herita bi I ity va I ue (20 %
) for seed y ie Id ~ 
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Podhllzina and Shpota (1989) found that heritability for seed oil 

and erucic acid was low. To obtain high oil content free to erucic acid, 

recurrent selection and recrproeal interspecific hybrid developments 

were recommended. 

Chaudhary and Goswami (1991) recorded high heritabihty 

(broad-sense) and geneti c a dva nee for num ber of 5il iq u ae pe r pi a nt 

and plant hetght. Dhillon et al. (1992) noticed high heritability and 

genetIc adva n ce for the traits they studied. 

Sharma et al. (1992) reported that the narrow sense heritability for 

seedhng traits was high in the F2 generation and moderate in the F1 

gene ration, but it was low fo r germi na tje n pe rcentage and 1000-seed weig ht. 

Diwakar and Singh (1993) observed narrow sense heritability 

and genetic advance high for days to flower and plant height. 

Surendar et at~ (1994) found htgh levels of genetic advance and 

broad sense heritability. Yield improvement was thought to be possibJe 

through select jon for seed yield per plant, harvest index, siliquae per 

pfant, number of secondary branches and 1000-seed weig ht. 

Sharma and Singh (1994) observed high heritability for seed 

volume, whereas other traits had low herrtability estimates. 

Uddin et al. (1995) reported that heritability values were generally 

high for 1000-seed weight and were moderateJy h ig h for other traits 

except branches per plant, seed size and siliquae per plant. but high 

values for genetic advance were expressed as pe rcentage of mean. 

Yadav et at. (1996) found broad sense heritability highest for 

days to flower, 1 000- seed weig ht a nd seed yield. 

Ram Bhajan et at~ (1997) noted that heritability in narrow sense 

was high for seed yieJd per plant (43.62%). 

Oas et al. (1998) noted h i9 h herita b iii ty cou p led with h ig h 

genetic advance for sUiquae per plant. number of secondary branches 

per plant, 1000- seed weight and plant height. 

Lekh Raj et at. (1998) observed the highest genotypic coefficient 

of variatio n for second a ry branches. High herrta bi lity es ti mates we re 
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observed for all the tra1ts under all environments except harvest index 

and biologicaf yieid. Highest genetic advance was recorded for days to 

50 per cent flowering. 

Sheikh and Singh (1998) reported high estimates of heritability 

and genetic advance for length of siliqua. 

Khulbe et aJ. (2000) reported that all the traits except oi I content 

exhjbited high herjtabUity wfth high! moderate genetic advance. 

Larik et al. (2000) revealed that heritabHity showed hjgh 

estimates for aU characters, indicabng the involvement of additive gene 

action. Seeds per siUq ua and plant height exhibited low genetic 

advance irrespective of their high heritabirity estimates, probably due to 

non-additive, gene effects (dominance and epistasis). 

MandaI and Khajuria (2000) observed that days to maturity and 

1000-seed weight showed high heritabinty and genetic advance. 

Ghose and Gu lati (2001) noted high heritability coupled with 

high genetic advance for oil content, harvest index. number of primary 

branches, number of siliquae on main shoot, main raceme length and 

number seeds per srliqua. 

Rao and Gulati (2001) classified the estimates of narrow sense 

heritability as tow, medium and high in two generations and showed 

shifts in the magnjtude from F, to F2 into low to medium, medium to 

high, high to medium and medium to low directions. It was low to 

medfum for number of secondary branches, medium to high for number 

primary branches and 1000- seed weight, high to medium for plant 

height and oil content and medium to law for seed yield per plant. For 

the traits, days to 50 per cent flowering, days to maturity and number of 

seeds per slfiqua. the magnitude of heritability was medium and 

remained unchanged in both the generations. 

2.11 Correlation coefficients 

The Knowledge about genotypic. phenotypic and environmental 

inter-relationshjps among various agronomjc traits is important with 
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respect to both theoretical and practical points of view. Serection is 

usuaJly concerned with changing two or more traits simultaneously. 

This information may be used for the expression of correlated response 

to directional selection. in the construction of selectfon indices and in 

the detection of some characters which may have no values by 

themselves, but are useful as indicators of the more rmportant one 

under consideration (Johnson et al.~ 1955; Robinson et al., 1951; 

Falconer~ 1960; Searle, 1965) 

Phenotypic correlation may be of genotypic and environmental 

origin and provjdes information about association between two 

characters. For se~ecbon purposes, phenotypic correlatton is of little 

pracHcal utility unless genetic and environmental correlations between 

pairs of characters are fn the same direct jon when estimated separately. 

Genetic con-elation provides a measure of genetic association 

between characters and is general1y used for selecting one character 

for the improvement of another. Such correlation coefficient provides 

jnformation by themselves (Miller et al., 1959). ft may also be herpfur 

to breeders since the associaHons are based on transmjssibre genetic 

varlance_ 

Phenotypic correlation is the net effect of segregating genes that 

affect the character, some causing posttive a nd some negative 

correlations... The major causes underlying genetic correlations are 

pleiotropy, linkage and developmentaJly included re~ationship (Adams, 

1967; Stebbins .. 1950)_ 

The genetic architecture of yield can be better resolved through its 

components rather than yield per se as the yield is the end product of 

multiplicative interaction between various yield components (Grafius~ 1959), 

2.12 Correlation in Indian mustard 

Ahmad (1980) reported that seed yield per plant had positive 

correlation with siliqua length, number of siltquae per plant, number of 

seeds per siliqua and 1000-seed weight. 
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Si ngh et aJ. (1980) explai ned that number of secondary branches 

and plant height were the most important components of seed yield. 

Yadav (1982) observed seed yield significantly and positively 

correlated with number of primary and secondary branches, totat 

sHiquae number and days to flowering. 

Varshney and Singh (1983) worked out the correlation of yield with 

other characters and reported that yield was positive Iy correlated with 

primary branches, number siliquae per plant and 1000- seed weight. 

Wan and Hu (1983) reported association of seed weight with 

siliquae number per plant. 

Yadav et al. (1983) reported that 1000-seed weight and oil 

contents were positively correlated with seed yie~d. However, they also 

reported association of seed yield with number of primary branches, 

siliquae per plant and 1 ~OD-seed weight. 

Kumar et al. (1984) reported sig nifica nt correlation of yield with 

1 DOD-seed weig ht. 

Bang et al. (1986) found high negative association between 

seed yield and flowering date. 

Badwal and Labana (1987) reported that seed yield was positively 

correlated with primary and secondary branches and stliqua length. 

Gupta et al. (1987) elucidated that seed yield and oi I percentage 

showed significant positive correlation with oil yield at genotypic and 

phenotypic leve1s, with higher genotypic correlation coefficients than 

respective phenotypic ones. Seed yield and oil percentage had the 

highest direct effect on oil yield. 

Kumar et al. (1987) reported that yield had high significant 

positive correlation with secondary branches. days to first flowering, 

days to 50 per cent flowering and plant height. 

Chaudhary et at. (1988) observed that yie'd per plant showed a 

significant genotypic correlation with days to maturity. plant height, number or 

primary branches. number of siliquae on main raceme and laterat branches. 
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Kumar et al. (1988) found that yield was positively and 

significantly correiated with number of primary and secondary branches 

and siliquae per plant. 

Reddy (1991) found positive and sig nificant association of yield 

with leaf area index, number of siliquae per plant. number of seeds per 

siliqua and seed weight. Primary branches showed a positive 

correlation w'th sHiquae per plant as wefl as seed weight per plant. He 

found stability of these associations year after year 

Behl (1992) observed that phenotypic correlation coefficient of oil 

yield with sj]iquae per plant and seed yield was positive and significant. 

Uddi n et al. (1995) found that seed yierd per pJant had high 

positive and signiftcant correlation with plant heig ht. primary branches 

per p~ant and 1000-seed weight. but negative and significant with 

seeds per siliqua and 1000-seed weight at both genotypic and 

phenotypic levels. 

Si ngh et al. (1996) reported that oj) content was positivery 

associated wjth 1000- seed weight and seed yield. indicating the 

possibility of simultaneous improvement of these characters. 

Tyagei et al. (1996) reported that plant height, sihquae per 

pfant, siliq ua tength. seed y~eld per plant and seed weight had a 

positive and significant effects on seed yield. 

Das et al. (1998) noted high positive genotypic correlation of 

siliqua 'ength and seeds per siriq ua with seed yield per pia nL 

Shalini at al. (2000) reported that number of siliquae. secondary 

and primary branches and seeds per siliqua and plant height were 

highly associ ated with seed yi eld. 

Basudeb et al. (2001) revealed that there was a 

significant positive correlation between per se performance of the 

parents and gca of the parents for days to 50 per cent flowering, plant 

height, seed yield per plant and 1 aOO-seed weight. 
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Gose and Gulati (2001) observed that seed yreld exhibited 

significant positive associat~on with yield contributing traits Ijke days to 

50 per cent flowering, days to maturity. plant height, number of 

secondary branches, number of siliquae on main shoot and oil content. 

These components, in turn, exhibited significant positive correlation 

with one an other. The results indicated that selection for one of these 

characters might automatically combine them. 

Singh et al. (2003a) stated that the varcetal differences were 

highJy Slg nificant for plant height. days to 50% floweri ng, siJiqua per 

plant, seeds per siriqua, days to maturity, 1000-seed weight and seed 

weight per plot. They ajso found the coefficient of genotypic and 

phenotypic variations higher for 1000-seed wejght and minimum for 

days to maturity, The highest genetic advance was obtai ned with 1000-

seed weig ht (39.08), followed by seed yieJd/plant (20,18), days to 50 % 

flowering (16.79) and siJjquae per plant (16.49). 

Singh et al. (2003b) high heritability for oil content, 1000-seed 

weight, p1ant height and seed yieid per plant, whereas low heritability 

was recorded for number of branches per plant. High genetic advance 

was observed for seed yield per plant and 1000-seed weight. 

Swarn kar et al. (2002) recorded moderate heritability with 

low genetic advance was in majority of the characters, indicating the 

effect of non-additive gene action. Days to flowering, 1000-seed 

weight, oil content and protein content characterized by high heritability 

with low genetic advance, may be beneficial for selection. 





MATERIALS AND METHODS 

3.1 Mate rials 

3.1 .1 . S e lecti 0 n of pa rents: - The prese nt i nves tlga ti on was 

comprised of 20 female lines and four testers of Indian mustard 

[Brassica juncea (L.) Czern. and Cess.] se!ected on the basis of 

variability for different characters and maintained by selfing in the Oil 

Seed Section, of Department of Genetics and Plant Breeding, C.S. 

Azad University of Agriculture and Technology. Kanpur. The salient 

features and source of these parents are given in Table 1. 

Table 1: Details of parents used in the experiment 
- --_._- - ---

'. s. Parents Source Salient Features 
i No. 
_. _ .. -- ----------------

1 Sanjukta Barahampur. 
W.B.) 

>------+---_. - - _. -_. -+ _ •• _---,----------=----
Pusa IAR!, (New Delhi) 2 

3 

15 

Basant 

Pusa 
Jaikisan 

Krishna 

Urvashi 

NRC on Plant 
Biotech ~ARI, 
(NewOelhi) 

GBPU-A-&-T--, ---~ Plant height 160cm,maturity: 132- --., 

Pantnagar days, oil content: 40%
, seed weight: 

5. 2g.average yield: 1380Kg/ha, less 
susceptible to aphid and saw fly as 
compared to Varuna tolerant to frost. 

I CSAUA&T,Kanpur 
I 
I 
I 

P I a nt heig ht: 1 40cm, maturity: 1 25 
I days, oS! content: 42%

, seed weight: 
i 5.2-5.5g,average yield~ 2200-

2500Kgfha.better tolerant to high 

L__ _ __,_ _________________ ~mperature at seedJing stag~._. __j 



29 

7 Sita Sa ra ha m pu r t Plant height: 95-1 aDcm,maturity: 90-
W_B.) 100days, oil content: 38%

, seed 
weight: 2-2.Sg,average yield: 1200-

I 
1400Kg/ha. Tolerant to aphids and 

1 
- -

alternaria blight. early: maturing. 
8 RK-9901 ! CSAUA&T,Kanpur Plant height: 140-150cm,maturity: I 

125-128days, oil content~ 39%
, seed 

weight: 5.5g,average yield: 2200-
_ ? 500Kg/ha. . _ 

9 RK-9902 I CSAUA&T,Kanpur I Plant height: 160-165cm,maturity: 
I 11 0-11 5d a ys, oi 1 con te nt: 38/, seed 

weight: 3.5-4.0g,average yield: 1500 
~_ . . ~/.t:"_l~._ __ _ ___ _ _ - -

10 RK-2007 I CSAUA&T.Kanpur Plantheight 125-130cm,maturity~ 
I 

I 125days. ofl content: 37-38%, seed 

I 
I wefght 3.5g,average yield: 1400 

Kg/ha. 
11 RK-9807 i CSAUA& T, Kanpur Plant height: 115-120cm,maturity: 

125-130days, oil content: 39%, seed 

I 

weight: 3.0-3.Sg,average yield: 1500 
: Kg/ha. 

12 Basanti I CSAUA&T,Kanpur Plant height: 165-170cm.maturity: 
135-140days, oil content~ 40%

, seed 
weight: 3.5-4.0g,average yield: 

-
. 2000-2200 Kg Ih a. 

13 Jawahar-1 JNKV Campus Plant height: 185-190cm,maturity: 
Morena (M.P.) 125-127days, oil content: 42 %

, seed 
weight: 5.0g, average yield: 2000-
21 OOKgJh a, res ista nt to whi te rust. - . 

14 Vaibhav . CSAUA&T,Kanpur Plant height: 140-145cm, maturity: 
120-12Sdays, oil content: 38%

, seed 
, weight: 4.5g.average yield: 1300-

I 1 500 K(JJh a . 

15 Pusa Bold 

I 

IARI, (New Delhi) prant height: 17D-180cm,maturity: 
11 0-115days, oi' content: 42%

, seed 
weight: 6.0-7~Og.average yield: 
1800KQ/ha. 

16 ' RK-2001 CSAUA& T. Kanpur Plant height: 1 25-130cm, maturity: 
1 25-1 30d a ys, oil conte nt: 37%

, seed 

i 

1 we1ght: 3.5g.average yreld: 
1200KgJha 

17 RK-2002 I CSAUA&T.Kanpur I Plant height: 120-125cm,maturity: 
130-135days, oil content: 36%

, seed 
weight: 3. 3g ,average yield: 1200 

I 

Kg/ha 
18 RK-2003 I CSAUA&T,Kanpur Plant heig ht: 1 25-1 30cm, matu rity: I 

i 120days,oil content~38%,seed weight:3-
3. 5g ,average vie Id: 1 500 Kg/h ac I 
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19 RK-9803 I CSAUA& T, Kanpur I Plant height: 120-125cm,maturity: 
I 130-135days, oil content: 39°/Q, seed 
! , weight: 3_5g,average yfeld: 

, 1600K_g{_ha: ___ 
20 RK~9804 CSAUA&T.Kanpur Plant height: 125~130cm,maturity: 

1 30da ys, 0 i I con tent: 38%
, seed 

weight: 3. 5g .average yield: 

-- -- ---
1700Kg/ha. 

- ~ 

21 Kranti I GBPUA&T, Plant hetght: 155-175cm,maturity~ 

, Pantnagar 125-130days, oil content: 40°/0-, seed 
wetghL 4.5g,average yield: 1500-

I 1800 Kgfha. tolerant to alternari a 

I 
blight and frost, resistant to downey 
mildew and white rust. 

22 Rohini CSAUA& T, Kanpur Plant height: 150-155cm,maturity~ 
125-130days, oil content: 43%. seed 
weight: 5.0-5.2g,average yteld: 
2200-2800Kg/ha, appressed siliqua, 

- ... _ ........... resistant to shatteEi~_g-
23 Varuna , CSAUA& T, Kanpur Plant height: 145-155cm,maturrty: 

I 

125-130days. oil content: 43%, seed 
weight: 5.0-6. 5g,average yieJd: 
2 a 00-2 2 00 Kg/ha. mod era te I y 
resistant to alternarra blight and 
a~hids. __ r~ __ 

24 Vardan CSAUA&T,Kanpur Plant hejght~ 140-145cm, maturity~ 
I 120-125days, oi~ content: 40%

, seed I 
I weight:4.5g,average yield: 1000-

I 
1600Kg/ha,suitable for late sown 
and intercrop~ing. 

--- -- ---

3.1.2. Building up of the material: - Twenty females and four males 

were sown during rabi 2000-2001 at Oil Seed Research Farm of the 

Universfty at Kalyanpur. Kanpur. All the females were crossed wHh 

each of the four maJes to produce sufficient amount of seed of 80 

crosses. During kharif 2001 their F,s were advanced to F2 as Off 

Season Nursary, Palampur (H.P.) and fresh crosses were also made_ 

3.2 Methods 

3.2.1. Plan of layout: - The material consisting of 24 parents and 80 

each F 1 s and 80 F 2 s were grown during rabi~ 2001-2002 In a 

randomized block design with three replications at Oil Seed Research 

Farm, of C.S. Azad University of Agriculture and TechnoJogy, Kanpur. 

Each population was planted in two rows, each 3 m long and 45 em 
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aparL The plant-to .... plant distance was maintained at 15 em by thjnning. 

All the recommended agronomic practices were adopted for raising a 

good crop. 

3.2.2. Recording of observations: - Data were recorded on ten 

randomly selected plants in each population j n each replication on 14 

characters except for trait oil and protei n contents and 1000-seed 

weight where samples were drawn from bulk harvest of each population 

per replication as per details given below_ 

1. Days to flower:- It was recorded as the period from the seed 

sow}ng to openi ng of the first flower on the matn raceme of the 

randomly selected pfants 

2. Days to maturity:- H was recorded when the most of sifiquae on 

the plant turned yellow and days from sowing to maturity were 

counted. 

3. Plant height:- The height was measured from base to top of the 

plant in em at maturity. 

4. Length of main raceme:- Length of main raceme was measured 

In each selected plant at maturity. 

5. Number of primary branches:- Number of first order branches 

designated as primary branches arising on the main shoot was 

counted on each selected plant at maturity. 

6. Number of secondary branches:- Second order branches 

arising from the primary branches were cou nted at maturity. 

7. Number of siliquae on main raceme:- The number of siliquae 

was counted from mai n raceme in each selected plant at 

maturity. 

8. Number of seeds per siliqua:- Ten randomly se~ected silrquae 

were taken from each selected piant and total number of seeds 

were counted and the average number of seeds per srliqua was 

worked out. 

9. Biomass:- Total weight of the plant was recorded at maturity. 

10. Harvest index:- Harvest index was worked out by using the 

fo Howt ng form ur a 

., .~ ....... 
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Economic yield (g) 
Harvest jndex= x 100 

Biologjcal yield (9) 

11. 1000-seed weight:- 1000-seeds were counted from the bulk 

yield of each population and weighed in g on efectronic balance. 

12. Yield per plant:- The seeds were sun dried and yield per plant 

was recorded by weigh~ng in 9 on electronic balance. 

13. Oil content: - It was determined rn percent by using Pulsed 

Nuclear Magnetic Resonance Spectrometer (NMR) technique 

from the three randomly drawn samples of each population. 

14. Protein content: - The residue obta~ned after oil extraction was 

subjected to semi-micro Kjeldahf's method of nitrogen estimation. 

The protein in percentage of the meaJ was obtained by 

multiplying the nitrogen content by 6-25. 

3.3 Statistical Analyses 

The data recorded on above characters were su bjected to the 

foflowing statistical analyses. 

3.3.1. Analyses of variance: Analyses of variance was carried out 

according to the usual procedure of Panse and Sukhatme (1967) as 

detailed in TabJe 2. 

3.3.2. Combinjng ability analyses: The analyses of vartance for 

combining ability was carried out according to the method outlined by 

Kempthorne (1957). The partitioning of populations was done into 

males, females and males x fema1es for F 1 generation. The skeleton of 

analysjs for combing abi1ity tS as per detaris given j n Table 3 

Table 2: ANOVA for combing ability 

Source d.t. I m~s=i Expected .m.s. , 
Replt~~io_ns 

-
(r-1) 

: 
----- . 

Hybrids {m f-1 } I -
Males (m-1 ) m1 I cr 2 +r[Cov(F .S.)-2Cov(H.S.)]+fr 

Cov _{H.S.l 
Females I f-1 m2 8 2 +r[cov (F.S)-2 cov 

(H.S.)]+ mr Cov (H.S.) 
Males x Females , (m-1)(f-1) m3 8 2 +r [ Cov (F.S.)-2 Cov 

_(H-S·ll 
Error (r-1 )(mf-1 ) m4 8 2 

Total ! (mfr-1) 

, 
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Kempthorne (1957) advocated general combining ability (gca) and 

specific combining ability (sea) in form of covariances of half- sibs 

(H.S.) and full- sibs (F.S.) as. respectively as 

8 2 gca = COV~ (H~S~) 

0 2 sea Cov. (F.S.)-2 Cov. (H.S.) 

Where. 

Cov. (H.S.) ==: 

Cov. (F.S.) = 
[(m 1-m 3) + (m2-m3)]/r (f+m) 

[m,-m4) + (m2-m4) + (m3-m4) +6r 

Cov (H.S.}-r (f+m) Cov. (H.S.)] 3r 

3~3.3A Estimates of components of variance: 

8 2gm (m, -m3}/fr 

6 2 gf = (m2- m 3)/mr 

(52g 

(S,2S 

Where, 

8 2 gm 

8 2gf 

8 2g 

8 25 

= 

= 

= 
= 

[(ml-m3)+(m2-m3)] r{f+m) 

(m3-m4)1 r 

variance due to gca of males 

variance due to gca of females 

variance due to pooled gca 

variance due to sea 

3.3.4. Estimates of general and specific combi ning ability effects:­

The following mathematica' model was apphed to estimate the general 

and specific combining ability effects of ij klh observation 

k 

= 

= 

= 

= 

= 

I--l +9 i + gj + sij +eijk 

population mean 

general combining ability effect of the ith male parent 

general combining ability effect of thelhfemale parent 

specific combining abiHty effect of ijth combination 

error assocjated with the X ijk observation 

number of male parents (1, 2,--------m) 

= number of female parents (1 ,2, .......... f.) 

= number of replications (1,2 .............. r.) 

The individual effects were estimated with the help of foJlowing 

reJationship 
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Where, 

(X ... 

gj 

Where, 

= 

ex. + .Imfr). 

Total of aU hybrid combinations) 

(X 1 . .!fr)- (X . . /mfr). 
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(Xi .. Total of ith male parent over all the females 

a nd replications) 

9j 

Where, 

(Xij .. 

Where, 

= 

= 

(X ij • . /mr)- (X .. .Imfr) , 

(Total of j'h female parent over all the males and 

re plication s) 

[X./r- K i . .Ifr)- [Xi/m r+ X ... /mfr], 

Xij (ij)th combi nation over a ~I the replications. 

The significance of general and specific combining a bility effects 

was teste d th ro ug h s ta nd a rd errors of the i r effects wh ich were 

computed by taking the square root of variance as follows: 

S.E. (gi) = V.)2e/ fr 

S.E. (gd = V~)2e/mr 

S.E. (s.j) :::::::: V {,2e/r 

Standard errors of differences between the values of two general and 

specific combi ning ability effects were calculated as follows: 

S.E. (gi-gi) == V 2&2e1fr 

S.E. (gj-g.) V 28 2
e lmr 

S + E. (Sij-Stj) = J 26 2 
e /r 

3.3.5. Degree of Dominance: - The deg ree of dominance was 

calculated using the following formula given by Kempthorne and 

Curnow (1961). 

Degree of d om i na nee 

Where, 

6 2 s 

= 
estimated var~ance due to sea 

estimated variance due to gea 

Hete ros is : Jt was es ti mated as perce nt inc rease or d ecrea se in the 

mean values of F 1 hybrids over commercial culttvar as follows 
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Heterosis (0/o) = x 100 

Where, 

F 1 = mean of hybrid 
CC mean value of commercial cultivar 

3.3.7 Inbreeding depression: - rnbreed.ng depression refers decrease 

in fitness and vFgour due to inbreeding. it was estimated as follows 

(F 1 -F 2 ) 

I nbreeding depression = x 100 

Where. 

F1 and F2 are the mean values of F1 and F2 progenies, 

respectively of the same cross for a given character. 

3.3.8. Heritability:- Heritabilrty was calculated by the formula proposed 

by Burton and Devane (1953) 

Where, 

h2 

vg 

= 
= 

He rita bi Ilty 

Genotypic variance 

~ x 100 

vp Phenotypic variance 

3.3.9 Genetic Advance: The Genetic advance was calculated by the 

following form ula suggested by Johnson et at. (1955a). 

GA = H x aph x k 

where. 

H 

aph 

K 

Heritability 

Phenotypic standard deviation 

Selection differential at 5% Selection intensity (k= 2.06) 

3.3.10 Genetic advance in percentage of mean: It was calcuJated as follows: 

GA 
G5{0/0) [Gs/X] x 100 Gs ---- x 100 

x 

Where, 

Gs = expectation of genetic advance 

x = mean of the character 
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3.3a11. Correlation coefficient ; The environmental genotypic and 

phenotyp;c coefficients of correlatron were worked out as suggested by 

AI- jibouri et at. (1958) 

(a) Environmental correlation rxy(e) = 

(b) Phenotypic correlation rxy(p) 

Cov xy(e) 

[vx(e)vy(e)}05 

Cov xy(p) 

(vx(p)vy(p)]05 

Cov. )(y(g) 
(c) Genotypic correlation rxy(g) = 

Where. 

Cov. xy (e) = 

Cov. xy (p) = 

Cov~ xy(g) = 

Envrronmental covariance between characters x and y 

Phenotypic covariance between characters x and y 

Genotypic covariance between characters x and y 

The significance of phenotyptc correlation coefficient was tested 

against 'r' values from r-table of Fisher and Yates (1938) for 

(n-2) degree of freedom where. ~n is the number of population. 





EXPERIMENTAL FINDINGS 

The present investjgatlon comprised of 24 parental lines of 20 x 

4 line x tester analysis design and each of their 80 F 1 and F 2 

populations. These were raised in a randomized block design with 

three replications. The data were recorded on 10 characters namely. 

days to flower and maturHy. plant height. length of main raceme. 

number of primary and secondary branches per plant, number of 

sdiqua on main raceme. number of seeds per siliquae, biomass, 

harvest index, 1000-seed weight, seed yield per plant and oil and 

protein content. These data were subjected to various statistical and 

b~ometr1ca~ methods and the results obtafned have been descri bed 

under the following heads 

4.1 Analysts of Variance of the experiment 

4.2 Mean and Varjability among parents, F 1s and F 2s 

4.3 Combinlng ability analysis 

4.3.1 Analysis of variance for combining ability 

4.3.2 Components of variance and degree of dominance 

4.3.3 Generaf combining ability (gca) effects 

4.3.4 Specific combining ability (sea) effects 

4.4 Heterosis 

4.5 Inbreeding depression 

4.6 H erita bi I ity and Geneti c adva nee 

4.7 Correlation 

4.1 Analysis of variance of the experiment 

The m.s.s. obtained through the analysis of the data of the 

experiment having 184 genotypes viz., 24 parents and their 80 all 

possible crosses of the 20 x 4 line x tester design, excluding 

reciprocals and their 80 F2 popu[ation are given in Table 3. The 

variance due to replications was found non-significant for ali the 14 
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characters. This suggested that the environmental conditions obtain ing 

in th e site wh e re the experi m ent was la id down were un ifo rm and 

homogeneous. On the other hand. the m. s. s. due to 24 parents were 

found highly significant for 10 characters, signiffcant for two characters 

and not significant only for number of secondary branches and 1000-

seed wefg ht. Th j s s ugg es ted that the pa re ntal I j nes we re a 9 fOU P of 

hig hiy genetically divergent strains. The 24 parental lines were agai n 

partitioned j nto females. males and females vs. ma~es. The m. s. s. due 

to latter were found highly significant for arl the characters, except 

number of seeds per siliqua and 10DO-seed weight. Th rs suggested 

that the two groups of genotypes viz., females and males, as a whole. 

were dl sti n ct. Ag ai n, 20 fem a Ie pare nts were 9 e netfca II y d tffe re nt from 

one another in respect of all the characters except 1000-seed weight. 

S rm i I a rly, th e males we re tau nd s tati stica Ily different fro man e a noth er 

for as many as 8 characters. 

Except for plant height, a set of 80 F 1 crosses was found 

statistically d~fferent from one another for all the characters under 

study. When these crosses were compared with thei r pa rents. these 

two groups (F 1 S and parents) as a whole were a Iso found statistical ty 

different for as many as 12 characters. This suggested that the F 15 

exh i bjted s i g niftca n t su pe ri ority or i nferi ority ove r th ei r parenta I 

populations. Similar 80 F 1s and 80 F2 populations, as a whole, were 

found distinct for 12 characters. This suggests that F2 popu~ation is 

exh i b ittng in bre ed i ng de pression. i rrespecti ve of the d r recti on over the 

F, performance. 

4.2 Mean and range among parents. F 1s and F 2s 

4.2~ 1 Parents 

Though the variability among parents (females and mates) 

together and individ uaUy has been assessed through a nalysis of 

variance of the experiment (Table 3). but through mean va~ues and the 

range, the precise assessment can be made. The mean performance of 

24 pa rents j n res pect of 14 characte rs ha 5 bee n given in T a bl e 4 an d 

the character-wise presentation is given be~ow-
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4.2.1.1 Days to flower: The days taken from sowi ng to emergence of first 

flower have ranged from 43 (Sanjukta and Sita) to 55 (Kranti). 

4.2.1.2 Days to maturity: Very wide range for days to maturity was 

recorded a,mong the parents T the earliest be~ng Sita (115 

days), and 8asanti had longest (135 days) duration. AU the 24 

parental I1nes took more than 100 days to mature. 

4.2.1.3 Plant height: Very wide range in the mean plant height could 

be recorded, RK 9807 being the dwarfest (113 em) and RK 

9901. Rohini the tallest (183 em). It is interesHng to mention 

here th at the I j nes th at took ma re days to flower were 

invariably tall and vice-versa. 

4.2_1.4 

4.2.1.5 

Length of main raceme: The length of main raceme is the most 

important character, as larger the raceme more will be the number 

of siljquae and ultimately the seed yield. The range tn this character 

was recorded from 31.17 em (Vaibhav) to 87.40 em (Pusa Bold). 

There appears to be association between plant height and the 

length of main raceme. i.e., taHer the plant longer would be the 

ma i n racem e and vice-ve rsa. 

Number of primary branches: From yield point of view. this is a 

very rmportant character as the number and the length of raceme 

depends mainly upon the prjmary branches. A very wide range in 

the number of primary branches was observed among 24 parents. 

The shy branching was noted in the strain RK 9901 (4.40), where 

as RK 9807 recorded profused branching (9.0). Majority of the 

parental Hnes gave primary branches between 6.00 and 8.00. It rs 
very interesting to report here that the taU (RK 9901) and dwarf (RK 

9807) varieties produced very poor and high number of primary 

branches, respectively. 

4.2.1.6 Number of secondary branches: Tremendous variability 

among the 24 parental lines was observed in terms of this 

trait. It ranged from 1_17 (8asanb) to 17.33 (RK 2001). As 

many as 13 parental lines had 7-13 secondary branches. The 

number of primary branches appears to be related to number 
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of secondary branches. i.e., higher the number of primary 

branches, greater wiJJ be the number of secondary branches 

a nd vi ce-versa. 

4.2.1.7 Number of siliquae on main raceme; This is the most 

important yieJd component in mustard. Si miiar to number of 

primary branches, the variability for number of siHquae on 

main raceme was very high, ranging from 27 in the parent 

Sita to 71 in Vardan. The length of the marn raceme appears 

to be positively associated with the number of siliq uae on the 

main raceme. As many as 13 parents had more than 50 

sfliquae on main raceme. 

4.2.1.8 Number of seeds per siliqua: This is another important yield 

component. The range for this character was recorded from 9.10 

(RK 9804) to 13.30 (Rohinl). It has also been observed that 

wherever the number or siliquae for main raceme was higher the 

number of seeds for siliqua was less and vice-versa. 

4.2.1.9 Biomass: Sum total dry matter of the plant rs called biomass. 

Ve ry w t d era n 9 e fr 0 m 8.33 gin U rv ash ito 9 1 . 0 a gin Va run a 

was recorded for this character. Most of the ruling varieties 

like Rohini, Varuna and Pusa Bold had very hlgh biomass 

4.2.1.10 Harvest index: This parameter indicates the proportion of 

seed yield out of the total biomass. The range for this 

character was recorded from 20.14% tn RK 9807 to 32.72% in 

Varuna. The latter is a top yielding national variety. which has 

highest harvest index. It has high biomass also. 

4.2.1.11 1 aDO-seed wei 9 ht: The seed we ig ht a ma ng th epa rents 

ranged from 3.10 9 in Sanjukta to 4.31 9 in Varuna. It has 

also been observed that hrgher the number of seeds per 

siliqua, lighter is the seed and vice-versa. 

4.2.1.12 Seed yield per plant: Very wide range rn seed yteld was 

recorded (from 13.96 9 in Sita to 29.78 9 in Varuna). Again, 

Varuna which is a nationa~ variety and has highest seed y[eld. 
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4.2.1.13 Oil content: Marginal variability among the parents was 

recorded for oit content, i.e., only from 37.00 % in RK 9901 to 

39.83 % in Varuna. In general, it could be established that 

boJder the seeds lower is the oil content and vIce-versa. 

4.2.1.14 Protein content: Similar to oil content for protein content also 

very narrow varfabHity could be recorded among the parents, 

Sita (23.350/0) bel ng the poorest and RK 2007 (29.80 %
) the 

richest. 

F1 Population 

The mean performance of 80 F 1 crosses for 14 characters under 

study has been worked out and the same has been gjven in Tab!e- 5 

and the results described below character-wrse. 

4.2.2.1 Days to flower: The range for this character was recorded from 

41.33 days in RK 2003 x Rohini to 56.67 days in Pusa Jaikisan x 

Rohini. In other crosses not much variabihty CQuid be observed. 

4.2.2.2 Days to maturity: For this character very wide variability was 

recorded. which ranged from 128 days in RK 2007 x Kranti to 

142 days in 8asanti x Varuna. No relationship between days 

to flowering and maturity could be observed. 

4.2.2.3 Plant height: Tremendous variability among the crosses was 

observed for ptant height. The cross Stta x Varuna proved to 

be dwarfest (114.33 em) and on the other hand, R K 2003 x 

Rohni the tallest (177 em). 

4.2.2.4 Length of main raceme: Na rrow varrabiUty was recorded 

among 80 crosses for this character (38.73 em in Urvashi x 

Varuna to 56.73 em in RK 9901 x Kranti). Plant height and 

length of the main raceme appeared to be positrvely 

associated. 

4.2.2.5 Number of primary branches: The number of primary 

branches was found, in general, very shy (besides narrow 

variability among the crosses). 
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Number of secondary branches: The variabrlity for this character 

among the crosses was found very marginal, i.e., from 9.00 in the 

cross Sita x Varuna to 20.60 in Vafbhav x Kranti. 

Number of siliquae on the main raceme: Huge variability 

was recorde'd among 80 F 1 crosses in respect of number of 

siJiquae on the main raceme. The crosses Sita x Varuna had 

minimum (36) siliquae and the cross Basanti x Varuna had 

maxImum (93) sHiquae on the main raceme. The crosses in 

which either Sanj ukta or Sita were involved the siliquae 

number was low and on the other hand. the crosses involving 

Varuna as one of the parents had, in general, Jarge nu mber of 

siHquae. 

Number of seeds per siliqua: Tremendous varlability among 

the F 1 crosses for number of seeds per siliq ua was observed, 

and the range being from 9.33 in the crosses Krishna x Rohlnj 

to 13.6 in the cross RK 2007 x Varuna. For this character 

also, the crosses involving Varuna as one of the parents had, 

invariably. large number of seeds per siliqua 

4.2.2.9 Biomass: The tolar biomass per plant among the F 1 crosses 

ranged from 73.00 9 in Sita x Vardan to 104.33 9 in Pusa 

Bahar x Varuna. Wherever Varuna is involved, the crosses 

gave high val ue of biomass. on the other ha nd the crosses 

havtng Stta as one of the parents gave low biomass. 

4.2.2.10 Harvest index: This parameter among the F1 crosses ranged 

from 22- 00% (Sita x Kranti) to 50.84% (U rvash i x Varuna). 

The parents Urvashi and Sita gave hJgh and low harvest 

indices. respectively wherever they were involved in the 

crosses as one of the parents. 

4.2.2~ 11 1000-seed weight: Tremendous var~ability among the F T crosses 

for seed weight was recorded. It was mInimum (1.81 g) and 

maximum (6.14) in the crosses Vaibhav x Varuna and RK 2001 x 

Varuna. respectively. Pusa Bold being bold seeded parent could 

not influence the seed size of its F1 crosses. On the other hand, 
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Vardan and Varuna, the most popu}ar varieties of the country, 

increased the seed si ze of thei r crosses. 

4.2.2.12 Seed yield per plant: High varlability I n the seed YIeld per 

plant was observed among 80 F 1 crosses I the lowest (18.70 

g) and highest (27.1 9 g) was obtained from the crosses Sita x 

Kranti and Pusa Bold x Vardan, respectively. Again, the high 

yielding varieties Vardan and Varuna influenced the yield of 

thei r crosses in positive d i rectio n ~ 

4.2.2.13 Oil co ntent: Nat much va ri a bi lity cou~d be noted fo r 0 f I co nte nt 

among the F1 crosses~ It ranged from row values in the cross RK 

2001 x Kranti to very low in the cross RK 9803 x Rohini. 

4.2.2.14 Protein content: Unlike oil content. the F1 crosses were found 

highly variable for protein content, the range was recorded from 

24.53 % in the cross RK 2001 x Rohini to 33.00 % jn the cross RK 

9804 x Vardan. Most of the crosses where Vardan was involved 

gave high protein content in _>50 crosses. 

4.2.3 F2 Population 

A set of 80 F2 populations of 20 x 4 line x tester crosses was 

a Iso stud i ed for th eir perform a nee in res pect of 14 c ha ra cters. Th e 

mean values of these populations have been given in Table 6 and 

descri bed below cha racter-wise. 

Days to flower: The range for this character among the 80 

F 2s was recorded from 41.00 days in RK 2001 x Varuna, to 

57.33 days in RK 9902 x Varuna and Vardan. 

4.2.3.2. Days to maturity: Almost all the F2 populations took more 

tha n 100 days to matu re, however, the ra nge was recorded 

from 103.00 days in the crosses RK 2003 x Vardan to 164.33 

days in the cross R K 2002 x Kra nti . 

4~2.3.3 Plant height: Tremendous variability for pia nt height was 

recorded, though it was more than 100 cm I n all the 

populations. The mrnlmum (115.6 em) and maximum (183.00 

em) plant height was noted in the F 2 population of the crosses 
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Pusa jai krshan x vauna and Urvashi x RohnL respectfvely. 

4.2.3.4. Length of main raceme: Simrlar to pia nt height, sUbstantial 

variability was noted for this character. In majorfty of the 

populations the height of the main raceme was more then 40 

em, how.ever. the range being from 37.87 em in the cross Slta 

x Kranti to 59.83 em in Sita x Varuna. Variety Varuna 

increased the length of the main raceme in almost art the 

crosses where it was one of the parents. 

4.2.3.5 Number of primary branches: Very w[de range for number 

of prtmary branches was recorded, the lowest (5_03) and the 

hig hest (12.13) being j n the crosses R K 9804 x Varuna and 

Pusa Bahar x Vardan, respectiveJy. 

4.2.3.6 Number of secondary branches: Here also a very wide 

range was recorded, the lowest (9.17) and highest (18.17) 

n umber being in the crosses Basanti x Kranti and Pusa Bahar 

x Vardan, respectivety_ 

4.2.3.7 Number of siliquae on main raceme: in majority of the 

cases the number of siliquae ranged between 40 and 50. 

However, the range was noted from 27.50 in Jawahar-1 x 

Vardan to 15.63 in RK 2002 x Vardan. 

4.2.3.8 Number of seeds per siliqua: A very wide range in the 

number of seeds per siliqua was recorded among the F2 

populations (from 5.07 in the cross Urvashi x Rohinl to 15.63 

in the cross RK 2002 x Vardan). 

4.2.3.9 Biomass: Wide range from 67.679 in the Sita )( Kranti to 

101.33 9 in the cross Sanjukta x Vardan and RK 9804 x 

Rohini was recorded for this character .The crosses invofving 

Vardan and Pusa J aikisan as one of the parents produced 

high b~omass. 

4.2.3.10 Harvest index: Tremendous variabrlity has been observed in 

this secondary cha racter. Minimum and maximum harvest 

index has been recorded with the crosses RK 9804 x Varuna 

(11.48%) and RK 9803 x Rohini (31.64 0/0 ). respectively. 
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Wherever RK 9803 was used as one of the parents, the 

resulting F2 population gave high harvest index. Likewise 

Pusa Bold produced F2 population with poor harvest index. 

4.2.3.11 10DO-seed weight: Being one the potent yietd component, it 

exhibited very. high variability, the range be~ng from 1.79 9 rn 
the cross Sita x Kranti to 5.21 gin the cross R K 9902 )( 

Vardan. The strains Pusa Bold, Vardan and Varuna had 

contri b uted to hi 9 h seed we ig ht. 

4.2.3.12 Seed yield per plant: Similar to test we~ght for seed yield 

also very high variability has been recorded. The F2 

pop u I atjo ns of the crosses Kri s h n a x Kra ntt a nd Sa santi x 

Varuna gave lowest (13.92 g) and highest (27.01g) seed yield 

per plant. respectively 

4.2.3.13 Oil content: Most of the populations were found concentrated 

between the oil content range of 35 and 40 %
. However, the 

F2 populations of the crosses RK 2001 x Rohrni (35.70 %
) and 

Pusa Basant xVaruna (41.630/0) gave lowest and highest oil 

co nte nt res pectively. 

4.2.3.14 Protein content: Similar to oil content, for protein content 

also most of the populatrons were concentrated between 25 

and 300/0 range. However. the poorest and richest populations 

in respect of protein content were Pusa Jaikisan x Vardan 

(23.4%) and RK 2007 x Varuna (31.61 %). respectively. 

4.3 Combining ability analysis 

4.3.1 Analysis of variance for combining ability: The analysis of 

variance for combining ability in respect of 14 characters has been 

carrIed out for 20 x 4 line x tester analysis and vartance due to males, 

females and males x femaJes have been gjven in Table 7.Variance due 

to females (20) and r males (4) for all the characters except number of 

seeds per siliqua and protein content and interactions between females 

and males for all the characters except protein contents were found 

highty significant. 
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4.3.2. Estimates of components of variance and degree of 

dominance: 

The estimates of components of variance, i.e., variance 9 (0'2 g) 

and variance r (02 s) were calcurated from the variance of all the 

characters. The ratio of 0
2 g/cr 2 s and degree of dominance (0'2 s/O'2 g)0.5 

were also worked out- The estimates of genetic components, thelf ratio 

and degree of dominance have been given in Table 8. 

The ratio of 1: 1 between cr2 9 and cr2 
S indicates an equal 

importance of both additive and non-additive genetic variances for the 

expression of the characters. whereas the deviation from this ratio (1: 1) 

indicates more jm partance of either cr
2 9 orrr2 5, depending upon the 

magnitude of the ratio. The magnitude of gea variance was found 

higher than sea variance for days to flowering and maturity. plant 

height, length of main raceme, number of primary and secondary 

branches, number of si!iquae on main raceme and 1000-seed weight. 

On the other hand. sea variance was found greater than its gca counter 

part for number of seeds per siliqua, biomass. harvest index and oil 

content. However, both these variances were almost equal in 

magnitude for seed yield and protein content. 

The average degree of dominance indicates the magnitude of 

dominance. In case the value of degree of dominance is more than one 

the over-dominance js indicated. when this va!ue is 0 and one, no 

dominance and complete dominance, respectively are indicated. 

Accordingly, the over-dominance has been expressed for days to flower 

and maturity. plant height, length of main raceme, number of prfmary 

and secondary branches. number of siliquae on main raceme and 

1000-seed weight. For number of seeds per sUiqua, biomass, harvest 

index and oil content, partial dominance was indicated. On the other 

hand, for seed yield and protein content no dominance was indicated. 
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4.3.3 Estimates of combining abil ity effects 

4.3.3.1 General combining ability effects: The estimates of gea 

effects of 24 pa rents, com prisi n 9 of 20 Fe m al es and 4 teste rs of line x 

tester a n a Iys is desi9 ned for 14 qua ntftat,ve cha racte rs and the l r mea n 

performance have been given in Table 9 and results described 

character-wise below. 

1. 0 ays to fI owe r: I rres pective of d ecf i ne, the gca effects for thi s 

character were found hIghly 51g nificant for all the females and 

testers in both F 1 and F2 generations. The negative values 

indicated the additive genetic variance for earliness, therefore, 

such estimates are desirable. Therefore. among the females RK 

2003 (-8.34) followed by RK 9803 (-7.09) and RK 2001 (-6.34) 

and among the testers none gave high and negative estimates in 

F 1 generation. 

2. Days to m a tu rity: For th i s ch a racter a Iso th e neg ative est; mate s 

were desirabJe. tn both F 1 and F 2 populations a large number of 

female lines gave highly significant and negative gca effects, 

higher bei ng - 15.22 (RK 9804) in F, and -17.50 (Sita) in F2 

population. 

3. Plant height: Irrespective of the sign. atl the 20 female lines 

gave highly significant gca effects. Among the males only in F 2 

generation they gave highly significant estimates of gca effects. 

4~ Length of main raceme: 1n both the generations a large number 

of female lines and males exhibited high!y sig ntficant gca effects, 

m aj ority of them were of pas iti ve s i 9 n. P usa Bo I din F 1 ge nera ti on 

gave higher value (24.96) of positive gca effects. 

5. Number of primary branches: Highly significant gca effects 

were displ ayed by 24 parents in both the generations. In F 1 

generation, a large number of gca effects were negative. 

6. Number of secondary branches: The gca effects of all the 

parents, though highly significant. but marginal in magnitude as 

estimated through F 1 and F2 generations were recorded. 
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7. Number of siliquae on main raceme: All the 24 parents exhibited 

highly significant gca effects. However, the magnitude of these effects 

has been found higher in F 1 generation. Among the females RK 9804 

and among the males Varuna gave higher gca effects. 

8~ Number of seeds per siliqua: Among the females Vaibhav and 

among the males Rohin; gave highest and highly significant gca 

effects. 

9. Biomass: Barring two females parents a nd one male pa rent all 

gave highly significant gca effects. 

10. Harvest index: Except one each in females and males, all have given 

highly significant gca effects. Pusa Bold gave h~ghest val ue. 

11.1000-seed weig ht: In this cha racter atso. except one each in 

females and males (F 1) atl have been found associated with 

highry significant gca effects. 

12. Seed weig ht: Most of the pa rents gave sig n ifica nt g ca effects, the 

h~ghest negative estrmate has been given by saa in both the generations. 

13. Oil content: Almost all the females and two males in F 1 and 

fairly a rarge number of parents In F 2 have been found 

associated with sjgnifjcant gca effects. 

14.Protein content: Out of 20 femates I 19 in F, and 15 in F 2 have 

been found having high~y signif~cant gca effects On the other 

hand. on~y Vardan has given significant gca effect in F 1· 

4.3~3.2 Specific combining ability effects 

The sea effects for 80 crosses have been worked out th roug h F 1 

and F 2 generation separately. These estimates along with mean values 

for 14 characters have been given in Tables 10 and 11 and the resu~ts 

descri bed ch a racte r-wlse below + 

A. F 1 : 

1. Days to flower: Out of 80 crosses, 49 exhibited highiy significant sea 

effects, most of them were posihve, the cross Pusa Bold x Varuna gave 

high value (- 3.35) of this parameter in negative direction. 
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2. Days to maturity: A set of 55 crosses manifested highly 

significant sea effects. The cross Urvashi x Rohini gave htghest 

value (-6.08) of this parameter with negative sign~ 

3. Plant height: 47 crosses were found associated with highly 

significant sea effects. Maximum negative (-20.91) and positive 

(6.77) and significant sea effects were d !splayed by the crosses 

Vaibhav x Kranti and R K 9803 x Varuna, respectively. 

4. Length of main raceme: Irrespective of sign. 41 crosses were found 

having highly significant sea effects. Highest positive (12.96) and 

negative (2.46) values were recorded with the crosses Pusa Bold x 

Kranti and Pusa Jai Kisan x Rohini, respectiveJy. 

5. Number 

exhibited 

of primary branches: As 

highly significant sea effects 

negatjve signs. 

many as 64 crosses 

of both positive and 

6. N umber of secondary branches: A set of 58 crosses was 

found associated with hig hly significant sca effects having both 

negative and posihve signs 

7. Number of siliquae on main raceme: A set of 46 crosses 

showed highly significant sca effects_ The highly significant and 

positive (8.23) and negative (8.37) values of this parameter were 

noted with the crosses Vaibhav x ROhini and Vaibhav x Kranti. 

respectively. 

8. Number of seeds per siliqua: As many as 72 crosses out of 80 

exhibited highly signjficant sea effects. Most of these estimates were 

found positive with high value of 8.23 in the cross Vaibhav x Varuna. 

9. Number of seeds per siliqua: Most of the crosses were found 

associated with highly significant and positjve sea effects. 

10. Biomass: 53 crosses were found associated with highly 

sig nificant sea effects. 

11.Harvest index: Except 14 crosses, all exhibited hig hly sig n[ficant 

sea effects. The cross RK 9803 x Varuna gave highly positive 

estimate (9.6) of this parameter. 
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12. Seed yield: As many as 76 crosses were found associated with highty 

significant sca effects. The cross Basanti x Vardan gave highly 

significant and positive estimate of this parameter (6.58). 

13_Oil content: Only about 500/0 of the crosses were found having 

significant sea effects. However. most of the values were 

negative. 

14.Protein content: A set of 66 crosses had highly stgnificant sea effects. 

B. F2: 

1. Days to flower: Only a limHed number of crosses d~splayed 

highly significant sea effects I that too with most of them negative, 

2. Days to maturity: As many as 48 crosses gave hlghly significant 

sea effects. Majority of these effects were positive. 

3. Plant height: Most of the crosses gave highly significant and 

positive sea effects. The maximum positive estimate was given 

by the cross Krishna x Kranti (25,57), 

4. Length of main raceme: Barring one cross (Krishna x Vardan) 

all the crosses gave highry significant sca effects. High estimates 

of positive sign were given by the crosses where one of the 

pa re nts was Sita. 

5. Number of primary branches: A set of 65 crosses was found with 

highly significant sea effects of both positive and negative signs. 

6. Number of secondary branches: The same trend as in case of 

number of primary branches was observed for this character. 

7. Number of siliquae on main raceme: As many as 64 crosses 

gave highly significant sea effects. The highly posttive (10.3) and 

negative (-8.43) values were noted with the crosses RK 9803 x 

Vardan and RK 9803 x Kranti, respectively. 

8. Number of seeds per siliqua: A very large number of crosses 

were found associated with highly significant sea effects. Highly 

significant sea effect of negative sign were found with the cross 

RK 2002 x Kranti. 
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9. Biomass: A limited number of crosses were found having highty 

significant sca effects. However, the cross RK 9807 x Kranti gave 

high value (8.09) of this parameter of positive sign. 

1 O~Harvest index: As many as 20 crosses gave highly signiflcant 

sca effects. The high positive (96.1) val ue of this parameter was 

shown by the cross RK 9803 x Rohini. 

11.1000-seed weight: Atmost ali the crosses gave highly significant 

sca effects, though the magnitude of the estimates was marginal. 

12~Seed yield: Here also afmost al I the crosses exhibited high 

significant sea effect. The high estimates of positive (6.58) and 

negative (-9.66) signs were observed with the crosses Basanti x 

Varuna and Krishna x Kranti, respectivefy. 

13.0il content: Only a lim!ted number of crosses showed h~gh!y 

significant sea effects, that too with margi nal values. 

14.Protein content: For this quality trait a very large number of 

crosses showed highly significant sea effects. The magnitude of 

the values was also found respectable. The high positive (3.20) 

negative (4.52) values were noted with the crosses Pusa Bahar x 

Varuna and Jaik;san x Vardan, respectively. 

4.4 Heteros is 

The performance of Fl crosses vis-a-vis to commerciat variety 

grown in the country has been assessed. Varuna, a ruling variety of 

Uttar Pradesh and which has also covered entire Rajasthan has been 

cons~dered as the commercjal cultivar. The estimates of the difference 

in the performance of the F1 crosses and that of this variety have been 

worked out and expressed in percent of mean vaJue of this commercial 

variety have been given in Table 12 and results described below 

character-wise. 

4.4.1 Days to flower: Out of 80 crosses 34 for late flowerrng and 32 for 

early flowering compared to commercial variety have exhibited 

heterosis. Earliness IS a desirable character. Therefore, the 

prog entes of these 32 crosses may th row ea rl y fl owe h ng 9 e n oty pes. 

·t)~/S'N 
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Days to maturity: Similar to days to flowering, early maturity is 

also a desirable trait. A set of 23 F1 crosses was found 

significantly early over the commercial variety. On the other 

hand, as many as 41 crosses were Significantly late maturing. 

Plant height: As many as 44 crosses were significantly taller 

and 36 dwarfer than the commercial varrety. 

Length of main raceme; Length of main raceme is the part of 

plant height. There were a large number of crosses (54) that 

exhibited positive heterosis for this trait, Only 14 crosses 

showed negative heterosis. 

Number of primary branches: For this trait, 48 crosses 

showed stgnificanUy positive heterosis and the magnrtude of 

heterosis .was found as high as 50.46% in the cross RK 2007 x 

Rohini. Only 18 crosses showed negative heterosis. the 

magnitude of which was not high. 

Number of secondary branches: For this character also as 

high as 54 F 1 crosses showed sig nificantly positive heterosis 

and the magnitude of rncrease tn the number of second a ry 

branches was as good as 54.55% in the cross RK 2002 X 

RohinL Only a limited number of crosses (9) showed 

signjficantly decreased number of secondary branches over the 

com m e rei a I cu ltivar. 

Number of siliquae on main raceme: Large number of 

crosses showed negative heterosis than the positive one. This 

suggested that the crosses were shy in fruiting compared to 

commercial cultivar. 

Number of seeds per siliqua: Out of 80 crosses, 65 exhibited 

the siliqua having large number of seeds than that of the 

commercial variety. 

Biomass: Highest number of crosses (70) exhibited positive 

heterosis for higher production of bjomass over the commerctal 

variety, Only three crosses gave biomass lower than the 

commercial varfety. 
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4.4.10 Harvest index: For this trait 68 crosses gave higher harvest 

index than the commercial variety . Only few crosses produced 

biomass lower than the test variety. 

4.4.11 1000-seed weight: For test weight also 69 crosses produced seed 

heavier than the commercial variety and the increase has been 

recorded as high as 73.49% (RK 9804 x Varuna)_ Only nine crosses 

produced lighter seeds than the commercial variety. 

4.4.12 Seed yield: Among all the characters . for seed yield highest 

number of crosses (80) gave higher yield than the commercial 

variety and the highest increase of 41 . 050/0 was recorded in the 

cross RK 9901 x Varuna. 

4.4.13 Oil content: Only a limited number of crosses (16) showed 

positive .heterosis and the increase in oil content has been 

noted only marginal. The cross Pusa Bahar x Vardan showed 

negative heterosis of the order of 100%
• It is to mention here 

that both the parents of this cross are bold seeded . 

4.4.14 Protein content: A set of 42 crosses produced seeds having 

protein content higher than that of the commercial variety_ 

Similarly . a large number of crosses also exhibited negative 

heterosis and the maximum reduction in protein value (100%
) 

was noted in the cross RK 9804 X Kranti . 

4.5 Inbreeding depression 

The decrease (inbreeding depression) and increase (increase in 

vigour) in the mean performance of F2 population over its F1 parents 

have been worked out in percent and the estimates have been given in 

Table 13 and described character-wise below. 

4.5.1 Days to flower: Only 16 F 2 s showed significant inbreeding 

depression . i.e.. F2 population flowered earlier than their 

respective F1 crosses . On the other hand , a large number of 

crosses flowered later than their corresponding F1 population . 

4 .5.2 Days to maturity: A set of 38 F2 population matured 

significantly earlier than their respective F,s . thus exhibited 
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inbreeding depression, the maXlmum depression being 49,42% 

in the cross RK 9804 X Kranti. Also, a fairly large number of 

crosses matured later than the corresponding F 1 s. 

Plant height: A fai rly large (28) F2 populations showed 

reduction (inbreeding depression) tn height over thej r F 1 s. Also, 

equally a large number of F2 populations produced plants taller 

than their corresponding F ~ population. 

Length Of main raceme: As many as 53 F2 populations gave main 

raceme significantly larger than that of the respective F 1 population, 

On the other hand, inbreeding depression in the expression of thIs 

character has been exhibited by 25 F 2 populations. 

Number of primary branches: A set of 29 F2 populations 

exhibited inbreeding depression_ The highest magnitude of 

92.53 % was exhibited by Pusa Bahar X Vardan, A fairly large 

number of populations gave higher number of primary branches 

than what was recorded in their respective F 1 s. 

Number of secondary branches: A moderate number of F2 

populations (21) exhjbrted sig nificant inbreedi ng depression. 

The maximum of 60.08 % was recorded in the cross RK 2001 x 

Varuna. A fairly large number of crosses expressed positive 

vigour for this character. 

Number of siliquae on main raceme: A set of 45 crosses exhibited 

inbreeding depression. The Increase In number of secondary 

branches was also showed by fairly large number of crosses. 

Number of seeds per siliqua: As many as 30 F2 populations 

exhibited inbreeding depression. Also, an equal number of 

crosses showed increased vigour over thei r corresponding F 1 s. 

4.5.9 Biomass: Twenty-nine F2 populations showed inbreeding 

depression. A sizeable number of crosses manifested increase 

in the performance and the maximum increase of 20.38 % was 

noticed with the cross Sita X Kranti_ 
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4.5.10 Harvest index: Only 16 crosses manifested inbreedrng 

depression. On the other hand, 47 crosses showed increase in 

vigour. The maximum vigour was noted with the cross Urvashi 

X Rohini (64~06%). 

4.5.11 1000-seed weight: I n general. the magnitude of inbreeding 

depression was higher than the increase in the performance. 

Only 23 crosses showed rnbreeding depression with the 

maximum val ue of 128.70/0 in the cross Va~bhav x Vardan. A 

stzeabJe number of crosses showed increase in vigour, but the 

maximum increase of only 54.42% would be noted with Pusa 

Basant x Rohini. 

4.5.12 Seed yield: Only 21 F2 populations exhIbited ~nbreedfng 

depresslon, The maximum reduction of 27.32% was shown by 

the cross RK 9807 x Roh~nj_ On the other hand, as many as 45 

crosses showed vigour over their respective F 1 S, However, the 

increase in the performance has been as high as 61.58% in the 

cross RK 9803 X Varuna. 

4.5.13 Oil content: Onjy 14 crosses showed inbreeding depress~on for 

oj] content that too only marginal. On the other hand, as many 

as 35 crosses exhibited increase in oil content over thei r 

respective F lS. 

4~5.14 Protein content: A set of 21 crosses exhi bited j nbreeding 

depression. which was as marginal as in case of oil content. 

However, the increase in oil content was displayed by 35 

crosses and maximum increase of 21.23% was registered with 

the cross Pusa Jaikisan X Vardan. 

4.6 Heritability and genetic advance 

Heritability in a broad sense and genetic advance both in 

absolute terms and percentage of mean, have been estimated in 

parents F 1 s and F 2 s and the values have been given in Tab~es 14,15, 

&16 and resuJts have been described population wise. 
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4.6.1 Parents: HeritabHity among 14 characters ranged from 40% for oil 

content to 990/0 for ptant height, length of main raceme and number of 

siriquae on main raceme. Most of the characters fell in high heritability 

range. Genetic advance in percentage of mean varied from 2.4 for oil 

content to 52.9 for number of siliquae on main raceme (Table 14). 

4.6.2 F1 Population: The heritability and genetic advance estimated in 

F,s for 14 characters have been given in Table 15 for all the 

characters. Very high heritability (>90 %
) val ues were recorded _ On the 

other hand, very wide range was observed for genetic advance ; n 

percentage of mean, the minimum being 6.31 % for oil content and the 

maxim um of 50% for 1000-seed weig ht. 

4.6.3 F2 Population: Similar to Fl poputation. the heritability estimates 

in F 2 popu1ation were very high. Days to flower and oil content gave 

slightly low values. Similar trend was recorded for genetic advance in 

percentage of mean. Again, oil content and 10DO-seed weight gave 

lowes t ( 7 . 1 1 0/0 ) and hi 9 he s t ( 4 9. 4 1 ) val u e s of t his par am ete r, 

respectively (Table 16). 

4.7 Corre I ation 

Correfation at environmental. phenotyp~c and genotypic levels 

have been worked out among 14 traits including seed yield in parents, 

F,s and F 2 s and the va1ues have been given in Tables 17.18 and 19 

and results presented below. 

4.7.1 In Parents 

The coefflcients of correlation worked out at environmental, 

phenotypic and genotypic levels have been presented tn Table 17 and 

18. The former and latter have been placed above and below the 

diagonals of the above tables. respectively and interpretation has been 

made below. 

4.7.1 ~ 1 Envi ronmental correlation: The values of coefficient of 

correlation in the parents have been given In Table 17. Except days to 

maturity with number of secondary branches per plant, number of 

siliquae on main raceme and oil Gontent~ length of raceme with number 
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of siliquae on majn raceme, number of seeds per siliqua and seed yield 

per plant; num ber of primary branches per pI ant with number of 

siliquae on main raceme, number of seeds per siliqua and oil content; 

number at sUiquae on main raceme with number of seeds per siliqua, 

biomass, harvest index, seed yield and oit content; number of sil1quae 

on main raGeme with 1 ~OD-seed weight and seed yield; number of 

seeds per siliqua with oil content; bromass with harvest index and 

seed yield; harvest index with seed yield; 1000-seed weight with oil 

and protein contents: and seed yield with oil content. Other character 

combinations exhibited not significant correlation at environmental 

level. Also, among the significant correlation, the revel of significance 

was mostly at 5 %
• 

4.7.1 ~2 Phenotypic correlation ~ Days to flower with days to maturity, 

plant height.· number of secondary bra nches. oil content and protei n 

content; days to maturity with length of main raceme and number of 

siliquae on main raceme; plant height with number of primary 

branches; number of primary branches with harvest index; number of 

secondary branches with biomass. harvest index a nd seed yield; 

number of sillquae on main raceme; and number of seeds per siliqua 

with none of the traits: biomass with seed yield; harvest index. 1000-

seed weight and seed yield: and 1DoO-seed weight with seed yield 

have exhibited strong correlation at phenotypic level. 

4.7.1.3 Genotypic correlation: Days to flower with days to matu rity 

and piant height, number of secondary branches: days to maturity wtth 

length of main raceme and number of siliquae on main raceme: plant 

height with number of primary branches. length of raceme wlth number 

of pri mary bra n ches and 100 O-seed we ig ht; n urn ber of seco nd a ry 

branches with number of primary branches, biomass, harvest index 

and seed yield~ biomass with yield per plant: harvest index with 1000-

seed weight and seed yield: and 1000-seed weight with seed yield had 

exhibited highly significant positive correlation at genotypic level. None 

of the com b i nati 0 n s sh owed negative corre lati on. 
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4.7.2 Correlation in F1s 

The correlation coeff~cients at environmental, phenotyptc and 

genotypic revels were worked out and the same have been given in 

TabJes 19 and 20 and the results presented below category wise. 

4.7.2.1 Environmental correlation: None of the characters showed 

sig nificant and positive correlation with seed Yleld~ However, 1000-

seed weig ht exhibited significant and negative correlation with seed 

yield. Only one more character combination, i.e .. number of primary 

branches with num ber of siliquae on main raceme showed highly 

significant positive corretation. 

Phenotypic correlation: A large number of character 

combinations exhjbrted significant correlation at 5% level of significance. 

However, at 1 °(0 level of significance 20 character combinations showed 

positive correlation. On the other hand, highly significant and negative 

correlation was observed for 10 character combinations. The seed yield 

was found significantly correlated with days to flowering, number of 

prrmary branches and biomass in positive direction. 

4.7.2.3 Genotypic correlation: A large number of character 

combinations showed significant posrtive (26) and negative (12) 

correlation. ~t is also to mentl0n here that the genotypic correlations 

were higher than their phenotypic counterparts. Seed yield per p~a nt 

exhibited highly significant positive correlation wtth days to flower, 

number of primary branches per plant and biomass. None of the 

characters showed negative correlation with seed yield. Number of 

primary branches per plant showed corretation with large number of 

characters, including seed yield. Protein content showed neg ative 

correlation with as many as two characters. 

4~7.3 Correlation in F2 population 

In F2 populations the coefficients of correlation at 

environmental, phenotypic and genotypic levels were worked out and 

the same has been given in Tables 2 i and 22 and the results 

presented below category wise. 
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4.7.3.1 Environment correlation: Highly significant and positive, and 

negative carrel atien at environmental level was exhibited by two and 

one character combinations, respectively. Seed yietd per plant showed 

significant and negative correlation with 1 ~OD-seed weight. 

4.7.3.2 Phenotypic correlation: Glancing through the values given in 

the above diagonal of Table 22 suggested that days to flower with two, 

days to maturity with one, plant height with th ree, length of main 

raceme with three, number of siliquae on main raceme with two, 

number of seeds per siliqua with one. biomass with one I seed yield 

with one, and oil and protein content with one, each character had 

significant and positive correlation at phenotypic level. Highly 

significant and negative correlation was exhi bited by few character 

combinatjons. Seed yjeld has shown highly stgnificant and posItive 

correlation with. five characters. None of the characters showed 

negative correlation with seed yield 

4.7.3.3 Genoty pic co rrel atia n: On I y a few ch a racter com bi na ti ons 

exhibited highly sjgnificant and positive correlation. Seed yield wjth 

number of primary and secondary branches per plant, number of seeds 

per siltqua, biomass and harvest index has exhibited highly significant 

and positive correlation. The two quanty traits, i. e.. oil and protein 

content also exhibited posihve associ at jon. 





DISCUSSION 

For launching any sound breeding programme it is essential to 

have inform a ho n on geneti c constitutio nand mag n itude a nd kin d of 

genetic variability in the base material in respect of the characters for 

which improvement has to be effected. I n the present investigation 

mustard is the test crop where improvement not only jn seed yield but 

arso the oil content, which is both quality and econom ~c character is 

desirable. Both these characters are complex and are dependent on 

severa! components and infruenced by the env~ronment, as they are 

polygenjc in genetjc constitution. On the other hand. G rafi us (1964) 

s ugges ted th at th ere is no wa yin wh ich yie!d ca n be cha nged/i m proved 

wjthout changing/improving one or more of the components, He has 

also pOinted out that "while all changes in yield mig ht be accompanied 

by changes in one or more of the components, however, all changes in 

the compone'nts need not be expressed in changes in yjeld". This rs 
due to varying degrees of negahve and positive correlations between 

yield and its components. on one hand and between the components 

themselves, on the other. This results in gains made through selection 

in favour of one component are offset by reduction in others. 

The knowredge about type of variability avaBable in the 

material, type of gene action, magnitude of heritabiJ ity, breedi ng value 

of the material in the form of general combining ability, correlation 

between yield and its components is essential for successful 

exploitation of availa ble and created varia bil ity. Various mati ng 

designs such as diaJlel cross, trial lei cross, partial diallel and line x 

tester analysis have been used in several crops to understand the 

genetjc value of the materiaL Except the fater alt mati ng desig ns have 

one or more Ii m itatjons. Line x tester design developed by 

Kempthorne (1957) is useful, as it can evaJuate a large number of 

lines at a time. Due to thjs merit, this technique has been used rn a 

large number of crops incl uding musta rd (La) and Singh~ 1974; 

Pandey~ 1974; Badwal et a/~. 1976 and Labana et al .• 1978)~ 



61 

Wide genetic variabifity is available In Indian mustard, probably 

due to autogamous nature of reproduction. The information avaHable 

on various genetic parameters could not be explofted for im provement 

purpose as this information has been derived due to evaluation of a few 

lines at a time jn isaratian_ H is therefore, essential to evaluate a large 

number of lines for deriving genetic information. With this objective in 

view, the present investigation on line x tester analysis involving 20 

femafes and 4 testers has been undertaken. To derive information on 

combining ability, components of variance, degree of dominance, 

heritability, genebc advance, heterosis and correlation in respect of 14 

quantitative characters, the resuJts obtained on these aspects have 

been discussed here. 

The analysis of variance exhibited highly significant variability for 

14 characters among 20 females, 4 males. 80 F 1 s and 80 F 2 s, which 

suggested adequate divergence among them. The parents and F,s as a 

whole were found distinct which suggested that F 1 s dispfayed 

heterosis. Sjmii"arly, the F, and F2 were also found distinct thus the 

suspect of the jnbreeding depression in F 2 was observed. 

5.1 Combining ability analysis 

The combining ability analysis through fine x tester technique 

was carried out usjng the method developed by Kempthorne (1957). 

This technique involves the estimatton of covariance of full- sibs and 

half-sibs to get the estimates of gca and sea variances and their 

effects. The estImates of combining ability variances were translated 

into genetic variance, to understand the nature and magnitude of gene 

actfon and to provide a guideline for adoption of appropriate breeding 

procedures for effective quick improvement. 

The additive genetic variance results mostly from additive gene 

action. whereas non-additive genetic variance IS the result of 

dominance and epistatic variances. The dominance variance 

d~minishes by half with each generation of selfing and therefore, is 

unexploitable in the development of pure or fixed lines. The epistatic 

variance also declines on sefling, but some portion of it like additfve x 

additive, additive x additive x additive, etc is fixable. 
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The analysis of variance for combining ability indicated 

significant differences each among 20 females and 4 males in respect 

of gca for almost aU the 14 traits under study. The interaction between 

females and ma'es in respect of sea was also highly significant for all 

these traits. The stgnificant differences with reference to gca and sea 

reflected the importance of both additive and non-additive gene actions 

In the inheritance. 

As far .as gene action is concerned, the estimate of a 2 g (pooled) 

and cr 2 s indIcated the predominant ro'e of non-add itive gene action in 

the inheritance of nine out of fourteen characters. The predominance of 

non-addittve gene action has also been observed by Chaudhary et al_ 

(1997), Kulbe et aJ. (1998), Sheikh and Singh (1998), Verma and 

Kushwaha (1999), Rao and Gulati (2000) and Parmar and Patel 

(2003) in mustard for var~ous tra its ~ 

Another genetic parameter, Le .. average degree of dominance is 

of great importance to plant breeders. This parameter has been 

estimated by the formula ..Jcr2s/cr2g, which is based on the assumption 

that the genes are isodirectionaUy distributed among the parents and 

all the 1ncrements have the same sign (Kempthorne and Curnow, 

1961). Thus this method measures only the degree of dam' nance 

irrespective of the direction. If the dominance variance is in the plus or 

minus directton they tend to cancel each other, a nd then F, may be 

equal to its better parent. 

The degr-ee of dominance was in the order of over dominance for 

8 out of 14 characters. This over dominance observed, might not be an 

index of real dominance at genetic leve1 because combination of 

positive and negative genes or complementary type of gene interaction 

of simp1y correlated gene distribution, might seriously inflate the mean 

degree of domi nance and also convert partjal dominance into 

perceptible over dominance (Hayman, 1954). The average degree of 

dominance in the range of over dominance results from repulsion 

phase 1inkage of genes in the partial or complete dominance range. 

The linkage bias was a'so proved by Comstock et aJ. (1957), 

Robinson (1960), Moll et al. (1964). Singh at al. {1982L Govi I et aJ. 
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(1983), Liv and Liv (1989) and Yadava et al. (1990). The over 

domfnance for most of the traits under thIs study was also reported by 

Singh et al. (2001). 

Most of the traIts under study except days to flower and maturity, 

pJa nt height, length of main raceme, number of primary and secondary 

branches, number of sHiquae on main raceme, iOOO-seed weight and 

protein content exhibited prevalence of additive gene action, showed 

pre-ponderance of non-addjtive genetic variance. These resuIts 

ind~cate that the genetic gain in these characters wourd be difficult by 

selection and that non-additive genetic variance should be exploited 

through heterosis breedjng. Since male sterility has been introduced in 

Indian mustard from alien spec,es, there is every chance to exploit this 

phenomenon in future. J ndian Council of AgricuJturaJ Research has 

included this crop rn a special mission mode project" Exploitation of 

heterosi sin seJected crops". 

Til! the dream of exploitation of hybrid vigour through the use of 

male stert.l ity happens true, the non-additive genetic variabiiity can be 

exploited by recurrent and modified recurrent selection methods. 

Though these procedures pore difficulties. particularly in seJf­

pollinated crops, but have promised to furnish encourag i ng results. The 

recurrent selection has been used in many cross-polli nated crops j ike 

sugarcane. The ma~n problem in using this mythology in self-pollinated 

crops is difficult ~n making sufficient crosses to inHiate recombination 

portion in real cycle. However, with the development of male sterility, 

this difffcurty wUI be resolved. 

The additive portion of variability observed in days to flowering 

and maturity, prant height, length of main raceme, number of primary 

and secondary branches, number of 5iliqua on main raceme, 1000-

seed weight and protein content in the present study suggests that 

improvement in these characters can be affected by si mple breeding 

proced ures, such as ped i 9 ree meth od 0 r mad ified ped ig ree method 

jnvolvi ng selection based on progeny performance. However, it has 

been observed that additive genetic variance in self-pollinated crops 

rapidly fixes after F2 generation resutting in restricted recombinations. 
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The major limltation in I ndian mustard is the d~fficulty of infusing 

massive gene flow during recombination phase and the lim[tation of 

having sufficient quantity of seed required for m ulti-l ocation testing 

under several environmental conditions. However. these difficulties can 

be overcome by increasing the rapidity and efficiency of manual 

hybridization, promoting some kjnd of out- crossing through genetic 

male sterilfty wjth specific respect. delayed dehiscence or protogyny 

into the population and reducing seed number and plot size required for 

testing. Alternatively, seed production can be made possible by the use 

of induced 'male sterility, self jncompatibility, advanced stigma or other 

system which ensure hybrid seed production. 

In Indian mustard, Singh (1972) suggested the use of seJected 

procedures that may alfow intermating of improved genotypes in 

successive generation. Singh (1973) suggested that in fndian mustard 

rapid progress could be made by family selection, involving occasional 

intermating in subsequent generation. This mig ht prove more effective 

than the conventional proced ure of mass or pedigree selection, both in 

fixing and increasing the frequency of pieiotropic genes and 

chromosomes both of favourably linked genes in superior ~ines. 

5~2 Performance of parents and their crosses in respect of 
combining ability effects 

The information about the performance of the parents and the~r 

crosses along with their combining ability is of paramount im portance 

to the breeders for isolation of better combining lines to be used in 

subsequent breeding programmes 

The parents used jn the present study were found to differ 

sign ificantly in their gca effects_ Also, none of them was found to be a 

good general combiner for aU the 14 traits. However, among females 

Urvashj, Sita, RK 9901. RK 9902, Basanti, RK 2003, RK 9803, RK 2003 

and RK 9804 and among males Varuna and Vardan were found good 

cambi ners for majority of the traits. Therefore, these lines may be used 

in multtple crossing. It has been observed that the mean performance 

of the parents was assocjated with their gca effects. 
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The gca effects for different characters of econom ic importance 

are useful for selecting parents with favourable genes for different 

components of yierd. such as number of primary and secondary 

branches T length of main raceme and number of sIliquae on main 

raceme. It is bare fact that gca effects are governed by additive and 

additive x additive components of gene action which are fixable in 

action. Therefore, additive effects of parents, which are measured, by 

gca effects are of practical use to the breeders. On the other hand, 

non-additi_ve rnteractjons are not predictable as they are not fixable and 

this ca nnot be easily manipulated. 

Th e sea effects norma II y do not co ntrib ute towa rds the 

improvement of self-pollinated crops, as they are not fixable, the 

exception is the situation where possibility of commercial expfoitation of 

heterosis exists. The breeder's interest in self-polJinated crops is, 

involving of pa rents of high gca effects and ultimately to prod uce 

homozygous lines~ Jinks and Jones (1958) emphasized that the 

superiority of the hybrid in terms of mean might not indicate its ability 

to produce transgressive segregants due to non-fixabJe portion of 

variance. Therefore, in segregating generations, sea wou!d be 

~mportant in self-pollinated crops like I ndian mustard. 

Critical review of results on specific combi ning abii tty of the 

crosses cfearly showed that none of the 80 crosses was associated 

with hig h sea effects for all the characters. However, the crosses which 

exhibited signifjcant and desjrable sea effects are Krishna x Kranti. 

Krlshna x Varuna, Sita x Varuna , Sita x Vardan, Urvashi x Rohini, 

Urvashi x Varuna. Urvashi x Vardan and all the crosses involving RK 

9901 as one of the females as assessed through F1 population. 

However, in F2 population also, the above crosses were found 

associated with significant and desirable values of sea effects. Among 

all the crosses Jawahar x Varuna was found showing high 

performance both for seed yield and oil content and also exhibited 

highly sig nfficant desirable sea effect- This cross CQuid be utilized for 
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exploiting heterosis. It is to mention here that both these parents of this 

cross-exhibited highly significant and positive gca effects for seed yteid 

and oil content. Therefore. the major portion of sea effects might be 

governed by additive and additive x addttive type of gene actions. 

Hence, the segregating population of this cross would be quite useful in 

isolating high yielding and high oil possessing pure lines_ Atso, these 

lines can also be utilized in hybridization programme. Thrs cross and 

other crosses where these parents are involved could also be utilized 

for the production of desirable segregants by adopti ng bi-parental 

progeny selection as suggested by Andrus (1963) on the model of 

Comstock and Robinson (1948) of Design III. Singh (1972) also 

advocated i ntermati ng among selected genotypes in a bi-parent fashion 

in early generation and then bulking of the best famiHes to produce 

phenotypically uniform but genetically buffered variety. 

The two crosses vjz., Krtshna x Varuna and Krishna x Vardan 

showed positive and signifjcant sea effects, for seed yield and oil 

content. Each of these crosses involve one of the parents as positive 

(desirable) and other with negative (undesirable) for high x low general 

combiners. The desirable posit;ve sea effects might have been resulted 

due to additive component in good combiner and complementary 

epistatic effects present in poor combiner acted in complementary 

fashion to minimize plant attributes. which could be exploited further in 

an appropriate. breeding programme. Such specific comb~nations CQuid 

prod uce desirable transgressive segregants as reported by Jenson 

(1970) in self-pollinated crops. The inter se crossing of the crosses in 

all possible com binatjons for multiple pa rents into a central pool would 

help in facilitating the recombinations by breaking the undesi rable 

genetic brock (Jenson, 1970). 

5.3 Heterosis 

!n general, the term heterosis refers to the increased vigour of F1 

over the mean of its parents or even better parent or economic parent 

and it may not be due to any single genetic cause. Hayes (1946) 

considered that heteroSfs and dominance were different degrees of 
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expreSSion, of the same physrological genetic phenomenon. According 

to Griffti ng (1956), the expression of heterosis was due to 

accumulation of desirable genes in a hybrid plant through crossing of 

parents in the~r genetjc makeup and st was very much reiated to the 

magnitude of genetic diversity. Moll et at. (1964) were of the view that 

heterosis was mostty dependent on genetic diversity present in the 

parental stock. 

fn the present investigation. the degree of heterosis has been 

measured as superiority of F,s over the best variety recommended, 

Unless th~ hybrid is superior to the existing best variety. it cannot be 

economicarly exploited. Keeping this point in mind the heterosis has 

been worked out over the best variety, Varuna. 

Yield is the interaction of many direct and indirect components. 

Thus. it may be of great interest to discuss the resufts obtained in the 

light of recent concept of genetic basis of yield. Grafius (1959) and 

Whitehouse et a/~ (1958) have suggested that there may not be any 

gene system for yjeld per se which largely an artefact is. Severar 

rnvestigators (Keeble and Pellowt 1970; Grafius" 1956 and 1959; 

Williams and Gilbert y 1960, Durarte and Adams. 1963; Coyne t 1965) 

conel uded that the genetic basis of heterosis for a complex trait like 

yteld could be explained by the multiplicative interact~on on the 

phenotypic ~eveJ of component traits. 

The results presented in Table 12 revealed that none of the 

crosses exhibited economic heterosis for all the traits, Out of 80 

crosses, as many as 77 exhibited significant heterosis, which ranged 

from 12.95 % by the cross Sanjukta x Rohini to 87.04 % by the cross 

Pusa Basant x Rohjni. The later cross also exhibited respectable 

amount of heterosis for a number of primary and secondary branches, 

number of seeds per siliqua, biomass and seed weight, which are 

strong components of yield. The preponderant role of dominance in the 

magnitude of over dominance in the crosses exhibtting hig hly 

signjficant and positive heterosis for seed yteld CQuid be the reason for 

maximum heterosis for seed yield. Grafius (1959) suggested that there 



68 

might not be any gene system for yield, as it is a n end prod uct of 

multiplicative interaction between djfferent components. Th us, thls 

wouJd suggest that heterosis for yield should be throug h heterosis for 

individual yield components or alternatively due to multlpIicative 

factors, prevailJng partial dominance of component characters. 

Therefore, it is desirable to understand the relationshjp between 

heterosis for yield components. It has been observed that in most of 

the crosses dispJayi ng heterosis for yield the heterosis has also been 

manifested for yield components Ji ke primary a nd secondary branches, 

length of main raceme, number of siliquae on main raceme, number of 

seeds per siliqua and seed weight. Simiiar findings were reported by 

Singh (1973)~ Singh et al.(1975), Banga and Labana (1984), Dhillon 

et a/. (1990)~ Hirve and Tewari (1991), Verma et al. (1998), Agrawal 

and Badwal (1998)~ Tyagi et al. (2000), Katiyar et al. (2000). Verma 

et a/~ (2000) and Patel et a/~ (1999), 

In Indian mustard, hybrrd seed production can be made feasible 

by the use of induced mare sterilHy, self-incompatibility (Singh et at. 

1961) and advance stigma (Asthana and Singh, 1964) or other genetic 

systems which ensure hybrid seed production. 

A combinabon of good general combiners did not ensure the best 

specific crosses. For rnstance, a high x low general combiners resulted 

in heterosis and high x high general combiners faHed to exhibit this 

phenomenon. 

5.4 Inbreeding depression 

A 

sizeable 

large number of crosses displaying 

magnitude of inbreeding depression. 

heteros i s ex hi bited 

This suggested that 

heterosis was the result of dominance and epistatic gene actions. On 

the other hand, some of the crosses showed superiority of F2 over rts 

F 1 generation. This clearly suggested that the heterosis was 

manifested by the epistatic gene action of additjve x addrtive nature. 

Such crosses are useful for isolating the superior pure lines . 

..... ...... 1 ~. ~. '. "'I". - ~'(II ... 

)\.~:.,;...:: ..... ~; .......... ~~ .... - - !!:' 
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5.5 Heritability and genetic advance 

Heritability is the index of transm issi bility of characters from 

parents to offsprings and it helps the breeders in selection process, 

Hansen (1963) reviewed the utility of heritabi lity estimates in 

b10metrical studies and poi nted out that the heritability estimates are 

influenced by method of estimation, generation of study. sam pIe size 

and environmentaf factors. The herltability estimates coupled with 

genetic advance may provide a better picture to the plant breeders for 

exercislng selection effectively. Robinson (1966) classified heritability 

as low «100/0). medium (10-30 %
) and high (> 30 %

). I n the present 

investigation high to very high heritability estimates were recorded for 

all the characters as estimated through parents. F 1 sand F 2S. However, 

both heritability and genetic advance of high mag nitude were observed 

for number of primary branches. number of siliquae on mai n branches, 

1000-seed weight and seed yield. Oil and protein content showed low 

genetic advance which reflected the role of non-additive gene action 

which support the earlier reports of Labana et aJ. (1980), Jindar et al. 

(1985). Podlkolzina and Shopta (1989), Chawdhary and Goswami 

(1991), Mandai and Khaj uria (2000L Ghose and G ulati (2001) and 

Rao and Gu lati (2001). 

5.6 Correlation 

The knowledge of nature and magnitude of genetic association of 

yield components is of economic value which can help in improving the 

efficiency of selection by making possible use of suita ble combinations 

of characters for such selection. Adams (1967) poi nted out that yield 

components and other plant characteristics are determined at different 

stages in the ontogeny of the plant. they are affected differentially by 

the envi ronmental factors. At the same time com pensation between 

YIeld components may lead to variation in carrel atian pattern and 

therefore, stressed the need for centennial investigation of lnter­

re~ationsh ip between yield components. 

Johnson et al. (1955) emphas~zed the importance of genotypic 

environment interactions and their contribution to genetic slippage in 
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the selection of complex characters. Therefore, the studies under 

different environments might give clear and reliabJe prcture of 

association, which can effectively be utilized for selecting yfeld 

components. Dewey and Lu (1959) emphasized to recognIze the 

nature of popuJation under consideration as the magnjtude of 

correlation could be included by choice of individuals upon which the 

observatrons are made. 

In the present investigation correlation at environmental, phenotypic 

and genotYPIC levels each among 24 parents, 80 F lS and 80 F 2 s were 

estimated sepa.-ately. In generaJ, the genotypic correlation coeffjcjents were 

higher in magnitude than their phenotypic counterparts. Also, the phenotypic 

correlatjons were same in direction reveaHng the pleiotropjc effect rather than 

the linkage for these associations. 

Seed yield was found significantly and positively associated with 

plant height. number of secondary branches, number of seeds per 

siliqua, biomass. harvest index and 1000-seed wejght among the 

parents both at phenotypic and genotyp[c levels. Among different 

characters. days to flowerrng was associated with days to maturity, 

likewise, plant height with length of main raceme, oil content was found 

posHivery assocIated with days to flowering. 

In F 1 S seed yieJd was found positiveJy and sig nificantly 

associated with number of primary branches, biomass and oil content 

both at phenotypic and genotyprc leveis. On the other hand. among F2 

population seed yield has shown posrtive and highry significant 

association with days to maturity. number of primary and secondary 

branches, number of seeds per siliqua and harvest index both at 

phenotypic and genotypic levels 

The above findings are ~n agreement with those of Thakral 

(1982), Yadav (1982, 1983), Labana et a/ (1980)~ Richards and 

Thuking (1987b), Ahmed (1980), Singh et al. (1980), Kumar et ai, 

(1987),Badwal and Labana (1987)~ Chaudhary et al. (1980) and 

Chaudhary et a/. (1994). 





SUMMARY OF THE THESIS 

The present investigation "Study of genetic parameters of 

yield and its components and qualrty traits in Brassica juncea (L.) 

Czern. & Coss. Was carried out during 2002 at CSAUA&T, Kanpur and 

the results obtained on above aspects have been summarized below: 

6_ 1 ~ The variance due to replications was found non-significant 

for all the 14 characters. whrch suggested that the 

environmental conditions in the site of the experiment 

were uniform and homogeneous. 

6 .. 2. In the present study 20 female j ines and 4 testers were 

used they are significantly different from one a nother for 

almost all the characters_ 

6.3. A set of 80 F 1 crosses was fa und sta tis t;cally different fro m 

one another for 13 out of 14 characters. 

6.4. These crosses were also found significantly different from their 

parents. thus suggested the existence of heterosis. irrespective 

of direction. 

6.5. The 80 F2 populations were also found sig nificantly distinct 

from one another. Also, the F2 populations as a whole 

were statistically different from F 1 crosses as a whole, 

which suggested that the F 2 population were exhibiting 

inbreeding depression T irrespective of the djrection over 

F 1-

6.6. For mean performance the parents were statisticarly 

variable from one another in respect of all the characters, 

thus fulfilled the requirement of line x tester analysis 

technique. 

6.7. In most of the cases the performance of F 1 s was exceeded to the 

pa rents and the range was also widened in a]most aU the characters. 

6.8. High range in the performance of 80 F2 populations was 

recorded for 11 characters. exception being number of 
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siliq uae on main raceme and 011 and protein content. 

6.9. Through combining ability analysis it has been observed 

th at va ri a nces due to females, m a Ie sand i nteractron 

between females and males were found highly significant 

for almost atJ the characters, except protein content. 

6.10. The gca variance was found higher than sea variance for 

days to flowering and maturity, plant height. length of main 

race me. n urn be r of pri mary and seeo nda ry bra n ches, 

number of slliquae on main raceme and 1 ODD-seed weight. 

On the other hand. sea variance was found greater than 

gca counterpart for number of seeds per siJiqua, biomass, 

harvest index and oi I co ntent. However, for seed yi el d and 

protein content both the variances were found almost 

equal in magnitude. 

6.11. According to the estimates of degree of dami nance, over 

dominance has been expressed for days to flower and 

maturitYT plant hejght. length of main raceme, number of 

primary and secondary branches, number of SI tiquae on 

mai n ra ce mean d 1 aOO-seed weig ht. 

6. 12 ~ Pa rtia I d om i na nee was observed for n u m be r of seeds pe r 

siliq ua, biomass. harvest index and otl content. 

6.13. No domi nance was recorded for seed yield and protein 

content. 

6. 14 ~ None of the 24 parents was fau nd to be a good ge nera I 

combiner tor all the 14 characters. However, among the 

females Urvashl, Sita, RK 9901, RK 9902, Basanti, RK 

2003, RK 9803. and RK 9804 and among males Varuna 

and Vardan were found good general combiners for 

majority of the traits. 

6.15. None of the 80 crosses evaluated was found associated wrth 

sig nrficant sea effects for all the characters. However, about 

50% of the crosses showed highly sig nifjcant sea effects for a 
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large number of characters in both the populations. 

6.16. The crosses Basanti x Vardan in F 1 and Basanti x Varuna 

in F2 gave highly significant and positive sea effects for 

seed yield. 

6.17. Heterosis in F 1 popu~ation was estimated over most 

popular variety Varuna. A large number of crosses 

expressed superiority over this variety for length of main 

raceme, number of primary and secondary branches, 

number of seeds per siliqua, biomass, harvest index, seed 

wejght and seed yield. 

6.1 B. I nbreeding depression i.e .. reduced performa nee of F, vis­

a-vis its F"'I progenitor was recorded for variable number of 

crosses in all the characters. 

6.1 g. On the other hand. in some cases F 2 sh owed s upe riority 

over F 1 such as for length of m a i n racem e, n um ber of 

primary and secondary branches. number of siliquae on 

marn raceme, number of seeds per siliqua, biomass, harvest 

index, seed weight. seed yiefd and all and protein contents. 

6.20. For seed yield the F2 population of the cross R K 9803 x 

Varuna showed 61.580/0 superiority over its F,. 

6.21. Heritability in a broad sense estimated in parents was 

found having high range for most of the characters. 

However, it ranged from 400/0 for oil content to 99% for 

plant height, length of main raceme and number of sfliquae 

on main raceme. 

6.22. In F -; population, very ht9 h (>90 0/0) values of heritabi lity 

were expressed by all the characters. 

6.23. In F2 population also similar trend for heritability was 

recorded, as was fau nd in F 1 po pu lati a n ~ 

6.24. Among parents. a very wide range in the estimates of 

genetic advance was recorded, from 2.4% for oil content to 
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6_24_ In F 1 also. very wide range_ from 6_31 % for oil content to 50 0/0 

for 1000-seed weight was recorded for genetic adva nee. 

6.25_ In F2 population also, oil content and 1000-seed weight 

exhibited 10west (7.11 %) and highest (49_4°/0) estimates of 

genetic advance. respectively_ 

6- 26_ I n general, genotypic correlation was found hig her than the 

phenotypic ones_ 

6_27_ For most of the character combinations the environmental 

correlation was found non-significant_ 

6_28_ Among parents. days to flower wah 5; days to maturity 

with 2: ptant height with 1; number of primary branches 

with 1 ~ number qf secondary branches with 3: number of 

siliquae on main raceme with 1; biomass with 1; harvest 

index with 2; and seed weight with 1 characters showed 

positive and sig nificant correlation_ 

6.29. At genotypic level also, similar trend was observed as for 

phenotypic correlation recorded among the parents_ 

6.30. In F1 population, none of the characters showed significant 

and positive correlation at environmenta I level. 

6.31. At phenotypic leve1 a large number of character 

combinaHons exhibited significant correlation at 5% I on 

the other hand. 20 character combinations showed positive 

correlation significant at 1 % level. 

6.32. As many as 26 character combinations exhibited positive and 12 

negative and significant correlation at genotypiC level in F1 crosses. 

6.33. In F2 population, days to ftower with 2: days to maturity 

w;th 4; piant height with 3; length of main raceme with 2; 

number of primary and secondary branches with 3 each; 

number of stliquae on majn raceme with 2; number of 

seeds per siliqua and biomass. harvest index. oil and 

protein content with 1 each have exhibited positive and 

significant correlation at phenotypic level. 

6_34. Only a few character combinations exh~bited highly 

significant and positive correlaHon at genotypic !evel 

in F2 populations. 
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Table-5 : Mean performance of F 1 s of 20 x 4 line x tester cross in B. 
juncea (Lw) Czern + & Coss. fo r 14 c h aracte rs 

I Cross Com bination 1 2 3 4 5 6 7 

Sanjukta x Kranti 43.00 i 140.00 123.67 55_03' 7.70 13.93 38.00 

! Sanjukta x Rohini 44.67 137.00 123.33 54.00 10A7 16.43 41.00 

Sanjukta x Varuna t 44.33 134.67' 126.00 49.80 7.40 10.93 40.00 

Sanjukta x Vardan 45.00 134.33 123.00 52.50 7.70 15.20 47.00 
i 

Pusa Basant x Kranti 50.33 132.33! 165.33 52.13: 6.97 14.33 66.00 
I 

133.67 161.00 52.37 I' 9.00 13.73 61.00 
~I --------------------~-~--i-------~I------~----_+--~--.I--~----+_----~ 

Pusa Basant x Varuna 51.33 129.00 I 171.64 47.40 I 7.50 12.57 60.00 ~ 

Pusa Basa nt x Roh i n i 48.67 

!-;~::j::::;;: V::::t~ -:- :_=: -I ~::-:: : ~::-:: I ::~:: i :--;~ ~:--~~ 
II Pusa Jaikisan x Rohjni -I 56.67 t'~i31.67 i 159.00'1 5B~77-~17,70 14.63- 57.00'· 

Pusa Ja;kisan x Varuna 53.33 I 136.00 : 183.00 ! 53.47'T 6.40 
r 

68.33 

63.33 

12.53 56.67 

Pusa Jaikisan xVardan 50.00 135,00 I 161.33 55.83 I 6.40 12.60 68.00 

I Pusa Bahar x Kranti 54.00 138.00 ~ 164.67 49.83 I 8 .. 30 15.23 56.67 

Pusa Bahar x Roh i n i 53.33 135.00 , 159.33 49.23 8.20 17.40 54.00 

Pusa Bahar x Varuna 
f-----------------------+-----+~~--~--~ ... ---l---------~-~ ------+------~ -

54.00 131.67 r 135.00 44.30' 6.03 11_37 50.00 
; 

I Pusa Bahar x Vardan 53.67 130.00 131.00 45_87 I 6.30 12.83 

~---------~----------.~----~------,-------4-------~-----~----Krishna x Kranti 56.00 136.00 135.33 47,50 5.60 12.97 
I : _.-

j Krish na x Rohini 53.00 130. 00 I 132. 00 44.771 7.60 12.27 50.00 
L ----------- ~-~------I-----~ 

58.00 

53.33 

Krjshna x Varuna 50.67 129.00 I 127.00 : 40.90 7.33 12.97 46,00 

,_1-K-r-js-h-n-a--x-v-a--rd-a-n------1---5-2-.3~3-+--12-9-.-0-0--, -1-3-6-.00 I 45.30: 7.10 1 3 AD 54. 00 

r Urvashi x Kra_n_ti~~ __ I~ 54.00 136.00_!~1_33_:33 . 45.23 ~_ 7_30 r_~_4_3_+-_51.~~~_ 
IUrvashi x Rohinj 51.00 131.00 i 16~~. 44.40 I 5.63 _,--1.2.10 47.00 

I Urvashi x Va,-una . _i __ 5_1_._3_3.-I_·-_1_43.00 i 175.67 38.73l 6.23 12_67 45.33 

Urvashi x Vardan i 50.00 I 139.00 I 159.00 42.27 i 6.70 16.00 52.33 

Stta x Kranti 

111.00 44.971 9.10 

1 40.00 131.00 l 111.67 45.27! 5.10 10.70 

Sita x Roh ini 43.00 133.00! 13_00 42_67 

S ita x Va runa 1 48.00 130.00 110.33 40_37 I 4.80 9.00 36.33 
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I S ita x Vardan 48.00 132.67 I 111.33 42.80 j 8.10 12.87 46.00 
RK-990 1 x Kranti 50.00 130.00 f 165.67 56.73 1 6.30 14.30 52.00 I 
R K-990 1 x Roh inj 51.00 129.00 

I 159.00 57.00 I 
--

6.60 14.37 50.00 
-RK-9901 x Varuna 52.00 133.00 

~ 
170.33 51.27 1 5.20 13.90 46.00 

RK-9901 x Vardan 54.00 133.00 I 173.67 55.93_ l 6.03 15.83 56.33 

I 
RK-9902 x Krantr 56.70 139.00 165.67 54.03 ; 5.23 14.27 64.00 

RK-9902 x Rohini 55.00 140.33 i 164.00 52.37 II 8.73 15.90 62.00 

R K- 9902 x Varu na 52.67 138.00 
r 

161.00 
I 

6.23 11.80 58.33 47.10 1 

i R K-9902 x Varda n 51.67 136.00 I 

163.67 49.30 I 6.30 13.40 67.33 I l 
J RK-2007 x Kranti 47.00 120.00 I 119.00 50.63 1 8.97 15.93 61.33 

RK-2007 x Rohini 50.00 122.33 i 
119.00 49.70 I 11.33 16.37 56.33 I 

R K-200 7 x Varuna 47.33 120.00 I 118.67 44.60 r 9.10 15.77 54.00 

R K-200 7 x Vardan 49.33 120.00 i 121.00 49.37 j 10.00 15.47 60.33 

I RK-9807 x Krant~ ____ 43.00 118.33 i 133.00 51.17 I 9.63 15.63 61.00 --_ ~----r---
48.67 t 10.93 

----._ -RK-9807 x Rohini 41.00 116.33 . 130.00 17.50 58.00 

j RK-9a07 x Varuna 
--- .. - . 

45.30 19.10- --- ___ ....__--

45.00 120.67 i 132.00 13.77 53.00 

I R K-9807 x Vardan 47.00 118_32 ; 130.00 47.33 r-'O.10 14.77 61.00 

t Sasa nti x K ranti 
._- ! 

-----_.-_._-
49.67 138.67 1 174.67 52.50 1 7.40 15.20 50.00 

8asa ntj x Roh rn i 52.00 139.00 ~ 173.67 52.37 I 10.30 15.23 47.00 

Basanti x Varuna 47.00 142.33 I 179.00 47.70 ! 8.77 11.50 93.00 
I I 

I Basanti x Vardan 51.00 140.00 . 173.67 49.77 110.33 16.10 53.67 t 

I 
I Jawahar-1 x Krantr 51.67 139.00 f 160.33 50.77 8.00 11.50 59.00 L i 

Jawahar-1 x Rohini 48.00 126.00 i 149.00 48.571 6.10 11.97 54.33 I 
Jawahar-1 x Varuna 51.00 130.00 163.00 45.83 l 7.03 12.60 54.00 

I 

Jawahar-1 x Vardan 53.00 125.33 I 158.00 48.57 ! 8.20 11.83 60.00 I 

I 

Varbhav x Kranti 51.00 127.67 
I 

151.33 I 43.70 I 8.50 20.60 44.00 
; 

Vajbhav x Rohrnl 47.00 131.33 i 175.33 41.53 I 8.97 18.57 47.00 

Va i bhav x Varu na 50.00 129.00 173.33 39.20 I 7.27 16.73 56.00 I 
: t---------. 

Vai bhav x Varda n 51.00 131.00 
I 170.33 40.50 I 7.30 18.47 57_00 

l Pusa BoJd x Krantl 50.00 125.00 I 173.67 
j 

71.20 I 7.60 [ 15.60 48.33 
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Pusa Bold x Rohini 51.00 123.67 174.00 1 70.47 : 9.30 19.30 46.00 

P usa Bold x Varu na 44.00 120.00 ' 177.67 69.73 9.23 14.87 54.00 
- ...... --~-- .... -.--~_--- ~-~--

._-_ .. 
Pusa Bold x Varda n 47.00 124.00 I 162.00 60.30 8.77 16.73 50.00 

: _. 

RK-2001 x Kranti 41.32 144.00 122.00 57.38 
I 

8.40 17.40 60.00 

RK-200 1 x Roh ini 41.33 147.00 122.00 57.50 10.00 17.97 54.00 

R K-2001 x Varuna 42.00 140.67 123.33 54.03 7.10 13.93 54.33 
I 

R K-200 1 x Va rdan 43.00 144.00 I 136.00 56.30 8.37 16.37 60.00 
I 

RK-2002 x Ka rnti 42.67 146.67 
, 

138.33 52.67 9.03 18.57 57.00 
i 

RK-2002 x Roh in i 45.00 144_33 134.00 54.63 10.07 20.20 51.00 

RK-2002 x Varuna 42.00 147.00 139.67 49.40 
, 

11.03 18.72 48.67 
-

RK-2002 x Vardan 47.00 164.33 130.33 52.30 10_47 16.27 55.33 

I RK-2003 x Kranti 
I 

39.00 127,00 129.00 51.27 8.73 17.23 57.33 

I RK-2003 x Ro h in! 41.33 128_33 177.67 49.30 10.87 17.30 55.00 

RK-2003 x Varuna 40.33 129.00 130.00 43.57 10.47 16.30 50.00 
-- --- . ~---. 

R K-2003 x Va rd an 39.00 126.00 139.00 47.70 10.70 16.63 57.33 
.. _. 

RK-9803 x Kranti 43.33 119.67 143.00 47.50 9.13 15.97 54.00 
I 
~-

RK-9S03 x Roh in i 42.33 120.67 I 139.00 46.97 10.83 18.07 50.00 I 
I 

RK-9803 x Varuna 39.33 116.67 j 149.00 42.00 10.70 17.23 48.00 

R K-9803 x Vardan 39.67 119.00 159.67 43.47 10.81 16.97 56.00 

RK-9804 x Kranti 50.67 116.00 159.67 5.10 7.10 15.17 61.00 

RK-9804 x Rohini 51.33 114.67 166,33 51.70 10.13 16.82 59.00 
; I 

RK- 9804 x Varu na 46.33 118.00 I 153.67 47.63 9.07 13.20 55.33 

RK-9804 x Vardan 48.00 114.00 , 161.00 53.23 8.43 15.17 63.00 
~ 
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Cross Combination 8 l 9 10 11 l 12 13 14 

Sanjukta x Kranti 12~17 82.33 
! 

27.78 3~53 
I 
22~77 38.83 29.62 I 

Sanjukta x Rohin; 12.60 84.00 
I 

30~O6 2.89 
i 
25~22 3R80 29.90 

Sanjukta x Varuna 12A7 80.33 30.80 3.45 24.75 40.50 29.76 

Sanjukta x Vardan 11.43 85.00 29.04 20.49 24.69 40.10 29.87 

P usa Basa nt x Kra nti 12.30 86.00 26.59 4_32 23.01 39.53 30.45 

Pusa Basant x Rohini 12.40 97.67 23.44 621 22.89 38.33 30.29 

P usa 8asa nt x Va runa 10.30 94.67 20.74 5.09 i 19.63 39.37 30.37 

P usa Basant x Va rdan 1257 70.00 22.58 5.62 20.32 39.20 30.95 

Pusa Jaikisan x Kranti 9.70 101 ~OO 26.25 4~74 26.51 39.00 30.58 

Pusa .Jaiklsan x Roh ini 10.23 83.0~31.11 4.
07

1 

25.82 39.37 30.20 
j - --_-_. 

Pusa Jaikisan x Varuna 9.87 85.00 31.51 5.07 26~78 39.43 29.46 
-- ---- ---- - . ---

Pusa .Jaikisan x Vardan 11.67 87.00 29.92 3.67 ~ 26.04 39.87 29.71 
._---

Pusa Bahar x Kran1i 12.03 92.33 
I 

25.01 3.13 23.09 40.00 28.20 

Pusa Bah ar x Rohinj 11.80 103.67 22.03 3.83 i 22.84 39.87 28.25 
! 

t 
Pusa Bahar x Varuna 11.70 104.33 22.06 5.04 23.02 40.43 30.48 

I 

I 

Pusa Bahar x Varda n 10.80 96.00 23.45 4.50 
I 

22.99 90.65 28.33 
_. ; 

Krishna x Kra nti 9.23 99.00 I 23.72 4.17 ! 
23.4B~ 29.78 

~ Krjshn a x Roh in i 9.33 103.00 22.12 ! 3.14 22.79 39.43 28.65 
! 

Krish na x Varu na 12.17 100.33 22.37 4.36 22.34 39.90 28.50 

Krishn a x Varda n 9.63 95.67 
-: 

23.68 4~54 : 22.66 39.30 29.42 
i 

l Urvashi x Krantj 11.67 83.00 28.65 4.42 
I 

23.78 38.30 28.01 

U rvashi x Roh in; 9_77 88.00 50.84 4.39 27.14 39.37 29.61 
. -

U rvashi x Va ru na 13_37 77.67 I 32.08 5.34 24.92 38.57 2935 
: 

U rvashi x Va rdan 12.80 72.67 34.69 5.82 25.39 39.43 27.94 
. -

Sita x Kranti 
I 

10.90 85.00 22.00 3.82 
I 

18.70 36.50 30.10 
---

Sita x Rohinj 11.70 80.00 26.17 3~69 1 20.28 40.33 30.10 

Sita x Varuna 11.10 77.00 I 
26.07 5.05 20.07 39.90 28.57 

S ita x Vardan . 
I 

11.60 73.00 ! 28.87 3.02 21.08 36.67 30.51 
I 
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R K-990 1 x Kranti 9.63 79.00 l 32.05 3.41 24.65 40.17 27.36 
- - ~~. 

RK-9901 x Rohinj 13.30 82.00 30.91 3.88 25.34 39.57 30.15 

J RK-9901 x Varuna 10.30 95.00 29.02 4.03 27.52 39.13 28.19 i 
I 

-
RK-990 1 x Vardan 9.97 92.00 27_33 4.8 25.13 40.73 30.10 

RK-9902 x Kranti 13_37 96.67 23.77 4.30 i 22.98 39.77 30.08 

RK-9902 x Rohini 12_60 85.00 27.32 5.51 23.23 39.70 30.39 

RK-9902 x Varuna 12_77 87_00 29.97 3.95 26.08 39.53 30.50 

RK-9902 x Vardan 12.53 99-00 23.48 4.38 23.25 41.90 30.54 
I 

RK-2007 x Kranti 12.07 84.00 25.82 2.93 21.69 39.40 30.17 

RK-2007 x Roh in1 12.70 85.00 24.62 4.82 21.10 39.23 30.34 

RK-2007 x Varuna 13.60 63.00 26.63 3.80 22.10 39.57 30.20 

R K-2007 x Vardan 12.90 80.00 24.55 5.04 19.49 39.70 30.27 

R K-9a07 x Kra nti 12.60 88.00 25.61 4.86 22.54 39_20 30.36 

R K-9807 x Rohini 12.80 91.00 22.24 4.49 20.24 40.60 30.41 
- - -~ _______, -.---- ._- .. _--_.- - ---

RK-9807 x Varuna 12.90 93.67 22.05 5.02 20.64 41.43 30.27 
- . ---- r ___ ·~ __ 

RK-9807 x Vardan 12.40 95.00 22.42 5.45 21.30 39.30 30.51 
------

Basanti x Kra nti 11.80 87.00 25.84 5.79 22.48 39.777 30.26 
------_ .. -

8asanti x Ro h ini 12.53 85.00 29.48 4.87 25.06 39.83 31.18 

8asanti x Varuna 12.33 83.00 29.24 5.13 24.27 40.43 30.80 

Sasanti x Vardan 12.53 87.33 
I 30.33 2.69 26.49 38.87 30.60 

Jawahar-1 x Kranti 10.00 95.00 I 24.34 3.15 23.13 39.57 30.10 I 
Jawahar-1 x Rohini 10.33 85.00 I 26.69 2.78 22.69 39.27 30.58 

I 

Jawahar-1 x Varuna 12.20 89.00 I 26.89 4.77 23.91 41.00 30.53 

Jawahar-1 x Vardan 12.50 86.67 
I 

27.52 5.63 23.85 40.23 29.00 

Vaibhav x Kra nti 12.90 77.00 25.96 3.74 19.99 39.73 30.32 

Varbhav x Roh i n i 12.83 94.67 
i 

24.20 3.06 22.74 40.23 29.47 
: ! 

i Vaibhav X Varuna 12.40 99.00 22.09 2.24 21.78 40.60 29.86 

Vai bhav x Varda n 12.20 80.33 i 29.35 1_81 123.58 41.80 28.41 
1 ._-

Pusa Bold x Kranti 12.30 80.00 31.55 2.57 25.21 40.77 28.76 

Pusa Bold x Rohini 12.63 79.67 32.35 2.45 25.77 40.63 30.78 



P usa Bold x Varu na 

Pusa Bold x Vardan 

RK-2001 x Kranti 

RK-200 1 x Rohin i 

RK-200 1 x Varuna 

I RK-200 1 x Varda n 
I 

j RK-2002 x Karnti 

1 RK-2002 x Roh ini 

I R K-2002 x Va ru na 

I 

RK-2002 x Vardan 

RK-2003 x Kranti 

RK-2003 x Rohini 

RK-2003 x Varuna 

RK-2003 )( Varda n 

R K-9803 x Kra nti 

RK-9803 x Rohini 

R K-9803 x Varuna 

RK-9803 x Varda n 

RK-9804 x Kranti 

RK-9a04 x Rohini 

RK-9804 x Varuna 

RK-9804 x Vardan 

1. Days to flower 
3. Plant height 

12~70 

13.40 

11.90 

11.57 

12.73 

11.90 

12.10 i 

12.93 

12~73 

12.77 

11.97 

12.93 

12.40 

11.90 

12.23 
-- ---

12.50 

12.80 
~ - .. -

11.70 

11.07 

11.23 

12.23 

11.90 

5. Number of primary branches 

87.67 

92.00 

86.00 

80.00 

80.00 

80.00 

85.00 

85.00 

87.67 

85.33 

91.00 

93.00 

87.00 

89.00 

87.33 

77.67 

90.00 

92.00 

83.00 

82.00 

87.33 

86.33s 

7. Number ofsiliquae on main raceme 
9. Biomass 
11. 1 DOD- seed we~ht 
13. Oil content 

30.82 

29.55 

27.68 

28.86 

28.79 

30.02 

I 39.42 

29.86 

27.08 

27.82 

25.82 

24.92 

I 
26.30 

! 
27.05 

29.63 

33.25 

29.76 

28.35 

I 
28.67 

29.22 
I 

28.51 

28.85 
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3.17 27.02 41.63 30.56 

4.62 27~19 40.33 29.48 

3A8 23.81 36.30 25.76 

5.13 l23.09 38.37 24.53 

6.14 1 23.03 38.47 26.59 

3.69 1 24.02 40.23 26.93 

2.54 25.01 36~90 27.88 

3.47 i 24.71 39.80 25.51 

3.98 I 23.74 37.27 28.25 

4.90 23.74 36.77 28.56 

4.70 23.50 37.23 25.91 

4.53 24.86 37~13 26.91 

5.09 
I 

22.88 39.23 25.19 

2.89 I 
24~O8 38.67 26.48 L 

5~O8 25.88 41.00 30.91 

3.84 25.82 42.23 30.89 

4.48 126.79 40.20 30.08 
-_._-

4.95 26.08 30.90 31.04 

3.71 23.81 42.17 3.74 

5.25 23.96 40.63 30.76 

5.76 24.90 40.00 30.48 

5.05 i 24.39 41.13 30.83 I 

2. Days to maturity 
4. Length of main raceme 
6. Number of secondary branches 
8. Number of seeds per siliqua 
10. Harvest index 
12. Yield per plant 
14. Protein content 
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Table-6: Mean performance of F 2s of 20 x 4 line x tester cross in 
B~ juncea (L.) Czern~ & Coss. for 14 characters 

Cross combination 1 2 3 I 4 5 6 7 

Sanjukta x Kranti 41.33 129.00 128_33 43.17 7~33 12.57 52.33 

Sanjukta x Rohjni 51.67 127.00 150.00 46.83 11.23 17.07 59.67 
! 

Sanjukta x Varuna 39.33 135.67 145.67 46.06 10.37 16.47 55.00 

Sanjukta x Vardan 43.00 132~33 150.33 43.57 12.07 16.40 51.33 

Pusa Basant x Kranti 37.33 134.00 131.00 41.10 8.40 12.17 49.33 
I 

Pusa Basant x Rohinl 48.33 151.67 151.00 41.43 11.07 16.10 55.00 

PUsa Basant x Varuna 45,00 133.67 145.33 I 57.00 7.03 16,17 45~OO 

Pusa Basant x Varda n 46.33 132~67 144.67 50.43 10.20 15.40 61.00 

Pusa Jaikisan x Kranti 42.33 134.67 130.00 ! 47.23 6.33 13.23 57.33 

Pusa Jaikfsan x Rohini 54.00 136.33 147.00 50.20 9.23 14.37 65.33 

Pusa Jaikisan x Varuna 45.00 142.67 143.67 56.33 9_10 14.73 60.33 
-_--

Pusa Jaikisan x Vardan 47_00 139~OO 135.67 56.20 10.30 16.17 58.00 
, 

Pusa Bahar x Kranti 44.00 138.33 126.33 50.93 8.23 13.07 53.00 

Pusa Bahar x Rohini 53.67 139.67 146.33 53.50 9.13 14.17 61 ~OO 

Pusa Bahar x Varuna 46.00 141.00 149.33 51.53 11.07 16.13 54.67 

Pusa Bahar x Vardan 48.00 138.00 142_33 51.77 12.13 18.17 54.33 

Krish na x Kranti 47.00 140.33 131.33 45.81 8.60 15.33 47.67 

Krishna x Rohjnr 52.00 134_33 153.33 I 50.00 10.23 17.03 57.00 

Krishna x Varuna 41.67 132~OO 141.00 46.40 9.17 17.03 57.00 

Krishna x Vardan 44.67 130.33 140.67 
1
48 .97 10.03 17.23 61~33 

U rvashi x Krantt 46.33 138.00 145.67 42.50 8.07 14.17 53.00 

Urvashi x Rohini 53-67 132.67 167.00 45.57 8.17 15~27 61.33 

Urvashi x Varuna 46.67 133.33 141.00 42.00 6.17 15.07 59.33 

U rvashi x Va rdan 46.00 129.63 140.67 40.10 8~ 17 14.03 48.33 
~ 

Sita x Kranti 42.00 128.33 126.67 37.87 7.23 10.07 45.00 

Sita x Rohini 53_33 130.00 146.33 
I 
40.90 8.17 12.23 51.00 

Sita x Varuna 45.67 142.00 143.33 59.83 7.53 20.23 62.67 
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Sita x Vardan 47_00 138.00 131.00 59.27 8.30 20.40 56.00 

R K-990 1 x Kranti 42.67 142.00 131_67 55.20 6.17 24.17 53.00 
I 

RK-9901 x Rohini 53.33 136_00 j 152.00 57.20 9.47 21. 17 60.33 
.. 

R K-990 1 x Varu na 49.67 140.00 142.67 47.60 8.17 16.23 64.00 

RK-9901 x Vardan 51.00 135.00 140.33 48.27 11.07 16.23 59.67 

R K-9902 x Kranti 46.00 134.00 126.67 43.93 9.23 14.07 54.00 

RK-9902 x Rohinr 56.00 132.00 149.67 46.53 10.17 16.17 61.00 

RK-9902 x Varuna 57.33 140.67 158.00 49.97 9.20 14.20 56.67 

RK-9902 x Vardan 53.33 138.33 158.00 ' 49.65 10.00 15.17 47.00 

RK-2007 x Kranti 46.67 138.00 141.67 44.17 7.37 13,07 46.00 

RK-2007 x Rohjni 50.33 137.00 162.67 46.97 9.07 15.25 51.67 
I 

RK-2007 x Varuna 45.67 136.00 163.00 48.67 7.27 18.27 62.33 

R K-2007 x Vardan 50.00 136.67 160.33 46.43 10.30 16.07 56.33 

R K-9807 x Kra nti 45.00 131.67 157.00 45.63 6.70 13.37 50.00 
- --

R K-9807 x Roh in i 53.67 135.67 157.67 150.17 7.23 18.00 56.00 
--- - - ---~ - -_ --+- - - -- -t------ - ----

R K-9807 x Varun a 45.67 140.33 150.67 48_77 6.10 12.50 65.00 
- --

R K-9807 x Va rdan 46.67 133.67 160.33 46.90 8,23 14.43 63.33 

Basa nti x Kranti 46.67 138.00 146.67 42.43 6.27 9.17 60.00 

Basanti x Rohini 53.67 137.00 147.00 46.90 6.10 13.83 62.67 
j 

8asanti x Varu na 41.00 133.33 142.33 49.87 7.07 15.17 62.00 

Basanti x Vardan 43.00 131.00 141.67 47.60 10.17 16.50 58.00 

Jawahar-l x Kranti 41.67 132.33 127.00 42.83 5.03 11.27 55.33 

jawahar-l x RohJni 51.00 132.00 143.00 145.90 8.03 14.27 60.67 

Jawahar-1 x Varuna 52.33 139.33 145.33 . 43.63 9.07 18.23 52.00 
; 

jawahar-1 x Vardan 42.00 135.00 144.00 
1

41 .87 6.07 20.40 50.00 

Vai bhav x Kran1 i 39.23 132.33 129,67 37.90 7.13 17.00 46.00 

Vaibhav x Rohini 46.00 132.67 148.00 41.50 8.03 16.93 57.33 
i 

Vaibhav x Varuna 43.00 134.33 130.00 I 54.87 4.07 13.60 48.33 
-

Vaibhav x Vardan 44.233 126.33 128.33 52.93 7.10 12_33 45.67 
_----

Pusa Bard x Krantj 41.33 128.33 115.67 48.90 5.23 8.33 40.00 
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Pusa Bold x Rohini 51_00 127.67 136.33 ' 52.97 5.10 11.07 48.00 
---

Pusa Bold x Varuna 46.00 140.67 153.00 49.83 6.17 19.17 60,33 

Pusa Bold x Vardan 47.00 135.67 141.00 : 48.23 7.03 20.37 52.00 

RK-2001 X Kranti 47.00 136.33 153.00 48.80 6.07 11.07 58.33 

RK-2001 x Rohini 54.00 135.67 "140.67 53.50 8.17 16.23 61.67 

RK-2001 x Varuna 41.00 136.00 154.00 48.13 7.17 22.30 41.00 

RK-2001 x Vardan 43.33 132.33 151.00 47.80 10.13 19AO 52.00 

R K-2002 X Karnti 41.67 131.33 137.00 41.77 7.17 14.67 57.33 

R K-2002 x Roh in i 52.33 131.00 160.00 43.90 8.17 18.30 56.33 

R K-2002 x Varu na 46.33 140.00 160_00 44.53 6.30 19.43 55.00 

R K-2002 x Vardan 50.00 135,33 146.33 44.17 8.33 20.30 51.67 

R K-2003 x Kra nti 47.00 134.33 151.33 : 40.93 7.13 18.23 45.33 

RK-2003 x Roh ini 53.33 133.67 160.67 ~ 42.43 7.17 19.17 56.00 

R K-2003 x Varuna 43.32 136.33 140.33 [49.77 7.23 15.03 48.33 

R K-2003 x Vardan 45.00 103.00 1 39.67 'I 51. 1 7 9.17 15.07 41.00 

RK-9803 x Kra nt! 41.33 132.00 124.33 .j 46.83 7.57 10.07 39.33 

RK-9603 x Roh i n i 42.00 133.33 142.00 148.73 7.07 12.10 45.67 

RK-9803 x Varuna 45.67 142.00 151.00 50.17 5.10 12.30 81.67 

RK-9803 x Varda n 50.67 137_00 152.00 49.47 8.10 15.07 81.00 

RK-9804 x Kranti 47.33 173.33 138.00 : -43.47 5.07 9.07 61.33 
! 

RK-9804 x Rohini 53.33 i133.67 156.00 47,77 8.10 11.07 64.67 

RK~9804 x Varu na 47.33 140.67 165.67 155.17 5,07 17.17 64.67 

RK-9804 x Vardan 49.33 133.33 161.00 56.07 7.03 15.07 61,67 
1 
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Cross Com bi nation 8 j 9 10 11 12 13 i 14 
Sanjukta x Kra nti 17.27 97.00 23~22 4.14 22.51 36.40 

I 
26.34 

Sa njukta x Roh in; 14.00 92.00 23.33 4.97 21.46 35.37 124.82 
1 

Sa njukta x Varu na 14~60 95.00 23.50 3.06 22.41 36.50 29.90 

Sanjukta x Vardan 12.30 
I 

101.33 23.08 3.75 23.37 40~90 30.20 
Pusa Basant x Kranti 12.53 76.67 26,72 4.09 20.47 40.20 30.33 

Pusa Basant x Rohjn r 
J 

14.00 86.67 23.57 2.83 20.41 38.90 30.50 

Pusa Basant x Varu na 11.60 89.67 21.24 3.87 19~OO 41.63 30~72 

Pusa Basant x Vardan 14.57 85.00 23.50 5.03 19.94 40.83 30~26 

Pusa Ja ik'san x Kranti 15.00 91.00 27.09 4.75 24.62 39.43 r 30.31 

Pusa Ja ikFsan x Roh i n i 14.33 100.67 16.45 4.82 16.54 40.13 .~31 -_. --"----- --

~63_1 27_12-1 
Pusa Jaikisan x Varuna 13.80 101.00 24.09 4.09 24.33 

I 
--._._. r--Pusa ja ikisan x Varda n 14.23 j 95.~~ . 20.46 5.06 19.48 I 

_!7.S7 ~40 ~ 
.. - -_. ---Pusa Bahar x Kranti 15.30 82.33 30.62 4~84 25.20 36.70 24.24 

4 

37.23 i 27 _ocil P usa Sa har x Rohjnr 14.90 91.67 l 27.42 5.32 25.12 

Pusa Bahar x Varuna 14.37 92.00 27.70 3.24 25.48 37.90 30.54 l 
P usa Sa har x Varda n 13.80 84.00 26.58 4.14 22.32 36.53 ' 27.24 I 

Krish na x Kra nti 1 O~"13 83.00 16.76 3.15 13.92 37.50 29.83 j 
Krishna x Rohini 14.40 92.33 28.76 4.70 26.55 36.20 28.87 

Krishna x Varu na 13.47 96.00 25.41 4.16 24.39 38.20 25.13 

Krishna x Vardan 14.00 90.67 28.06 2.00 25.42 36.53 28.83 

U rvash; x Kranti 15.30 97.00 25.64 4.10 24.87 40.60 30.45 

Urvashi x Rohin; _ . L 5.07 .1 96.00 I--- 18.2_~ 4.21 17.54 39.40 
r 

27.75 
._. 

Urvashi x varun~_14*,OO 28.~~_ 4.70 23.38 3~.~7~6~_, - 'r--Urvashi x Vardan 14.60 87.00 28.75 2.93 25.01 39.97 31.40 
-1-- .. : 

"'_-Sita x Kranti I 10.97 1 67~67 20.81 1.79 14.07 40.90 29.65 

Sita x Roh'nr --j14.67 I 72.00 20.13 4.14 14.49 39.00 28.82 
Sjta x Varuna r 14.63 75.67 20.90 4.36 15~79 40.27 34.15 

S ita x Varda n 
I 

12.23 69.67 23.78 2.80 16.55 40.80 1 30.70 
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R K-990 1 x Kranti 13.30 86.67 28.76 1.85 24.39 39.87 30.54 I 

-
RK-9901 x Rohini 11.70 93.33 25.55 3.59 23.68 41.60 I 30.61 

... ~ 

R K-990 1 x Varu na 9.73 86.00 19.15 4.19 16.47 35.60 ! 30.07 , 
- . . iO.4S-1 R K-990 1 x Vardan 13.03 90.00 26.51 4.45 23.86 39.70 

R K-9902 x Kranti 12.47 91.00 29.27 3.96 26.65 39.17 30.16 I 

R K-9902 x Rohrn i 12.90 81.67 32.32 4.15 26.39 33.90 30.86 I 

R K-9902 x Varu n a 5.20 89.00 17.25 4.43 15.36 41.23 30.05 

R K-9902 x Vardan 12.90 84.00 29.55 5.21 24.82 40.37 30.51 

RK-2007 x Kranti 11.97 86.00 32.00 3.80 27.52 39.30 30.16 

RK-2007 x Rohini 14.30 91.00 28.48 3.10 25.59 37.93 29.03 

R K-2007 x Varuna 14.30 87.00 22.48 5.36 19.56 30.90 31.61 ; 

R K-2007 x Vardan 11.90 92.00 22.21 2.46 20.43 31.63 29.22 
I 
I 

f 

R K-9807 x Kra nti 10.17 I 95.33 25.55 5.06 24.27 40.67 27.61 

RK-9807 x Rohini 14.23 88.00 31.31 2.94 25.77 41.17 30.00 
. ,--- ~ --- -------f---------

R K-9807 x Varu na 12.17 86.00 25.28 2.72 21.76 37.90 30.44 
.. -_ . ;---. 
R K-9807 x Vardan 14.23 88.00 25.94 5.19 22.44 38.77 ~ 30.45 

. --

I Basantj x Kranti 14.53 83.00 31.60 4.92 26.33 39.33 30.57 
-- -_._-1------

Basanti x Roh i n i 12.70 83.00 16.41 4.72 13.62 40.47 I 30.43 
I 

Basanti x Varu na 15.37 92.00 27.35 4.40 27.01 38.90 30.14 

8asanti x Vardan 13.47 90.00 17.65 4.83 15.89 41.33 30.80 

Jawahar-1 x Kranti 11.43 89.67 26.90 3.76 24.06 41.37 30.89 I 

Jawahar-1 x Rohini 13.90 97.67 24.93 
\ 

5~20 24.09 39.00 31.07 I 

Jawahar-1 x Varuna 11.30 93.67 27.09 3.96 25.82 41.17 28.75 

Jawahar-1 x Vardan 14.87 81.00 28.94 4.13 23.44 39.60 : 27.52 
, 

Vaibhav x Kranti 13.77 72.67 29.71 4.56 21.57 40.73 • 30.49 
1 

Vaibhav x Rohini 7.80 82.33 25.81 3.77 21.24 36.70 I 26.57 
I 

Vaibhav x Varuna 14.90 81.33 26.23 2.08 21.34 38.90 3D.05 

Vai bhav x Vardan 12.90 77.33 27.75 4.14 21.45 36.40 31.30 
-

Pusa Bold x Kra nti 11.50 93.00 24.19 3.75 22.49 37.90 29.29 

i Pusa Bold x Rohini -r-1-3 .37_ 99.00 
I 

14.65 3.67 14.51 39.09 l._~O.37 i 
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13.53 89.00 28.45 5.36 25.32 41.27 'I 28.68 I 

13.57 96.33 14.45 3.79 13.91 39.60 ~30~ 
Pusa Bold x Varuna 

Pusa Bold x Vardan 

I--R_K_-2_0_0_1_X_K_r~a-n-ti __ -----+ _1_2_.8_0---+-_8_6_. 0_0---+--2-6-.2-5----+--5-.-1-8--+-2-2-.5-7--+. 41. 53 I 30.15 .1 

RK-2001 x Rohini 15.03 92.00 20.82 4.17 19.15 35.70 30.11 I 

RK-2001 x Varuna 12.57 88.00 24.59 2.96 21.49 40.27 29.37 II 

RK-2001 x Vardan 10.60 89.00 25.10 5.14 22.34 39.90 29.84 l 

R K-2002 x Karnti 9.27 92.00 28.55 4.26 26.27 40.17 31.09 

R K-2002 x Roh ini 13.30 89.00 15.14 2.82 13.48 39.10 29.38 

RK-2002 x Varuna 14.90 85.67 2B.36 3.50 24.30 40.87 28.65 

RK-2002 x Vardan 15.63 80.00 24.30 4.26 19.44 39.80 30.86 

R K-2003 x Kranti 13.30 86.00 28.33 5.06 24.37 38.70 30.14 

R K-2003 x R ohjni 7.77 89.00 12.65 4.23 11.26 38.87 30.52 

R K-2003 x Varuna 14.90 82,00 23.89 3.10 19.59 39.67 27.64 

R K-2003 x Varda n 13.17 79.00 31.30 2.75 23.73 39.67 28.32 
-- ··-~~E·_ ---+---I __ -~------l~------I----~- -

RK-9a03 x Kranti 13.20 95.67 20.98 3.28 19,96 38.90 28.97 

RK-9803 x Ro h in! 15.20 87.67 31.64 2.10 25.08 38.87 29.25 
~ __ --~-----.+-------+.~~-- ____ '-__ -1-----1 ----+-~--I 

14.57 92.00 11,48 4.15 10.56 39.77 30.53 R K-9803 x Varu na 
l-----------·l-----I-·--· .,---+--.-- .. ··,,~--I·-

14.03 89.00 29.87 3.29 26,58 40.50 30.25 RK-9803 x Vardan 

RK~9804 x Kranti 12.63 97.67 22.13 22.21 39.60 30.26 
~-------------+~---4---~r----~----+-----~-----1 

~R-K--9-8-0-4--X-R-O-h-in~i-----+-1-3-.3-0-4-1-0~1-.3-3~~27_._2_5~-3-.-3-2_+_2-7-.6-1-4-3-5-.-7--3 I 30.28 i 

RK-9804 x Varuna 14.53 85.00 29.92 5.10 25.43 38.90 I 30.56 'I 

RK-9804 x Vardan 15.27 98.00 25.48 3.45 24.97 39.90 II 30.78 II 

1. Days to flower 
3. Plant height 
5. Number of primary branches 
7. N urn ber of siliquae on main raceme 
9. Biomass 
11. 1 000- seed weig ht 
13. Oil content 

2. Days to matu rity 
4. Length of main raceme 
6. Number of secondary branches 
8. Number of seeds per slliqua 
1 O. Harvest fndex 
12. Yield per plant 
14. Protei n content. 
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Table-14: Mean, heritability, genetic advance in percent over 
mean in 14 characters in parents of Brassicajuncea 
(L.) Czern. & Coss. 

i 

I Genetic 
CHARACTERS 

Mean Heritability Genetic Advance 
(%) Advance in percent 

over mean 
Days to flower 49.30 9.12 6.80 13.80 

I 

Days to maturity 128.3 .963 
- . 

10.5 8.10 

PJant height (em) 145.5 .995 44.40 30.50 . I 
Length of racem e (em) -f-;0O .996 23.60 49.00 

... . ---- _ . 

Number of primary 80 .772 1.80 26.50 

branches IPlant I 
... 

Number of secondary 12.67 .867 2.80 22.10 
branches/pjant 

I . __ 
. -

Number of siliquae on main I 49.30 .995 26.10 52.90 
raceme 

f.= 
I 

Number of seeds per siHqua .760 
I 

2.30 20.90 

Biomass (9) .968 16.80 20.80 0 . 
. 1 ~ j 

Harvest index (0/0) 26.7 .940 5.40 20.10 

1000-seed wejght (9) 3.80 .867 0.75 
1 

17.20 

Yield per plant (g) 

I~ 
,972 I 6.70 

I 

31.40 

Oir content (%) .399 0.90 2.40 38.10 
I . 

Protern Content (%) 28.70 .894 2.54 8.20 
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Table-15: Mean, heritability, genetic advance in percent over 
mean in 14 characters in F 1sof Brassica juncea (L.) 
Czern. & Coss. 

1 

I Genetic 

Grand H erita b i I ity Genetic 
Advance 

CHARACTERS in 
Mean (%) Advance 

percent 
I I over mean 

Days to flower 48.31 
I 

96.20 9.30 19.20 

Days to maturity 1 30. 9 1 98.40 17.40 13.30 

Pla nt heig ht 148.01 
I 

99.50 44.20 29.90 
, 

; 

Length of saceme 50.51 
; 

99.70 16.30 I 32.20 
! 

Number of primary 8.31 99.00 3.90 46.20 

branches 
I --- .. 

Number of sec. 15.06 i 97.90 4.71 31 .11 i 
I 

branches I I 
i 

Number of siJiqua 53.81 I 98.20 13.70 25.50 
I 

on main raceme I 

-_. - . ------------ .'-- . - - -

Number of seeds 12.91 
! 

99.00 4.00 30.70 

per siliqua 

Biomass 87.61 97.20 22.50 25.70 

- - - -.~. - ._-------- .... --

Harvest index 27.21 
I 

97.80 4.31 15.70 

1000-seed weight 4.21 97.90 ; 2.10 50.00 

. _. 

Yield per plant 23.71 99.40 
I 

7.30 30.80 

---- .1 _ . -

Oi l co nte nt (%) 39.61 
I 

95.60 2.50 6.30 

Protei n Content ( 0/0 ) 29.48 ! 96.4 3.10 10.60 
I 
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Table-16:Mean, heritability, genetic advance in 
pesernt over mean in 14 character in F 2 s of 
Brassica juncea (L.) Czern. & Coss~] 

Genetic 
Advance 

CHARACTERS Grand He rita b iii ty Genetic in 
Mean ( 0/0 ) Advance percent 

over 

1- mean 
- --

Days to flower 47.0 84.20 8.90 17.80 

Days to maturity 134.9 89.40 10.60 7,90 

PJant height 145.8 98,10 34.50 23.70 

Length of saceme 48.20 99.70 12.70 26.40 

Number of primary 8.00 99.00 3.60 45.30 

branches 
- - -

Number of sec. 15.70 99.30 7.70 49.00 

branches 

Number of sillqua 55.30 94.90 12.70 22.90 

on main raceme I 
I 

Number of seeds 14.20 98-80 3.60 25.00 

per siliqua .' 

- . - _ ....... --- -
Bjomass 88.30 96.90 25.90 29.40 

Harvest index 24_70 99.00 6.90 28.11 

1000-seed weight 4.00 98.20 2.00 49.01 

"_ -- ---

Yield per plant 21.70 98.20 10.00 46.00 

Oi I content (O/o) 39.40 82.80 2.80 7.10 

Protei n Conte nt (0/0 ) 29.60 97.70 3.50 11.90 
I -

1 



J!J 
s::::: e 
ns 
c... 
Cl 
C 
o 
E 
C'U 
en 
L-

CD ..... 
(.) 
to: 
I-

m 
..c: 
u 

-.::f" --.2 -c: 
(L) 

'0 
!E 

QJo o 
(.) 

c: o 
+== 
ctIi 
Q) --o 
u 
cu -C 
Gl 
E 
c: 

en 
II) 
0 

(.J 

aI5 
:c:: 
L-
CD .... f?: os: (.) 

s:::::: 
W 

-:--
....J -

r---
~ .q- c::o "'I""" 

= 

..-
~ t:"":I' 

'It'""" C> 
C) 

(D 

C"'oI r--- C) 

9 

<.0 - C"'> - ...-
9 

...--
c:::lt ~ C) ....... 

c:::o 
I 

("'o.l 
C"";l en '" C) 

c--J 
t.c> 

co ~ 
c:r' 

CI) 
00 ..... C) 

c:i 

~ 

co ..-
..-
ci 

(,0 
....t-

ton 0 
~ • 

<0-
'i.O ... ~ 
c::> 

r---
~ 

r--.---
C) 

~ 
..-

C"I CI 
c:i 

"'l'""" X 

~ 

v ~ 1.0 ,...._ ...-- CJI C) ...-- ,.....-
CJI ci a , co 

- .. ... l£:' t-~ r-
:c::::i c:o (0 

~ 9 9 C> 
I 

en 1.0 ~ q- C:lt 
C) c::o C'>J ..--

9 9 C) 

LO CJI ...--
r-- (,D <» 
C! ...- C> 

C> 9 c? 

C) N r-
...-- U") ("0,,1 

..- ~ C) 

0 C) C? , 

..-C"'J CJI (D N N (">J C) C) ..-
9 C) 

~ 

J 

.. 
C"? en 
C"') -.--

l""') ..-
C) C) ..-
C) Cl , 

.. 
to .. ("") -c:r- CI') 

<'.I C) 
C"') 

("0"') 
c:::i 

~ 

ci c:::i 

.. ... I.,l"J- ..-r- ~ 0> ...- ...- C) 
C"'o.I jc? C) a , , 
._-- - -

i 
cD v ("0.,1 
to ;g CJ ..- ~ 
C) 9 CJ 

r- C) 
C) .q-...-

~ X 
C?- CI 

t.O 
G) X 
c::i 

X 

("',J C'-':) -.::t" 

en cn C"') I'-- ...-- ("ry a, I~ 0') 

C"'<.I """ 
...-- (">J 0') ...... C"? 

,.- C) ,.....- ...-- ,.....- ...-- <"'> C> 

0 9 c:? 
C"'> :6 9 C) 9 c::i ci , 

<0 M q- co -- f..- ' C) en .. 
N r'> . C"'> 1(0- CCI CO') 

..-
C:J C> . co X ..- o:n , ..- C) ..-

("') 9-
~ 

s:' c::J 9 , C) c? c;.. 

!t-- ... .. 
C) oC:I ~ O'l 

.. r--..- C;I 

I~ 
LO CI 

I~ 
<:"oJ 

C) ..-

~ 
C) C"") I~ x 

c:) c::::o 9 sl - CIt 

I~ 
I 

'L.rJ <0 <.D l.O C) 
t-- ...----- C;J r--. C"') 
c::) c::> ! ,.- Cl' C> c=l >< a 9 9 C? C) -0 • 

-- co') . a- U") : 
~ '" 

' co U") 
-q-

C) '~ l"'- X ..- I - ~ -.::t 
C? C> 9 0- s' 

. - -- - . 

.. I .....,. ..-- I.n <.0 
0) ..q. 0) ..- I -0- ..- C:t C! x I 

c:i 9' c:> C) 

~ ~ ; r---
L(') , <=J 

0> 
1......-.: -x ..- yo-

0 '9 
1

9 

N ,..__ 
(D ! Cl 
CJ X 

~ 

ci c:::i 
! 
I -~ 

..- x 
6 

- . -- ._-

x 

: 

i 
I I 

I 

I 
! 

I 
; 

I 

C) ..- C"'>.I C"") 
lL'> CD r- eo en ...-- ,.- ...,........ ..-



co ..... 
J, 
..c 
C'Q 
I-

I 

co 

• I I: 
N:V 
~ I'~ C) c::;:) 

c 
"~ 

==­
ill 
::0-n 
Q) 
0-
(/) 
QJ ,__ 

-o 
"E 
ro 
(.) 

~ 
c:: 
en 

"00 
(l) .....-o 
c:: 
Q) 

""0 



~ .... 
CI) 
N 

U -_j -

vj 0 
,.....-

0 ~, 

ci I 
1 

a 
C"') V 
T"" ..--

c:::i 

c:o 
N 

..--
0 

"""'" 0 , 

..--- c:::I 

.- 0 
a 

I 

C') 

0 N 
.- C) 

C> 

0> 
M 

en 0 

'9 

... 
M 
r--

CCI ..--
c::i 

I 

r-

--I 
C"'} 
a 
a , 

I 
N 
a 

<0 ...---
a , 

I ..---
("<oJ 

lot) ..--
0 

C"') 
N v 0 
a 

v 
C"") 

M ~ 
0 

I 

co 
N 

I.(') 
0 
0 

or- >< 

1--

0-
("<") 

a 
0 

['I") ........ 
........ 
C> , 

c.o 
(V') 
..--
c::) 

U"") 
......... 
0 
0 , 

(""') 

V 
0-
ci 

t"-
V 
0 
0 , 

~ ..--
0 
0 

to ....,.. 
..--
C> 

co 
..--
0 
a 

I 

Ol 
IS') 
0 
c:::i 

I 

N ...---
Cl 
a 

• 

l.() ...,. 
0 
0 

X 

N 

-.:::t" r-- CD en C">..I LO 
0 C! q 
c::) a 0 I 

(0 I,.{') 0') 
tel' ..-- 0) 
....-- 0 Cl 
ci a 0 

co r- C"") 
co C"') ('f"') 

0 ..-- 0 
ci C) 9 I • 

r- a:::> C"'J 
0'1 CJ:) (,Q 
<=I 0 ~ ci C) a • 1 

m C"? 10 
(D- o Ln 
a 0- 0 
c;) C> c::) 

I 

V r- C"') 

U"') en M 
..-- 0 a 
0 c) c:i , • 

a c.o N 
N "'f'" 0 
~ 0 0 
0 ci Cl , , 

.,. 
0 tr.I .. 
M 0 (0 
C) 0 N 

c::) ("oJ 
<=I a 

t- _. 

C"') ..--- CD 
IX) ..-- r-
0- a 0. 

<=I 0 ci 
I 

.. 
0 N ..-
C> 

<0 
..,.- X 

C) a 
I 

0 
0 
0 >< 
ci 

>< 

C"") V l.{') 

I co 0 C"') a 
t.n -..:;t 0 ..--..-- 0 

I 

C> ..--
ci ci c:i 0 

I , , • 

r- C'.I ...-- Cf> 
L() ....... (',J a:J 
Cl "....- q 0-
0 0 I C) 6 , 

; 

.. I 
ex) ("'.J I.Cl C") 

ID V ~ ..- N ..-- 0 t 
..-- 0 

C) a ~ a , , 

(,D <0 I N 1O C"") v-

I 
..-- I.() 

0 Cl C) C) 

0 0 c:) 6 I , 

U'} co m LO ..-- ('"") 0- M 0 ..--- 0 a 
9 CI a Cl I 

V C""} a 
M N ..--
0 0- a X 

c:i ci a < , 

l,() I ....,.. 
V lC'> 

! 0 0- X 
0 ci 

t 

xl ......-
C"') 
Cl-
0 i 

---- ._ 

I 
I X 

I 

i 
I 
i 

i 

I , , 
: 
I 
I 

I 
l , 
r 

CD r- eo OJ 

N : L.n 
tv:l : r-...... c::. 
c:i C) , 

_.,. 
l.(') a ..-- W 
D ..--
~ 0 

J 
, 

I 

... 
C"J .. 
t- O') 
C) <=I 

9 ~ 
c::I , 

co 
I..() 
0 X 
C) , 

I 

X 

I 

I 

I 

i 

I 

--I-
i 

I 

I 
I 

I 
I 

I 

! 

I 
0 1 ..--
"-1 ..--

r--
....--..,...... 
a 

r--
m 
a 
C) 

I 

j 
X 

. _-

C'.I .....--

(f) ... 
tn 
co ..-
c::) 

>< 

_ . 

-I 
C"""> 
..--

i 
I 
I 

i 
I 
I 
I 

; 

, 
I 

I 

I 

""C 
c: 
co 

* l.{') -a 



C) 
c 
o 
E 
"' tn -aJ ...... 
U 
ru 
~ 

-ra 
....£: 
<.) 

~ 

"""'"" -.E 
...... 
:e:: 
Q) 

+(3 

!t:: 
Q) 
o 
c.J 

c: 
o 

:;;::: 
C't:I 
CD --o 
u 

-Q)_j 
>­o ca 

..c Ql ns (.) 
- c: 
(.) :::::. ._ .-...., 
:C... • 
.i!"Dl 
o E:: c:: .-
OJ en ..c: 
a...U: 

I 

I~ 
i~ 

I :: 

I ~ ~ c) , 
I 

~t---r-

~ ~18 
o 910 
~ ~I~ 
c::i djC) 
:t I 

len ~1~1~ 9 9,9 
I 1 

:: I 0 
~.~ 
""" c::) 
c::j I ' 

! 
~,t--

c:. [' ....:t-o ...--

~ . 
, C) 

J ~ ~!~ co . Q:) "'10("") ""';;I- LOICD r-
, __ ~~_ L_~ __ ~_~__ __~ _____ ~_~ __ ~_~_~ ___ 

~I 

Q) 
(.) 
c 
co 
(J 

~ 
c: 

.Q> 
(J') ....... 
a 
(/") 

Q) 
:::> 
Q.) 

#. 
""C 
C 
co 

* LC) -a 
E 
ro 
(.) 

~ 
c 

.t:n 
en 
Q) 

a 
c: 
ClJ 

""C 
-I< ... 



eli 
en o 

U 
OJ!I 
C -Q) 
N 

U -_j -fa 
Q) 
u 
:c:: ::s 

~-... 

cci 
.= 
lIJ 

N 
LL 

en 
:&:: 
o 
E 
C'O 
m -(L) -u 
m -<U 

.J::: 
U 

• -._ 
J2 
~ 
~ 

.5!! 
iU 

== QI 
o 
U 
t::::: 
o 
:; 
to 
m ,_ -o 
(.J 

CU -C 
CU 
E 
c:::: 
o ... 
> c 

W 

CD 

CIO 

x 

>< 

I 

!I >< . 
>< 

I 

J 

• __ -1.- __ 

I 

i 
I 

x 

I 

-- -t-

I 

II 
I 

i I 

I 

1 
I 

I 
I 

~--+-

l 
! 

i 

I 

I 

~ c: 
8 
c:: 
$ e 
n_ 

~ --



en 
c: 
o 
E 
co: 
en ... 
-m ..... 
(.) 

E: 
C'Q 

..c 
u 

oo:::t" 
or"" 
:10-

o ..__ -c::::: 
Q) 

'u 
~ 

Q,) 
o 
u 
c: 
o 

; 
C'U 

~ -o 
(.) -ra 
c: 
o 
C) 

.!!! 
~ 

;: 
o 
Q) 

..c -

--m_.J 
>-
a "' ..C:Q.) 
co u -.c::::: 
.~.~ 
>--. <> 

- .co o E:: 
E:: ._.. 

-Q) U'J 
....c IN 
a.. LL 

! 

""=T BI. ._ "T'""" 

ci 

~ C? 
'01"'"" 

ci 

~ ("'00.II ........ 
d 

or- :::R ...... -.;--

d-

I 

~ 0. 
or-

9 

~ 

len 
co ..--
C) 

9 

co ~ 
i 

ci 

...... m 
d 

-- -- .... 

CD ~ 
c::i 

:an ffi 
-.;--

c:i 

...----
.-.::t' 

C""") 
~ 

~ 
d 

~ C"')I 

c:i 

OJ. 
N 

....----

...--
C) 

T""" X 

....-

~ ~ ~ 
c::i d 

8i~ old 
~ 1..0 

I~ ...... 
C) 

co § C'.J 
-y--

o c:::i 

...---- ~ a c:l-
d d-

~I~ cj 9 

I 

~Ib 0-:. r-..-- . ..--
c::i- cj 

~,~ 
did 

~~ 001<::1 

~ 8 
9 9 

~ ~ 
or- . q 
0.9 

i 

~Ix 
c:i 

~ X ~ 

d 

§?~es did 
('oJ C"J 

fu l
8 ....... g:J i8 C""'f ~ ...... 

c::i d 9 i C> 

i 

8 ~ :lo 0') 

~ -.;-- -.:---

9 9,~ C:lo 

I 

I 

~~~;fB -('.,I 
1..0 
-.;--

d ~ N d 

~!~ ~ ~ 9 d!e? d 

~!~ E1 CD ...----
..-- c=J 
o qi . c=l 

I 
I 

§ ~I~ § :s 
d c::i d d 

8:~1~ -..:;f"' ..--
c:l 
0 . ·I~ ~.C> c:-

i 

~ 
r- : ,:.._. 

!j~ X 
-0 c:i 

-- -- --
I 

~ fn- !£ C'.!,x ..--
c::i C) , C) 

I 
j 

"t-

x!~ <X:l 

8 ..--
0 

Ci 
I~ 

d 

~!. ~ 
x 8.2 

~;dlCt 
1 

-.;::t- ~ ~ II ....-
~ c:> 

9 9;~ ICI d 
I 

~ ~I~ 
1: 

~ 
~ '9 Cl c:i , 

~ ~I§ 
:t 

~ ..---
d c:i Cl d 

i 
V lC) 1 co t---

§I§ bl x O):~ § ~j 
9

1
9 919 cj ~ 

d 
i 

~I~ &3 colr--
~I ~~C'"'oJ X 't"'""" <?d d 

1 1 

I 
I 

12 @ :t ... 
~ ~. "'f"-" 1 

~ CD 'x: -.:--(""'oJ -q-- ....-
.0 q did C) c:i 

I 
-

~.~ f3 f:::: 8 T-. .:= x c:::t ...----
d!d c? ........... 

9 9 d 
I 
I 

r--- ' :t S ~ ~ § --,~ X c=:J I 9(9 9 d C) C) 

I 

~I~ ~ 
: 

~I ~ §I ..-- I X 
cil "9 C'l d,C;> 

! 
I 

;. 

I 

~!fg .~ co ~ cy "V ~ .x: 0 -.;--..-- C'i ...-
0 C? d·~ c:i Cl' : 

b 

I 

kl~ ~i~ 
r--- :8 co ..-- C"'.I C) .....-- ...----
9 C"') I - cj d Clr~ c:i c:::l 

...... _--.- . .. 
i 

!§I~ 
1 

r=e or- ~ ~ 3,: 
C);~ ~ 

~ 
c:::ii ~ d c::::::i 9,c::::;) ~ 

! 1 

iCl~ §I~ ~ fB t 

~ Cl
1 ...... oro c;:::J:o c:? 9 

C"""::l ..--
~ ~ ~ ~ .~ 

't"'""" 8 c::'I _ 

019 c:ijc?lcS 9 
! 

0,8 
8 8?i1~ ~ ::;t:1 r-- ...----

dfS> 
-or-- ' 

<::::) C) C) c:i d 

~;~ 8 ~I~ 
c:o ('") 
't"'""" 8 ~I~ c::. 

C) c::::l c:i C> d d ci 

~!8 en- M ~I@ 
! co 

8 r- ..---
..--- """"""" d~9 cy:i c:::i C> c::. 0 

a:>!m C) --I~ ty"} -q-....- -or- -.;--
-or- ___ . 

1 _j___J 




