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| % Percentage
| PH Plant height
NPB/P Number of primary branches per plant
NSB/P Number of secondary branches per plant
S/S Number of sced per siliqua
SiP Number of siliqua per plant
LS Length of siliqua N
[ DITF Days to first flowering
D 50% F Days to 50% Mowering B
DM Dhays to maturity
TSW Thousand (1000) seed weight
POC Percent (%) oil content
Y/P Seed yield/plant
DMRT Duncan’s Multiple Range Tesl
LsSD Least significant different test
e.g. Exempli gratia (by way ol example)
el al, et alu=other people
eI, el cetera (means and the rest)
FAO Food and Agriculture Organization
| Fig. Figure
cm Centimetre
i.e. ed est (means That is)
BARI Bangladesh Agricultural Research Institule
SAU Sher-e-Bangla Agricultural University
J. Journal
No. Number
NS Mot signilicant
var. Variety
via By way of B
viz. Namely
S.V Source of variation
| D.F Degrees of freedom
oy Genotypic variance
o’ Phenotypic variance
o Environmental variance
IE{IV Genotypic coefficient of variation
PCY Phenotypic coefficient of variation
ECV{(%) Environmental coefficient of variaton
W, Haritability in broad sense
G.A. Genelic advance
g Genotypic correlation co-cfficient
p Phenotypic correlation co-eflicient




SYMBOL AND ABBREVIATIONS (CONTD.)

Residual effect
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HETEROSIS, INTERGENOTYPIC VARIABILITY, CORRELATION
AND PATIHL ANALYSIS OF QUANTITATIVE CHARACTERS OF
OLEIFEROUS Brassica campestris L.

BY
MD. ASHADUZZAMAN SIDDIKEE

ABSTRACT

An experiment on oleiferous Brassica campestris L. was conducted to evaluate the
heterosis, intergenotypic variability, character associations and direct and indirect effect of
different characters on seed yield, Desirable heterosis was shawn by different hybrids in
different characters. On the basis of desirable heterotic values the hy brids were scored for
ndividual characters, On Lhe basis of average score and rank position the hybrid 55 75 %
Tori 7 was superior for number of primary branches per plant, number of siliquae per plant
and seed vield per plant; BARIsar-6 x BARIsar-9/SS 75 x BARIsar-9 for seeds per siliqua:
SALl YC x Tori 7 for number of secondary branches per plant: BARIsar-6 x BARIsar-Y
for length of siliqua, $S 75 x Tori 7/BARIsar-6 x BARIsar-9 for thousand sced weight
and BARIsar-9 x SAU YC were superior for percent (%) oil content. The hybrid Tori 7 x
§S 75 showed desirable nepative heterosis for the characters days to first flowering, 50%
flowering and maturity, Mean squares for all the characters were highly significant and
variations among the genotypes were wide. In general. environmental influences were
minimal on yield and its component characters indicating that they were less responsive 10
environmental factors for their phenotypic expression. The values of phenotypic
coefficient of variation and genotypic coefficient of variation indicated that there were
considerable variations for all the traits except days to maturity and length of siliqua.
Heritability. genetic advance and genetic advance in percent of mean were high for almost
a1 the characters indicating superior performance of the genotypes were due Lo genetical
reasons. The genotypic corrclation coefficients were higher than the corresponding
phenotypic correlation coeflicients, with the indication of a strong inherent association
hetween the characters studied. Yield per plant had highest significant positive correlation
with number of siliquae per plant followed by number of secondary branches per plant,
seeds per siliqua. thousand seed weight, length of siliqua. number of primary branches per
plant, plant height and days to first Nowering and nonsignificant positive correlation with
days to maturity in both genotypic and phenotypic level. Path coefficient analysis revealed
that thousand seed weight had the highest positive direct effect on seed yield per plant
followed by seeds per siliqua, number ol siliquae per plant, number ol sccondary branches

per plant and plant height.



CONTENTS

CHAPTERS| TITLE

SYMBOL AND ABBREVIATIONS 1

ACKNOWLEDGEMENTS I
ABSTRACT 1
CONTENTS % v
LIST OF TABLES y
LIST OF FIGURES V]
LIST OF APPENDICES VIl
CHAPTER 1 INTRODUCTION 01-03
CHAPTER 2 REVIEW OF LITERATURE 04-21
2.1. HETEROSIS 04-11
2.2, VARIABILITY 11-14
> 3. HERITABILITY AND GENETIC ADVANCE  14-15
2 4. CORRELATION AND PATH ANALYSIS 1521
CHAPTER 3 MATERIALS AND METHODS 2231
CHAPTER4 RESULTS AND DISCUSSION 3258
4.1. HETEROSIS 32-40
4.2. VARIABILITY 40-50
4.3, HERITABILITY AND GENETIC ADVANCE ~ 50-52
4.4, CORRELATION ANALYSIS 52-55
4.5. PATH ANALYSIS 55-60
CHAPTER 5 SUMMARY AND CONCLUSION 61-63
REFERENCES 64- 72

APPENDICES 73-T74

V1



LIST OF TABLES

TITLE OF TABLES

£ Particulars of the parents of Brassica campestris L. used in the

intraspecific crosses

2, Showing the cross combinations with reciprocal system of [ive 24
varieties/parents of Brassica campestris L,
3 (a). Percent heterosis over mid parent and betier parent for different 34
characters in intervarietal hybrids of vlciferous Brassica campesiriy
3 (b). Percent hetcrosis over mid parent and better parent for different 38
characters in intervarietal hybrids of oleiferous Brassica campestris
4. Analysis of variance of twelve different characters of six parents and 41
their 12 Fys including reciprocals in rapeseed Brassica campestris L.
B Mean performance of twelve different characters of six parents and 44
their 12 Fys including reciprocals in rapeseed Brassica campestris L
6. Genetic parameters for yield and yicld contributing characters of the 47
Brassica campestris L. parents and their hybrids
T Heritabilitv, Genetic advance and Cenelic advance in percent of 5l
means for vield and yield contributing characters of the Brassica
campestris L. parents and their hybrids
8. Correlation coefficients among different characters of the Brassica 33
campestris L, parents and their hybrids
9. Partitioning of genotypic correlation with seed yield per plant into 57

direct (Diagonal/bold) and indireet components

e

Vil



LIST OF FIGURES

FIGURE TITLE OF FIGURE

Path diagram of yield contributing traits in 5 parents 58

and 12 hybrids of Brassica campestris L.

Vil



LIST OF APPENDICES

APPENDIX TITLE OF APPENDICES

L Mean performance of 12 cross combinations of 73
oleiferous Brassica campestris L. along with their
parents during rabi 2004-2005
I1 Mean monthly weather data during the crop growing 74

periods, SAU, Dhaka, Bangladesh

X






INTRODUCTION

Rrassica is an important genus of plant kingdom consisting of over 3200 species
with highly diverse morphology. Brassicas have great economic and commercial value
and play a major role in feeding the world population, They range from nutritious
vegetables, condiments and oil producing oleiferous Brassica.

From nutritional point of view fats and oils in our diets are mostly needed [or
calories and vitamin absorbent. It produces highest amount of calories per unil in
comparison with carbohydrate and protein diets. For human health, in a balanced diet 20-
259 of calories should come from fats and oils. Although, oilseed crops play a vital role
in human diet the consumption rate of oil in our country is far below than that of balanced
diet (6 g oil per day per capita against the optimum requirement of 37g per head per day.
Rahman, 1981).

Among the olciferous Brassica, the rapeseed groups includes, turnip rape
(Brassica campestris, I =20 AA). rape (Dravsica mapiis. 7n =38 AACC), Indian mustard
(Brassica juncea, 2n = 36 AABB) and Ethiopian mustard (Brassica caringta, 2n = 34
BBCC) and Brassica nigra (2n = 16 BB), (Yamell. 1956). Though there are several
species of oleiferous Brassica, the short duration's varicties of Brassica campestris are
mainly cultivated in Bangladesh.

Among the oil seed crops rapeseed and mustard is the third highest source of
edible oil supply in the world after soybean and palm (FAO 2000, Piazza and Foglia 2001,
Walker and Booth 2001). The oil yiclding crop Brassicas hold the fourth and second
position in the world oilseeds in respect of area and production. respectively and about
16%% of the world's oilseed production is obtained from this crop (FAQ, 2003),

Bangladesh is predominantly an agricultural country. Oilseed crops have always

been an important segment in Bangladesh agriculture. About ten oilsced crops are grown



in the country. These are mustard, sesame, groundnut, linseed, coconut, niger, castor. saffe
flower, soybean and sunflower, Among these, Brassica oil crop is the most important
aroup of species that supplies major edible oils in Bangladesh (BBS. 2006). Total oil seed
crops cover 3.99 lakh hectare of land. However, rapeseed and mustard cover 2,97 lakh
hectares of land and produce about 2.18 lakh Mt of oil seeds. This crop covers aboul
74.5% area of the total edible oil crops cultivated in Bangladesh. Oil seed crop covers
about 4.04% area of the total cultivable land in Bangladesh (BBS, 2004).

Average yicld per hectare of mustard and rapeseed crop is 850-900 kg (BBS, 2004)
in Bangladesh compared to the world average of 1,575 kg, while it was 2,658 kg in
Europe, 1,739 kg in south America. 1,436 kg in North America. 1,188 kg in Asia and
1.054 kg in Africa (FAQ, 2003).

The shortage of edible oil has become a chronic problem for the nation.
Bangladesh requires 0.29 million tons of oil equivalent to 0.8 million tons of cilseeds for
nourishing her people, But, the oilseed production is about 0.254 million tons, which
covers only 40% of the domestic need (FAO, 2001). As a result. more than 60% of the
requirement of oil and oil seed has been imported every year by spending huge amount of
foreign currency involving over 2,500-3,000 core taka.

The production of rapeseed and mustard should be increased to fullill the
consumption need and at the same time to save foreign exchange. To increase the
production there can be increase in area under cultivation and of increasing per hectare
yield. The feasibility of the former one is very little, rather the area will get decreased in
course of time due to heavy population pressure and nced for cereal grains. So. the
remaining way to increase production is to increase per hectare yield and that can be
achieved through adoption of high vielding varieties.

Meanwhile, about 24 mustard and rapeseed varieties have been relcased among

these 15 from Bangladesh Agricultural Research Institute (BARI). 4 from Bangladesh
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Institute of Nuclear Agriculture (BINA), 3 from Bangladesh Agricultural University
(BAL) and | from Sher-e-Bangla Agricultural University (SAU) and 1 [rom Bangladesh
Agricultural Development Corporation (BADC) but most of them are not popular to the
farming community because ol their long duration, low 1o moderate  yield and
susceptibility to severe biotic and abiotic stresses. It is, therefore, needed to develop
improved mustard and rapeseed varieties with high vield potential, late planting, shorter
arowth duration which could be [it into cropping patiern T-Amon-Mustard-Boro.

There is plenty of scope to increase yield per unit of area through breeding superior
varieties. The production potential of rapeseed and mustard may be well exploited if the
varieties can be identified with early maturity, rapid response to high fertility, large seed
size and high oil content. The oil content of mustard in Bangladesh varies from 30 to 40
percent depending on the variety, climate and production condition (Rahman et al.. 1993).

The seed yield is contributed by many morphological characters of the plant. So.
increase of yield needs a careful asscssment of the degree of inheritance and association
between characters of plants and hybrid progenies for the selection of promising varieties.
Intra-species hybridization is a good way of improving the varicties of different natures by
combining characters followed by selecting of desired types. The most important aspecls
for hybridization are the choice of parents and selection of best lines from hybrid
progenies, Information on heritability and heterosis of hybrid progenies early generations
are very useful for the purpose of selection.

Based on the information above, the present research was undertaken to find out

the
I. Extent of heterosis for different yield contributing characters

2. Magnitude of intergenotypic variation for different yield contributing characters
Association of different characters of | 7th genotype of Brassica oil crops and their
F[S and

4. Identification of potential parent and promising cross combinations 1o develop

HYV and hybrids

lad






REVIEW OF LITERATURLE

Oleilerous Brassica campesiris L. is an important oil 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 suilable breeding methodology are the
important pre-requisites for development of high yielding genotypes. The heterosis and
variability studies are freguently utilized to understand breeding potential of parent as well
as different cross combinations which helps in formulating proper breeding methodology.
The estimation of different genetic parameters with nature and magnitude of direct and
indirect effect on yield is an important factor in developing an efficient breeding
programme. Therefore, relevant ‘formation available in the literature pertaining to the
heterosis, variability, heritability and associations of characters of rapesced and mustard
are reviewed in this section.

2.1 Heterosis

The term heterosis refers to the phenomenon il which F, population gencrated by
crossing of two dissimilar parents showed increased or decreased vigour vver the mid
parental valug or the better parental valuc. The intraspecific crosses showed same heterotic
effect and both posilive and negative heterosis were found.

Adefris and Becker (2005) conducted an experiment lo generate information on
heterosis. Nine inbred parents and their 36 Fis, were evaluated for 12 traits at three
locations in Ethiopia. Analysls of variance showed the presence of signilicant heterosis for
all the traits. Seed yield showed the highest relative mid parent heterosis thal varied from
25 10 145% with a mean of 67%. Relative high parent heterosis for seed yield varied {rom

I6 o 124% with a mean of 53%. The presence of high levels of mid and high parent

N,




heterosis indicates a considerable potential to embark on breeding of hybrid or synthetic
cultivars in Ethiopian mustard.

Shen er al, (2005) observed significant differences in seed yield per plant and seed
oil content among the Fy hybrids and between Fy progenies and their parents of Brassica
campestris. However, the heterosis for seed yield per plant was much greater than that for
sced oil content. Mid parent heterosis and high parent heterosis of seed yield per plant
ranged from 5.50 to 64.11% and from —2.81 to 46.02%. while those of seed oil content
ranged rom —1.55 to 7.44% and —3.61 (o 6.55%, respectively.

Katiyar ef al. (2004) carried out a study on heterosis for the seed yicld in ninety
intervarietal crosses of Brassica campestris. Twenty one crosses (23.3%) showed
significant positive heterosis over better parent while only four crosses (4.4%) were over
the best commereial variety (MYSL-203). The crosses, YST-131 x Pusa gold (dwarl), and
MYSL-203 x EC-333596 showed highest heterosis upto 150.33 and 43.38 percents over
best parent and commercial variety respectively. Line GYSG-I (female parent) and Pusa
aold (dwarf) were the most patential ones for giving largest proportions ol crosses with
high degree of heterosis,

Yadav et al. (2004) had undertaken an investigation to estimate heterosis for seed
yield and its components in Indian mustard. Hybrids Siifolia x NDRE-4 (-18.3%) andd
Trachystoma x NRCM-40 (-6.1%) exhibiled the highest heterosis [or days to tlower
initiation and days to maturity over better parent, respectively. The magnitude of heterosis
was highest for plant height in Trachystoma x 8K 93-1 (27.7%) over BP and (25.8%} over
SV both. For the number of primary branches per plant Trachystoma x PR 905 showed
106.5 and 100.0% heterosis over BP and SV, respectively. Trachystoma s PHR-
(125.1%) showed maximum heterosis over BP and Moricandia x NRCM-79 (9.6%) aver
SV for the number ol secondary branches per plant. Siifolia & SM-1 showed 54.1%
heterosis over BP and negative heterosis (-9.2%) over SV for seeds per siliqua. The

5



highest heterosis for thousand sced weight was observed in Moricandia x PHR-]
(48.80%), followed by Trachystoma x NRCM 69 (20.6%) over BP and SV, respectively,
Significant and positive magnitude of heterosis for oil content was observed in
Trachystoma x NDYR-8 (10.1%) over BP and Siifolia x NRCM 79 (8.5%) aver SV,
respectively. The cross, Moricandia x NRCM 86 exhibited significant and posilive
leterosis over BP (82.8%) for seed yield per plant, followed by Siifolia x NRCM 86
(76.0%) and Moricandia x NRCM 98 (52.5%).

Mahak and Lallu (2004) performed an experiment on  Indian mustard
strains/cultivars Varuna, Shekhar, Vardan, Laha 101, Pusa Bold, RH-30, Pusa Basani.
NDR-8501 and Kranti were crossed in a diallel mating design excluding reciprocals. The
parents along with 36 Fys and 36 Fas were grown data recorded for plunt height, branches
per plant, siliquae on main raceme, sced yield per plant, thousand seed weight, seed oil
content, de-fatted seed content and protein content. The crosses exhibited highly
significant heterosis for most of the characters studied.

Goswami et al, (2004) conducted an experiment and estimated hieterosis for yield
and vield components in 30 crosses of Indian mustard. Results showed that the cross
RH9404 x RH30 had the maximum heterosis for seed yield per plant (92.88 and 106.23%)
during E; and Ea, respectively. This cross also showed high heterosis for thousand seed
weight. The crosses RH9617 x RWHI and RH9621 x RWHI were selected because of
high heterosis for all the parameters tested.

Satyendra ef af. (2004) evaluated twenty-one Indian mustard hybrids and their
parents for eight quantitative traits: days to flowering, days to maturity, plant height,
number of primary branches, length of the main raceme, seed yield, thousand seed weight
and oil content percentage, in an experiment. High heterasis (15.99, 15,51 and 12.37%)
was obtained for seed vield in the crosses Basanti x NDR 8501, Basanti x Kanli and
Basanti x RH 30, respectively. These hybrids showed high heterosis over the best cultivar.

6



Among the crosses, Basanti x Kranti may be used for selecting for seed yield and quality
traits.

Mahak ef af. (2003) studied heterosis for days to flowering, plant height, number
of primary and secondary branches, length of main raceme, duys to maturity. thousandd
seed weight, harvest index, oil content, protein content, and seed yield in 10 Indian
mustard eultivars and 45 Fy and Fa hybrids. High heterosis for seed yield was observed in
Varuna % Rohini (56.74%), Vardan x Rohini (53.43%), Varuna x RK 9501 (52.86%),
Vardan x NDR 8501 (36.73%), Pusa Bold x Rohini (37.68%), and Varuna x NDA 8501
(32.54%).

Qi er al. (2003) made 66 crosses in a diallel design of 12 parental varieties of
Brassica napus 10 study heterosis of seed and its components. Twenty-one crosses showed
a significant heterosis in seed yicld per plant. The average yield heterosis over their
parents was 70.24% (30.70-218.10%). Eight crosses showed belter parent heterosis (3.37-
20.48%) in thousand seed weight, while the parents of 7 cross showed low thousand seed
weights. Forty-seven crosses gave on average 28.02% (0.93-97.87%) more siliquae per
plant in parents, while 13 crosses showed 11.67% more seeds per siliqua in parents.

Pankaj ef al. (2002) studied heterosis of parents for seed yield, oil content and
protein content in an 8 x 8 diallel cross in toria (Brassica campestris var. toria), Trait daty
were recorded on five plants of each of the 28 Fis and 28 reciprocal Fys (RF;s). 24 Fis and
21 RF;s showed significant positive heterosis for seed vicld over mid parent (MP) and 16
Fis and 21 RF,5 over the better parent (BP). 4

Kumar et al. (2002) crossed three lines and twelve testers of Indian mustard and
the resulting 36 Fy's and 13 parents were grown. Physiological data were determined fron
5 plants per entry and the range of heterosis given for all crosses. The five hybrids with the

highest heterosis for seed yield were RN-305 » RN-490, RN-505 x PCR-43, RN-393 x



RN-481. RN-393 x RN-433 and RN-505 x RN-481, and these crosses offer the best
possibilities of further exploitation for the development of high yielding varieties,

Ghosh et al. (2002) carried out a line x tester analysis involving 29 promising
female and seven male parents for 10 quantitative traits in Indian mustard. The crosses
VSRL-10 x Pusa bold, DBS-10 x Pusa bold showed high heterosis for seed yield and some
of the yield contributing traits.

Tyagi et al. (2001) evaluated forty-five hybrids of Indian mustard obtained from
crossing 10 cultivars for seed yield and yield componenis. The relative heterosis was
desirable for plant height, number of primary and secondary branches per plant, seeds per
siliqua, numbsr of siliquae on main shoots, biological and seed yields, and oil content.
Heteroheltiosis was desirable for primary and secondary branches per plant; siliquac on
main shoots, and biological and seed yields. Standard helerosis was desirable for the
number of primary and secondary branches per plant, siliqua length, seeds per siligua,
nurmber of siliguae on main shoots, biological and seed vields and oil content. The mean
level of heterosis was highest for biological yield, The highest standard heterosis
(206.14%) and heterobeltiosts (240.56%) for seed yield per plant was recorded in the cross
BIO 772 x Rohini. This cross was the best heterotic combination for all the three types of
heterosis for seed yield.

Swarnkar ef al. (2001) carried out heterosis analyses using 36 F; hybrids, 36 F-
generations and parents obtained from 9 x 9 diallel mating design for 11 quantitative traits,
viz. days to flowering, plant height (em), number of primary branches, number of
secondary branches, length of main raceme (cm), number ol siliquac on main raceme,
days to maturity, yield per plant (g}, thousand seed weight (g), oil content (%) and protein
content (%), High cconomic heterosis Tor seed yield was observed to be present in four
crosses. KR-5610 x PR-15 (58.38%), YRT-3 x PR-15 (54.33%), RIK-1467 x T-6342
(52.60%) and KR-3610 x KRV-Tall (36.70%). The hybrids showing high heterosis over
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best cultivar can be successfully grown up to 2 or 3 early generations, which may prove
beneficial for the Indian mustard growers. |

Qi et al. (2000) investigated heterosis in hybrids of 6 cultivars ol Brassica
campestris. They found that yields of the hybrids ranged from 46 to 125 kg. Significant
heterosis for yield was found in some hybrids with the highest being 96.4%, Most hybrids
showed lower levels of heterosis, with the lowest being 1.4%.

Agrawal and Badwal (1998) studicd the extent of heterosis lor yield and other
characters in 19 F, hybrids of Brassica juncea and compared to 3 commercial cultivars.
Eighteen hybrids out yielded the best control varicty RLM314, Three of them (MS x Plant
Rai 1002, MS x RH§48 and MS x RLC1047) were supetior over the best control in seed
yield by §1.19, 50.65 and 64.94%, respectively. Overall heterosis (taking all hybrids and
cheek into account) for seed yield was very high (59.69%). The agronomic superiority of
the 3 hybrids was reflected by 1.5 to 2.0 lold increase in oil yield and one week carliness
in flowering as compared to RLM514.

Yadav ef al, (1998) studied some 27 crosses of female and 3 male sarson (Brasyied
campesiris) parents for 7 yield components, OF these, 18 hybrids exhibited significant
positive heterosis. Highest heterotic response [or seed yield was observed in DBy x Pusa
kalyani and BSKI x BSI K2

Yadav et al. (1997) studied heterosis in toria ( Brassica campestris var. loria). He
used 6 lines and their [3 Fy hybrids and studied on 8 yield components. The cross White
flower x TC113 had the highest negative heterosis (being desirable) for plant height. The
crasses White flower x TS61, TH68 x TC113, White flower x Sangam and White flower x
TS61 were superior for seed yield.

Thakur and Segwal (1997) estimated heterosis in rapeseed (Brassica napuy 1.) and
showed that heterosis over better parent for the various triats were significant for seed
yield (-14.8 to 82.8%), primary branches (-26.0 to 193.6%) and siliqua per plant (21.9 10
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162.6%). The cross GSB7027 x HNSR803 gave highest posilive heterosis for seed yield
per plant.

Varshney and Rao (1997) estimated combining ability, heterosis and inbreeding
depression in yellow sarson (Brassica campersiris) for 11 quantitative characters, The
hybrids, which exhibited highest heterosis also showed higher inbreeding depression.
Heterosis over better parent was highest for siliquae per plant (162.9%), followed by
economic yield per plant (129.4%), Biological yicld per plant (118.7%), primary branches
per plant (118.7%) and secondary branches per plant (88.1%).

Singh et al. (1996) studied heterosis for yield and oil content in Brassica junce k.
Heterosis over better parent was recorded in the crosses PR1108 x BJ-679 by 77.6% and
BJ-1257 x Glossy mutant by 13.1% for seed yield and oil content, respectively. Oil
content was positively associated with thousand seed weight and seed yield indicating the
possibility of simultancous improvement for these characters.

Information on heterosis have also been recorded by Rai and Singh (1994) from
data on 6 yicld component in 8 Brassica campestris varietics and their 28 Fy hybrids. A
number of hybrids expressed heterosis for seed yield and its component. The average
heterosis over better parent for seed yield was 21.3%. The crosses showed significantly
high posilive heterosis for seed yield in all cases excepl had high negative heterosis for
yield in DTS x YSTI151.

Krzymanski et al. (1993) found significant heterosis for seed yield, oil content and
some flowering traits in 10 parental strains and their 45 hybrids. The mean hetcrosis for
seed vield over the mid parent was 24.7%. The highest heterosis for this was seen in the
cross of PN2595/91 x PN2870/91 (71.81% relative to the mid parental value).

Zheng and Fu (1991) worked with eight F hybrids ol Brassica napus L. They

evaluated 17 agronomic traits with 4 heterosis standards. OIV all traits, Investigated seed

10



yield per plant and siliquae per plant showed significant heterasis. their helerosis (over
mean value of the parents) ranges being 80.21 and 51.47 percent, respectively.

Hirve and Tiwari (1991) evaluated 28 clite Brassica juncea genolypes produced 28
Fy and Fa progenies together with the parents, for siliquae and seed yield per plant and
siliqua length. The highest heterosis for seed yield was obtained in the cross RAU x
RPU18 (161%). RLM 198 x Veruna, RAU RPs x Varuna and Tm 7 x Varuna also gave
sood seed yield heterosis and gave high heterosis for other vield contributing characters.
In general, crosses containing Varuna as one parenl gave high heterotic values.

Schuster ef al. (1978) reported heterosis of 203% for seed yield, 211% for number
of seed per siliqua and 187% for number of siliquae per plany in crosses between diverse
lines in each generation of black mustard (Brassica nigra L)) . There was lower helerosis
for thousand seed weight.

1.2 Variability

The representative varicties used in many different studies under certain
agroecological conditions of production have expressed different degrees of varation. Parts
of these were genetic and part non-genetic. It is therciore, important to review the
varabilities that have been found in different materials for some specific churacters of
interest,

Katiyar ef al. (2004) carried out a study on variability for the seed yield in ninety
intervarietal crosses of Brassica campestris. Exisience of significant variation amonyg
parenis and crosses indicated the presence of adequate genetic variance between parents
which reflected in differential performance of individual cross combinations.

Tyagi et al. (2001) evaluated forty-five hybrids of Indian mustard obtained from
crossing 10 cultivars for seed yield and yield components, Variation was highest for plant
height of parents and their hybrids. The seed yield per plant exhibited the highest

coefficient of variation (41.1%).



Masood ef al, (1999) studied seven genotypes of Brassica campesiris and standard
cultivar of Brassica napus 1o calculate genetic variability, The co-efficient of variation
was high for thousand seed weight, pod length and number of seeds per pad for both
eenotypic and phenotypic variability.

Lekh et al. {1998) conducted an experiment with 24 genotypes of Brassica juncea
and 10 genotypes each of Brassica campesiris, Brassica carianala and Srasyica napus
during the rabi scason of 1992-93 and 93-94. The highest genotypic co-efficicnt of
variation was calculated for secondary branches. High genotypic and phenotypic
coefficient of variation was recorded for days to 50% flowering. Shen ef af, (2002) tested
66 F, hybrids of Brassica campestris and significant differences were found between Fs
and their parents for yield per plant and seed oil content.

Usually higher the siliqua number higher is the seed yield. This trait has high
variation and a considerable part of which appeared to be of environmental. Yin (19389)
studied 8 cultivars of Brassica napus and observed high genetic variation in number of
siliguae per plant. Similar results of high variation for this trait has also been observed and
reporled by Kumar et al. (1996). According to Tak and Patnaik (1977) zenotypic co—
efficient of variation (GCV %) and phenotypic co-cfficient of variation (PCV %) of this
trait in yellow sarson were as high as 55.4% and 53.2% respectively. The same values in
Toria were 27.1% and 23.5%. Further variable result of GCV and PCV for this character
25.41 and 29.15%, respectively was observed by Singh e ol {1987} in Brassica
campestris. GCV was reported to be also as 18.85% by Yadava (1973) and 97.3% by
Bhardwaj and Singh (1969). These review indicated that there exists sufficient variation in
aumber of siliquae per plants and the same is variable with variable production conditions
and genetic materials as used by differcnt authors.

in general, high number of seeds per siliqua is desirable. A good number of
literatures are available on the variability of this character. Kumar et al. (1996) reported
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the presence of significant variability in the genotypes of Brassica napud. Brussica
campestris and Brassica juncea they studied., Similar significant variability in number of
seeds per siliqua in olciferous Drassica materials of diverse genetic base have also been
observed by Kudla (1993) and Kumar and Singh (1994). In case of genotypes of Brassica
campestris the value of GCV was 35.85% as observed by Bhardwaj and Singh (1969).
According to Tak and Patnaik (1977) values of GCV and PCV were found to be 13.1%
and 18.3% respectively in ycllow sarson. While the value of the same for toria were 16.3%s
and 22.6%. Low values of GCV and PCV were also observed in Brassica juncea by Singh
et al. (1987). According to them values were 6.46% and 9.3% for GCV and PCV
respectively. Labana ef al. (1987) also observed GCV and PCV of 9.82% and 13.96%
respectively in genotypes of Brassica Juncea for number of sceds per siliqua. These
indicate that the genotypes of Brassica juncea arc less variable than those of Brassica
canpesirs.

Thousand seed weight is also an important trait of Brassica oil crops, where
highest consideration is on the seed yield. This trait has bgen found to vary widely from
genotypes o genotypes and [rom environment to environment including macro and miera
environments. A good number of literatures are available on the variability of this
character. According to Chowdhury et al. (1987) in Brassica campestris, Yin (1989) in
Brassica campestris Labowitz (1989) in Brassica campesiris, Biswas (1989) in Brassicu
canipestris, Andrahennadi et al, (1991) in brown mustard, Kudla (1993) in sewede rape
and Kumar and Singh (1994) in Brassica juncea reported different degrees of sienificant
variations of thousand seed weight due to variable eenotypes. In case of Brassica
campesiris (toria ccotypes), GCV and PCV, two important parameters of breeding values
were found to be 11.8% and 18.9% respectively (Bhardwaj and Singh, 1969), The
respective values of the same were 13.1% and 16.5% in brown sarson as reported by Tak

and Patnaik (1977).



Labowitz (1989) studied Brassica campestris population for siliqua length and
observed high geneic variation in theis trait.

Yield is the most important trait for all crops in every breeding program. This is a
complex trait influenced largely by a number of component characters and factors of
production, A good number of research works have been conducted on this character.
Significant genetic variability in genotypes belonging to toria ecotype of Brassica
campestris was reported by Thakral (1982). Similar high variability in different genotypes
of Brassica campestris was reporied by Sharma (1994), Khera and Singh (1988) also
reported significant variation in yield due to genotypes of Brassica napus. A high degrec
of variation for seed yield per plant was reported by Yin (1989) in Brassica campesiris,
Kudla (1993) in Brassica napus and Kumar ef al. (1996) in Brassica juncea. According o
Bhardwaj and Singh (1969), the value of GCV was found to be 96.99% among different
strains of brown sarson (Brassica campestris). This value appeared 10 be very high for
yield as because 48.76% GCV was found by Yadava (1973) among 29 strains of Brassica
juncea. While, Singh e al. (1987) observed GCV and PCV values of 44.04% and 46.9%
in Brassica juncea. The same values were only 9.6% and 19.47% among different
senotypes of Brassica juncea Labana el al, (1987). The comparalive position of the
genotypes of these two species indicates the presence of high variability due to difference
in speciesand genotypes.

2.3 Heritability

Sheikh et al. (1999) studied with 24 diverse genotypes of toria in two different
civironments in 1996-97, They observed high heritability coupled with high genetic
advance for seed yield per plant, secondary branches per plant, siliquae per plant, 1000
seed weight and primary branches per plant.

Lekh et al. (1998) conducted an experiment with 24 genolypes of Brassica junced

and |0 genotypes each of Brassica campestris, Brassica carionata and Brassica napus
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during the rabi season of 1992-93 & 93-94. He evaluated 10 yield components under 3
sowing dates. The highest genotypic co-efficient of variation were tulcu.lared for
secondary branches. High heritability estimates were observed for all the characters under
all environments except harvest index and biological yield. Highest genetic advance and
high genotypic and phenotypic co- efficient of variation was recorded for days o 5U%
flowering.

Benna ef al. (1998) studied variability in mustard. Information was tabulated on
mean, range, genotypic and phenotypic co-efficient of variation and heritability for 6 yield
celated traits in 22 mustard (Brassica junced) genotypes grown al Nagpur during the rabi
season of 1997-1998.

Yadav e al. (1996) studied 8 x 8 diallel analysis (excluding reciprocals). They
found that both additive and dominance genelic companent were important for seed yicld
and yield components in Brassica campesiris Var. toria. They reported higher heritability
for days to maturity and thousand seed weight.

Diwakar and Singh (1993) studied heritability and genetic advance in segregating
populations of yellow seeded Indian mustard {Brassica juncea L. Czemn and Coss.). They
used data on vicld and 3 component traits in 8 cultivars and their 28 Fs hybrids. They
observed a wide range of phenotypic variation for most of the measured traits. They also
reported that narrow sense heritability and genetic advance were high for days to
flowering and plant height.

Singh (1986) studied 22 genotypes of Brassica napus, Brassica campestris and:
Brassica juncea and reported high heritability and genetic advance in seed yield per plant

and number of sceds per siliqua.
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2.4  Correlation and path co-efficient

Characters associations among different characters are important in breeding
programme. Many workers have reporied their studies on characters association among
characters of Brasyica sp. Some of these information are reviewed here.

Khulbe and Pant (1999) studied correlations from datz on 12 yield related traits in
8 Indian mustard (Brassica juncea) parents and their 28 Fy hybrids. The result indicated
that siliquae per plant, siliqua length, seeds per siligua, thousand seed weight and harvest
index were positively assoclated with seed yield. Path coefficient analysis revealed that
haryest index, siliqua per plant, siliqua length, thousand seed weight, seeds per siliqua and
days to initial flowering were the major characters influencing seed yield,

Patel er al. (1999) derived correlations from 12 yield related traits in the parents
and 60 F; progeny of a 20 line x 3 tester cross of Brassica juncea. Based on path analysis,
siliquae per plant, primary branches per plant and plant height made in greatest
contribution to seed yield.

Masood et al. (1999) studied those seven genotypes of Brassica campestris and
standard cultivar of Brassica napus lo calculate genetic variability, correlation and path
co-efficient. The co-efficient of variation was high for thousand seed weight, siliqua
length and number of seeds per siliqua for both genotypic and phenctypie variability. The
genotypic and phenotypic correlation coefficients showed that seed vield per plant were
significantly positively correlated with plant height, number of siliquac per plant and
number of seeds per siliqua. Path analysis of yield with the traits indicated that number of ~
seeds per siliqua exerted the highest effect on seed yield.

Sheikh et al. (1999) assessed the direct and imdirect influence of seven quantitative
and developmental traits on seed yield in 24 diverse penotypes of toria under two

environments at Khudwani, pooled analysis revealed highly positive direct effects of



thousand sced weight and siliquae per plant on seed yield, These characters can be used to
maximize genetic gain for yield. |

Thakral et al. (1999) studied genotypic and phenotypic correlation co-efficient on
seed yield and yield contributing characters in 8 Indian mustard (Brassica juncea) parents
and their 28 F, hybrids grown at Hisar. The data indicated that higher seed yields could be
obtained by selecting for increased plant height.

Kumar el al. (1999) studied 12 yield related traits in 15 genotypes at Brassicd
Jjuncea, 3 of Brassica napus, 4 of Brassica campestris and onc of Brassica chinensis. For
most characters studied, genotypic correlation coefficients were higher in magnitude than
their corresponding phenotypic correlation coefficients. Seed yield was positively
correlated with plant height, siliquae on main shoot, siliquae per plant and thousand seed
weight.

Gurdial and Hardip (1998) conducted & field irial during the rabi season of 1988-8Y
And 1989-90 in a loamy sand irrigated soil with gobhi sarson (Brassica nigra) cv. GSLS 10
study the relationships among differcnt growth parameters and seed yield. Results
indicated positive correlations of number of branches per plant, number ol siliquac per
plant, siliqua length , seed yield , harvest index (HI), LAL chlorophyll content, DM, photo
synthetically active radiation (PAR) interception and seed yield were positively correlated
among themselves.  However, Plant height was negatively correlated with LAl
chlorophy!l content, dry matter, yield components and seed vield. Thus dwarl plant gave
higher yields. =

Phenotypic correlation between yield and its components were estimated by Zajac
et al. (1998). The range of yield and its component values indicated a great variability
within them. The strong positive correlation occurred between seeds per siliqua and actual

yield. Positive, though a weaker correlation was observed batween seed yield and siliquae



per plant. However, correcting actual yield, seeds per siliqua had the greatest influence
and stand density and siliquae per plant had the smallest effect on yield, |

Das et al. (1998) studied & genotypes of Indian mustard (Brassica juncea) they
reported the presence of high positive senotypic correlations by siliqua length and seeds
per siligua with seed yield per plant.

Dileep ef al. (1997) found that seed yield was correlated positively with characters
including number of siliquac per plant, seed weight per plant and thousand seed weight.

Tyagi et al. (1996) studied correlations with 6 vield components in 3 cultivars of
mustard grown during 1992-93, plant height, siliquae per plant, siliqua lenath, seed yield
per plant, seed weight and sceds per siliqua had positive and significant effects on yield.

Yadav ef al. (1996) evaluated correlations from path coefficient analysis of 6 yield
components of 23 diverse varieties of Indian mustard, He observed that number of siliquae
per plant had the highest positive direct effect on seed yield per plant.

Gill and Narang (1995) carried out a field trails with cobhi sarson (Brassica
campestris var sarson) in winter 1986-1988. The result showed that seed yield was
positively correlated with DM, number of primary and secondary branches, number of
siliquae per plant, thousand seed weight an LAI but not plant height, Dry matter showed
the highest direct contribution towards seed yield followed by secondary branches,
siliquac number and thousand seed weight.

Uddin et al. (1995) observed considerable genotypic and phenotypic coefficients
of variation for thousand seed weight, seed yicld per plant and siliquae per plant in I3
Indian mustard (Brassica juncea). Correlation analysis revealed that seed yield per plant
had high positive and significant correlations with plant height and thousand seed weight,
but high negative and significant correlations with seeds per siliqua, at both the genotypic
and phenotypic levels. Seeds per siliqua, thousand seed weight had high positive direct
effects on seed yield per plant.
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Correlation and rearession studies were made by Arthamwar et al. (1993) for
Brassica juncea. Weight of siliquae per plant showed the highest mrrclarinn- with seed
yield followed by number of siliquae per plant, number of seeds per siliqua and thousand
seed weight. Path analysis revealed that the contribution of plant characters ta yield was of
siliquae per plant, thousand seed weight, number of siliquae per plant and number of seeds
per siliqua.

Character association and path coefficient analysis were used to delermine
relationships between growth and yield parameters in 28 lines of yellow and brown sarson
(Brassica campestris) by Saini and Kumar (1993). Results revealed that seeds per siligua
and thousand seed weight had direct positive effect on yield.

Ghosh and Mukhopadhyay (1994) evaluated seed yield and 5 seed yicid related
characters in toria Brassica camperiris var, toria during the winter seasons of 1987-1989
at Sriniketan. Seed yield was significant and positively correlated with plant height,
siliquae per plant, seeds per siliqua and thousand seed weight.

Chaudhury et al. (1993) evalvated 7 Brassica juncea cultivars, 2 Brassica
carinata cultivars and 1 cultivar each of Brassica campestris and Brassica tournefortii in
1979-1980 at Hisar, Haryana, Seed yield was positively corrclated with siliqua length,
Similar results were obtained with analysis by multiple correlation coefficients,

Ahmed (1993) studied nature and degree of inter relationships among yield
components in § cv. Brassica campesiris and Brassica juncea. According to him siliqua
length, number of siliquae per plant, number of seeds per siliqua and seed weight per
siliqgua was positively and lincarly associated with seed yield per plant, and these 4
component characters of yield were also interrelated with plant height. Seed oil content
was positively correlated with seed weight, but negatively correlated with number of sceds

per siliqua.
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Zaman et al. (1992) studied several yield contributing traits of Swedish advanced
rape lines. Results showed seeds per siliqua to be negatively correlated with siliquae per
plant.

Reddy (1991) conducted an experiment during the rabi season of 1983-84 and
1984-85 and studied correlation in Indian mustard (Brassica juncea L.). He observed
positive and significant correlation between seed yicld and leal area index, primary
branches per plant, secondary branches per plant, siliquae per plant, seeds per siliqua and
weight of siliquae and seed yield per plant.

Kachroo and Kumar (1991) reported at Brassica juncea found that thousand seed
weight had positive direct effect, but days to 50% flowering and primary branches had
neeative indirect effect via seeds per siliqua on seed yield. But Chauvhan and Singh (1995)
observed high positive direct effect of plant height, siliquae per plant and seeds per siliqua
on yield.

Dhillor et af. (1990) observed the highest positive direct effect of plant height on
seed yield per plant. While Han (1990) working with Brassica napus observed negative
direct effect of number of siliquae per plant, siliqua lenath and positive direct effect of
seeds per siliqua and plant height on yield.

Swain (1990) studied correlations of yield compenents in 15 genotypes of brown
sarson (Brassica campesiris var dichotoma). Siliquae per plant was found the most
important characters contributing to vield.

Gupta er al. (1987) studied with 31 Brassica juncea genotypes of diverse origin”
and observed that harvest index, oil percentage and seed yield were positively correlated
with oil yield both at the genotypic and phenotypic levels. The genotypic correlations
being menerally higher than phenotypic ones, Seed yield and oil percentage had the highest

direct effect on oil yield.
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Chowdhury ef al. (1987) studied with 42 strains of mustard and showed that yield
per plant was positively and significantly correlated with days to maturity, plant height,
number of primary branches, number of siliquac on the main raceme, number of siliguae
on lateral branches, siliqua length, and thousand seed weight. Number of primary branches
had the highest positive correlation with yield. Path coelficient analysis revealed that the
highest positive direct effect on yield was contributed by siliqua length. Number of
primary branches had the highest negative direct effect on yield.

Correlation and path coefficient analysis by Hari e al. (1983) wsing data on sced
yield per plant and 11 related traits from 38 cultivars of Brassica juncea revealed that
siliquae number per plant and thousand seed weight were significantly and positively
correlated with yield and these characters showed considerable direct effects on yield.

Kumar ef al. (1984) observed the negative indirect effect of days Lo Nowering vin
plant height and siliqua length on yield in Brassica juncea. Singh et al. (1978) found

negative direct effect of these traits.
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MATERIALS AND METHODS

—.—.——H—.—_—_————————_

To conduct the experiment five selected cultivars were used as parenls. The
cultivars and line were Tori 7, 8S 75, BARIsar-6, BARIsar-9 and SAU YC. The
promising line SAU YC was collected from Brassica breeding Project of Sher-c-Bangla
Agricultural University (SAU), Dhaka-1207, Bangladesh. The other lour cultivars were
collected from Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur.
Twelve crosses includes six reciprocals were done among parents in Rabi season 2002-
2003, In 2004-2005 Rabi scason, the parents, Fis and reciprocals were grown in the
experimental farm of Genetics and Plant Breeding Department of Sher-c-Bangla

Agricultural University, Dhaka, Bangladesh.

3.1  Experimental site and duration

The research work was conducted at the experimental farm of Department of
Genetics and Plant Breeding, Sher-e-Bangla Agricultural University (SAU), Dhaka-1207,
Bangladesh, during the period from November 2002 1o March 2003 and November 2004
ta March 2005. The soil of the experimental plots were clay loam, land was medium high
with medium fertility level. The site was situated in the subtropical climatic zone, wet
summer and dry winter is the general climatic feature of this region. During the rabi
season the rainfall generally is scant and temperature moderate with short day length.
Meterogical data on rainfall, temperature, relative humidity from November 2002 Lo
March 2003 and November 2004 to March 2005 were obtained [rom the Department of
Metrological centre, Dhaka-1207, Bangladesh (Appendix I1).
3.2 Plant materials used

Five parental genolypes and their twelve intervarietal hybrids with reciprocals
were used in experiment. The present status, source of the materials and characteristics of

the parents used in the intraspecific crosses and the attemted cross combinations are
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presented in Table 1 and Table 2. The parents were crossed in partial diallel to produce 12
F\'s including 6 reciprocal during winter 2003 at the experimental farm of SAU, Dhaka,
Bangladesh.
3.3 Land preparation and fertilizer application

The land was ploughed well by power tiller followed by laddering. The stubbles
and weeds were removed carefully. Chemical fertilizers were applied at the rate of 220-
140-80-150-5 kg/ha of urea, Triple Super Phosphate (TSP), Muriate of Potash (MP),
Gypsum and Zinc sulphate respectively. Cowdung was applied at the rate of 5 t/h. The
whole amount of TSP, MP, Gypsum, Zine sulphate and 50% urea were applied as basal
dose. The remaining 50% urca was applied as top dressing at flower initiation stage.
34 Experimental design and layout

The seeds of twelve Fi's including reciprocals and five parents were grown in
Randomized Complete Block Design (RCBD) with three replications. Each plot consisted
of sinele row of 3m length spaced 4lcm apart and |0cm between plants. The seeds were
sown in separate line in the experimental ficld on 3 November 2004 by hand uniformly.
The sceds were sown at a soil depth of 2.5 to 3.5 cm. After sowing the secds were
covered with soil carefully so that no clods were on the sceds. Seed germination started
after 3 days of sowing on 7th November 2004. Treatment was distributed in the
experimental unit through randomization by using the random number.
3.5 Irrigation and drainage

One post sowing irrigation was given by sprinkler after sowing of seeds Lo bring.-
proper moisture condition of the soil to ensure uniform germination of the seeds. A good
drainage system was maintained for immediate release of rainwater from the experimental

plot during the growing period.



Table 1. Particulars of the parents of Brassica campestris L. used in the intraspecific

Crosses
Parent Linec or Sources Sead Seed size | Maturity period Yicld
Varfety | color {dnys) {Keiha)

BARIsar-9 Variety BARI Brown Medium 75-H5 F200-1300
I BARIsar-6 Varicly BAR] Yellow Medium “0-43 2000-2200
[Tori 7 Varicly BARI Brown Small 75-80 Oi0-1100

5573 Varicty BaATR] Yellow Bold 93-100 1800-2000

SAUYC Line SAU Yellow Medium 80-490 1400-1600

|

Note: S5 75 = Sonali Sarisha 75, SAU YC = Sher-e-Bangla Agricultural University
Sharisha yellow color

Table 2. Showing the cross combinations with reciprocal system of five parents/
varietics of Brassica campesiris L.

Cross | Reciprocal cross

Tori 7 x BARI[sar-6 BARIsar-6 x Tori 7
Tori 7x SAUYC SAUYC , Tori?
_Tori 7x S8 75 S8 75xTori? )
| BARIsur-9 x BARIsar-6 BARIsar-6 x BARIsar-9 ]
| BARIsar-9 x S8 75 55 75 x BARIsar-9

BARIsar-9 x SAUYC SAU YC x BARIsar-9
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3.6  [ntercultural operation, Insect and disease control

Necessary intercultural operations were done during the crop period to ensure
normal growth and development of the plants. Thinning and first weeding were done after
15 days of sowing. Top-dressing, weeding and necessary thinning were done after 25 days
of sowing. Malataf was sprayed 2 times one just before flowering and the other at the
middle of flowering for protecting the crop from the attack of aphids and Rovral-50 WP
was sprayved (@ 20-g/10L water first one at the time of siligua setting of fruiting and
second one after 15 days of 1st spraying to control Alternaria leal spot, No remarkable
disease attack was observed.
3.9 Harvesting of sample plants

When 80% of the plants showed symptoms of maturity 1..; straw color of siliquae,
leaves, stem and desirable seed color in the matured siliguae, the crop was assesscd (o
altain maturity. Al maturity, ten plants were selected at random from the middle row of
gach plot. The sample plants were harvested by uprooting and then they were tagged
properly. Data were recorded from these ten plants.
1.8 Data Recorded
1. Days to first flowering: Determined the number of days required from the date of
sowing to the blooming of the first flower in the plant. Number of days required for
opening the first flower in each Fy's or parents was recorded. The average of three plants
bicoming of a plot was considered as the days to first flowering for one replication.
2. Days to 50% flowering: Days to 50% flowering was counted when ncar about 50 -
percent plants had at least one open flower of each F;'s or parents,
3. Days to maturity: Number of days required from sowing to siliquae maturity of 80%

plants of cach row.
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4. Plant height: During harvesting, the plant height was measured in cm from the ground
level of the plant to the top of the plant. It was the longest inflorescence of the tallest
racenie.

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

6. Number of secondary branches per plant: Number of branches originated from the
primary branch from ten randomly selected plants from each F|'s and parents at maturity.
7. Number of siliquae per plant: Mean number of siliquae obtained from ten randomly
selected plants from each Fi's and parents at maturity.

8. Length of siliqua: Ten siliqua was selected at random from every selected plant to
mieasure the lenath of siligua. The measurement was in cm. Distance between the end of
the peduncle to the starting point of the beak was considered as siligua length.

9. Number of seeds per siliqua: All siliqua from the sample plants was collected and 10
siligua was randomly selected. Seeds obtained from them were counted and average
numbers of seeds per siliqua was recorded.

10. Thousand-seed weight (g); Weight in grams of 1000-sced was recorded from ten
randomly selected plants of each Fy's and parents.

11. Sced yield per plant (g): Mean sced weight in grams of ten randomly selected plants
from each F|'s and parents after harvest.

12. Oil content: Percentage of oil in the seed sample was determined by extracting the oil
with petroleum ether at 10-60°C in a soxhelt's extraction apparatus. A random sced sample
of approximately 40g was taken form the bulk yield of each of the line. The seeds of the
individual genotype were grand to a fine powder in a porcelain mortar and pestle. The
powder was then transferred into a Whatman's filter paper. The mortar and pestle werc
washed with petroleum ether to collect the traces of oil and powder sticking to them and

the solution was transferred to the thimble in the sockel. Approximately 125 ml of
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petroleum ether was taken into the distillation flask and the extraction set was Jixed on an
electrical water bath. Ten extraction sets were used 50 as to extract oil from the sample
simultancously for 5.5 hours. The distillation flask was later separated and the petroleum
ether was distilled off. Last traces of it were removed by suction pressure. The extract or
oil remain in the flask was accurately weighted and the percentage of extract in seed
material was calculated.
3.9 Statistical analysis

Statistical analyses were done to caleulate the analysis of variance and other
parameters of the genotypes for the characters tested. The total variances of each character
were partitioned into block, genotype, and error differences. The differences within the
classes of effects were tested by F-test,
3.9.1 Estimation of heterosis: The amount of heterosis in the Fi's was analysed using

the following formula:

v, Heterosis in Fy over mid parent = ﬂ;'—w){ 100
MP
oo Heterosis in Fy over better parent = F'—;BLD-X [ 00
BP

Where, £1 =Mean of F, individuals BP = Mean of the Better parent values.
MP = Mean of the mid parent values

3.92 Student t-test: Student t-test was employed [0 test the significance of heterosis.

The general formula of t-test was

i Difference of means (‘.::’)
Standard Error of Difference (SED)

t- Value was calculated and then compared with the tabulated t-value at the

relevant degrees of freedom (d. f.) and probability (p) level.
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1.9.3 Estimation of SED: For unequal samples with pooled variance the SED was used:

SED = {—+— or SED = o L—-—.—W

B H

3.9.4 Variability analysis: Duncan’s Multiple Range Test (DMRT) was performed for

judging differences among the genotypes mean for every character and the computation ot
ISR = SSR X Sd

Where, LSRR = Least significance range (t-1)

SSR = Significant studendize range (Tabulated value)

Sd = 5% = Standard deviations

S¥ = Error Mean Square
\ No. of Re plication

3.9.5 Estimation of heritability: Haritability in broad sense (i°b) was estimated by the
formula as suggested by Johnson ef af, (1955).

1

% 100
by = a'p p

b rd

Where, O £ =Genotypic variance @ P = Phenotypic variance
306 Estimation of genotypic and phenotypic variance: Genotypic and phepotypic
variances were estimated according to the formula given by Johnson ef al. (1955).

a. Genolypic variance,

_ MSG - MSE
a

a'g
Where, MSG = Mean square of the genotypes

MSE = Mean square of the error = Number of replications

1 = 2 1
b. Phenotypic variance, @ P = 9 & L
olg = s
Where, © & = Genotypic variance,
1_, — - -
g'¢ = Environmental variance = Mean square of error
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3.9.7 Estimation of standard deviation and Coefficient of variation: Standard
deviation and coefficient of variation were estimated according to the formula given by

Singh and Chaudhary (1979).

SxorSd=vg! and CV =%X1DD

3.9.8 Estimation of genetic advance (G,A.): The expected genetic advance (G.A.) for
different characlers under investigation was estimated according to the formula used by
Johnson er al. (1955) and Allard (1960).
i. Genotypic Advance (G.A.) = h'b. K. oph
Where, h'b= Heritability in broad sense, @Ph = phenotypic standard deviation
K = Selection intensity which is equal to 2.06 at 5% selection intensity
GA

A

ii. Genetie advance in percent of mean  G.4. (%) X 100

Where, GA = Genetic advance, ;F] = Population mean of F,

3.9.9  Estimation of genotypic and plenotypic correlation coefficient: Genotypic and
phenatypic correlation coefficients for different characters in all possible combinations

were done with the formula given by Miller et al, (1958).

i. Genotypic correlation co-efficient (5. ) = iif.g{,t’}’]
Y 1

Jogl X o« Na'(g)Y

Where, COV. g(XY) = Genotypic covariance between the characters X and Y,
a'(g)X = Genotypic variances of the characters X

o (g)Y = Genotypic variances of the characters Y

COV. p(XY)

JoelpdX o Jai(pY

ii. Phenotypic correlation co-clTicient (p) =

Where, COV, p(XY) = Phenotypic covariance between the characters X and Y.
o (p)X = Phenotypic variances of the characters X

2 ; : :
" (P)Y = Phenotypic variances of the characters Y
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3.9.10 Estimation of path co-efficient: Path coefficient analysis was done according o
the procedure stated by Singh and Chaudhury (1985) and Dabholkar (1992) which was
originally suggested by Dewey and Lu (1959). The following sets of simultaneous
equations were obtained depending upon the cause and effect relationship:

fy = Py +riaPay + 113 Pay o+ rig Pay + 015 Psy + 116 Pay + 117 Pay +1yg Pay

ray = Pay + 121 Pyy + a3 Pay + 124 Pay + 125 Py + 026 Pev + 77 Py + 124 Pay

ray = Pay + 413 Pyy +rsaPay + r3g Pay 7 r3s Psy + 136 Pay + r37 Poy + r3g Pay

fay = Pay + ray Pry + raa Pay + 143 Pav = tus Psy -+ rag Pey +1ig Poy = 1ag Pay

rsy = Psy + 51 Pyy + rsa Pay + 153 Pay + s Pay +r5g Pey + rs7 Pry + 15y Pyy

rey = Py + 161 Pry + rea Pay + a3 Paw o+ tes Pay + fos Psv + fo7 Pry + ros Pay

t7y » Py #7171 Py + ra2 Pay + 73 Pay + raa Pay + 135 Pay + 176 Pey + 95 Pay

riy = Py + a1 Py + raa Py + ra3 Py + Tsa Pay + rgs Psy + s Pey + 197 Py

Where, riy - Genotypic correlation coefficient between the ith characters (i = 1..... 2, 8.) and
Y = Sced yield per plant
P, = Path coefficient y to ith character{ 1=1,2, 3. ccvvesnnnafl)
| = Plant height 2 = Number of primary branches per plant

3 = Number of secondary branches per plant 4 =Number of siliquae per plant

5 = Number of seeds per siligua 6 = Length of siliqua
7= Thousand seed weight 8§ = Days to first flowering
9 = Days to maturity 10 = Seed yield per plant

Total cenotypic correlation was thus partitioned as follows: -

Piv = The direct effect of | only

riaPay = The direct effect of 1via2 on Y only
ri3Psy = The direct effect of 1via 3 on Y only
ria Piy = The direct effect of lviad on 'Y only
ris Psy  =The direct effect of Ivia 5 on Y only
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ris Poy = The direct effect of 1via 6 on Y only

ris Poy = The direct effect of 1via 7 on Y only

Fig Pay _The direct effect of Tvia 8 on Y only

Afier calculating the direct and indirect effects of the characters, residual effect (R)
was caleulated by using the following formula (Singh and Chaudhary, 1983)

PRy =1- ¥ Py, 1y

Where, P2 Ry =R® and Py = Direct effect of the characters on vield

rv= Correlation coefficient on the characters with yield

Theretore, Residual effect R= I'FP—’ RY
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RESULTS AND DISCUSSION

ﬁ

4.1 Heterosis

Twelve yield contributing characters including percent oil content of Brasyica
campestris were studied in five parental genotypes and their twelve hybrids with
reciprocals obtained from a partial diallel cross. Percent heterosis for dilferent characters
af the F hybrids and reciprocals over their respective mid and betler parental values are
shown in Table 3a and 3b. The results on heterosis of 12 Fis including reciprocals are
described below character wise:

Days to first flowering

Highly negative significant heterosis (-21.57%) was provided by the hybrid Tori 7
x SS 75 for days to first flowering over mid parent (Table 3). It was followed by the
crosses S 75 x Tori 7. Tori 7 x BARIsar-6, BARIsar-9 x S5 75 and Tori 7 x SAU YC and
the other hybrids showed significant positive heterosis over mid parent which was not
desirable. All the hybrids showed the significant positive heterosis over better parent
except Tori 7 x S8 75 which showed -4.76% heterosis, Positive heterosis value ranged
from 4.0% to 20.0% in BARIsar-9 x SS 75 and BARIsar-9 x SAU YC; BARIsar-6 x
BARIsar-9; SAU YC x BARIsar-9, respectively. Hence the hybrids bearing pegative or
positive value might produce some suitable segregants in the next generations. Kumar ef
al. (2002) and Mahak et al. (2003) found significant heterotic values for days to [irst
flowering over mid-parent and better parent.

Days to 50% flowering

The highly significant and negative heterosis (-19.30%) for the parameter was
found in Tart 7 x SS 75 followed by S8 75 x Tori 7, Tori 7 x BARIsar-6, BARIsar-9 x 85
75 and Tori 7 x SAU YC over the mid parent. Thus the hybrid might produce suitable

segregants in the next generations. All the hybrids showed positive heterosis over the

lad
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better parent except Tori 7 x 88 75 (-4.17%) which was not desirable for this character
(Table 3a). Low in magnitude but significant heterosis over betler parent has been
observed for days to 30% flowering in F by Pathak et al. (2002).
Days to maturity

All the hybrids showed significant positive heterasis except Tori 7 x SS 75 and the
positive heterosis value over mid parent ranged from 0.58% to 7.03% in Ton 7
BARIsar-6 and BARIsar-6 x BARIsar-9, respectively for days to maturity (Table 3a).
Positive heterosis over better parent value ranged from 6.27% in BARIsar-9 x SAU YC
and SAU YC x BARIsar-9 to 18.86% in BARIsar-6 x Tori 7 which was not desirable for
this character and no negative heterosis was observed there (Table 3a). Kumar er al.
(2002), Mahak er al, (2003) and Das et al. (2004) found significant heterosis values for
days to maturity over mid parent and better parent.
Plant height

The highly significant negative heterosis (=6.74%) for plant height was found in
SAU YC x BARIsar-9 followed by BARIsar-9 x SAU YC and BARIsar-6 x BARIsar-9
for this characters (Table 3a). Thus these hybrids might produce suitable dwarf plant in the
next generation. All the negative values werc significant except BARIsar-9 x SAU YC.
The positive heterosis values ranged from 2.91% to 40% in BARIsar-9 x 58 75 and 5575
x Tori 7 respectively (Table 3a). However, the highly positive heterobeltiosis (7.69%) was
ohserved in SS 75 x Tori 7 followed by S8 75 x Tori 7, 88 75 X BARIsar-9 and BARIsar-
9 x SS 75 and significant negative heterobeltiosis ranged from -2.78% to -16.48% in
BARIsar-9 x BARlsar-6 and Tori 7 x SAU YC respectively (Table 3a). Sohoo er al.
(1993) found 29.13% heterosis over better parent for plant height in the crosses of
Brassica juncea cv. RLM240 with strain 3 of Brassica napus. Yadav er al. (2004)
shserved the magnitude of heterosis was highest for plant height in Trachystoma x SK 93-

| (27.7%) over BP and (25.8%) over CV both.
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Table 3(a). Percent heterosis over mid parent and better parent for different

characters in intervarietal hybrids of oleiferous Brassica campestris

Days to 50%

Plant height {em)

|I Number of primary

MNumber of secondary

ﬂlmrﬁétgrh Days to first Nowering Days to maturity

flowering branches per plant branches per plant
Hybrids Helerosis Hetzrosis Heleross Haterosis Helerosis Heterasis Heterusis Helerosis Heterosis Heteross Helerosis Heterusis

oVET e OVET oveT O¥CT over over O¥Er ovar over v Er ovEr
v mid-parent. | beter parent miid-parent betier parent mid-parznt | hetter pazeal mid-parent hetter parcnt meidd-parent better parent enid-prent hietter parent
Tor 7% 5575 -21.57%2 AT60%* -19.30%* -4 1T** =341 1], 844 20.00%* -7.60%* 11677%*  106.92%% | 205.89**  137.00**
Tarl 7 x BARIsar-6 -8.33% 4.76* -TA1H* 4.17e* 0.58** 13 16%* 19.5] %% -G0G4 14.507" 6,854 T6.88%* 58344
Tari T x SAU YO -4, 17 0.52%* 3. 70%* §.33%* 5 i |2.28%% .40 -16.48%* 30,54 2720 136.50%# 40.05%=
BARlsH-9 % 8575 “5.45%F 4.00%* -4.97%* 553 3.06%= [215%* 20 1.02%* A5 1625+ 19.85% -31.84%*
BARIzar-D « BAR -4 7.0 12,00+ 6504 10.71%* S 12.15%* 0.00 ns -2 T84 40, 17%# 21:25%* 115:18%# 6378
BARar-Y 5 SALU YO 15.38%* 2000 13.79%* 17.80%* 23 6,274 -1.55¢% -G AG** IT T 19.63%* 255.01%* 0o.08%"
55 75 % Tarl 7 -13.73%¢ 4.76%* -12.28%* R ¥ 0.37+* 16.22% 40.00%* 7650 140077+ 129.25% | 271.85%° 124 .60+
S5 75 % (AR [LgaE 12.00%% 4.02%* 14,29+ 44d¥= 13.33%% 6.8{0* ST 2|59 -38.25%4 IRT.14%% 120,18+
BARIsarS % Torn T g.]70% 19.05%% 3.70%¢ 16,67 5.65 18867 24.30% -5.56%* 29,17+ 20.55%* -6.27 ns -16.10%*
BAR lsar-5 x AR Isar-9 [3.38%" 20.00%* 13.79*+* 17.86%% PR E s 13.33** S B s -4 EFF 13,297+ 200 ns DG.BOR Rl e
SALI Y x Tori 7 4] 7e* |9.05*" .70 16.67%* 2R 12.28%* 6124 -1, G 54.71%# 41.112# 027 136.95%*
SAL YO L BARIsr-9 1538 20,00 13.79%* 17.86%# 23 G.27%* STE -11.76%* 35.91%= 33T ns 21815+ TE.AT*®
" Mean 0.90 11.70 1.08 10,66 293 12,54 9.25 _5.48 13.86 26.64 172,11 7176

*and ** indicate significant at 5% and 1% level of probability. respectively



Number of primary branches per plant

The hybrid SS 75 x Tori 7 showed the highest significant positive heterosis over
the mid parent (140.17%) as well as better parent (129.25%) followed by Tori 7x 8§ 75
and others incase of number of primary branches per plant. Thus all the hybrids were
found good for producing more primary branches per plant than parent except 55 73 x
BARIsar-9 over mid parent and 88 75 x BARIsar-9 and BARIsar-9 x 88 75 over better
parent which showed significant negative heterosis (Table 3a). The hybrid BARIsar-6 x
BARIsar-9 and SAU YC x BARIsar-9 showed insignificant negative and positive
heterosis over better parent, respectively. Thakur and Segwall (1997) found a heterosis
value ranging from -26.0 to 193.6% over better parent for the character primary branches
in rapeseed (Brassica napus L.). Yadav et al. (2004) ohserved the number of primary
branches per plant, Trachystoma x PR 905 showed 106.5% and 100.0% heterosis over BP

and SV, respectively.

Number of secondary branches per plant

The hybrid SAU YC x Tori 7 showed outstanding heterotic cffect over mid parent
(300.27%) and over better parent (136.93%) followed by Tori 7 & 55 75. 58 73 «
BARIsar-9, §S 75 x Tori 7, BARIsar-9 x SAU ¥C and SAU YC x BAR]sar-9 (Table 3a)
and others, Hence, all hybrids were found goed for producing higher number of secondary
branches per plant then parent except BARIsar-6 x Tori 7 (-6.27% ns) over mid parcnt and
BARIsar-6 x Tori 7. BARIsar-9 x $S 75 over better parent which showed significant
negative heterosis (Table 3a). Kumar et al. (1990) found positive heterosis for number of
secondary branches per plant and they also recorded highest heterobeltiosis for number of
secondary branches per plant. Yadav et al. (2004) observed maximum heterosis over BP in
Trachystoma x PHR-1 (125.1%) and Moricandia x NRCM-79 (9.6%) over CV lor the

number of secondary branches per plant.



Number of siliquae per plant

The highly significant and positive heterosis for siliquae per plant was f'o.und in 88
75 x Tori 7 over mid parent (104.30%) as well as over better parent (93.88%) (Table 3b).
Moreover, significant positive heterosis value ranged from 1.15% to 104.30% over mid
parent and 3.94% to 93,88% over better parent and produced on an average 45.55% and
40.09% more siliquae per plant than mid and better parent respectively. Significantly
negative heterosis was observed in cross SAU YC x Tori 7 for mid parent and SAU YC x
Tori 7. SAU YC x BARIsar-9, BARIsar-9 x BARIsar-6 for better parent which indicated
lower performance than mid and better parent for this traits and expressed their maternal
effect as they showed higher heterosis values either in Fys or in reciprocals. Zheng and Fu
(1991) found positive heterosis of 51.47% over mid parent in the Fy hybrids in Brassica
nigra for number of siliquae per plant, Thakur and Segwal (1997) estimated positive
licterosis over better parent ranging from 21.9 to 162.6% in rape seed for siliquae per
plant. Qi et al. (2003) observed the forty-seven crosses gave on average 28.02% (0.93-
97.87%) more siliquae per plant.
Number of seeds per siliqua

Incase of number of seeds per siliqua highly significant and positive heterosis was
observed in BARIsar-6 x BARIsar-9 and SS 75 x BARIsar-9 over mid parent (27.78%) as
well as over better parent (21.05%) followed by BARIsar-% x BARIsar-6, Tori 7 x
BARIsar-6 and BARIsar-6 x Tori 7 (Table 3b). Significantly negative hetcrosis was
observed in SAU YC x Tori 7 followed by Tori 7 x SAU YC, BARIsar-9 x SAU YC.r
SAU YC x BARIsar-9 and Tori 7 x 88 75 aver mid parent including with BARIsar-9 x S5
75 aver better parent which indicate lower performance than mid and better parent for this
traits (Table 3b), The hybrid BARIsar-9 x 85 75 and S8 75 x Tori 7 showed similar
performance like mid and better parent respectively and expressed their maternal effect for
seeds per siliqua as they showed higher heterosis values either in Fys or in reciprocals

36



(Table 3b). Kumar et al. (1990) reported positive heterosis for number of seeds per siliqua
in Brassica juncea. Yadav et al. (2004) observed the Siifolia x SM-1 showed 54.1%
heterosis over BP and negative heterosis (-9.2%) over SV lor seeds per siliqua. Qi er al.
(2003) observed the crosses showed 11.67% more seeds per siliqua.
Length of siliqua

Highly Significant and positive heterosis was found in BARIsar-6 x BARIsar-9
aver mid parent (24.21%) and better parent (16.60%) followed by BARIsar-¥ x 58 75, 55
75 x BARIsar-9, BARIsar-9 x SAU YC and others (Table 3b). Out of twelve crosses three
crosses expressed negative heterosis and only two of them BARIsar-9 x BARIsar-6 and
BARIsar-6 x Tori 7 expressed signilicant heterosis ensuring short type siliqua compared
with their mid and better parents and expressed their maternal effect for length of siliqua
as they showed higher heterosis values either in Fis or in reciprocals. Heterosis value
ranged from -4.76% to 24.21% over mid parent and -11.07% to 16.60% over better parent
and showed on an average 7.64% and 3.85% more siliqua length than mid and belter parent
respectively (Table 3b). Kumar ef al. (1990) found positive heterosis for length of siliqua
in Srassica juncea,
Thousand seed weight

The cross 55 75 x Tori 7 showed highly signilicant positive heterosis (21.18%)
over mid parent followed by 8S 75 x BARIsar-9, Tori 7 x 8§ 75, BARIsar-6 x BARIsar-9,
BARIsar-9 x SS 75 and others except SAU YC x BARIsar-9 and BARIsar-9 x SAU YC
(Table 3b). The hybrids BARIsar-6 x BARIsar-9 exhibited highly signiﬁcarﬁ
heterobeltiosis (9.83%) followed by SS 75 x BARIsar-9, BARIsar-9 x BARIsar-6 and
others except SAU YC x BARIsar-9, BARIsar-9 x SAU YC, BARIsar-6 x Tori 7 and Tori
7 x BARIsar-6. Eight crosses showed mid (2.24% to 21.18%) and better parent (2.50 1o
9.83%) heterosis in thousand seed weight while the parents of four crosses showed low

thousand seed weights, Yadav er al. (2004) observed the highesl heterosis for thousand
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Table 3 (h). Percent heterosis over mid parent and better parent for different characters in intervarietal hybrids of oleiferous Brassica

campestris
_Cﬂﬂrilctc!'s.._ Mumber of siliquae MNumber t'll' Lenglfof‘siliqua Thousand seed weight |' Seed yicld per plant Percent oil content
Iplant seedsisiliqua {cm) iz (g} (z)
H }f[’rrids Heterosis Heterosis Heterosis Heterasis Heterosis Huteross Heteroses Helemosis Helerosis Heterosts Heterosis eterasis
aver ower aver over OV OVer Dver nver aver QYET LET oveEr
¥ mid-parent perer panant mid-parent better parcrt mid-purert better parent mid-parent hetter perent inid-parent better parent mmikl-pareni betler perent
[oi T X553 75 - R2.E0" T13.47%* -5, 55** =15.79%* 561 2.137* 14.71*" -2.50%* 128.11%* AR.30%* 2254 =5.55%"
Tori 7 x BARIsar-G G3.08%% 54,464 17.63%* 5.56% -1.38ns S R -1.73%* T2.73%* 35.71%* -4 22+ =747
Tori 7 X SAU YE 71.00%* 68, 158%* =1 3.533%% -13.353%* B.17** 7.06%* G.90%* -333%* 13540 31.52%% -0 B4+ -3.52**
AARIsar-d x 55 75 56.13%* 48.98%* 0.00ns =3206%* 13.79%+* 10.64%* 12:33** 2.50** Q8 ROt GI.04%* -01.37 ns ~2.77%%
BARsar-2 x BARIs-G 3.16%% =297 23 270 1579+ -1.80%* -7.91%= G.51%* 4.05%% FT.08%* 26.79% -1.27 ns -2.66%*
BARIsa-S x SALYE GO.G2* 57.30%¢ -12.50)** -17.65%* 12.13%* L.36%" -4.76%* -0.09%* 81.01% T334 s R Q.83+=
S5 7% % Tori 7 104.30%* 03.RE%F 11.76%% 0.00ns 12.21%* b 21.185%* .00%* 170.28%%  123.22%* -0 T4 -4,12**
55 75 % DARIA-T 58.25«% 31.003%F 7. 782 21.05%* 12,47+ Q.36 15.07%* 5.00%* 14671 10978 P 28 B -4 52%e
BARIsar-6 % Tori 7 47.00F 37.62** 17.65%= 5.26% -4 T6¥* S R i 2.2 S 9o+ 56437+ 1.06** -2.537%%
BARIsar-6 % BARIsarg [2.63%* 3.04%% 37.78%* 21 .05%* 24.21%+ 16.60%* |2.45% §g3** AL T4 37.50** -1.34%* =372
SALYC & Tari 7 (3% -5.68 2667 <2667 357 51" G.90** 3.33% -1.54%% -3.03%* -3, | 5%* -3.76%*
SAL YC % A RIsar-9 .i3%* -k 2 -b.23** -21.05%* FA3%* 3.8674 o B N -13,15%% 19508 | 7o 143 ns -1 37
Wean 46,35 0.0 5.02 -2.41 7.64 383 7.58 3.1 8237 56,68 -1.94 358

#and ** indicate significant at 3% and 1% level of probahility. respectively
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seed weight in Moricandia x PHR-1 (48.80%), followed by Trachystoma x NRCM 69
(20.6%) over BP and SV, respectively. Qi et al. (2003) observed eight crosses showed
better parent heterosis (3.57 to 20.48%) in thousand seed weight.
Seed yield per plant

The crass SS 75 x Tori 7 showed highly significant positive heteresis over mid
parent (170.28%) as well as over better parent (123.22%) followed by 55 75 x BARIzar-
9, Tori 7 x SS 75 and other crosses excepl SAU YC x Tori 7 (Table 3b). Moreover,
sionificant positive heterosis value ranged from 19.88% to 170.28% over mid parent and
17.44 t0123.22.43% over better parent and produced on an average 82.37% and 56.68%
more seed yield per plant than mid and better parent, respectively. Significantly negative
heterosis found in SAU YC x Tori 7 over mid parent and better parent which indicate
lower performance than mid and better parent for this traits and expressed their maternal
effect as they showed higher heterosis values either in Fys or in reciprocals. The presence
of high levels of mid and high parent heterosis indicates a considerable potential to embark
an breeding of hybrid or synthetic cultivars. Tyagi et al. (2001) found the highest standard
heterosis (206.14%) and heterobeltiosis (240.56%) for seed yield per plant in the cross
BIO 772 x Rohini. Adefris ef al. (2005) observed seed yield showed the highest relative
mid parent heterosis that varied from 23 to 145% with a mean of 67% and relative high
parent heterosis varied from 16 1o 124% with a mean of 53%. The prescnce of high levels
of mid and high parent heterosis indicated a considerable potential 1o embark on breeding
of hybrid or synthetic cultivars in mustard. Shen et ol. (2003) observed mid parent
heterosis and high parent heterasis of seed yield per plant ranged from 3.50 to 64.11% and
from —2.81 1o 46.02% respectively.
Percent (%) oil content

Highly significant positive heterosis (2.55%) found in the cross BARIsar-9 x SAU
YC over mid parent (Table 3b). Three crosses showed positive heterosis for percent oil
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content but only two of them BARIsar-9 x SAU YC and BARIsar-6 x Torj 7 were
significant. Qut of twelve crosses nine crosses expressed negative heterosis. Tli.el negative
heterosis values ranged from -0.27% to —4.22% in BARIsar-9 x BARIsar-6 and Tori 7 x
BARIsar-6 respectively. The cross BARIsar-9 x SAU YC and BARIsar-6 x Tori 7
expressed their maternal effect for percent oil content as they showed positive si gnificant
heterosis values either in Fis or in reciprocals. The only one cross BARIsar-9 x SAU YC
showed significant positive heterosis (0.82%) over better parent (Table 3b). Negative
heterosis value ranged from =1.27% to -7.47% in SAU YC x BARIsar-9 and Tori 7 x
BARIsar-6 respectively. Shen er al. (2005) observed mid parent heterosis and high parent
heterosis of seed oil content ranged from —1.55 to 7.44% and -3.61 to 6.53%,
respectively, Yadav er al. (2004) observed heterosis for oil conlent in Trachystoma x
NDYR-8 (10.1%) over BP and Sifolia x NRCM 79 (8.5%) over SV, respectively. Shen er
al. (2002) observed the mid parent heterosis of this character ranged from 1.55% 1o -
7.44% respectively.

4.2 Variability

Twelve characters of Brassica campestris such as days to first flowering, days to
50% flowering, days to maturity, plant height, number of primary branches per plant,
number of secondary branches per plant, number of siliquae per plant, length of siliqua,
number of seeds per siliqua, thousand seed weight, seed yield per plant and percent oil
content were studied in five parental genotypes and their twelve hybrids including
reciprocals obtained from a partial dialle] cross,

Analysis of variance in Table 4; The mean values over three replications lor the
characters of all genotypes are presented in Table 5; Genotypic, phenotypic and
environmental variance, genolypic, phenotypic and environmental coefTicients of variation
in Table 6: showed highly significant variation among the genotypes for all characters
indicating wide scope of sclection for these characters. i.e. the data revealed substantial
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Table 4. Analysis of variance of twelve different characters of six parents and

their 12 Fys including reciproeals in rapeseed Brassica campesiris

Sources D.F | Mean Sum of Squares of characlers S
of Days to Days to Days to Plant Number of Mumber of Number | Length of | Number of | Thousand Seed Percent
variation first S0%% maturity heizht primary secandary of siligua seeds/ seed yiell/plant oil
Mowering | MNowering {enm) branches/ branches siliquae/ {em} siligua weight (2] () content
E ) plant fplant plant .
_Replication 2 0.529 0,765 1.961 39.078 3.323 3.749 147.235 £.030 0412 0,062 0.124 0.170
GEL‘JL‘I!.}’?I’.‘ 16 L F L3 LL] L EEd LE 3 L1 £l ok L L
33.463 34.456 107.020 623,498 13.737 106,843 3081.730 0403 40.853 0.831 200.669 3000
Error 32 0.654 0.377 0.461 2266 0.070 1.233 26.518 0.017 1.037 0.049 0.089 0.072
SEY 331% 2.63% 0.73% L57% 3.65% 10.33% 4.33% 2.67% 5.77% 6.51% 4.69% 0.66%

#% Denole

sionificant at 1% level of probability

+1




variability and thus high possibility of improvement in most of the traits. The variability in
the present study indicated the potentiality of the hybrids for selecting out desirable
searegants in the subsequent generations for the development of new varieties would be
effective. The phenotypic variance was partitioned into genotypic and environmental
variances for clear understanding of the pattern of variations. In general environmental
influences were minimal on yield and its component characters Table 6. The results on
variability of five parental lines and twelve Fys including reciprocals have been discussed
in this chapter.
Days to first flowering

[t appeared from the Table 4 that there were highly significant variations among
the genotypes (31.436%%) for days to first flowering. The days to first flowering was
observed lowest in Tori 7 x S§ 75 which was statistically significant and different from
those of other crosses and parents except parent Tori 7 and hybrids Tori 7 x BARIsar-6
and S8 75 x Tori 7. The highest value was observed in parcnt 85 75 and in hybrids
BARIsar<9 x SAU YC, BARIsar-6 x BARIsar-9 and SAU YC x BARIsar-% which were
statistically significant and different from those of other crosses and parents (Table 5).
Days to 50% flowering

From the Table 4 there were highly significant variations among the genotypes
(32.426**) for days to 50% flowering. The days to 50% flowering was observed lowest in
hybrid Tori 7 x $S 75 and in parent Tori 7 which was statistically similar with Taori 7 x
BARIsar-6 and §S 75 & Tori 7 but significantly different from other crosses and parents.
The highest value found in BARIsar-9 x SAU YC, BARIsar-6 x BARIsar-9 and 5AU YC
x BARIsar-9 hybrids and 8§ 75 parent which were statistically similar bul significantly
different from others (Table 3). Genotypic and phenotypic variance of days to 50%
flowering was observed 11.29 and 11.87, respectively with minimum differences between

them indicating that they were less responsive to environmental factors for their
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phenotypic expression and values of GCV and PCV were 11.64% and 12.19%
respectively which indicate moderate variability present among the genotype for this
character (Table 6). Lekh et al. (1998) recorded highest GCV and PCV for days 1o 50%
flowering.
Days to maturity

Significant difference was observed among all genotypes (107.020%*) studied for
this character (Table 4). The days to maturity was observed lowest in Tori 7 which was
statistically significant and different from those of 16 other genotypes. The highest value
was in 88 75, which was statistically significant and different from those of |7 cther
genotypes (Table 5).Genotypic and phenotypic variance of days to maturity was observed
35.52 and 35.98 respectively with minimum differences between them indicating that they
were less responsive to environmental factors for their phenotypic expression. Similarly
values of GCV and PCV were 6.62% and 6.66%, respectively which indicated that the
genotype has relatively less variation (Table 6). Higher genolypic variances indicate the

better transmissibility of a character from parent to the offspring (Ushakumari ef al. 1991).

Plant height (em)

The character plant height displayed significant variation in genotype mean
squares 623.539** in Table 4, Highest plant height was observed in 88 75 x Tori 7 which
was stalistically significant and different from those of 16 other genolype except 55 75 x
BARIsar-9. The lowest plant height was cbserved in Tori 7, which was statistically
significant and different from those of 16 other genotypes (Table 3). Plant height showed
high genotypic (207.08) and phenotypic (209.34) variance with relatively high difference
between them indicating large environmental influences on these character as well as
moderate GCV (15.023%) and PCV (15.106%) indicaling presence of considerable
variability among the genotype (Table 6). Tyagi et al. (2001) observed highest variation in
plant height among parent and their hybrids. Higher genotypic variances indicate the better

transmissibility of a character from parent to the offspring (Ushakumari e al. 1991).
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Table 5. Mean performance of twelve

different characters of six parents and their 12 Fs including reciprocals in rapeseed Brassica

Mote: Means separated by uncommon letters in order of alphabetic preforences are significantly different from cach otheral p = .05,
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canmypestris.
Genotype Days to Days to Days to Flant Number | MNumberof | Number | Number Length | Thousand Seed Percent
First S maturity | heighl of secondary of of secds/ of secd weizght yield/ ol
Mowering | fMowering {em) primary Branches! siliquac/ siliqua siliqua (=) plant (g) confent
Granches/ plant plant {em) (4]
plant
Tori 7 21.07 24.0g 76,000 | 36.00] 5.07h 6.241 88.002 15.00 4.39 2 R0z 3.20] | 39.55i
_BBARIsar-9 25.0d 28.0e 85.00¢ 1020 &.00d 9.44e £9.001g 17.0de 4.440g 3 d6cde 3.44) | 40.39fgh
_BARIsar-6 27 0be 30.0ed 5.00h | 108.0be | 5.84g —494F 101.0e 19.0bc | 306bc | 3.30def 6.0g | 42.43a
8575 30.0a 33.0a 10000 o4.0de | 4.60N 1308 98.00ef | 19.0be [ 4.70de 4.00a 1.91h 42,44y
_SAUYC 27.05bc 30.0cd S0.00c 91.00h 4171 1.15g 85.00 Oy 13.06g 4300 3000z 3.30 41.81be
Tori 7x 5575{c) 20,00 2302 83,00 96.000g | 10.47b 14.853d 170,00 16,0l 4.80d 3.90ab 9.25¢ 400.08h
Tori 7 x BARIsar-6 [c ) 22.0¢f 25.008 86.00c | 9767 | 624fz | 987 136.0c 20.0b | 4.66def | 3.40def 7.60e | 39261
Tori 7% SAUYC (¢ ) 23.0e 26.0( 8533c | 75.67i 6,447 8.74e 148.0cd 13.00 4.70de | 3.10efe | 4340 | 40.34gh
BARIsar-9 x 5575 (c) _Zﬁ.ﬂﬂd 29.0de 95.33b | 105.Tcd . el 6441 146.0d 18.0cd 3.20b 41100 8.30d 41.26de
BARIsar-9 x BARTsar-6 (¢ ) 28,00 31.0be 95.33b 105.0d 9.70¢ 15.45¢d 98.(Hef 22,02 d.66del 3.60bcd 7101 41.30de
_DBARIsar-9 x SAU YU (2} 30.0a 33.0a 90.533¢ G4.67e 9.37c 18.78b 140.0d 14.02h 4.90ed 3.000g G0 42.15ab
S5575xTod? (R) 220l 25.Mg §4.33d 1117 11600 14010 19000z 19.0be 5.10be 4.12a 16.96Ga 40,6901
SS 75 x BAR[sur-9 (R) 28.0b 32.0ab 96.33b | 109.7ab | 4.94h 30.774 148, 0cd 2300 | S.1db 4.20a 10300 | 40.52fgh
_BARIsar-6 1 Tari 7 (R} 25.0d 28.0¢ S0.33¢ 102.0c Tie 5.240 139.0d 20,00 4. 50ela 3.20defy 8.7 6ed 41.42ed
BARIsar-6 x BARIar-9 (R) | 30.0a 3302 | 9633b | 0t3c | 7.84d 14.13d 107.0¢ 3300 | 590a 3.80abe 826d | 40.85¢f
SAU YC x Tori 7 (R] 2504 | 28.0¢ 85.33e | 77671 |  Tlde 14.77d 83.00 11.0j 450efg | 3.10cfs 5200 | 39.40i
_SAU YC x BARIsar-9 (R) 300a | 330a 6033c_ | 9033h | 8.27d 16.83c 88,00 15.0f | 4.70de 280p | 4.04i | 41.28de
Grand mean ) 25.824 28.882 90.020 | 95.784 7271 10.758 115,00 17.647 4,821 3.395 6346 | 40.894
LSD value 1.345 1.263 1209 | 2492 | 03153 1.848 §.569 1694 0.2168 0.3682 04962 | 0.4463
Sy value 0.4669 4386 .4309 0.8651 | 01784 0.6416 2975 0.5879 007528 | 0278 | 00723 0.1544



Number of primary branches per plant

The genolype mean square for number of primary branches per plant was found
significant 13.7471** (Table 4). The DMRT test indicated the existence of both
significant and insignificant differences in different means, The number of primary
branches was recorded highest in the cross 88 75 x Torl 7 which was statistically different
with 16 other genotypes and the lowest mean value was in SAU YC for this trait which
was statistically different with that of 16 other genotypes except 85 75 (Table 3). Number
of primary branches per plant showed low values and little differences between genotypic
(4.56) and phenotypic (5.63) variance indicating that they had some short of interaction
with environment and relatively high GCV (29.26%) and PCV (32.56%) which indicate
that the genotype has high variability (Table 6). Chawdhury er al, (1987) found significant
differences for number of primary branches per plant.
Number of secondary branches per plant

The number of secondary branches showed significant variation among genotypes
mean square 106.893** (Table 4). Among the parents, number of secondary branches per
plant ranges from 1.15h 1o 9.43¢ in SAU YC and BARIsar-9 respectively. Among the
hybrids number of secondary branches ranged from 6.43fg to 18.78ab in BARIsar-9 x 85
75 and BARIsar-9 x SAU YC and among the reciprocals ranged {rom 5.23g to 20.77a in
BARIsar-6 x Tori 7 and 58 75 x BARIsar-2 respectively (Table 5). The highest mean for
number of sccondary branches was observed in §8 75 x BARIsar-9 which was statistically
different with 16 genotypes except BARIsar-9 x SAU YC. The lowest mean was observed -
in SAU YC which was statistically different with |5 genotypes except 88 75 (Table 5).
Number of secondary branches showed high values and little difference between
oenotypic (35.22) and phenolypic (36.46) variance indicating that they had some short of
interaction with environment and highest GCV (55.12%) and PCV (56.14%) indicating
that the genotypes are highly variable (Table 6). Lekh er of. (1998) reported similar results.
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Number of siliquae per plant

The number of siliquae per plant also showed significant variation among
genotypes mean square 3081.750%* (Table 4) i.e, the genotypes tested here differed highly
significant for this character. Significantly highest number of siliquac per plant was
observed in SS 75 x Tori 7 followed by Tori 7 x S8 75 which were statistically different
with 15 other genotypes. The lowest number of siliquae per plant was found in SAU YC x
Tori 7 which was statistically similar with Tori 7, BARIsar-9, SAU YC and SAU YC x
BARIsar-9 but different with other 11 genotypes (Table 5). Yin (1989) studied 8 cultivars
of Brassica napus and observed high genetic variation in number of siliquae per plant.
Highest genotypic and phenotypic variance was observed 101840 and 104495
respectively in number of siliquae per plant with considerable environmental influence and
moderate GCV (26.82%) and PCV (27.17%) indicating existence of adequate variation
among genotype (Table 6). Singh ef al. (1987) found 25.41% and 29.15% of GCV and
PCV respectively in Brassica campestris. Higher genotypic variances indicate the better
transmissibility of a character from parent to the ofTspring {Ushakumari et al. 1991).
Number of seeds per siliqua

Genotype mean square for number of sceds per siligua was found significant
(40.853**) as shown in Table 4. The number ol seeds per siliqua was found highest in
BARIsar-6 x BARIsar-9 and SS 75 x BARIsar-9 followed by BARIsar-9 x BARIsar-6
which were statistically similar but significantly different from all other genotypes. The
number of siliqua was lowest in SAU YC x Tori 7 which was statistically dissimilar with-
all other genotypes used in the study (Table 5). The difference in magnitudes in between
eenotypic (13.27) and phenotypic (15.37) variances was relatively high for number of
seeds per siliqua indicating large environmental influence on these characters (Table 6).

According to Table 6, GCV and PCV of 20.69% and 21.42% respectively for number of
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Table 6. Genetic parameters for yield and yicld contributing characters of the
Brassica  campesiris parents and their hybrids

Genetic parameters —» u'zs | 02,, o GCy POV ECY
Clmin:turﬁ (%) (V) (%)
Days to 50% [lowering 11.29 11.87 0.58 11.64 12,19 0.346
Days to maturity 3552 | 3398 (.46 6.62 6.06 0,75
Plunt bicight 207.04 20934 226 15.023 [5.106 I |60
No. of primary branches per plant 4.56 5.63 .07 926 | 3256 3,64
Mo, of sccondary branches per plant 3522 3646 1.24 3512 36.14 103
Mo. of siliquae per plant 101840 | 1044.95 20,53 26,82 277 0.36
No. of seeds per siliqua 13.27 13.37 2.04 20,69 | 2142 | 0.5
Length of siliqua 0.13 0.15 o017 747 7.89 I 142
Thousand seed weight 0.26 031 0.049 14.75 16.23 1.47
Seed vield per plant 6.86 7.95 089 | Al33 | ad3s 2
|

** Denole significant at 1% level ol probability
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seeds per siliqua which indicate that su fficient variation exist among different genotypes.
Bhardwaj and Singh (1969) observed 35.85% GCV in Brassica campestris. |
Length of siliqua

Significant dilference was observed among all genotypes (0.403**) studied for this
character (Table 4), Length of siliqua was observed highest in BARIsar-6 x BARIsar-9
which was statistically significant and different from those ol 16 other crosses and parents.
The lowest value was in SAU YC which was statistically different with that of 12
genotypes except parents Tori 7, BARIsar-9 and hybrids BARIsar-6 x Tori 7 and SAU YC
x Tori 7 (Table 5). Length of siliqua showed minimum amount of genotypic and
phenotypic variance with minimum difference between them indicating that they were less
responsive to environmental factors for their phenotypie expression and relatively low
GCV (7.47%) and PCV (7.89%) indicating that the genotype has less variation for this
traits (Table 6). Labowitz (1989) studied Brassica campestris population for siliqua length
and observed high genetic variation in this trait.

Thousand seed weight (g)

Significant difference was observed among all genolypes (0.831*%) studied for this
character (Table 4). The weight for thousand sced was observed highest in 88 73 x
BARIsac-9 which was similar to genotypes namely S8 75 x Tori 7, BARIsar-9 x §S 75,55
75, Tori 7 x 88 75 and BARIsar-6 x BARIsar-9 but statistically significant and dilferent
from those of 11 other crosses and parents. The lowest value was in Tort 7 and SAU YCx
BARIsar-9 which was statistically different with that of nine other genotypes excepl
narents SAU Shorisha-1 and hybrids Tori 7 x SAU YC, BARIsar-9 x SAU YC. BARIsar-
6 x Tori 7 and SAU YC x Tori 7 (Table 5). Thousand seed weight exhibited very low
genotypic and phenotypic variance with minimum differences indicating that they were
less responsive to environmental factors and moderate GCV (14.75%) and PCV (16.23%)
indicating that the genotype has considerable variation for this traits (Table 6). Bhardwa)

and Singh (1969) reported values 11.8% and 18.9% of GCV and PCV for thousand seed
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weight in Brassica campestris similarly Tak and Patnaik (1977) reported values 13.1%
and 16.5% of GCV and PCV for Brassica campestris.
Seed yield per plant (g)

In the present experiment the genotype mean square for seed yield per plant was
found significant 20.669** (Table 4). The DMRT test indicated the existence of both
significant and insignificant differences in different means. The seed yield per plant was
recorded highest in the cross 88 75 x Tori 7 which was statistically different with 16 other
genotypes and the lowest mean value was in Tori 7 and SAU YC x Tori 7 for this trait
which was statistically similar with BARIsar-9 and SAU YC but different from other
parents and hybrids (Table 5). Shen et al. (2002) observed significant differences between
F,s and their parents for yield per plant. Katiyar ef al. (2004) found significant variation
among parents and crosses indicated the presence of adequale genetic variance which
ceflected in differential perlormance of intervarielal cross combinations of Brassica
campestris. Seed yield per plant showed low values of genotypic (6.86) and phenolypic
(7.95) variance with little differences indicating that they had some short of interaction
with environment and higher GCV (41.33%) and PCV (44.34%) indicating that the
aenotype are highly variable for this character (Table 6). Bhardwaj and Singh (1969)
reporied GCV of seed yield per plant was 96.99% in Brassica campestris and Singh
(1987) reported values 44.04% and 46.9% of GCV and PCV respectively [or frasyicu
Juncea.
Percent (%) vil content

Statistically significant dilference was observed among all genotypes (2.999%%),
studied for the character percent oil content (Table 4). The height value was 42.44g in 55
75 which was statistically significant and difTerent from those of |3 other cross and
parents except BARIsar-6, SAU YC, and BARIsar-9 x SAU YC. The lowest value was

39.26g in Tori 7 x BARIsar-6, which was statistically different with that of 14 genotypes
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except Tori 7 and SAU YC x Tori 7 (Table 5). Shen et al. (2002) were observed

significant differences were found between Fis and their parents for seed oil content.

4.3 Heritability and genetic advance

The heritabilily estimates, genetic advance and genetic advance in percent of mean are
presented in Table 7. Heritability in broad sense were ranged from 80.98% to 98.92% in
plant height and number of primary branches per plant respectively which indicated that
selection based on phenolypic expression of any character for breeding could be effective.
High heritability along with high genetic advance and genetic advance in percentage af
mean was observed in number of secondary branches per plant followed by seed yield per
plant, number of siliquae per plant and number of seeds per siliqua, number of primary
branches per plant which indicated that these characters is governed by additive gene.
Panse (1937) stated that if heritability was mainly due to additive effects, it could be
associated with high genetic advance but if it was due to non additive effects the genetic
advance would be low by following this breeder could perform selection. However. in
most of the cases high heritability estimates have been found to be helplul in making
selection of superior genotypes on the basis of phenotypic performance. Days to maturity.
days to 50% flowering, length of siliqua and thousand seed weight had low values of
cenetic advance and genetic advance in percentage of mean but high values of heritability
this showed that the high values of heritability are not always and indication of high
genetic advance i.e, these characters is governed by non-additive gene. Liang and Walter
(1968) reported that the character with high values of heritability and low genetic advance
may be due to non-additive gene action which includes dominance and epistasis. Jnhnm:\’.
et al. (1955) suggested that heritability estimates along with genctic gain were more useful
in prediction selection of the best individual. Seed yield per plant, number of secondary
branches per plant, number of siliquac per plant and number of primary branches per plant
showed high GCV and heritability together with high genetic advance in percentage af

mean suggesting better scope for selection.
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Table 7, Heritability, Genetic advance and Genetic advance in percent of means for
yield and yicld contributing characters of the Brassica campestris parents
and their hybrids

Genetic parameters -» b, Genetic advanee GAin percent of means

Characters 1% 5% 5% | (1%)
Days to 50% ﬂcmtring 95.14 865 | 689 | 2338 29.95
Days Lo maturity 93.72 15.63 12.20 13.55 17.37
Plant height 98,52 1793 29.59 30.79 39.57
Mo, of primary branches per plant 80.98 5.549 396 5431 76.87
M. of secondury branches per plant 06.60 15.40 12.02 111.702 143.13
No. of siliquae per plant 9746 79.80 64.90 5455 | 6348
No. of seeds per siliqua 86.68 §.41 6.75 3823 4779
Length of siliqua 88.33 0,86 0.6492 14.34 26.12
Thousand sced weight 8433 1.96 0.96 28.19 3900
Secd yield per plant 86.30 | 634 159 | 7589 104,10
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Akanda et al. (1997) opined that the characters with high values of GCV and heritablilty
accompanied by high genctic advance in percentage of mean indication that they might
transmit to their hybrid progenies and therefore, phenotypic selection based on these
characters would be effective. Kudla (1993) found censiderable non-additive gene action
in the inheritance of siliqua length. But Gupta and Labana (1989) observed dominance for
the inheritance of this character. However, genetic advance value of yield indicated that
yield can be improved upto 4.99g per plant with a selection pressure of 3% intensity. This
improvment in yield would be 78.89% of mean yicid. If selection is made on the basis of
yield character of genotypes used there may have enough scope for yield improvement of
oleiferous Brassiea.
4.4  Character associalion

Yield is a complex product being influenced by scveral interdependent quantitative
characters. Breeders always look for genetic variation among traits (o selecl desirable
types. Some of these characters are highly associated among themselves and with seed
yield. The analysis of the relationships among these characters and their associations with
seed yield is essential to establish selection criteria. When more characters are invalved in
correlation study it becomes difficult to ascertain the characters which really contribute
toward vield. The path coefficient analysis under such situations helps to determine the
direct contribution of these characters and their indirect contributions via other characters.
Selection for yield per sé may nat be effective unless the other vield components were
having direct or indirect influence on it and are taken into consideration. When selection
pressure is exercised for improvement of any character highly associated with yield, it
simultancously affects a number of other correlated traits. Genotypic and phcnmyp]_c:
correlation coefficients were calculated as according to Miller et al. (1958).
Correlation coefficient

Genotypic and phenotypic correlation coefficients between pairs of characters in
the present study are presented in Table 8. 1t is evident that in majurity of the case, the

genotypic correlation coefficients were higher than the corresponding phenotypic
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Table 8. Correlation coefficients among different cha

racters of the Brassica campestris parents and their hybrids

Charactlers Days to Plant height | Number of | Number of Mumber | Lengthof | Mumber | Thausand Seed yield
maturity primary secondary of siliqua of secds secd per
branches branches siliquae {em) per weight (z) | plant (g)
e _ per plant per plant per plant  siligua -
[Cravs to 50% Nowering rg D.5474* 0.307% -0.176 ns (134752 0258 0.284%% 0,181 ns 0,254 0.246*
: p 0.546%F 0.309%* -0.173 ns 0.341%* 0.260* 0.260* 0.183 ns 0.247* 0.249%
Days to maturily rg 0.492%* -0.452%* -0.309*= -0.336%* D.204ns | -0.042ns | 0208 ns 0.176 ns
= rp (.490%= -0,455%% (3040 -0.336%* 0.184 ns ~0.042 ns 0.19% ns 0.177 ns
Plant height g 0.270%* 0.124 ns 0.135 ns 0.691%* DL516** D.619%* 0.348%#
T 266%* 0.120 n3 0135 ns 0.630** .503** 0.596%* .346%+
Mumber of primary re 0.588* 0.543%= .434%= 0.663%* 0.362% 0.505*
branches per plant rp 0.500+* 0.540** 0351+ 0.627** (.344%4 0.591%*
Mumber of sccondary e (.916%* 0.396%* 0.578%* 0.423** 0.864%*
_branches per plant rp 0901 (.529** 0.579%= 0,398*" (.845%%
Number of siliquae per plant | g 0372*% | 0.543** | 0.513** | 0.925°*
rp | o33ess | 0ssse* | 05140 | 0.924%2
Length of siliqua (em} re 08694 (1L89G** f1.655+*
. rp 0.825%* | 0792°° | 0.593%*
MNumber of seeds per siliqua | 18 -0, 700 {.768%*
rp -0LGRAY 0.744%*
“Thousand seed weight (g) e 0.745*
p 0.729**

“and ** indicate siznificant at 3% and 1% level of probability, respectively

ns= Mol Signilicant

rg = Genolypic correlation coeflicicns
rp = Phenolypic correlation eoellicients
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correlation coeflicients. This indicates that of a strong inherent association between the
characters studied and suppressive effect of the environment modified the phenotypic
expression of these characters by reducing phenotypic correlation values. In few cases,
however, phenotypic correlation coefficients were same with or higher than their
corresponding genotypic correlation coefficients suggesting that both environmental and
genotypic correlation in these cases act in the same direction and finally maximize their
expression at phenotypic level.

Seed yield per plant had highest significant positive correlation with number of
siliquae per plant followed by number of secondary branch per plant, seeds per siliqua,
thousand seed weight, length of siliqua, number of primary branches per plant, plant
height and days to 50% fowering and insignificant pesitive correlation with days to
maturity at both genotypic and phenelypic jevel. Khulbe and Pant (1999) found similar
cesults Tor number of siliquae per plant, number of seeds per siliqua, thousand seed weight
and length of siliqua, Kumar et al, (1999) for number of siliquae per plant, thousand seed
weight and plant height, Masood et al. (1999) for number of siliquae per plant and number
of seeds per siliqua, Reddy (1991) for number of primary branches and secondary branch
per plant, Das et al, (1998) for number of seeds per siliqua and length of siliqua, Tyagi et
al. (1996) and Thakral er al. (1999) for increased plant height, Chowdhury er al. (1987)
and Gill and Narang (1995) for days to maturity. Among the yield contributing characters
days to maturity was found to have highly significant and positive association with days ©
50% flowering and plant height which indicates that late matured genotypes would be lale
flowered and tall. Days to maturity showed highly significant negative correlation with
number of primary branches per plant which indicate if days to malurity increase the
number of primary branches per plant decrease and it showed similar relationship with
number of siliquae per plant and number of secondary branches per plant. Days to 30%
flowering showed significant positive carrelation with number of secondary branches per

plant which indicate with increasing days to 50% flowering the number of secondary
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branches per plant would increase and it showed similar relationship with plant heigh,
siliqua length, number of siliquae per plant and thousand seed weight. Plant height showed
highest significant positive correlation with length of siliqua followed by thousand seed
weight, number of seeds per siliqua indicating with increase plant height the thousand seed
weight, number of seeds per siliqua would increase. Number of primary branches per plant
showed highly significant positive correlation with number of seeds per siliqua followed
by number of secondary branches per plant, number of siliquae per plant and length of
siliqua at both genotypic and phenotypic level which indicated that more primary branches
producing genotype produce more seeds per siliqua and more secondary branches per
plant. Number of secondary branches per plant showed highly significant posilive
correlation with number of siliquae per plant followed by number of seeds per siliqua,
thousand seed weight and length of siliqua which suggest that number of secondary
branches per plant might be considered for the selection of siliquae per plant. Reddy
(1991) reported similar results. Length of siliqua had highly significant positive
correlation with sceds per siliqua such positive correlation indicates that seeds per siliqua
were highly dependent on length of siliqua. Das ef al. (1998), Gurdial and Hardip (1998)
and khulbe and pant (1999) were found similar relationship between them. Highly
significant negative correlation was found in seeds per siliqua with thousand seed weight
which indicate that more seeds per siliqua reduce seed weight, A significant positive
association of thousand seed weight with length of siliqua indicating that with increase
siliqua length sced weight increase. Chowdhury ef al. (1987) also found positive
correlation between them. ~
4.5 TPath cocfficient analysis

Association of character determined by correlation coefficient may not provide an
exact picture of the relative importance of direct and indirect influence of each of yield
components on seed yield per plant. As a matter of [act, in order to find out a clear picture

of the interrelationship between seed yicld per plant and other yield attributes, direct and
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indirect effects were worked out using path analysis at senotypic level which also
measured the relative importance of each component, Seed yield per plant was considered
as a resultant (dependent) variable and days to 50% flowering, days to maturity, plant
height, number of primary branches per plant, number of secondary branches per plant.
number of siliquac per plant, length of siliqua, number of seeds per siliqua and thousand
seed weight were causal (independent) variables. Path coefficient analysis was estimated
accarding to method suggested by Dewey and Lu (1938},

Estimates of direct and indirect effect of path coefficient are presented in Table 9.
The cause and effect relationship of yield per plant and vield related characters have been
presented diagrammatically in Figure L. Residual effects of their independent variables,
which have influenced vicld to a small extent, have been denoted as ‘R’ in the diagram.
The results are discussed briefly as follows:

Path coefficient analysis revealed that thousand seed weight had the highest
positive direct effect on seed vicld per plant followed by number of siliquae per plan,
number of seeds per siliqua, number of secondary branches per plant and plant height.
Kakroo and Kumar (1991) assessed similar results for thousand seed weight, Khulbe and
Pant {1999) for thousand seed weight, seeds per siliqua, siliquae per plant, Sheikh er al.
(1999) for siliquae per plant and thousand seed weight, Chauhan and Singh (1995) lor
plant height, seeds per siliqua and siliquae per plant, Patel et al. (1999) for plant height,
sccondary branches per plant and siliquae per plant, Thousand seed weight followed by
seeds per siliqua, number of siliquae per plant, number of secondary branches per plant
and plant height showed positive direct effect its indirect effect through others charactes
which finally made highly significant positive correlation with seed yield per plant
indicating that for increasing these characters other causal factor must be considered

simultaneously, Moreover, number of siliquae per plant had higher positive direct eifect
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Table 9. Partitioning of genotypic correlation with seed yield per plant

into direct (Diagonal/bold) and indirect components

“Characters Days to Days to | Plant height Number of | Numberof | Number Length of | Number | Thousand Total
50%0 maturity {em} primary secondary of siligua of sceds seed correlation to
flowering branches branches siliguae (em) per weight (g2} seed yield per
per plant per plant per plant siligui plant (g}
Days o 50% flowering -0.046 -[1.035 0.028 0025 0162 0082 -[.153 0.096 0147 0.246*
Days to maturity -0.023 -0.064 0.044 0.16:4 -0.091 -0.040 0221 -0.022 -0.011 0175 ns
Plant height {cm) -0.014 -0.032 0.090 -0.038 0.037 0.044 -0.372 0,274 0.359 D3ags
“Mumber of primary 0.008 0.029 0.074 -0.141 0.173 0.176 -0.234 0.352 0.210 0.598%*
_branches per plant
Mumber ol secondary 0016 0.020 Q.01 -0.083 0.295 0.297 0213 0,307 0.246 0.564%*
branches per plant
Number of siliquas per plant 0.022 -1.265 “.112 0.120 0.212 {0, 560 01344 0184 0.122 0.503%*
“Length of siliqua {em) -0.013 -0.013 0.062 -0.061 0.117 0.121 -0.538 0.462 0.520 0.655%*
“MNumber of seeds per sifiqua -0.008 0.003 0.0406 -0.093 0171 0176 068 0.531 Ol 0.768%*
Thousand seed weight (g) -0.012 0013 0,056 0.051 0.125 0.166 -0.482 0.377 0.580 0.745%*

e Bold figures indicate dircel effects

»  Residualeflect =010
s ns= Notsignilicant

*and ** indicate significant at 5% and 1% level of prob:

whility, respectively
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0.076ns -0.509%* 0.135ns G 3 0.578** U,331%
A
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Fig 1. Path diagram of yield contributing traits in 5 parents and 12 hybrids of
Brassica campestris

|= Plant height, 2= No. of primary branches/plant, 3= No. of secondary branches/plant, 4= No. of

siliquae/plant, 5= No. of seeds/siliqua, 6= Length of siliqua, 7= Theusand secd weight, §= Days (0
50% flowering, 9= Days to maturity, 10= Seed yield/plant, R = Residual elfects.
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than their highly significant positive correlation with seed yield per plant indicating that
selection based on these characters would be effective. Days to maturity had negative
direct effect but most of its indirect effects through other characters were positive and
relatively high which finally made insignificant positive correlation between days to
maturity and seed yield. Although number of primary branches per plant showed negative
direct effect, its indirect effect through seeds per siliqua was relatively higher followed by
thousand seed weight, number of siliquae per plant, secondary branches per plant, days to
maturity, plant height and days to 50% Mowering which finally made highly significant
positive correlation with seed yield per plant indicating that for increasing primary
branches per plant, other causal factor must be considered simultancously. Kakroo and
Kumar (1991) found that primary branches had nepative indirect effect via seeds per
siliqua on seed yield. Days to 50% flowering and lenath of siliqua also showed negative
direcl effect but resulted positive correlation with seed yield indicating that for increasing
these characters, other causal factor must be considered simultaneously, Singh ef al.
(1978) found similar results negative direct effect for days to 30% flowering and Khulbe
and Pant (1999) for siliqua length. The direct effect of plant height was negligible though
it showed positive significant association with sced vield per plant. The indirect effect of
plant height through thousand seed weight and number of seed per siliqua were also much
appreciable indicating that these characters played an important role in determining yield.
The residual effect observed in path analysis was low (0.10) indicating that the
character under study contributed 90.0% of the seed yield per plant. It is suggested that
there are some other factors/characters those contributed 10.0% to the seed yield per plant
not included in the present study may exert insignificant effect on seed yield (Fig. 1).
Correlation and path analysis revealed that thousand seed weight, number of seeds per
siliqua, siliquae per plant and secondary branches per plant were tlie most important yield

contributing characters as they showed highly significant positive correlation with grain
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yield as well as high direct and indirect effect through other characters on seed yield
except days to maturity. They had also high genotypic coefficient of variation and
heritability coupled with high genetic advance and genetic advance in percentage of mean.
The results therefore, suggest that thousand seed weight, number of seeds per siliqua,
siliquae per plant and secondary branches per plant appeared as an important yield
components and selection based on these traits would give better response for improving

seed yield in Brassica campestris.
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SUMMARY AND CONCLUSION

A five parents (Tori 7, $5-75, BARI 6, BARI 9 and SAU YC) partial diallel cross
hybrids were evaluated for estimating the magnitude of heterosis over mid parent and
heterobeltiosis, interoenotypic variability, heritability, genetic advance, character
associations. direet and indirect effect of different characters on yicld.

[t was observed that all the hybrids did not perform well for all the characters and
to find out the desirable hybrids for certain character the crosses were scored on the basis
of desirable heterotic values. Out of twelve crosses, only the hybrid Tori 7 x 85 75 showed
desirable negative heterosis for the characters days to first flowering, 50% flowering and
maturity and almost all the hybrids showed positive heterosis which was not desirable for
these characters. The hybrid $S 75 x Tori 7 was found to be the best one for number of
primary branches per plant. The cross 58 75 X Tori 7 produced maximum number of
siliquae per plant. The cross BARIsar-6 x BARIsar-9 and BARIsar-6 x BARIsar-9/85 75 x
BARIsar-9 showed maximum length of siliqua and number of seeds per siliqua. The cross
§S 75 % Tori 7 and BARIsar-6 x BARIsar-9 were best for thousand seed weight. Most of
the hybrids showed negative heterosis for percent oil content. however, the highest
significant heterosis was found in the cross BARIsar-9 x SAU YC over mid parent and
over better parent. For seed yield per plant the cross 85 75 X Tori 7 found to be the best
ane followed by cross 88 75 x BARIsar-9 and Tori 7 % 55 75, So, selection out of these
crosses in the subsequent generations may produce some suilable segregants.

From ANOVA it was observed that highly significant variation exists among all.
the genotypes used in the character studied. Through DMRT test, the day to first flowering
was observed lowest in hybrid Tori 7 x 88 75 and highest in parent 88 75 and hybrids
BARIsar-9 x SAU YC, BARIsar-6 x BARIsar-9 and SAU YC x BARIsar-9. Lowest days
to maturity observed in parent Tori 7 and eross Tori 7 x SAU S8-1. The days to 50%

flowering was observed lowest in hybrid Tori 7 x 88 75 and in parent Tori 7. The number
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of primary branches per plant was recorded highest in the cross 88 75 x Tori 7 and lowest
in parent SAU YC. Similar results was observed for number of secondary branches per
plant in hybrid 85 75 x BARIsar-9 and parent SAU YC; for number of siliquae per plant
in hybrid S8 75 x Tori 7 and SAU YC x Tori 7; for length of siliqua in hybrid BARIsar-6
x BARIsar-9 and parent SAU YC; for number of seeds per siliqua in hybrids BARIsar-6 x
BARIsar-9, SS 75 x BARIsar-9 and SAU YC x Tori 7. The weight for thousand seed was
observed highest in S8 75 x BARIsar-9 and lowest value was in Tori 7 and SAU YC x
BARIsar-9. The highest value was 42.44g in 53 75 and lowest value was 39.26g in Tori 7
« BARIsar-6 for percent oil content. The seed yield per plant was recorded highest in the
cross SS 75 x Tori 7 and the lowest mean value was in Tori 7 and SAU YC x Tori 7. The
difference between genotypic and phenotypic variances was relatively high for number of
siliquae per plant, plant height and number of seeds per siliqua indicating large
cnvironmental influence other characters, however, showed little differcnce between
genotypic and phenotypic variance. The values of PCV and GCV indicated that there were
considerable variations for all the traits except days to maturity and length of siliqua.
ANOVA, DMRT test and genetic parameter study revealed substantial genetic variability
among genotype and thus high possibility of improvement in most of the traits.

Heritability in broad sense was moderate to high for all the characters studied and
it ranged from 80.98% to 98.92% which indicated that selection based on phenotypic
expression of any character for breeding could be effective. The genetic advance, genetic
advance in percent of mean were high for almost all the characters except length of siliaua
and thousand seed weight, Thus, the hybrids which perforimed well in various characters
were due to genetic reasons and have a possibility for improvement through selection in
the subsequent generations,

Seed vield was positively and significantly correlated with number ol siliquae per
plant followed by number of secondary branches per plant, sceds per siliqua, theusand

seed weight, length of siliqua, number of primary branches per plant, plant height, days to
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50% Mowering and insignificantly with days to maturity. Number of secondary branches
per plant had strong positive association with number of siliquae per plant. Length of
siliqua had highly significant positive correlation with seeds per siliqua such positive
correlation indicates that seeds per siliqua were highly dependent on length of siliqua.
Highly significant negative correlation was found in seeds per siliqua with thousand seed
weight which indicate that more seeds per siliqua reduce seed weight.

Path coefficient analysis revealed that thousand seed weight had the highest
positive direct effect on seed yield per plant followed by number of siliquae per plant.
aumber of seeds per siliqua, number of secondary branches per plant and plant height.
Thousand seed weight had the highest positive direct elfect on seed yield per plant and the
quniber of siliquae per plant had higher positive direct effect than their highly significant
pasitive correlation with seed yield per plant.

More than 50% heterobeltiosis were abserved among the crosses Tori 7 & 55 73,
BARIsar-9 x SS 73, BARIsar-9 x SAU YC, $3 75 x Tori 7, S8 75 x BARIsar-9, BARIsar-
6 x Tori 7 and BARIsar-6 x BARIsar-9 which could be utilized for commercial purposes
f suitable male sterility system would become available. The hybrid Tori 7 x S5 75 was
good for short duration which might produce suitable segregants in the next generations
where sclection could be applied for shorter duration. Number of secondary branches per
plant, seed yicld per plant, number of primary branches per plant and number of siliquas
per plant had high GCV and PCV values indicating the presence of high amount of genetic
variability among the genolypes, therefore, in a breeding programme maximum emphasis
should thus be given on these trails. Correlation and path analysis revealed that number of
siliquae per plant followed by thousand seed weight was the most important yield
contributing traits and selection based on these traits would give better response for the

improvement in sced yield in oleiferous Brassice.
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Appendix 1. Menthly record of year temperature, rainfall, relative humidity and
sunshine of the experimental site during the period from October 2004

to March 2005
Year Munth *Air temperature (*c) Relative Razinfall | **Sunshine
Maximum | Minimuom Mean humidity (mm) (hr)
(%)

2004 | October 30,97 7331 37.14 75.25 208 308.9
November 25,45 18.63 24.04 69.52 00 3332
December 76,85 16.23 21.54 7061 00 210.5

2005 | January 24,52 13.86 19.19 68,46 04 194.1
February 28,88 17.98 23.43 61.04 03 2215
March 3222 21.78 27.00 66.69 155 210.2

*Monthly average

*= Monihly total
Source: Bangladesh Meteorological Department (Climate division)
Agargoan, Dhaka - 1212



Appendix 11. Mean performance of parents and hybrids for different quantitative characters in oleiferous Brassica campestris

Characters ¥

Plant | Numberof | Number of Dayy Days Days | Siliguae Seeds Length | Thousand | Seed yield | Percent
height primary secondary to first to 50% to per per of seed per oil
Parcnts and Hybrids {cm) branches branches | Aowering | flowering | maturity plant siliqua siliqua wetght plant content
v per plant per plant (cm) ()

Toi 7 56 5.06 6.23 21.00 24 76 152 15 4.44 3 6.70 39,55
BARIsar-9 102 8 0.43 25.00 28 83 158 16 4.91 i3 7.53 40.39
B ARTsar-5 = 108 5.84 4.93 17.00 30 95 156 15 4.66 16 817 42.43
55 75 104 4.6 13 30.00 33 100 148 14 475 iR 7.64 42.44
SAL YO 41 4.17 1.15 27.00 30 90 168 15 4.61 32 T.25 41.81
Torl 9 x 8575 96 10.47 14.83 21.00 24 85,00 312 15 4.86 3.97 17.34 40,08
Tori 7x BARInar6 o8 6.24 9.87 22.00 25 86.00 292 14,70 4.68 34 13.44 39,26
Tori Tx SAUYC 76 6.44 873 23.00 26 85.33 244 13 455 32 0.64 40,34
HARIar0 x §5 78 106 6.7 6.43 26.00 29 05.33 336 17 52 403 22.39 41.26
BARInarS x BARIsa-S 105 9.7 15.45 2800 3l 6533 272 14 59 I8 14.11 41.30
B ARIar® % SAU YC 95 9.57 18,78 30.00 33 90,33 277 133 492 15 12.65 42.15
8 75 x Tori 7 112 11.6 14 2200 25 BE.33 268 186 5.09 4.06 19.31 30.69
S5 75 x BARID 110 494 20.77 867 32 96.33 281 19.4 5.13 402 21.36 40,52
BARIsar-6 x Tori 7 102 7.04 5.23 25.00 8 00.33 286 15 4.48 33 1281 41.42
B ARIsar-6 x BARIsar-9 101 7.84 14.13 30.00 33 96.33 315 143 465 15 15.65 40.85
SAU YC x Tori 7 78 7.14 1477 25.00 28 85.33 218 14 45 33 8.98 39.40
SAUYC x BARIsar0 90 8.27 16.83 30.00 13 9033 | 244 11.36 456 32 10.56 4128
Mean 25824 | 2B.882 80.020 Q5. 784 '{.2?] 10.758 | 119.0 17.647 4.3{] 3.395 6,346

40,894




