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ABSTRACT

A complete set of 79 entries comprising of twelve parents, their 66 F1s and one check RLC-92
were evaluated during rabi 2020-21 at two locations i.e., ARS, Dahod, and BTRS, Anand, under
two dates of sowing i.e., 2nd fortnight of October and 1st fortnight of November. The present study
aimed to investigate the combining ability analysis over environments for seed yield and attributing
traits in linseed (Linum usitatissimum L.). Among the all four environments, E; had higher mean
value for seed yield per plant and all other important yield contributing traits by sowing in second
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characters.

fortnight at Dahod conditions best for linseed cultivation. Combining ability analysis revealed
importance of both additive and non-additive variances with prime role of non-additive genetic
variance for seed yield per plant and its related traits in all environments as well as pooled over
environments suggesting heterosis breeding would be more useful for development of superior
hybrids if sterility system available. Among the parents; Shekhar, GS 384, KB 9610 and K 29 were
good general combiners for seed yield per plant and test weight and capsules per plant. The parent
viz., IPI 10, H 45, GS 384 and RLC 133 were good general combiners for earliness. The cross
Indira x ILS 264, Gaurav x H 45 and RLC 133 x Shekhar showed higher sca effects for seed yield
and test weight. Most of the crosses with high per se performance involved at least one good
general combining parent such as Shekhar, GS 384, KB 9610 and K 29 through out for all studied

Keywords: Seed yield; attributing traits; linseed; Linum usitatissimum; environments.

1. INTRODUCTION

India is among the largest vegetable oil economy
in the world accounting for about 14% of the
world oilseed area and 8% oilseed production [1],
India is the 4th largest oilseeds producer in the
world. It has 20.8% of the total area under
cultivation globally, accounting for 10% of global
production [2]. Oilseed crops are grown for edible
oils, non-edible oils. Although, oil compositions
such as fatty acids, saturated fat and unsaturated
fat in both non-edible and edible oil oils are
almost similar, the edible oil contains valuable
nutrient and antioxidants. Conversely, non-edible
oil is not suitable for human consumption
because it contains toxic substances in the oil as
cyanogenetic glycoside, linamarin. Non-edible oil
crops are considered as an alternative feedstock
for biodiesel production. Non-edible oilseeds are
castor and linseed.

Linseed (Linum usitatissimum L.) commonly
known as flax is a self-pollinated crop belongs to
the genus Linum of the family Linaceae and
order Geranial having 14 genera and more than
200 species. Crop is predominantly self-
pollinated but out crossing (less than 2 per cent)
occasionally results from insect activity [3]. It has
been cultivated for several thousand vyears
mainly for its seed oil and its high-quality stem
fibre. Linum usitatissimum L. is the only species
of the family Linaceae [4] with non-dehiscent or
semi-dehiscent capsules suitable for modern
cultivation.

Linseed stands fourth among oilseeds after
groundnut, mustard and sesame. India ranked
first in the world for linseed -cultivation and
occupies around 27% of the world acreage of 4.2
million hectares. Linseed growing countries
include India, U.S.A, Canada, Argentina,
Uruguay and Russia. In south west Asia and
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Canada, it is primarily cultivated for oil, whereas,
in Russia, Egypt and northwestern European
countries, it is mainly cultivated for the production
of high-quality fibre for making linen fabrics and
several other products. In India, linseed is
cultivated on about 2.94 lakh hectares with an
annual production of 1.54 lakh tones and a
productivity of 525 kg/ha [5]. In India, presently
linseed is under cultivation in 17 states, among
which Madhya Pradesh, Uttar Pradesh, Bihar,
Chhattisgarh and Jharkhand cultivates about
85% of the total area. Under normal sown
condition and an optimum inputs linseed can
yield 16-18 g/ha and from dual purpose varieties
about 10-12 quintals of fiber can be obtained in
addition to the yield (14-16 g/ha). But it is
cultivated with low input and, biotic and abiotic
stress as resulting invariably in poor seed yield.

2. MATERIALS AND METHODS

A complete set of 79 entries comprising of twelve
parents, their 66 F;s and one check RLC-92
were evaluated during rabi 2020-2l1at two
locations i.e., ARS, Dahod, and BTRS, Anand,
under two dates of sowing i.e., 2" fortnight of
October and 1* fortnight of November. Trial was
conducted in a randomized block design with
three replications. Each entry was planted in a
single row of meter 1.5 meter. Row to row and
plant to plant distance was 30 cm and 10 cm,
respectively. The field was ploughed until fine
tilth of soil was obtained and recommended
agronomical practices and plant protection
measures were adopted as and when required to
raise a good crop of linseed under irrigated
condition.

Five competitive plants were randomly selected
from the single rows of each entry in each
replication and observations were recorded on
these plants for all characters except days to
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50% flowering and days to maturity. These
characters were recorded per plot basis.

The combining ability analysis was carried out
according to method II; model 1 (fixed effect) by
Griffing [6]. In this model, experimental material
was considered as population about which
inferences was to be drawn and combining ability
effects of parents could be compared when
parents themselves are used as testers to
identify good combiners. The GCA and SCA
effects of uk observations were calculated by
following formula:

Sum of square for GCA:
2
1

g= P+2[z<x +X,) ——XZ]

Sum of squares for SCA:

Ss=2 X2, - XX )P X2
1< 21 ) P+1)(P+2)
Where,

P = Number of parents,

Sy = Sum of squares due to GCA

Sy = Sum of squares due to GCA

S = Sum of squares due to SCA

Xj = Value of cross between i and jth

parents

X; = Total of i" (row) array in diallel table
(Summed over j)

X. = Grand total of 'P' parents and P (P-1)/2
progenies of diallel table,

X;i = Parental value of the i parent

Xi. +X; = Total of in array + mean value of
parent i

X.j +XJ'J' = Total of jth
parent j

array + mean value of

The estimation of standard error of GCA and
SCA effects were obtained by following formula:

1

_ [ p1 2]z . L
S.Eg = [p(p+2) Ue] (for testing individual
GCA effect)

R 1

S e A PO
S. E-si,- = [(p+1)(p+2) ae] (for testing individual
SCA effect)

1

2
S E'(gi—gj) [(p+2) ] (for testing differences

between two GCA effects)

1
_[2+1D) 5]z
S. E'(Sij—Sik) = [(p+2) O'e] (fOI’

difference between SCA of the same array)

testing

S-E(sjms10) = (p+2) Ue] (for testing SCA of

any two crosses)
Where,

p = Number of parents,
oe’ = Error mean square (Me)

The GCA and SCA effects were subjected to ‘t’
test for testing of significance.

t(Geay =9~ O/S_E_g‘

sij—0
S.E.sij

The test of significance of GCA and SCA for
individual environment were carried out by
comparing the calculated ‘t' values with the
tabulated ‘t’ values at 5 per cent (1.96) and 1 per
cent (2.58) levels of significance.

t (SCA) =

Table 1. List of parents used in crossing

program
S.N. Parents Source
1 INDIRA I.G.K.V, Raipur
2 GAURAV CSAUAT Kanpur
3 DIPIKA I.G.K.V, Raipur
4 SHEKHAR CSAUAT Kanpur
5 KB 96 10 I.G.K.V, Raipur
6 ILS 264 PAU, Ludhiana
7 RLC 133 I.G.K.V, Raipur
8 K29 AICORPO, Palampur
9 IPI 10 I.G.K.V, Raipur
10 GS 384 RRS, Gurdaspur
11 H 45 I.G.K.V, Raipur
12 KARTIKA I.G.K.V, Raipur

36

3. RESULTS AND DISCUSSION
3.1 Analysis of Variance

The analysis of variance for combining ability
using half-diallel mating design in respect of
twelve parents and sixty-six crosses for all the
ten characters in individual environment is
presented in Table 2 and pooled over
environments (pooled basis) is presented in
Table 3.

The analysis of variance in each environment
(Griffings, 1956a method I, model 1) revealed
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that mean squares due to general combining
ability (GCA) were significant for all the
characters in all the four environments. Likewise,
mean squares due to specific combining ability
(SCA) were significant for all the characters in all
the four environments except for number of
primary branches per plant and number of
secondary branches per plant in E,. Significant
mean squares due GCA and SCA for the
concern characters suggested difference among
parents for GCA and among hybrids for SCA.
Characters with significant mean squares due to
GCA of parents and SCA of hybrids are
indication that importance of both additive as well
as non-additive effects for their inheritance.
However, the magnitude of variance due to
specific combining ability was higher in
comparison to general combining ability for all
the trait at individual location except for days to
50 % flowering, days to maturity, plant height
in E1 and E2, number of primary branches
per plant in E1 and E3, number of secondary
branches per plant in E4, number of capsules
per plant in E2 and number of seeds per
capsules in E; and Ejs, indicating preponderance
of non-additive genetic variance in comparison
to its counterpart additive genetic variance.
This is also confirmed by 0° 4. / 0° ¢ ratio and
o’ D value. For characters mentioned above
had higher magnitude of GCA variance and
more than 1 value for o? gea | o? scay indicates
the importance of additive genetic variance.
Similar results were observed by Srivastava
et al. [7], Singh et al. [8], Mishra et al. [9], Nirala
et al. [10], Shekhar et al. [11] and Mahawar et al.
[12].

In pooled analysis over environments mean
squares due to environments, GCA and SCA
were significant for all the characters in varied
environments, differences among parents for
GCA and differences among crosses for SCA.
Similarly, mean squares due to GCA x E and
SCA x E were significant for all the characters
except for GCA x E in number of secondary
branches per plant indicates both o° gca and o°
sca were influenced by environments and
also importance of experimentation over
environments. o7 sca Variance was higher than
their respective o’ gca Variance for all the
characters except number of primary branches
per plant, number of capsules per plant, number
of seeds per capsules and seed yield per plant
indicated that both additive and non-additive
genetic variance with preponderance of non-
additive genetic variance for inheritance of these
traits.
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Moreover, SCA x E interaction component was
higher than their respective GCA x E interaction
component for the characters days to maturity,
plant height and number of secondary branches
per plant. Analysis of variance for GCA source
was highly significant and favoring high values
for all the ten characters studied during the
experimental programme at all the four individual
locations as well as pooled over locations. It
means that parents have variation in their
combining ability and hence can be classified
into good, average and poor on the basis of their
GCA effects. SCA source was also highly
significant at all locations as well as pooled over
locations for most of the traits suggesting hybrids
are somewhere different from parents involved in
any specific cross and hence, there might be a
chance of isolating good hybrid. All the
characters found to be significant for GCA as
well SCA at all four locations as well as pooled
over locations (as seen above) showing that both
additive and non-additive gene action were at
play for different characters and both effects are
variable to environments. The ratio of o° 4, / 0°
sca Was more than one for all the trait over
environment except number of primary branches
per plant, number of capsules per plant, number
of seeds per capsules and seed yield per plant,
suggesting greater influence of non-additive
genetic variance in comparison to its counterpart
additive genetic variance.

Similar findings in accordance to the above result
have also been reported by Singh et al. [8],
Mohammadi et al. [13], Nirala et al. [10], Shekhar
et al. [11] and Mahawar et al. [12].

3.2General and Specific
Ability Effects

Combining

The estimate of general combining ability (GCA)
effects of the parents and specific combining
ability (SCA) effects of crosses for different
characters for individual and pooled over
environments are presented in Table 4a to 12b.
The salient features of the results of general
combining ability effects and specific combining
ability (SCA) effects for different characters are
given below:

3.2.1 Days to 50% flowering

Earliness is desirable, hence, parents and
crosses with significant and negative GCA and
SCA effects were considered as good general
combiner and good specific combiner,
respectively. Out of twelve parent viz., RLC 133,
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KB 9610, K 29, H 45 and ILS 264 were identified
as good general combiners in all environments
(Table 4a). RLC 133 in [E;: -2.60, E,: -3.15, Es: -
3.15, E4: -3.47 and PEVs: -3.09] followed by KB
9610 [E;: -1.89, E,: -2.44, E3: -2.98, E4: -2.47 and
PEVs: -2.44] exhibited significant and negative
GCA effect in each environment and PEVs. The
parent Shekhar [E;: 3.11, E,: 3.09, Es: 2.85, E4:

1.46 and PEVs: 2.63] was identified as poor
general combiner as it exhibited significant and
positive GCA effect across and over the
environments. Pparents viz., Indira, Gaurav and
Dipika also recorded significant and positive
GCA effects in all environments as well as
pooled basis indicating poor general combiners
for days to 50 % flowering.

Table 2. Analysis of variance for combining ability of individual environment for  different
characters
S.N. Characters Env. Sources 0°gca O'sca Oogdd OaA OO
GCA __ SCA__ Error 0%cca
df 11 66 154

1 Days to 50% flowering E; 46.99** 2.75* 0.82 329 193 170 660 1.93
E, 59.84** 3.59* 046 424 313 135 848 3.13

Es 66.07** 8.32** 0.36 469 795 058 938 7.95

E, 52.33* 6.59* 043 3.70 6.16 060 741 6.16

2 Days to maturity E; 55.95* 3.05** 0.63 395 241 163 790 241
E, 65.71** 3.88* 041 466 346 134 932 346

E; 72.83** 9.58** 040 517 9.18 0.56 10.34 9.18

E, 55.45* 8.79* 0.37 393 842 046 7.86 8.42

3 Plant height E; 27.94* 277** 102 192 175 1.09 348 175
E, 44.67** 191* 0.71 313 120 260 6.27 1.20

Es 22,21** 7.52* 043 155 7.09 021 311 7.09

E, 24.01** 495* 108 163 3.87 042 327 3.87

4 Number of primary E: 0.57** 0.06** 0.00 0.04 0.05 0.77 0.08 0.05
branches E, 1.03* 0.06* 0.01 0.04 -0.00 -53.96 0.09 -0.00

Es 1.28* 0.07* 0.01 0.09 0.06 144 0.18 0.06

E, 0.13** 005 0.04 003 001 036 0.00 0.01

5 Number of secondary E; 6.27** 2.41** 093 0.38 147 025 0.76 147
branches E, 9.71* 181* 081 063 100 063 127 1.00

Es 3.46* 168* 035 022 132 016 044 132

E, 7.51**  1.23 113 045 0.09 471 091 0.09

6 Number of capsules E; 61.83* 6.40* 179 428 461 092 857 461
per plant E, 94.54* 434* (068 6.70 3.65 183 1340 3.65

Es 67.05** 6.51* 1.00 471 550 0.85 943 550

E, 80.57** 7.67* 0.62 571 7.05 0.80 11.42 7.05

7 Number of Seeds per E; 0.53* 0.04* 0.01 0.04 0.03 112 0.07 0.03
capsules E, 0.45**  0.04** 0.01 0.03 003 096 0.06 0.03

E; 0.43** 0.03** 0.01 0.02 002 1.16 0.05 0.02

E, 0.70* 0.06** 0.01 0.04 0.05 098 0.09 0.05

8 Test weight E; 3.58** 0.27* 0.00 025 026 097 051 0.26
E, 3.39* 0.30* 0.01 024 028 085 048 0.28

Es 3.29** 0.27* 0.02 023 025 090 046 0.25

E, 272* 0.33** 0.01 019 032 059 038 0.32

9 Seed Yield per Plant E; 154 0.16* 001 0.08 020 041 0.16 0.20
E, 1.35%* 0.12* 0.01 1.02 389 026 204 3.89

Es 1.25** 0.09* 001 019 181 011 039 181

E, 0.81* 0.10* 0.01 0.32 223 0.14 064 223

10 Oil content E; 7.72* 163* 025 053 137 038 106 1.37
E, 6.95** 1.46* 027 047 118 040 095 1.18

Es 6.13** 1.24* 023 042 1.00 041 084 1.00

E, 5.69** 1.73* 027 038 145 0.26 077 145

*, ** Significant at 5 and 1 percent levels, respectively
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Table 3. Analysis of variance for combining ability over the environments for different characters

S.N. Characters Sources
GCA SCA ENV.(E) GCAxE SCAXE Poolederror 6% 0°ca Oga 0O°a o’

Df 11 66 3 33 198 616 0’sca

1 Days to 50 % 218.34**  16.85** 696.96** 2.29** 1.47* 0.52 3.89 4.08 0.95 7.77 4.08
flowering

2 Days to maturity 245.04**  18.52** 933.46** 1.63** 2.26** 0.45 4.37 4.52 0.97 8.73 4.51

3 Plant height 110.85** 8.70**  171.59** 2.66** 2.82** 0.81 1.97 1.97 1.00 3.93 1.97

4 Number of primary 2.01* 0.09** 14.59** 0.20** 0.04** 0.02 0.04 0.02 2.03 0.07 0.01
branches per plant

5 Number of secondary  23.83** 2.96** 63.89** 1.04 1.39** 0.81 0.41 0.54 0.76 0.82 0.53
branches per plant

6 Number of capsules 293.94**  16.18** 965.54** 3.35* 2.91* 1.02 5.23 3.79 1.38 10.46 3.79
per plant

7 Number of seeds 2.00** 0.10**  8.01* 0.03** 0.02** 0.01 0.04 0.02 1.48 0.07 0.02
per capsules

8 Test weight 12.78* 1.06**  5.12* 0.06** 0.04** 0.01 0.23 0.26 0.87 0.45 0.26

9 Seed yield per plant 3.99** 0.21**  26.84** 0.20** 0.11** 0.01 0.07 0.05 1.44 0.14 0.04

10 Oil content 25.09** 4.73*  60.00** 0.47* 0.44** 0.26 0.44 1.12 0.40 0.88 111

* ** Significant at 5 and 1 percent levels, respectively
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Out of 66 crosses, 4, 15, 21, 21 and 20 crosses
exhibited significant and negative (desirable)
SCA effects in E;, E,, E;, E; and PEVs,
respectively, hence all these crosses were
classified as good specific combiners for early
flowering (Table 4b). The highest significant and
negative SCA effect was observed -2.78 (Gaurav
x IPI1'10) in Ey, -5.45 (Indira x GS 384 in E,, -5.21
(Indira x GS 384) and -4.00 (RLC 133 x K 29) in
Es, -4.90 (Indira x GS 384) in E4 and -4.30 (Indira
x GS 384) in PEVs for days to 50 per cent
flowering. Whereas, cross IPI 10 x GS 384 [E,:
412, Es: 7.26 E4 5.45 and PEVs: 5.24] and
Dipika x H 45 [4.25] in E; showed significant and
positive SCA effect, hence, it was considered as
poor specific combiner. Similar results were also
reported by Mohammadi et al. [13], Mishra et al.
[9], Nirala et al. [10], Shekhar et al. [11] and
Mahawar et al. [12].

3.2.2 Day to maturity

Early maturity is desirable in linseed crop. There
were five common parents exhibited significant
and negative (desirable) GCA effects. The parent
IPI 10 [E;: -3.01, E,: -3.21, E3: -3.54, E4: -3.51
and PEVs: -3.32] showed maximum significant
negative GCA effect followed by H 45, GS 384,
RLC 133 and KB 9610 (Table 5a). Hence, they
were registered as good general combiners.
Further comparison across the environments
indicated that the parents ILS 264, Gaurav,
Shekhar, K 29, Indira and Kartika recorded
significant and positive GCA effects and was
considered as poor general combiners.

Out of significant crosses, a more number of
crosses depicted positive SCA effects in all
environments. Total 10 crosses in E;, 18 crosses
in E,, 19 crosses in Ej, 22 crosses in E; and 23
crosses in PEVs exhibited significant and
negative estimates of SCA effect. The highest
significant and negative SCA effect was
observed -4.29 (Gaurav x RLC 133) in E4, -3.85
(Gaurav x GS 384) in E,, -6.25 (Gaurav x GS
384) in Ez, -6.78 (K 29 x H 45) in E; and -4.41 (K
29 x H 45) in PEVs for days to maturity (Table
5b). The findings are corroborated with the
results of Srivastava et al. [7], Ratnaparkhi et al.
[14] Singh et al. [8], Shekhar et al. [11] and
Mahawar et al. [12].

3.2.3 Plant height

The parents GS 384, Kartika, KB 9610 in each
E;, E», Es E; and PEVs had significant and
negative GCA effect and considered as desired
GCA effects hence good general combiners
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(Table 6a). Similarly, line IPI 10 showed highest
negative GCA effect among parents [E;: -1.99,
E,: -1.98, Eaz: -1.49, E4 -2.27 and PEVs: -1.94]
whereas, line Indra and Gaurav in both locations
and both sowing dates had significant and
positive GCA effects suggesting poor general
combiners. The lines Dipika in E4, RLC 133 in Ey,
E; and PEVs and K 29 in E; depicted significant
and positive GCA effect as they considered
as poor general combiner in respective
environment. The parents, Shekhar and ILS 264
depicted the significant and negative estimate of
GCA effect in E; (-0.47) and E, (-0.68),
respectively considered as good general
combiners. Only H 45 recorded non-significant
GCA effect in all environment and PEVs
suggesting average general combiners.

Out of 66 crosses, 8, 5, 29, 13 and 21 crosses
exhibited significant and negative SCA effects in
E:, E,, Es3, E4 and PEVs, respectively for plant
height. Cconsequently, these hybrids were good
specific combiner for plant height. The cross -
4.08 (Indira x IPI1 10) in E;; -2.61 (KB 9610 x K
29) in E,; -4.56 (Gaurav x K 29) in Ej; -3.65
(Dipika x RLC 133) in E; and -2.61 (Dipika x ILS
264) in PEVs (-2.61) had the highest estimate of
SCA effect. Likewise, highest, significant and
positive SCA effect was observed 3.90 (K 29 x
GS 384) in E;, 2.75 (RLC 133 x IPI 10) in E,,
6.08 (KB 9610 x ILS 264 and H 45 x Kartika) in
Es, 5.54 (ILS 264 x RLC 133 in E4 and 3.58 (H
45 x Kartika) in PEVs and were considered as
poor specific combiners (Table 6b). The results
were in correspondence to the findings of Khan
et al. [15], Kumar et al. [16], Ratnaparkhi et al.
[14], Singh et al. [8], Mohammadi et al. [13],
Mishra et al. [9] and Mahawar et al. [12].

3.2.4 Number of primary branches per plant

Total three parents viz., Gaurav, Shekhar and H
45 in all environment and in PEVs and IPI 10 in
E:;, E,, Es and PEVs exhibited positive GCA
effects, therefore they were good general
combiners (Table 7a). On contrary to above
performance, RLC 133, K 29 and ILS 264
recorded significant and negative GCA effect in
all environment with PEVs, indicating poor
general combiner for number of primary
branches per plant.

Among the hybrids, 22, 21, 17, 10 and 14 F;s
exhibited significant and positive SCA effects in
Ei, E;, Es, E4 and in PEVs, respectively for
primary branches per plant (Table 7b). The
highest significant and positive SCA effect was
observed 0.56 (Indira x Dipika) in E;, 0.58
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(Gaurav x K 29) in E,, 0.85 (Gaurav x K 29 in Es,
0.31 (K 29 x H 45) in E4 and 0.53 (Gaurav x K
29) in PEVs suggesting good specific combiners.
These results are inconformity to the findings of
Bhateria et al. [17], Singh et al. [8], Mishra et al.
[9], Prasad et al. [18], Nirala et al. [10] and
Mahawar et al. [12].

3.2.5 Number
plant

of secondary branches per

GCA effects were significant and positive for
Gaurav in E; (1.17), E;, (1.93), E3 (1.09), (1.31) in
E, and PEVs (1.37); Shekhar E; (1.01), E,
(0.55), E; (0.61), (0.78) in E, and PEVs (0.73)
and IPI 10 in E; (0.80), E, (0.97), E3 (0.0.39),
(1.14) in E4 and PEVs (0.82) (Table 8a). Hence,
they were registered as good general combiners.
Parent viz., RLC 133 and KB 9610 recorded
significant and negative GCA effects in all
environments and pooled over environments,
indicating poor general combiners for number of
secondary branches per plant. Moreover, parents
Indira in (Ez and E,), Dipika (E3), ILS 264 (E3), K
29 (E; and E,) and Kartika (Es) had negative and
significant SCA effects so they were poor
combiners for respective environments.

Most of hybrids depicted non-significant SCA
effects, however, out of 66 crosses, 9, 8, 11, 2
and 11 crosses in E;, E; E3, E, and PEVs
exhibited significant and positive (desirable) SCA
effects for secondary branches per plant
(Table 8b). The highest, significant and positive
SCA effect was observed 3.19 (GS 384 x H 45)
in E;, 3.64 (Shekhar x KB 9610) in E,, 2.60 (K 29
x IPI 10) in E3, 2.86 (Gaurav x K 29) in E, and
1.94 (Gaurav x Shekhar) in PEVs. The results
were corroborative to the reports of Srivastava et
al. [7], Mishra et al. [9], Prasad et al. [18],
Shekhar et al. [11] and Mahawar et al. [12].

3.2.6 Number of capsules per plant

Three parents i.e., IPl 10, GS 384 and Shekhar
exhibited significant and positive GCA effects in
all four environments as well as on PEVs (Table
9a). The parents possessing significant and
positive GCA effects were IPI 10 (4.20), GS 384
(2.93) and Shekhar (2.91) in Eg; IPI 10 (5.30),
GS 384 (3.18) and Shekhar (3.83) in E,; IPI 10
(4.39), GS 384 (2.79), Shekhar (3.11) and KB
9610 (0.50) in E3; IPI 10 (5.04), GS 384 (3.36)
and Shekhar (2.72) in E; and IPI 10 (4.73), GS
384 (3.06), Shekhar (3.14) and KB 9610 (0.54) in
PEVs. This indicated that these parents were
good general combiners for number of capsules
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per plant. While, all other Parents recorded
significant and negative GCA effects, indicating
poor general combiners.

Out of 66 crosses, very few F;s noted i.e., seven
crosses in E;, 16 in E,, 13 in E;, 20 in E4 and 22
in PEVs exhibited significant and positive
(desirable) SCA effects (Table 9b). The highest
significant and positive SCA effect was observed
7.37 (RLC 133 x Kartika) in E;, 4.11 (RLC 133 x
IPI 10) in E,, 6.51 (ILS 264 x GS 384) in E3, 6.69
(KB 9610 x K 29) in E4 and 4.93 (RLC 133 x IPI
10) in PEVs for number of capsules per plant
indicating good specific combiners for this trait.
Similar findings to the one recorded in present
condition have also been reported by
Mohammadi et al. [13], Mishra et al. [9], Prasad
et al. [18], Shekhar et al. [11] and Mahawar et al.
[12].

3.2.7 Number of seeds per capsules

Out of twelve parents, seven parents recorded
positive GCA effects in pooled over
environments. Parent Kartika (0.31 in E;, 0.26 in
E,, 0.31 in E;, 0.38 in E; and 0.31 in PEVS)
noted the highest GCA effects in all
environments and PEVs. Other parents having
significant and positive GCA effect were, ILS 264
[E1: 0.23, E,: 0.17, E3: 0.16, E4: 0.22 and PEVS:
0.19]; Gaurav [E;: 0.15, E,: 0.15, Es: 0.16, E4:
0.15 and PEVs: 0.15], H 45 [E;: 0.13, E,: 0.06,
Es: 0.13, E4: 0.21 and PEVs: 0.13]; Dipika [E;:
0.06, E,: 0.14 and PEVs: 0.03]; Shekhar [E;:
0.04, E,: 0.06, E4: 0.06 and PEVs: 0.05] and GS
384 [E4: 0.05]. Hence, they were registered as
good general combiners for seeds per capsules.
Among the remaining parents, GCA effects were
significant and negative for RLC 133, Indira, KB
9610 and K 29. Hence, they were registered as
poor general combiners for seeds per capsules
(Table 10a).

Among the F;s, 16, 17, 18, 22 and 23 crosses
exhibited significant and positive SCA effects
in Ei, E, Es E; and PEVs, respectively
(Table 10b). The maximum significant and
positive SCA effect was observed by Dipika x
RLC 133 (0.42) in E;, Gaurav x KB 9610 (0.43)
in E,, Gaurav x KB 9610 (0.35) in E3, Indira x IPI
10 (0.50) in E; and Dipika x RLC 133 and
Shekhar x RLC 133 (0.31) in PEVs for number of
seeds per capsules. Similar finding to the one
found for above trait have also been reported by
Khan et al. [15], Srivastava et al. [7], Ratnaparkhi
et al. [14], Bhateria et al. [17], Mishra et al. [9]
and Mahawar et al. [12].
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Table 4a. General combining ability effects for days to 50 % flowering under different
environments

S.N. Parents E: E, Es E, Pooled
1 Indira 2.11* 2.42** 2.57** 2.89%* 2.50%*
2 Gaurav 2.44** 2.56** 2.57** 2.34%* 2.48**
3 Dipika 1.28* 1.54** 2.28** 1.77* 1.72**
4 Shekhar 3.11* 3.09** 2.85** 1.46** 2.63*
5 KB 9610 -1.89** -2.44** -2.98** -2.47** -2.44%*
6 ILS 264 -0.56* -0.15 -0.81** -0.59** -0.53**
7 RLC 133 -2.60** -3.15** -3.15** -3.47** -3.09**
8 K29 -1.46** -1.82** -1.58** -0.83** -1.42**
9 IPI 10 -0.98** -0.82** -0.58** -0.47** -0.71**
10 GS 384 -0.13 0.30 -0.08 0.13 0.06
11 H 45 -1.18** -1.65** -1.67* -1.47** -1.49**
12 Kartika -0.15 0.11 0.57** 0.70** 0.31**
SE (g) £ 0.23 0.17 0.15 0.17 0.09
Min. -2.60 -3.15 -3.15 -3.47 -3.09
Max. 3.11 3.09 2.85 2.89 2.63
No. of Significant parents 10 9 11 11 11

No. of Significant +ve parents 4 4 5 5 5

No. of Significant -ve parents 6 5 6 6 6

Table 4b. Specific combining ability effects for days to 50 % flowering under different
environments

S.N. Crosses E; E, Es E, Pooled
1 Indira x Gaurav 1.13 0.29 0.14 -1.12 0.11

2 Indira x Dipika 0.29 1.31 1.43* 1.12 1.04

3 Indira x Shekhar 2.46** 3.10 ** 2.52 ** 3.10 ** 2.80**
4 Indira x KB 9610 -0.54 0.62 -0.64 -0.64 -0.30

5 Indira x ILS 264 -1.21 -0.66 -0.14 0.81 -0.30

6 Indira x RLC 133 -0.82 0.67 0.52 -0.31 0.02

7 Indira x K29 -0.3 -0.33 1.62 ** 1.38* 0.59

8 Indira x IPI 10 -0.44 -1.00 -2.05 ** -1.31* -1.20*
9 Indira x GS 384 -1.63 -5.45 ** -5.21 ** -4.90 ** -4.30**
10 Indira x H 45 1.08 0.84 3.05 ** 1.69 ** 1.67**
11 Indira x Kartika 2.39 ** 1.08 2.48 ** 1.52* 1.87**
12 Gaurav x Dipika 0.63 0.17 -1.57 ** 0.67 -0.03
13 Gaurav x Shekhar -1.87 * -1.04 -3.81 ** -3.36 ** -2.52**
14 Gaurav x KB 9610 -1.54 -2.52 ** -2.64 ** -2.76 ** -2.37*
15 Gaurav X ILS 264 -1.87* -1.47 * -3.14 ** -2.31 ** -2.20**
16 Gaurav x RLC 133 0.84 2.19 ** 2.19 ** 4.24 ** 2.37**
17 Gaurav x K 29 -1.3 -1.14 0.95 1.60 ** 0.03
18 Gaurav x IPI 10 -2.78 ** -2.14 ** -2.05 ** -3.76 ** -2.68**
19 Gaurav x GS 384 0.03 0.74 2.45 ** 2.64 ** 1.47**
20 Gaurav x H 45 -2.59 ** -1.97 ** -3.29 ** -3.76 ** -2.90**
21 Gaurayv x Kartika 1.06 1.93 ** 1.81 ** 1.07 1.47**
22 Dipika x Shekhar -1.04 0.31 -2.52 ** -1.79 ** -1.26**
23 Dipika x KB 9610 -2.04 * -1.50 ** -3.02 ** -2.19 ** -2.19**
24 Dipika x ILS 264 1.29 1.22 3.14 ** 4,93 ** 2.65%*
25 Dipika x RLC 133 -0.32 -0.45 3.81 ** -0.86 0.55
26 Dipika x K 29 -0.13 -0.12 1.90 ** 0.83 0.62
27 Dipika x IP1 10 1.06 0.88 0.90 1.81 * 1.16
28 Dipika x GS 384 -1.13 -1.90 ** -2.26 ** -2.79 ** -2.02**
29 Dipika x H 45 4.25 ** 3.72 ** 4,33 ** 3.81 ** 4.03**
30 Dipika x Kartika 0.22 -2.04 ** -2.24 ** -2.69 ** -1.69**
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S.N. Crosses E; E, E; E, Pooled
31 Shekhar x KB 9610 0.46 0.62 -0.26 -0.88 -0.02
32 Shekhar x ILS 264 -1.54 -3.33 ** -4.76 ** -4.76 ** -3.60**
33 Shekhar x RLC 133 -1.16 -2.33 ** 0.24 -1.21+* -1.12%*
34 Shekhar x K 29 -0.30 0.00 0.33 1.81 ** 0.46
35 Shekhar x IPI 10 1.56 0.34 1.67 ** 2.45 ** 1.51**
36 Shekhar x GS 384 1.03 -0.12 2.83 ** 0.52 1.07
37 Shekhar x H 45 -0.59 -0.83 -1.24 * -2.88 ** -1.39**
38 Shekhar x Kartika 0.06 0.41 3.19 ** 2.62 ** 1.57**
39 KB 9610 x ILS 264 0.46 -0.81 2.07 ** -0.83 0.22
40 KB 9610 x RLC 133 151 2.19 ** 0.40 0.38 1.12
41 KB 9610 x K 29 -1.63 -1.47 * -2.83 ** 0.07 -1.47**
42 KB 9610 x IPI 10 0.22 -0.47 -3.83 ** -2.29 ** -1.59**
43 KB 9610 x GS 384 0.03 1.74 ** 0.00 0.45 0.56
44 KB 9610 x H 45 1.08 1.69 ** 4.26 ** 4.05 ** 2.77*
45 KB 9610 x Kartika 1.06 0.93 3.36 ** 4.55 ** 2.48**
46 ILS 264 x RLC 133 0.51 2.58 ** 1.57 ** 1.83 ** 1.62**
47 ILS 264 x K 29 -1.30 0.58 -2.33 ** -1.81 ** -1.22%*
48 ILS 264 x IP1 10 -0.44 0.58 -2.00 ** -0.17 -0.51
49 ILS 264 x GS 384 -0.63 0.46 0.50 0.90 0.31
50 ILS 264 x H 45 -0.92 -1.59 * -0.90 -0.83 -1.06
51 ILS 264 x Kartika 2.72 ** 2.65 ** 3.52 ** 1.00 2,47
52 RLC 133 x K 29 -0.25 -1.42 * -4.00 ** -1.93 ** -1.90*
53 RLC 133 x IPI 10 0.60 -1.42 * 0.67 0.05 -0.26
54 RLC 133 x GS 384 -1.25 -0.88 1.50 ** -0.55 -0.30
55 RLC 133 x H 45 -0.87 -1.92 ** -2.57 ** -1.95 ** -1.83*
56 RLC 133 x Kartika 0.10 1.65 ** -0.14 0.88 0.62
57 K29 x IPI1 10 0.46 -0.76 1.10* 1.07 0.47
58 K29 x GS 384 1.60 1.12 0.93 1.81 ** 1.37
59 K29 x H 45 2.32 ** 3.74 ** 4.86 ** 4.40 ** 3.83**
60 K 29 x Kartika -1.04 -0.69 -2.05 ** -2.76 ** -1.64**
61 IPI 10 x GS 384 4.13 ** 4.12 ** 7.26 ** 5.45 ** 5.24**
62 IPI 10 x H 45 -0.82 0.41 2.86 ** 1.71 ** 1.04
63 IPI 10 x Kartika -0.85 0.98 -0.71 -1.79 ** -0.59
64 GS 384 xH 45 -1.35 -0.04 0.36 0.45 -0.15
65 GS 384 x Kartika 1.29 2.19 ** 1.45 ** 2.29 ** 1.81**
66 H 45 x Kartika 1.01 0.15 -2.95 ** -2.12 ** -0.98
Min. -2.78 -5.45 -5.21 -4.90 -4.30
Max. 4.25 4.12 7.26 5.45 5.24
SE (S;) £ 0.84 0.63 0.56 0.61 0.34
No. of significant crosses 10 28 48 42 37

No. of +ve significant crosses 6 13 27 21 17

No. of -ve significant crosses 4 15 21 21 20

* ** Significant at 5 and 1 percent levels, respectively

Table 5a. General combining ability effects for days to maturity under different environments

S.N. Parents Eq E, Es E, Pooled
1 Indira 0.80** 0.93** 0.41* 0.75* 0.72**
2 Gaurav 2.14%* 3.17* 2.98** 1.94** 2.56**
3 Dipika -0.72%* -1.19%* -0.21 -0.46** -0.65**
4 Shekhar 2.21** 1.95** 2.53** 2.40** 2.27*
5 KB 9610 -0.65** -0.71** -0.71** -1.08** -0.79**
6 ILS 264 3.21** 3.33** 3.41** 3.11% 3.26**
7 RLC 133 -1.39** -1.95* -1.83* -1.37** -1.63**
8 K 29 1.06** 1.21* 1.17* 0.92** 1.09**
9 IPI 10 -3.01** -3.21** -3.54** -3.51** -3.32**
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S.N. Parents E; E, Es E, Pooled
10 GS 384 -2.08** -1.86** -2.54** -2.29%* -2.19%*
11 H 45 -2.37** -2.14** -2.33** -1.22%* -2.01**
12 Kartika 0.80** 0.48** 0.67** 0.80** 0.69**
SE (g) £ 0.20 0.16 0.16 0.16 0.09
Min. -3.01 -3.21 -3.54 -3.51 -3.32
Max. 3.21 3.33 3.41 3.11 3.26
No. of Significant parents 12 12 11 12 12

No. of Significant +ve parents 6 6 6 6 6

No. of Significant -ve parents 6 6 5 6 6

* ** Significant at 5 and 1 percent levels, respectively

Table 5b. Specific combining ability effects for days to maturity under different environments

S.N. Crosses E; E, E; E,4 Pooled
1 Indira x Gaurav -2.15** -1.63** -1.87** -3.45** -2.28**
2 Indira x Dipika -1.29 -1.94** -3.35** -3.71** -2.57**
3 Indira x Shekhar 2.78** 1.91** 5.25** 4.43** 3.59**
4 Indira x KB 9610 1.30 0.25 0.15 0.91 0.65*
5 Indira x ILS 264 1.11 0.20 -3.63** -2.28** -1.15**
6 Indira x RLC 133 -0.29 -1.52* -2.06** -2.14** -1.50**
7 Indira x K29 1.26 1.99** 1.60** 0.91 1.44**
8 Indira x IPI 10 0.66 -0.25 0.99 1.00 0.60

9 Indira x GS 384 0.40 2.39** 2.65** 2.12** 1.89**
10 Indira x H 45 1.02 1.34* 3.44** 3.72** 2.38**
11 Indira x Kartika 0.85 2.06** 4.10** 3.69** 2.68**
12 Gaurav x Dipika 0.37 0.49 1.08 1.43* 0.84**
13 Gaurav x Shekhar 2.45** 3.34** 4.01** 3.24** 3.26**
14 Gaurav x KB 9610 -1.36 0.01 -3.42** -3.95** -2.18**
15 Gaurav x ILS 264 1.45* 2.96** 3.80** 3.53** 2.93**
16 Gaurav x RLC 133 -4.29** -3.75** -1.63** -1.67** -2.84**
17 Gaurav x K 29 0.26 2.08** 3.03** 4.38** 2.44**
18 Gaurav x IP1 10 -1.01 -0.82 0.41 1.15* -0.07
19 Gaurav x GS 384 -1.60* -3.85** -6.25** -3.07** -3.69**
20 Gaurav x H 45 0.35 -0.56 -0.80 -2.14** -0.79*
21 Gaurav x Kartika 0.52 0.82 0.53 -2.83** -0.24
22 Dipika x Shekhar 2.30** 4.,03** 3.87** 1.98** 3.04**
23 Dipika x KB 9610 -0.51 -0.97 0.77* 0.45 -0.06
24 Dipika x ILS 264 1.97** 0.32 -1.02 -0.07 0.30
25 Dipika x RLC 133 -0.10 0.60 -3.78** -1.26* -1.13**
26 Dipika x K 29 -1.22 -2.56** 0.56 0.45 -0.69*
27 Dipika x IPI 10 1.85* 2.20** 3.27** 3.22** 2.63**
28 Dipika x GS 384 1.59* 2.84** 0.60 -0.67 1.09**
29 Dipika x H 45 -1.79* -0.21 2.06** 2.60** 0.66*
30 Dipika x Kartika -0.96 -0.49 1.39* 1.24* 0.29
31 Shekhar x KB 9610 -0.44 1.22* 0.70** 2.93* 1.10**
32 Shekhar x ILS 264 -0.63 -1.82** 0.58 -0.59 -0.62*
33 Shekhar x RLC 133 -2.03** -2.54** -0.52 0.55 -1.13**
34 Shekhar x K 29 -1.82* -2.71** -0.52 -2.07** -1.78**
35 Shekhar x IPI 10 -2.41%* -0.94 -4.80** -2.64** -2.70**
36 Shekhar x GS 384 -2.01** -2.30** 0.20 0.48 -0.91**
37 Shekhar x H 45 -1.06 0.65 -3.68** -3.93** -2.00**
38 Shekhar x Kartika 2.11** 2.03** 1.99** 0.72 1.71**
39 KB 9610 x ILS 264 -1.44 -0.49 4,15%* 4.22** 1.61**
40 KB 9610 x RLC 133 1.49* 1.13 3.72** 2.69** 2.26**
41 KB 9610 x K 29 0.37 -1.37* -5.28** -2.59** -2.22%*
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S.N. Crosses E; E, E; E, Pooled
42 KB 9610 x IPI 10 0.45 0.39 3.44%* 2.17% 1.61**
43 KB 9610 x GS 384 1.18 1.03 3.10** -0.05 1.32**
44 KB 9610 x H 45 1.47* 0.65 -1.44* 1.55** 0.56
45 KB 9610 x Kartika 0.64 1.70** 2.89** 2.86** 2.02**
46 ILS 264 x RLC 133 1.97** 3.08** 2.60** 2.50** 2.54**
47 ILS 264 x K 29 2.52%* 1.91** 1.60** 1.22* 1.81**
48 ILS 264 x IPI 10 -1.75* -2.66** -5.35%* -4.36** -3.53**
49 ILS 264 x GS 384 -2.67* -1.02 0.32 -0.24 -0.90
50 ILS 264 x H 45 -2.39%* -2.06** -2.90** -2.31** -2.41**
51 ILS 264 x Kartika -0.89 -1.35* -0.90 -0.33 -0.87
52 RLC 133 x K 29 1.78* 2.20** 1.18* 2.03* 1.80**
53 RLC 133 x IPI 10 2.52** 1.30* -1.44* -2.55** -0.04
54 RLC 133 x GS 384 1.92** 1.27* 5.56** 5.91** 3.66**
55 RLC 133 x H 45 2.54** 2.56** 4.34* 2.50** 2.99**
56 RLC 133 x Kartika -1.29 -1.73** -3.66** -4.52%* -2.80**
57 K29 xIPI 10 1.06 1.46* 3.56** 3.17* 2.31**
58 K29 x GS 384 0.80 2.10** -1.44%** -2.05** -0.15
59 K29 x H 45 -2.58** -3.61** -4.66** -6.78** -4.41%*
60 K 29 x Kartika -0.41 -1.56** -1.32* -0.14 -0.86**
61 IPI 10 x GS 384 0.87 -0.13 -0.73 -1.62** -0.40
62 IPI 10 x H 45 -0.51 -0.52 0.06 -0.69 -0.41
63 IPI 10 x Kartika -0.01 0.20 -4.61** -4.05** -2.12%*
64 GS 384 xH 45 2.23* 2.13* 1.72%* 3.76** 2.46**
65 GS 384 x Kartika 1.40 -0.82 1.06 3.07** 1.18**
66 H 45 x Kartika -0.32 -1.87** 0.84 2.34** 0.25
Min. -4.29 -3.85 -6.25 -6.78 -4.41
Max. 2.78 4.03 5.56 5.91 3.66
SE (Sy) 0.74 0.59 0.58 0.56 0.31
Number of significant crosses 27 39 46 50 52

No. of +ve significant crosses 17 21 27 28 29

No. of -ve significant crosses 10 18 19 22 23

Table 6a. General combining ability effects for plant height under different environments

S.N. Parents E; E, E; E, Pooled
1 Indira 1.41** 2.23* 1.70** 1.89** 1.81**
2 Gaurav 3.13** 4.42** 2.75** 2.32** 3.15**
3 Dipika -0.49 0.18 0.22 0.58* 0.12

4 Shekhar 0.41 0.30 -0.47** 0.04 0.07

5 KB 9610 -0.73** -1.01** -1.04** -1.13** -0.98**
6 ILS 264 0.03 -0.68** -0.16 0.06 -0.19

7 RLC 133 0.70** 0.28 0.39* 0.11 0.37**
8 K29 0.39 -0.34 0.37* 0.13 0.14

9 IPI 10 -1.99** -1.98** -1.49** -2.27** -1.94**
10 GS 384 -1.94** -1.82** -1.73** -1.75** -1.81**
11 H 45 0.01 -0.41 -0.21 -0.06 -0.17
12 Kartika -0.92** -1.18** -0.33* 0.08 -0.58**
SE (g) 0.26 0.22 0.17 0.27 0.12
Min. -1.99 -1.98 -1.73 -2.27 -1.94
Max. 3.13 4.42 2.75 2.32 3.15
No. of Significant parents 7 7 9 6 7

No. of Significant +ve parents 3 2 4 3 3

No. of Significant -ve parents 4 5 5 3 4

* ** Significant at 5 and 1 percent levels, respectively
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Table 6b. Specific combining ability effects for plant height under different environments

S.N. Crosses E: E, Es E, Pooled
1 Indira x Gaurav 1.47 -0.61 2.10** 0.49 0.86*
2 Indira x Dipika -0.58 1.30 1.96** 1.90* 1.14**
3 Indira x Shekhar 1.52 -0.49 -1.68** -3.22** -0.97*
4 Indira x KB 9610 0.33 0.15 1.89** 1.61 0.99*
5 Indira x ILS 264 -1.77 -0.51 -4.33** -0.58 -1.80**
6 Indira x RLC 133 0.90 2.54** -2.54** 0.37 0.32

7 Indira x K29 -3.46** -1.85* 0.48 -0.99 -1.45%*
8 Indira x IPI 10 -4.08** -0.87 -1.33* -3.25** -2.38**
9 Indira x GS 384 0.21 1.96* 0.25 1.90* 1.08**
10 Indira x H 45 0.26 -1.78* -0.61 0.54 -0.40
11 Indira x Kartika 1.52 0.32 2.84** 2.06* 1.69**
12 Gaurav x Dipika 1.71 0.77 1.58** 1.47 1.38**
13 Gaurav x Shekhar -1.20 -1.01 0.27 0.68 -0.32
14 Gaurav x KB 9610 -2.39* -1.04 4.17** 0.85 0.40
15 Gaurav x ILS 264 1.85* 1.30 -1.04 -2.34* -0.06
16 Gaurav x RLC 133 1.52 2.68** -1.59** -2.06* 0.14
17 Gaurav x K 29 0.49 2.30* -4.56** -3.08** -1.21%*
18 Gaurav x IP1 10 -0.13 -1.39 -3.37** -1.68 -1.64**
19 Gaurav x GS 384 -1.84* -0.56 0.20 -1.87 -1.02
20 Gaurav x H 45 0.54 -0.63 -1.99** 0.44 -0.41
21 Gaurav x Kartika -0.20 -0.20 -0.54 1.63 0.17
22 Dipika x Shekhar 0.09 -0.44 4.13** 4.09** 1.96**
23 Dipika x KB 9610 -0.44 -0.13 -1.97* -3.08** -1.40**
24 Dipika x ILS 264 -2.86%* -0.47 -4 52** -2.60** -2.61**
25 Dipika x RLC 133 0.47 -0.42 -2.06** -3.65** -1.42**
26 Dipika x K 29 1.11 1.87* -3.71** -1.34 -0.52
27 Dipika x IP1 10 -0.51 -1.49 -1.52* -1.27 -1.20**
28 Dipika x GS 384 0.11 -0.99 -1.61** -2.46% -1.24**
29 Dipika x H 45 0.16 1.27 3.20* 2.52* 1.79*%*
30 Dipika x Kartika 0.76 1.37 4.,98** 2.04* 2.29**
31 Shekhar x KB 9610 -1.34 0.75 -0.28 -0.53 -0.35
32 Shekhar x ILS 264 -0.10 0.75 2.51* 0.94 1.02*
33 Shekhar x RLC 133 -0.77 -1.54* -0.37 2.23* -0.11
34 Shekhar x K 29 0.54 1.08 0.65 1.54 0.95*
35 Shekhar x IP1 10 1.59 0.73 0.51 0.28 0.77
36 Shekhar x GS 384 1.87* 1.23 -0.26 0.09 0.73
37 Shekhar x H 45 -1.08 -0.85 -1.45* -2.27* -1.41**
38 Shekhar x Kartika -2.82** 0.25 -2.99** -1.08 -1.66**
39 KB 9610 x ILS 264 2.37*% 1.06 6.08** 4.44* 3.49**
40 KB 9610 x RLC 133 -0.63 -0.89 -2.47** -0.94 -1.23**
41 KB 9610 x K 29 -1.32 -2.61** -2.45%* 0.37 -1.50**
42 KB 9610 x IPI 10 2.40* 1.04 1.41* 1.78 1.66**
43 KB 9610 x GS 384 1.68 -0.47 -0.35 -0.08 0.20
44 KB 9610 x H 45 -0.94 1.46 -0.87 -0.10 -0.11
45 KB 9610 x Kartika 1.33 -0.11 -2.42** -3.58** -1.20**
46 ILS 264 x RLC 133 0.95 -0.23 5.65%* 5.54** 2.98**
47 ILS 264 x K 29 -0.75 -2.28** 3.01** 0.52 0.13
48 ILS 264 x IP1 10 -0.36 -0.97 -2.47* -2.41* -1.55**
49 ILS 264 x GS 384 -2.08* -1.47 -1.56** -1.60 -1.68**
50 ILS 264 x H 45 2.97** 1.80% -2.42** -1.63 0.18
51 ILS 264 x Kartika 1.90* 1.56* -2.64** -1.44 -0.15
52 RLC 133 x K 29 -0.08 1.11 -0.54 -0.87 -0.09
53 RLC 133 x IPI 10 0.30 2.75* -0.02 -0.46 0.64
54 RLC 133 x GS 384 0.59 0.58 3.56** 3.35* 2.02**
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S.N. Crosses E; E, E; E, Pooled
55 RLC 133 x H 45 0.97 -0.49 5.03** 3.66** 2.29**
56 RLC 133 x Kartika -0.77 -1.06 -0.85 -2.15* -1.21%*
57 K29 x IPI 10 1.95*% 1.37 0.67 -0.15 0.96*
58 K29 x GS 384 3.90** 2.54** -1.76%* -1.01 0.92*
59 K29 x H 45 -2.39** -0.87 0.06 -0.37 -0.89*
60 K 29 x Kartika -1.13 0.56 3.17* 1.16 0.94*
61 IP1 10 x GS 384 1.61 0.51 3.44%* 2.40* 1.99**
62 IPI 10 x H 45 -1.01 -0.56 -0.76 -1.30 -0.90*
63 IPI 10 x Kartika -1.08 -1.13 0.36 1.56 -0.07
64 GS 384 xH 45 -0.06 0.27 0.48 -1.49 -0.20
65 GS 384 x Kartika -1.13 -0.97 -1.06 1.04 -0.53
66 H 45 x Kartika 2.59** 1.96%* 6.08** 3.68** 3.58**
Min. -4.08 -2.61 -4.56 -3.65 -2.61
Max. 3.90 2.75 6.08 5.54 3.58
SE (Sy) = 0.93 0.78 0.60 0.96 0.42
No. of significant crosses 16 15 43 26 42

No. of +ve significant crosses 8 10 17 13 21

No. of -ve significant crosses 8 5 29 13 21

*, ** Significant at 5 and 1 percent levels, respectively

Table 7a. General combining ability effects for number of primary branches per plant under

different environments

S.N. Parents Eq E, Es E, Pooled
1 Indira -0.32** -0.43** -0.49** 0.03 -0.30**
2 Gaurav 0.27** 0.33* 0.37** 0.19* 0.29**
3 Dipika -0.06** -0.15** -0.20** 0.03 -0.09**
4 Shekhar 0.21** 0.31* 0.38** 0.05* 0.24**
5 KB 9610 -0.09** -0.03 -0.03 0.01 -0.03**
6 ILS 264 -0.09** -0.10* -0.13** -0.15** -0.12**
7 RLC 133 -0.12** -0.25** -0.25** -0.05* -0.17**
8 K29 -0.06** -0.09* -0.12* -0.17** -0.11**
9 IPI 10 0.37** 0.46** 0.47** 0.04 0.33**
10 GS 384 -0.08** 0.001 -0.02 -0.04 -0.03**
11 H 45 0.14** 0.22** 0.26** 0.07** 0.17**
12 Kartika -0.16** -0.25** -0.25** -0.02 -0.17**
SE (g) + 0.02 0.02 0.03 0.03 0.02
Min. -0.32 -0.43 -0.49 -0.17 -0.30
Max. 0.37 0.46 0.47 0.19 0.33
No. of Significant parents 12 10 10 6 12

No. of Significant +ve parents 4 4 4 3 4

No. of Significant -ve parents 8 6 6 3 8

*, ** Significant at 5 and 1 percent levels, respectively

Table 7b. Specific combining ability effects for number of primary branches per plant under

different environments

S.N. Crosses E; E, E; E, Pooled
1 Indira x Gaurav 0.33** -0.15 -0.31** -0.04 -0.04

2 Indira x Dipika 0.56** -0.40** -0.38** 0.05 -0.04

3 Indira x Shekhar -0.65** 0.01 0.22* 0.16 -0.07

4 Indira x KB 9610 -0.01 0.40** 0.32* 0.07 0.20**
5 Indira x ILS 264 -0.01 0.18** 0.26** 0.17 0.15*

6 Indira x RLC 133 0.38** -0.04 -0.29** -0.01 0.01

7 Indira x K29 -0.34* -0.30** -0.28** -0.06 -0.24**
8 Indira x IPI 10 0.13* 0.39** 0.26** -0.26** 0.13*
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S.N. Crosses E; E, E; E, Pooled
9 Indira x GS 384 0.18** 0.51** 0.75** 0.15 0.40**
10 Indira x H 45 -0.07 -0.01 -0.07 -0.12 -0.07
11 Indira x Kartika 0.06 0.13 -0.06 -0.07 0.02
12 Gaurav x Dipika -0.16** 0.21** -0.01 -0.14 -0.03
13 Gaurav x Shekhar -0.07 -0.05 -0.35** 0.17* -0.07
14 Gaurav x KB 9610 -0.40** -0.25** -0.24** 0.05 -0.21**
15 Gaurav x ILS 264 -0.13* -0.25** -0.30** -0.02 -0.18**
16 Gaurav X RLC 133 0.33** 0.21** 0.25** 0.14 0.23**
17 Gaurav x K 29 0.44%* 0.58** 0.85** 0.26** 0.53**
18 Gaurav x IPI 10 0.11* -0.04 0.01 -0.19* -0.03
19 Gaurav x GS 384 0.12* 0.32** 0.35** -0.21* 0.15*
20 Gaurayv x H 45 -0.19** 0.17* 0.27** -0.01 0.06
21 Gaurayv x Kartika 0.07 -0.06 0.04 -0.19* -0.03
22 Dipika x Shekhar 0.12* -0.07 0.05 0.10 0.05
23 Dipika x KB 9610 0.10 0.06 0.39** -0.13 0.10
24 Dipika x ILS 264 0.06 0.23** 0.16 -0.03 0.11
25 Dipika x RLC 133 -0.05 -0.05 -0.19* -0.07 -0.09
26 Dipika x K 29 -0.01 -0.20** -0.35** 0.08 -0.12*
27 Dipika x IPI 10 -0.27** -0.12 -0.17 -0.09 -0.16**
28 Dipika x GS 384 -0.02 0.20* 0.22* -0.18* 0.05
29 Dipika x H 45 -0.10 0.15 0.01 0.28** 0.08
30 Dipika x Kartika 0.06 0.22** 0.21* 0.03 0.13*
31 Shekhar x KB 9610 0.43** 0.50%* 0.31** -0.08 0.29**
32 Shekhar x ILS 264 0.12* 0.11 0.09 0.01 0.08
33 Shekhar x RLC 133 0.35** 0.03 0.10 0.14 0.15*
34 Shekhar x K 29 -0.07 -0.20** -0.06 0.26** -0.02
35 Shekhar x IPI 10 0.19** 0.02 0.25** -0.15 0.08
36 Shekhar x GS 384 -0.32** -0.35** -0.23* -0.01 -0.23*
37 Shekhar x H 45 0.13* 0.09 -0.04 -0.35** -0.04
38 Shekhar x Kartika -0.07 0.03 -0.10 0.14 0.001
39 KB 9610 x ILS 264 0.16** 0.34** 0.26** 0.16 0.23**
40 KB 9610 x RLC 133 -0.08 0.01 0.08 -0.05 -0.02
41 KB 9610 x K 29 0.06 0.04 -0.02 0.20* 0.07
42 KB 9610 x IPI 10 -0.30** -0.15 -0.34** 0.16 -0.16**
43 KB 9610 x GS 384 -0.02 -0.22** -0.49** -0.06 -0.20**
44 KB 9610 x H 45 -0.13* -0.14 -0.04 -0.03 -0.09
45 KB 9610 x Kartika 0.06 0.03 0.07 -0.08 0.02
46 ILS 264 x RLC 133 -0.08 0.07 0.05 0.05 0.02
47 ILS 264 x K 29 0.03 -0.16* 0.06 -1.24** -0.33*
48 ILS 264 x IP1 10 -0.01 -0.17* -0.20* 0.26** -0.03
49 ILS 264 x GS 384 0.01 -0.35** -0.42** 0.00 -0.19**
50 ILS 264 x H 45 -0.20** -0.07 -0.06 0.06 -0.07
51 ILS 264 x Kartika 0.13* 0.17* -0.021 0.15 0.11
52 RLC 133 x K 29 -0.05 -0.04 0.07 -0.01 -0.01
53 RLC 133 x IPI 10 0.02 -0.02 0.02 -0.02 0.001
54 RLC 133 x GS 384 0.17** 0.27** 0.10 0.26** 0.20**
55 RLC 133 x H 45 0.02 0.22** 0.12 0.02 0.10
56 RLC 133 x Kartika 0.05 0.02 -0.17 -0.26** -0.09
57 K29 x IPI 10 -0.10 -0.05 -0.18* -0.23** -0.14*
58 K 29 x GS 384 0.05 0.18* 0.18* 0.11 0.13*
59 K29 x H 45 0.10 0.16* -0.14 0.31** 0.11
60 K 29 x Kartika 0.10 0.03 -0.23* 0.03 -0.02
61 IPl 10 x GS 384 0.11 0.20* -0.02 -0.06 0.06
62 IP1 10 x H 45 0.17** 0.08 -0.03 0.23** 0.11
63 IPI 10 x Kartika -0.17** -0.29** -0.12 -0.05 -0.16**
64 GS 384 x H 45 -0.12* -0.43** -0.41** -0.09 -0.26**
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S.N. Crosses E; E, E; E, Pooled
65 GS 384 x Kartika 0.11* 0.04 0.17 -0.03 0.07
66 H 45 x Kartika 0.53** 0.29** 0.49** 0.29** 0.40**
Min. -0.65 -0.43 -0.49 -1.24 -0.33
Max. 0.56 0.58 0.85 0.31 0.53
SE (S;) £ 0.05 0.08 0.09 0.09 0.06
No. of significant crosses 34 34 34 19 27

No. of +ve significant crosses 22 21 17 10 14

No. of -ve significant crosses 12 13 17 09 13

* ** Significant at 5 and 1 percent levels, respectively

Table 8a. General combining ability effects for number of secondary branches per plant under

different environments

S.N. Parents Eq E, Es E, Pooled
1 Indira 0.20 -0.22 -0.37* -0.98** -0.34**
2 Gaurav 1.17* 1.93** 1.09** 1.31* 1.37*
3 Dipika -0.61 -0.29 -0.38* -0.41 -0.42**
4 Shekhar 1.01** 0.55* 0.61** 0.78** 0.73**
5 KB 9610 -0.70** -0.93** -0.31* -0.58* -0.63**
6 ILS 264 -0.10 -0.18 -0.36* -0.18 -0.20
7 RLC 133 -0.73** -1.01** -0.38* -0.73** -0.71**
8 K29 -0.58* -0.65** -0.06 -0.29 -0.39**
9 IPI 10 0.80** 0.97** 0.39** 1.14** 0.82**
10 GS 384 -0.31 -0.07 -0.21 -0.19 -0.19
11 H 45 0.03 0.25 0.39* 0.34 0.25*
12 Kartika -0.16 -0.34 -0.41** -0.21 -0.28*
SE (9) £ 0.25 0.23 0.15 0.27 0.11
Min. -0.73 -1.01 -0.41 -0.98 -0.71
Max. 1.17 1.93 1.09 131 1.37
No. of Significant parents 6 6 10 6 10

No. of Significant +ve parents 3 3 4 3 4

No. of Significant -ve parents 3 3 6 3 6

*, ** Significant at 5 and 1 percent levels, respectively

Table 8b. Specific combining ability effects for number of secondary branches per plant under

different environments

S.N. Crosses E; E, E; E, Pooled
1 Indira x Gaurav 1.24 0.48 0.58 1.05 0.84*
2 Indira x Dipika -1.54 -0.27 0.41 0.23 -0.29
3 Indira x Shekhar 1.67 -1.87* 0.86 -1.66 -0.25
4 Indira x KB 9610 -0.29 -1.93* 1.61* -0.84 -0.36
5 Indira x ILS 264 1.41 0.89 -1.08* 1.29 0.63

6 Indira x RLC 133 1.98* -0.25 1.34% 0.72 0.95*
7 Indira x K29 0.83 -1.68* -1.25* -1.69 -0.95*
8 Indira x IPI 10 1.55 2.37* 1.67* 0.38 1.49**
9 Indira x GS 384 -2.21* 0.61 -0.97 0.34 -0.56
10 Indira x H 45 0.42 0.23 0.17 -1.26 -0.11
11 Indira x Kartika -1.03 1.35 -0.93 -0.40 -0.25
12 Gaurav x Dipika 0.55 -1.09 0.29 0.18 -0.01
13 Gaurav x Shekhar 2.23* 2.04* 2.37* 1.12 1.94**
14 Gaurav x KB 9610 -1.12 -0.38 0.19 0.85 -0.12
15 Gaurav x ILS 264 1.41 1.36 0.41 0.08 0.81
16 Gaurav x RLC 133 -1.96* 1.27 -2.21** -0.50 -0.85
17 Gaurav x K 29 -0.04 2.30%* -0.73 2.86** 1.10**
18 Gaurav x IPI 10 -2.62** -0.58 -1.35* -1.50 -1.51**
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S.N. Crosses E, E, E; E, Pooled
19 Gaurav x GS 384 -0.65 0.09 -2.65** 0.02 -0.80
20 Gaurav x H 45 -0.29 -2.89** 0.79 -1.84 -1.06*
21 Gaurav x Kartika -0.17 -0.30 0.52 0.42 0.12
22 Dipika x Shekhar 0.65 -0.63 -1.40* -0.49 -0.47
23 Dipika x KB 9610 -0.51 -0.76 -0.04 -1.27 -0.65
24 Dipika x ILS 264 -0.28 0.85 -0.56 1.46 0.37
25 Dipika x RLC 133 1.99* -0.51 0.59 -0.52 0.39
26 Dipika x K 29 -1.53 0.16 -0.43 -1.59 -0.85
27 Dipika x IPI 10 0.36 0.04 -1.75* 0.12 -0.31
28 Dipika x GS 384 -0.80 -1.96* -0.02 -1.30 -1.02*
29 Dipika x H 45 0.76 1.86* -0.08 1.91 1.1
30 Dipika x Kartika 0.22 1.55 -0.81 -0.34 0.16
31 Shekhar x KB 9610 2.44%* 3.64** 0.57 1.01 1.91**
32 Shekhar x ILS 264 -2.60** 0.68 -0.72 -1.66 -1.07*
33 Shekhar x RLC 133 0.43 -1.62* -1.10* -0.71 -0.75
34 Shekhar x K 29 0.35 -0.78 0.88 0.09 0.13
35 Shekhar x IPI 10 0.48 0.94 0.80 1.09 0.83
36 Shekhar x GS 384 -0.19 -1.89* -0.14 -0.82 -0.76
37 Shekhar x H 45 -3.06** 1.63* 0.00 0.09 -0.34
38 Shekhar x Kartika 0.93 -0.58 0.17 2.11* 0.66
39 KB 9610 x ILS 264 -0.15 -0.48 1.84* 0.76 0.49
40 KB 9610 x RLC 133 0.34 -0.11 -0.94 1.18 0.12
41 KB 9610 x K 29 -1.37 0.36 -0.43 -0.76 -0.55
42 KB 9610 x IPI 10 0.68 0.71 0.92 0.62 0.73
43 KB 9610 x GS 384 2.25* 0.42 -1.32* 1.44 0.70
44 KB 9610 x H 45 -0.45 -0.60 0.95 1.11 0.25
45 KB 9610 x Kartika -1.26 1.43 -0.58 -0.67 -0.27
46 ILS 264 x RLC 133 -0.03 1.21 1.31* -1.15 0.33
47 ILS 264 x K 29 0.96 -0.39 -0.98 0.71 0.07
48 ILS 264 x IPI 10 -3.59** -0.58 -1.77* 0.38 -1.39**
49 ILS 264 x GS 384 0.02 -0.37 1.83* 0.40 0.47
50 ILS 264 x H 45 0.72 -1.79* 0.86 -1.02 -0.31
51 ILS 264 x Kartika 1.30 0.60 -0.96 -0.97 -0.01
52 RLC 133 x K 29 1.49 0.41 -0.46 0.96 0.60
53 RLC 133 x IPI 10 -1.75 0.73 -0.01 -0.13 -0.29
54 RLC 133 x GS 384 -1.89* 2.30** 1.02 -0.54 0.22
55 RLC 133 x H 45 -0.59 0.42 -0.28 1.23 0.20
56 RLC 133 x Kartika 1.83* -1.73* 2.02* -0.35 0.45
57 K29 xIPI 10 2.63** 0.53 2.60** -0.20 1.39**
58 K29 x GS 384 -0.40 -1.37 -1.84* -0.48 -1.02*
59 K29 xH45 -1.34 0.25 -0.50 0.69 -0.22
60 K 29 x Kartika -1.98* -0.93 0.30 -0.49 -0.77
61 IPI 10 x GS 384 0.69 -0.82 0.18 -0.84 -0.20
62 IPI 10 x H 45 -1.45 -0.30 -2.39** -0.04 -1.04*
63 IPI 10 x Kartika 131 0.62 0.82 1.52 1.07*
64 GS 384 xH 45 3.19** 2.40** 1.38* -0.85 1.53*
65 GS 384 x Kartika -1.06 1.10 -1.15* 1.47 0.09
66 H 45 x Kartika 2.78* -0.05 2.08* 0.58 1.35**
Min. -3.59 -2.89 -2.65 -1.84 -1.51
Max. 3.19 3.64 2.60 2.86 1.94
SE (Sy) + 0.90 0.84 0.55 0.99 0.42
Number of significant crosses 17 17 24 02 19
No. of +ve significant crosses 9 8 11 02 11
No. of -ve significant crosses 8 9 13 - 08

* ** Significant at 5 and 1 percent levels, respectively
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Table 9a. General combining ability effects for number of capsules per plant under different
environments

S.N. Parents E; E, E; E, Pooled
1 Indira -0.62 -1.91** -1.19** -1.59** -1.33**
2 Gaurav -1.07** -1.17** -1.51** -1.68** -1.34**
3 Dipika -1.39** -1.16** -1.55** -1.44** -1.38**
4 Shekhar 2.91** 3.83* 3.11** 2.72* 3.14**
5 KB 9610 -0.49 0.13 0.50* 0.54** 0.17

6 ILS 264 -1.53** -1.65** -0.99** -1.21** -1.34**
7 RLC 133 -0.93* -1.96** -2.14** -2.03** -1.77**
8 K 29 -2.26** -2.22%* -0.80** -0.74** -1.51**
9 IPI 10 4.20** 5.30** 4.39** 5.04** 4,73
10 GS 384 2.93** 3.18** 2.79%* 3.36** 3.06**
11 H 45 -0.47 -0.55** -1.22** -0.78** -0.75**
12 Kartika -1.30** -1.87** -1.40** -2.19** -1.69**
SE (g) £ 0.34 0.21 0.26 0.20 0.13
Min. -2.26 -2.22 -2.14 -2.19 -1.77
Max. 4.20 5.30 4.39 5.04 4.73
No. of Significant parents 9 11 12 12 11

No. of Significant +ve parents 3 3 4 4 3

No. of Significant -ve parents 6 8 8 8 8

* ** Significant at 5 and 1 percent levels, respectively

Table 9b. Estimates of specific combining ability effects for number of capsules per plant

S.N. Crosses E; E, Es E, Pooled
1 Indira x Gaurav 1.90 -1.24 4 54** 3.46** 2.17*
2 Indira x Dipika 0.75 -0.59 1.38 2.25** 0.95*
3 Indira x Shekhar 0.45 0.29 1.42 -0.30 0.47

4 Indira x KB 9610 -1.09 -0.61 -0.87 2.47* -0.02
5 Indira x ILS 264 1.02 1.37 -1.61 -1.28 -0.13
6 Indira x RLC 133 6.12** 2.75%* -1.05 -0.70 1.78**
7 Indira x K29 4.15** 3.37* 2.21* 1.79* 2.88**
8 Indira x IPI 10 1.99 3.56** 0.52 -0.50 1.39**
9 Indira x GS 384 0.69 -0.76 -0.18 0.58 0.08
10 Indira x H 45 -4.31** -2.37* 0.69 -1.58* -1.89**
11 Indira x Kartika -2.48 -1.42 -2.56** -1.33 -1.95%*
12 Gaurav x Dipika 1.27 0.91 -1.16 1.50* 0.63
13 Gaurav x Shekhar 3.87* 3.66** 2.28* 3.12* 3.23**
14 Gaurav x KB 9610 -3.14* -1.37 -3.68** -4.87** -3.27**
15 Gaurav x ILS 264 -1.60 -0.90 -0.73 -0.23 -0.86
16 Gaurav x RLC 133 -2.12 1.08 -2.97** -0.91 -1.23**
17 Gaurav x K 29 1.87 1.34 0.06 -0.26 0.75
18 Gaurav x IPI 10 0.08 0.26 -1.10 -2.57** -0.83
19 Gaurav x GS 384 1.01 -0.49 1.37 1.40 0.83
20 Gaurav x H 45 3.18* 1.14 2.27* 0.51 1.77**
21 Gaurav x Kartika -0.76 0.26 0.19 -1.24 -0.39
22 Dipika x Shekhar 2.02 2.71* 2.55* 1.67* 2.24%*
23 Dipika x KB 9610 1.05 2.34** 0.56 -1.45* 0.62
24 Dipika x ILS 264 -0.55 -0.35 -0.35 -0.74 -0.50
25 Dipika x RLC 133 -0.54 -0.31 -1.66 -1.29 -0.95*
26 Dipika x K 29 -0.44 -0.98 6.23** 5.00** 2.45**
27 Dipika x IP1 10 0.70 -1.40 -1.19 0.65 -0.31
28 Dipika x GS 384 1.93 3.06** -2.32* -1.34 0.33
29 Dipika x H 45 -0.34 0.58 -0.36 -3.00** -0.78
30 Dipika x Kartika -0.87 -0.57 0.57 3.18** 0.58
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S.N. Crosses E; E, E; E, Pooled
31 Shekhar x KB 9610 0.62 -0.71 -0.23 -0.13 -0.11
32 Shekhar x ILS 264 2.43 0.80 -0.31 1.21 1.03*
33 Shekhar x RLC 133 -1.27 -2.56** 0.85 -0.97 -0.99*
34 Shekhar x K 29 0.43 1.53* -2.73** -4.,29%* -1.26%*
35 Shekhar x IPI 10 -0.97 -1.28 -0.95 -1.14 -1.08*
36 Shekhar x GS 384 -0.46 -0.03 1.95*% 1.47* 0.73
37 Shekhar x H 45 -1.93 -1.74* -1.71 -0.89 -1.57**
38 Shekhar x Kartika -0.87 0.81 0.64 2.20** 0.70
39 KB 9610 x ILS 264 2.05 1.46 2.53** 4.06** 2.53*
40 KB 9610 x RLC 133 -0.64 -0.82 -1.34 -1.16 -0.99*
41 KB 9610 x K 29 -1.15 0.27 0.18 6.69** 1.50**
42 KB 9610 x IPI 10 -1.37 -0.81 0.99 3.98** 0.70
43 KB 9610 x GS 384 -0.01 0.04 5.19** -0.68 1.14*
44 KB 9610 x H 45 3.03 1.46 0.93 -0.08 1.34**
45 KB 9610 x Kartika 0.96 2.18** -0.82 -4.39** -0.52
46 ILS 264 x RLC 133 -1.60 -1.75* -3.89** -4.08** -2.83**
47 ILS 264 x K 29 0.63 0.98 1.87 -1.06 0.60
48 ILS 264 x IPI 10 0.03 -0.27 -0.09 -0.35 -0.17
49 ILS 264 x GS 384 3.80** 3.82** 6.51** 5.06** 4.80**
50 ILS 264 x H 45 -0.63 -0.33 0.42 0.63 0.02
51 ILS 264 x Kartika 0.03 0.82 -0.73 1.65* 0.44
52 RLC 133 x K 29 -1.93 -1.51* 0.20 -2.51** -1.44**
53 RLC 133 x IPI 10 3.64* 4.11* 6.01** 5.97** 4.93**
54 RLC 133 x GS 384 0.81 3.23** 0.14 2.35%* 1.63**
55 RLC 133 x H 45 2.47 2.12** 0.18 -0.45 1.08*
56 RLC 133 x Kartika 7.37%* 0.54 5.93** 3.31** 4.29**
57 K29 x IPI 10 2.24 2.23* 0.80 -0.61 1.16*
58 K29 x GS 384 1.30 0.05 -3.07** -0.77 -0.62
59 K29 x H 45 0.60 0.18 4.30%* 6.21** 2.82**
60 K 29 x Kartika 0.30 0.39 0.09 0.92 0.43
61 IPI 10 x GS 384 -0.72 -0.73 1.11 0.78 0.11
62 IPI 10 x H 45 0.81 1.66* -2.32* 0.16 0.08
63 IPI 10 x Kartika -0.43 1.05 0.01 0.87 0.37
64 GS 384 xH 45 -0.39 -0.42 -2.72*%* -0.44 -0.99*
65 GS 384 x Kartika -0.92 -1.97** -1.20 -4.49** -2.14**
66 H 45 x Kartika 1.84 2.49** -1.03 0.45 0.94*
Min. -4.31 -2.56 -3.89 -4.87 -3.27
Max. 7.37 4.11 6.51 6.69 4.93
SE (Sy) 1.25 0.77 0.93 0.73 0.47
No. of significant crosses 09 22 22 30 36

No. of +ve significant crosses 07 16 13 20 22

No. of -ve significant crosses 02 06 09 10 14

* ** Significant at 5 and 1 percent levels, respectively

Table 10a. General combining ability effects for number of seeds per capsules under different
environments

S.N. Parents Eq E, Es E, Pooled
1 Indira -0.23** -0.09** -0.17** -0.27** -0.19**
2 Gaurav 0.15** 0.15** 0.16** 0.15* 0.15*
3 Dipika 0.06** 0.14** 0.003 -0.08** 0.03**
4 Shekhar 0.04* 0.06** 0.04 0.06** 0.05**
5 KB 9610 -0.25%* -0.28** -0.19** -0.28** -0.25**
6 ILS 264 0.23** 0.17** 0.16** 0.22** 0.19**
7 RLC 133 -0.15** -0.13* -0.13* -0.12** -0.13**
8 K 29 -0.29** -0.32** -0.29** -0.33** -0.31**
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S.N. Parents E; E, Es E, Pooled
9 IPI 10 -0.01 -0.03 -0.05* 0.01 -0.02
10 GS 384 0.01 0.03 0.04 0.05** 0.03*
11 H 45 0.13** 0.06** 0.13** 0.21** 0.13*
12 Kartika 0.31** 0.26** 0.31** 0.38** 0.31**
SE (9) = 0.02 0.02 0.02 0.02 0.01
Min. -0.29 -0.32 -0.29 -0.33 -0.31
Max. 0.31 0.26 0.31 0.38 0.31
No. of Significant parents 10 10 9 11 11
No. of Significant +ve parents 6 6 4 6 7

No. of Significant -ve parents 4 4 5 5 4

* ** Significant at 5 and 1 percent levels, respectively

Table 10b. Specific combining ability effects for number of seeds per capsules under different
environments

S.N. Crosses E; E, E; E,4 Pooled
1 Indira x Gaurav 0.27** 0.10 0.06 -0.45** -0.004
2 Indira x Dipika 0.07 -0.16* -0.15 -0.58** -0.21**
3 Indira x Shekhar 0.22** 0.22** 0.21* 0.25** 0.23**
4 Indira x KB 9610 -0.25** -0.07 -0.06 0.15** -0.06
5 Indira x ILS 264 -0.001 0.19* 0.32** 0.22** 0.18**
6 Indira x RLC 133 0.21** 0.04 0.001 -0.10 0.04

7 Indira x K29 -0.16* -0.13 0.001 0.21** -0.02
8 Indira x IPI 10 -0.10 -0.12 0.20** 0.50%* 0.12**
9 Indira x GS 384 -0.35** -0.21** -0.35** -0.17* -0.27**
10 Indira x H 45 -0.07 0.09 -0.05 -0.37** -0.10**
11 Indira x Kartika 0.05 0.16* 0.18* 0.06 0.11*
12 Gaurav x Dipika 0.18** 0.24* 0.29** 0.30** 0.25**
13 Gaurav x Shekhar -0.66** -0.68** -0.15 -0.30** -0.45**
14 Gaurav x KB 9610 0.13 0.43** 0.35** 0.10 0.25**
15 Gaurav x ILS 264 -0.06 -0.12 -0.11 0.10 -0.05
16 Gaurav x RLC 133 0.02 -0.13 -0.39** -0.35** -0.21**
17 Gaurav x K 29 0.09 0.001 0.28** 0.12 0.12**
18 Gaurav x IPI 10 -0.02 0.04 -0.16 0.12 -0.01
19 Gaurav x GS 384 0.03 0.09 0.05 -0.12 0.01
20 Gaurav x H 45 0.11 0.16* 0.12 0.28** 0.17**
21 Gaurayv x Kartika 0.001 -0.14 -0.05 -0.13* -0.08*
22 Dipika x Shekhar -0.17* -0.18* -0.12 -0.17* -0.16**
23 Dipika x KB 9610 0.02 0.20* 0.04 -0.03 0.06
24 Dipika x ILS 264 -0.07 0.09 0.02 0.17* 0.05
25 Dipika x RLC 133 0.42** 0.31** 0.21* 0.31** 0.31**
26 Dipika x K 29 -0.05 0.11 -0.03 0.02 0.01
27 Dipika x IP1 10 -0.49** -0.32* -0.20* -0.42* -0.36**
28 Dipika x GS 384 0.06 0.12 -0.02 0.21** 0.09*
29 Dipika x H 45 0.17* -0.01 0.25** 0.21** 0.16**
30 Dipika x Kartika -0.14* 0.13 -0.19* -0.36** -0.14**
31 Shekhar x KB 9610 0.14* 0.05 0.001 -0.14* 0.01
32 Shekhar x ILS 264 -0.24** 0.001 -0.42** -0.17* -0.21**
33 Shekhar x RLC 133 0.21** 0.29** 0.30** 0.44** 0.31**
34 Shekhar x K 29 -0.03 0.02 0.001 -0.12 -0.03
35 Shekhar x IP1 10 0.10 0.13 -0.04 -0.09 0.02
36 Shekhar x GS 384 0.11 0.24** 0.17* -0.09 0.11**
37 Shekhar x H 45 0.26** 0.17* -0.13 0.21** 0.13**
38 Shekhar x Kartika 0.15* -0.06 0.24** 0.13* 0.12**
39 KB 9610 x ILS 264 0.05 -0.16* -0.19* -0.33* -0.16**
40 KB 9610 x RLC 133 -0.14* -0.06 -0.11 -0.25** -0.14**
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S.N. Crosses E; E, E; E, Pooled
41 KB 9610 x K 29 -0.10 -0.07 -0.14 -0.18** -0.12**
42 KB 9610 x IP1 10 0.29** 0.04 0.22* 0.32** 0.22**
43 KB 9610 x GS 384 -0.06 -0.22** 0.10 -0.06 -0.06
44 KB 9610 x H 45 0.15* -0.12 0.27** 0.18** 0.12**
45 KB 9610 x Kartika 0.04 0.19* -0.20* 0.17* 0.05
46 ILS 264 x RLC 133 0.31** 0.29** 0.18* 0.35** 0.28**
47 ILS 264 x K 29 0.18** 0.19* 0.04 0.12 0.13**
48 ILS 264 x IPI 10 0.17* 0.06 0.20* 0.02 0.11**
49 ILS 264 x GS 384 -0.08 -0.17* -0.12 0.04 -0.08*
50 ILS 264 x H 45 -0.27** -0.03 -0.28** -0.29** -0.22**
51 ILS 264 x Kartika 0.09 0.07 0.11 0.04 0.08*
52 RLC 133 x K 29 -0.04 0.11 0.10 0.07 0.06
53 RLC 133 x IPI 10 0.08 -0.08 0.05 -0.11 -0.01
54 RLC 133 x GS 384 -0.10 -0.24** 0.17* 0.29** 0.03
55 RLC 133 x H 45 -0.29** 0.20* -0.26** -0.34** -0.17**
56 RLC 133 x Kartika -0.20** -0.10 -0.10 -0.08 -0.12**
57 K29 x IPI 10 -0.38** -0.32** -0.28** -0.20** -0.29**
58 K29 x GS 384 0.27** 0.22** 0.001 -0.30** 0.05
59 K29 xH 45 0.05 -0.11 -0.10 -0.07 -0.06
60 K 29 x Kartika 0.04 0.23** 0.06 0.13* 0.11**
61 IPI 10 x GS 384 0.13 0.20* 0.20* 0.03 0.14**
62 IPI 10 x H 45 0.07 0.10 0.001 -0.01 0.04
63 IPI 10 x Kartika 0.13 0.10 -0.14 0.12 0.05
64 GS 384 xH 45 -0.01 -0.26** 0.01 0.09 -0.04
65 GS 384 x Kartika -0.13 0.01 0.04 0.05 -0.01
66 H 45 x Kartika -0.04 -0.02 0.14 0.18** 0.07
Min. -0.66 -0.68 -0.42 -0.58 -0.45
Max. 0.42 0.43 0.35 0.50 0.31
SE (Sy) = 0.07 0.08 0.09 0.07 0.04
No. of significant crosses 28 28 28 40 41

No. of +ve significant crosses 16 17 18 22 23

No. of -ve significant crosses 12 11 10 18 18

* ** Significant at 5 and 1 percent levels, respectively

3.2.8 Test weight

Four parents viz., KB 9610, K 29, Shekhar and
GS 384 in all environments and PEVs exhibiting
significant and positive GCA effects (Table 11a).
Among the parents, GCA effect was significant
and positive for KB 9610 [E;: 0.79, E,: 0.74, Es:
0.75, E4: 0.63 in and PEVs: 0.73]; K 29 [E;: 0.72,
E,: 0.66, E3: 0.65, E,: 0.66 in and PEVs: 0.67];
Shekhar [E;: 0.62, E,: 0.57, E3: 0.58, E4: 0.49 in
and PEVs: 0.56]; and GS 384 [E;: 0.44, E,: 0.49,
Es: 0.53, E4: 0.46 in and PEVs: 0.48]. Hence,
they were registered as good general combiners
for test weight. All other parents viz., Dipika, ILS
264, Kartika, H 45, Indira, RLC 133 and IPI 10
recorded significant and negative GCA effects
indicating poor general combiners for test weight.

Total 24 crosses in E;, 28 crosses in E,, 21
crosses in Ej, 25 crosses in E, and 28 in PEVs
exhibited significant and positive (desirable) SCA
effects. Cross Indira x ILS 264 noted highest,
significant and positive SCA effect in E; (1.84),
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E, (1.88), E3 (1.61), E4 (1.67) and PEVs (1.75)
and cross Dipika x RLC 133 in E4 (1.71) for test
weight (Table 11b). Similar finding in accordance
to the above result has also been reported by
Khan et al. [15], Srivastava et al. [7], Singh et al.
[8], Mohammadi et al. [13], Mishra et al. [9],
Prasad et al. [18] and Mahawar et al. [12].

3.2.9 Seed yield per plant

Among twelve parents, significant and positive
GCA effects depicted by Shekhar (0.63), GS 384
(0.51) and K 29 (0.09) in E{; Shekhar (0.59), GS
384 (0.48) and K 29 (0.06) in E,; Shekhar (0.52),
GS 384 (0.46) and K 29 (0.13) in Es; Shekhar
(0.40), GS 384 (0.42) and K 29 (0.10) in E4 and
Shekhar (0.53), GS 384 (0.47) and K 29 (0.09) in
PEVs. Hence, they were noted as good general
combiners for seed vyield per plant. Further,
comparison across the environments indicated
that the parents Indira and RLC 133 recorded
significant and negative GCA effects, indicating
poor general combiners. Further, it was observed
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that parent IPI 10 in E, (0.04) was good general  (-0.03) was a poor specific combiner in particular
combiners in particular environments opposite to  environments (Table 12a). Depicts the GCA
that parent Gaurav in E; (-0.07) and PEVs effects of parents in pooled over environments.

Table 11a. General combining ability effects for test weight under different environments

S.N. Parents E; E, Es E, Pooled
1 Indira -0.45** -0.41** -0.32** -0.39** -0.39**
2 Gaurav -0.05** 0.08** -0.04 -0.08** -0.02
3 Dipika -0.04** -0.07* -0.19** 0.07** -0.06**
4 Shekhar 0.62** 0.57** 0.58** 0.49** 0.56**
5 KB 9610 0.79** 0.74** 0.75** 0.63** 0.73*
6 ILS 264 -0.23** -0.26** -0.21** -0.31** -0.25**
7 RLC 133 -0.52** -0.47** -0.54** -0.31** -0.46**
8 K29 0.72** 0.66** 0.65** 0.66** 0.67**
9 IPI'10 -0.56** -0.59** -0.49** -0.52** -0.54**
10 GS 384 0.44** 0.49** 0.53** 0.46** 0.48**
11 H 45 -0.41** -0.42** -0.37* -0.31** -0.38**
12 Kartika -0.30** -0.34** -0.34** -0.39** -0.34**
SE (9) £ 0.02 0.03 0.03 0.02 0.01
Min. -0.56 -0.59 -0.54 -0.52 -0.54
Max. 0.79 0.74 0.75 0.66 0.73
No. of Significant parents 12 12 11 12 11

No. of Significant +ve parents 4 5 4 5 4

No. of Significant -ve parents 8 7 7 7 7

* ** Significant at 5 and 1 percent levels, respectively

Table 11b. Specific combining ability effects for test weight under different environments

S.N. Crosses E; E, E; E, Pooled
1 Indira x Gaurav -0.48** -0.59** -0.44** -0.66** -0.54**
2 Indira x Dipika 0.28** 0.23* 0.46** -0.10 0.21**
3 Indira x Shekhar -0.95** -0.82** -1.02** -1.02** -0.95**
4 Indira x KB 9610 0.35** 0.31** 0.05 0.21** 0.23**
5 Indira x ILS 264 1.84** 1.88** 1.61** 1.67** 1.75%*
6 Indira x RLC 133 -0.11 -0.21* 0.07 0.07 -0.04
7 Indira x K29 0.69** 0.56** 0.58** 0.51** 0.58**
8 Indira x IPI 10 -0.17** -0.36** -0.21 -0.18* -0.23**
9 Indira x GS 384 -0.17** 0.84** 0.87** 0.81** 0.59*%*
10 Indira x H 45 -0.15* -0.42** -0.47** -0.63** -0.42**
11 Indira x Kartika -0.70** -0.84** -0.86** -0.58** -0.74**
12 Gaurav x Dipika -0.09 -0.20 -0.42** -0.56** -0.32**
13 Gaurav x Shekhar -0.12* -0.04 0.001 -0.07 -0.06
14 Gaurav x KB 9610 -0.22** -0.31** -0.30** -0.25** -0.27**
15 Gaurav x ILS 264 0.07 0.09 0.16 0.15 0.12**
16 Gaurav x RLC 133 -0.21** 0.30** -0.14 -0.11 -0.04
17 Gaurav x K 29 -0.15* -0.43* -0.44*= -0.55** -0.39**
18 Gaurav x IPI 10 -0.34** 0.29** -0.29* -0.17* -0.13**
19 Gaurav x GS 384 0.26** 0.25* 0.22 0.19* 0.23**
20 Gaurav x H 45 0.68** 0.62** 0.58** 0.65** 0.63**
21 Gaurayv x Kartika 0.23** 0.27* 0.16 0.13 0.20**
22 Dipika x Shekhar -0.06 -0.09 -0.31** -0.22** -0.17**
23 Dipika x KB 9610 0.08 -0.06 -0.11 -0.19* -0.07
24 Dipika x ILS 264 -0.34** -0.46** -0.31** -0.33* -0.36**
25 Dipika x RLC 133 0.11 0.12 0.29* 1.71* 0.56**
26 Dipika x K 29 0.05 0.22* 0.09 0.14 0.12**
27 Dipika x IP1 10 0.59** 0.37** 0.27* 0.52** 0.44%*
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S.N. Crosses E; E, E; E, Pooled
28 Dipika x GS 384 -0.28** -0.10 -0.25* -0.55** -0.30**
29 Dipika x H 45 -0.23** -0.09 -0.26* -0.39** -0.24**
30 Dipika x Kartika 0.29** 0.36** 0.42** 0.49** 0.39**
31 Shekhar x KB 9610 -0.39** -0.44** -0.15 -0.07 -0.26**
32 Shekhar x ILS 264 0.33** 0.30** 0.35** 0.49** 0.37**
33 Shekhar x RLC 133 0.65** 0.51** 0.84** 0.39** 0.60**
34 Shekhar x K 29 -0.18** -0.22* -0.29* 0.23** -0.12**
35 Shekhar x IPI 10 0.33** 0.23* 0.19 0.21** 0.24**
36 Shekhar x GS 384 -0.54** -0.55** -0.43** -0.27** -0.45**
37 Shekhar x H 45 0.92** 0.86** 0.87** 0.86** 0.88**
38 Shekhar x Kartika 0.50** 0.51** 0.24* 0.27** 0.38**
39 KB 9610 x ILS 264 0.30** 0.43** 0.25* 0.25** 0.31**
40 KB 9610 x RLC 133 0.89** 0.94** 0.91** 0.82** 0.89**
41 KB 9610 x K 29 -0.05 0.001 -0.19 -0.21** -0.11*
42 KB 9610 x IPI 10 0.46** 0.46** 0.39** 0.53** 0.46**
43 KB 9610 x GS 384 -0.57** -0.78** -0.40** -0.61** -0.59**
44 KB 9610 x H 45 -0.19** 0.09 0.10 -0.15 -0.04
45 KB 9610 x Kartika 0.10 -0.09 0.08 0.23** 0.08
46 ILS 264 x RLC 133 -0.03 0.04 0.01 0.02 0.01
47 ILS 264 x K 29 -0.66** -0.79** -0.56** -0.48** -0.62**
48 ILS 264 x IPI 10 -0.19** -0.14 -0.05 0.10 -0.07
49 ILS 264 x GS 384 0.11 -0.05 -0.10 -0.08 -0.03
50 ILS 264 x H 45 -0.37** -0.34** -0.31** -0.22** -0.31**
51 ILS 264 x Kartika -0.32** 0.01 -0.20 -0.14 -0.16**
52 RLC 133 x K 29 -0.28** -0.18 -0.06 -0.11 -0.16**
53 RLC 133 x IPI 10 -0.20** -0.23* -0.28* -0.30** -0.25**
54 RLC 133 x GS 384 -0.40** -0.44** -0.80** -0.88** -0.63**
55 RLC 133 x H 45 -0.25** -0.20 -0.17 -0.22** -0.21**
56 RLC 133 x Kartika 0.50** 0.52** 0.47** 0.37** 0.46**
57 K29 xIPI 10 0.87** 0.74** 0.82** 0.90** 0.83**
58 K29 x GS 384 -0.04 -0.04 -0.10 -0.04 -0.05
59 K29 x H 45 0.09 0.07 0.06 0.02 0.06
60 K 29 x Kartika -0.13* 0.09 -0.06 -0.30** -0.10*
61 IP1 10 x GS 384 0.38** 0.45** 0.21 -0.13 0.23**
62 IPI 10 x H 45 0.20** 0.22* 0.21 0.20** 0.21**
63 IPI 10 x Kartika 0.05 -0.06 0.52** -0.42** 0.02
64 GS 384 xH 45 0.79** 0.68** 0.82** 0.92** 0.80**
65 GS 384 x Kartika 0.38** 0.27* 0.30** 0.20** 0.29**
66 H 45 x Kartika 0.60** 0.78** 0.59** 0.86** 0.71*
Min. -0.95 -0.84 -1.02 -1.02 -0.95
Max. 1.84 1.88 1.61 1.71 1.75
SE (Sy) + 0.06 0.11 0.12 0.08 0.05
No. of significant crosses 52 45 40 49 54

No. of +ve significant crosses 24 28 21 25 28

No. of -ve significant crosses 28 17 19 24 26

* ** Significant at 5 and 1 percent levels, respectively

Table 12a. General combining ability effects for seed yield per plant under different
environments

S.N. Parents E; E, E; E, Pooled
1 Indira -0.43** -0.39* -0.30** -0.35** -0.37**
2 Gaurav -0.03 0.01 -0.04 -0.07** -0.03**
3 Dipika -0.09** -0.07** -0.19** -0.09** -0.11**
4 Shekhar 0.63** 0.59** 0.52* 0.40** 0.53**

5 KB 9610 0.28** 0.26** 0.31** 0.18** 0.26**

6 ILS 264 -0.13** -0.14** -0.10** -0.12** -0.12**
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S.N. Parents E; E, Es E, Pooled
7 RLC 133 -0.45** -0.41** -0.44** -0.29* -0.40%**
8 K29 0.09** 0.06** 0.13** 0.10** 0.09**
9 IPI 10 -0.07** -0.04* -0.03 0.04** -0.03**
10 GS 384 0.51** 0.48** 0.46** 0.42** 0.47*
11 H 45 -0.20** -0.21** -0.20** -0.08** -0.17**
12 Kartika -0.11** -0.14** -0.13** -0.15%* -0.13**
SE (g) = 0.03 0.02 0.03 0.02 0.01
Min. -0.45 -0.41 -0.44 -0.35 -0.40
Max. 0.63 0.59 0.52 0.42 0.53
No. of Significant parents 11 11 10 12 12

No. of Significant +ve parents 4 4 4 5 4

No. of Significant -ve parents 7 7 6 8 8

* ** Significant at 5 and 1 percent levels, respectively

Table 12b. Specific combining ability effects for seed yield per plant under different
environments

S.N. Crosses E; E, E; E,4 Pooled
1 Indira x Gaurav -0.02 -0.18** 0.06 -0.25** -0.10*
2 Indira x Dipika 0.26* 0.12 0.25** -0.13* 0.12**
3 Indira x Shekhar -0.47** -0.40** -0.38** -0.40** -0.41**
4 Indira x KB 9610 -0.03 0.03 -0.07 0.27** 0.05

5 Indira x ILS 264 1.17** 1.12** 0.83** 0.69** 0.95**
6 Indira x RLC 133 0.43* 0.23** 0.001 -0.02 0.16**
7 Indira x K29 0.61* 0.50** 0.42* 0.39** 0.48**
8 Indira x IPI 10 -0.03 -0.04 0.001 0.06 -0.01
9 Indira x GS 384 -0.28** 0.01 0.23* 0.28** 0.06
10 Indira x H 45 -0.40** -0.34** -0.20* -0.46** -0.35%*
11 Indira x Kartika -0.54** -0.47** -0.49** -0.28** -0.45**
12 Gaurav x Dipika 0.13 0.09 -0.17 -0.05 0.001
13 Gaurav x Shekhar -0.18 -0.15* 0.07 0.02 -0.06
14 Gaurav x KB 9610 -0.29** -0.15* -0.24* -0.35** -0.26**
15 Gaurav x ILS 264 -0.11 -0.09 -0.01 0.08 -0.03
16 Gaurav x RLC 133 -0.26* -0.03 -0.38** -0.21** -0.22**
17 Gaurav x K 29 0.12 -0.01 -0.07 -0.19** -0.04
18 Gaurav x IP1 10 -0.20* 0.02 -0.28** -0.17** -0.16**
19 Gaurav x GS 384 0.27* 0.20** 0.24* 0.12* 0.21*
20 Gaurav x H 45 0.71* 0.56** 0.48* 0.40** 0.54**
21 Gaurav x Kartika 0.08 0.08 0.06 -0.07 0.04
22 Dipika x Shekhar 0.02 0.03 -0.07 -0.07 -0.03
23 Dipika x KB 9610 0.14 0.19** 0.001 -0.18** 0.04
24 Dipika x ILS 264 -0.28** -0.25** -0.16 -0.12* -0.20**
25 Dipika x RLC 133 0.24* 0.19** 0.12 0.74** 0.32**
26 Dipika x K 29 -0.03 0.04 0.43** 0.37** 0.20**
27 Dipika x IP1 10 0.16 0.07 -0.01 0.13* 0.09*
28 Dipika x GS 384 -0.01 0.11 -0.29** -0.24** -0.11**
29 Dipika x H 45 -0.09 -0.06 -0.05 -0.27** -0.12**
30 Dipika x Kartika 0.04 0.11 0.16 0.26** 0.14**
31 Shekhar x KB 9610 -0.08 -0.16* -0.08 -0.10 -0.11**
32 Shekhar x ILS 264 0.26* 0.23** -0.05 0.23** 0.17*
33 Shekhar x RLC 133 0.39* 0.28** 0.60** 0.28** 0.39*
34 Shekhar x K 29 -0.09 -0.04 -0.32** -0.23** -0.17**
35 Shekhar x IP1 10 0.23* 0.17** 0.04 0.01 0.11**
36 Shekhar x GS 384 -0.29** -0.21** 0.02 -0.05 -0.13**
37 Shekhar x H 45 0.56** 0.47** 0.26** 0.42** 0.43**
38 Shekhar x Kartika 0.34** 0.31* 0.29** 0.32** 0.32**
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S.N. Crosses E; E, E; E, Pooled
39 KB 9610 x ILS 264 0.38** 0.30** 0.21* 0.22** 0.28**
40 KB 9610 x RLC 133 0.37** 0.35** 0.27** 0.15* 0.28**
41 KB 9610 x K 29 -0.21* -0.11 -0.16 0.22** -0.07
42 KB 9610 x IP1 10 0.41** 0.32** 0.42** 0.67** 0.46**
43 KB 9610 x GS 384 -0.39** -0.44** 0.22* -0.33* -0.23**
44 KB 9610 x H 45 0.20* 0.14* 0.24* 0.001 0.14**
45 KB 9610 x Kartika 0.17 0.18** -0.10 -0.09 0.04
46 ILS 264 x RLC 133 0.01 0.02 -0.15 -0.10 -0.06
47 ILS 264 x K 29 -0.23* -0.23** -0.12 -0.20** -0.20**
48 ILS 264 x IPI 10 -0.03 -0.05 0.06 0.03 0.001
49 ILS 264 x GS 384 0.31** 0.21** 0.30** 0.28** 0.28**
50 ILS 264 x H 45 -0.41** -0.30** -0.24* -0.18** -0.28**
51 ILS 264 x Kartika -0.17 -0.04 -0.11 0.03 -0.07
52 RLC 133 x K 29 -0.29** -0.19** 0.03 -0.16** -0.15**
53 RLC 133 x IPI 10 0.12 0.08 0.16 0.11 0.12**
54 RLC 133 x GS 384 -0.29** -0.22** -0.37* -0.18* -0.26**
55 RLC 133 x H 45 -0.15 -0.02 -0.17 -0.23* -0.14**
56 RLC 133 x Kartika 0.71** 0.45** 0.52** 0.31** 0.50**
57 K29 x IPI 10 0.51** 0.45** 0.36** 0.31** 0.41**
58 K29 x GS 384 0.25* 0.17** -0.25** -0.20** -0.01
59 K29 xH 45 0.13 0.07 0.26** 0.35** 0.20**
60 K 29 x Kartika -0.02 0.09 0.03 0.001 0.02
61 IPI 10 x GS 384 0.28** 0.30** 0.30** 0.001 0.22**
62 IPI 10 x H 45 0.20* 0.22** -0.03 0.08 0.12**
63 IPI 10 x Kartika 0.07 0.06 0.24* -0.12* 0.06
64 GS 384 xH 45 0.44** 0.30** 0.23* 0.43** 0.35**
65 GS 384 x Kartika 0.09 0.04 0.10 -0.17* 0.02
66 H 45 x Kartika 0.46** 0.49** 0.28** 0.46** 0.42**
Min. -0.54 -0.47 -0.49 -0.46 -0.45
Max. 1.17 1.12 0.83 0.74 0.95
SE (Sy) = 0.10 0.07 0.10 0.06 0.04
No. of significant crosses 39 39 34 47 46

No. of +ve significant crosses 24 25 23 24 28

No. of -ve significant crosses 15 14 11 23 19

* ** Significant at 5 and 1 percent levels, respectively

Out of 66 crosses, 24, 25, 23, 24 and 28 crosses
exhibited significant and positive (desirable) SCA
effects in E;, E,, E3, E4 and in PEVS, respectively
for seed yield per plant. The highest significant
and positive SCA effect was observed by Indira x
ILS 264 1.17 Ej, 1.12 in E,, 0.83 in E3 and 0.95
in PEVs and 0.74 in E4 by Dipika x RLC 133 for
seed vyield per plant (Table 12b). The SCA
effects of hybrids in pooled over environments
The derived results were in conformity with
Mishra et al. [9], Prasad et al. [18], Nirala et al.
[10], Shekhar et al. [11] and Mahawar et al. [12].

3.2.10 QOil content

For oil content, among the parents, Kartika
(1.26), (1.12), (0.92), (1.06) and (1.09) had
maximum significant and positive GCA in E4, E,,
Es, E4 and PEVs, respectively, other parents with
significant and positive GCA effects were ILS
264, Dipika, RLC 133 and Indira [19-25]. Hence,
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they were registered as good general combiners
for oil content (Table 13a). Remaining parents,
had significant and negative GCA effects GS
384, IPI 10, KB 9610 and K 29 in all
environments [26-32]. Hence, they were
registered as poor general combiners for total oil
content [33-40].

Out of 66 crosses, 16, 13, 13, 14 and 23 crosses
exhibited significant and positive SCA effects in
Ei, E,, Es E; and in PEVs, respectively (Table
13b). The high significant and positive SCA effect
was observed 2.09 (Shekhar x GS 384) in Ej,
2.00 (Shekhar x GS 384) in E;, 2.04 (Shekhar x
GS 384) in Ez, 2.59 (KB 9610 x ILS 264) in E,4
and 1.90 (Shekhar x GS 384) in PEVs for oil
content [41-46]. Similar finding in accordance to
the above result has also been reported by
Kumar et al. [16], Srivastava et al. [7],
Ratnaparkhi et al. [14], Shekhar et al. [11] and
Mahawar et al. [12].
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Table 13a. General combining ability effects for oil content under different environments

S.N. Parents E: E, Es E, Pooled
1 Indira 0.39** 0.36** 0.67** 0.55** 0.49**
2 Gaurav -0.11 0.14 0.03 -0.35** -0.07
3 Dipika 0.52** 0.59** 0.43** 0.64** 0.54**
4 Shekhar -0.34** -0.40** -0.15 -0.02 -0.22**
5 KB 9610 -0.78** -0.55** -0.67** -0.53** -0.63**
6 ILS 264 1.13* 0.98** 0.59** 0.63** 0.83**
7 RLC 133 0.46** 0.32* 0.63** 0.45** 0.47**
8 K29 -0.35** -0.57** -0.41** -0.56** -0.47**
9 IPI 10 -0.74** -0.46** -0.95** -0.40** -0.64**
10 GS 384 -1.00** -1.26** -1.02** -0.91** -1.05**
11 H 45 -0.43* -0.28* -0.08 -0.56** -0.34**
12 Kartika 1.26%** 1.12* 0.92** 1.06** 1.09**
SE (g) £ 0.13 0.13 0.12 0.13 0.06
Min. -1.00 -1.26 -1.02 -0.91 -1.05
Max. 1.26 1.12 0.92 1.06 1.09
No. of Significant parents 11 11 9 11 11

No. of Significant +ve parents 5 5 5 5 5

No. of Significant -ve parents 6 6 4 6 6

* ** Significant at 5 and 1 percent levels, respectively

Table 13b. Specific combining ability effects for oil content under different environments

S.N. Crosses E; E, Es E, Pooled
1 Indira x Gaurav 1.03* 1.12* 1.17** 0.20 0.88**
2 Indira x Dipika 1.10 0.16 0.05 -0.16 0.29

3 Indira x Shekhar 0.39 0.02 0.22 -0.03 0.15

4 Indira x KB 9610 0.17 0.37 0.41* -0.95* 0.00

5 Indira x ILS 264 0.69 1.24* 0.49 0.62 0.76**
6 Indira x RLC 133 -0.04 0.52 0.31 1.16* 0.49*
7 Indira x K29 -0.62 -0.29 0.32 -1.26** -0.46*
8 Indira x IPI 10 -1.07* -2.42*%* -0.67 -1.15* -1.33**
9 Indira x GS 384 -1.57** -1.95** -2.18** -1.24** -1.73**
10 Indira x H 45 -1.84** -2.02** -2.45%* -0.86 -1.79**
11 Indira x Kartika -0.78 0.06 -0.22 -0.88 -0.46*
12 Gaurav x Dipika -0.60 -0.64 -0.19 0.38 -0.26
13 Gaurav x Shekhar -0.83 -0.91 0.25 0.50 -0.25
14 Gaurav x KB 9610 0.79 1.03* 1.44** 1.38** 1.16**
15 Gaurav x ILS 264 0.24 -0.01 -0.08 0.02 0.04
16 Gaurav x RLC 133 -0.59 0.91 0.28 0.83 0.36
17 Gaurav x K 29 -0.55 -0.15 0.02 -0.02 -0.18
18 Gaurav x IPI 10 -1.97** -2.05** -0.87 -1.49** -1.59**
19 Gaurav x GS 384 1.39** 0.45 -0.11 0.30 0.51
20 Gaurav x H 45 0.21 1.20* 0.39 1.18* 0.74**
21 Gaurav x Kartika 0.52 0.13 0.08 -1.81** -0.27
22 Dipika x Shekhar 1.74** 0.73 1.59** 0.57 1.16**
23 Dipika x KB 9610 0.53 0.60 0.61 0.49 0.56*
24 Dipika x ILS 264 0.48 0.88 0.92* 0.33 0.65**
25 Dipika x RLC 133 -2.48** -2.06** -2.29** -1.53** -2.09**
26 Dipika x K 29 -2.36** -3.18** -1.91* -2.02** -2.37**
27 Dipika x IPI 10 1.15* 0.35 0.80 1.22* 0.88**
28 Dipika x GS 384 0.47 0.93 1.40** 1.47* 1.07**
29 Dipika x H 45 -2.66* -1.65** -1.44** -1.85** -1.90**
30 Dipika x Kartika -0.75 0.43 -0.58 -0.21 -0.28
31 Shekhar x KB 9610 -1.22** -0.88 -1.48** -1.26** -1.21%
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S.N. Crosses E; E, E; E, Pooled
32 Shekhar x ILS 264 -0.51 -0.44 -0.37 -0.99* -0.58*
33 Shekhar x RLC 133 1.88* 1.16* 1.46** -0.84 0.91**
34 Shekhar x K 29 -1.23** -1.03* -0.83 -1.13* -1.06**
35 Shekhar x IPI 10 -0.56 -0.70 -1.16** -1.23* -0.91**
36 Shekhar x GS 384 2.09** 2.00** 2.04** 1.46** 1.90**
37 Shekhar x H 45 -0.11 1.04* -0.90* -0.99* -0.24
38 Shekhar x Kartika -0.09 -0.03 0.86 0.55 0.32
39 KB 9610 x ILS 264 1.51* 1.04* 1.09** 2.59** 1.56**
40 KB 9610 x RLC 133 -0.47 -0.29 0.31 -0.29 -0.19
41 KB 9610 x K 29 -1.00* -0.38 0.06 -1.25%* -0.64**
42 KB 9610 x IPI 10 1.27** 1.25% 0.96* -0.01 0.87**
43 KB 9610 x GS 384 -1.98** -1.85** -1.64** -0.79 -1.57**
44 KB 9610 x H 45 -1.52%* -1.51** -1.78** -1.35%* -1.54**
45 KB 9610 x Kartika -0.95* -1.01* -0.92* -1.00* -0.97**
46 ILS 264 x RLC 133 1.11* 0.74 0.62 1.31* 0.95**
47 ILS 264 x K 29 -0.87 -1.17* 0.80 1.13* -0.03
48 ILS 264 x IPI 10 -0.56 -0.74 -1.23** -1.14* -0.92**
49 ILS 264 x GS 384 -0.12 -0.30 0.04 -0.69 -0.27
50 ILS 264 x H 45 0.25 -0.57 -0.07 -0.64 -0.26
51 ILS 264 x Kartika -0.59 -0.67 -0.67 -2.20** -1.03**
52 RLC 133 x K 29 1.86** 1.67* 1.42* 1.27* 1.56**
53 RLC 133 x IPI 10 -0.81 0.08 -0.77 -1.53** -0.76**
54 RLC 133 x GS 384 -2.04** -1.20* -1.67** -1.51** -1.61**
55 RLC 133 x H 45 0.75 0.81 -0.75 -0.46 0.09
56 RLC 133 x Kartika -1.06* -0.54 0.32 0.28 -0.25
57 K29 x IPI 10 -0.37 0.49 -0.22 -2.51** -0.65**
58 K 29 x GS 384 -0.53 -0.57 -1.16** -1.16* -0.86**
59 K29 x H 45 1.01* -0.54 0.001 0.79 0.31
60 K 29 x Kartika 1.05* 0.78 -0.37 0.93 0.60*
61 IP1 10 x GS 384 0.73 0.43 0.08 0.74 0.49*
62 IPI 10 x H 45 -1.08* 1.64** 1.64** 1.82** 1.01*
63 IPl 10 x Kartika 1.29* 0.42 0.94* 2.10** 1.19**
64 GS 384 xH 45 1.27* 1.86** 1.57* 1.94** 1.66**
65 GS 384 x Kartika 0.95* 0.70 0.83 0.45 0.73**
66 H 45 x Kartika 2.00** 1.02* 0.40 1.19* 1.15*
Min. -2.66 -3.18 -2.45 -2.51 -2.37
Max. 2.09 2.00 2.04 2.59 1.90
SE (Sy) 0.46 0.48 0.45 0.49 0.24
No. of significant crosses 32 26 27 37 46

No. of +ve significant crosses 16 13 13 14 23

No. of -ve significant crosses 16 13 14 23 23

*, ** Significant at 5 and 1 percent levels, respectively

4. CONCLUSIONS

The results of GCA effect of parents for different
characters for pooled over the environments
shows that for the character seed yield per plant,
parents Shekhar, GS 384, KB 9610 and K 29
were good general combiners and they were also
good general combiners for test weight and
capsules per plant and number of seeds per
capsules. Among the parents, RLC 133, KB
9610, K 29, H 45 and IPI 10 were good general
combiners early flowering and maturity.
Genotype IPI 10 was good general combiners for

60

early flowering, maturity, plant height, number of
primary branches, secondary branches per plant
and number of capsules per plant but poor
combiners for test weight, seed yield per plant
and oil content. Genotypes Shekhar and GS 384
were good general combiners for seed yield per
plant and its contributing traits viz., number of
capsules per plant, number of seeds per
capsules and test weight. Indira is poor
combiners of all traits except oil content.
Therefore, above superior parents will be used
for improvement of seed yield and component
traits.
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Among the 66 F1s, top three crosses were Indira
x ILS 264, Gaurav x H 45 and RLC 133 x Kartika
on pooled basis for seed yield per plant. These
crosses had both the poor general combiners
parents which indicated that there is no
relationship between sca effects of hybrids and
gca effects of their parents, and non-additive
variance resulting from dominance and pseudo
dominance (d x d) might having prepondend.
These crosses were also noted significant sca
effects for yield contributing traits like test weight,
seeds per capsules, capsules per plant etc.
Crosses IPI 10 x GS 384, Gaurav x Shekhar
shows desirable SCA effects for early flowering.
Cross Indira x ILS 264 was good specific
combiner for large number of characters across
the environments. None the hybrids showed a
desirable sca effects for all the traits. The cross
Indira x GS 384 was good specific combiner for
days to 50 % flowering, primary branches per
plant and test weight. Another cross Dipika x
RLC 133 was good combiner for seed vyield,
seeds per capsules.

From the above findings, Shekhar x H 45,
Shekhar x GS 384, KB 9610 x H 45, Indira x ILS
264, Gaurav x H 45 and RLC 133 x Shekhar
showed high mean value, heterosis, sca effect
and stability. These aforesaid hybrids should be
tested in multilocation trials in the future breeding
program and advanced the segregating material
for identification of desirable segregants for
development of agronomically sound varieties for
seed yield with better quality.

In addition to its traditional industrial uses in the
production of linoleum and paints and varnishes,
linseed has the potential to become a platform
crop for even more powerful drying gents,
antioxidants, and high performance fibers.
linseed oil has the potential to be part of a
growing specialty oils market that could drive a
substantial increase in production of the crop. To
compete for the potentially large modified oils
markets, however, linseed must overcome major
challenges. Although the crop is amenable to
genetic transformation, it has yet to benefit, like
other oilseeds crops have, from enhanced
agronomic traits such as herbicide-resistance,
enhanced vyield from hybrid breeding and
increased breeding efficiency from the routine
use of marker-assisted breeding for trait
development.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

61

REFERENCES
1. Hegde DM. Oilseed scenario in India —
Past, Present and Future with special
reference to rapeseed-mustard. Proc.
Winter School on Advances in Rapeseed-
mustard  Research  Technology for
Sustainable Production of Oilseeds. 1999;
1-15.

NFSM oilseed 2021-22 Annual Report.
Dillman AC. Daily growth and oil content
of flaxseeds. Journal of Agricultural
Research. 1928;37:357-377.

Getinet A, Nigussie A. High land oil crops:
A three-decade research experience in
Ethiopia. Research Report. 1997;30:22-27.
Anonymous. Annual report on linseed.
AICRP on Linseed, Kanpur; 2020.

Griffing B. Concept of general and specific
combining ability in relation to diallel
crossing system. Australian Journal of
Biological Sciences. 1956;9:463-493.
Srivastava RL, Srivastava SK, Dubey SD,
Kerkhi SA. Heterosis and combining ability
estimates in linseed under salt affected
soil. Indian Journal of Agricultural
Research. 2004;48(3-4):193-197.

Singh PK, Srivastava RL, Narain V, Dubey
SD. Combining ability and heterosis for
seed yield and oil content in linseed (Linum
usitatissimum L.). Indian Journal of
Agricultural Sciences. 2009;79(3):229-232.
Mishra RK, Marker S, Bhatnagar V, Mahto
D. Combining ability and heterosis for seed
yield and its component in linseed (Linum
usitatissimum L. Journal of
Advancements in Plant Science. 2013;2
(1):44-47.

Nirala R, Rani N, Acharya S, Vishwakarma
R, Ranjan T, Prasad BD, Pal AK.
Combining ability analysis for grain yield
and its component traits in linseed (Linum
usitatissimum L.). Current Journal of
Applied Science and Technology. 2018;31
(4):1-12.

Shekhar R, Pratap N, Singh RP, Singh A,
Chauhan MP, Vishnoi RK. Combing ability
analysis in linseed (Linum usitatissimum
L.). Journal of Pharmacy and
Pharmacology. 2019;SP3:22-25.

Mahawar RK, Dhakar JM, Sandhya NR,
Sharma SC, Singh K, Tak Y. Combining
ability analysis in linseed (Linum
usitatissimum L.) for improvement of seed
yield and its component traits in early
sown normal irrigated condition in South
Eastern zone of Rajasthan. Journal of

10.

11.

12.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Rathva et al.; Int. J. Plant Soil Sci., vol. 35, no. 8, pp. 34-63, 2023; Article no.lJPSS.98031

Pharmacognosy and  Phytochemistry.
2021;10(6):106-109.
Mohammadi AA, Saeidi G, Arzani A.

Genetic analysis of some agronomic traits
in flax (Linum usitatissimum L.). Australian
Journal of Crop Science. 2010;4(5):343-
352.

Ratnaparkhi RD, Dudhe MY, Gawande
ND, Bhongle SA. Combining ability study
in linseed through line x tester analysis.
Annual Review of Plant Physiology.
2005;19(1):99-102.

Khan N, Akbar M, Igbal N, Rasul S.
Combining ability in linseed (Linum
usitatissimum L.). Pakistan Journal of
Biological Sciences. 1999;2(4):1405-1407.
Kumar M, Singh PK, Singh NP, Kumar M.
Line x tester analysis for seed yield and its
components in linseed (Linum
usitatissimum L.). Annals of Agricultural
Research. 2000;21(4):485-489.

Bhateria S, Sood S, Pathania A. Genetic

analysis of quantitative traits across
environments in linseed (Linum
usitatissimum L.). Euphytica. 2006;150(1-
2):185-194.

Prasad RB, Ranjan T. Combining ability
analysis in linseed (Linum usitatissimum
L). Current Journal of Applied Science and
Technology. 2014;29(3):24-31.

Alem C, Dessalegn T. Study on genotype X
environment interaction of seed yield, oll
content, fatty acid profile and stability
analysis of yield related trait in linseed
(Linum usitatissimum L.), North Western
Ethiopia. International Journal of Plant
Breeding and Genetics. 2014;8(2):66-72.
Allard RW. Principles of plant breeding.
John Willy and Sons, New York. 1960;
485.

Allard RW, Bradshaw AD. Implications of
genotype environment interactions in
applied plant breeding. Crop Science.
1964;4:503 -507.

Dhirhi N, Shukla R, Mehta N, Singh PK,
Dubey SD. DUS characterization of linseed
(Linum usitatissimum L.) germplasm. Plant
Archives. 2017;16(1):297-302.

Fonseca S, Patterson F. Hybrid vigour in a
seven parent diallel crosses in common
winter wheat (Triticum aestivum L.). Crop
Science. 1968;8:85-88.

Gill KS. Linseed. ICAR publication, New
Delhi, India; 1987.

Griffng B, Langridge J. Phenotypic stability
of growth in self-fertiized species,
Arabidopsis Thaliana. Statistical Genetics

62

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

and Plant Breeding (Ed.), W.D. Habson
and H.F. Robinson NAS=NRC
Publications. 1963;982:368-394.

Jain A, Rao SS. Study of combining ability
by diallel cross analysis in linseed (Linum
usitatissimum L.). Journal of Agricultural
Issues. 2004;9(1-2):109-111.

Kempthorne O. An Introduction to Genetic
Statistics. John Wiley and Sons. Inc., New
York; 1957.

Koelreuter JG. In: Principles of Plant
Breeding (R. W. Allard Ed.). John
Wiley and Sons, Inc., New York. 1766;
214,

Meredith WR, Bridge RR. Heterosis and
gene action in cotton, G. hirsutum L. Crop
Science. 1972;12:304-310.

Pali V, Mehta N. Combining ability and
heterosis for seed yield and its attributes in
linseed (Linum usitatissimum L.). The
Bioscan. 2014;9(2):701-706.

Panse VG, Sukhatme PV. Statistical
methods for research workers. ICAR, New
Delhi. 1967;220-40.

Pujar MS. Variability Analysis of linseed
(Linum usitatissimum L.) germplasm for
yield related components (Doctoral
dissertation, UAS, Dharwad); 2012.

Ram A, Ahamad E. Heterosis and
inbreeding depression for seed yield, its
components and qualitative characters in
linseed (Linum usitatissimum L.). Journal
of Crop Science and Biotechnology. 2016;
5(7):23-24.

Richharia RH. Linseed. The Indian Central
Oilseeds Committee, Hyderabad, India.
1962;155.

Sharma R, Tiwari SK, Singh P, Kant R.
Heterobeltiosis and inbreeding depression
in linseed. Agricultural Science Digest.
2005;25(1):35-37.

Shull GH. The compositions of field maize.
Annual report - American Breeder's
Association. 1908;4:296-301.

Singh RK, Chaudhary BD. Biometrical
Methods in Quantitative Genetic Analysis,
Kalyani Publishers, New Delhi, India; 1977.
Singh VK. Estimation of heterosis for yield
and its contributing attributes in linseed
(Linum usitatissimum L.). The Ecoscan.
2014:6:81-84.

Singh V, Sharma V, Chaudhary M.
Combining ability analysis in linseed
(Linum usitatissimum L.) for improvement
of seed vyield and its component traits.
Journal of Applied and Natural Science.
2016;8(1):1-4.



40.

41,

42.

43.

Rathva et al.; Int. J. Plant Soil Sci., vol. 35, no. 8, pp. 34-63, 2023; Article no.lJPSS.98031

Sprague GF, Tatum LM. General versus
specific combining ability in single crosses
of corn. Agronomy Journal. 1942;34:923-
932.

Tai OCC. Genotype stability analysis and
its application to potato regional trials.
Crop Science. 1971;11:184-190.

Worku N, Heslop-Harrison JS, Adugna W.
Diversity in 198 Ethiopian linseed (Linum
usitatissimum) accessions based on
morphological characterization and seed
oil characteristics. Genetic Resources and
Crop Evolution. 2015;62:1037-1053.

Yadav PC, Yadav RK, Vishwanath,
Panday Y, Kumar S. Stabilty and
correlation analysis for yield
and its component traits in linseed

44.

45.

46.

usitatissimum L.). Journal of
and  Phytochemistry.

(Linum
Pharmacognosy
2017;1:274-277.
Yadav PC, Yadav RK, Vishwanath YP,
Kumar S. Heterosis and inbreeding
depression for seed yield and its related
morphological traits in linseed (Linum
usitatisimum L.). International Journal of
Current  Microbiology and  Applied
Sciences. 2018;7(1):3088-3098.

Yadav RK, Yadav AK, Shweta, Verma PN.
Stability analysis in linseed (Linum
usitatissimum L.) varieties July 2014.
Indian Journal of Agricultural Research.
2014;84(7):883-886.

Yates F, Cochrahm WG. The analysis of
group of experiments; 1938.

© 2023 Rathva et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/98031

63


http://creativecommons.org/licenses/by/4.0

