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COMBINING ABILITY AND GENE ACTION
FOR YIELD AND YIELD CONTRIBUTING
CHARACTERS IN INDIAN MUSTARD
(Brassica juncea L.)

BY
RAISUL HOQUE

ABSTRACT

A 8 x 8 diallel experiment (excluding reciprocal) on Indian mustard (Brassica
Juncea 1) was conducted 10 study the nature and magnitude of gene action and
combining ability analysis and inheritance for seed vield and other related characiers
such as days to 50% fowering, days 1o maturity, plant height, primary branches per
plant, secondary branches per plant. length of siliqua, siliquae per plant. sceds per
stliqua, 1000-seed weight, seed yield per plant, harvest index and oil content.

There were significant variations among the genotypes tor all the characters
studied. The components of variance for general combining ability {gca) and specilic
combining ability {sca) were highly significant for all traits indicating the role of both
additive and non-additive components in the genetic system of these characters. The
inheritance of secondary branches per plant, length of siligua, siliquae per plunt and
seed yield per plant was conlrolled by non-additive type of gene action. The parental
genotype DH-18 (Pi} and DH-11 (P35) were the best general combiners for seed yield.
The parents BARIsar-10 (P1), Daulat (Py) and Jun-536 (P3) were desirable for
carliness and dwarfness. Both parents BARIsar-10 {P2) and BARIsar-11 (Py) were
found suitable for dwarl plant type and higher number of siliquue per plant, The
yellow seeded parental genotype BJ-11 (Py) was found to be the best eenerdl
combiner for primary branches per plant, seeds per siliqua and oil content, The cross
BARIsar-10 x BJ-11 (Cy)) and DH-18 x BARIsar-10 (C)) were the best specific

combiners for carly maturity and dwarfness. The cross DH-18 x Jun-336 (Cah
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BARIsar-10 x BI-17 (Cyp) and BARIsar-10 x Daulat (Cq) were found best for seed
yield per plant and siliquac per plant. Majority of the crosses showed high sca elfects
for seed yield involving high x low, low x low and high x high gea parents.

Vr-Wr analysis relating to graphical presentation of major genetic [catures was
done for all the twelve characters. Over dominance was observed for primary
branches per plant, secondary branches per plant, length ol siligua, siliquae per plant.
seeds per siliqua, sced yield per plant and harvest index, While partial dominance was
recorded for days to 50% flowering. days to maturity, plant height, 1000-sced weisht
and oil content.

Component of variation and various genetic parameters such as degree ol
dominance, dominance ratio, narrow sense heritability ete. were estimated. Results
showed that positive and negative alleles were in unequal proportion among the
parents for all characters. Dominant gene action was predominant in most ol the traits
except days to 50% flowering, plant height. secondary branches per plant, 1000-seed
weight and harvest index. Dominance and recessive genes were unequally distributed
in the parents for all characters, High narrow sense heritability was observed for days

(o maturity, plant height and 1000-sced weight.
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INTRODUCTION

Rape seed and mustard (Brassica spp L.) is an important edible oil crop of
Bangladesh. Total oil seed crops cover 3.99 lakh hectare 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%

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

Various groups of mustard are grown in Bangladesh. Oleiferous Brassica
belongs to the genus Brassica of the family Brassiceae includes three major species
viz. B. campestris L. (AA, 2n = 20), B, Juncea Czern and Coss (AABB, 2n = 36) and
B napus L. (AACC, 2n = 38), Among the Oleiferous Brassica species the varieties of
B. campestris and B. napus are commonly known as rape seed, while those of B.
nigra (black mustard), B. carinata (Ethiopian mustard) and B. juncea (Indian

mustard/Rai} 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 (8. napus) is high yielding but it has some limitations like shattering which need
to be climinated before its acceptance to the farmers. This crop is also sensitive to
high temperature during siliquae development stage. Indian mustard (5. Juncea) has
comparatively high yield potentiality. The yield of the varieties of Indian mustard (B.

Juncea) 1s stable when it is late planted. It can tolerate both drought and salinity to



some extent. Indian mustard (8. juncea) is non shattering type and can arow in boron
deficient soil but the duration of this crop is long,

Among the oil seed crops rape seed and mustard is the third | ighest source of
edible oil supply in the world after soybean and palm (FAQ 2000, Piazza and Foglia
2001, Walker and Booth 2001). About 13.2% of the warld edible oil supply comes
[rom this crop (Downey and Rohbelen, 1989). In Bangladesh, rape seed and mustand
is the top ranking oil seed crop.

Mustard oil plays a great role as a fat substitute in our daily diet, Fat and oil
are vital components of the human dict because they are important sourees ol energy
and act as a carrier of fat soluble vitamins. Low intake of fat and oil limit the
availability of fat soluble vitamin and caused dietary imbalance and food wastage. For
human health, in a balanced diet 20-25% of calories should come from tals and oils
and the average need of fats and oils is about 37g/day (Rahman, 1981). According to
the recommendation by Indian Council of Medical Research requirement of fats and
oils is 39g/head per day.

Bangladesh is facing a huge shortage in edible oils. Now: Bangladesh requires
0.29 million tons of oil equivalent to (0.8 million tons of oil seeds for nourishing her
people, but oil seed production is about 0.254 million ton, which covers only 40% of
the domestic need (FAQ, 2001), As a result, more than 60% of the requirement of il
and oil seed has been imported every year by spending huge amount of foreign
currency involving over 2,500-3.000 crore taka.

The climatic and edaphic lactors of Bangladesh are quite favorable for the
cultivation of rape seed and mustard (Haque et al., 1987), Although rape and mustard
is the most important oil crop in Bangladesh, farmer usually cultivates them in less

fertile lands followed by low management with least investment and alimast all the
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cultivars are brown seeded and smaller in size (2-2.5/1000 seed). Yellow seed
contains |-2% more oil than the same sized brown seeded type due to its thinner seed
coat. Bold seeded Indian mustard varieties may increase total production of oil seed in
Bangladesh. Brassica juncea L. covers about 25% arca of the total mustard grown in
Bangladesh (Wahhab er al., 2001). High yielding late planting and early mature
variety may increase 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 agronomic modification of this crop, 1ligh
vielding late planting and early maturity variety should be developed which could be.
fit into Mustard-Sesame-T. Aman cropping pattern.

The nature and magnitude of gene action is an important factor in developing
an effective breeding programme. Among the various mating designs developed for
the determination of the genetic architecture of quantitative characters. the diallel
cross methed, out lined by Jinks (1934, 1955) and Hayvman (1954 and 1958) has
received considerable allention of the geneticists and plant breeders. Considerable
amount of gene action for seed yicld and its components in rape seed have been
reported by various workers (Duhoon ef of,, 1980, Yadav and Yadava, 1985, Jindal
and Labana, 1986, Singh et al,, 2001, Chowdhury et af., 2004.)

The knowledge on the type of genetic variance present in the population is
helpful in devising suitable breeding approach in the crop improvement programme,
The analysis of combining ability is used to assess the parental genolypes and their
crosses on the basis of genetic variation present in them. Varieties good in per se
performance may not necessarily producc desirable progenies when used in
hybridization. Knowledge about the combining ability is, therelore. important in

selecting suitable parents for hybridization, proper understanding ol inheritance of



quantitative traits and also in identifying the promising crosses for further use in
breeding programme. Aboul 11 to 82 per cent standard vield heterosis has been
reported in Fy hybrids produced by hybridization in Brassica juncea L. (Rai, 1995).
Considerable amount of heterosis for seed yield and its components in I, hybrids of
rapeseed have been reported by various workers (Patnaik and Murty, 1978: Verma of
al., 1989). In respect of ebservation on combining ability in Indian mustard, Imany
workers have Tound differcnt values of gea, sea and reciprocal effects in parents and
hybrids (Katiyar et af, 2000, Verma, 2000, Basudeb and Singh, 2001, Yogeshwar and
Sachan, 2003, Acharya and Swain, 2004.) for different characters. Such information
almost clearly indicates that the genctic variation is the single most important issuc
and helps to choose a good parent, zood combination and to know the effects, WVery
little work has, however been done to understand the nature of gene action and the
inheritance of yield and vield components in Indian mustard under Bangladesh
condition. Selection of the best parents for production of F; hybrids has to be based on
genetic information and knowledge of combining ability. Therefore, the present work
was undertaken with the following objectives:

L. To estimate the nature and extent of combining ability of the parents in crosses

and the mode of gene action in governing the characters.
2. To incorporate earliness, yellow and bold seed and other vield contributing traits
in recommended varietics of late higher yielding genotype of Brassica funcea 1.

3. To study the feasibility of exploiting hybrid vigour in Indian mustard.






REVIEW OF LITERATURE

Indian mustard (Brassica jfuncea L.) is an important oil seed crop of tropical
and sub-tropical agriculture, as it provides available nutrition to human. In
Bangladesh 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 (u) 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
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over and above the sum of the two gea elfects called the specific combining ability
(sca) effect, analogous to an interaction effeet of a factorial design. The diallel
approach has been cxtensively used in cross pollinated crops. Griffing (1958)
emphasized the statistical concepts of general and specific combining ability.
Variance for general combining ability involves mostly additive gene efTects which
variance for specific combining ability depends on  dominance and epistutic
component of variation,

Trivedi and Mukharjee (1986} reported that non additive campanent in Indian
mustard Brassica juncea L. is important for all the traits studied except for oil content
and days to maturity, for which non additive and additive components were important,
Dominance 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 effects at the loci showing the highest dominance for oil content. The
expression of oil content, 1000 sced weight and days to maturity was governed by
frequency of dominant alleles where as recessive alleles were preponderant for ather
traits.

Badwal and Labana (1987) working on seed yield per plant and 8 related traits
from a 10 x 10 half diallel cross in Brassica juncea L. They observed that both
additive and non additive components of variance controlled the inheritance of seed
yield, number of seeds per siliqua. plant height, primary branches and length ol
siliqua. Only non additive variance was signilicant [or sccondary branches,

Gupta er of. (1987a) studied combining ability of Brassica juncea 1. genotype
with 8 x 8 diallel cross without reciprocal cross, gea and sca mean squares were
significant for all characters studied. Non additive gene effects appeared o be

predominant for number of primary and secondary branches, siliqua length, number



of seeds per siliqua and seed yield. While additive gene effects were apparently
predominant for plant height. Parents with high gea were found the best peneral
combiner for seed yield and the best crosses for future selection were high x high sea
parcnls,

Gupta et al. (1987h) performed on analvsis ina 13 x 4, line x lester cross in
Brassica juncea L. Additive gene effects were relatively more important than non
additive for seed yield per plant and most of the yield components investigated.

Prakash ef al. (1987a) evaluated analyzed data of the Fa of an eight parent
diallel cross and showed that gea and sca variances were significant for vield
components. sca variance were higher than gea variance for number of sceds per
siliqua, 1000 seed weight and seed yicld indicating that dominance was possibly the
predominant gene action: for these traits, The parents DIR 146 and RCL 1017 were
good general combiners for most of the characters studied.

Prakash, et al. (1987b) observed 8 varieties with their 28 [s. the component
of variance indicated the importance of additive and dominance components for the
character studied.

Rawat (1987} observed 12 females and 5 males line ot Brassica juncea L. of
diverse origin with a line x tester analysis. Yariance components of gea and sca were
signilicant lor days te 50% flowering, number of primary branch, plant height, seed
weight and seed yicld per plant. The crosses showed high sca elTeets Jor seed yield
involving high x low gea parents.

Singh and Chauhan (1987) worked with 60 triple test cross families produced
by the crossing of 20 F; parents as males o the parents and Fis. In Varuna x T™M 9.
additive genetic variance appeard 10 be predominant for days to maturity. number of

primary branch while dominance scemed (o be mainly involved in the control of seed



yield per plant. In Varuna x RW 75-80-1, additive genetic variance was estimated Lo
be predominant for plant height and dominant for days to maturity, number of seeds
per siliqua, 1000 seed weight and vield per plant.

Singh er af. (1989} evaluated six Brassica Junceal L. parents and their
resultant 15 Ty and F; population. Signilicant gea and sea variances were observed {or
all the 11 characters studied. Majority of the crosses showed high sca ellects for seed
yield invelving low x high gea parents.

Verma ¢/ al. (1989) evaluated the nature and magnitude of combining ability
and heterosis in a set of 7 x 7 diallel crosses (excluding reciprocals) of vellow sarson
for yield, yield components and oil content. Predominance of additive gene action was
observed for yield, primary and secondary branches per plant, siliquae on main shoot
1000 seed weight and oil content, while it was non additive for siliquac per plant.

Wani and Srivastava (1989) studied combining ability in seven characters for
23 lines of Brassica juncea L. and their F, and I hybrids and found that parents with
high gea were good general combiners for seed vield.

Siddige et al. (1990) studied a complete diallel cross involving tour cenotypes
ol Brassica campestris L.and their Fis for nine characters including seed vield per
plant. Both additive and non additive gene action was found in the inheritance of
characters except days to Mower, plant height and primary branches. Preponderance ol
additive gene action for days to maturity, number of secondary branches per plant.
number of siliquae per plant, number of seeds per siliqua and non additive gene action
for days 1o Nowering, plant height, number of primary branches. lenath of siligua
were Tound.

Yadav ef al. (1992) evaluated 45 Fy hybrids of Indian mustard together with

10 parents for combining ability with respect to seed yield and its component



characters. High gea parents were identified as good combiners for sced vield, carly
ness, siliqua length, number of seeds per siliqua and 1000 seed weight. Majority of
the crosses showed high sca eflects for seed yield involving either high x low or low x
low general combiners.

Habetinek (1993) worked with Bravsica napus 1. and found higher pea elfeets
than sca for all characters except seed yield per plant, The genotype of Darmor had
the highest gea for number of seeds per siliqua, siliqua length and 1000 seed weight.,
while Sonata had the highest gea for oil content. Sca for seed yield per plant was
highest in crosses of high x low gca parents.

Singh ef al. (1996) worked with combining ability analysis of cight diverse
cultivars for ten characters in Brassica juncea (L.). They reported high magnitude of

.} - 7 . - AL
a5 tor most of the characters. However, o7z was high only for plant height. siliqua

length and 1000-seed weight for which high estimates of /1™ was also recorded. The
parent with high gea effects was best general combiners for seed yield. oil content.
1000-seed weight, plant height. number of primary branches and length of siliqua.
Glossy mutant, an early white flowered parent, showed desirable aca for carh
flowering, reduced plant height and it was involved in crosses with high sca for seed
yield, oil content and seeds per siliqua but its per se performance and sea was low.
Oil content was positively associated with 1000-seed weight and sced vield indicating
the possibility of simultancous improvement for these characters. Yellow colour of
corolla was dominant over white and segregated in 15:1 ratio, indicating control of
duplicate genes.

In a study of 8 x 8 diallel analysis (excluding reciprocals), Yadav and Yadava
(1996) reported that the presence of both additive and dominance genetic components

for seed yield and yield components in Toria (Brassica campestriy 1. var. Toria). But



the magnitde of dominance component was larger than the additive component for
all the traits including seed yicld. Heritability estimates were higher for days 1o
maturity and 1000 seed weight.

Thakur and Sagwal (1997) evaluated combining ability analysis in nine parent
diallel analysis of Brassica napus. They reported that mean squares due 1o general and
specific combining ability were significant, suggesting the importance of both
additive and dominanice components. Parents GSL, 8809. HPN-1, GSL 1501 and
HNS 8803 were good combiners for sced yield and some of its compenents and ail
content, Estimates of heterosis over better parent (BP) for various traits indicated
significant magnitude for seed yield (-14.8 to 82.8%), primary branches (-26.0 to
193.6%) and siliquae per plant (-21.9 to 162.6%). Unidirectional dominance was
observed for the most of the traits studied. The cross GSB 7027 s HNS 8803 mave
highest positive heterosis for seed yield per plant,

Varshney and Rao (1997) evaluated combining ability, heterosis  and
inbreeding depression in yellow sarson for |1 quantitative characters. Non additive
genetic variance was preponderant lor all characters in both [y oand Fa generations
except for 1000-seed weight in Fy generation. For seven characters. the best s on the
basis ol sca involves one parent with high gca effects and the other with poor or
average gea eflects, The hybrids which exhibited highest heterosis also showed h igher
inbreeding depression.

Sheikh and Singh (1998) observed combining ability analysis. including
reciprocals in Indian mustard for ten characters is preponderance of non additive sene
action for most of the characters including seed yield and oil content in 10 x 10 half-
diallel. Additive genetic variance was more important for plant height and length of
siliqua for which high estimate of heritability was also observed. Majority ol the

crosses showed high sca effects for seed yield involved high x low gea parents.



Singh e al. (1999) studied the combining ability in Brassica campestriy 1.
Comparison of sca effects in relation 1o gea effects of the respective parental lines
indicated that crosses with high sca effects involved low x h igh, high x low and Jow x
low general combiners.

Singh er al. (2000) worked with genetic analysis in yellow sarson, Brasvica
campesiris. They found significant differences for both sca and gea among the
genolypes for all the characters indicating there by that both additive and non additive
compoenents were involving in the expression of all the traits, The parents with high
gea was showed good general combining ability for seed yield, days o maturity and
siliquac per plant in both Fy and F; peneration and for primary and sccondary
branches per plant in F; gencration only. The cross with high x low gea effecis
showed significant sca for sced yields.

Mahto and Haider (2001) worked with the magnitude of specilic combining
ability (sca) effects was much higher than the general combining ability (gca) effects
tor all the characters studied, except for number of secondary branches per plant. In
most of the cases, the crosses showing high sca effects also exhibited high heterosis.

Sarkar and Singh (2001) evaluated ten Brassica juncea L. parents and their 45
Iy population. gea and sea variance were significantly different among parents and
crosses for all the characters except for early vigor. The parents with high gea effeets
was showed good general combining ability for plant height, number of primary and
secondary branch, siliquae per plant and seeds per plant. Comparison of sca elfeets in
relation to gea effects of respective parental lines indicated that crosses with hi gh sca
cfitets involved high x fow general combiners for yield and seeds per siliqua,

Singh ef al. (2001) worked with a partial diallel analysis (5=7) involving 20

parents was studied in Fy and F2 gencrations in yellow sarson. The variances for



ceneral and specitic combining ability were highly significant in both generations.
The estimated components of variance revealed that additive gene action was more
timportant for days 1o fMowering, days 10 maturity and plant height in both generations.
Primary branches per plant, secondary branches per plant. siliqua length and siliquac
per plant showed additive gene action in Fy bul non additive in Fa. Non additive gene
action played a major role in genetic variation for seeds per siliqua and seed vield per
plant in both the generations. Parental performances as judged by sea effects indicale
that AJL 4, AJL 18, AJL 19, AJL 20, AJL 55, AJL 43 and YD | were promising
genotypes. These genotypes may be used as potential source in hybridization
programme,

in a line x tester analysis involving 29 promising [emale and seven male
parents Indian mustard Ghosh er af. (2002) observed high heterosis for seed vield and
some of the yield contributing traits. For most the major characters including seed
yield both additive and non additive gene action were of prime imporiance.

Prasad et o, (2002) evaluated combining ability of 21F, hybrids derived from
a diallel cross of seven Indian cultivars along with the parents in a field cxperiment,
The general and specific combining ability were signilicant tor all the traits examined.
The cultivar Varuna recorded high general combining ability lfor most ol the
characters and per s¢ performance. The specific combining ability for carly malurily,
tength of main raceme and yield per plant were observed in the crosses involving high
% low gea parents,

Swarnker ef al. (2002) analyzed combining ability using 36 F, hybrids and
their parents obtained from a diallel mating for 11 characters. Both the general and
specific combining ability variances were highly significant {or almost all the traits.
Out of 36 crosses. only eight had desirable specific combining ahility effects lor seed

yield.



Achrya and Swain (2004) observed cnmhiniﬁg ability analysis in 9 x 9 half-
diallel set of Brassica juncea L. They studied for nine traits revealed the
preponderance of additive gene effects for seed yield, secondary branches per plant,
siliquac 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 sca
effects and high mean performance.

Chowdhury et al. (2004a) studied the nature and magnitude of combining
ability of parents and crosses (F,s) 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 sca variances for all the
characters excepl siliquae per plant, seeds per siI_iqua and seed yield per plant.
Majority of the crosses showed high sca effects for seed yield involving high x low,
average x average and average X low gea parents.

22 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. Hence
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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Hayman's (1954) graphical and numerical approach 1o diallel analysis
provides information on several valuable aspects of the genetic make up ol 4
quantitative character, such as the adequacy of additive-dominance model, average
degree of dominance involved in the action of genes, preponderance of dominant and
recessive genes among the parental lines, symmetrical or asymmetrical distribution of
genes with positive and negative effects on the attribute, ete. A part from measuring
additive and dominance components of variation appropriate model can be used to
detect, non-allelic gene interactions by using graphical representation (Vr-Wr) graphs.
Hayman (1957) attempted to obtain eslimates of certain genetic paramelers [rom
statistics involving parents and olfspring.

lindal and Labana (1986) reported epistasis for the inheritance of vil content.
mineral content and protein content in Indian mustard. Re-analysis ol data after
removing certain array points revealed the predominance of additive genetic elTects
for oil and mineral contents, where as non additive cffects were found to be important
for protein content. The degree of dominance was partial, but graphical analysis
revealed over-dominance for mineral content, a possible effect of confounding with
complementary cpistasis. Asymmetry of plus and minus genes was indicated for loci
showing dominance. Since both additive and non additive eflects seemed o be
important, they could be exploited to the production of F, hybrids or used for
population improvement,

Trivedi and Mukharjee (1986) observed the attributes for oil vield of 45 F
hybrids and their parents ol a 10 x 10 diallel analysis of Indian mustard. They found
non additive component w be important for all traits except for oil content and days 10
maturity for which both non additive and additive components were important.

Dominance deviation for oil yield, seed yield, 1000-seed weight, sceds per siliqua and



days to maturity was due to asymmetrical proportion of genes with positive and
negative effects at the loci showing dominance, which was highest for uil content.
The expression of oil content, 1000-sced weight and days 1o maturity was governed
by frequency of dominant alleles, where as recessive alleles were preponderant Tor
other trails,

Yadav and Yadava (1996) worked with 8 x 8 diallel analysis. it was lound that
both additive and dominance genetic components were important for seed yield
components in toria (Brassica campesiris L. var. Toria). But the magnitude of
dominance component was larger than the additive component for all the traits.
Heritability estimates were higher for days to maturity and 1000-seed welght, Parent
Sangam was the best general combiner for seed yield, primary and secondary
branches per plant, siliquae per plant and sceds per siliqua, Another parent T-9 was
also found good combiner for seed yield, early ness, 1000-seed weight and seeds per
siliqua.

Chowdhury er af, (2004b) evaluated a study of the attributes for sced vield of
21 Fys and their parents in 7 x 7 dialle] (excluding reciprocals) ol Brassica rape.
showed importance of both additive and dominance components. Dominant sene
actions were predominant in most of the traits except days to lower, plant height and
[1000-seed weight. Highest heritability (89 percent) was observed for days 1o malturity.
The asymmetrical distribution of the positive and negative alleles at all loci was found
for most of the characters. The Vr-Wr graphs exhibited dominance effect of genes for
all the characters. Plant height was controlled by complete dominant gene actions
while primary branches per plant. siliquae per plant, seeds per siliqua. seed vield per
plant and oil content were controlled by over dominant gene actions. The eraphical

analysis indicated wide genetic diversity among the parents.







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 smnm& 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-10, DH-11,
Daulat, BJ-17, BJ-11, Jun-536 and BARIsar-11 were selected as parents based on
their performance evaluated in the previous experiments. Code number of parents
used in describing results is Py, Py, Ps, Py, Ps, Pg, P; and P for DH-18, BARIsar-10,
DH-11, Daulat, BJ-17, BJ-11, Jun-536 and BARIsar-11. respectively. The seeds of 28
Fis obtained from eight parents crossed in all possible combinations excluding
reciprocals were the materials of the experiment. Source or place of collection of

these materials is shown in Table 1.
3.3 Experimental design and layout

Twenty eight Fys along with their cight parents were grown on November 16,
2005. The seeds were sown continuously in a randomized block design with 3
replications. Each F, line and their parents comprised of single rows of 2.5m long

with a spacing of 40 cm between rows and 10 cm between plants. The genotypes were



Table 1: Sources or places of collection of eight Indian mustard genotypes with some

important characters

Characteristics

: 3 B 0il

Parent Origin Seed | Seed |Maturity|Siliquac|1000-sced

content

color size {days) |/ plant [weight{g)
| | || | %)
DH-18 Netherland Brown  Bold TE5-120 190-235 4.5-5.0  42-43
BARIsar-10 Bangladesh Brown Medium 85-95 140-195 3.0-3.2  40-4]
DH-11 Netherland Brown Bold 115-1200 200-240 4.5-53.0  42-43
Daulat Bangladesh Brown  Small  95-100  150-200 2.50-3.0 40-42
BJ-17 Bangladesh Yellow  Small  95-100  140-190 2.50-3.0 41-42
Bl-11 Bangladesh Yellow — Small  95-100  [80-220 2.50-3.0 41-42
Jun-536 Bangladesh Brown Medium 95-105  140-190 3.50-4.0 41-42
BARIsar-11 Bangladesh Brown  Bold  95-105  170-210 3.50-4.0 4]-42




randomly distributed 1o each row within the blocks in the replication. The secdling
emerged three to four days aller sowing., Plant spacing within the rows was
maintained by thinning after 15 days ol seedling emereence.
3.4 Land preparation and lertilizer application

The experimental plots were prepared with tractor ploughing lollowed by
harrowing and laddering to bring to the desired tilth, Chemical fertilizers were applicd
at the rate of 250-170-85-150-10 kg/ha of N-P-K-S-B from Urea. Triple super
phesphate (TSP), Muriate of potash (MP), Gypsum and Boric acid, respectively.
Cowdung was applied at the rate of 10 ton per ha. Cowdung, 50% Urea and whole
amount of TSP, MP, Gypsum and Boric acid were applicd during final land
preparation. The remaining 50% Urea was applied as top dressing during Mower
initiation stage.
3.5 Seed sowing

Sowing of seeds was done in the dry soil. Seeds of each genotype were sown
in single row on November 16, 20035 by hand uniformly. After sowing the seeds were
covered with soil carefully so that no clods were on the seeds.
3.6 Irrigation and drainage

One post sowing irrigation was given by sprinkler afier sowing of seeds 1o
bring proper moisture condition of the soil W ensure uniform germination of the
seeds. A pood drainage system was maintained for immediate release ol rainwater
from the experimental ficld 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 afler 10 days of germination. The second weeding was done before



fowering followed by top dressing of urca. Aphid infestations were found in the crop
during the siliquae development stage. To control aphids Diazinon 60 EC at the rite
of Iml per liter was applied. No remarkable discase attack was observed.
3.8 Crop harvesting

The plants of individual block were harvested when 80% of the plants showed
symptoms of maturity (straw color ol leaves, stem and desirable seed color in the
matured siliquae). Ten randomly selected matured plants from cach line were cut at
the base with the help of sickle and kept separately to avoid sced mixture between
lines. Data were collected from these ten plants.
3.9 Data collection

Observations were made on the following quantitative characters:
L. Days to 50% flowering: When more than 50 percent plants had at least one apen
Tower.
2. Days to maturity: Number of days required from sowing to siliuae maturity of
80% plants of cach row,
3. Plant height in cm: Mean height in em measured from top of the soil o the top of

the main stem.

4. Number of primary branches per plant: Mean number of branches vriginated
from the main stem from ten randomly selected plants from each F's and parents at
maturity.

S. Number of sccondiry branches per plant: Mean number of branches originated
from the primary branch from ten randomly selected plants Trom each F;'s and
parents at maturity.

0. Hiliqﬁau per plant: Mean number of siliquac obtained from ten randomly selected

plants from each Fy’s and parents at maturity.



7. Length of siliqua in em: Mean length of pod in em measured [rom bottom of the
stalk to the top of the pod.

8. Seceds per siligua: Mean number ol seeds counted from ten randomly selected
siliquae.

9. 1000-sced weight (g): Weight in grams of [000-seed was recorded from ten
randomly selected plants of each Fy's and parents.

1. Seed yield per plant (g): Mean seed weight in grams of ten randomly selected
plants Irom each F"s and parents after harvest.

I1. Oil content: Percentage of oil in the seed sample was determined by extracting
the oil with petroleum ether at 40-60°C in a soxhelt’s extraction apparatus. A random
seed sample of approximately 40 g was taken from the bulk vield of each of the line.
T'he seeds of individual genotype were grand to a fine powder in o porcelain mortar
and pestle. The powder was then transferred into a Whatman's {ilier paper. The
mortar and pestie were washed with petroleum ether to collect the traces of oil and
powder sticking 1o them and the solution was transferred to the thimble in the sockel.
Approximately 125 ml of petroleum ether was taken into the distillation Mask and the
extraction set was fixed on an electrical water bath, Ten extraction sels were used so
as 1o extract oil from the sample simultaneously for 3.5 hours. The distillation ask
was later separated and the petroleum ether was distilled ofl, Last traces of it were
removed by suction pressure. The extract or oil remain in the Nask was accurately
weighed and the percentage of extract in seed material was caleulated,

12. Harvest index: Mean ol ratio of seed weight (g2) to the total plam weight (g)
obtained from ten randomly selected plants of each Fi's and parents afler harvest

expressed in percentage,
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3.10 Statistical analysis

All the observations reordered were subjected 1o Analysis of variance
(ANOVA). The total variances of each character were partitioned into block.
genotype and error differences. The genotypic variances were also partitioned into
parent, | and parent x F, variances. The differences within the classes of effects were
tested by F-test,

Combining ability analysis ol the traits with signilicant senotvpic diflerences
was done according to the Model | and Method 2 of Griffing (19562 and 1956Db). This
analysis partitioned the variation due to genotypic differences into general combining
ability {gea) and specific combining ability (sca) effects.

The mathematical model used in the analysis was as follows:
- s B 1 S
Yij=m+gi+ 51+ T_E cijkl
!

Where,
Yij = mean of i x jth genotype over k and 1.

B bl K=liady {5100

m population mean.
gi = gea effects of the ith parent.

= gea cllects of the jth parent.

i
|

Sij = sca effcets for the cross between ith and jth parent,

cijkl = environmental effects,

b s
LE eijkl = mean error effect.
[

The variance components due to gea and sca were caleulated according to Singh

and Choudhary (1995) as lollows:



3.10.1 gea and sea variances
a. Components due to gea

Z i [ MSe — Mse)

{n+2)

gca variance =
{n—1)

b. Components due to sca

sea variance = — 'il; = MSs — Mse

m{n iy

| geavariance
The ratio of gea variance Lo sca varjance = S— "
sedvariance

3.10.2 gea and sca effects
The gea and sca elfects were estimated according to Sharma (1998) by the

following formulae;

2 L,
sea effects (gi) = % E[{}’:‘.+ Yil)— = (Y..}] Restricied o lgf' =
n+ 2 n 7

. | e 2 :
sca effects (Sif) = Yij - —— | Yi+Yii+Y]+Yjj] + —————[Yii| (i <))
() J n+2| J+Yi] (n-.—!}{nrl}l AU

3.10.3 gca and sca variances associated with the parents
gea and sca variances associated with the parent were estimated according 1o
Sharma (1998) as follows:

7
Ej‘_”-[MSE

ogi = (gi) - [

'”’__.E ZU] — MM.]




311 Graphical diallel analysis

Diallel analysis for the camponents of genetic variances and Wr-Vr graphs lor
all the characters studicd were done aceording to Hayman (1954a.b). A diallel table
was prepared from the averages over all the three replications and the following
statistics were estimated.

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

of crosses involving a particular parents)

Wr = Covariance between parents and their offspring in cach array

Yeow = Variance of parents

Vo = Variance of the means of array

Wr* = The Wr for constructing the limiling parabola

bwr.vr = Regression of Wr on Vr

a = the Y- intercepl

WLy = Mean of all the Vrvalues

Woror = Mean of all the Wr values

Yr' = Standardized mean for cach parent

(Wr+ Vr)' = Standardized (Wr + Vr) values for each parent

I¥eqwesvn = Correlation between parental order of dominance

(M — M) = Dominance relationship

r* = Possible limit of selection of parents showing dominance

The validity of Hayman's hypothesis was tested for all the characters studied

by the equations.
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3. 111 Test of homogencity of Wr-Vr variances

n—2 (FarVe — Varlr)2
4 (VearVeXVarlVry— Cov2(Fr, Wr)

it =

Where,
Var Vr= Variance of the array variance
Var Wr = Variance of the parent and array covariance
Cov (Vr, Wr) = covariance of Lhe variance and covariance
n = Number of parents involved in the diallel crosses

t=equivalent 10 a F-test with 4 and (n-2) degrees of frecdom

3.11.2 Test of deviation of regression slope from unity
i Deviation from 0
L = (b-0)SEy(at n-2 dN
ii. Deviation from unity
L= =(1-bYSE, {at n-2 db)
Where,
b = regression co-efficient of Wr on Vr

SEy = standard error

3.12 Numerical diallel analysis
After testing the validity of hypothesis that epistasis was absent, graphical
analysis was performed followed by the determination of penetic  varjance

compenents (additive and dominance variances) together with allied parameters.
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3.12.1 Computation of variance components in F, diallel
Using the wvalues of dilTeremt statistics computed earlier the variance
components and allied parameters were caleulated according to Sharma (1998) as

follows:

Variance componenis | Formulae
SE—), 2= i
D {additive variance) Voo - B

F {(Mean co-variance of additive and dominance)  2vora-9 Wi o -2{n-2). (B

H; (Dominance variance) Voro + 4Vis — 4Wepa — (31-2), (E/)

H; (Proportion of positive or negative pencs) 4Vii—4Vors— 2B

I (Dominance effects) 4{My)— Mio)? - dn-1). (Efn)

E (Environmental variance)} lie[Rss + ESS]/[ (r-1)+(c-1 (¢ i
Where,

n = Number of parents

r= Number of replications

Vowo = Variance of parents

Vo = Variance of array means

Waror = Average Wr

Vi = average Vr

(My = M) = I/n [(Grand total/n) — Parental totul]
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

components according to Sharma (1998) by the following formula -

Standard error (SE) = (Cs¥/n)™*



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

C = Multiplier of each of the main component

con?:::::n s Multipliers t-values
D C(D)=(n’ +n")/n* T(D) = D/SE(D)
F C(F) = (4n” +20n" - 16n° + 16n)/n° T(F) = F/ISE(F)
H, C(Hy) =t(n’ + 41n* — 12n® + 4n*)/n® T(H,) = H,/SE(H,)
H, C(H;) = 36n*/n” = 36/n T(Hz) = Ha/SE(H2)
H? C(h®) = (16n* + 160 - 320 + 16)/n° T(h*) = h%/SE(h?)
E C(E)=n"n’=1/n T(E) = E/SE(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 = {I—IM’[ZI‘}“5
Proportion of dominant genes with positive or negative effects = Hy/4H,
Proportion of dominant and recessive genes = (4D H, + F)**/(4D H; — F)**
Number of gene blocks exhibiting dominance = h%/H,

h*n (Heritability in narrow sense) = [D/4]/[D/4 + H,/4 + E — F/4]
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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 differences among parents and hybrids for twelve characters (Table 2). The
components of variance for general combining ability (gea) and specific combining
ability (sca) were highly significant for all traits 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 ef al. (1991} in Indian mustard, Labana ef ol (1978) in Yellow
sarson, Malik ef a/. (1995) and Thakur and Sagwal (1997) in rape seed.

The higher magnitude of gea variance was observed than that of sca variance for
all the characters except secondary branches per plant, length of siliqua, siliquae per plant
and seed yield per plant. In an earlier study of Verma (2000), also reported sca vanance
was higher than gca variance (non-additive type) for pimary branches per plant, siliquae
per plant and seed yield per plant. Verma ef af (1989) and Labana ef al. (1978) reported
non-additive type of gene action for siliquae per plant, seed yield per plant in yellow
54501,

42  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 gea effects since the former offers authenticity to geca effects

as guidance to select the parent. A parent with higher positive significant gea effects is

21



Table 2. Analysis of variance for general and specific combining ability for yield and yield com ponents in Brasvica juncea 1.

genotypes
Characters
Source of L
i . . e gth 1600-
variation Day 5 o Daysto | Plant Primary |Secondary of Siliquae per e seed .Seed Harvest | 0Oil
dlf | flower maturity [height (em) branches | branches sificia kit per Sty vield per| 7, dox . | tent
(50%%) ¥ & per plant | per plant q P siliqua NES plant (g) - |mIll "
{cm) (&)
Genotypes 35 46.44%%  48.66%%  1212.74% | 5% 2243%% (357 16603.95%*F |3.70%* | (5= 26.10%% 2237*%  0.40%
1o Cica 7 6L68** 65.95%*  1623.24**% 0.500%* 3 .0g*+ 0.094%* 2893.95%%  HAD**  143%*  3234% 4 g5es 0.139*
o
Sca 28 5% 3I8%F  00.49%+ 0.312%%  g35%* 0.125%*  6194.82%*  4.12%%  (.085%*  [00T** 5.6]+* 0.132#
Error 70 0.99 0399 20.59 0.025 0.165 0.01a 253.56 0.176 (1008 0.265 0,705 0.054
gcalsca 14.52 17.42 16.3] .63 0.476 0.751 0.467 1.57 16.77 0321 2.65 .03

* Significant al P = 0.05; ** Significant at P=(1.0]



considered as a pood general combiner, A parent showing high gea and sea variances
is & better parent for ereating high vielding specific combination.

The estimates of gea elfects are given in Table 3. The magnitude and direction
of the significant effects for the eight parents provide meaningful comparisons and
would give ¢lue 1o the future breeding programme. The results of pea effects ol
different characters are presented below:

Days to (50%) flower

Highest negative signilicant gea effects (-3.30) was provided by BARIsar-10
(P2} for days to 50% fower. Hence the parent BARIsar-10 (P2) was desired as general
combiner in crosses aimed al promoting earliness in Brassica Juncea L. {Table 3).
Singh er al. (2000) obtained earliness in YSK-83501 in Brassica campestrisirapa.
Verma (2000) observed carliness in RC 832 in Brassica juncea |.. Chowdhury et al,
(2004a) found earliness in Din-2 in Brassica reapa L.

Days to maturity

Parent BARIsar-10 (P2} showed highest significant and negative pea cflects (-
2.35) followed by Daulat (P = -2.08) and hence these two cultivars HARIsar-10 (P4)
and Daulat (Py) were the best general combiners for early maturily in Brassica juncea
L. The parent DH-18 (P)) provided highest significant positive gea effects for davs to
malturity (5.58) followed by DH-11 (P; = 1.43), and hence these two parents were
undesirable general combiners o promote the earliness in Brassica Juneea L. (Table
3). Singh ef ol (2000) found earliness in YSC-68 in Brassice campesiriy L. Acharya
and Swain (2004) obtained earliness in JC 26 in Brassica juncea |.. Chowdhury et al.

(2004a) observed carliness in Din-2 in Brassica rapa L.



Plant height

The higher significant and negative effects (-21.37) for the parameter was
found in BARIsar-10 (P1) followed by Daulat (Py = -9.74). Thus, both BARIsar-10
(P2) and Daulat (Py) are good general combiners for breeding dwarl plant type. The
highest significant and positive gea ellect (18.69) was observed in D18 (P)
followed by DH-11 (P35 = 10.72) lor the trait (Table 3). Singh er af. (1996) observed
dwarfness in glossy mutant in Brassica juncea L. Singh er af. (2000) obtained
dwarlness in YSK-8501 in Brassica campesiris L. Chowdhury e af. (2004a) found

dwarfness in Din-2 in Brassica rapa L.
Primary branches per plant

All the parents showed low values for this parameter, DH-18 (P} provided
significant and positive gea effects (0.246) followed by BI-17 (P: = 0.230). The
parents BARIsar-11 (Py), BARIsar-10 (P;) and Daulat (Py) showed the signilicant but
negative effects (<0.391, -0.181 and -0.125 respectively). Thus. DH-18 () and BJ-17
(Ps) were found good for using in the breeding programme for more primary branches
(Table 3). Sheikh and Sing (1998) found more primary branches in poorbijayr in
Brassica juncea L. Singh et ol (2000) observed maximum number of primary
branches on YSP-842 in Brassica campestris L. Chowdhury ef «f. (2004a) obtained

more primary branches on sampad in Brassica rape L.

Secondary branches per plant

This parameter showed low values for all the parents. Significant positive
value of gea effects for the characters were revealed by BARIsar-10 (P2 = (1,851
followed by Bl-11 (Ps = 0.532), BJ-17 (I’s = 0.345) and Daulat (P; = 0.333) and
significant negative valucs by DH-18 (P = -0.966) followed by BARIsar-11 (1?5 =

-0.745), Thus, BARIsar-10 (P2} was good to use in the breeding programme for more



secondary branches in Brassica juncea 1. (Table 3). Singh of af. (1996) obtained
highest secondary branches in BJ-1235 in Brassica juncea 1., Singh er al. (2000)
found maximum number of secondary branches on SS-1 in Brassica canmpestiis 1.
Chowdhury er o (2004a) observed more secondary branches in Din-2 in Brassico

ropra L.
Siliquae per plant

The highest significant and positive effects for the character was indicated by
BARIsar-10 (P; = 29.07) followed by BARIsar-11 (P5 = 22.59), The other parchts
showed insignificant or negative signilicant values for the trait. Thus, BAR |sar-10
(P2) was the best general combiner to use in hybridization programme to improve
number of siliquae in Brassica juncea 1. (Table 3). Singh and Murty [ 1980) abtained
maximum number of siliguae per plant in $5-1 in Brassica campesieiy L, Acharya and
Swain (2004) observed more siliquae in Pusa Bahar in Brassica juncea 1. C howdhury

et al. (2004a) found highest number of siliquae in Din-2 in Brassica rapa 1.

Length of siliqua

Significantly highest and positive gca effects (0.074) was observed in both the
parents Daulat (Py) and BJ-17 (Ps). The other parents showed insignilicant or negative
significant efTects for the trait, Hence Daulat (Py) and BJ-17 (Ps) was the pood general
combiner to use in crossing for improves length of siliqua (Table 3). Sheikh and
Singh (1998) and Acharya and Swain (2004) obtained maximum siliqua length in

glossy mutant and Pusa Bahar respectively in Brassica juncea L.
Seeds per siliqua

Higher significant and positive gea effects were observed in Daulal (P =
L.28), BI-11 (Py = 0.377) and BARIsar-10 (P2 = 0.371), Thus three parents were
found best general combiners to increase the number of seeds in Brassica dced |
{Table 3). Singh and Murty (1980) obtained more sceds per siliqua in YPS-842 in

Brassica Campestris L. Acharya and Swain (2004) observed highest seeds persiliqua in
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Table 3. Estimation of gea effects and mean performance of parents

for 12 characters in a diallel cross of Brassica Jjuneea L. genotypes

Characters
ts ' : — . -
Farenty Days to Plant | Primary |Secondary Length Siliquae, Secds Seed yield ;
_ Days to ; . of 1000 seed . Harvest| Ol
flower .| height |branches| branches | . per per N perplant |,
& maturity siliqua i weight (i) index | content
(50%4) (cm} |per plant| per plant (em) plant | siliqua (z)
DH-18 (P f.47=* 3.58*¥ LB.00%Y  0246%* ~(LapG=* (023 Bale 76T DARG* 09334 [.12%s {059
iUt 4700 10567 16667  5.20 7.08 S37 0067 1124 398 8.33 967 410
BARIsar10 (P -330%* RRSRY 2137 L0U8TRT RS[E* (204t WO 03TER* 0 net 0o 5 3pes 0%
wel0®D 3761 9367 o000 3.9 9.05 527 17567 1392 3.03 413 3233 a8
DH-11 (Py) 2.40%* | 454+ 10.72% 0041 -0.207 0.035 1035 (LGB E 0,567+ (h330%s 04 000e
siplo 43.67 103,67 [52.0d) 4.54 9.29 5,31 220.67 [2.05 1.58 T.36 218.33 41.11
Daulat (P e S S L L T re - 125%%  (1333%+ 0.074qr 3409 | ZR*s 0.AEH* ), TOR = 0075 1Rt
RUbaELEs) 3633 9233 11333 412 7.59 .36 IR0 1431 206 4.87 36T 4L
B1-17 (P -[L06T ~[L22%% 5.504% 0.230%* 0.5454= 0.074% -0.64 0200 0280%= - F53= =157 (030
1Py 3833 54,33 13433 534 0,00 5,69 16367 [3.96 264 5.53 00 AL
BI-11 (P <1233 SLETA™ (2244 [1RT*= (L532** [daRt T4 (5T _0316%% 0118 SL1a*r DT
~HEa 38.33 24667 14333 508 860 377 194,00 14.62 2,57 398 3033 4213
in-536 (P A080F=  J(LBRE3Y 4645 (LORD* =(L142 (h004 1242 0273 0017 -0a 208 0102
sibe b 3833 9567 12800 4.55 7.59 498 s0m 1154 305 .85 3067 4150
BARIsar-11 (P (1,133 (316 et TR 1§ L o L L ShOG3*  22.804¢  _DRRI*T DpRG*E 1047 039 0066
WP 967 9933 1733 a0 7.83 5.18 18933 1059 33 5.78 M3 410
SE igi) (233 0,148 1.06 (037 095 (.030 imn RIS 0021 0120 0,194 i.054
SE (gi-gi) 0,352 0.224 |60 0,036 0. 144 0045 563 0148 o3z 0,182 (297 0.082

Upper line GCA effects:

Lower line mean performance

*Significant at P= 0.03;
**Significant at P=0.0]




Varuna in Brassica funcea L, Chowdhury ef af. (2004a) found maximum sceds per
siliquat in Dhali in Brassica rapa |..
1000-seed weight

The highest significant and positive gea effects for 1000-seed weight was
observed in DH-11 (P; = 0.567) followed by DH-18 (P = 0.466). The other parents
showed insignificant or negative significant effects for the trait. Hence DH-18 (1)
and DH-11 (P3) was the good general combiner to use in crossing for improved seed
size (Table 3). Singh et al, (2000) abserved more seed weight in YSC-68 in Hrassica
campestriy L. Acharva and Swain (2004) obtained maximum seed weight in Pusa
Bahar in Brassica juncea L. Chowdhury et al. (2004a) found highest seed weieht in
Dhali in Brassica rapa L.
Seed yield per plant

The highest significant and positive gea effects for seed vield per planl was
observed in DH-18 (P = 0.933) followed by DH-11 (Ps = 0.352). The other parents
showed insignificant or negative signilicant effects for the character, Hence DH-18
(Py) and DH-11 (P5) was the goad general combiner o use in crossing programme for
improved seed yield per plant in Brassica juncea L. (Table 3). Singh et of (2000)
obtained more seed yield per plant in SS-2 in Brassica campestris L., Acharya and
Swain (2004) found highest sced vield in Pusa Bahar in Brassice Juncea 1.

Chowdhury ef al (2004a) observed maximum sced yield in PI=303 in Brassica rapa 1.

Harvest index
The highest significant and positive gea effects for harvest index was observed

in BARIsar-10 (Py = 2.22) followed by DH-18 (P, = 1.12). The other parents showed



insignificant or negative significant effects for the character {Table 33, Singh er ol

(2000) obtained maximum harvest index in YSP-842 in Brassica centipesiei L.

il content

The vellow seeded parent BJ-11 (Ps) showed significant and positive gca
cffects (0.207) and hence it was found pgood general combiner (o improve the wil
content in Indian mustard (Table 3). Singh et «f, (1996) and Sheikh and Singh (1998)
obtained maximum oil content in PR-1108 and Pusa Bold respectively. Chowdhury er

al. (2004a) observed highest vil content on Dhali in Brassica repa L.

High additive gene action observed for only days to 50% Nower, duys o
maturity. plant height and 1000-seed weight, while moderate additive aene action was
observed in primary branches per plant, sceds per siliqua, harvest index and il
content, Non-additive type of gene action was predominant [or secondary branches
per plant, length of siliqua, siliquac per plant and seed yield per plant (Table 2).
Similar resulls were also reparted by several workers including Verma {2000) and
Acharya and Swain (2004) in Indian mustard,

The estimates of gea indicated that the parents Iy (DH-18) and P; (DH-11)
were good general combiners for seed yield per plant. Parents Ps (BARIsar-10) and P,
(BJ-11) were good general combiners for secondary branches per plant and siliguac
per plant. Parents Py (DH-18) and Py (DH-11) was good general combiner [or 1000)-
seed weight, BARIsar-10 (P2). Daulat (P;) and Jun-536 {P7) were desirable for
earliness as well as dwarlness, Only BJ-11 (P,) was found pood general combiner for
oil content. Most of the characters showed both additive and non-additive gene
actions and found important in the expression of the characters. For exploitation of

non-additive gene action in order o recover transgressive segregants by breaking

34



undesirable linkage, releasing concealed variability and changing linkage equilibritim,
it is necessary to follow modified breeding methods, viz., bi-parental cross or triple
LESL CTOSS Or recurrent selection,
4.3 Specific combining ability effects

The specific combining ability eTects signity the role of non-additive venc
action in the expression of the characters. It denotes the highly specilic combining
ability leading to highest performance of some specific cross combinations, For this
reason it relates to a particular cross. The specific combining ability elTects are also
seen in relation o their size, High sea elTects may arise not only in cross involving
high x high combinations, but also in those involving low x high and also from low x
low. Thus in practice. some of the low combiners should also be accommaodated in
hybridization programme. The specific combining ability effects of twenty eight T,
crosses for twelve different characters studied are presented in Table 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 sca effects of different characters are given below:
Days to (50%) flower

Highest significant and negative value from the parameler was oblained from
BARIsar-10 x BARIsar-11 (Cj5 = -2.12) for days to 30% flower. Significant and
positive sca effects was observed in the cross combinations, BJ-17 x BARIsar-11 (C»:
= 2.97) followed by DH-18 x BJ-11 (Cs = 2.54). Thus, the cross combinations.
BARIsar-10 x BARIsar-11 (C)3) provides wpportunity for carliness in Brassica juncea
L. (Table 4), Singh ¢t al. (1996) observed carliness in PR-1108 x BJ-1235 in Brassica
Juncea L. Singh et al. (2000) obtained earliness on YSK-850] X 852 in Brassica

campesirisirapa .
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Days to maturity

lhe cross combination DH-11 x BARIsar-11 (Cyg) showed highest significant
and negative sea cffects (-1.82) while signilicant and pasitive value form  the
parameter was obtained from DI-I8 x Bl-17 (C: = 3.57). Hence the cross
combination DH-11 x BARIsar-11 (Cyy) provides opportunity for carly maturity in
Brassica juncea L, (Table 4), Singh ef af. (2000) obtained carliness in 85-3 % 881 in
Brassica campestris L. Acharya and Swain (2004) found early maturity in JC 26 x Jaj
Kisan in Brassica juncea L. Chowdhury et af, (2004a) observed carliness in M-27 &
Din-2 in Srassica rapa L.
Plant height

The Fy of crosses, BARIsar-10 x BJ-11 (Cyy) and DH-18 x BARIsar-10 (C))
showed higher significant and negative sca effects (<7.08 and -6.53. respectively) for
plant height. The highest significant and positive sca effects was observed in the cross
combination, DH-18 x BJ-17 (C; = 19.21) followed by Daulat x BJ-| | (Cay = 17.28),
Thus, the cross combinations BARIsar-10 x BJ-11 (C),) and DI-18 x BARIsar-10
(C) could be used for dwarthess of the crop (Table 4), Acharya and Swain (2004)
obtained dwarlness in Varuna x Pusa Bahar in Brassica juncea L. Chowdhury er af.
(2004a) observed dwarfness in PT-303 x Tori-7 in Brassica rapea |,
Primary branches per plant

The cross combinations BARIsar-10 x DH-11 (Cy = 0.792) were found best
specilic combiner 1o improve plants with more number of primary branches as the
showed significant positive sca effects lor this trait (Table 4). Sheikh and Singh

(1998) obscrved best positive eflect in Pusa x Barani in Brassica funcea 1. Singh ¢t
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al. (2000) obtained maximum number of primary branches per plant in YSK-8501
S8-1 in Brassica campestris L. Chowdhury ef al. (2004a) found more prinaey

branches in Sampad x Tori-7 in Brassica rapa L.

Secondary branches per plant

Highest significant positive values of sca cffects for the character were
revealed by Daulat x BARIsar-11 (Ca2 = 3.55) and BJ-17 x BJ-11 (Cas = 3.41). On the
ather hand the highest significant and negative sea effects was provided by DH-11 y
Daulat (€3 = -2.08) followed by BJ-17 x BARIsar-11 (Cas = -0.884). Thus, Daulat x
BARIsar-11 (Cx2) and BJ-17 x BJ-11 (Ca3) was best specilic combiner to improve
plants with more number of secondary branches and DH-11 x Daulat (C.). BJ-17 %
BARIsar-T1 (Czs) were best specific combiner to obtained plants with minimum
secondary branches (Table 4). Singh er ol (2000) observed highest secondary
branches in YSC-68 x SS-2 in Brassica campestris L. Acharya and Swain (2004)
obtained more secondary branches in BM 20-12-3 x IC 26 in Brassica juncea 1.
Chowdhury et of. (2004a) found maximum secondary branches in Sampad x Din-2 in

Brassica rapa ..

Length of siliqua

Among the cross combinalions, BJI-17 x BARIsar-1 | (Cos = 0.635) showed
highest significant and positive sca elTects followed by Daulat x BJ-11 (Ca) and
Daulat x Jun-536 (Csy), (0.523 and 0.498 respectively). On the other hand, the
remaining combinations showed significant but negative sca effiects or insignificant
effects for the trait (Table 4). Sheikh and Singh (1998) and Acharya and Swain (2004)
observed maximum siliqua length in Pusa Barani x Glossy mutant and BM 20-12-3 &

Pusa Bahar respectively in Brassica funcea 1.,




Table 4. Estimation of sea effects for 12 characters in a diallel eross of Brassica juncea L. genotypes

Characters
= .
Crosses Days Plant | pri - | Secondary b | Siliquae Seed
to | Days to - S 'Y | Lengt q 1000- seed | Seeds per | . Harvest| Oil
fower | maturity | N€i8ht | branches| branches : g per weight (g) | siliqua yield per index | content
(50%) " | (em) |perplant| per plant s?[m;a plant plant {g)
em
DH-18 x BARIsar-10(C) 1277  -0.955% -6.55% (038 237 0.456%% 17,77 -0.072 2330w 0231 (1233 -(1L.346"=
DH-18 x DH-11 (C4) 0.578 0578 D35%* 0135 -0.181 QATE** _54.43%% (D534%+ 0.362 0141 5.50% 0.025
DH-18 x Duulat (C5) D211 -1,22%*% .485 0.282**  (,602* -1.274%* T5.84%% D558+ =2 3] *x -(1.545 1. 73** 0226
IH-18 x BI-17 (Cy) 237wk 357w 121" D226%% ] 75%+ 0059 41.20%" 0271+ -T2 2. 12% 0.366 115
DH-18 x BJ-11 (Cy) 2.30%F 3 | e 10.83%*  (L632%*  |.2g++ AR 51 77%% L0 44R*e 0,128 1.24%% -5 g=¥ 0.055
[YH-18 & Jun-336 {Cy) 122 1.37% 338 0.676%* |23 0039 pa=F (2] -(h725%* 4.(12%* -D.667 (043
DH-18 « BARIsar-11 (C4) 1374 237 0,848 L5361 0. 734= =0.023 377 65 (1,397 0.497 (h833 0,207
BARIsar-10 x DH-11 (Cy) 1.0 0511 10.42%%  0,792%r 2 |50+ 0066 46,77 (06 -1, 8%+ .60 =120 n372a=
BARIsar-10 x Daulat () E35% |71 288 DA487=* 3357+ -L125  107.37% (088 LA B:4) 353" 0,967 (b=
BARIsar-10 x BI-17 (0 -1.85** (0.178 (.285 (L633=*  1.73%+ -1.352%% B3.74*%  -(,229%4+ QFOee .55 R ERL LRt
BARIsar-10 x BI-11 (Cy ) -LGog** LBR9*  -7.08* “A22FE L) A00%* 0.246%% 72304 -0212%e 2R J.4]*= 1.50%# -[,245
BARIsar-10 x Jun-536 {C}2) 0977 0,156 512 (L338*%% | 19*= -1.252% £5.30%* -0.06% -1.08"" | 3E*= <1767 D3RG+
BARIsar-10 & BARIsar-11 (Cyy) -2.12** D078+ -1.45 -1, 163 ~0.446 ALA65* d3.03% _(.1954 -4.65%" -[1,535 0,933 <1263
DH-11 x Daulat () 0944 -0.0RE -3.88 0129 -2 0E*= AL3A3*T 4083 0101 (L.TaR** -1.98**  _3.03*F ) pu3es
DUH-11 x BJ-17(C,5) 0374 -0.936* A.B5* =0.012 -0.01E -0.219*= .87 0.026 =10 0082 600 0107
PH-11 x BI-11{C,5) | 27%% -|35%+ 243 0.300%* 237 0108 2R.44%%  o()126% =13 L 16+ -1.16* -0.057
DH-11 % Jun-336 (C) (.944  -0.288 4.02 0.264**  LO0S%- 0357 5427%+ (023 -(1.261 2.1 -0.767 (.53 T
DH-11 x BARIsar-11{C,4) 0511 182+  _121 nog2 2.08%= 0354%* 34.77%% (38]=* 1.33%# 3.5+ -0.933 [La]5%*
Davlat x BI=17 (Cy3) A S L 2.65 0,195 1.78*= LO&1  SAB0*Y  (L137* -lG3Es [LOE7= -L36** 0.090
Daulat x Bi-11 {Cyy) L R B B [7.28%%  D264+% ] 49== (,323%% 3A.04%F  [1L.09E 1.53*= 2.463%  -66%F 0110
Davla x Jun-336(C4,) 089 (L5378 -1.18 =014 218 DA98*® _3g46%= n01s B2 519 S L B e Ll
Daulat x BARIsar-11 (Che) -] 53*% 378 IL3E**  (6q0r= 3 55%% 0.072  7.04 0022 2RTe Pl -1 43%* 0376
BI-17 % -1 1 {Cas) 02536 0311 <315 fIATI*E 3 g% 007 1763 0.22()+= -4 (15%* 0. 058%% o] T =020
BU-17 % Jun-3536 (Cay) 0.744 0044 6.32* -0 a3 n21e 0,138  6.57 -0.2R3 0 | 34=* A “La3Fr 001w
[B1-17 x BARIsar-11 {C.q) 207%%  NRIIY T5%+ 1141 -0 BELE O6353%* 35.40%% .() 389w+ FErE L (277 CE 012
BI-11 % Jun-336 (Cap) 378 Z3Qve } 52 0,123 115%= D223 3347 )] 5% 1.93%= (1484 (1,266 0,173
BI-11 s BARTspe-11 (C-5) TAI** 0444 262 O0514%= {315~ SI263% 30.64%%  0.4] %=+ ~3.30% [.30)%» 0,433 -, 195
Jun-336 x BARIsae=11 (Cag) 0478 -0.822F 432 D508%F 2.0 L1480 d6.12%% 0| 2R* (heRG= | 38> (.833 =166
5L 5100 0622 03935 183 {0199 (h23d D08 495 (056 (1,263 23 A0S 146

* Signilicant at P=0.03; =* Sionificant at P= 0.0



Siliquae per plant

Amaong the cross combinations, BARIsar-10 x Daulat (Cy = 107.37) showed
highest significant and positive sea effects followed by BARIsar-10 x BJ-17 (Cs) and
DH-18 x Daulat (C3). (83.74 and 75.84) respectively, On the other hand. the cross
DH-18 x DH-11 (C; = -54.43) showed highest significant but negative sca effects lor
the trail followed by DH-11 x Daulat (Crs = -40.83) and Daulat x Jun-336 (Ca = -
28.46), (Table 4). Singh and Murty (1980) observed more stliquae per plant in YSP-
842 x SS-3 in Brassica campesiris L. Acharva and Swain (2004} obtained highest
siliquac per plant in Pusa Bahar x JC 26 in Brassica Juneea L. Chowdhury er al

(2004a) found maximum siliquae in Sampad x Din-2 in Brassica rapa L.,

Seeds per siliqua

Among the cross combinations, Daulat x BARIsar-1 1| (Csz = 2.87) exhibited
highest significant and positive sca effects followed by BJ-17 x BARIsar11 (Cas =
2.73) for seeds per siliqua. Significant and positive moderate values for the parameter
were showed by BARIsar-10 x BI-11 (C ). DH=18 x BARIsar-10 (C) and Daulat »
BJ-11 (Ca). The other cross combinations showed insignificant or negative sca
effects. Hence Daulat x BARIsar-11 (C2z2) was the best specilic combiner o inerease
the number of seeds in the siligua for vield improvement (Table 4. Singh et af.
(2000) obtained more seeds per siliqua in YSP-842 x YSK-8501 in Brassice
campestris L. Acharva and Swain (2004) observed maximum seeds per siligua in BM
20-12-3 x Pusa Bahar in Brassica juncea L. C howdhury er af. (2004a) found height

seeds per siliqua in Dhali x Sampad in Brassica Feaper 1

1000-seed weight
The cross combinations Cs, Csy, Cg Can Cas. Cs, Ciy and Czy provided

significant and positive sca values for 1000-seed weight indicated considerable



heterosis lor the trait, The cross combination DH-18 x DH-=1 1| {(C2 = 0.534) and BJ-1 |
x BARIsar-11 (Car = 0.411) showed significant positive sca effects lor this trait and
seems to be the best combinations regarding seed size (Table 4). Singh et o (2000}
observed more seed weight in YSC-68 x SS-2 in Brassica campestiris L, Acharya and
Swain (2004) found highest seed weight in Pusa Bold x Pusa Bahar in Brassico
Jimeea L. Chowdhury ef al. (2004a) obtained maximum seed weight in Dhali x

Sampad in Brassica rapa L.

Seed yield per plant

The cross combinations Csi Crow Coy Cis €115 Capy Caay iy Csy Ciiy € 4, Cays
Cs, Cap, Ty and Cyp exhibited significant and positive sca effects of which DH-18 x
Jun-336 (Ce) and BARIsar-10 x BJ-17 (Cy) provided maximum efTects {4.02 and
3.85 respectively) for seed vield per plant. The other combinations showed cither
significant negative or insignificant sca effects. Thus, DH-18 x Jun-336 {Cy) and
BARIsar-10 x BJ-17 (Cyp) were the best specific combinations for the improvement of
seed yield per plant in Brassica juncea L. (Table 4), Singh er o/, (2000) observed
more seed yield per plant in YSP-842 x YSK-8301 in Brassica campestris L. Acharva
and Swain (2004) found maximum seed vield in Pusa Bold x Pusa Bahar in Brassice
Juncea L. Chowdhury ef o, (2004a) obtained highest seed yield in M-27 x Din-2 in

Brassica rapa L.
Harvest index

Among the eross combinations, only four crosses DH-18 x DH-11 (Ca),
BARIsar-10 x BJ-17 (Cio), DH-18 x Daulat (C3) and BARIsar-10 x BJ-11 (0
showed significant and positive sea effects for harvest index. The cross DH-18 x DH-

L1 (€2 =5.56) had the highest value for the trait. The remaining combinations showed
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either insignificant or negative significant effects (Table 4). Singh er af. obtained
highest positive value for harvest index in $8-1 x §8-2 in Brassica campestris 1.
Oil content

Among the Fy hybrids only five crosses BARIsar-10 x DH-11 (Cy). BARIsar-
10 % Jun-536 (Cyz), DH-11 x Jun-536 (Cy3), DH-11 % BARIsar-1 | (C;x) and Daulat x
BARIsar-11 (€} revealed significant and positive sca values for oil contenl. The
cross DH-11 x Jun-336 (C4) had the highest value (0.327) in this regard and this
cross combination might improve the oil content in Brassica juncea L. The remaining
combinations showed either insignificant or negative significant effects (Table 4).
Singh er al. (1996) and Sheikh and Singh (1998) obtained highest oil content in
Cilossy mutant x BJ-1257 and poorbijaya x BJ-38 respectively in Brassica juncea L.
Chowdhury ef af (2004a) found maximum oil content in Tori-7 x Din2 in Brassica
rapa L,

Some of the crosses showed superior specific combination for seed yield and
1000-sced weight, However, DH-18 x JUN-336 (Cs), BARIsar-10 x BI-17 (Cy) and
BARIsar-10 x Daulat (Co) showed significant sca effects lor seed vield, DH-18 x DH-
'l (Cz) and BI-11 x BARIsur-11 (Cz;7) showed significant sca effects fur 1000-seed
weight. The cross DH-18 x JUN-336 (Cy) also shawed significant effects for primary
branches per plant, sccondary branches per plant, siliquae per plant, 1000-seed weight
and sced yield per plant. DH-18 x BARIsar-10 (C,) and BARIsar-10 x BI-11 (€}
showed significant effects for earliness and dwarf plant type. It was interesting 10 note
that the parents BARIsar-10 (Py), Daulat (Py), Jun-536 (P+) and BARIsar-11 (Pg) were

poor general combiners for seed yield and 1000-seed weight, While DH-18 was goad
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general combiner for seed yield and highly significant value for seed vield was
observed in the cross DH-18 x JUN-336 (C.), in which the DII-18 parent wire pood
combiners for seed yield but Jun-336 were poor combiners for seed yield and also had
poor mean performance. Such results could be due to the presence of dilferent genes
or gene groups separately in both the parents.

The above results indicated that the eross with superior sca effeets involving
high x low gea parents could be expected to yield positive heterosis in higher
[requencies. Earlier study of Sheikh and Singh (1998) and Chowdhury ef af, (2004a)

also pointed similar trend for the improvement of seed yield in mustard.

4.4 Diallel analysis following Jones approach
Result on Jones analysis of variance and Haymans Vr-Wr analysis including
graphical presentation for |12 plant characters are provided as follows:

Days to (50%) flowering

Jones analysis (Table 5) showed that both additive {a) and dominance (b)
genelic components were significant, which indicated they were important in the
regulation of flowering data. The results were similar to Griffing’s combining ability
analysis (Table 2). Mean dominance (b)) and dominance due 1o array (ba) and residual
dominance etfect (bs) were highly significant for the character.

The regression of Wr on Vr gave the slope b = 0.578=0,128 (Fig: a). which
was not significantly different from unity. These results therefore clearly suggested
that simple additive dominance genetic model was adequate without any complicalion

of non-allelic mteraction.



Days 1o maturity

Jones analysis showed  both additive (a) and dominance (b) genetic
componenls were significant lor days to maturity (Table 5). GritTing’s combining
ability analysis suggested the same result (Table 2). Other dominance fractions viz,
mean dominance (b)), dominance duc 1o armay (b2) and residual dominance effeet (hy)
were significant for this trait.

From the regression of Wr on Vr, which yielded b value of 0.645=0.211 (Fiu:
o) was close to unily. The results, theretore suggested an additive-dominance situation
without any complication of non-allelic interaction.

Plant height

Both additive (a) and dominance (b) effect were highly significant (P< 0.01)
for this character (Table 5). Similar result was obtained in Grifting’s combining
ability analysis (Tahle 2,

The Vr-Wr analysis yielded b value of 0.451+0.123 (Fig: c). which was
statistically equal to one. It likes that the additive-dominance nature ol gene aclion
was involved in the genetic background.

Primary branches per plant

Fones analysis shows both additive (a) and dominance () genctic components
were invelved in the inheritance of the teait (Table 5). The resull found similar w
Griffing’s combining  ability analysis. Dominance component such as mean
dominance (by), dominance due to array (bs) and residual dominance effect (bs) were
signilicant at different levels (P< 0.05-0.01).

The regression of Wr on Vr gave the slope b value of 0.56420.059 (Fig: d),

which was notl significantly different from unity. These result therefore. clearly



suggested that simple additive-dominance genetic model was adequale without any
complication of non-allelic interaction.

Secondary branches per plant

Both additive (a) and dominance (b) component (Table 5) were signiticant [or
the secondary branches per plant, This resull was similar o Grifling’s combining
ability analvsis {Table 2).

The regression of Wr on Wr pave the slope b = 0.38420.138 (Fig: ¢). which is
close to unity. The results, therefore sugpested an additive-dominance situation
without any complication of non-allelic interaction.

Siliquae per plant

Mean square lor the item (a) and (b) were signilicant [or siliquae per plant
(Table 5) suggesting that both additive and dominance gene action were important for
the character of siliquae per plant. The result is similar to the Griffing's combining
ability analysis (Table 2).

The regression of Wr on Vr gave the slope b value of 0.12420.117 (Fig: ).
which is statistically equal o one. It likes that the additive-dominance nature of gene

action was involved in the genetic background.
Length of siliqua

Jones analysis showed the variance due to additive (a) and dominance (b)
genetic components were significant (Table 5). ANOVA further showed out the mean
dominance (b;) is not significant, dominance due to array (ba) and residual dominance

effect (bs) were significant for the character.
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Table 5. Jones analysis of variance for 12 characters in Indian mustard, Brassica funcea L.

! Mean square

Source 5 i N
Primary 0-| 8
of Days to Plant " |Secondary| Length | _. . | Seeds | 100 b?Ed :
S ; Days to : branches ; Siliguae seeed | vield | Harvest il
variation | df | flower ; height branches of ; d .
i maturity per s per plant | . weight | per index | content
(50%) {em) lant | PET plant | siliqua sil (@ Tt
- P (cm) g B
a 7 [13.47%* [11.93%= 2844.68%%  0.753%¢ B ok D.1%4%*  7H39.05++ [0.54%*% 2.59%% g 3R+* 31040+ [L238+=
by | 45.01** JL.0g* [514.34%*% 5724 196, T4+ * (K N I31257.4%% | 41*= Q0003 232.02%% 27 50%* 0A73*
k- T g2Tx% 7385 76,95 MRELAN .03+ 0,122%% 3802.33%+* 265% LTS 308 T D27+
bs 20 4728 g5y 1289 14+ [.58= 2R.O7w D.a91** G169 227 21.34%%  L02*F 34,9+ Al4n% 1=+
LError T 089 (.04 20,39 0023 0. 165 (hole 233.56 0229 (.01 0263 0,70 {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),
which was close to unity. The results, therefore suggested an additive-dominance

situation without any complication of non-allelic interaction.

Seeds per siliqua

Jones analysis (Table 5) shows the variation due to additive (a) and dominance
(b) genetic components were significant for seeds per siliqua. Griffing’s combining
ability analysis suggested the same result (Table 2). The dominance component such
as mean dominance (b;), dominance due to array (bz) and residual dominance effect
(bs) 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 system 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 (bz) and residual dominance effect (bs) were significant for the character,

The Vr-Wr analysis yielded b value of 0.638+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-allelic 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 (P<
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0.01) for this trait. Results of Grilling's combining ability analysis also suggeested the
same (Table 2),

The regression of Wr on Vr, gave the slope b = 05620182 (Fig: j). which
was not significantly different for one. Tt likes that the non-additive interaction was
not invalved and the genetic system governing the character was of simple additive-
dominance model,

Harvest index

Jomes analysis showed the variance due to additive (a) and dominance ()
genetic components were significant (Table 5). The fraction of dominance component
such as, mean dominance (b)), dominance due to array (b2) and residual dominance
effect (bs) were signilicant for the character. The result was similar to the Grifling’s
combining ability analysis (Table 2)

From the regression of Wr on Vr, which yielded b value of 0.169=0.147 (Fig:
K). which was close to unity. The results, therefore suggested an additive-dominance

situation without any complication of non-allelic interaction,

Oil content

The variation due to additive (a} and dominance (b) item were significant
(Table 5) that is both the component was important for the expression of this
character. Dominance component such as mean dominance (by), dominance due 1o
array (bz) and residual dominance ettect (bi) were significant at different levels (P=<
0.05-0.01).

The regression of Wr on Vr gave the slope b = 0.087+0.056 (IFig: 1), which
was nol significantly different from unity. These results there fore clearly suggested
that simple additive dominance genetic model was adequate without any uumnliuul_iq_n‘

of non-allelic interaction.
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4.5  Geneliec component analysis
4.5.1 Genetic components

The components of variation along with the derived genetic ratios lor difTerent
traits (Table 6) showed that the D and H component which measure additive and
dominance variation respectively were significant for all the traits. This indicated the
importance of both additive and dominance components for the inherilance of all the
traits in Brassica juncea L. However, the magnitude of dominance was higher than
the additive component for all the traits except days to maturity, plant height and
| 000-seed weight which indicated that dominance component had a predominant role
in the inheritance of these traits. These results agreed with Chowdhury et ai. (2004b)
for days to flower and days to maturity in Brassica rapa L., Trivedi and Mukharjee
(19806) and Yadav and Yadava (1996) found same result for Indian mustard and

vellow sarson respectively.

The H; representing dominance deviation due to relative frequency of posilive
and negative genes was significant for all the characters. These results agree with
Chowdhury ¢r al. (2004) fTor Brassica rapa L., Trivedi and Mukharjee (1986) lor
HArassica funcea L., Yadav and Yadava (1996) for Brassica campestris ..

The net dominance effect. obtained by the estimate b’ expressed as the
algebraic sum over all loci in heterozygous condition in all crosses, was significant for
all the character studied. This revealed that substantial contribution of dominance
effects was due to heterogeneity of loci in all characters, In an carlier study
Chowdhury er al. (2004b) obtained significant for days to maturity, plant height,
siliquae per plant and sced yield per plant in Brassica rapa L., Trivedi and Mukharjee

(1986) observed significant for days to maturity, 1000-seed weight and seed vield per
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plant in Brassica juncea L. The positive and negative estimation of h™ indicated mean
direction of dominance and respective genes towards positive and negative sides,
respectively. The results showed that eight characters viz. days to flower. days o
maturity, plant height. primary branches per plant, secondary branches per plant,
length of siliqua. siliquac per plant and seed vield per plam possessed positive eltects,
indicating the mean dircction of dominance as well as Important of excess of
dominant genes in the expression of these traits. On the other hand 1000-seed weight.
seeds per siliqua, harvest index and oil content exhibited the values in negative
direction, showing the excess of recessive gene for these traits. These findings agreed
with Yadav and Yadava (1996) in Brassica campesiris L.

The proportion of positive and negative effects as indicated by F value was
significant for all the characters. Positive F value for days to maturity, primary
branches per plant, length of siliqua, siliquae per plant, seeds per siliqua. seed vield
and oil content, suggesting great frequency of dominant alleles governing these
characters, Negative F value for dayvs to flower, plant height, secondary branches per
plant, 1000-sced weight and harvest index exhibited a preponderance ol recessive
alleles (Table 6). These findings agreed with Chowdhury ef af. (2004b) lor days to
maturity and plant height in Brassica rapa L., Trivedi and Mukharjee (1986) found
negative I value for seed yield per plant, seeds per siliqua and siliquae per plant in
Brassica juncea L., Yadav and Yadava (1996) observed negative F ovalue for
seccondary branches per plant and siliquae per plant in Brassica campestris 1.

The environmental component E, exhibited significant values for all the traits

indicating influence of environmental factors in the expression of those traits.

Chowdhury er al. (2004b) obtained significant value for plant height, primary branches
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Table 6: Estimates of genetic components of variation and thejr ratios for 12 characters in Indian mustard, Brassica funcea L.

Characters
Source of - ; : : | . — —
variation Days to Days to | Fl?“l Frjmary Secundar_y Lt.n.gth at Siliquae per | 1000-sced | Seeds per Seod yleld Harvest| Oil
fower maturity height | branches | branches siligua lant e siligua | PET plant fndex: | oantent
(50%) | {em) | perplant | perplant | (cm) P 5 4 (z) ]
4 TEBT™*  24.01%*  423.42%* (290%%  0a46%" 0.051**  ja2.52%¢ 0354*=  19g++ 1.30+* 1.69%*  (.116%
0009 40,000 171 L0002 0006 20,0002 +£7.16 (.0002 =012 0000 0015 £0.0003
H 15,1375 15.66%**  280.98%% (.894**  23,12%+ (.509*%  I7887.67%*  (1345%*  17.50*=  27.03%% 22444 [ 470%e
| +£0.022 0023 +0,393 L0005 =0.014 +0.0004 +16.47 20,0005 0,027 £0.013 +[.036 £0.0007
i D.74%%  1043%= 241685 (LEJO*H 21.79%# D.450%+ 13308374 0267+ 15,77%% 25,8744 1T.18%*  (.347%¢
2 0,019 £0018 20342 =.0004 +0.0112 20,0003 +14.33 =01,0004 0,024 £0.071 .03 00006
3 B4z TN 4074 3 |5e+ (B F LR Jidd8s= -0,035%% 16704 20.0g4r= <T24E L1 A7R*E
i =013 0.2 +0.229  =0003 L1008 =0.0002 4.6 0003 20016 =0L00D8 HLOZT 20,0004
F -LLBI*E 1368%F  24n310r 01544 -(h10gs- g5*= B8, 12w+ =0.2]13%* 1 35%* 204 ~(LBSGER 12k
=022 20023 0404 EVRTNSY 014 £0L0004 +[6.03 =00, 0003 (028 =004 (1037 =0.0007
" LOOG** 03024  24.35%*  (020%%  0.26]+ DOI6**  31932%%  0.010°%  (224% (3304 0.90] ié];a;”
003 20003 20036 2000008 +0.007 00006 +£2.38 000007 40,004 0,002 =0.003 g
(H,/Dy° 1.132 0.ED7 0814 1.75 T.19 EN 11.38 0986 298 4,19 3.64 2.04
Ha/4H, 16l 0166 0.215 (.237 0.233 el B 0214 0193 0224 0,231 0191 LI83
(A4DH) + F i
e [LATK] LO73 0.480 .36 0.939 .72 1.78 (.533 1.23 [.38 [.569 234
(4DH)'* - F
Heritability(b) 0.90 0.96 0.9 0.49 0.95 0.87 0.93 0.96 0,95 0.93 (.89 (.63
H* {ns) 0.282 0,762 0,503 0.253 0.018 0,063 0,007 0472 0,103 0.033 (051 0,191

* Significant at P = (L.05:

== Significant at P = 0.01



per plant, seeds per siliqua. seed yield per plant and oil content in Turnip rape. Jindal
and Labana (1983) found significant value for il content in Indian mustard However,
the magnitude of E for cach character was much lower than the respective value of D
and Hy except siliguae per plant. This indicated that the characters were inuenced
less by the environment. These findings agreed with the carlier lindings of Trivedi
and Mukharjee (1986) for seed yield per plant, 1000-seed weight, leneth of siliqua
and siliquae per plant in Brassica juncea L.

The average degree of dominance as indicated by the proportion (11,/D)"7 was
more than unity, suggesting that over dominance was operating in the expression for
most of the components of oil yield. Trivedi (1980), Trivedi and Mukharjee (1986)
also found over-dominance in graphic analysis of oil vield attributes in Indian
mustard. These findings also agreed with Chowdhury er al, (2004b) for twrnip rape.
Yadav and Yadava (1996) for toria,

The ratio of Hz/4H, provides an estimate of the average {requency ol positive
and negative alleles in all the parenis. A value of this rativ smaller than 0.23 lor all the
characters studied supgested asymmetrical distribution of only the negative alleles,
Most of the characters studied indicating uncqual distribution of positive and negative
alleles. However, the value of primary branches per plant (0.237). secondary branches
per plant (0.235) and seed vield per plant (0.231) was closer to (0.25 suggesting equal
distribution of positive and negative alleles (Table 6). These findings agreed with
Chowdhury ef af. (2004b) for Brassica rapa L., Trivedi and Mukharjee (1986) lound

symmetrical distribution for length of siligua and siliquae per plant.

The ratio of [(4DH;)"* + F/(4DH,)"” - F] estimates the relative proportion of
dominant and recessive alleles in the parents. In the present study the ratio for all the

characters except days to flower, plant height, secondary branches per plant, 1000-
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seed werght and harvest index were greater than unity suggesting excess ol dominan
alleles and minority of recessive alleles e, asvmmetrical distribution for dominant
and recessive alleles in the parents lor seven characters, These (ndings also agreed
with Chowdhury er al. (2004b) for days to flower, plant height and 1000-seed weight
in turnip rape.

The estimated number of effective lfactors {hjfllHjj was less than unity for all
yielding auributes except lor primary branches per plant and il content. The
proportion of genes or group of genes showing dominance was thus very less. which
could be owing to the predominant concealing effects of positive and negative effects
of genes or 1o non-isodirectional distribution of polvgene (Cooke and Mather, 1962).
These findings also agreed with Chowdhury ef al. (2004b) for plant height and
siliquae per plant in Brassica rapa L., Trivedi and Mukharjee (1986) for days o
maturity in Brassica funcea L.

Heritability in narrow sense was higher for days to maturity, plant height and
1000-seed weight, indicating these characters was highly heritable. For the remaining
traits il ranged rom low to moderate and very low for seed vield. The resulls agree
with Chowdhury ¢f @l (2004) in turnip rape, Yadav and Yadava (1996) in loria

Trivedi and Mukharjee (1986) in Indian mustard.
452 Vr-Wr graph

Ve-Wr graphs, the two dimensional depiction made based on the parental
variance (Vr) and parenl offspring co-variance (Wr) are presented in the Fig. a to Fig.
l. The ANOVA duc lo diallel progenies indicated significant differences among
themselves (Table 2). Hayman's graphic approach 1o diallel analysis is based on

manogenic additive model. The regression coefficient differ signilicantly from zero



and approaching to unity for all the traits studied except primary and secondary
branches per plant suggesting that there was no epistasis [or most ol the traits
indicated the validity of such tvpe of analysis. Vr-Wr graphs for the ten characters are

described below:

Days to (50%) flowering

The regression line intersected above the point ol origin suggesting partial
dominance gene action for controlling the trait (Fig: a). The distribution of array
points indicated two parents DH-11 (P3) and DH-18 (1) contained most dominant
alleles as they lell claser 1o the point of origin. Whereas rest of the parents lallen [ur
from the origin indicated that they possess maximum frequency of recessive alleles,
Chowdhury er al. (2004b) observed partial dominance for the character in Brasvica

rapt L.

Days to maturity

The regression line intersected above the point of origin suggesting partial
dominance gene action for contralling the trait (Fig: b). The parents BARIsar-10 (Ps).
DH-18 (1) and Daulat (Pa) contained maximum dominant alleles as they fell closer to
the point of origin. The parents Jun-336 () and BARIsar-11 (Py) fallen at the middle
The parent BI-17 (Ps) and BJ-11 (Ps) Fell far from the origin and thus it contained
maximum frequency of recessive alleles. Chowdhury er al. (2004b) observed partial
dominance in Brassica rapa L., Trivedi and Mukharjee (1986) found over dominance

in Brassica juncea L.



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-10 (P;), DH-11 (P:) and BARIsar-11 (Pg)
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
Irequency of recessive alleles. Chowdhury ef al. (2004b) obtained nearly complete

dominance in Brassica rapa L.

Primary 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. d). The
parent BJ-17 (Ps) fell closer to the origin means they contained maximum frequencies
of dominant alleles. The parent BARIsar-10 (P;) fallen far from the origin and thus it
contained maximum frequency of recessive alleles. Chowdhury er al. (2004b)
observed nearly complete dominance for the character in Brassica rapa L., and Yadav

and Yadava (1996) found over dominance in Brassica campesiris 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 DH-11 (P;) and Jun-536 (P;) fell closer to the point of origin suggesting they
contained maximum number of dominant alleles, The parents BJ-17 (Ps), BARIsar-10
(P2), BARIsar-11 (Pg) and DH-18 (Py) fallen at the middle portion, means they
contained equal frequencies of dominant and recessive alleles. The parent Daulat

(P4) 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 Brassica juncea L.
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Fig b: Vr-Wr graph for days to maturity in Brassica juncea L.
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Fig c: Vr-Wr graph for plant height in Brassica juncea L.
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recessive alleles in that parent. Chowdhury ef al. (2004b) obtained partial dominance
in Brassica rapa L., Yadav and Yadava (1996) observed over dominance in Brossica
campesiriy 1.
Siliquae per plant

The regression line intersected the Wr axis below the point ol origin indicating
the existence of over dominance gene action for controlling the trait (Fig: 1), The
parents BARIsar-11 (Pg) and DH-11 (P3) contained maximum number of dominant
alleles as they fell closer to the point of origin, The parents BI-11 (Py), DI-18 (P))
and BJ-17 (Ps) fallen at the middle portion, means they contained equal frequencies of
dominant and recessive alleles. The parents Daulat (Py) and BARIsar-10 (Pa) fell far
from the origin indicating the presence of maximum [requency of recessive alleles in
that parent. Chowdhury er af (2004b) and Trivedi and Mukharjee (1986) ohserved

over dominance in Brassica rapa L. and Brassica juncea |, respectively.

Length of siliqua

The regression line intersected the Wr oaxis below the poinl ol origin
suggesting over dominance gene action for controlling the trait (Fig: g). The parents
DH-18 (Py) and DH-11 (P3) contained maximum dominant alleles as they lell closer
to the point of origin, The parent BARIsar-10 (P;) and Daulat (P3) fallen at the nearly
middle portion means they contained nearly equal Trequencies ol dominanl and
recessive alleles. The parent BARIsar-11 (Py) Tell Far Trom the orizin and thus it
contained maximum frequency of recessive alleles. 'Trivedi and Mukharjee (1986)

found over dominance in Brassica juncea L.
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Fig d: Vr-Wr graph for primary branches per plant in Brassica juncea L.
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Fig e: ¥r-Wr graph for secondary branches per plant in Brassica juncea L.
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Fig f: Vr-Wr graph for siliquae per plant in Brassica juncea L.




Seeds per siliqua

The regression line intersected the Wr axis below the point o origin
sugeesting over dominance gene action for controlling the trait (Fig: h). The parents
DH-11 (P3) and DH-18 (P)) contained maximum dominant alleles as they fell closer
to the point of origin. The parents BJ-17 () lallen lar from the origin indicating the
presence of maximum frequency of recessive alleles in those parents. Chowdhury ef
al, (2004h) observed over dominance in Brassica rapa L., Trivedi and Mukharjee

(1986) found over dominance in Brassica juncea L.

1000-seed weight

The regression line intersecled the Wr axis above the point of origin
suggesting partial dominance gene action for controlling the trait (Fig: i). The
distribution of array points indicated two parents Daulat (Pi) and BJ-11(Ps) contained
most dominant alleles as they fell closer to the point of origin. The parents DIH-11 (P5)
and Jun-336 (P5) follen at the middle peortion suggesting they contained equal
frequencies of dominant and recessive alleles. The parent DH-18 (P)) fell far from the
origin indicated that they possess maximum  requency ol  recessive  alleles.
Chowdhury e af. (2004h) found partial dominance in Brasvica rapa L., Trivedi and

Mukharjee (1986) observed over dominance in Brassica juncea L.

Seed vield per plant
The regression line intersected the Wr axis below the point of origin

suggesting over dominance gene action for controlling the trait (Fig: j). The parent

DH-18 (P)) fell closer to the poinl of origin indicating that it contained maximum -
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fallen at the middle portion means they contained equal Frequencies ol dominant and
recessive alleles. The parents Jun-336 (Py) and BARIsar-10 (Ps) [ell far from the
origin indicaled that they possess masimum  Trequency  of recessive  alleles.
Chowdhury e of. (2004b) obtained over dominance in Brassica rapa L., Trivedi and

Mukharjee (1986) observed over dominance in Brassica juncea L. respectively.
Harvest index

The regression line intersected the Wr oaxis above the point of origin
siggesting partial dominance gene action for contrelling the trait (Fig: k). The parent
BARIsar-10 (P2) fell closer to the point of origin indicating that it contained
maximum dominant alleles. The parent BJ-17 (Ps) fallen at the middle portion means
they contained equal frequencies of dominant and recessive alleles. The parent DH-18
(Py) fell far [rom the origin indicated that they possess maximum frequency of

recessive alleles.
(il content

The regression ling intersected the Wr oaxis above the point ol origin
stggesting partial dominance gene action for controlling the trait (Fig: 1). The parent
DH-18 (P) and BJ-17 (Ps) contained maximum dominant alleles as it {ell nearer to
the point of erigin. The parent DH-11 (P;) fallen farthest from the origin indicating it
possesses maximum frequency of recessive alleles. Chowdhury er ol (2004b) [ound
over dominance in Brassica rapa L. Trivedi and Mukharjee (1986) and Jindal and
Labana (1985) observed partial dominance in Indian mustard.

Regression line intersected the Wr-axis below the origin for all the characters
except days to flower, days to maturity, plant height, 1000-seed weight and oil content
indicating the presence of over dominance. Such serious inflation of dominance has

been postulated by Hayman (1954) and Jinks (1955). A further support to the existence
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ol pseudo-over dominance was visualized in the estimates of D and H components
and relative magnitude of gea and sca in variance component analysis for these traits,
This was supporled by the earlier findings reported by Chowdhury e af. (2004b) in
turnip rape, Trivedi and Mukharjee (1986} in Indian mustard. The over dominance
might not be an index of real over-dominance at gene level, since particular
combination of positive and negative genes or a complementary type ol genc
interaction of simply correlated gene distribution could have caused serious inflation
in particular combinations of unidirectional dominance which might have resulted in
over-estimation of partial dominance (Comstock and Robinson, 1952: Hayman, 1934;
Grafius, 1939). The presence of over dominance in the various components ol oil
vield and seed vield in the present study has also been substantiated by the lindings of
Singh er al (1970, 1971) in B. campestris L., Rawat (1975) in 8. juncea L., and
Trivedi and Mukharjee (1985) in 8. juncea L., Chowdhury et al. (2004b) in 8. rapa L.

As non-fixable variation was high for all the attributes excepl days to maturity
plant height and 1000-seed weight, considerable improvements ol these trails might
be possible by transferring complementary gene into non-epistatic high-dominance
crosses or by eliminating duplicate genes from some of high-dominance crosses. A
study of epistatic components would be helpful in formulating an etficient breeding
Programimne,

The results obtained from both Griffing and Hayman's analysis indicated the
importance of both additive and dominance genetic variances, the later being more

important to utifise simultaneously both additive and dominant genetic varignces,
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SUMMARY AND CONCLUSION

8 x 8 half-diallel cross analysis (excluding reciprocals) in Indian mustard
(Brassica juncea L.) was carried out during November, 2005 to March, 2006 with the
aim of obtaining various genetic information on seed yield and important gquantitative
traits and also of identifying the best parents and specific crosses of mustard.

The parental genotypes used in the study are DH-18, BARIsar-10, DH-11,
Daulat, BJ-17, Bl-11, Jun-536 and BARIsar-11 which were chosen for their genetic
differences and diverse origin. The characiers studied are days to 50% flowering, days
lo maturity, plant height, primary branches per plant, secondary branches per plant,
length of siliqua, siliquae per plant, seeds per siliqua, 1000-seed weight, seed yield
per plant, harvest index and oil content.

Analysis of combining ability following Griffing’s approach showed
significant gea and sca 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
conirolling these characters. The higher magnitude of gca variance was observed than
that of sca 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-10 (P2} was the best general
combiner for earliness and dwarfness. Daulat (Ps) was also good general combiner for
early maturity and dwarf ness. BARIsar-11 (Pg) showed desirable gea for plant height,
siliquae per plant and 1000-seed weight. Jun-536 (P7) showed desirable gea for days

to flower, plant height and seeds per siliqua. BJ-11 (Ps) showed desirable gea for days
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o maturity, secondary branches per plant and oil content. Both the parent DIL-18 (1))
and DH-11 (P3) showed desirable gea for 1000-seed weight and seed yield per plant.

The sca estimates af various characters revealed that cross DARIsar-10) x
BARIsar-11 (€3 = -2.12) was the best specific cross for days to flowering followed
by BARIsar-10 x BJ-17 (Cjy =-1.85). The best specific crosses were DH-11 x
BARIsar-1 1 (T = -1.82) and BARIsar-10 x BI-1 1 {C}, = -0.889) for days 1o maturily
and which was also reflected the mean performance (Appendix-1). BARIsar-10 x Bl-
11 (C = -7.08) for dwarl plant type. BARIsar-10 x DH-11 (Ty = 0.792) for primary
branches per plant, Daulal x BARIsar-11 (Cax = 3.533) for secondary branches per
plant and seeds per siliqua (Ca; = 2.87), BJ-17 x BARIsar-11 (Cas = 0.6533) for length
ol siliqua, BARIsar-10 x Daulat (Cy = 107.37) for siliquae per plant, DH-18 x DH-| |
(C2 = 0.534) for 1000-seed weight and harvest index (C; = 5.36), DH-18 x Jun-336
(Ce = 4.02) for seed yield per plant and DH-1] x Jun-336 (C; = 0.327) for oil
content.

Mean square [or additive and dominance components in Havman ANOVA
following Jones modification suggested that both a‘ddirive and dominance components
played role in the expression of studied characters. The additive components were
generally more important in most of the characters except primary branches per plant
secondary branches per plant, siliquae per plant and seed yield per plant. Dominance
was predominant in these four characters.

The components of variation revealed that both additive and dominance
genetic components were important for all the studied characters. The components of
variation due to dominance effect of the genes (1) was greater than (H2) component

for almost all the characters, indicating the presence of unequal proportion of positive

and negative allcles in the loci governing the characters, The dominant alleles were
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predominant for all characters except days o malurity, plant height and [000-seed
weight.

An asymmetrical distribution of positive and negative alleles was found lor all
the characters studied. Dominant and recessive genes were unequally distributed in
the parental genotypes for all the characters studied. High narrow senses heritability
was observed for days to maturity, plant height and 1000-seed weight,

Result showed that simple additive-dominance genctic model o be adequate
without presence of non-allelic interaction. Over daminance was observed lor primary
branches per plant, secondary branches per plant, length of siliqua, siliquae per plant,
sceds per siliqua, seed vield per plant and harvest index. Partial dominance was
noticed for days to flower, days to maturity, plant height, 1000-seed weight and oil
content.

The parental genotype DH-18 (P)) contained more dominant gene for seed
vield per plant. oil content and length of siliqua. BARIsar-10 (P2) contained maore
dominant gene [or days to maturity, plant height and harvest index.

In the present study both additive and non-additive gene actions were [ound
important in the expression of the characters. For exploitation ol non-additive gene
action in order 1o recover transgressive segregants by breaking undesirable linkage,
releasing concealed variability and changing linkage equilibrium, it is necessary 10
follow modified breeding methods, wviz., bi-parental cross or triple test cross or
recurrent selection. The crosses such as DH-18 x Jun-336 (Ca), BARsar- 10 x Daulat
(Co), BARIsar-10 x BJ-17 (Cyy), BARIsar-10 x BJ-11 (Cy)) and DH-11 x BARIsar-11
(Cy4) which exhibited high sca effects for seed yield and different yield components
such as secondary branches per plant. siliquae per plant and [000-seed weight might

throw desirable or ransgressive recombination in the subsequent generations.



Both additive and dominant genetic components were important Tor seed yield
and yield components in Indian mustard (Brassica juncea 1), But, the magnitude ol
dominant component was higher than the additive components for all the traits except
days to maturity, plant height and 1000-seed weight which indicated that dominance
component had a predominant role in the inheritance of these traits. Non-additive type
of gene action was found to be predominant for secondary branches per plant, siliquae
per plant, seeds per siliqua, seed yield per plant and harvest index,

The ¥Ve-Wr graph indicale over dominance for primary branches per plant,
secondary branches per plant, length of siliqua. sifiquae per plant, seeds per siligua,
seed yield per plant and harvest index. Partial dominance was observed for days to
flowering, days to maturity, plant height, 1000-seed weight and oil content. The
graphical analysis also indicates wide genetic diversity among the parents.

The parent BARIsar-10 was found geod combiner for earliness based on the
gea elTects and per se performance. The good general combiners could be effectively
used in future hybridization programme for developing high vielding and short

duration varieties of Indian mustard (Brassica jfunecea L.).
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Appendix I: Mean performance of 28 cross combinations of Indian mustard along with their parents
during rabi Z003-2006

| Crosses & parents DF /DM PH [ PBR [SBR [SP [LS [ S8 | sW [ Y/ |1l | OiL
; : {cm) | {emd i) | Joeentend
C-l | DH-18 x BARIsar-10_[ 43 |01 | (38 150 | g [Sek | 3 3z [ 0] 2 | a9
C-2 x DH-11 9 [ w7 | 18 5, .02 | 260 | 585 | 1) [ae2 [ 116 ] 35 | s13
| €3 x Daulat 4 || 149 57 [ 1235 | 373 [523 [ o7 (240 99 [ 0 | 413
C-4 x BJ-17 4% | 107 | a8 6 | 1351 [ 333 |557 | o8| 355 [ s 38 | w14
C-3 x BI-11 A9 w7 | 180 63 | 1323 | 268 | 502 j 1ot (275 | 126 ] 23 | a3
| C-6 xJun-336 43 IS 162 .1 [2.5 368 |55 L1l |35 |2 | 1 414
C-7 xBARIsar-11 [ 48 [ w7 [ 187 46 | 993 284 1534 ) 1l [am [ g ] 31 | 414
c-8 BARIsar-10x D-171 | 42 g 144 S8 15106 | 352 | 507 ) 99 |35 ] 25 | m 4T
.l x Daulat 15 i 111 55 | 1682 | 425 | S08| 142 (28 [ 7] 32 | 4oy
C-10 x BJ-17 37 ] 96 | 129 6.0 | 153 396 1492 [ 136 | 237 [ 137 31 | 409
C-11 xBI-11 [3 03 122 49 [ 13.06 | 409 | 550 | pso [ a3 [ w2 | 31 [ 403
C-12 xJun536 |39 | o6 | 133 | 57 | 1427 | 3ps [ 495 | 19 | 283 | 121 | 30 | 41 £
C-13 x BARIsar-11 | 36 | 98 | 114 46 [ 1203 | 255 [ 467 | 72 | 288 |10 | 30 | 410
C-14 [ DH-11 % Daulat CEETEETN 52 [ 1042 | 231 [ 596 | 119 | 325 ] 78 | 25 | a0
C-135 X BT 45 94 167 55 [ 125 26 (83 w333 ] 97 | 27 | 413
| C-16 % [31-11 43 R i 57 11507 | 319 |54 [ o8 | 308 18] 26 | 415
-7 x Jun-336 4 199 | is4 | s [T30F [ 331 [ 58 | 418|366 129 ] 27 | 420
C-18 x BARIsar-11 | 4 99 | 148 49 | B3I [ g [SA | 18 [ 409 | 1 | 37 | 414
| €-19_| Daulat x BI-17 42 |98 | 143 | se [ 1484 | 336 [ 562 | (30 [243 [ 94 | 25 | 413
C-20 x BJ-11 A1 [ 98 | ts8 | 56 |47 | 339 (607 [ 160|237 ] 123 | 26 | 415
C-21 x Jun-336 3 97 | 1 S0 143 |60 [S9R] ja | 262 | 10 | 26 | 406
C-22 x BARIsar-11 18 a8 140 54 15,51 273 | 548 [ a6 2| 12 2 415
C-23 [ BJ-17 x BJ-11 11 » 156 54 | 1667 | am0 |49 | ¢ | 267 | 87 | 24 | 414
C-24 x Jun-336 42 97 151 | 84 128 200 | 563 ] 14 | 25 [ 03] 25 | 418
C-25 xBARIsar-11 |45 | o7 | 452 | 53 | 0L09 [ 296 | GO7 | 143 | 236 | 98 | 26 | 413
C-26 | BJ-11 xJun-536 41 oo | 147 56 | 1392 | 363 570 | 150 | 26 Jny | 3 | 41
C-27 xBARIsar-11 | 43 | 99 | (48 56 | 127 [ 515 [S4 | 87 [333 | 6 | 38 | 413
<28 | Jun-536x BARIsar-11 |4V | 08 | 123 [ 54 [T35 [ 316 |52 | 124 [338 [ 119] 30 | a3 |
T | DIEIB (P 47 76 | 167 | s2 | TO8 | 207 | 537 [ 112 | avs 833 | a0 | 410
p-2 BaARIsar-10(P.) b i 100 4.4 .05 175 [ 327 [ 138 | 303 | 43 1 1%
P3| DH-11 () 44 4 | 152 45 [929 20 | 530 ] rx [3ee ] 24 | 28 | 454
| P4 Daulat (1) in 92 [13 4.1 Th 178 | 536 | W3 | 207 | 49 32 415
P35 | BI17 (1) 3 | e | 14 53 | 906 165 | 569 | 139 | 27 | 54 | 28 | a7
| P-6 | BJ-11 (Pe) bl 95 143 5.0 | Bo6 294 | 577 | 146 | 253 | 60 | 30 | 42
P-7 [ Jun-536 (P5) 3® 1o | 1 45 |76 (60 498 | 105 (305 ] 40 [ 3 [ aie
P-% BARIsar-11 (Py) Al 09 127 10 7,83 129 | 318 | 106 | 332 | 58 | 38 410
Mean 81 99 | 145k | 53 (1238 | 203 [ 541 [ 123 [ 302 107 | 285 413 |
Max g |y | 1se 6.5 [ 1692 | 425 | 607 | jet | 462 | 152 | 35 | 42
Min 36 | w | 2 319|708 | iR 467 23 | 217 43 | 23 | 405

Note: DF = Days to 50% flowering, DM = Days 1o maturity, PH = Plant Reight (em) PBR = Primiry branches per plant,
SBR = Sceondary branches per plant, S/P = Siliquac per plant, LS = Length of siliguae {em), S55 - Seeds per siliguae,
SW = 1000-seed weight, Y/P © Yield per plant (g), HI = Harvest index, O1L % = Oil content
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Appendix 11: Mean monthly weather data during the crop prowing periods, BARI,
Joydebpur, Gazipur, Bangladesh
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. Characters
Month Temperature Rain (mm)
Min | Max RL{e)
November 1-15 19.4 in.0 90 Nil
November 16-30 16.8 28.1 89 Wil
December 1-15 13.9 274 83 Nil
December 16-31 14.3 26.8 86 Nil
January 1-135 11.7 24.2 84 Nil
January 16-31 12.5 26.6 83 Nil
February 1-14 15.6 293 79 Nil
February 15-28 209 344 B6 Nil
Source: Agronomy division, BARL
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