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ABSTRACT

The experimental materials comprised of 79 treatments (15 lines, 4 testers and 60 F1) in
two environments E1 (timely sown) and E2 (late sown) of Indian mustard. Were grown at
Genetics and Plant Breeding research form, Narendra Deva University of Agriculture and
Technology, Narendra Nagar, Faizabad (U.P.) under timely shown during rabi 2012-13 to
study genetic variability of yield and its component traits. Seed yield per plant had
significant and positive association with biological yield per plant (0.880) followed by plant
height (0.548), harvest index (0.466), number of siliquae on main raceme (0.274) and
length of main raceme (0.202) but it had significant negative association with 1000-seed
weight (-0.190). The estimates of genotypic correlation coefficient were generally, similar
in sigh or nature but higher in magnitude than the corresponding phenotypic correlation
coefficient. Grain yield per plant had strong and positive association with biological yield
per plant, plant height, harvest index, number of siliquae on main raceme and length of
main raceme at phenotypic and genotypic level. Thus biological yield per plant followed by
plant height, harvest index, number of siliquae on main raceme and length of main raceme
emerged as most important and strongest associate of grain yield across diverse
environment. The study revealed that greater emphasis should be given to these characters
for yield improvement.

Introduction

million ha and production was 6.78 million

Indian mustard or brown mustard (rai) was
originally introduced from China into north-
eastern India, from where it had spread to
Afghanistan via Punjab, eastern
Afghanistan, together with adjoining north-
western India. It is predominantly cultivated
in Rajasthan, Uttar Pradesh, Haryana,
Madhya Pradesh and Guijarat. Its cultivation
is also being extended to non-traditional
areas of southern India. During 2012-13, the
Indian mustard crop had an average
productivity of 11.45g/ha and area was 5.92
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tons in all over India. Nature always favours
the plant populations having much
variability in terms of adaptation across the
years and locations.

Materials and Methods

The experimental materials for present study
comprised of 120 treatments (15 lines, 4
testers and 60 F1) in two environments E1
(timely sown) and E2 (late sown) of Indian
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mustard. Genotypes were grown in
randomized block design with three
replications at the present field experiment
was conducted at the Research Farm of
Genetics and Plant Breeding, N.D.U.A. &
T., Kumarganj, Faizabad, (U.P.) during Rabi
2012-13. Recommended cultural practices
were followed to raise a healthy crop. The
observations were recorded on five
randomly selected plants for thirteen
quantitative characters viz., days to 50 per
cent flowering, days to maturity, plant
height, number of primary branches per
plant, number of secondary branches per
plant, length of main raceme, number of
siligua on main raceme, seeds per siliquae,
1000-seed weight, seed vyield per plant,
biological yield per plant, harvest-index, oil
content which were recorded on plot basis.

Estimation of heterosis

The magnitude of heterosis was worked out
as per cent increase or decrease of F; hybrid
over better parent and standard variety viz.,
SV (NDR 8501) (Table 1). The desirable sca
effects may not be of practical utility until
and unless per se performance of the
combinations is compared to that of
respective better parent and with standard
variety (SV). The heterosis breeding has
been extensively utilized in improving yield
particularly in allogamous crops. The
exploitation of heterosis in Indian mustard
has been limited due to its autogamous
nature. For a successful hybrid breeding
programme, it is essential that a significant
heterosis must be available in the F;
populations and that a method is available
for commercial seed production
economically. Significant level of heterosis
with respect to seed yield and its component
traits have been reported with hybrids
showing greater advantage under adverse
environmental conditions.
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Seed yield per plant

Magnitude of heterosis over better parent for
seed yield ranged from ranged from -40.22
(Narendra Swarna Rai 8 x NDRE 4) to
12.25 per cent (RH 58 x CS 54), with a
mean of 12.34 per cent in E1 and in E2 it
ranged from -54.36 (KM 9201 x Urvashi) to
40.30 per cent (NPJ 141 x CS 54), with a
mean of 2.23 per cent. Five crosses in EL.
Positive significant relative heterosis is
preferred to select the genotypes for
inclusion in the further breeding programme
so that the trait can be utilized in
development of new high yielding varieties.
The ultimate aim of heterosis breeding is to
gain the heterotic crosses for seed yield and
other associated heterotic character. From
the present study the high vyielding cross
combinations can be utilized in future
breeding programmes for developing high
seed yielding genotypes. Higher magnitude
of heterotic response for seed yield in Indian
mustard was also reported by Khulbe et al.
(1998), Katiyar et al. (2000), Shanti Patil et
al. (2005) and Gupta and Narayan (2005).

Days to 50 per cent flowering

Manifestation of heterosis was found in both
positive and negative direction. The mean of
heterosis over better parent and standard
variety was 8.04 and -9.91 per cent in E1
and 7.35 and 9.76 per cent in EZ2,
respectively. The heterosis over better parent
ranged from -12.77 (RH 58 x NDER 4) to
27.91 per cent (RRN 702 x Urvashi) in E1
and -32.24 (PRB 2004-3 x Urvashi) to 32.37
per cent (RH 0737 x NDRE 4) in E2.

Out of 60 crosses, Fi’s showed significant
heterosis over better parent in negative
direction in E1 i.e. RMM 09-3 x CS 54 (-
12.24%), RH 58 x NDRE 4 (-12.77%), KM
9201 x NDRE 4 (-6.38%), KM 9201 x CS
54 (-10.20%) and PRB 2004-3 x CS 54 (-
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12.24%). In E2 PRB 2004-3 x RGN 73 (-
32.24%), Kargil Selection x CS 54 (-
22.66%), RRN 702 x CS 54 (-18.23%),
KMR 10-2 x CS 54 (-14.78%) and PRB
2004-3 x CS 54 (-14.78%). Negative
heterosis is preferred for flowering as it
indicates earliness in flowering. Early
flowering is desirable for Brassica species
as it offers longer duration for grain feeling
and certainly cause early maturity and high
seed yield. The crosses having significant
negative heterosis can select for harnessing
the economic values of the related traits in
the further breeding programme. Nassimi et
al. (2006) reported desirable negative
significant better parent heterosis for days to
50 % flowering, in Brassica genotypes.

Days to maturity

Heterosis over better parent and standard
varieties (SV) ranged from -7.63
(Parashmani 33 x NDRE 4) to 5.99 per cent
(RH 58 x RGN 73) and from -6.92 (NPJ 141
x NDRE 4) per cent in Eland -3.08 (RH 58
x Urvashi) to 6.04 (RH 58 x CS 54),
respectively. Early maturity is useful in most
plant species especially Brassica where
delayed maturity cause losses in yield and
quality of oil due to high temperature (Turi
et al., 2006). Negative heterosis, therefore,
is useful regarding days to maturity Nassimi
et al. (2006). These results were well
supported by similar findings of Yadava et
al., (2012) who reported desirable
significant negative heterobeltiosis for days
to maturity

Plant height

Heterosis over better parent ranged from -
28.26 (Narendra Swarna Rai 8 x NDRE 4)
to 13.89 per cent (Parashmani 33 x Urvashi)
with an overall mean of 3.8 per cent in E1
and in E2 ranged from -24.63 (Basanti x
Urvashi) to 16.77 per cent (Parashmani 33 x
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CS 54) with overall mean of 10.91 per cent.
Short and medium plant height of Brassica
species is desirable as it resist more towards
the high wind velocity and hence, reduce the
lodging and mechanical breakage. So,
negative heterosis is desirable regarding
plant height. Desirable negative and
significant heterosis for plant height has
been earlier reported by Tyagi et al., 2000,
Pourdad and Sachan (2003) and Nassimi et
al. (2006).

Number of primary branches per plant

The estimates of heterosis over BP ranged
from -39.39 (KMR 9201 x NDRE 4) to
25.74 per cent (KMR 10-1 x RGN 73) with
over all mean of 8.97 per cent in E1 and in
E2 it ranged from -34.42 (Basanti X
Urvashi) to 22.06 per cent (Parashmani 33 x
Urvashi) with over all mean of 5.96 per cent.
Five crosses in E1 and one cross in E2
showed significant and positive heterosis
over better parent. In Brassica, positive
heterosis for number of primary branches is
desirable, because plants with vigorous
stature containing more branches provide
opportunity for higher yields. Earlier, Gupta
(2009)  reported  desirable  positive
heterobeltiosis for primary branches plant-1.
Also, significant positive heterobeltiosis for
number of primary branches plant -1 was
also reported by Nasrin et al. (2011).

Number of secondary branches per plant

The mean value of heterosis in per cent
showed 11.68 in E1 and 16.03 in E2 over
BP; and 8.64 in E1 and 9.05 in E2 over SV,
respectively. The better parent heterosis
varied from -75.21 (KMR 10-2 x NDRE 4)
to 68.85 (RH 58 x RGN 73) in E1 and in E2
it ranged from -56.03 (RH 0737 x CS 54) to
102.19 (Narendra Swarna Rai 8) per cent.
Short stature with vigorous structure
containing more branches will provide high
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yield opportunity, so positive heterosis is
desirable for number of secondary branches.
Niranjana et al. (2014) earlier reported
positive significant heterosis for secondary
branches per plant.

Length of main raceme (cm)

Heterosis over better parent ranged from -
27.32 (KM 9201 x NDRE 4) to 65.79 per
cent (Kargil Selection x CS 54) with an
overall mean of 1.44 per cent in E1 and in
E2 it ranged from -38.28 (RRN 702 x
NDRE 4) to 26.57 per cent (Parashmani 33
x NDRE 4) with an overall mean of 0.73 per
cent.

Number of siliquae on main raceme

Significant and positive standard heterosis
over SV (NDR 8501) crosses displayed by
the crosses zero in E1 and NPJ 141 x
Urvashi (18.07) and ACN 83 x RGN 73
(23.66) in E2. Out of sixty cross
combinations, none in E1 and two in E2
showed significant and positive heterosis
over SV. The range of heterosis for SV and
from -34.97 (NPJ 141 x CS 54) to 0.56 per
cent (Basanti x Urvashi) in E1 and in E2 it
ranged from -41.41 (PRB 2004-3 x NDRE
4) to 23.66 per cent (ACN 83 x RGN 73),
respectively. More number of siliqua in
main raceme is desirable trait in the
Brassica species for harvesting high seed
yield, so positive heterosis is desirable for
this trait.

Number of seeds per siliqua

The mean heterosis over better parent and
standard variety (NDR 8501) was 1.85 and
5.49 per cent in E1 and 2.93 and 11.20 per
cent in E2. The magnitude of better parent
heterosis varied from -20.26 (ACN 83 x
Urvashi) to 24.81 (Kargil Selection x RGN
73) per cent in E1 and from -14.91

2599

(Narendra Swarna Rai 8 x Urvashi) to 18.28
(KMR 10-1 x Urvashi) per cent in E2.
Significant and positive heterosis over better
parent was displayed by Kargil Selection x
RGN 73 (24.81%), Basanti x CS 54
(18.30%), Narendra Swarna Rai 8 x CS 54
(15.03%), Kargil Selection x CS 54
(14.21%) and RH 0737 x Urvashi (13.53%)
in E1 and RRN 702 x NDRE 4 (18.28%),
RH 58 x CS 54 (17.53%), Parashmani 33 x
RGN 73 (13.67%), NPJ 141 x Urvashi
(12.94%) and Kargil Selection x NDRE 4
(12.50%) in E2. Number of seed per siliqua
characters has a direct correlation with the
seed yield as its alteration definitely change
the seed vyield per plant. So, positive
heterosis is desirable regarding number of
seeds per siliqua

1000-seed weight (g)

The heterosis over BP ranged from -40.22
(Narendra Swarna Rai 8 x NDRE 4) to
12.25 per cent (RH 58 x CS 54), with a
mean of 12.34 per cent in E1 and in E2 it
ranged from -54.36 (KM 9201 x Urvashi) to
40.30 per cent (NPJ 141 x CS 54), with a
mean of 2.23 per cent.

Seed yield per plant

Crosses differed considerably in their
heterotic response and ranged from -47.72
(KMR 10-2 x NDRE 4) to 36.86 per cent
(Kargil Selection x CS 54) in E1 and from -
48.43 (NDR 8501 x NDRE 4) to 44.48 per
cent (Kargil Selection x Urvashi) in E2 over
BP and from -47.48 (KM 9201 x CS 54) to
25.68 per cent (PRB 2004-3 x NDRE 4) in
E1 and from -48.43 (NDR 8501 x NDRE 4)
to 44.48 per cent (Kargil Selection x
Urvashi) in E2 over SV (NDR 8501).

Higher magnitude of heterotic response for
seed yield in Indian mustard was also
reported by Khulbe et al. (1998), Katiyar et
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al. (2000), Shanti Patil et al. (2005) and
Gupta and Narayan (2005).

Biological yield per plant

The heterosis over better parent ranged from
-43.38 (KMR 10-2 x RGN 73) to 72.49 per
cent (RH 58 x CS 54) with a mean of 7.71
per cent in E1 and from -41.23 (NDR 8501
x NDRE 4) to 93.46 per cent (Kargil
Selection x RGN 73) with a mean of 5.11
per cent in E2.

Harvest index

For this character heterosis ranged from -
33.20 (RH 58 x RGN 73) to 20.01 per cent
(KMR 10-2 x RGN 73) in E1 and from -
32.74 (Kargil Selection x NDRE 4) to 19.67
(RH 58 x NDRE 4) in E2 with overall mean
value of 9.38 per cent in E1 and 11.46 per
cent in E2 over BP and from -11.53 (KM
9201 x CS 54) to 38.89 per cent (RH0737 x
RGN 73) in E1 and from -24.14 (RMM 09-3
x RGN 73) to 17.06 per cent (RNN 702 x
Urvashi) in E2 with overall mean value of
11.58 in E1 and 11.17 per cent in E2 over
SV (NDR 8501) exhibited significant
positive heterosis for harvest index.

Oil content (%)

Crosses differed considerably in their
heterotic response and ranged from -5.22
(ACN 83 x CS 54) to 2.16 per cent
(Parshmani-33 x NDRE 4) in E1 and from -
5.75 (Narendra Swaarna Rai 8 x CS 54)
3.79 per cent (Parshmani 33 x CS 54) in E2.
exhibited significant positive heterosis for
oil content showed heterosis over SV in
desirable direction.

Manifestation of considerable heterosis for
such yield components have been reported
earlier by Ghosh et al. (2002), Goswami et
al. (2004), Shanti Patil et al. (2005) and
Singh et al. (2007).
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Results and Discussion

The heterosis breeding has been extensively
utilized in improving yield particularly in
allogamous crops. The exploitation of
heterosis in Indian mustard has been limited
due to its autogamous nature. For a
successful hybrid breeding programme, it is
essential that a significant heterosis must be
available in the F; populations and that a
method is available for commercial seed
production economically. Significant level
of heterosis with respect to seed yield and its
component traits have been reported with
hybrids showing greater advantage under
adverse environmental conditions. In the
present investigation, magnitude of heterosis
over better parent for seed yield ranged from
ranged from -40.22 (Narendra Swarna Rai 8
x NDRE 4) to 12.25 per cent (RH 58 x CS
54), with a mean of 12.34 per cent in E1 and
in E2 it ranged from -54.36 (KM 9201 x
Urvashi) to 40.30 per cent (NPJ 141 x CS
54), with a mean of 2.23 per cent. Higher
magnitude of heterotic response for seed
yield in Indian mustard was also reported by
Khulbe et al. (1998), Katiyar et al. (2000),
Shanti Patil et al. (2005) and Gupta and
Narayan (2005).

A perusal revealed that heterosis in seed
yield was proportional to the heterosis
observed for yield components. In majority
of cases heterosis in most of the components
registered heterosis for seed yield. The top

five Crosses showing significant
heterobeltiosis for seed yield were also
found to register significant positive

heterobeltiosis for number of siliquae on
main raceme, number of seeds per siliqua,
1000-seed weight, harvest index and oil
content in E1 & E2. However, top five
crosses, which showed positive heterosis
over SV for seed yield, were also having
positive and significant standard heterosis in
E1l & E2 for all characters studied.
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Table.1 Extent of per cent heterosis over better parent (BP) and standard varieties i.e. NDR 8501 (SV) for 13 characters in Indian

mustard
Days to 50% flowering Days to maturity Plant height
S. No. Crosses El E2 El E2 El E2
BP S\ BP S\ BP S\ BP sV BP sV BP sV

1 |NPJ 141 x NDRE 4 0.00 |-14.55**| 19.30** | -9.33** | -6.20**| -6.92**| 2.54** | -1.09 |-16.75**|-23.29**| -12.36**| -12.07**
2 |NPJ 141 x CS 54 4.08*% | -7.27** | 25.73** | -4.44* | -0.78 | -1.54* | -3.06**| -5.16** | -13.73**| -20.51**| 4.60 4.95

3 |NPJ141 x RGN 73 22.22** |  0.00 0.58 |-23.56**| 0.00 | -1.54*| 0.83 -1.36 | -4.43** | -7.50** | 14.51** | 14.88**
4 INPJ 141 x Urvashi 18.60** | -7.27** | 9.94** | -16.44**| 131 -1.03 | 4.48** 1.36 | -12.29**| -19.19**| -4.65 -4.34
5 |RHO0737 x NDRE 4 4.26* |-10.91**| 32.37** | 178 |-7.63**|-6.92**| 0.56 | -2.99** | -17.77**| -19.73**| -4.02 | -8.39**
6 |RHO737 x CS 54 6.12** | -545** | 4,05 |-20.00**| -0.26 | -0.77 | 2.16* | 2.99** |-13.12**| -15.19**| 8.13** 3.20

7 |RHO737 x RGN 73 15.56** | -5.45** | 22.54** | -578** | 1.04 -0.51 | 4.96** | 3.563****| 655** | 4.01* | -6.20* | -7.95**
8 |RHO0737 x Urvashi 18.60** | -7.27** | 13.29** | -12.89**| 0.00 |-2.31**| 0.84 -2.17* | -9.79%* | -11.94*%*| 421 | -7.39**
9 |KMR10-2 x NDRE 4 0.00 |-14.55**| 26.44** | -2.22 |-6.87**| -6.15**| 2.64** | -1.09 |-19.06**| -25.02**| -19.16**| -9.78**
10 |KMR 10-2 x CS 54 6.12** | -545** | -14,78**| -23.11**| -0.26 | -0.77 1.08 1.90* | 6.26** | -1.57 -4.30 6.80*
11 |KMR 10-2 x RGN 73 22.22** |  0.00 1.82 -0.44 | -1.56* | -3.08**| 3.31** | 1.90* -3.91 | -7.08** | -7.13** | 3.64
12 |KMR 10-2 x Urvashi 18.60** | -7.27** | 11.96** | -8.44** | 0.79 | -1.54* | 5.88** | 2.72** | 5.09* -2.66 -2.60 | 8.69**
13 |Parashmani 33 x NDRE 4 6.38** | -9.09** | 20.89** | 0.44 |-7.63**|-6.92**| 1.97* -1.63 | -17.04**| -29.92**| 7.74* |-19.00**
14  |Parashmani 33 x CS 54 10.20** | -1.82 | 13.19** | -8.44** | -3.35**| -3.85**| 3.58** | 2.17* | 12.55**| -3.94* | 16.77** | 8.96**
15 |Parashmani 33 x RGN 73 8.89** | -10.91**| 17.03** | -5.33** | 0.00 | -1.54* | 0.00 -1.36 | -6.39** | -9.49** | 180 -0.11
16 |Parashmani 33 x Urvashi 25.58** | -1.82 -1.10 |-20.00**| 0.52 | -1.79* | 5.60** | 2.45** | 13.89**| -3.14 6.06* 2.55
17 |KMR 10-1 x NDRE 4 2.13* | -12.73**| 24.71** | -3.56 |-6.87**|-6.15**| 3.10**| -0.54 -2.67 | -8.94** | -584* |-10.13**
18 |KMR 10-1 x CS 54 6.12** | -545** | 6.90** | -3.56 |-4.90**|-5.38**| 2.16* | 2.99** -0.21 | -6.65** | 5.34 0.54
19 |KMR 10-1 x RGN 73 11.11** | -9.09** | 2.24 1.33 0.00 | -1.54* | 3.31**| 1.90* 0.13 -3.18 | 8.79** | 6.76*
20 |KMR 10-1 x Urvashi 16.28** | -9.09** | 13.04** | -7.56** | 0.79 | -1.54* | 3.92** | 0.82 035 | -6.12** | 12.01** | 8.30**
21 |RRN 702 x NDRE 4 -2.13 | -16.36**| 24.14** | -4.00* | -7.38**| -6.67**| 2.25* -1.36 -5.07* | -16.78**| -6.56* |-12.46**
22 |RRN 702 xCS54 6.12** | -545%* | -18.23**| -26.22**| -1.80* | -2.31**| 1.08 1.90* | 8.45** | -4.93* 3.30 -3.23
23 |RRN 702 x RGN 73 11.11*%* | -9.09** 1.37 -1.33 0.00 | -1.54* | 2.20* 0.82 0.84 -249 | 9.33** | 7.28**
24 |RRN 702 x Urvashi 27.91** | 0.00 | 11.41**| -8.89** | 1.57* | -0.77 0.00 | -2.99** 2.37 | -10.26**| -9.49** | -12.49**
25 |ACN 83 x NDRE 4 0.00 |-145**5| 24.71**| -3.56 -0.53 | -3.08**| -1.13 | -4.62** | -19.64**| -28.60**| 0.40 |-17.24**
26 |ACN83xCS54 0.00 |-10.91**| -3.45 |-12.89**| 2.63**| 0.00 0.27 -0.54 1.59 -9.74** | 4.67 -2.33
27 |ACN 83 x RGN 73 4.44* | -1455**| 095 | -5.78** | 1.84* | -0.77 | 3.31**| 1.90* |-12.84**|-15.72**| 10.73** | 8.65**
28 |ACN 83 x Urvashi 18.60** | -7.27** | -8.15** | -24.89**| 1.84* | -0.77 0.56 | -2.45** | -11.79**| -21.63**| 6.15* 2.64
29 |NDR 8501 x NDRE 4 0.00 |-14.55**| 17.24** | -9.33** | -0.77 | -0.77 1.41 -2.17* | -10.26**| -10.26**| -17.37**| -17.37**
30 |NDR 8501 x CS 54 10.20** | -1.82 3.94 | -6.22** | -2.58**| -3.08**| 1.63 1.63 1.95 1.95 2.85 2.85
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31 |NDR 8501 x RGN 73 17.78%* | -3.64%* | -8.97** | -9.78** | -1.66* | -3.08**| 2.48** | 1.09 | -9.83** | -0.83** | 357 | 357
32 |NDR 8501 x Urvashi 20.93%* | -545%% | 489% |-14.22%*| 079 | -1.54* | 1.96* | -1.09 |-10.30**|-10.30**| 0.07 | 0.07
33 |Kargil Selection x NDRE 4 | 0.71 |-13.94%*| 22.41%* | -533** | 0.78 | 000 | 3.94%* | 027 | 11.26** | -10.71%*| -461 |-14.36**
34 |Kargil Selection x CS 54 4.08% | -7.27** | -22.66**| -30.22%*| -3.10**| -3.85**| -0.81 | 000 | 11.43**| -4.90* | 8.85** | 157
35 |Kargil Selection x RGN 73 | 20.00%* | -1.82 | -321 | -6.22** | 1.56* | 0.00 | 0.83 | -0.54 | -7.46™* | -10.51**| 9.99%* | 7.93**
36 |Kargil Selection x Urvashi | 13.95%* | -10.91**| 2.17 | -16.44**| 2.36** | 000 | 168 | -1.36 | 3.40 |-12.07**| -6.92* |-10.00**
37 |Basanti x NDRE 4 0.00 |-1455%%| 17.24%% | -033** | -154* | -1.64% | 141 | -217* | -1.98 | -7.66** | -24.63%*| -17.37**
38 |Basanti x CS 54 408% | -7.27%% | 12.32** | 1.33 |-3.35**| -3.85%%| 2.43** | 3.26™* | -2.47 | -8.13** | -405 | 5.19
39 |Basanti Xx RGN 73 17.78%% | -3.64* | -359 | -444* | -0.78 | -2.31>>| 0.00 | -1.36 | -1.07 | -4.34* | 1.43** | 11.20**
40 |Basanti x Urvashi 2558*% | -1.82 | 2011 | -1.78 | 157* | -0.77 | 0.84 | 217 | 430 | -1.75 |-15.38%*| -7.23%*
4 Hgg&aswmma'sx 213 |-16.36%*| 9.20%* | -1556%*| -3.82%*| -3.08**| -2.82**| -6.25%* | -28.26** | -30.79**| -8.60** | -13.60**
42 g'fre”dras""amaRa'BXCS 10.20%* | -1.82 | 542% | -489% | -1.03 | -1.54* | 3.23%* | 4.08** |-10.00%*|-13.17**| 12.24** | 6.10*
43 ggﬁ”%a SwarmaRal 8X | 55 gwx | 182 | -9.72%* | -13.33%*| -0.78 | -2.31%*| -1.65 | -2.99%* | -334 | -6.54%* | 693* | 492
44 ’L\'Jf\szrs‘ﬁlra SwamaRal8X | g g | 7 074% | 7.61%% | 12.00%%| 2.36%* | 000 | 3.36%* | 027 |-11.80%*|-14.91%*| 820%* | 4.62
45 |RMM 09-3 x NDRE 4 0.00 |-1455%*| 22.41%% | 533%* | -1.27 | -051 | 3.94%| 0.27 154 | -11.92%%|-18.73**| -6.95*
46 |RMM 09-3 x CS 54 12.04%% 21.82%%| -2.46 |-12.00%*| -2.58**| -3.08**| -1.89% | -1.36 | -1.19 |-14.29%%| -7.75%% | 562*
47 |RMM 09-3 x RGN 73 222 |-20.00%%| -419* | -8.44** | -0.78 | 2.31**| 1.65 | 027 | -5.83** | -8.94** | -9.55** | 355
48 |RMM 09-3 x Urvashi 16.28%* | -0.00%* | -14.67**| -30.22**| 0.00 |-2.31*| 168 | -1.36 | 11.04**| -3.69 |-17.59**| -5.64*
49 |RH 58 x NDRE 4 12,77 | 25.45%*| 24.14%* | -4.00% | -1.56* | -3.08%* | -2.54**| 5.08** | -27.65**| -29.65** | -22.20** | -15.93**
50 |RH 58 x CS 54 6.12%* | -545%% | 246 |-12.00%*| -1.56* | -3.08**| 6.04** | 4.89** | 6.45** | 350 | 3.35 | 11.68**
51 |RH58 X RGN 73 222 [-20.00%%| -321 | -6.22** | 5.99** | 436** | -055 | -1.90% | -7.58** | -10.14**| -2.24 | 5.64*
52 |RH 58 x Urvashi 3.88% |-18.79%%| 17.39** | -4.00* | 0.79 | -1.54* | -3.08**| -5.98** | -3.90 | -6.56** | -23.19%*| -17.00**
53 |KM 9201 x NDRE 4 -6.38** | -20.00**| 31.03** | 133 |-2.56**| -2.56**| 2.25* | -1.36 |-10.87**| 21.21**| -3.83 | -8.61*
54 |KM 9201 x CS 54 10.20%*| -20.00%* | -5.91%* | -15.11**| -2.58%* | -3.08**| 3.54** | 3.26** | 421 | -7.88**| 362 | -153
55 |KM 9201 x RGN 73 8.89%* | -10.91**| -3.60 | -489* | 0.00 | -1.54* | 0.83 | -054 | -482* | -7.97**| 191 | 0.00
56 |KM 9201 x Urvashi 6.98%* | -16.36%*| 18.48** | -311 | 0.79 | -1.54% | 0.00 | -2.99%* | -10.79%*| -21.14%*| -20.42%*| -23.06**
57 |PRB 2004-3 x NDRE 4 4.26* |-18.18**| 31.03**| 1.33 | 000 | 000 | 2.82**| -0.82 | -056 |-13.08%*|-11.93%*-10.90%
58 |PRB 2004-3 X CS 54 12.24%% | 21.82%*| -14.78**| -23.11**| -1.03 | -1.54* | 1.11 | -1.36 | 236 |-1053**| 3.77 | 4.99
59 |PRB 2004-3 x RGN 73 13.33** | -7.27** | -32.24**| -3556**| 1.56* | 0.00 | 3.62**| 109 | 585 | 235 | -224 | -1.09
60 |PRB 2004-3 x Urvashi 18.60* | -7.27** | 13.59%* | -7.11** | 2.36** | 0.00 | 2.62** | -0.54 | 5.02* | -8.20%* | -9.80** | -8.74**
Mean 897 | 144 | 596 | 1087 | 11.68 | 864 | 16.03 | 950 144 | 1110 | 073 | 1.02
C.Dat5% 0.81 1.04 1.35 151 5.99 5.48
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No. of primary branches per plant

No. of secondary branches per plant

Length of main raceme (cm)

S. No. Crosses El E2 El E2 El E2
BP SV BP SV BP SV BP Y, BP SV BP SV
1 |NPJ141xNDRE4 | -22.73**| 10.87| -13.37 | 800 | -36.62**| 1250 | -1355** | 17.54*<| -0.74 | -6.38 | -29.14** |-17.88*
2 |NPJ141x CS54 1333 | 580| -13.12 | -7.33 | 3.10 | 33.00"*| 33.33** | 643 | -10.30* | -15.40**| 572 |22.51*4
3 |NPJ141xRGN 73 1190 | 217 | 164 | 24.00%*| 67.74*%| 56.00*| 13.75 | -20.18**| 12.05**| 5.68 653 | 832
4 |NPJ 141 X Urvashi 233 | -870| 11.35 | 467 | -9.33 200 | 2063* | -11.11 | 511 | -087 379 | 11.49%
5 |RHO0737 x NDRE4 | -33.33**| -435| -11.34 | 14.67 | -26.48%%| 30.50**| -31.18** | -6.43 | -20.76**| -15.53**| 18.98%* | 15.36*"
6 |RHO737 x CS 54 26.67%*|-20.297 -27.32%*| 6.00 | -42.25**| -25.50* | -56.03** | -52.05%%| -17.62**| -12.19**| -8.22 | -7.68
7 |RHO737 x RGN 73 1333 |-156.22] -13.40 | 12.00 | -22.95% | -29.50%*| -35.66%* | -29.82%*| -17.46**| -12.02**|  5.83 3.22
8 |RHO0737 x Urvashi 1037 | 7.97 | -1031 | 1600 | -26.67**| -17.50 | 456 | 14.04* | -19.78**| -14.49%%| 099 | -0.41
9 |KMR 10-2x NDRE 4| -34.34**| 580| -11.76 | 10.00 | -75.21**| -56.00**| -0.65 | 35.09%*| -9.69* | -27.25**| 248 | -0.64
10 |KMR 10-2 x CS 54 1333 | 580| -8.06 | 14.00 | -34.88**| -16.00 | 96.10** | 17.64**| 12.76* | -9.15* 7.69 8.32
11 |KMR102xRGN73| 909 | 435| -323 | 2000 | -12.02 | -1950 | 37.99** | -7.60 | -3.26* | -11.24**| 024 | -2.23
12 |KMR10-2xUrvashi | 1591 | 10.87| -1.08 | 2267~ | -8.00 | 350 1270 | -16.96*| 946 | -11.11**| 571 | -5.16
13 E%aggnla”' 33x 20.20%* |72.46% 18.72* | 48.00%*| 10.70 | 96.50** | -20.65** | 7.89 265 | -19.44** 901 5.69
14 EZraShma”' 33XCS | 3764 |-19571 875 | 16.00 | -52.33%*| -38.50%%| 00.55%* | -29.24**| 23.55%%| -3.04 | 2657%* |27.32%%
15 sgraShma”' 33XRGN| 57 53%x| 652 000 | 2200% | 984 050 | 5852** | 614 | -326 | -11.24* -7.03 | -9.32
16 B?:fasshh’?a”' 33 19.10**| 435| 22.06 | 1067 | 800 | 21.50% | 37.70%* | 146 | -11.00% | -27.72**|  7.28 7.01
17 |KMR 10-1 x NDRE 4| -24.24**| 870 | -053 | 24.00* | -39.15**| 8.00 | -19.35** | 965 | 11.53* | -1436** 531 | 2.34
18 |KMR 10-1 x CS 54 1467 | -7.25| -8.06 | 14.00 | 2481 -3.00 | 75.42** | 21.05**| 18.02**| -9.37* 6.24 | 14.83%
19 |KMR10-1xRGN 73| 25.74** 23.91%] -2.60 | 2067 | 56.28** | 43.00*~| 61.02** | 1111 | -099 | -9.15* | -1.08 | 6.92
20 |KMR10-1x Urvashi | -9.56 |-10.87| -054 | 23.33* | -46.67**| -40.00%*| -18.65** | -40.06**| 10.79* | -10.02* | -6.78 | 0.76
21 |RRN702XNDRE4 | -2424**| 870| -588 | 17.33 | -19.72%%| 42.50*| -31.18** | -6.43 | 9.94* | -9.80% | -38.28** |-39.04*"
22 |RRN 702 x CS 54 6.67 | 1594] 061 | 10.00 | -37.21**| -19.00 | -6.63 526 | -2.86 | -20.30%%| 11.19* | 11.84%*
23 |RRN702XRGN 73 | -20.71* |-19.574 13.11 | 38.00%* | -27.32%*| -33.50**|  4.61 6.14 | -2.88 | -10.80%%| 0.77 | -0.47
24 |RRN 702 x Urvashi 571 | -435| -30.49**| -24.00 | -1067 | 050 | -53.60%* | -52.92**| 8.04 | -11.37**| -3.26 | -2.70
25 |ACNB83xNDRE4 | -18.18**| 17.39| -22.99*| -4.00 | -18.31**| 4500%*| -18.71* | 1053 | -3.65 | -27.77*%| 3.03 | 17.47*4
26 |ACN 83 x CS 54 14.67 | 24.64% -26.88%*| 22.00 | 23.26*| 59.00%*| 13.70 | -27.19**| 16.38**| -12.75**| -499 | 8.32
27 |ACN 83 x RGN 73 866 | 0.00| -1.64 | 2000 | 1514 | 650 | 32.31%* | -11.40 | -11.21* | -1852%%| 483 | 19.52%*
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28 |ACN 83 x Urvashi 233 | -870] 1471 | 400 | -11.11] 000 556 | -22.22%*| -881 | -25.94**| -14.86** | -2.93
29 |NDR 8501 x NDRE 4| -28.79**| 2.17 | -5.35 | 18.00 | -385.77**| 14.00 | -13.55** | 17.54** | -655 | -6.55 | -12.25* | -12.25*
30 |NDR 8501 x CS 54 1333 | 580| -4.37 2.00 388 | 34.00*| 0.00 000 | -022 | -022 8.57 9.20
31 |NDR 8501 X RGN 73| -21.74* |-21.74% 22.95**| -6.00 | -64.00%*| -64.00%*| -16.37* | -16.37* | -15.53**| -15.53**|  3.81 381
32 |NDR 8501 x Urvashi | -8.70 | -8.70| 11.33 | 11.33 | -26.67**| -1750 | -6.73 673 | 564 | -564 274 | 217
33 EaDrg'é ie'ec“on X 228.79%*| 217 | 9.09 | 36.00%*| -28.45**| 27.00%*| -36.34** | -13.45% | 26.60**| -8.33* | -441 | -7.33
34 ?jrg" SelectionxCS | 409 | 435| -7.27 2.00 039 | 2950%*| -14.12 | -35.96**| 65.79**| -10.02*| -589 | -5.33
35 Egr,%' '726"“’“0” X 1190 | 217 | 656 | 30.00%*| 50.27**| 37.50**| 55.69** | 16.08% | -6.71 | -14.40**| 11.24* | 850
36 Sﬁ‘\tg's'hise'ec“on X 2326% | 15.22| 364 | 14.00 | 1467 | 29.00%| 46.67** | 936 | 22.49**| -052 | -10.20* | -9.67*
37 |Basantix NDRE4 | -18.18** | 17.39| -17.67*| 18.00 | -8.73 | 62.00%*| -13.55%* | 17.54**| 31.01**| 503 9.01 |-11.78*
38 |Basanti x CS 54 1333 | 580 -26.05**| 6.00 | -48.06**| -33.00*|  1.33 | -33.33**| 043 | -20.17 227 287
39 |Basanti x RGN 73 1667 | 652 | -1023 | 28.67**| 19.67 | 950 | 2052* | -19.30%*| -13.66**| -20.78**| 13.76** | 10.96*
40 |Basanti x Urvashi 233 | -8.70| -34.42**| 6.00 | -6.67 500 | 3849** | 205 | 32.85**| 7.00%* | 344 | -2.87
41 8NireN“g§ESZ"ama Ral | 51 21%%| 13.04| -1497 | 6.00 056 | 78.50%* | -44.52%* | -24.56**| -20.71%*| -22.60**| -23.16%* |-25.50*"
42 SNirggj;S""ama Ral | 567 | 1.45| 11.83 | 26.00% | -9.30 | 17.00 | 102.19%*| 34.80%* | -11.47**| -13.58**|  6.88 750
43 |NarendraSwarnaRai | .0 0. | 1739 1748 | 8.00 1.09 750 655 | -28.65%*| -3.02 | -534 | 17.55%* |14.65**
8 X RGN 73
44 girgnr%;asﬁi""ama Ral | gg89 |.10.87 -1479 | -4.00 8.00 | 21.50% | 21.83* | -10.23 | -8.00% | -10.20* | 3.44 4.04
45 |RMM 09-3 x NDRE 4| 758 |32.61%1 -3.74 | 20.00 | -7.89 | 63.50**| -47.96%* | -29.24**| 2.60 | -12.54**| -1.67 | -3.40
46 |RMM 09-3 X CS 54 2800 | 000]| -407 | 1000 | -20.71%*| 1.00 | -14.69 | -38.89%*| -2.65 | -17.01**| -12.35* | -11.84*
47 |[RMM09-3XxRGN 73| 455 | 8.70| 820 | 1200 | 164 | -7.00 | 60.41%* | 14.91* | -11.39**| -18.70**| -161 | -3.34
48 |RMM09-3 x Urvashi | 6.82 | 247 | 174 | 1667 | 222 | 1500 | -1071 | -34.21**| 1.42 | -13.54**| -15.68** |-15.18*"
49 |RH 58 x NDRE 4 25.76%*| 652 | -27.81%*| -10.00 | -26.20°*| 31.00%* | 21.94** | 6.14 | -13.46**| -19.91**| 16.67** | 14.89"*
50 |RH 58 x CS 54 400 | 13.04] 562 | 1267 | 2636 -500 | 55.00%* | -18.42**| 9.89* | 1.69 2052 | 006
51 |RH58 X RGN 73 1778 | 1522| -984 | 10.00 | 68.85%*| 5450**| 13.97 | -23.68**| 563 | -2.26 | 13.21** | 11.49*
52 |RH 58 x Urvashi 3778 |4y 1ax] 559 | -1000 | -56.00%*| -50.50%*| 44.05** | 614 | -0.05 | -751 6.99 7.62
53 |KM 9201 x NDRE 4 | -39.39%* | -13.04| 856 | 14.00 | -37.46%%| 11.00 | -31.61%* | -7.02 | -27.32%*| -29.59**| 14.27** | 10.79*
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54 |KM9201xCS54 | -28.00**[-21.747 -437 | 2.00 | -58.14**] -46.00**] 134 | -33.63**| -3.94 | 694 | 9.97* | 10.61*
55 |KMO9201x RGN 73 | 14.29%* | 4.35| -0.55 | 21.33* | 57.38**| 44.00*| 36.68** | -8.48 | -5.15 | -8.11* | -9.08** | -12.10*
56 |KM9201x Urvashi | -2.33 | -8.70| 12.24 | 10.00 | -1556 | -5.00 | -556 | -30.41**| -457 | -7.55 | -20.16** |-19.70*
57 [0 2O0SXNORED 1912 |26.00%] 22.46%% 333 | 30.99%%| 22.50% | 4L29%* | 2018%*| 1231 577 | -12.64* |-15.30
58 |PRB 2004-3 x CS 54 | -28.92** | -14.49] -13.77 | -4.00 | -40.70~*| 2350 | 0.72 | -18.13**| 7.60 | -9.72* | -1.05 | -0.47
59 |on0200FSXRON | 1g 67+ | 217| 1630 | 200 | 1749 | 750 | 1439 | -3041%*| 1196 273 | 559 | -7.91
60 |PRB 20043 x Urvashi -13.25 | 4.35| -2.99 | 800 | -10.67 | 050 | 2410 | 0.88 | 20.84**| 1.39 629 | 692
Mean 897 | 144| 596 | 1087 | 1168 | 864 | 16.03 | 905 | 144 | 1110 | 073 | 102
C.D at 5% 0.81 1.04 1.35 1.51 5.99 5.48
s No. of siliquae on main raceme No. of seeds per siliqua 1000-seed weight (g)
N6 Crosses El E2 El E2 E2
' BP SV BP SV BP SV BP SV BP SV BP SV
1 |NPJ 141 x NDRE 4 0.68 | -18.36** | -7.16 | -13.78* | -3.68 461 | 522 | 11.90% | 440 | 2891 | 16.68** | -2.39
2 |NPJ141x CS 54 27.0%* | -34.97** | 393 | -10.78 | 4.7 510 | 896 |1587**| 5.35** | -490% | 40.30** | 23.32%*
3 |NPJI41xRGN73 | -13.43** | -17.80** | -14.92* | 20.99** | 3.10 316 | 896 | 1587 | 514** | -401* | 1523** | 150
4 |NPJ 141 x Urvashi 467 | -10.44* | 27.14* | 18.07** | 1231 | 631 | 12.94* | 20.11%* | -0.47** | -510%* | 19.72** | -2.92
5 |RHO737 x NDRE 4 395 | -28.10* | 190.37* | -7.62 8.82 | 971* | -451 | 0.9 | -24.08** | -15.92** | 0.00 -1.94
6 |RHO737 x CS 54 9.82* | -19.55** | -10.69 | -17.42** | -11.28* | -14.08** | 7.02 | 12.96* | 0.68 | 11.50** | 18.56™* | 16.25**
7 |RHO737 x RGN 73 1188 | -16.33** | 16.21* | -0.08 | -12.03** | -14.81** | 526 | 1111 | 350% | 14.63** | 15.77** | 13.52**
8 |RHO737 x Urvashi | -17.69** | 29.57** | 18.12* | -859 | 13.53** | 9.95* | 0.75 | 6.35 | -16.83** | -7.89** | -0.36 | -2.30
9 |KMR10-2xNDRE4 | -9.37 | -26.84** | -13.01* | -10.05 | -6.37 728 | 6.02 | 11.90% | -19.22** | -19.93** | 9.50* | -8.39*
10 [KMR10-2x CS54 | -11.78** | -21.30** | -4.08 | -0.81 3.83 777 | 075 | 476 | -17.26** | -16.87* | 412 | -8.48
11 |KMR 102X RGN 73 | -12.99%* | -17.38** |-17.01**| -14.18* | -3.10 | -8.98* | 12.03* | 18.25** | -5.08** | -5.02** | 12.32** | -0.97
12 [KMR10-2x Urvashi | -7.37 | -20.74** |-22.41%*| -19.77** | 154 388 | 150 | 7.4 | -16.87** | -12.86** | 17.63** | -1.50
13 E"’I‘;a;grza”' 33x 9,66 | -27.26%* | 3L.07** | -1.54 4.41 -5.34 072 | 1111 | -7.33** | -1018** | -127 | -17.40%*
14 |Parashmani 33 x CS 54| 4.63 6.66 | 1858** | 9.64 | -13.57** | -1650** | -2.88 | 7.4 | 10.97** | 11.50** | 35.58* | 19.17**
15 sgr‘”hmam 33XRON | 15 ogwx | .19.48%* | -1.04 | -1491% | 1005% | 631 | 13.67% | 25.40%* | 5.14* 4.01* | -1.90 | -13.52%*
16 | arashment 33 x [18.92%* | 3062%* | 37.82%* | 284 | -176 | 510 | -240 | 7.67 | -513** | 054 |1612%*| 583
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17 [KMR10-LxNDRE4 | 228 | -18.22** | 750 | 592 6.62 5.58 1.97 | 18.25%* | -15.41%* | 26.05** | 1658** | -2.47
18 |KMR 10-1x CS 54 291 | -13.38** | 9.64 1.38 486 | -1456* | -11.18* | 7.4 | -2.71 224 | 18.69%* | 433
19 |KMR 10-1 x RGN 73 | -14.54** | -1885** | 7.78 | -5.67 6.20 024 | -7.68 | 11.38 | -12.74** | -20.34** | 531 | -16.52**
20 |[KMR 10-1x Urvashi | -7.62 | -20.95** | 18.89** | 4.05 769 | -12.62** | -10.31* | 820 | -1.10 367 | 22.98% | -0.27
21 |RRN 702 x NDRE 4 3.65 | -18.43** | 10.68 | -16.86** | -13.24** | -14.08** | 18.28** | 10.84** | -0.26 | -23.06** | -11.49**| 2.74
22 |RRN 702 x CS 54 6.83 | -16.89** | 508 | -12.24* | -4.56 850 | 11.23 | 12.70% | -1503** | -14.63** | -4.95 | 10.34**
23 |RRN702xRGN 73 | -29.74** | -33.29** | 8.67 | -6.56 810 | -11.89** | 911 | 10.85 | -21.39%* | -28.23** | -16.36**| -2.92
24 |RRN 702 x Urvashi 360 | -11.28** | 080 | -20.10** | 506 | -8.98* | 496 | 635 | -195 279 | -26.94%* | -1519**
25 |ACN 83 x NDRE 4 824 | 21.72** | 867 | -859 | -13.97** | -14.81** | 534 | 952* | 23.26** | -34.01** | 1560** | 2.2
26 |ACN 83 x CS 54 259 | -13.10** | -10.60 | -17.34** | -1.28 -6.55 534 | 952 | -30.26%* | -29.93** | 3.70 | -8.39*
27 |[ACN83xRGN73 | -17.12** | -21.30** | 43.83** | 23.66** | -9.23 | -14.08** | 992 | 14.29* | -10.36** | -18.16** | 13.10** | -0.09
28 |ACN 83 x Urvashi 049 | -14.86% | -10.98 | -25.12%* | -20.26%* | -24.51** | -153 | 2.38 | -27.58** | -24.08** | 10.10** | -2.74
29 |NDR 8501 x NDRE 4 | -11.70%* | -11.70** | -11.51 | -1151 | -19.90%* | -19.00** | 11.90% | 11.90% | -24.22%* | -24.22** | 6.71* | -6.71*
30 |NDR 8501 x CS 54 7,50 750 | 786 | -7.86 3.40 3.40 3690 | 397 | 677 | 633" | 21.47%* | 21.47*
31 |NDR 8501 x RGN 73 | -24.74** | 2474 | -1151 | -1151 | -5.10 510 | 521 | -370 | 184 1.84 | 20.49%* | 20.49**
32 |NDR 8501 x Urvashi | -23.69** | 23.69** | 0.32 032 | -17.72** | -17.72** | 661 | 661 | 571** | 10.82** | 027 0.27
33 ﬁ‘gg'é ae'ec“on X 18.42%* | 1577** | 114 | -6.16 5.88 6.80 | 12.50% | 21.43** | -11.87%% | -17.14%* | 1451 | 17.84**
34 5Kjr9" Selection x CS | 4 o 722 | -009 | -7.29 | 1421* | 146 | -147 | 635 | -393% | 347 | 1974 | 23.23**
35 ggﬁ' '726'90“0” X 782 | -1247% | 1.40 592 | 24.81%% | 17.23** | 0956 |18.25%* | -1534** | -20.41** | -4.46 -1.68
36 Sfcg's'h?e'ec“on X 647 | -890% | 035 | -689 | -385 | -898% | 809 |16.67%* | -19.60%* | -1571%* | -24.03 | -21.82%*
37 |Basanti x NDRE 4 30.30%% | -14.44%* | 24.69%*| -1151 | -0.25 121 | -386 | 11.90% | -18.83** | -26.12** | -30.90 | -33.22**
38 |Basanti x CS 54 856 | -18.43** |-14.97**| -0.08 | 18.30** | 14.56** | 7.73 | 25.40** | -16.66** | -16.26** | -521 | -8.39*
30 |Basanti x RGN 73 -17.34%* | 21.51** | 566 | 10.86 752 413 5.68 | 23.02%* | -10.97** | -26.94** | -16.64 | -10.43**
40 |Basanti x Urvashi 1753** | 056 |-32.62**| -20.83** | 2.26 20.97 3.64 | 20.63** | 20.77** | -16.94** | -16.91 | -19.70**
41 )':'?\Irgngéa 4SWarna Ral 8| 18 9a%x | 30.13%* | 7.85 648 | -956% | -10.44* | -6.58 | 12.70% | -40.22%* | -32.45%* | -3539 | -24.03**
42 )':'?:rg”;;a SwarnaRai8l o1 | q437%% | 175 592 | 15.03** | 218 811 | 10.85 | -13.67** | -2.45 255 | 20.58**
43 )':'ggﬁ%swama RaI8l 775 | -12.40%% | 21.96*%| 575 388 | -9.71* | 570 | 13.76% | -3L.67** | -22.79%* | -30.73 | -18.55%*
44 |Narendra Swarna Rai 8] -11.54* | 23.76** | 2.62 | -11.02 | -462 | -9.71* |-1491**| 265 | -21.07** | -10.82** | -44.63 | -34.80%*
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x Urvashi
45 |RMM 09-3 x NDRE 4 0.73 -12.54** | -12.78* -11.51 -1.47 -2.43 1.48 8.73 -23.12** | -36.67** -31.01 -27.30**
46 |RMM 09-3 x CS 54 -8.88* | -18.71** | -9.50 -8.18 1.54 -3.88 -5.19 1.59 -3.25 -2.79 -6.87 -1.86
47 |[RMM 09-3 x RGN 73 | -12.25** | -16.68** -7.19 -5.83 0.77 -4.61 1.48 8.73 -19.67** | -26.67** -28.92 -25.09*%*
48 |RMM 09-3 x Urvashi | -12.19*%* | -23.76** |-33.71**| -32.74** 3.85 -1.70 14.07 | 22.22** | -22.71** | -18.98** -6.87 -1.86
49 |RH 58 x NDRE 4 -13.73*%* | -22.92** | -2.36 | -16.21** -6.98 -2.91 -4.90 -2.38 | -34.37** | -34.29** -33.94 | -16.43**
50 |RH 58 x CS 54 -9.41* | -19.06** | -12.36 | -18.96** | -13.95** | -10.19* | 17.53** | 20.63** | 12.25** 12.79** 1.68 28.62**
51 |[RH58 x RGN 73 -5.54 -10.30** 21.02 4.05 -0.93 3.40 9.79 12.70* | -23.98** | -23.88** -25.00 -5.12
52 |RH 58 x Urvashi -8.00 -17.80** -2.74 -16.53** | -13.49** -9.71* -4.90 -2.38 -11.36** -7.07** -34.57 -17.23**
53 |[KM 9201 x NDRE 4 -6.67 -30.34** -8.21 -8.51 -3.68 -4.61 5.79 11.11 -15.11** -9.46** 10.88 -7.24*
54 |KM 9201 x CS 54 -13.12*%* | -22.49** | -14.39* | -14.67* -5.05 -8.74 4.28 9.52 -1.47 5.10** 32.86 16.78**
55 |KM 9201 x RGN 73 -23.84** | -27.68** | -14.39* | -14.67* -1.52 -5.34 3.53 8.73 11.54** 18.98** 20.94 6.63*
56 |KM 9201 x Urvashi 2.21 -12.54** | -38.46** | -38.65** -4.55 -8.25 5.29 10.58 | -21.56** | -16.33** -54.36 | -62.99**
57 |PRB 2004-3 x NDRE 4| 18.07** | -19.41** | -25.08**| -41.41** | -10.29* -11.17* -0.72 9.52 -33.71** | -28.44** -36.98 -15.11*%*
58 |PRB 2004-3 x CS 54 -15.71*%* | -24.81** -9.90 -16.69** 10.93* -1.46 -6.71 291 -14.43** -7.62** -8.98 22.61**
59 |PRB 2004-3 x RGN 73| -6.57 -11.28** 7.54 -7.54 10.08* 3.40 5.04 15.87*%* | -19.09** | -12.65** -20.33 7.33*
60 |PRB 2004-3 x Urvashi 491 -10.23** 0.73 -21.23** 0.77 -4.61 2.16 12.70* -4.54* 3.06 -35.54 -13.16**
Mean 6.56 18.58 1.01 9.50 1.85 5.49 2.93 11.20 12.34 12.28 2.23 3.52
C.D at5% 3.61 5.00 1.20 1.45 0.18 0.24
S, Seed yield per plant (g) Biological yield Harvest index (%)
No Crosses El E2 El E2 El E2
) BP SV BP SV BP SV BP SV BP SV BP SV
1 |[NPJ 141 x NDRE 4 -21.65**| -30.54** | -12.42** | -13.562** | -27.51** | -41.33** | -25.03** -11.77* -13.38** | 18.43** | 16.57**| -1.81
2 [NPJ 141 xCS54 |-19.51** -28.65** | -33.12** | -33.96** | -31.40** | -44.48** | -35.95** | -24.62** 9.59** 28.51** -1.30 |-12.23**
3 [NPJ 141 x RGN 73| 14.04* 541 -17.20%* | -18.24** | 19.27** -2.58 -15.03** 0.00 -4.46 8.22* | -24.75*%*| -17.99**
4 |NPJ 141 x Urvashi| -21.04**| -30.00** -0.87** -11.01* -21.50** | -36.46** -6.54 10.00 0.65 10.30* |-16.96**| -19.06**
5 |RHO0737 x NDRE 4 -34.25** -41.89** | -27.22** | -20.13** | -20.19** | -4591** | -20.31** -13.08* -21.14** 7.81 -8.63* | -7.98*
6 |RHO737 x CS 54 -3.06 -14.32* -24.07*%* | -16.67** | 22.47** | -17.00** -5.71 2.85 -20.86** 3.28 -19.47**| -18.90**
7 |RHO737 x RGN 73| -14.91* | -21.35** | -44.13** | -38.68** | -30.62** | -43.33** | -33.36** | -27.31** 6.43* 38.89** |-22.51**| -15.54**
8 |RHO0737 x Urvashi| -1.83 -13.24* -18.05** -10.06* 3.05 -16.77*%* 8.04 17.85*%* | -22.09** 1.67 -24.15*%*| -23.61**
9 E“DﬂgElg'z X 47.72%% -47.30%% | 41.06%% | -8.18 | -38.46%* | -42.76%/% | 5AS5*x | 17.69%% | -32.56%% | -7.80 |-14.20%% -21.89%*
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10 |KMR 10-2 x CS 54 -30.95%% 30.46** | 30.61%* | -9.12* | -36.37** | -40.81* | 4086* | 077 | 1267 | 241 | -091 | -0.70**
11 *7<3MR 10-2XRGN| o0 g5wx| g.3g** | -1.05 | -11.32% | -43.38%* | -47.34** | 374 | -14.62%% | 20.01%* | 35.04** | -4.49 | 4.09

12 S'r\\";shlio'zx 28.60% -2811%* | 071 | -11.01* | -30.08%* | -43.33%* | 22.88%* | 11.54% | 17.30%* | 27.20%* |-18.01** -20.00%*
13 Za[;ﬁgrza“' 33X | 1149 | -2019%% | 853 | -11.05%% | 462 | -3131% | 47.47%% | 12.31% | -24.42%% | 332 |-25.01%* -21.33**
14 E‘j‘sr%j‘ma“i 33X | 541 | -1568% | 20.54%* | -2.20 410 | -37.03** | 26.80** | -538 | 10.63** | 34.87** | -1.33 | 352

15 Ea(;";‘\lsh?rga”' 38X | o34 | 973 12.28* 0.63 11.00% | -27.30%* | 50.47** | 23.85** 1.85 24.16%* | -25.24%*| -18.52%*
16 Bar:/fshh?“a”' 33X | 921 | 2270%% | -25.27%* | -33.96%* | 347 | -16.43%* | -23.73%* | -30.77%* | -24.39%* | -7.83 | -7.09* | -2.52

17 E'\D/'F?Elg'lx 118.35%% -17.03%* | 31.32%% |  7.86 656 | -25.01%* | 21.28%% | 31.54%* | -18.01%* | 10.87** | 459 |-17.85%*
18 |[KMR 10-1xCS54 -12.23*| -1081 | 14.09* | -6.29 014 | -19.86~* | -1.06 731 | 1227 | 11.23** | 084 |-11.82%*
19 %MR 10-1XRGNT o35 | g11 | -26.32%% | -33.96%* | 25.44%* | 246 | -2553% | -10.23%* | -16.63** | 570 |-24.36%* -17.56%*
20 S'r\\";shlio'“ 15.43%| -14.05% | -4.63 | -15.72%% | -009 | -27.30%* | -7.3 0.62 677% | 18.21% |-13.97%* -16.16%*
21 ERN 702XNDRE| 3.9 | g757%% | 36.71%* | -31.13%* | 247 | -21.58** | -1522%* | -10.00 | -22.91** | 539 |-25.38** -23.36%*
22 |[RRN 702X CS54 | -17.98% | -29.73* | -35.26"* | 20.56** | -27.08* | -44.10%* | -17.39% | -12.31* | 756* | 26.13** |-2149** -10.36"*
23 ?g'\' T02XRGN | 16 a7%| pp.g7%% | -1320%% | 566 | -26.42%* | -30.00%* | 12.32% | 10.23%* | 13.65%* | 28.74** |-27.33%* -20.80%*
24 va':sﬂ?z X 820 | -21.35%% | -28.32%% | 22.01%* | -050 | -19.63%* | -36.96%* | -33.08%* | -12.48%* | -1.08 | 13.98**| 17.06%*
25 IACN83xNDRE4 -8.05 | 2505~ | 9.70 755 | 13.12% | 4047 | 4081%* | 723 | 866 | 24.87* |-22.23** -13.66
26 |ACNB3xCS54 | 872 | -1243* | 299 | -1824* | 36.17* | 670 | 3333 | 154 | 2016 | -6.02 |-27.47** -19.47
27 |ACN 83 x RGN 73| -17.84%* 2405 | 035 | -10.69% | -32.03** | -44.48% | 42.90* | 17.62** | 16.26°* | 36.86** |-3L51**| -23.96**
28 |ACN 83 x Urvashi | -17.78* | -30.00%* | -20.18** | 37.42* | -20.13** | -42.76** | -12.71* | 20.77** | 3.85 | 22.26** |-28.81**| -20.96*
og |NDR8501x 1162 | -11.62 | -48.43%% | -48.43%* | -20.88%* | -20.88%* | -41.23%* | -41.23%* | 7.75% | 26.11%* |-11.60%* -11.60%*

NDRE 4

30 |NDR 8501 x CS 54 25.14%*| 25.14* | 2044 | 2044** | 16.77%* | 16.77%* | -7.00 700 | 862> 715 | -14.33*% -14.33*
31 |NDR 8501 x RGN | -24.32%%| -24.32%* | 2013 | -20.13** | -40.87** | -40.87** | _ 0.00 000 | 12.07% | 27.97** | -26.63** -20.03**
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73
32 B'E/Esﬁfo“ 29.46%* -29.46%* |  -6.60 660 | -4161** | -41.61** | -5.38 538 | 14.63** | 2095%* | -1.15 | -1.15
33 Egg'éie'ec“onx 6.96 | -21.08** | -18.35%* | -31.45%% | 10.03** | -23.01** | 1515% | -12.31% | -24.90%* | 2,68 |-32.74%* -21.71%*
34 ggrgll' Selection X | a5 ggxs| 135 | 20.60%* | -33.33%*% | 49.20%% | -3.49 691 | -22.69%* | -10.42** | 504 |-25.74** -1356%*
35 gglgl"?ge'ec“onx 1111 | 270 | 38.95%% | 2453*% | 1878 | 298 | 93.46** | 50.23** | -7.16 5.99 | -32.64**| -21.50%*
36 Sf\zg's'hise'ec“onx [14.20% | 27.03%* | 44.48** | 27.67** | 999 | -27.30%* | 21.69** | 10.46* | -12.07** | 038 | -0.60 | 15.71**
37 |Basanti X NDRE 4| 22.46**| 568 | -32.33** | -43.40** | 30.08** | -841 | -4053** | -40.08** | -2457** | 312 | 13.76**| -5.36
38 |Basantix CS54 |-30.88** -46.76** | 038 | -16.04** | -17.07** | -41.61** | -5.95 523 | 22.22%% | -879% | -0.23 |-11.27**
39 |Basantix RGN 73 | -14.01% | -21.35** | 842 | -17.92** | 021 | -18.15** | 458 538 | -15.10%* | -3.83 |-27.41**| -20.88**
40 |Basanti x Urvashi | 33.33*| 1351* | 12.46* 063 | 31.82%* | 647 4.73 -4.00 -2.97 6.36 633 | 3.63
41 gg:%ngrsgv;grza 44.16%* -40.54%% | -18.48** | -20.25%* | 38.96%* | -41.61** | -061 | -24.31** | -2556** | 176 |-19.59%* -6.43
42 g:{%”grgss‘é"jma 1345% | <784 | 2065%* | 472 | -14.00%* | -17.74** | 29.28** | -354 445 | 12.05%* | -659% | 8.71*
43 'F\{'Z{%”Srgg‘l’\l"a;ga 2.79 9.46 0.70 -9.75* -3.05 727 | 40.19*%* | 15.38** 4.28 18.13%* | -32.73%*| -21.71%*
44 I’;'Z:%”Srgrsv‘g’sag?a 43.40%* -39.73%* | -23.84%* | 32.70%* | -34.17** | -37.03** | -12.71* | -20.77** | -14.09%* | -432 |-27.09%*| -15.15%*
45 E'E)"Q"Eof'?’x 534 | -2541%* | 1053 | -33.96%* | 28.76%* | -2503%* | 414 | -20.60** | -26.35** |  0.69 6.06 | -16.69**
46 E}"M 09-3XCS | sg5gx*| -47.84%% | 25.74%* | -2013%* | -1033 | -43.33** | 39.46** | -023 | -2483**| 778 | -9.88* |-19.86%*
47 %MM 09-3xRGN| 1567 | .19.46 281 -7.86 5.40 | 22.72%% | 47.66%* | 2154%* | -1501%* | 427 |-30.40%* -24.14%*
48 S'r\\"lggh?g'g’ X 16.19% | -1.08** | -12.81* | -22.96** | 206 | -17.57** | 11.86* 1.54 213 | 20.07** |-22.01%*| -23.99%*
49 |RH58 X NDRE 4 |-34.90*| -36.49** | 11.57* 597 | -19.81%* | -42.76"* | -7.00 015 | -18.78** | 11.07** | 19.67**| -6.00
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50 [RH58XxCS54 | 1941%*| 16.22%* | 18.66** | 000 | 7249~ | 2313 | 336 | 1131* | 3096 | 558 | 115 |-10.04**
51 |RH58x RGN 73 |-30.47** 32.16** | 4.1 5.97 004 | 2570 | -7.86 077 | 3320 | 8.65% |-12.05* -5.12
52 |RH 58 x Urvashi | -26.87** 28.65°* | 1851 | 472 | -26.93%* | -40.98** | 9.03* | 3.00 | -1L57** | 20.93** | 1L.02**| 8.20*
53 2<|v| 9201 XNDRE| 59 1%+ _3016%* | 16.08%* | -6.92 | -36.66%* | -48.48** | 10.35%* | 13.85** | 368 | 3L69** | -2.29 |-17.77%*
54 [KM 9201 x CS 54 | -45.48% -47.84%* | 1843** | 5.03 | -27.50%* | -4L.04** | 15.81%* | 10.46* | -24.84** | -1153** | 313 |-13.85**
55 *7<3M 9201xRGN | 78 | 216 | 23.16%* | 1038* | 6.66 | -12.88%* | 33.06** | 26.92%* | 032 | 17.33** |-10.81** -12.60%*
56 |/SM 92 458%* 27.84%% | -18.15%% | -27.67%* | -22.08%* | -36.58** | -24.68** | -28.15 328 | 13.84 340 | 078
57 Z%iéof“ X 6.65 | 2568** | -3.66 063 5.82 212 | -17.78%* | -14.62%% | -6.06% | 28.43** | 17.16%*| 16.58**
58 EEB 2004-3X CS | 33 70% 189%* | 2.44 566 | -36.32%% | -41.10%* | -6.67 3.08 425 | 3281%* | 956+ | 9.02*
59 ;g?\l%%om X |o110%  -7.03 4.27 7.55 050 796 | 1037% | 14.62%* | -2041** | 139 |-1358*% 581
60 B?\ifhoiom X 069 | 17.03%% | -21.65%% | -10.18%* | 11.39** | 3.03 | -21.48** | -18.46** | -10.78** | 13.66** | -0.05 | -0.55
Mean 1182 | 1838 351 14.01 771 26.07 511 2.09 9.38 1158 | 1146 | 1117
C.D at5% 147 0.96 4.97 4.41 1.73 1.78
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Oil content (%)

S. No. Crosses El E2
BP SV BP SV

1 NPJ 141 x NDRE 4 -1.59** | -0.72** | -1.84** | -0.98**
2 NPJ 141 x CS 54 -1.51** | -0.64* | -1.33** | -0.47*
3 NPJ 141 x RGN 73 -3A4T7** | -2.61*%* | -3.47** | -2.62**
4 NPJ 141 x Urvashi -2.36** | -1.50** | -2.28** | -1.42**
5 RHO0737 x NDRE 4 2.04** 0.14 1.52** 0.33

6 RHO0737 x CS 54 -0.23 | -0.77** 0.08 -0.79**
7 RHO0737 x RGN 73 0.74** 0.19 2.19** | 1.45**
8 RHO0737 x Urvashi 1.34** -0.39 1.46** | -0.48**
9 KMR 10-2 x NDRE 4 0.95** | -0.96** 0.17 -1.00**
10 KMR 10-2 x CS 54 0.76** 0.21 1.25** | 0.37*

11 KMR 10-2 x RGN 73 1.66** | 1.11** | 2.05** | 1.31**
12 KMR 10-2 x Urvashi 0.73** | -1.00** | 0.68** | -1.24**
13 Parashmani 33 x NDRE 4 2.16** 0.23 1.44** 0.25

14 Parashmani 33 x CS 54 1.91** | 1.35%* | 3.79** | 2.89**
15 Parashmani 33 x RGN 73 1.92** | 1.37*%* | 2.28** | 1.54**
16 Parashmani 33 x Urvashi 1.34** -0.39 1.46** | -0.47*
17 KMR 10-1 x NDRE 4 -0.83** | -0.61* -1.46 | -1.14*%*
18 KMR 10-1 x CS 54 0.06 0.27 0.06 0.38*

19 KMR 10-1 x RGN 73 -1.22*%* | -1.01** | -1.36** | -1.04**
20 KMR 10-1 x Urvashi 1.02 1.24** | 0.90** | 1.23**
21 RRN 702 x NDRE 4 0.47** | -0.97** | -0.07 | -1.24**
22 RRN 702 x CS 54 1.02** 0.47 1.42** | 0.53**
23 RRN 702 x RGN 73 -0.11 | -0.65** 0.20 -0.53**
24 RRN 702 x Urvashi 2.08** | 0.62* | 2.34** | 0.81**
25 | ACN 83 x NDRE 4 -3.82** | -1.42** | -3.87** | -1.21**
26 | ACN83xCS54 -1.37** | 1.09*%* | -1.37** | 1.35**
27 ACN 83 x RGN 73 -5.22** | -2.85%* | -5 54** | -2 Q3**
28 | ACN 83 x Urvashi 2.77** | -0.34 | -2.80** | -0.12

29 NDR 8501 x NDRE 4 -2.49%* | -2.49*%* | 1.75** | 1.75*%*
30 NDR 8501 x CS 54 1.76** | 1.76** | 2.05** | 2.05**
31 NDR 8501 x RGN 73 0.65** | 0.65** | 0.81** | 0.81**
32 NDR 8501 x Urvashi -0.76** | -0.76** | -0.89** | -0.89**
33 Kargil Selection x NDRE 4 0.42 -0.19 -0.47* | -1.46**
34 | Kargil Selection x CS 54 0.95** 0.39 1.42** | 0.53**
35 Kargil Selection x RGN 73 1.41** | 0.87** | 1.77** | 1.03**
36 | Kargil Selection x Urvashi 1.13** | 0.51* | 1.46** | 0.45*

37 Basanti x NDRE 4 -0.60* 0.11 1.04** | 1.75**
38 Basanti x CS 54 0.30 1.02** | 0.70** | 1.40**
39 Basanti x RGN 73 -1.26** | -0.55* | -1.09** | -0.39*
40 Basanti x Urvashi -1.05** | -0.35 | -1.13** | -0.43*
41 Narendra Swarna Rai 8 x NDRE 4 -1.54** | -0.27 | -1.82** | -0.65**
42 Narendra Swarna Rai 8 x CS 54 -3.05** | -1.80** | -5.75** | -4.62**
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43 Narendra Swarna Rai 8 x RGN 73 -3.06** | -1.82** | -2.89** | -1.73**
44 Narendra Swarna Rai 8 x Urvashi -3.68** | -2.44** | -3.90** | -2.75**
45 RMM 09-3 x NDRE 4 -2.45%* | -1.34** | -2.34** | -1.31**
46 RMM 09-3 x CS 54 -0.47 0.66** 0.10 1.15**
47 RMM 09-3 x RGN 73 -1.40** | -0.28 | -1.37** | -0.33*
48 RMM 09-3 x Urvashi -1.76** | -0.64** | -1.50** | -0.47*
49 RH 58 x NDRE 4 0.30 0.38 0.48** | 0.46*
50 RH 58 x CS 54 0.34 0.42 0.56** | 0.53**
51 RH 58 x RGN 73 0.09 0.17 0.38** 0.36
52 RH 58 x Urvashi -0.06 0.02 0.48** | 0.46*
53 KM 9201 x NDRE 4 -0.16 | -1.25*%* | -0.35 | -1.45**
54 KM 9201 x CS 54 0.95** 0.39 1.43** | 0.55**
55 KM 9201 x RGN 73 -0.26 | -0.80** | -0.11 | -0.84**
56 KM 9201 x Urvashi -0.71** | -1.79** | -0.08 | -1.18**
57 PRB 2004-3 x NDRE 4 1.50** 0.39 1.70** | 0.79**
58 PRB 2004-3 x CS 54 0.76** 0.21 1.25** | 0.37*
59 PRB 2004-3 x RGN 73 0.19 -0.35 0.47* -0.26
60 PRB 2004-3 x Urvashi 1.30** 0.18 1.19** 0.28
Mean 0.28 0.29 0.11 0.15
C.D at 5% 0.20 0.14

Obviously, number of siliquae on main
raceme, 1000-seed weight, number of seeds
per siliqua, harvest index as most important
components associated with manifestation of
heterosis for seed yield. This confirms the
view that heterosis for seed yield is reflected
through superiority of yield components.
These observations corroborate with the
findings of Srivastava et al. (1990), Katiyar
et al. (2000), Yadav et al. (2004), Goswami
et al. (2004) and Singh et al. (2007) who
also reported that secondary branches per
plant, plant height, siliquae on main raceme,
primary branches per plant and seeds per
siligua as the important components in
determining heterosis for seed vyield in
Indian mustard. Besides yield, considerable
heterosis has been observed for other
characters also, but its degree considerably
depends upon the characters. Four crosses in
E1l and ten crosses in E2 showed
heterobeltiosis in desirable direction for
number of siliguae on main raceme and
seven crosses in E1 and nineteen crosses in
E2 for 1000-seed weight. However, four
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crosses in E1 and ten crosses in E2 for
number of siliquae on main raceme and nine
crosses in E1 and seven crosses in E2 for
number of seeds per siliqua showed standard
heterosis in desirable direction over SV
(NDR 8501).

The significant better parent heterosis for
biological yield in desirable direction was
exhibited by all the crosses except RH 58 x
CS 54, NDR 8501 x CS 54, NPJ 141 x RGN
73, ACH 83 x CS 54 and KM 9201 x RGN
73 in E1 and Kargil Selection x RGN 73,
KMR 10-1 x NDRE 4, RH 0735 x Urvashi,
NPJ 141 x Urvashi, KMR 10-2 x NDRE 4
crosses in E2 over SV (NDR 8501)
exhibited significant positive heterosis for
biological yield.

However, the crosses exhibiting significant
better parent heterosis for harvest index in
desirable direction were Parasmani 33 X CS
54, RH 0737 x RGN 73, KM 9201 x NDRE
4, RH 58 x Urvashi and RMM 09-3 X
Urvashi in E1 and RRN 702 x Urvashi,
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Kargil Selection x Urvashi, KMR 10-2 x
RGN 73, Narendra Swarna Rai 8 x CS 54
and PRB 2004-3 x NDRE 4 in E2 over SV
(NDR 8501) exhibited significant positive
heterosis for harvest index.

The significant better parent heterosis for oil
content in desirable direction was exhibited
by all the crosses except KMR 10-2 x RGN
73, KMR 10-1 x Urvashi, ACH 83 x CS 54,
NDR 8501 x CS 54 and NDR 8501 x RGN
73 in E1 and Narendra Swarna Rai 8 X
NDRE 4, KMR 10-1 x Urvashi, KMR 10-2
X RGN 73, ACN 83 x CS 54, RH 0735 x
RGN 73 in E2 crosses in E2 over SV (NDR
8501) exhibited significant positive heterosis
for oil content showed heterosis over SV in
desirable  direction.  Manifestation  of
considerable heterosis for such yield
components have been reported earlier by
Ghosh et al. (2002), Goswami et al. (2004),
Shanti Patil et al. (2005) and Singh et al.
(2007).
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