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COMBINING ABILITY AND GENE ACTION 
FOR YIELI) AND YIELD CONTRIBUTIN(; 

CHARACTERS IN INI)IAN MUSTARD 
(Brassicajuizecu L.) 

13 Y 

RAISUL ILOQUE 

A IIS'I'RACT 

A 8 x 8 diallel experiment (excluding reciprocal) on Indian mustznd (Brass/cc, 

/wzcca I ..) was cundtieted to study the nature and magnitude Of gene actioii and 

corn bluing ability aiia lvsis and inheritancc Rn seed yield and oil icr related ciiaracter 

such as days to 500/u flowering, days to niaturit . plant height, primarN branches per 

plant. secondary branches per plant. length of siliqua. siliquac per plant. seeds per 

siliqua, 1000-seed weight, seed Nicld per plant. harvest index and oil content. 

There were significant variations among the e nolypes fbi all I he characters 

sitidied. The corn ponents of' variance for general corn bi tmg aN lit3 ( gca  ) and sped lie 

combining abi I icy (sea) were Ii igh lv sign i [leant lbr at I Ira its indicating the role of heidi 

additive and non-additive corn ponents in the genetic system of these characters. 1 he 

inheritance of secondary branches per plant, length of si I iqtia. si! iqi ac per plant and 

seed yield per plant was control led In non-akl itive type of gene action. 'I he parental 

genotype Dl I-IS (F'i) and DH- II (I) were the best general combiners Rn seed ) ield. 

The parents BA Rlsar- 10 (I'j. h)atilat (114 ) and Jun-536 ( P,) were desirable 11w 

earliness and dtriiiess. t3otti parents BAkIsar- tO (l') and BAR Isar- I I (Ps) were 

lou RI su itabk for dwarf plant type and higher number of si I i(Iuae per plant. The 

yellow seeded parental genotype ILl-I I (P0) was found to be the best general 

combiner for primary branches per plant. seeds per siliqua and oil content. ftc cross 

l3ARlsar-I0 x 13J-I I (C1) and DI 1-18 x BARIsar-ID ((.'1 ) were the best specific 

combiners for early maturity and dwarfness. The cross 1)11-18 s Jtni-536 

iv 



BARisar- 10 x BJ- 17 (Cl.)) and BARIsar- 10 x l)aulat (CO were ibund best ibr seed 

yield per plant and siliqtiac per plant. Majority oldie crosses showed high sea elicets 

for seed yield involving high x low, low x low and high x high gc;i parents. 

Vr-Wr analysis relating to graplucal presentaLion of niajor genetic leatures was 

done for all the twelve characters. Over Join inanee was observed lbr primary 

branches per plant, secondary branches per plant, length of siliqua. si liquac per plant. 

seeds per siliqua, seed yield per plant and harvest index. While part ia I domu i nam ice s as 

recorded tor days to 50% flowering. days to maturity, plant height. 1000-seed weight 

and oil content. 

Component of variation and various genetic parameters such as degree of  

do))) inance. doni inance ratio, narrow sense heritability etc. were estimated. Results 

showed that positive and negative alleles were in unequal proportion among the 

parents for all characters. Dominant gene action was predomni ia:it iii most of the traits 

except days to 50% liowering. plant height. secondary branches per plant. 1000-seed 

weight and harvest index. Dominance and recessive genes were Ltncquall) distributed 

in the parents for all characters. Iligh narrow sense heritability was observed lbr days 

to niaturity. plant height and I 000-seed weight. 
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INTRODUCTION 

Rape seed and mustard (Branica spp L.) is an important edible oil crop of 

Bangladesh. Total oil seed crops cover 3.99 lakh heetare of land of Bangladesh and 

produce about 3.68 lakh Mt oil seeds. However, rape seed and mustard cover 2.97 

lakh hectares of land and produce about 2.18 lakh Mt of oil seeds. At present its 

average yield is 850-900 kg/ha (BBS. 2004a).This crop covers about 74.5% area of 

the total edible oil crops cultivated in Bangladesh. Oil seed crop covers about 4.04% 

area of the total cultivable land in Bangladesh (BBS, 2004b). 

Various groups of mustard are grown in Bangladesh. Oleiferous Brass/ca 

belongs to the genus Brass/ca of the family l3rassiceae includes three major species 

viz. B. campasiris L. (AA, 2n = 20), B. juncea Czern and Coss (AABB, 2n = 36) and 

B. napus L. (AACC. 2n = 38). Among the Oleiferous Brass/ca species the varieties of 

B. campesiris and B. napus are commonly known as rape seed, while those of B. 

'11gm (black mustard), B. car/flaw (Ethiopian mustard) and B. juncea (Indian 

mustard/Raj) as mustard (Yarnell, 1965). 

Toria (B. campestris) is very familier in Bangladesh but comparatively low 

yielding. It is well fit into any cropping pattern because of its short duration. Rape 

seed (B. ?zapus) is high yielding but it has some limitations like shattering which need 

to be eliminated before its acceptance to the farmers. This crop is also sensitive to 

high temperature during siliquae development stage. Indian mustard (B. juncea) has 

comparatively high yield potentiality. The yield of the varieties of Indian mustard (B. 

juncea) is stable when it is late planted. It can tolerate both drought and salinity to 



sonic extent, Indian mustard (ii. /unt-e(l) is non shattering type and can grow in lX)rOul 

deficient soil but the duratioji of this crop is lotu. 

Among the oil seed crops rape seed and mustard is the third 11igllvSt soUrce of 

edible oil supply in the world alter soybean and palm (FM) 2000. Piazza and Io''lit 

2001. Walker and Booth 2001). At,otit I 3.2% of the world edible oil supply collies 

from this crop (I)owiiey and Robbelen. 1989). In Bangladesh, rape seed and mustard 

is the iop rankinQ oil seed crop. 

Ni tistard oil plays a great role as a fat substitute in oti r daily diet. Fat and oil  

are vital components o I the human diet because they are liii porn at sou ices of eileru\ 

and act as a carrier ol' fat soluble vitamins. Low intake of fat and oil liniit the 

availability of ibt soluble vitamin and caused dietary mi balance and food wastage. For  

human health, in a balanced diet 20-250N) of calories SJIOUILI conic from tht sand oils 

and (lie average need of lbts and oils is about 37g/day (Ralmian. 1981). According to 

the recontmendat ion by Indian Council of Medical Research requirement of Ibis and 

oils is 39g/Jiead per day. 

Bangladesh is facing a Ii uge shortage in edible oils. Now, l3aiigladesli reqti ire.s 

0.29 million tons of oil equivalent to 0.8 mill ion toils of oil seeds Ibr utoturishing her 

people. hut oil seed production is about 0.254 in illion ton, which covers unIv 401X. of' 

the domestic need (FAO. 2001). As-a result, more than 60% of the reqlnreinent 01 oil 

and oil seed has been imported every year by spending huge amount of tbreiun 

currency involving over 2.500-3.000 ernie tat-at. 

l'lie cliivaUc and edaphie flucLors of Bangladesh are c]tU(e Javorable for the 

cultivation of- rape seed and mustard (Haque ci at, 1987). Although rape and nitustard 

is the most importaru oil crop in Bztng laclesli. Iltrmer usually cult i vales theill in less 

fertile lands Ibllowed by low illanagenient with least i nvesi meat and aim nost all Ike 



eultivars are brown seeded and smaller in size (2-2.5e/ 1000 seed). Yello seed 

contains I -2% more oil than the same sized brown seeded type due to its thinner seed 

coat. Bold seeded I nd ian niti.mard varieties may increase total produc L un of oil seed in 

Bangladesh. Bha.vsict, funcea L. covers about 25910 area ol' the total mustard grown iii 

Bangladesh (Wahhab c's at, 2001). II igli yielding late planting and early mature 

variety may ilicrease 12-15% of total edible oil seed of Bangladesh when it replaces 

the local mustard varieties grown in the country. The above scenario indicates the 

requirement of major qualitative and airoiiii ic ni oct if ication of di is crop. It igh 

yielding late planting and early maturity variety should be developed di kIt could be 

lit into Mustard-Sesame-I. Anian cropping pattern. 

The nature and niagnitude ol' gene action is an important lactor in developiig 

an effective breeding programme. Among the various mating designs developed lbr 

the determination of the genetic architecture of cltlanttutfve characters, the diallel 

Cross method, out lined by Jinks (1954. 1955) and Hayman (1954   and 1958) has 

received considerable attention of the geneticists and plant breeders. Considerable 

amount of' gene action for seed yield and its components in rape seed have been 

reported by various workers (Duhoon ci (it, 1980. Yadav and Yadava. 1985. Jiodal 

and Labana, 1986. Singh c/ (it. 2001. Chowdhui'y ci at. 2004.) 

The knowledge oil the type of genetic variance presei t t in the IOPLI  Lit ion is 

help lii I in devising sti i table breedIng appn web in the crop ml pi'ovciii etit pn )gra iii me. 

The analysis of comhin illg abi I itv is used to assess the parental genotypes and I heir 

crosses oil the basis of genetic variation present in them. Varieties good in per sc 

perlom'iance may not necessarily produce desirable progenies when used iii 

hybridization. Knowledge about the corn bininQ abi lit) is, t here lore. important in 

selecting suitable parents for hybridization, proper understanding of inheritance ol' 

3 



q tiantitati ye (rails and also iii ident I I'ing the prom king crosses tbr sli rUier is  in 

breeding programme. About I I to 82 per cent standard yield heterosis has been 

reported in F hybrids produced by hybridiiadon in Buatcicajuncca L. (Ral. 995), 

Considerable amount of heterosis for seed yield and its components in F: hybrids of 

rapeseed have been reported by various workers (Patnaik and Mtirty. 1978: Vernia it 

til.. 1989). In respect of observation on comhuii ing a bil i tv ill Indian iii ustard. nan 

workers have Jound di lThren t values of gea, sca and reciprocal ci ets in parents and 

hybrids (Kativar et ai'.. 2000, Veriiia, 2000. Basudeb and Singh. 2001. \'ogesltwar and 

Sachan. 2003. Acharya and Swain. 2004.) fbr di Iièrent characters. Stich inforimaim, 

almost ckarlvindicates that the genetic variation is the single most mi porlant issue 

and helps to choose a good parent, good combination and to know the etiècts. Very 

little work has, however been done to understand the nature of gene action and the 

inheritance of yield and yield coin ponents in Indian ni ustard tinder Bangladesh 

condition. Selection of the best parents lbr production of J:  hybrids has to be based on 

genetic iii form at ion and knowledge of coin hi iung abi Ii ty. -1 berefixe, the prese nfl work 

was undertaken with the following objectives: 

To estimate the nature and extent of combin lug ahi lit)' of the parents in crosses 

and (lie mode of'gene action in governing the characters. 

To incorporate earliness, yellow and bold seed and oilier yield contributing traits 

in recontinended varieties of late higher yielding genotype of lJra%siccs/euleca I 

To study the leas i bil uy of exploiting hybrid vigou r in Indian ni ustard. 

4 
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REViEW OF LITERATURE 

Indian mustard (Brassicajuncea L.) is an important oil seed crop of tropical 

and sub-tropical agriculture, as it provides available nutrition to human. In 

I3angladesh the average productivity of mustard is low in comparison to the 

developed countries. Identification of superior parents, promising cross combination 

and suitable breeding methodology are the important pre-requisites for development 

of high yielding genotypes. The combining ability studies are frequently utilized to 

understand gene effects of yield and yield attributes which helps in formulating proper 

breeding methodology. The nature and magnitude of gene action is an important 

factor in developing an efficient breeding programme. It also finds out the breeding 

potential of parents as well as different cross combinations which helps in the 

advancement of breeding programme. The diallel analysis provides information of the 

genetic control of a set of parents in the early generation (Jinks, 1954). Therefore, 

relevant information available in the literature pertaining to the combining ability and 

gene action of rapeseed and mustard are reviewed in this section. 

2.1 	Combining ability 

General combining ability is the average performance of a given genotype in 

hybrid combinations with other genotypes, while the specific combining ability is 

expressed through average performance of the cross in relation to the genotypes. 

Griffing (1956a)proposed a more general procedure for diallel analysis which 

makes provision for non-allelic interaction. In this approach mean measurement of a 

cross is partitioned into two major components, a part from a general mean (p) and an 

environmental component. (i) the contribution of the parents, the general combining 

ability (gca) effect analogous to main efFect of a factorial designs, and (ii) the excess 



over and above the sum of the two gca eItècts called the spec i tic combining a hi it) 

(sea) eRect. analo2ous to an interaction ellect ui a Ihetorial design. 1 lie dial 1.1 

approach has been extensively used in cross pollinated crops. c;ri iling ( 958) 

cal phasized the statistical concepts of izerieral and spec i lie combining ability 

Variance lbr general combining ability nivolves mostly additive geIIc eIiixts which 

variance for spec ilk coin bini ng abil itv depends on dom i ounce and ep 'SI at ic 

COal poiien t of variat ion. 

in ved i and NI ukharjee (I 986) reported that 100 additive Cunipoileill in Indian 

mustard Brass/cu jiaweis L. is important for all the trails studied except Ibr oil eonienl 

and days to maturity, For which 11011 additive and additive components were important. 

Doniinance deviation for oil yield, seed yield. 1000 seed weight, seeds per siliqua and 

days to maturity was due to asymmetrical proportion of genes with positive and 

negative eflècts at the loci showing the highest dominance for oil content. ftc 

expression of oil eotitent, 1000 seed weight and days to nlaiurity was governed by 

frequency of dominant alleles where as recessive alleles were preponderant Ibr oilier 

traits. 

l3adwal and Lahana (1987) working on seed yield per plant and S related traits 

front it 10 x 10 half diallel cross in lirassica jinwea L. They observed that both 

additive and non additive components of variance controlled (lie inheritance of seed 

yield, number of seeds per sil q tia. plant height. pci many branches and length oF 

Si I iqua . Only non additive variancesigiti liean I lor  secondary branches. 

Gupta ('V al. (I 987a) studied combining ability of Iintvku jifiwec: I.. genotype 

with 8 x S diallel cross without reciprocal cross. gca and sea mean squares were 

signilicant For all characters studied. Non additive gene effects appeared to he 

predominant for number of primary and secondary branches. sihiqua length. number 

6 



of seeds per siliqiui and seed yield. While additive gene effects 	eie apixirenil> 

predorn maul ibr plant height. Patents vitli high gea were iöund the best general 

enihiner for seed yield and the best crosses for Ilittire selection were high x high gea 

parents. 

Gupta CI at (I 987h) perlormed on analysis in a 13 x 4. line x Lester cross in 

Iirassi<.a/uncc'a L. Additive gene elThcts were relativeis' more important than non 

addi live for seed yield per plant and most ol the yield components investigated. 

I'rakash et al. (1987a) evaluated analyzed data of the F2  of ;in eight parent 

diallel cross and showed that gea and sea variances were signilicant for yield 

components. sea variance were higher than gea variance for number of seeds per 

siliqtia. 1000 seed weight and seed yield indicating that dominance was possibly the 

predominant gene action' for these trails. The parents DIR 146 and RCL 1017 were 

good general combiners for most of the characters studied. 

Prakash. c/ cii. (I 987b) observed 8 varieties with their 28 F's. the component 

of variance indicated the importance of additive and dominance components lbr the 

character studied. 

Rawac 1987)   observed 12 females and 5 males line ot /?;vnxzea/(o;n'c, I.. ol' 

diverse origin with a line x tester analsis. Variance components of -co and sea were 

siQniljeant fbr days to 50% llowering. ntimber of primary branch, plant height, seed 

weight and seed yield per plant. The crosses showed high sea eIThcls for seed yield 

involving high x low gca parents. 

Singh and Chauhan (1987)   worked with 60 triple test cross thni ilies produced 

by the crossing of 20 F2 parents as males to the parents and Fts. In Vanisia x 'I'M 9. 

additive genetic variance appeard in he predoni inant for day.s to niaturitv, titan her of  

pri nary branch while dominance seemed to he mainly involved in the control ci' seed 
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yield per plant. In Varuna x R W 75-80- I . additive genetic variance was esL i natal to 

he predoni want br plant height and doiii inanE lot days to niaLurily. number of seeds 

per siliqua. 1000 seed weiuht and yield per plant. 

Sini.di ci al. (1989) evaluated six Brassica /wiceo/ L. parents mId their 

resu Rant 15 F i and F2 population. Significant gca and sea variances were observed For 

all the II characters studied. Majorny of the crosses showed high sea elThcts lr seed 

yield involving low x high gea parents. 

Verma ci' al. (1989) evaluated the nature and litagn itude of combining ability 

and heterosis in it set o17 x 7 diallel crosses (excluding reciprocals) (>lVelIO\ sarson 

for yield, yield components and oil colitent. l'redonnnance ol additive ene action was 

observed for yield, primary and secondary branches per plant. siliquae oil main slio(}t. 

1000 seed weight and oil content while it was non additive for sil iquae per plant. 

\Vani and Srivastava (1989) studied combining ability in seven characters for 

23 lines of Jirassica/uncea L. and their F and I' hybrids and ltnnid that parents with 

high gea were good general combiners for seed yield. 

Siddiqe ci' al. (1990) studied a complete diallel cross involving tour genotypes 

Of Thassk-a cwnpe.vris L.and their 1:1 5 for nine characters including seed yield per 

plant. J3oth additive and non additive gene aetioli was loLillil ill the i Illieritalice of 

characters except days to flower, plant 116g111. and priniarv branches. Preponderance or 

additive gene action for (lays to maturity, number of secondary branches per plant. 

number of si I iquae per plant. nuni her of seeds per si liqua and non additive gene act ion 

for days to Ilowering. plant height II tIHi her oF' primary branches. Icngt Ii I si I iqua 

were found. 

\'adav ci al. (1992) evaluated 45 F: hybrids of Indian mustard toge 	w ther 	itlI 

10 parents for combining ability with respect to seed yield and its component 
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characters. II igli gea pareiits were identified as good corn hi tiers for seed vie Id. carI 

ness. siliqua length, number ol seeds per siliqua and 1000 seed weight. Maiorit ol 

the crosses showed high sea elThcts for seed yield involving either high x low or low x 

lowgeneral combiners. 

I labetinek (1993) worked with Thissica iia/nt L. and totind hiuher ica elThcts 

than sea Jbr all characters except seed yield per plant. l'lie genotype of Darinor had 

the highest gea Ibr number of seeds per siliqua.siliqLIa lenglh and 1000 seed s eight. 

while Sonata had the highest gea for oil content. Sca lbr seed yield per plant was 

highest in crosses of high x low gea l)Ins. 

Singh ci al. (1996) worked with cunibining ability analysis of eight diverse 

cultivars for tell characters in Brass/eu ifincea (L.). They reported high magnitude oh' 

&s lbr most of the characters. However. cg  was high only lbr plant height. siliqua 

length and I 000-seed weight Fhr which high estimates ol' h' was also recorded. tile 

parent with high gea eflxts was best general combiners Ibr seed yield. oil content. 

I 000-seed weight. plant he gut. number of primary branches and length of si I iq tia. 

Glossy mutant, an earl)' white Ilowered parent, showed desirable gea lUr eark 

liowering. reduced plant height and it was involved in crosses with high sea ftir seed 

I 	 oil content and seeds per silklua but its per se performance and gca \\it5  low. 

Oil content was positively associated with I 000-seed weight and seed yield indicatiiitz 

the possibility of sinittitaneous inlprovenient lbr these characters. Yellow colour of 

corolla was doni mont over sii he and segregated in 15: I ratio, ilid icat i rig Coli trol ol' 

duplicate genes. 

In it study 018 x S diallel analysis (excluding reciprocals). Yadav and Yadava 

(1996) reported that the presence of both additive and dominance genetic Coiifl)onetlts 

for seed yield and yield components in 'loria (!irassica eallepc.'.su'is L. var. Toria ). But 
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the mazn i aide o I' dom i cia rice coni ponez It Was lar2er than the additive cam r lien! for 

all the traits including seed yield. I leritabi I ity est i mates were It igher lbr days It) 

maturity and 1000 seed weight. 

Thakur and Sagwal (1997)   evaluated combining ibi I ity analysis in tine parent 

chat Id analysis of Thassica IIUJJ?LV. lucy repofled that mean sq LIUFeS due to gci teru I and 

specitic combining ability were significant. suggesting the inipor lice of both 

additive and dominance coniponetits. Parents GSL, 8809. I IPN- I, liSt. 1501  and 

I INS 8803 were good combiners For seed yield and sonic or its eoniponents and oil 

content. Estiniates or heterosis over better parent ( BP) for various traits ilidicated 

significant niagnitude for seed yield (-11.8 to 82.8%). primary bianehes (-26.0 to 

193.6%) and siliquac Per plant (-2 I .9 to I 62.6%). Unidirectional dominance 'as 

observed for the most or die traits studied. The cross G.S13 7027 x I INS 8803 gave 

highest positive heterosis for seed yield per plant. 

Varshnev and Rao (1997) evaluated combining ability. heterosis and 

inbreeding depression in ):ellow  sarson for I I qtiantitative characters. Non additive 

genetic variance was preponderant br all characters in both 1:1  and F: gelierations 

except Jbr 1000-seed weight in F.  generzttion. For seven characters. the best F:s on the 

basis ol sea involves one parent with high gea e IThets and the oilier will I poor or 

average gea etThcts. Ihe hybrids which exhibited highest hewjtsis also showed higher 

inbreeding depression. 

Slieikb and Singh (1998) observed combining ability analysis. including 

reciprocals in hid ian mustard for ten characters is preponderance of 11011 add it ne gene 

action lir most of the cliaraciers incltiding seed yield and oil content iii 10 x 10  hal 

diallel . Additive genetic variance was more important for plant height and length ob 

siliqua for which high estimate o1 heritability was also observed. Majority of the 

crosses showed high sca effects for seed yield involved high .x low gea parents. 
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Singh es' 0/. (1999) studied (he eonibini,w ahiliiv in Ifraxvicc, compestrix L. 

Conparistin @1 sea e FThcls in relation to gca eI'kcts ol I lie respective parei i La I lines 

indicated that crosses with high sea clTheis involved low x high. high x low and low x 

low general combiners. 

Singh ci (ii. (2000) worked with genetic analysis in yellow sarson. I31v.vi.o 

ewupesiris. they tbtnid signilicant diIirerices (or both sea and gea among the 

genotypes for all the characters indicating there by that hol Ii addilive and non additive 

components were involving in the expression ol' all the traits. I'hc parents with high 

gea was showed good general combining ability for seed yield, days to maturity and 

sil iquac per plant iii both 1:1 and  1:1 generation and for primary and secondary 

branches per plant in 12 generation only. The cross with high .x low 'ca ciThets 

showed signilicant sea for seed yields. 

Mahto and I [aider (2001) worked with the magnitude or specific combining 

ability (sea) etThcts was flinch higher than the general combining ability (gal) eliëcts 

for all the characters studied, except for JitIn1ber of secondary branches per plant. In 

niost of the cases, the crosses showing high sea clThets also exhibited high heterosis. 

Sarkar and Singh (2001 ) evaluated ten Iira.ssiea jwzn-a L. parents and their 4$ 

F i population. gca and sea variance were sign i flezmntly di lThrent among parents and 

crosses for alJ the characters except lbr early vigor. The parents with high gca ciThets 

was showed good general combining ability tbr plant height number of primary and 

secondary branch. siliquae per plant and seeds per plant. Comparison of sea ehiëets in 

relation to gea effects of respective parental lines indicated that crosses with high sea 

ciThets involved high x tow general combiners lbr yield and seeds per siliqua. 

Singh ci o/. (200 I ) worked ih a partial diallel analysis (S7) involving 20 

paremits was studied in F i and F2  generations in yellow sarson. The variances for 



genera I and spec i lie eoinliiii Hg :il'i I itv were highly signi Ileant in both gcneratioi is. 

I he est i mated components of variance revealed that add iii ye gene act ion was more 

miportant br lays to Ilowering. Jays to unit ti rits and plant height in both generations. 

Primary branches per plant. secondary branches per plant. siliqua length and si liquae 

per plant showed additive gene aclion in F1  but non additive in F. Non additive gene 

action played a major role in genetic variation for seeds per siliqua and seed yield per 

plant in both the generations. Parental performances as j tmdged by gea el The Is Intl ic I Ic 

that MI. 4, AJL 18, AJI. IV, AJL 20, AJL 55. All. 43 and YID I were promising 

genotypes. Ihese genotypes may be used as potential source in hybridization 

programnnie. 

In if line x tester anal) sis involving 29 promising lniaIe and seven muahe 

parents Indian mustard Ciliosh c/cd. (2002) observed high heterosis Ibr seed yield and 

some ol' the yield contributing traits. For most the major characters including seed 

yield both additive and non add jive gene aetioli were oh prime imporlanee. 

Prasad ci at. (2002) evaluated combining ability of 211:1  hybrids derived ftom 

a dialki cross otseven Indian euhtivars along v,  i1h the parents in a held experiiiient. 

The general and spec i lie coni hiiiing ability were signi licant lbr all the Ira its exun lined. 

The cultivar Varuna recorded h iuli general corn bitting ability  Ibr most oF the 

characters and per sc' performance. [lie specilie combining ability lbr earl maturity. 

length of main raeeme and yield per plant were observed in the crosses involving high 

x low gca parents. 

Swarnker ci at. (2002) analyzed conibining ability using 36 1:1  liybrkls and 

their parents obtained from a diallel mating lbr I I characters. l3oih the general and 

speei lie corn hitting ability  variances were highly signi Iieant lbr almost all the traits. 

Out of 36 crosses, only eight had desirable specific combining ability etThcts for seed 

yield. 
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Achrya and Swain (2004) observed combining ability analysis in 9 x 9 half-

diatlel set of Brassica JunCea L. They studied for nine traits revealed the 

preponderance of additive gene etlects for seed yield, secondary branches per plant, 

siliquae on main stem, siliqua length, seeds per siliqua and 1000 seed weight. Pusa 

Bahar was best general combiner for seed yield and yield components except days to 

maturity. Majority of crosses showing high per se performance involving parents of 

high x high or high x low gea effects. Pusa Bold x Pusa Bahar, BM-20-12-3 x JC 26 

and Pusa Bahar x JC 26 were promising cross combinations which exhibited high sea 

effects and high mean performance. 

Chowdhury et al. (2004a) studied the nature and magnitude of combining 

ability of parents and crosses (Fis) were estimated in a 7 x 7 diallel cross analysis in 

turnip rape for seed yield, its different contributing characters and oil content. Higher 

magnitudes of gea variances were observed than those of sea variances for all the 

characters except siliquae per plant, seeds per siliqua and seed yield per plant. 

Majority of the crosses showed high sea effects for seed yield involving high x low, 

average x average and average x low gca parents. 

2.2 	Gene action 

Gene action refers to the behaviour of mode of expression of genes in a 

genetic population. Knowledge of gene action helps in the selection of parents for use 

in hybridization programmes and also in the choice of appropriate breeding 

procedures for the genetic improvement of various quantitative characters. l-Ienee 

insight into the nature of gene action involved in the expression of various 

quantitative characters in essential to a plant breeder for starting a judicious breeding 

programme. 
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I lavniaii s (1954)   graph ma I and numerical approach to dia lie I analysis 

pro'ides in loi'nuttioii oil several 'al Liable aspects of the genetic make up oF a 

quantitative character, such as the adequacy of additive-dominance model. average 

degree of dominance involved in the action o I' genes. preponderance ofdominam and 

recessive genes among the parental hues. symmetrical or asytnnieirical distribution ui 

genes %%rich positive and negative elThets oil the attribute. etc. A part Ironi measurig 

additive and dominance components 01 variaiion appropriate model can be used to 

detect. non-allelie gene interactions by tising graphical rcprescntat ion ( Vr-Wr) graphs. 

I-layman (1957) attempted to obtain etA uniates of' certain gei let ic paraiiieters From 

statistics involving parents and o lThj,ring. 

ii tidal and Labana C I 986) reported epistasis tor the i nherita nec ol' oil content. 

in i neral content and protein content in Indian m tmstard. Re-analysis of data a 11cr 

removing certain array points revealed the predominance of additive genetic elThcts 

for oil and in incra I contents, where as non additive effects were lotund to be important 

tbr protein content. The degree of dominance was partial, hut giapltica I ;n talysis 

revealed over-dominance lor ni incra I content, a possible effict of CCII) Iouiid ing with 

complementary epistasis. Asymmetry of piLls and minus genes was indicated br loci 

showing dom i niance. Since both additive and non additive efkets seemed to he 

i inportzuit. they could he exploited to the production of F1  hybrids or used 11w 

0Li hit ion liii provement. 

['rivedi and MLikharjec (1986) observed the attributes for oil yield of 45 

hybrids and their parents ofa 10 x to diallel analysis of Indian mustard. I'he found 

ion additive component to be important ibr all traits except 11w oil content and days to 

nialurity for which both non additive and additive components were important. 

Dominance deviation for oil yield, seed yield. 1000-seed weight, seeds per siliqun and 



days to maturity was due to zlsvmmetrica I proportion of genes wi Lb positive ziiid 

Ileizat lye eliëcis at the mci sho lag dam i iiance. winch was highest ibr oil eoiiten I. 

The expression of oil content. 1000-seed weight and days to maturity was governed 

by lrequency or dominant alleles, where as recessive alleles were preponderant tar 

oilier traits. 

Yadav and Yaclava (1996) worked with 8 x 8 diallel analysis. it was Ibund that 

both additive and dominance genetic ecunponents were important I.Or seed yield 

components in toria (Brass/co ewupestris L. var. mona). But the niagnittide ol 

dominance component was larger than the additive component 11w all the traits. 

I leritabilitv estimates were higher for days Co maturity and I 000-seed weight. Parent 

Sangani was the best general combiner lbr seed yield. primary and secondary 

branches per plant. siliquac per plant and seeds per siliclLia. Another laiu  l-9 was 

also found good combiner ('or seed yield, early ness. 1000-seed wekht and seeds per  

sil iqun 

Chowdhurv et ed. (20041') evaluated a study of the attributes for seed yield of 

21 F 1 s and their parents in 7 x 7 diallel (excluding reciprocals) of IJritssicc, iapa. 

showed itnportance of both additive and dominance coin ponents. Dominant gene 

actions were predoin i ia in in most of the trails e eept days to flower. plant I eight and 

1000-seed weight. II ighest heritability (89 percent) was observed for days to maturity. 

The asymmetrical distribution al' the positive and negative alleles at all loei was lotinci 

for most of the characters. The Vr-Wr graphs exhibited dominance elThet of genes for 

all the characters. Plant lteighL was controlled by complete (lOnlIIiant gene actions 

while primary branches per plant. siliqtiae per plant. seeds per siliqua. seed yield per 

plant and oil content were controlled by over dominant gene actions. The graphical 

analysis indicated wide genetic diversity among the parents. 
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MATERIALS AND METHODS 

	

3.1 	Experimental site and duration 

The experiment was conducted at the experimental farm of Oil Seed Research 

Center (ORC), Bangladesh Agricultural Research Institute (BARI), Joydebpur, 

Gazipur, Bangladesh, during November 2005 to March 2006. The land was of 

medium high and sandy loam soil texture. The site was situated in the subtropical 

climatic zone, wet summer and dry winter is the general climatic feature of this 

region. The rainfall at the beginning of the experimental period was very high. 

Temperature was initially high. During the rabi season the rainfall generally is scant 

and temperature moderate with short day length. 

	

3.2 	Plant materials 

Eight diverse genotypes of mustard namely DH-18, BARIsar-lO, DH-1 1, 

Daulat. BJ-17, BJ-1 I, Jun-536 and BARIsar-1 I were selected as parents based on 

their performance evaluated in the previous experiments. Code number of parents 

used in describing results is P1. P7, P3, F4, P5, P6, P7  and P8  for Dl-1-18, BARlsar-10, 

Dil-Il, Daulat, Di- 17. BJ- Ii. Jun-536 and 13ARIsar- II. respectively. The seeds of 28 

F1 s obtained from eight parents crossed in all possible combinations excluding 

reciprocals were the materials of the experimcnt. Source or place of collection of 

these materials is shown in Table I. 

3.3 	Experimental design and layout 

Twenty eight F1 s along with their eight parents were grown on November 16, 

2005. The seeds were sown continuously in a randomized block design with 3 

replications. Each F1  line and their parents comprised of single rows of 2.5m long 

with a spacing of 40cm between rows and 10cm between plants. The genotypes were 
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Table I: Sources or places o(collectioii ofeighi Indian mustard genotypL's wilh some 
important characters 

Characteristics 

Origin 0il  pa rent_ ::lse:lMi:r jsth uaff scedr
ontent  

DH-I8 NeLhcrland Brown Bold 	115-120 	190-235 .1.5-50 42-43 

BARIsar-lO Bangladesh Brown Medium 85-95 	140-195 3.0-3.2 40-41 

OH-I I Neiherland Brown Bold 	115-120 	200-240 4.5-5.0 42-43 

Daulat Bangladesh Brown Small 	95-100 	150-200 2.50-3.0 40-42 

133-17 Bangladesh Yellow Small 	95-100 	140-190 2.50-3.0 41-42 

BJ-I I Bangladesh Yellow Small 	95-I00 	180-220 2.50-3.0 41-42 

Jun-536 Bangladesh Brown Medium 95-105 	140-190 3.50-4.0 41-42 

BARlsar-I I Bangladesh Brown Bold 	95-105 	170-210 3.50-4.0 41-42 
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random lv d istribiiced to each ro 	w i ihi in (lie blocks in the repi cation. )he seedling 

enierged three to tour days alier sowing. Plant spacing within the rows sas 

tim in Ia i ned by dii nn in g after 15  days o I seed liii emerge nec. 

3.4 	Land preparation and fertilizer application 

The experimenLal plots were prepared wiW tractor plough i ng tot lo ed hs 

harrowing and laddering to bring to the desired titth. Chemical krtilizers were applied 

at the rate of 250-170-85-150-10 kg/ha of N-P-K-S-li front Urea. Iriple super 

pliospliztte (ISP), Muriate oh' poLash (Ni P). Gypsum and hone acid, respectively. 

Cowdung was applied at the rate of 10 ton per ha. Cowdung,50% Urea and whole 

amount of TSP. MI', (h'psuin and Boric acid were applied during linal land 

preparation. The remaining 50% Urea was applied as to1) dressing during liower 

initiation stage. 

	

3.5 	Seed sowing 

Sowing of scads was done in the dry soil. Seeds uCcach gciiot J1L "crc sown 

in single now on November lb. 2005 by hand unitornily. Afier sowing the seeds were 

covered with soil earelully so that no clods were on Lila seeds. 

	

3.6 	Irrigation and drainage 

One post sowing irrigation was given by sprinkler alier sowing ut seeds to 

bring proper moisture condition ui the soil to ensure unilbrm Iern1maLion ul the 

seeds. A gootl draniage sysLem was inainta ned for in itned ate release of' rainwater 

from the expeni neni al field during the growing period. 

	

3.7 	Intercultural Operation, insect and disease control 

Necessary intercultural operations were done during the crop period to ensure 

normal growth and development of the plants. Thinning of seedlings was done during 

first weeding alter 10 days of germination. The second weeding was dcrie hefbre 
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Ii owering (ollo; ccl by top dressing ut urea. Aphid iii (iSLaE ions were totind iii the croi 

during the sil rquae development stage. lo control aphids Diazinon hi) kc at I lie rate 

of I ml per liter was applied. No reniarkable disease attack was observed. 

	

3.8 	Crop harvesting 

The plants of i ridividual block were harvested when 800 o 0 l the iila ilLs sho ed 

svIilptoItIs of' mat Li my (straw color of leaves, stein and desirable seed color in the 

matured si I iquae). Ten random I> selected matured plants from each Ii lie \\ crc  e ut at 

the base with the help of sickle and kept separately to avoid seed InixlLire between 

lines. Data were collected from these ten plants. 

	

3.9 	Data collection 

Observations were made on the Ibllowing quantitative characters: 

I. Days to 500% flowering: When more than 50 percent plants had at least one opeii 

Ilower. 

Dais to runt it rity: Ntunber of class required troin sowing to si I iq tue maturity ol 

80% plants of each row. 

Plant height in cm: Mean height in cm measured from top of the soil to the to1) of 

the ma iii steni. 

Nit tuber of primary branches per plant: Mean ntim her ol' branches originated 

from the main stein from ten randomly selected plants from each F1  's and parents at 

maturity. 

N u in ber of secondary I) ra lie lies per phi ii :N'le an 1111111 ber ol' bra lie lies origi hated 

From the primary branch Iroin ten randomly selected plants Ironi each F 's and 

parents at maturity. 

Siliquac per plant: Mean number oh' siliquac obtained troiu ten randomly selected 

plants from each Ft's and parents at maturity. 
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Length of siliqua in ciii: Mean leriih of pod in em IlicasLired froni b ittom of the 

stalk to the top of the pod. 

Seeds per sil iq ua: Mean number of seeds counted from ten randomly selected 

siliquac. 

1000-seed weight (g): Weight in granis of 1000-seed was recorded from ten 

randomly selected plants of each F s and parents. 

Seed y jell per 111.1111 (g): Mean seed weight in grains of (en ia i idoun I) sd cc ted 

plants from each F1  s and parents alter harvest. 

II. Oil content: PercentaQe of oil in the seed sample was determined by extracting 

the oil with petroleum ether at -10-00°C in a soxhelt's exoact ion apparatus. A rznid m 

seed sample o I approximately to g was taken from the bulk yield ol cacti oft lie line. 

the seeds of nidividual genotype were grand to a line powder in a porcelain mortar 

and pestle. The powder was then trztnsfirred into a Wliatnmns lilter paper. the 

mortar and pestle were washed with petroleum ether to collect the traces of oil and 

powder sticking to them and the solution wis transferred to the titinible in the socket. 

Approx itnately 125 ml of petroleum ether was taken into the (list II lztt ion ha sk and the 

extraction set wis lixed on an electrical water hatl . len extraction sets were tiseif M) 

as to extract oil from the sample simultaneously for 5.5 hours. The distillation liask 

was later separated and the petroleum ether was distilled oil. Last traces oh it were 

removed by suction prcsstirc. the extract or oil remain in the hiask was accurately 

weighed and the percentage olextract in seed material v. as ealetihuted. 

12. I larvest index: Mean of ratio of' seed weight (g) to the total plant wei&zhi( (g) 

obtained fromii ten randomly selected plants oh each F 1  s and parents alter harvest 

expressed in percentage. 
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3.10 Slatistical analysis 

All the observations reordered were subjected to Analysis of variance 

(ANOVA). The total variances of each character were partitioned into block. 

genotype and error differences. •Fhe genotypic variances were also partitioiietl into 

parent. F1  and parent x F, variances. The dillérences within the classes ofellets were 

tested by F-test. 

Coming ability analysis ul the LIa its with .sigri i ticant genotypic di tiërences 

was done according to the Model I and Method 2 of Grilling ( l956a and 1956h). Ibis 

analysis partitioned the variation due 10 genotypic diFtërences into general combining 

ability (gca) and specific combini ig ability (sea) elleets. 

The mathematical model used in the analysis was as (allows: 

Yij tn -ei '-Sij I — SScijKl 
be 

Where. 

Yij 	mean of I x jib genotype over k and I. 

Li 	=1 ......p 	k=l ......b 	I — I ......c 

iii 	popu lat ioi t inca n. 

gi 	gea etlècts of the iih parent. 

= gca ciThets ol'the jilt parent. 

Sij = sca ciThets for the cross between ith and jth parent. 

eijkl = environmental eJThcts. 

fl cijki = mean error effect. 
be 

The variance components due to gea and sea were calculated according to Singh 

and Choudhary (1995) as Ibilows: 
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3.10.1 gea and sea variances 

Coniponcu ts titie to gca 

gca variance 	 gi  

	

(n— I) 	("+2) 

Components due to sea 

sea variance = 	
2 
	Sij 	MSs Mse 

The ratio oitzca variance to sea variance gcavar/w;ee 
sea var iance 

3.10.2 gea and sea effects 

the gea and sea CJThCLS were esitmated according to Sliarma (1998) by the 

following formulae: 

gca cffccts(gi) = -i- E I(}'L+ )'ii)— 	(Y..fl 	Restricted to Ygi 0 

I 	 .. 	2 sea eftects (Sij) Yij - 	
fY..+.....j.+...1j. 
	.  lYiil ( C ) i 1-2 	 I)(n1 

 
2) 

3.10.3 gea and sea variances associated with the parents 

gca and sea variances associated with the parent were es(inia(ed accerdijuj to 

Sharma (1998) as Ibilows: 

/ - I crgi (gi)2 
	

Mse 

a2 si' ;l: 	t 	MscJ 
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3.11 Graphical dialkl analysis 

Diallel analysis for the components of genetic variances and Wr-Vr graphs for 

all the characters stud ied were done according to Flayman (I 954a.h). A diallel tzthlc 

was prepared from the averages over all the three repllcatiol1s and 111c Ibliowiug 

statistics were estimated. 

Vr 	Variance of all the progenies in each parental array (an array is a wotip 

of crosses i nvolvi jig a particular parents) 

Wr 	Covariance bel ceen parents and their ollpri ng in each arra) 

Variance olparents 

Variance of the means of array 

W r2 = * the Wr ir const ri cling the Ii in it ing parabola 

bwr.vr Regression of Wi on Vr 

a = the Y- intercept 

V1  L1  Mean olall the Vr values 

Mean of all the Wr values 

Yr = Standardized mean (or each parent 

(Wr 1- Vr)' = Standardized (Wr + \'r) values for each parent 

- Correlation between parental order oldoininance 

(NI 	- M1 0 = Doni inance relationship 

r 	Possible Jim it of selection of parents showing dominance 

The validity of I laymans hypothesis was tested for all the characters studied 

by the equations. 
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3. 11.1 'lest of homogeneity of Wr-Vr variances 

4 	(I'(u I'it% Var JVr) - ('óv2( V,. lYr) 

Where. 

Var Vr = Variance of the array variance 

Var Wr .- Variance of the parent and array covariance 

c:ov (Vr. %Vr) = covariance of the variance and covariance 

n = Number of parents involved in the diallel crosses 

= equivalent to a F-test with 4 and (n-2) degrees of freedom 

3.11.2 Test of deviation of regression slope from unity 

Deviation l'rom 0 

(b-O)fSE,(at n-2 di') 

Deviation from unity 

E2 - ( I-h)/SEb (a( n-2 dl) 

Where, 

I, " reressiun co-ellicient of Wr on yr 

SEb = standard error 

3.12 Numerical diallel analysis 

Afler testing the validity of hypothesis that epcsasis was absent. graphical 

analysis was performed followed by the determination of genetic variance 

components (additive and dominance variances) Logether with allied parameters. 

24 



3.12.1 Computation of variance compolletits in F'1  diallel 

I 

Using the values of di li'reffl slat 1st cs computed earlier the variance 

colliponents and allied parameters were calculated according to Sliarnia (1998) ;Is 

Jollows: 

Variance componenis 
	

Fo I'ni u lac 

D (additive variance) 	
L 
 V(  )l( - I 

F (Mean co-variance ol additive and dominance) 2yj-4 ( H 01 -2( n-2 ). (It/n) 

I I I  ( Dorn malice variance) 

H, 	Propordon oJ' positive or rtegzttive genes) 
	

4V111  - .1 V01.0  2E 

W (t)ouiinance eftèccs) 
	

4(M1  i - Mt,) - •l(ii-l). 

E (Environipejual variance) 
	

ESSJ/j (r- I )l(e- I )(r- I)j 

\Vliere, 

n = Number oI'parenis 

- N uni ber of replications 

'10W = Variance olparents 

V011  = Variance of array nicans 

= Average %Vr 

V11 	average yr 

(M LI - - K110)2  = I/n [(Grand Iota I/u) - Parental Lola!] 

3,12.2 Computation of standard error (SE) and t values for each of 

the main components 

SE was calculated to test the signiFicance that is the accuracy of the above 

coniponents according to SliarIlia (1998) by die Ibilowing formula 

Standard error (SE) = (Cs/n)Oi 
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Where, 

= 1/2[MSS (Vr-Wr)], 	n = Number of parents and 

C = Multiplier of each of the main component 

Main 
CO)iiponents 	 Multipliers 	 t-valucs 

D 	C(D) = (n 1- 114)/n4 	 1(D) = D/SE(D) 

F 	C(F) = (4n2  + 20,1 - I 6n3  + I órt2)/n5 	T(F) = F/SE(F) 

ll 	C(H1) = t(n5  + 41114 - 12n3  + 4n2)1n5 	1(H1 ) = l-I 1 ISE(H 1 ) 

lI 	C(l-12) = 36n4/n5  = 36/n 	 1(H2) = 112/SE(H2) 

H 2 	C(h2) = (1 6n4  + I 6n2 - 32n + 16)/n5 	T(h2) = h2/SE(l) 

E 	C(E) = n41n5  = 1/n 	 1(E) = EISE(E) 

3.12.3 Computation of allied genetic parameters 

After computation of main components the following allied genetic parameters 

were calculated by the respective formulae 

Mean degree of dominance 

Proportion of dominant genes with positive or negative effects = H2/41-11  

Proportion of dominant and recessive genes = (4D H1  + F)°5/(4D H1  - F)°5  

Number of gene blocks exhibiting dominance = h2/H2  

h 
2 
 n (Heritability in narrow sense) = ID/41/[D/4 + H 1 /4 + E - P141 
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RESULTS AND DISCUSSION 

	

4.1 	Analysis of variance (ANOVA), general combining ability (gca) 
and specific combining ability (sca) variances 

The variances due to general and specific combining ability were estimated for 

assessing the contribution of the additive and non-additive type of gene action involved in 

the inheritance of different characters. The analysis of variance indicated highly 

significant di!Threnees among parents and hybrids for twelve characters ('Fable 2). The 

eomponents of' variance for general combining ability (gea) and specific combining 

ability (sea) were highly significant for all tniits indicating that both additive and non-

additive gene actions were important for expression of these traits. The results showed the 

agreement with the findings of Acharya and Swain (2004). Similar findings were also 

reported by Tamber ci at (1991) in Indian mustard, Labana ci at (1978) in Yellow 

sarson, Malik c/ct!. (1995) and Thakur and Sagwal (1997) in rape seed. 

The higher magnitude of gca variance was observed than that of sea variance for 

all the characters except secondary branches per plant, length of siliqua, siliquae per plant 

and seed yield per plant. In all earlier study of Verma (2000), also reported sea variance 

was higher than gca variance (non-additive type) for primary branches per plant, siliquae 

per plant and seed yield per plant. Verma etc:1 (1989) and Labana c/al. (1978) reported 

non-additive type of gene action for siliquae per plant, seed yield per plant in yellow 

sarson. 

	

4.2 	General combining ability (gca) effects 

The gea effects represent the additive nature of gene action. The nature and 

magnitude of both are considered. Besides per se performance of the parent was also 

considered together with gca effects since the former offers authenticity to gca effects 

as guidance to select the parent. A parent with higher positive significant gca effects is 
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Table 2. Analysis of variance for general and specific combining ability for yield and yield Coflipoflenis in Bratcica juneet, L. genotypes 

I 	 Characters 
Sourceof 	

I 	 I 	I 	 Length 	 j 	I 1009- Seed Seeds variation 	Days to I)ays to 	Plant 	Primary Secondary 	
per 	 ciul 	

sield per Harvest 	Oil 
(50%) _______I 	 per plant i per plant siliqua 	plant 	per 	

welt 	 index Content 

floer 

	

	 branches branches maturity height (cm) 
_____________ 	 siliqua 	(g_jP_(g) (cm) 	 I  

Genotypes 35 46A4' 48.66'' 1212.74** 1.05" 22.43" 0.357" 16603.95" 13.79" 1.06** 26.10" 22.37'' 0.40' 

Cica 	7 	60.68" 65.95" 1623.24" 0.509" 3.98*' 	0.094" 2893.95** 6.49" 1.43'' 3 13*' 14.85" 0.139* 

Sca 	28 4.15** 3.78"  9949** 0.312" 8.35' 	0.125" 6194.82" 4.12" 0.085' 10.07" 5.61" 0.132* 

Error 70 0.99 0.399 20.59 0.025 0.165 0.016 253.56 0.176 0.003 0.265 0.705 0.054 

gca/sca 	14.52 	17.42 	16.31 

Significant at fIr 0.05: 

1.63 	0.476 	0.751 	0.467 

** Significant at P = 0.01 

1.57 	16.77 	0.321 	2.65 	1.05 



considered as a good general eonihiier. A parent showing high gca and sc;i variances 

is a better parent For creating high yield lug spect lie corn bination 

'I lie estilllzfles ofgea efkets are given iii l'ahle 3. The niagnittide and direction 

of the significant ellëeL for (lie eight parents provide mean ingili I coltiparisons 81 id 

would give clue to the funire breeding programnie. The results of gea efftets of 

dilierent ehaiacters are presented below: 

Days to (50%) flower 

I ugliest negzuive significant gea elThcts30) was provided Lw F3ARlsar- II) 

(P2) lbr days to 50% liower. Hence the parent BARisar- ID (P) was desired as general 

combiner in crosses aimed at protno(ing earliness in Brass/ca juncea L. (Fable 3). 

Singh ci a! (2000) obtained earliness in YSK-850 I in firms/ca (TFllt/)CsIlis/r i/la. 

Verina (2000) observed earliness in RC 332 in Iii ms/ca juncea 1.. C'howdhurv ci at 

(200.1a) Ibund earliness in Diu-2 in Brav.s tea Papa L. 

Days to maturity 

Pareni BARIsar-ID (I':) showed highest significant and negative gea elkets N 

2.35) Ibllowed by Daulat (P4  - -2.08) and hence these two cultivars HA R tsar-I U (P.) 

and Daulat ( t'4) were (lie best general combiners for early maturity in Rntvsin, ittitce(i 

L. The parent 1)11-18 (P1 ) provided highest significant positive gea effects For days to 

maturity (5.58) followed by Dl-l-1 I (P3  = 1.45), and hence these two parents Were 

undesirable general coiiibiners to promote the earliness in Ifra.sxica/unn'a L. (fable 

3). Singh ci at. (2000) fbtnid earliness in YSC-68 in /1ruswica nun/u's/i/s I .....Ilaryzt 

and Swain (2004) obtained earliness in K 26 in J3rassicc-s/:u,cec, 1.. Chowdhurv ci al. 

(2004a) observed earliness in Din-2 in lliussica rapt: L. 
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Via at licigh 

(lie higher significant and negative elleets (-21 .37k lot the parameter was 

Ibund in I3ARIsar- JO (P2 ) followed by iXuiltt (P4 = -9.74). •Fhus. both BARIsar-JO 

112) and Daulat (1)4) are good general combiners br breeding dwarl plzun ['pc. Ihe 

highesi signiheant and positive gca ciThet (18.69) was observed in 1)1 I- I 8 (I', 

bollowed by 1)11- I I (15 - 10.72) lot the trai( (Table 3). Singh ci ol. (I 'NC) observed 

dwarlhess in glossy mutant in Iimasxwa juncea L. Singh ci of. (2000) obtained 

Uwarlliess in YSK-850 I in Bntsins cunq.'ccen.v L. Chowdliury c/ cii. (200Ia) toLilicI 

dvvarliiess in I)in-2 in lhcis.vica rczpa I.. 

Primary branches per plant 

All the parents showed low values for this parameter. DI-!- I 8 (I' ) provided 

signilicant and posinve gea effects (0.246) followed by Hi- I 7 (K 	(1.230). 1 he 

parents BAR tsar- I I Ps). BA RI sar- I 0 (P.) and Daulat (P4 ) showed the sign i leant but 

negative effects (-0.391. -0. 181 and -0. 125 respectively). Thus. DI I-IS (J ) and ILl-I 7 

(P5) were found good for using in the breeding programme for more priman liranches 

(Table 3). .Sheikli and Sing (1998) lotind more primary branches in poorbija r in 

/irassica jwicea L. Singh ci of. (2000) obsen'ed maxiniwit number of primary 

branches on YSI'-842 in Tha.vu.e, c?iF?zpcv/lis L. ('hovdlitirv ci of. (2004a) obtained 

more primary branches on sanpad in liran it a 'apet L. 

Secondary branches per plant 

This parameter showed low values lOr all the parents. Signitleant Positive 

value of gca effects for the characters were revealed by BAkisar- 10 (112 	0851) 

followed by 13J- I I ( P(. 	0.532), BJ- I 7 (P5 = 0.345) and Daulat l' 	0.333) and 

significant negative values by DII- 18 (11 1  - -0.966) followed by lIAR I sar- I I -  

-0.745). thus. BARisar- 10 (l) was good to use in the breeding programme lor more 
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secondary branches in Ikas.cin, junc en I.-  ( lable 3).Sinuh c.q at. (1996)   obtained 

highest secondary branches in IIJ- 1235 in Bimsicj, /uncca L. Sitigh c/ at (20110) 

ibtind max iniuni ii urn her of secondary branches on SS- I in Brass/cc i can I)estriv I 

('howdlturv c'i cit (2094a) observed iiiorc secondary brzuiches in Din-2 in /jrjvcv,co 

it//Ui I 

Sil iq 'tat per phi itt 

the hithcst significant and positive eiThes for the character was idicated by 

H.ARlsar.l 0 (I" = 29.07) (illowed by I4ARIsar-I I (l - 22.59). The other lxien 

showed insignificant or negative signilicant values (br the trait. thus. RAkIsar- li) 

(P2) was the best general combiner to use in hybridization programme to iilprovc 

number of si I iq uae in l?rassiccs/wgca I . (Table 3). .Singh and M Iir(v ( I YXO ) obtained 

maximum number of siliquae per plant in 55- I in Brassica cwnpc''aris L. Acharyn arid 

Swain (2004) observed more sil iqtiae in I'tssa Bahar in Tb'avicaiuiiccei i.. 

c/ al. (2004a) Ibund highest number ol sit iquac in Din-2 in Thu\.tca it//Ui I.. 

Length ofsiliqua 

Significantly highest and positive gca effects (0.074) was observed in both the 

parents Daulat (P.) and Bi- I 7 (Ps). The other parents showed insigni licani or negative 

sign i licant efkets Jbr the trait. Hence Dau at (F4) and Bi- 17 ( P  ) was the good general 

combiner to use in crossing tbr improves length of Sit iqcia ( 'table 3). S he i Lii and 

S ingh (1998)   and Aeharya and Swain (2004) obtained iiiaxini tim si I iq na length in 

11 glossy mutant and Pusa l3ahar respectively in ifrassicapuicec, L. 

Seeds per siliqua 

I-uglier signi (leant and positive gea clThets 	crc observed in Datilat 114  

1.28). tIJ- I I (l', = 0.577) and I3ARlsar. I 0 (I'. - 0.371). ihus three parents were 

Ibund best genera) combiners to increase the number of seeds in !irciss/ca/uiiccc, I..

(Fable 3). Singh and Murty (1980) obtained more seeds per siliqua in YFS-842 in 

Brass/ca cwupcstris L. Aeharva and Swain (2004) observed highest seeds per silkiva in 
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Table 3. Estimation ofgca effects and mean performance of parents for 12 characters in a diallel cross of Bnissicajuncea L. genotypes 

Parents 	

F ff71  Days to 	 Plant Primary Secondary 	Siliquac Seeds 	 Seed vieW flays Co 	. 	 - 	 f 	 j 	3000 seed 	- 	llarest 	Oil flower 	 height branches branches
sil 	per i per 	. 	per plant (50%) maturity 	

(cm) per plant per plant 	 plant jiiqua sveight (g) 	 Index content 

DII-  IX (P ) 	
447** 	55344 	38.69" 0.246 	-0.966' 	0023 	8.61, 	.1)767" 0.466k' 	0.933 " 	II?" 	-0.099 47.00 	105.67 	166.67 	5.20 	7.08 	5.37 	207.67 	11.24 	3.98 	8.33 	29.67 	41.0 
-3.30'' -2.35" 2137" -0181" (1.851'' 	'9,' 29.07" 0.373" 	 11 

	

-0.366'' 	.232 	2.22" 	-0.024 
I1AF(Isar-IO(I 	

37.67 	93.67 	1000X0 	3.96 	9.0 	5.27 	175.67 	13,92 	3.03 	4.13 	32.33 	41.81 

I) -I i II 	 2.10" 1.45" 3032" -0.041 -0.207' 0.035 	 " -1)981 0.567'' 0.3t8 	' (F 	
43.67 303.67 152.00 1.54 	9.29 	5.33 	22067 2.05 343 	

52 	-0.443 0019 
28.33 	41.11 

-2.23" •2.08-' .94' .0325 (1.333" 0.071' .39 	.28" -0466" -0.708" -027 5 36.33 	9233 	113.33 	4.32 	7.59 	5.36 	780.) 	11.31 	2.16 	4.87 	3167 	41.51 

-0.067 -3.22'' 5.52 0.230" 0.345'' 0.074' -9.9 0121)'' -0.289" -0.753-' -3.57" 0.030 
f3J-17 (P5 	

38.33 	94.33 	134.33 	5.34 	9.06 	5.69 	165.67 	13.96 	2.69 	5.53 	28.00 	4 1.72 

Ri-I I (P 	-0.233 	-0816" 6.22" 	0.181'' 	(3.532'' 	11066' 	.ii" 	0774' 	-0.316'' 	0138 	-114'' 	0.207" 38.33 	94.667 	143.33 	5.08 	8.66 	5.77 	3)40) 	14.62 	2.52 	5.98 	30.33 	42.13 

JUfl 5.6 II ,) 	-090" 	-0.883" -4.64" 	0.080' 	-0.342 	0.004 	0.2.12 	0.273" 	0.017 	-0.035 	-0.208 	0.102 38.33 	95.67 	128.00 	•1.55 	7.59 	4.98 	I6fj 	I 3.51 	3.15 	4.85 	30.67 	II 59 

-0.333 (.3I4' -5.41'' -0391" -0.745" -0.069' 22.59" -0.882'' 01 	 III 8648 	-(L? 	0291 	-0.066 
I3AF(Isar-I I ([ 	3967 	99.33 	327.33 	3.94 	7.83 	5.38 	38933 	10.59 	3.33 	5.78 	3133 	41,01 
SE (gil 	(1.233 	0.348 	3.06 	(1.037 	0.095 	(1.03(1 	3 7 	('.098 	0.021 	0.120 	0.396 	0,054 SE (ti-zi) 	(1,352 	0.224 	1.61) 	0.1156 	1)144 	0.045 	563 	11,1.18 	11031 	0.182 	0.297 	0.082 

Upper line GCA eflëcs: 	'Significant at P- 0M5: 
lower Ii ic mean performance 	* Shm iii cant at 11= 0.01 



Vartina ill /l,usj it /uncc'a L  ( howdhury e aI. (20048) lkniiid iii axim tini seeds per 

sill qua in Uha Ii in Lircr,vic, rapci I 

1000-seed weight 

The highest signi licaiit and positive gca elcts for I 000-seed weiclit waN 

observed in DR-I I (P3 - 0.567) Ibllowed In DFI-18 (P1 	0.466). The other parents 

showed insigniticant or negative significant effects ft'r the trait. l-Ience DH- 18 (I' 

and I)] I-I I (P3) was Ilie good general combiner to use in crossing ['or improved seed 

size (iable 3). Singh ci at. (2000) observed more seed weighi in YSC-68 in /Jrwslnz 

L. Acliarva and Swain (2004) obtained maxim urn seed eight iii I'nsa 

IIahar in /inzsuajwictcz L. C'howdhury ci tel. (2004a) lound highest seed scight in 

Dhali in Biassico tvzpc: L. 

Seed yield per plant 

The highest significant and positive gea effects Ibr seed yield per plmu was 

observed in 1)11- I 8 (P1 	0.933) tbllowed by Dl I-h I (P3 	0.352). Flie oilier parents 

showed ilisignhlieant or negative significant ciThets ]'or the character. I lenee DII- I 

P1  ) and 1)1 I- I I ( P;) was the good general combiner to Lise in crossing progruni lie br 

improved seed yield per plant in Bmvsica juncea L. (Table 3). Singh el uI (2000) 

obtained more seed yield per plant in SS-2 in Biavsica cwnpe.vfri. L.Aeharva and 

Swain (2004) found hi2hest seed yield in Pusa Bahar in Bntvshw /lu?cc'u I 

Chowdhtirv ci al. (204J4a) observed maxim urn seed v kId in 1 '1-303 in IJra.v'na rupcl I 

harvest index 

The highest significant and positive gea effects for harvest index wa observed 

in I3ARlsar- 10 (1)2  2.22) followed by DR-I S (111 = 1.12). The oilier parents showed 
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insigni [leant or negative signi [leant eflèets br the character (Fable 3). Singli ci at 

(2000) obtained maxiniuni harvest index in \'SP-842 in lirax.vicc, cuwpcs/iis L. 

Oil content 

Ihe yellow seeded parent EU-Il (Ph) showed signiticanc and positive gea 

ellëcts (0.207) and hence it was Ibund good general combiner to improve the oil 

content in Indian 'ii ustard (Table 3). Sinh c'i at (1996)   and Sheikh and Sinigh ( I 998) 

obtained niaxirnuni oil content in PR- I 108 and Pusa Bold respective lv. (howdhun eI 

at (2004a) observed highest oil content on Dhali in Brass/cc, rams L. 

II igh additive gene action observed br only days to 500/u liower. class to 

niaflinv. plant heigli t and I 000-seed weight, while moderate addli Re gene action was 

observed in primary branches per plant. seeds per siliqtia, harvest index and oil 

content. Non-additive type of gene action was predominant 11w secondary branches 

per plant. length of siliqua. siliquac per plant and seed yield per plan( (Table 2). 

Similar results were also TCIX)Tted by several workers ineluduig Vernia (2000) and 

Acharva and Swain (2004) in Indian mustard. 

l'he estimates of gea indicated that the parenls 1)1  (1)1 I - I 8) and P (DII- I I) 

were good general combiners for seed yield per plant. Parents P: (l3ARlsar-l0) and R. 

(BJ- I I) were good general combiners tot secondary branches per plant and siliquae 

per plant. Parents P. ([Ni- I 8) and P (DII- I I) was good general coin hi ncr 11w I 000. 

seed weight. t3ARisar-l0 (P2). [)atilat (P.1) and Jun-536 (P,) \'ere desirable for 

earliness as well as dwarl'ness. Only Hi- 11 ( P6) was ibund good general eo:nhiicr br 

oil content. Most of the characteis showed both additive and non-additive gene 

actions and totnid important in the express ion n I the characters. For exploitation of  

non-additive gene action in order to recover Lransgressive segreganLs by breaking 
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undesirable linkage. releasing Colicea let! Va null ii IC) and CI)aIIgZI2g Ii Ii kage CqLI iii bri LI Ill. 

it is fleeessaly to follow niodilied breeding methods, viz., bi-parental cross or triple 

test cross Or reetirrejit selection. 

4.3 	Specific combining ability effects 

ilie specific cotubin 11 81)11 iCy e flicts s igni ': the role ol' non-add iii vee ne 

act ion in the expression of the characters. It denotes the Ii (gil ly specific conibin I 

abiluv leading to highes( periornianee of sonic specific cross combinations. For this 

reason it relates to a particular cross. ['he specific conibini ig ability clThcts are also 

seen in relation to their size. I-I igh sea c liècts may arise not only in cross invol vilig 

ii igh x II igh combi mUons. but also in those involving low x Ii igh and also From low x 

low ihus in practice. some of the low combiners should also be aeconinioclated in 

ltvbrzdizat ion programme. The specific combining ability eflects uI tweiit\' eight F 

crosses for twelve ditlbrcnt characters stLidied are presented in lahle 4. the 

magnitude and direction of the significant effects for the eight parents provide 

meaningful comparisons and would give clue to the future breeding programme. The 

results of sea effects ol'dillerent characters are given below: 

Days to (50%) flower 

Highest signi Iicant and Ilegative value from the parameter Was obtztillcd from 

l3ARlsar-10 x BAR!sar-I I (C13 = -2.12) ('of-  days to 50% flower. Significant and 

positive sea effects was observed in the cross cojllbinations. 13J- 17 x BARisar- II (C:s 

2.97) Ibllowed by Dl 1-18 x Ri-I I (C = 2.54). Thus, tile cross conlhinat ions 

BA It Isar- 10 x BAR tsar-I I (C1 ) provides opportunity ibr earliness iti IJ/t?SVic'u /ll)Uc' / 

L. (Table 4). Sirigh ci of. (1996) observed earli lC5S lit PR- 1108 x tU- 1235 in /?ru.sico 

/uncca I.. Singh ci ci. (2000) obtained earliness on YSK-850 I x 55-2 in Th'assic'a 

carnpesir is/rapa 
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Days to maturity 

l'he cross combiiation IN I-Il x RARisar- I I (C) shoved highest significant 

and negative sea ciThets (-1.82) wink significant and )OStt1\e value lorni tile 

parameter was obtained from P11-1 S x Ill- 17 (('4 	3.57). I lence the cross 

combination 1)11- I I .x BA RI saur- I I (C 	provides opportun fly For earl' matLirit\ in 

Brassicajuncc'a L. (table -I). Singli ci of. (2000) obtained earliness in 55-3 N 55- I in 

Brass/cc, campe.v(ns L. Aeharva and Swain (2004) found early maturity in JC 26 N Jam 

kisan in /3lvS.Vit?juhlCeO L. CliowdhLln ci ol. (2004a) observed earliness in \1-27 N 

Din-2 in Brass/cc: rque L. 

Plant height 

The 1:1  of crosses. BAkisar-lO x BJ-I I ((' ) and DH-18 N BARisur-lO (Cl) 

showed higher significant antI negative sea clThets (-7.08 and -6.)). respectively) tbr 

plani height. The hiahest significant and positive sea eliècts was observed ill tile cross 

combination. Oil- IS x [U-I? (C.1  = 19.21) ibllowed by Daulat x Hi- Il 	- 17.28). 

llius. the cross combinations [IA Rlsar- to x 131-I I (CO and IN I-IS x BAR bar- I 0 

(C1 ) could be used lbr dwarlhess of the crop (IabIe 4). Aeliarva and Swain (2004) 

obtained dwariness in Varumna x Pus-a I3ahar in Brass/c-a /11w-ca L. (Itowdhurv ci cii. 

(200-ia) observed dwarli1ess in J1'0i x Tori-i in Brass/c-a 1(1/1(1 I. 

Primary branches per plant 

The cross combinations 13A I(Isar- It) x 1)14- I I (C 	0.792) were Itmnd best 

sped lie combiner to improve plants with more number of primary branches as tile) 

showed significant positive sea etkets for this trait (i'ahle 4). SheiLh and Singh 

(1998) observed best positive effect in ['usa x I3arani in Thvss/ca/uncca I.. Sitigh c'( 
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a/. (2000) obtained max liii urn number 	primary branches per plain in YS K-S50 I x 

SS- I in Bravsicu cemipcvfri.v L. Chowdhury et al. (2004a) thund more primary 

branches in Sanipad x Tori-7 in Jhuvciea i•apa L. 

Secondary branches per plant 

I lighest significant positive values ol sea elkets for [lie character v,eic 

revealed by Daulat x RARIsar- II (C22  3.55) and BJ- l 7 x ni-I i (C; - 3.41). On the 

other hand the highest signi hic.ant and negative sea ciThets was provided In I )JI- I I 

Daulat (C l 	-2.08) lollowed by [U- I 7 x BARisar- I I (('i.. 	-0.884). lhtis. I)zittlat x 

BARIsar-1 I (C::)  and Ri-I 7 x Ri-I I (C23 ) was best specific colijbincl. to improve 

plants with more number ol secondary branches and DH- II x Daulat (C :4. Ri- 17 x 

BARisar- I I (C25 ) were bcsL specilie combiner to obtained plants with in ininiuin 

secondary branches (Table 4). Singh of al. (2000) observed highest sceondan 

branches in YSC-68 x SS-2 in iira.ssica caniliesti-is I.. Acharya and Swain (2004) 

obtained more secondary branches in 13M 20-12-3 x IC 26 in I3nisxitcg JUh!cc'tt I.. 

Chowd hun of (II. ( 2004a) lottnd maxim tini secondary brandies in Sanipad x Din-2 in 

I1I(lSv$C(.l fliJ)Ct I.. 

Length of siliqua 

Among the cross combinations, Ri-h 7 x l3ARlsar- I I ((''. - 0.655) showed 

highest significant and positive sea effects hollowed by Daulat x 13i- I I (C:) and 

Daulat x Jun-536 (C':), (0.523 and 0.498 respectively). On the other hand. iNc 

remaning combinations showed signi Ikant but negative sea eiThezs or insigni licant 

etiecis (hr the trait (Table 4). Sheikh and Singh (1998) and Aeharva and Swain (2001) 

observed maximum siliqua length in Pusa Barani x Glossy ntutanl and R\4 20-I 2-3 x 

Pusa I3ahar respectively in Iiranicajunn'a I.. 	 - - 
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41955' -55 
1)578 	9.35" 
-1.22" 
3-57,-
3-I?" 
1.57'' 
2.37" 
Dill 
1.71" 
0.178 
-0.889' 
-0.156 
0.978' 
-0.088 
-0.956' 
-1.35" 
-0.28$ 
-1.82" 
224' 
1.51'' 
0.578 
0.378 
0.311 
0.044 
-0.822' 
2.31" 
(1.44-I 
-0.822' 

-483 
19.21'' 
10.85'' 
3.38 
-0.848 
10.42" 
2.5$ 
0.285 

5.12 
-3.-is 
-3.88 
6.85' 
2.48 
4.02 
-1.21 
245 
17.28' 
-I-IS 
W.W. 
-0.3 IS 
6.22' 
7.o5' 
1.52 
2.62 
-4.52 
2.83 

Second 	
Length 5ffiqe 1000- seed Seeds per Seed 

j

ht()j saiciujZ 	rnde content 

2.77"' 	0.456' 17.77 -0.072 	2.33" 0.231 0.233 -0.346' 
-0.181 	0.378'' 54.43" 0.534" 	0.362 	0.161 	536" 0.025 
('.602' 
1.75'-
1.29" 
1.23" 
-0.73'r' 
2.15'' 
3.36" 
L73'" 
-0.696" 
1.19*8 
-0-146 
-2.08" 
-0.0 IS 
2.37'' 
1.005" 
2.08" 
1.78 4 ' 
L49" 
2.18'' 

0 * 

0.219 
-0.884" 

0.535 
2.01 
(1.254 

P
rimai-y 
ranches 

1r plant 
I- 
(1.058 
-0.155 

0.221" 
0432'' 
0.676' - 
-0.561'' 
0.792" 
0487-' 
(1.655 * 

053$" 
-0.163 
11129 
-0M12 
0.300" 
0.264" 
0.0 12 
0.195 
0.264" 
- li_I -Il 
(Lola'" 
-11771'" 
-0.163 
0.191 
0.125 
0.514" 
ft 50$ 
(1(19') 

4274" 75.84" 
0L059 41.1011 

-0482" 5137" 
0.059 66.9-I" 
-0.023 5.77 
-0.066 46.77" 
-0.125 107.37" 
4352" 83.73" 
0.246'' 72.30" 
-0.252" 65.80" 
-0.465" 433'' 
4363" -40.83'' 
-O'19" 987 
-13.108 28.4-i" 
0.35?" 54.27'" 
0.354'' 3477*" 
(1.061 56.80" 
0.523" 36.0.1" 
0.198" -28.46' 
0.072 7.04 
-06117" - l 7.93 
0.138 (.57 
0.655" 3540'' 
0,773'' 5547'' 
-0.265" 30.64'' 
-0.14$ 4612'' 
('()so 	9.95 

-0.545 
	

1.73" 
2.12" 
	

0.366 
.24'' 
	

4* 4. 

4.02'' 	-0.667 
0.497 
	

0.83 3 
LOU'' 	-1.20' 
3.83" 
	

0.967 
3.85" 
	

1.93" 
3-41" 
	hot' 

138" 	-0.767 
-0.535 	-1)933 
-1.98" -3.03" 
-0.082 
	

0.600 
I. 16,4 	-1.16' 
2.4 	-0367 
3.51" 	-0.93 3 
0.657' 
2.63" 	- I 
0.519 	-1.93'' 
2.58'' 	-1.13'' 
-11.96$"' -1.7" 
().67$  
0.277  
(I.48') 	('.26o 
1.211" 	0.433 
13$" 0.833 
.322 	.525 - 

0.226 
0.115 
0.055 
0.043 
0.207 
0.3 72' 
-11401" 
-0 .4 89 - 
-0.2-19 
0.389'' 
-0.263 
-0493" 
-0107 
-0.057 
0.527" 
0.5 IS 84  
1)09(1 
0-Ito 
-0.672'' 
0.3 76' 
-0.201 
0.019 
-0.012 
-0-Il; 
-(1.195 
-''.066 
0.1 4(- 

-0358" 
0.271" 
0448' * 

0.211" 
0.065 
0.061 
0.088 
-0.229" 
-0.2)2'' 
-0.068 
-0-los'. 
0.101 
0.026 
-(I. I 26' 
0.023 
11381" 
(1.1 37' 
11.098 
0.015 
0.022 
0.220" 
-0.28;" 
-'1.589" 
-"ISO" 
(I_Ill" 
0.128' 

-0.8 72" 
-0.128 
0775" 

0189 
0.791" 
2.5$" 
-1.0$" 
-4.66+' 
.07588* 

-11.261 
1.33'" 
-1 
1.93" 
0.821)" 
2.87" 
-4.05" 
I ....... 
2.73'' 

(1.6$')' 
(1.263 

Table 4. Estimation of sca effects for 12 characters in a diallel cross of Brassicajiweca L. genotypes 

Characters 

	

Crosses 	 Days 

	

to 	[)avs to 
flower maturity height 

	

_________ ______ (50%) 	 (cm) 

OH- 18 lJARIsar- 10 (C,) 	0.277  
1)11-IS , DIE-I I ((::) 	0.578 
Oil- IS x Daulat 
1)1 I-IS x Hi-17 (Ca 
DI I-IS x Hi-I I (C5) 
1)1 I-IS x iun-536 (Ce) 
1)11-18 x HARIsar-1 I (C) 
I A K tsar-lu \ 1)11- I I (Ce) 
I3ARIs-ar-I0 x Daulat (C,) 
RAR Isa;- 10 x 133- 17 ((',) 
t3ARlsar-l0 .x 83-Il (C 1) 
BAR I sir-I (I x Ju'-536 C 
HA R Tsar- ID x HA RI saT-Il 
1)11-11 .x l)aulat(C!l) 
Oil-I I 	14F17 (C) 
1)11-lIx Hi-Il (Cs) 
1)11-I I x Jun-536 (C,,) 
1)11-I I x ITARlsar-i I (C,) 
Daulat x 83-17 (C;,) 
Daulat X Iii - II (C:.)  I 
Daulat xiur,-536 ((',) 
Dau!at x HARisar- II 
Ui-17  
I U - I? kin- 53o (C) 
Ui-I ?x RARIsar-JI (C-u 
15)-il x .lun-)j( 	 0575 
Ri- I I x RAIfl,ar- ll (C--) 	1.81'' 
iun-535 RARIsar- I I iC:, I 	0.478 
SE isiji 	0.622 

0.211 
2.37" 
2.54" 
-0.127 
j77*t 
1.1:11 

-1.68" 
0.977 
-2.12" 
0.94 4 
0.778 
1.27" 
(194-I 
0.511 
2.07'' 
1.91" 
-1)089 

-0.256 
0.744 
2.97" 

Sitnilica,,, :,I f't 005: 	" StoiIcant at I'= 0.01 



Si I uj ii 8C per. plant 

Among the cross combinations. 13,\ Rlsar- 10 x Daulat (C. - 107.37) showed 

hiqhest significant and positive sea died5 lol towed by BAR Isar- I 0 .x lfl - I 7 (Ci) and 

1)1 I-I S x l)atilat (C3). (83.74 and 75.84) respectively. On the other band. the cross 

DII- IS x DII- II (C' - -54.43) showed highest significant but negative sea etIceLs ihr 

the trait Jollowe(l by 1)11-1 I x Daulat (CN = -40.33) and Daulat x iLin-536 (( 2 = 

28.46). (Fable 4). Singh and Mttrtv (1980) observed more siliquae per plant in YSI1-

842 x SS-3 in Jlras.v/ca cam/u's! ris L. Acharya and Swain (2004) obtained hiLhest 

siliquae per plant in I'tisa Bahar x JC 26 in iirasswu iunct'a I.. (Thowdhur -  CF at 

(20041) found maximum siliquae in Sampad x 1)in-2 in Thvssku Papa I 

Seeds per siliqua 

Among the cross combinations. Daulat x I3ARlsar-I I (C2 - 2.87) exhibited 

lugliest signiticant and positive sea etiëcts followed by Ui-I 7 x BAkIsar- II (C2 

2.73) ('or seeds per si liqua. Sign i lieu:u and positive moderate val ties Ibr the paranieter 

were showed by BARisar- 10 x BJ- 11(C,,). 1)11-18 x BARisar- 10 ((:,) and Datilat N 

BJ-I I (C2(,). The other cross combinations showed insignilicant or negative sea 

effects. I lenee Daulat x I3ARIsar-I I C:  was the best speeilie eunihi icr to increase 

the number ol' seeds in the sil iqua lOr yield improvement (Table 4). Singli ti at 

(2000) obtained more seeds per si liqua in YSP-842 x YSK-850 I in Ifrassica 

ewupesins I,. Acharva and Swain (7004) observed niaxinh,iiii seeds per siliqtia in BM 

20-12-3 x Pusa Bahar in Bm.s;yicafunccc, L. Chowdliury ci vi. (2004a) fotind height 

seeds per sifiqua in Dhali x Sampad in /Jnixvicc, 1V/Xl I.. 

1000-seed weight 

The cross combinations (', C, C,. C. C'3. C. Cl .,and C provided 

signihicaiti and positive sca values tar 1000-seed weight indicated considerable 
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heicrosis br the trait. The cross coinhniation 1)11-IS x Di I-I I (C1 	C) .534) and Hi- Il 

x BAkisar- I I (C27 	0.4 I I) showed signi lieant positive sea efThes lbr this trail antI 

seems to he the best combinations regarding seed size (Table 4). Singh ci at (2000) 

observed more seed weight in YSC-68 x SS-2 in lirassica cwnpe.sirs L. Acharva and 

Swain (2004) found highest seed weight in Pusa Bold x Pusa Rahar in Bnts.iw 

/wzcca L. Chowdl1ury at ol. (2004a) obtained Inaxintum seed weight in DhaI i 

Sampad in Brass/co ropa L. 

Seed yield per plant 

The Cross combinations C0. C 11 , ('.. C's. Cl I, Cv,, C'22 (' 7. C4. ('. C 2'  ('. 

C5. C C. and C exhibited significant and positive sea eRects of which DI i-IS N 

Jun-536 (Ce) and BA Rlsar- 10 x 133-I 7 (C 1(,) provided maximum elTheis (4.02 and 

3.85 respectively) for seed yield per plant. The other combinations showed either 

signilcani negative or insignificant sea elThcs. 'Ihus, Dli- IS x Jun-535 (C'.,) and 

BARisar- 10 x 131-i 7 ((:) were the best specific combinations Ihr the iinprovenienl ol 

seed yield per plant in l3rassjca fancea I.. ('labie 4). Singh <'1 iii. (2000) observed 

more seed yield per plant in \'SI'-842 x YSK-$50 I in Urasseca conipesiris L.Aeharva 

and Swain (2004) t'otnid maxiniunt seed yield in Pusa I3oId x Pusa L3ahar iii /?r(Lvsicc, 

JiutCea I.. Chowdhury c'i at (2004a) obtained highest seed yield in M-27 x Din-2 in 

Brass/cu ropa L. 

Harvest index 

Among the cross combinations, only four crosses 1)11- 1$ x 1)11-Il 

BARlsar- JO x Ui- I 7 (C10), Dl i- I $ x [)atmiat (C3) and BARJsar-IC) x [Ii- II (C, I) 

showed signilicant and positive sea elibets for harvest index. Ihe cross DI I-IS x 1)11. 

Li (C2 = 5.56) had the highest value tbr the trait. The remaining combinations showed 
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cit her insigni licant or negative significant e IThets ([able .1). S ingli c/ at obLa lied 

highest rosi(ive value for harvest index in SS- I x SS-2 in liravsu -a ((flflffl'.V//is I 

Oil content 

Among the h hybrids only live crosses l3ARIsar-10 x 1)11-I I (C). BARlsai-

lOx Jun-536 (Cu), DII-! I .x Jun-530 (Civ), Dl-!-I I x l3ARIsar-1 I (C1 ) and Daulat . 

BAR Isar- I I (( 2 ) revealed sign i licant and positive sea val ties tbr oil content. 1 he 

cross DII- I I x Jun-536 (Cu) had (lie highest value (0.527) in this re ard 'nd this 

cross combination nugh( improve (lie oil conten( in Brass/ca jivu-ca L. The remaining 

combinations showed either insignificant or negative significant ebJcts (Table 4). 

Singh ci al. (1996)   and Sheikh and Siugh (1998) obtained highest oil conteni in 

(11055): itititant x Ui- 1257 and poorhijaya x 131-38 respectively in Th?ssua juizceo L. 

Cho'vdhur) ci 0/. (2004a) found niaxitnuin oil content in Tori-7 x Dm2 in Th-cnsira 

ITt/lU F.. 

Some of the crosses showed superior specific combination for seed yield and 

1000-seed weight. I towever. DI!- IS x J UN-536 (C6 . !3Alt!sar- It) x Ui- li (C) and 

I3ARlsar-l0 x Daulat (C) showed significant sea effects for seed yield. 1)11-IS x 1)11-

II ((2)  and Ill-Il x BAltisar- 11(C27) showed significant sea elThcts for I (WO-seed 

weight. The cross Dl-i-I 8 x JI.JN-536 (C<.) also showed si2nilie;i,1t e!iëcts for primar 

branches per plant. secondary branches per plant. sil kjuae per plant. 1000-seed weight 

and seed yield per plant. 1*1-IS x 13.ARIsar-l0 (Ci) and l3ARIsar-lO x Iii- II (C 1 ) 

showed significant effects for earliness and dwarf plant type. It was interesting to note 

that the parents BA Rlsar- I 0 ( P2 ). Daulat (114. Jtin-536 (1)7) and BAR bar- I I ( P) were 

poor general conibiners for seed yield and 1000-seed weight. While DEl-IS was good 
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general combiner br seed yield and hudilv signi leant value br seed yield was 

observed in the cross Oil-I S x J UN-53 (Cf.). in which the 1)1 I-I S parent were good 

eoinbiers for seed yield but iuu-536 sere poor eonihiiers Ibr seed yield and also had 

poor mean periorniance. Such results could he due to the presence of dilkreiit genes 

or gene groups separately in both the parents. 

-1 he above results indicated that the cross with superior sea e iftets ii vo Ii ng 

high x low gea parents could be expected to yield positive hetcrosis in Iliulier 

frequencies. Earlier study oJ Sheiklt and Singh (1995) and Chowdhurv ci al. (2004a 

also pointed sinii lar trend tbr the improvement of seed yield in mustard. 

4.4 	DialIel analysis lollowing Jones approach 

Result on Jones analysis of variance and Hayniztns Vr-Wr analysis incltidiig 

graphical prcsentaLion ror 12 plant characters are provided as tol lows: 

Days to (500/0) flowering 

Jones analysis (Table 5) showed that both additive (a) and dominance (I') 

genetic components were sign i licant. which indicated Lhey were importanL in the 

regitlation o l flowering data. The resti Its were sini i hr 10 Gri iIings combining ab i I liv 

analysis (Fable 2). Mean dominance (b ) and dominance due to array (1)1) and residual 

dominance etThct (h3) were highly signiticant (br the character. 

The regression of Wr on Vr gave the slope I, = 0.5780.128 (Fig: a). which 

was not significantly different from unity. 'Iliese results therethi'e clearly suggested 

that simple additive dominance genetic niodel was adequate without any eotnpl ication 

ol' non-allelic interact ion. 
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Days to maturity 

Jotics analysis .cliowetl both :uld iii ye (a) and dominance 	h) genel ic 

corn polients were sign I lican t lbr days to maturity (Fable 5). Ci ri flings COIii hIIi my 

ability analysis suggested the same result (Table 2). Other dominance fractions viz. 

mean dominance (h ), dominance due to array (h') and residtia I (loll) inance etThct (b 

were sigritticant fOr this trait. 

From the regression of Wr on Vr. which yielded b value of 0.6150.2 I I ( Fig: 

h) was close to unity. The results, therefOre sugges(ed ;in additive-dominance .situat loll 

without any cotnpl icat ion a non-al Ic lie interaction. 

Plant height 

l3oth additive (a) and dominance (h) effect were highly siginlicant (Pc 0.011 

for this character (Table 5). Similar result was obtained in Grilfings combining 

ability  analysis (Table 2). 

The Vr-Wr analysis yielded h value of 0.45 1±0. 123 (Fig: c) v. Inch was 

statistically equal to one. It likes that the additive-dom i lance lllhtlIrc of gene act ion 

was involved in the genetic background. 

Primary branches per plant 

Jones analysis shows both additive (a) and dominance (h) genetic components 

were involved in the inheritance of the trait (Table 5). The result totind similar to 

(;riffrng's combining ability analysis. Dominance component Such as iiicaii 

dominance (hi), dominance due to array (hi) and residual dominance eticci (Ii;) were 

significant at different levels (P< 0.05-0.01). 

The regression of \Vr on Vr gave the slope h value of 0.564±0.059 (Fig: d), 

which was not signiticantly different from unity. lhesc result therefore. dearly 



suggested that simple add iii 've-doni inanee genetic model was adequate without any 

corn 1)1 icat i Oil of 11011 -a lie! ie interact ion. 

Secwida ry branches per plant 

f3oth additive (a) and (10111 irtance (b) component (Fable 5) were signi (leant I'r 

the secondary branches per plant. lii is result was si liii lar to ( i ri IJing s et rn hilling 

ability anaifvsis (Fable 2). 

The regression of Wr on Vr gave the slope h = 0.384±0.158 (Fig: e). which is 

lose to unity. The results. there ft're suggested an add it i ye-dow inance sittiat It'll 

without any coinph ication ol non-a lie lie interaction. 

Siliquae per j)larIc 

Mean sq uare (or the item (a) and (b) were sign i (leant for si I iquac per plant 

(Table 5) suggesting that loth additive and dominance gene action were iluportailt (or 

the character of sil iquac per plant. The resti It is similar to i lie Gri flings conibin i ng 

ability analysis (Table 2). 

The regression of Wr on Vr gave the slope b value of 0.12410.117 (Fig: f. 

which is scat istical ly equal to one. It likes that the add ii ive-doiu inane e nature of gene 

action was involved in the genetic background. 

Length of srhqua 

Jones ana Issis showed the variance due to add ii lye (a) and dominance (i) 

genetic components were signi licaiit ((able 5). ANOVA Ilirther showed out the IllCZtli 

dominance (b;)  is not signiticant, dominance due to array ( b2 ) and resid tial dont inanee 

effect (b3) were significant for the character. 
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TableS. .Joncs analysis of variance for 12 characters in Indian mustard, Brassici, Juncea L. 

- 	 Meansquare  

Source 	 [ 	 I 	I Primary 	 I 	I 	 1000- Seed 
J arvest 	- 

of 	Days to 	 Plant 	 - Secondary1  Length 	 Seeds Days to 	 branches 	 Siliquac 	 seced 	yield 
maturity 

variation (If flower 	 height 	 branches I 	per plant I 
per 	

weight 	per 	index I content per 	
per plant siliqua 	 siliqua 

plant p 	
_______ 	-__® 

a 	7 113.47'' 11.93" 2844.68" 0.753" 8.16** 	0.194" 7639.95" 10.54'' 2,59*8 6.38" 31.94" 0.238'' 

I 45.01" 31.08*8  1514.34" 5.77" 	196.74'' 0.021 131257.48* 1.41*8 0.0003 232.92-' 27.508* 0.172' 

7 8.22" 	7.388* 	7595*8 	o.089 	2.03'' 	0122*8 3S02.33" 2.65" 01158* 108 	7.71" 	0.217" 

20 47.281' 48.57" 1289.141-  1.58" 	28.970' 	0.691" 6169.22" 21.54'' 1.028* 34.4P8  31.46" 1.10" 

Error 	70 0.99 	0.04 	20.59 	0.025 	0.169 	0.016 253.56 	0.229 001 0.263 	0.70 	0.054 

+ Significant at P - 0.05: 	 Significant at P = 0.01 



The regression of Wr on Vr, gave the slope b value of 0.414±0.348 (Fig: g), 

winch was close to unity. The results, therefore suggested an additive-dominance 

situation without any complication ofnon-allelic interaction. 

Seeds per siliqua 

Jones analysis (Table 5) shows the variation due to additive (a) and dominance 

(b) genetic components were signiticant for seeds per siliqua. Grilling's combining 

ability analysis suggested the same result (Table 2). The dominance component such 

as mean dominance (b1 ), dominance due to array (b2) and residual dominance effect 

(b5) were also significant. 

The regression of Wr on Vr, gave the slope b = 0192±0.158 (Fig: h), which 

was not significantly different for one. It likes that the non-additive interaction was 

not involved and the genetic sysLem governing the character was of simple additive- 

dominance model. 

1000-seed weight 

Result demonstrated (Table 5) that both additive (a) and dominance (b) 

genetic effects were significant and important for the expression of this trait. ANOVA 

further showed out the mean dominance (b1 ) was not significant, dominance due to 

array 02) and residual dominance effect (b3) were significant for the character. 

The Vr-Wr analysis yielded b value of 0.63 8±0.094 (Fig: i), which was not 

significantly different from unity. This indicates that simple additive-dominance 

genetic model was adequate without any complication of non-allelie interaction. 

Seed yield per plant 

The analysis of variance following Jones approach (Table 5) demonstrated that 

both additive (a) and dominance (b) genetic components were highly significant (PC 
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OAt I) 11w lIds tnt it. Resuits o I (in Eli ng's combi 1 ing ability analysis a iso suggested the 

same ('lable 2). 

The regression of Wr on Vr. gave the slope b = 0562+0.182 (Fig: j), which 

was not stgnihcantiv dilThresu lbr one. It likes that the non-additive interaction was 

not involved and the genetic system governing the character was or simple additive-

doni inance model. 

Harvest index 

.Ionesanalysis showed the variance due to additive (a) and dorn lance N 

gcneUc componenis were signi licant (Table 5). The fraction of dominance component 

such as, mean domtnaucc (b1  ), dominance due to array (Liz) and residtial (lOnhill;ttlCC 

effect (b3) were signilicant for the character. The result was similar to the Grilling's 

combining ability analysis (Table 2) 

From the regression of Wr on Vr. which yielded h value ol' 0.! 69=0.147 (Fig: 

k). which was close to unity, i'lie results, therefore suggested an additive-dominance 

situation without any complication of non-al Id IC interaction. 

Oil content 

The variation dLle to  additive (a) and dominance (b) item were sigtlitscant 

(table 5) that is both the component was important br the expression ol this 

character. Domi iance component such as mean dom inarice (h1  ). doni inanec d tie to 

array (b2) and residual dominance effect (b) were significant at dill'crent levels (PC 

0.05-0.01). 

The regression of Wr on yr gave the slope b - 0.071:0.056 (Fig: I). which 

was not significantly dilferent from unity. These results there fore clearly suggested 

that simple additive (10111 inance genetic model was adequate without II1) coil) llJti1 

of non-allelic interaction. 	
' 



4.5 	Genetic component analysis 

4.5.1 Genetic components 

The components of variatioli along with the derived gcneLic ratios Ihr di IThreni 

traits (1 able 6) showed that the I) and H component ;vli ich I1leaStIre additive and 

dominance variation respectively were significant for all the traits. This indicated Lhe 

importance of both additive and dominance components lOr the inheri Lance of all the 

traits in Britsyu:iz jwieeo L. However. (lie magniLude of dominance was higher than 

the additive component for all the traits except days to maturity, plant height and 

I 000-seed weiglu wh cli indicated that dominance eoniponen L had a predom main role 

in the inheritance of these traits. These results agreed with Chowdhury c'/ ol. (2004b) 

for days to flower and days to maturity in /Jntssica rapu I.., Trivedi and \'itikharjcc 

(1980)   and Yadav and Yadava (1996)   Ibund same resti it br Indian in izstard and 

yellow sarson respectively. 

The i-k representing dominance deviation dtme to relative lreqtmencv ot positive 

and negative genes was significant for all the characters. These results agree 	LII 

Chowdhury et u/. (2004) for Buacicu icipa I.., Trivedi and Miikharjee (I 98(i) or 

Thuvsit:c, /u#ueii I ,.. Yadav and Y adava (I 996) br Ijntv.vice, cvvnpesiiis I 

The net dominance e IThe t. obtained by the estimate h2  expressed as the 

algebraic sum over all loci in heterozygous condition in all crosses. was signi licant kir 

all the character si tidied. This revealed that substantial contri btu ion of dominance 

eI]bcts was due to heterogeneity of mci in all characters. In an earl icr study 

Chowdhury ci at. (2004b) obtained significant for days to maturity, plant height, 

siliquae per plani and seed yield per plant in 13,asska rapt: L.. Trivedi and NI ikiiarjee 

(1986) observed significant br days to maturity, 1000-seed weight and seed yield per 
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plant in Jirassicu,uncea L. The positive and negative esLimation of h indicated iflezin 

direction of dominance and respective genes towards positive and negative sides. 

respectively. Cue results showed that ciglil characters viz. days to lower. days to 

maturity, plant lieighi. pri mars' branches per plain, secondary branches per plant, 

length of siliqua. sil iquac per plant and seed yield per plant Possessed positive cithets, 

indicating the mean direction of dominance as well as iniportant of excess ol 

dominant genes in the expression of these traiLs. On the other hand 1000-seed weight. 

seeds per si liqua. harvest index and oil content exhibited the values in negative  i 

direction, showing the excess of recessive gene for these traits. These findings agreed 

with Yadav and Yadava (1996) in Brass/ca ('dllhZ/)('$/I'IS L. 

The proportion of positive and negative effects as indicated by F value was 

sign i Ikant for all the characters. I'ositi ye F value ti,r days to maturity. prntai'y 

branches per plant. length of si I iqtca, si I iquac per plant. seeds per sit iqua. seed yield 

and oil content, suggesting great frequency of' dominaiii alleles governing these 

characters. Negative J:  value tbr days to flower, plant height. secondary branches per 

plant. 1000-seed weight and harvest index exhibited a preponderance of recessive 

alleles ('laNe 6). These tinduigs agreed with ('howdhur)- CF ai'. (2004b) lbr days to 

maturity and plant height in lIrasslea rapa L. Trivedi and Mukharjee (1986)   lbund 

negative F value For seed yield per plant, seeds per silicua and siliquae per plant in 

/irosswc, /sah'ea L.. \adav and Yadava (1996) observed negative F value hit 

SeCoildal) branches per plant and Si I iq tiae per plant in Th'ivsàu cciuF/k'.'Fi'f' I 

'the environmental component F. exhibited significant valties for all the traits 

indicating influence of' environmental factors in the expression of those traits. 

Chowdhury ci at. (2004b) obtained significant value for plant height. pri nary branches 
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Table 6: Estimates of genetic components of variation and their ratios for 12 characters in Indian mustard. Brassicaj;mceg, L. 

Chit racte rs 

0 

Source of  
variation 	Days to Days to 

flower 
5_!!~L maturity 

F 11.81 	24.01" 
I) 	

'0.009 *0.009 
15.15" 15.66" II, 	
J0.022 ±0.023 
9.74" 10.42*. II. 	
±0.019 0.018 
8.43 	7.2" h 	
=0.1)13 	=0.017 
- I 0.89" 13,6814 
0.022 	r0.023 

	

1.132 	0.807 
}-l!4II 	 0.161 	0.166 

(4DJI), 2 + p 

(4 1)1! ,)' - 

	 0.421 
	

1.073 

I Icritahi Ii t h) 	0.90 
II(ns) 

- 	 0 

* Signiticunt alP 0.05: 

P'ant 	Prirnin f Se coii 
height branches I branches 
(cm) per_pinnt F 	per pt 

42342" 0.290" 0446" 
tO. 171 0.0002 ±0.006 
280.98w 0.89-I" 23.12" 
*0.393 0.0005 =0.01-1 
2-1 1.68" 0849a* 21.79*4 
rO.342 ±0004 1.0.017 
40.74" 3. IS" I 8.4-I3' 

0.229 r.0003 10.008 
1.. 0.154" -0.199" 

=0•I1) 1 tU.0006 ±0.014 

0,029" 0.261" 
±0.00008 t0,002 

1.75 7.19 
0.237 0.255 

1.36 0.939 

0.89 0.96 
0.253 0.028 

Sigaificunt at P - 0.01 

Length ofj Siliquac per 1000-se 	sc.td. per 'Secd ueld Han est 	- siliqna r 	 . 	 . . 
	 per plant 	- 

(c) 	plant 	sseiglits,liqtj:i 	
(g) 	

index Fcotent 

0.051" 142.52" 0.354" 1.98" 1.59" 1.69" 0.116" 
±0.0002 0,16 	,0.0002 0.012 ,0,000 ±0.015 4).u003 
0.509" 1787.67" (1315'' 17.59" 27.93" 22.44" 0470" 
±0.0004 +16.47 	=0.0005 t0,027 10.013 ±0.036 ±(,.0(1)7 
0.430" I53OS.37 11.267" 15.77" 25.87'' 17.18" 0.3-17'' 
±0.0003 	-: 14.33 	0.0004 	1 0.014 	*0.111 	0.032 	±(IA)0(l5 0.180" 33$.$N" -('.075" -1.67" 2(1M4'' .7.24 4 .( j7 ** 
r0.0002 	9j6 I 	*1)0003 	,00l6 	0.008 	0.02i 	1)1100-I 
0.085" 	$98.121' 	-0.213" 	l.23' 	2.241' 	.0.859" 0.192" 
0.0004±10.93 	0.000c 	O.02$ 	:0.01.1 	10.037 	L0.007 

0.016t 	319.32*' 	0.010'' 	0.22.1'' 	0.331'' 	0.70111 
(I oc  

0.00006 .2.38 	±0.00007 10.004 ±0.002 =0.005 

3.17 	11.38 	0.986 	2.98 	4.19 	3.64 	2.01 0.211 	0214 	0.193 	0.221 	0.23 I 	0.191 	0185 

1.72 	1.78 	0.533 	1.23 	1.38 	0.869 	2.39 

0.87 	(1.93 	 0.96 	0.95 	0.95 	0.89 	0.65 0.093 0007 	0.472 	0.103 	0.055 	0.061 	0.192 

I.006• 0.392" 24.55" 
±0.003 ±0.003 ±0.056 

0.814 
0.215 

0.180 

0.96 	0.90 
0762 	0.505 



per p lan I. seeds per silk1 na. seed vield per plant and oil coi item in 'urn ip rape. .1 uidal 

and I .aljana ( 1985)   foLind siinj Ilean L value for oil colitent in Intl ian nitistard I lo\% e' er. 

the inugn I (tIde of I br eac Ii character was much lower than the respective value of I) 

and II;  except sil iquac per plant. this indicated that the characters were in Ii Lieneed 

less by the environment. These lindings agreed with the earl icr lindings 0 lIrivedi 

and Mtil<liarjee (1986) for seed yield per plant, 1000-seed weight, lentzjli of siliqua 

and si I iquae per plant in Bravsic l/znucu L. 

The average degree of (loll) i nance as indicated by the proportion HI /F)Y was 

more than thu tv suggest Jig that tnt r Join ma lice was operating iii the expression I bi 

most of the components of oil yield. l'rivedi (1980). Trivedi and Mukhar;ee 1980)  

also bound over-dominance in graphic analysis of oil yield attribtttes in Iiidiuii 

mustard. These findings also agreed with Chowdliurv el al. (2004b) for turnip rape. 

Yadav and Yada va (1996)   tbr mi ia 

Flie ratio of I l/41 h provides all estimate of the average frequency ol positive 

and negaL ive alleles in all the parents. A value of tli is ratio snial Icr than 0.25 for all the 

characters studied suggested asvninieLrica I distribution of only (he itegati ye alleles. 

Most of the characters studied indicatilw unequal distribution of posztmve and negative 

alleles. I-Iovever. the value of primary branches per plant (0.237). secondary branches 

per plant (0.235) and seed yield per plant (0.231) was closer to 0.25 suggestifig equal 

dmstribution of positive and negative alleles (Fable 6). These findings agreed with 

Cliovdhun et ci. (20041,) for /Jit,ssfr, 'vpa I... Triveifi and Mukharjee (1986) lound 

symmetrical distribution for length of siliqua and sihtquae per plant. 

the ratio of [(41)1i1 )li2 
 + Ff(4DFI )u/2 - F] estimates the relative proportion of 

dominant and recessive alleles in the parents. In the present study the ratio lbr all the 

characters except days to (lower, plant height. secondary branches per plant. 1000- 
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seed ci gIn and harvest index were greater (han till ty suggest i Jig excess ii f if UI iii ia it 

alleles and in iriorily of recessive alleles i.e., asymmetrical d istribut ion br dominant 

and recessive alleles in the pareits for seven characters. lhcse Itiiditgs also agreed 

with (:howdliurv of al. (2004b) for days to Ilower, plain height and I 000-sect1 weight 

in turnip rape. 

The estimated nuni ber of elTheti ye bhctors ( h2/H') was less than tinily br all 

yielding attributes except for prii;tar 	1,ranelies per plant and oil conten I. 1 lie 

proportion of genes or group olgenes showing doniinartce was Elitis very less. wInch 

could he owing to the predominant concealing efflxts of positive and negative etixts 

of genes or to non-isodirectional distribution of polygene (Cooke and Mather. 1962). 

These tindings also agreed with (howdhury el al. (2004h) fbr plant height and 

siliquac per plant in I3racsica rapa L. Trivcdi and Mukharjcc (1986) for days to 

niaturity in !Jras.%icajuncca 1.. 

lied tabi 11w in narrow sense was Ii igher Jbr days to niattirity. plain height and 

11)00-seed weight, indicating these characters was Ii igh by heritable. For the remaining 

traits it ranged from low to moderate and very low br seed yield. The results agree 

with Cliowdhury ci al. (2004) in turnip rape. Yadav and Yadava ( 1996)   in toria. 

Trived i and M ukliarjee (1 986) in Indian ni ustard. 

4.5.2 Vr-Wr graph 

Vr-Wr graphs, the two cl itnensional depiction made based tin the pirenti I 

variance (Vr) and parenL offspring co-variance (Wr) are presented in the Fig. a to Fig. 

I. The ANOVi due to diallel progenies indicated significant ditièrences among 

themselves (Table 2). Haynian s graphic approach to oiallcl ann lysis is based on 

nionogenic additive model. The regression coefficient difkr significantly from zero 
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and approac lung to on it> (or all the Ira its studied except priniziry and secondary 

branches per plant suggesting that there was no epistasis for most ol' the i rait s 

indicated the validity of such type ofanalysis. Vr-Wr graphs (or the Len eharztcters are 

described below: 

Days to (50%) flowering 

The regression line intersected above the point oF origin suggesting partial 

dominance gene action for controlling the trait (Fig: a). The distribution of array 

points indicated two parents DI I-I I (l) and Dl I-IS (l) contained most dominant 

alleles as they fell closer to the point of origin. Whereas rest of the parents Ilillen litr 

from the origin indicated that they possess niaximuni freqLlelicv of recessive alleles. 

Chowdhury ci a!, (2004b) observed partial dominance for the character in /Iracska 

?V/XI L. 

Days to maturity 

The regression line intersected above the point of origin suggesting pztrtial 

dominance gene action for controlling the trait (Fig: h). The parents l3AltIsar-1 0 (P:). 

DIl- IS (P) and l)aula( (P4) contained niainiuiti doininaju alleles as they fell closer to 

the point olorigin. The parents Jun-536 (1%) and l3Aklsar-1 I (Ps) lillen at the middle 

portion, means they contained equal frequencies of dominant and recessive alleles. 

The parent BJ-1 7 (115) and BJ-1 I (Pu) fell far front the origin and thus it contained 

niaxinluni frequency of recessive alleles. Chowdhury ci at (2004b) observed part al 

dominance in I3ross/ca rcspa L. ...ivedi and Mukharjee (1936) found over dominance 

in lirossica/usicea L. 
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Plant height 

The regression line intersected above the point of origin suggesting partial 

dominance gene action for controlling the trait (Fig: c). The distribution of array 

points indicated three parents BARisar-lO (112), OH-I I (P3) and I3ARlsar-1 I (P0 

contained most dominant alleles as they fell closer to the point of origin. Whereas rest 

of the parents fallen far from the origin indicated that they possess maximum 

frequency of recessive alleles. Chowdhury ci at (2004b) obtained nearly complete 

dominance in Brassica rap; L. 

Primary branches per plant 

The regression line intersected the Wr axis below the point oforigin indicating 

the existence of over dominance gene action for controlling the trait (Fig. d). The 

parent BJ-1 7(P5) fell closer to the origin means they contained maximum frequencies 

of dominant alleles. The parent BARIsar-lO (F2) fallen far from the origin and thus it 

contained maximum frequency of recessive alleles. Chowdhury el at (2004b) 

observed nearly complete dominance for the character in Brassica rapa L., and Yadav 

and Yadava (1996) found over dominance in Brassicacainpestris L. respectively. 

Secondary branches per plant 

The regression line intersected the Wr axis below the point of origin indicating 

the existence of over dominance gene action for controlling the trait (Fig: e). The 

parents OH-I 1(P3) and Jun-536 (Pi) fell closer to the point of origin suggesting they 

contained maximum number of dominant alleles. The parents BJ-17 (Ps), BARIsar-lO 

(P2), BARlsar-1 I (Pg) and DH-18 (P 1 ) fallen at the middle portion, means they 

contained equal frequencies of dominant and recessive alleles. The parent Daulat 

(1)4) fell far from the origin indicating the presence of maximum frequency of 
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Fig a: Vr-Wr graph for days to (50%) flowering in Brassicajuncea L. 
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Fig b: Vr-Wr graph for days to maturity in Brassicajuncea L. 

450,00 b=0.451t0.123 

400.00 

350.00 

300.00 

250.00 

200.00 

150.00 

loaoo 

50,00 

0.00 
if 100.00 

-Ps 

p1  P6 Pi 

PS 

200.00 	300.00 	400.00 

'ft 

LEGEND 

P1= OH-lB 
P2= BARIsar-iO 
P3= DH-ll 
P4= Daulat 
Ps= 63-17 
P6=341 
P7= Jun-536 
P8= BARlsar-li 

Fig c: Vr-Wr graph for plant height in Brassicajuncea L. 
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recessive alleles in thatparent- Chowdhttrv ci al. (2004 b) olnatned partial Join inanec 

in Brass/ca rapa I Yadav and Yadava (1996) observed over donitnance in /Jiassn; 

campesiris I 

Siliquac per plant 

Ihe regression line intersected the Wr axis below the point olorigin indicating 

the existence of over (10111 i1aticc UeIle act iou Für contrøl Ii tn the talc (F it&: I). The 

parents I) A RI sa r- I I ( P8 ) and 1)11 - I I (Pt) contained maxim ti iii number or dominant 

alleles as they lëll closer to the point of origin. The parents Ui-I I (P,). 1)1 I-I S (P 

and LU- 17 (F1) thIlen at the middle portion, means they contained equal frequencies of 

dominant and recessive alleles. The parents Daulat (F4) and i3ARlsar- 10 (P2 ) IblI lhr 

from the origin indicating the presence of maximum frequency of recessive alleles in 

that parenL. (.'howdhurv ci at (20)41i) and (rivedi and Mtukhariec (1986) observed 

over dominance in Brass/ca rapa I .. and Iirayswajuncc'a I.. respectively. 

Length ofsiliqua 

11w regression line intersected the Wr axis below (lie point of origin 

suggesting over dominance gene action lör controlling the trait (Fig: g). the parents 

DI-!- I S (Pu) and DII- I I ( P3) contained niaximuun dominant alleles as they el I closer 

to the point of origin. The parent BARisar- 10 (P2) and l)aitlat (P4 ) lallen at the nearly 

middle portion means the)' contained nearly equal frequencies or dominant and 

recessive alleles. the parent BARisar- II (Ps) fell (hr firool (lie origin and thus it 

contained niaximum irequeney of recessive alleles. Frivedi and \iukhariee (1986) 

found over dominance in Brasskajunceo L. 
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Fig d: Vr-Wr graph for primary branches per plant in Brassicajuncea L 
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Fig e: Vr-Wr graph for secondary branches per plant in Bras.cicajuncea L. 
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Fig ft Vr-Wr graph for siliquae per plant in Brasskajuncea L. 
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Seeds per siliqua 

Ihe 	regression line intersec ted the Wr ax is below the point ol Origin 

suggesting over dominance gene action br controlling ilte trait (Fig: Ii). [he parents 

DH- I I ( P) and DI-!- IS (P1  ) contained maximum dominant alleles as thcN Jdl closer 

to the point of' origin. The parents L3J - I 7 l') liii Len lar Ironi the origin indicztl big the 

presence of niaxinluni frequency of recessive alleles in those parents.Chowdhtir ci 

(I!. (20011)) observed over dominance in Brass/cu rapt: L. Irivedi and Nliikharjee 

(1986) found over dominance in Ihwsicajiuiceci L. 

1000-seed weight 

[he regression line intersected the Wi axis above the point oh origin 

suggesting partial dominance gene action fix controlling the trait (Fig: i) I he 

disribution of array points indicated two parents Daulat (13.1 ) and lU-I I(l,) contained 

most dominant alleles as they FIl closer to the point of origin. [he parents [)l I- Il (Pt) 

and Jun-536 (P,) tollen at the middle portion stiggesting they contained equal 

bitqtiencies oldominani and recessive alleles. The parent 1)11-18 (I') fell ttr iron' the 

origin indicated that they possess maximum frequency of recessive alleles. 

Chowdhury c/ ai. (2004b ) found part iui dominance in Thi v.v,ca ruu L.. Fri ved i and 

Mukharjee (1986) observed over dominance in Brassica jwzcca L. 

Seed yield per plant 

The regression line intersected the \Vr axis below the point of origin 

suggesting over dominance gene action lbr controlling the trait (Fig: j). Ihe parent 

Dl I-IS (Pi)  ['eLI closer to the point of origin indicating that it contained iiiuxiintini 

dominant alleles. The parents DH- I I (P3) BARlsar-1 I (P) RI-b 7 (Ps) and Ri-I I (P.) 
. 	.. 

( 
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Fig g: Vr-Wr graph for length of siliqua in Brassicajuncea L. 
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Fig h: Vr-Wr graph for seeds per siliqua in Brassicajuncea L. 
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Fig i: Vr-Wr graph for 1000-seed weight in Brassicajuncea L. 
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lIIeii at the middle portion means they contained equal lreqtieneies ol doiniiiziiii and 

recessive alleles. The parents Jczn-536 (117) and F3At<lsar- 10 (1)2) ièll lhr lioni the 

ori'ji ii md waled that they possess mas mm uiii irequency oF recessive a! id es. 

Chowdhtirv ci at. (2004b) obtained over cloinmat1ce in Jirctvsica rapu L.. Irivedi and 

Mukharee (1986) observed over dominance in Brass/ca /uhzcca L. respectively. 

Harvesl m(lex 

Ylie regression I Inc intersected the \Vr axis above the point of' Origin 

sLtggcst ing partial dominance gene action for controlling the trail (Fig: k ). I lie parent 

BARisar- 10 (P:) f1l closer to the point of' origin indicating that it contained 

niaximuni dominant alleles. 1 he parent Ui- I 7 ( l  ) titl len at the in kid Ic portion means 

they contained equal frequencies oidoniinant and recessive alleles. Ihe parent 1)1 I-I $ 

(P1  ) 1'e1I 11w froni the origin indicated that they possess maxim till frequency nI 

recessive alleles. 

Oil content 

The regression line intersected the Wr axis above the point of origin 

suggesting partial dominance gene action (or controlling the trail (I :ig:  I). The parent 

Dli- 18 (P1  ) and Ri- I 7 (P5) contained maximum dominant alleles as it fell nearer to 

the point of origin. The parent Dl_l  I (P) fallen farlliesL from the origin indicating it 

possesses iltaxiiiiun) frequency of recessive alleles. Chowtthury ci at (2004h) Found 

over dominance in Brass/ca rapti L. lrivedi and Mukhaijec (1986) and J indal and 

I ahan;i (1985)   observed partial dominance in Indian in ustard. 

Regression line intersected the Wr-axis below the origin lbr all the characters 

except days to flower. days to maturity, plant height. I 000-seed seiglit and oil content 

indicating the presence of over dominance. Such serious in tiation of dominance lance has 

been postulated by I layman (1954) and J inks (1955). A further support to the existence 
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ol' pseudo-over dominance was visLIali/cd in the estimates of I) and II components 

and relative magn ittide of gea and sea in variance component analysis (lx these traits. 

this was supported by the earlier findings reported by ('howdhury ci al. (2004b) in 

turnip rape, Trivedi and Mukharjee (1986) in Indian mustard. The over dominance 

in iglit not be an index of real over-dominance at gene level, since particular 

combination of positive and negative genes or a complementary type oF gene 

interaction of sinipiv correlated gene distribution could have caused serious iillation 

in particular combinations of unidirectional dominance which might have restilted in 

over-estitnalicin of partial dominance (ComstocL and Robinson, 1952:   I layman. 1954; 

(irI lius. 1959). 1 he ies 	of over dominance in the various components uI oil 

yield and seed yield in the present study has also been substantiated by the linditigs oF 

Singh ci aL (1970, 197 1)111 B. nmpc.this L.. Rawat (1975) in B. Iuncco I ... and 

Irivedi and Mukharjee (1985) in 13./micra L.. Cliowdhury cial. (2004b) in B. ft/lU L. 

As non- fixable variation was high [or all the attributes except days to maturity 

plant height and 1000-seed weolu considerable improvements of these traits might 

be possible by transferring coniplenientary gene into non-epistatie Iiigh-doniinance 

crosses or by eliminating duplicate genes front some cii high-dominance crosses. A 

St Lid)' of epistatie components would be he I plitI in fOrmulating an ciVic ient breed lug 

program tie. 

Ihe jesuits obtained from both Gd fling and i-Jaynian s analyNis ilidicLited the 

importance of both additive and dominance genetic variances. the later hein1 iiic'ic 

nuportant to uti Use simultaneously both additive and dominant genetic vriances. 
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SUMMARY AND CONCLUSION 

8 x 8 half-diallel cross analysis (excluding reciprocals) in Indian mustard 

(Bmssicajuncea L.) was carried out during November, 2005 to March, 2006 with the 

aim of obtaining various genetic information on seed yield and important quantitative 

traits and also of identifying the best parents and specific crosses of mustard. 

The parental genotypes used in the study are DH-lS, BARisar-lO, DH- l I, 

Daulat, BJ-17. Ui-Il. Jun-536 and l3ARlsar-j I which were chosen for their genetic 

differences and diverse origin. The characters studied are days to 50% flowering, days 

to maturity, plant height, primary branches per plant, secondary branches per plant. 

length of siliqua. siliquac per plant, seeds per siliqua, 1000-seed weight, seed yield 

per plant, harvest index and oil content. 

Analysis of combining ability following Grilling's approach showed 

significant gea and sea variances (P< 0.05-0.01) for all the characters studied, 

indicating the role of both additive and non-additive components in the genetic system 

controlling these characters. The higher magnitude of gea variance was observed than 

that of sea variance for all the characters except secondary branches per plant, length 

of siliqua, siliquae per plant and seed yield per plant, which indicated the 

preponderance of additive component in their expression. Estimates of gca effects for 

different characters suggested that parent BARisar-lO (P2) was the best general 

combiner for earliness and dwarfness. Daulat (P4) was also good general combiner for 

early maturity and dwarf ness. BARlsar-1 1(P8) showed desirable gea for plant height, 

siliquae per plant and 1000-seed weight. Jun-536 (P7) showed desirable gca for days 

to flower, plant height and seeds per siliqua. BJ-1 1(P6) showed desirable gea for days 
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to maturity, secondary branches per plant and oil content. I3oth the parent 1)1 I - I 8 (l 

and 01-I- II (P3) showed desirable gea for I 000-seed weight and seed yield per pIaiit. 

The sca estimates of various characters revealed that Cross I3ARlsar- 10 x 

l3ARlsar-1 I (C13  -2.12) was the best specific cross for days to tiowering tollowed 

by F3Altlsar-10 x Hi-I 7 ((*1 	'-1.$5). The best specilic crosses were 1)11-Il x 

BA Risar- I I (C1  - - I .82) and [3ARIsar- 10 x 131- I I (C1  - -0.889) for days to nuituritv 

and which was also reflected the mean perlbrniance (Appendix-I). E3ARlsar- JO x 13J- 

II (Cu - -7.08) for dwarl'plani type. BAkIsur- 10 x DR-I I (C - 0.792) for primary 

branches per plant. Daulat x BAltisar- II (C': - 3.55) for secondary branches per 

plant and seeds per siliqoa (C22 = 2.87). W-17 x 13ARlsar-I I (C 	0.655) for length 

olsiliqua, E3ARlsar-lO x Daulat (C = 107.37) for siliquac per plant. 1)11-IS x 1)1 I-I I 

(C2 = 0.534) for 1000-seed weight and harvest index (C2 = 5.56). [N 1-18 x J1111-536 

(Ce, 	4.02) for seed yield per plant and DR-I I x iun-536 (C7 - 0.527) for oil 

content. 

Mean square for additive and dominance components in Flay nizin ,NCJVA 

following Jones modification suggested that both additive and dominance components 

played role in the expression of studied characters. The additive components 'ere 

generally more nitportant in most of the characters except primary branches per plant. 

secondary branches per plant. siliquae per plant and seed yield per plant. Porn inance 

was pi'cdom inant in these thur characters. 

The components of variation revealed that both additive and dominance 

genetic components were important for all the studied characters. The components ol 

variation due to dominance elilct of the genes (Il') was greater than (112 ) component 

for almost all the characters, indicating the presence of wiequal proportion ot' positive 

and negative alleles in the loci governing the characters. The dominant alleles were 
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predominant for all characters except days to maturity, plant height and I 000-seed 

veieIit. 

An asymmetrical distribution of posilive and negative alleles was Ibund for all 

the characters studied. Dominant and recessive genes were unequally distribLited in 

the parental genotypes for all the characters studied. II 1gb narrow senses lieritabi Ii Lv 

was observed for days to maturity, plant height and 1000-seed weight. 

Resti It showed that simple add it ive-doni inanee genetic model LU he adequate 

without presence ofnon-allelic interaction. Over dominance was observed or primary 

branches per plant, secondary branches per platu, length ofsiliqtia, siliquac per placiL. 

seeds per siliqua. seed yield per plant and harvest index. Partial dominance was 

noticed lbr days to flower, days to mattiricy. plant height. 1000-seed weight and oil 

content. 

The parental genotype Di I-I S (P ) contained more doni i iiant gene for seed 

yield per plant, oil content and length of' siliqua. RA R Isar- 10 ( Pc.) contained more 

tloini nant gene br days to maturit) . plant height and harvest index. 

In the present study both additive and non-additive gene actions were lound 

nportaffl in the expression at the characters. For exploitation of non-additive gene 

action in order to recover transgressive segregants by breaking undesirable linkage, 

releasing concealed variability and changing Linkage equilibrium, it is necessary to 

follow modired breeding methods, viz., hi-parental cross or triple test cross or 

recurrent selection. The crosses such as 1)11-18 x Jun-536 (C',.). 13A R Isar- It) x I );itila( 

(. RARisar-lO x Ri-I 7 (C:(,), I3ARlsai'-I 0 x LU-I [(C11 ) and DIl- I I x BARlsar-1 I 

(C:s) which exhibited high sea elkets for seed yield and different yield components 

such as secondary branches per plant. siliquae per plant and 1000-seed weight might 

throw desirable or transgrcssive reconibination in the subscqtient generations. 
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Roth additive and doi itinunt genetic components were important br seed yield 

and yield components in Indian niustard (Brass/ca /wicea I j.). But, the inagni tide of 

doni niaiiI coin poneill Was luglier I han the add it ye components for all the traits except 

days to iii atti rity. plant height and I 000-seed weight which indicated that dominance 

component had a predominant role in the inheritance of these traits. Non-add ii we type 

of gene action was found to be predominant For secondary branches per plant. Si liqttae 

per plant, seeds per siliqtia. seed yield per plant and harvest index. 

The Vr-Wr graph indicate over dominance for primary branches per plant. 

secondary branches per pli, leiigtli ci siliqtut. siliqtiue per plant, seeds per siliqtia. 

seed yield per plant and harvest index. Partial dominance was observed fur days to 

flowering, days to maturity, plant height. 1000-seed weight and oil eoiitent. The 

graphical analysis also indicates wide genetic diversity among the 

The parent l3ARIsar-10 was fowid good combiner for earliness based on the 

gca effects and per se periormance. The good general combiners could be ctiëcuvely 

used in Future hybridization programme for developing Ii igh y iekfing and shor 

duration varieties ot' Indian mttstard (Brass/ca juncea U. 
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Appendix I: Nlean performance of 28 cross combinations or Indian mustard along with their parenls 
during rabi 2005-2006 
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Appendix II: Mean monthly weather data during the Crop growing periods, BA RI. 
Joydebpur, Gazipur, Bangladesh 

Characters 

Month 	 Temperature 	 -- Rain (mm) 
1 	 RI, (%) Mm 	Max 

November 1-15 	 19.4 	30.0 	- 90 	 Nil 

November 16-30 	16.2 	28.1 	89 	 Nil 

December 1-15 	13.9 	27.4 	83 	 Nil 

December 16-3 I 	 14.3 	26.8 	86 	 Nil 

F January 1-15 	 11.7 	24.2 	84 	 Nil - 

January 15-31 	 12.5 	26.6 	83 	 Nil 

February 1-14 	 15.5 	29.3 	79 	 Nil 

February 15-28 	 20.9 	34.4 	86 	 Nil 

Source: Agronomy division, BAR!. 
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