Heterosis analysis over environments for seed yield and its attributing traits in linseed

(LinumusitatissimumL..)

Abstract

The present study aimed to investigate the Heterosis analysis over environments«for seed yield
and its attributing traits in linseed (Linumusitatissimum L.).[Linseed is commonly known as flax
is a self-pollinated crop belongs to the genus Linum of the family Linaceae and order Geranial

parents, their 66 F1s and one check RLC-92 were evaluated during rabi 2020=21at 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.In linseed, earliness in flowering.is desirable trait. The perusal of

E3 and 34 hybrids in E4, had significant negative heterosis. The magnitude of heterosis provides
information on the extent of genetic diversity in parents of a cross and helps in choosing the
parents for superior FI’s, and to exploit hybrid vigour.
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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 (Hedge 1999). Oilseed crops are grown for
edible oils, non-edible. oils. Although oil compositions such as fatty acids, saturated fat and
unsaturated fatin both-non-edible and edible oil eHs-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. Non-edible oil crops are considered
as an.alternative feedstock for biodiesel production. The low oil yield of some non-edible crops,
high FFAs, high polyunsaturated fatty acids and low unsaturated fatty acids content in oil is the
major barrier for the commercial-scale biodiesel production. Non-edible oilseeds are caster and

linseed.

Linseed (LinumusitatissimumL.) commonly known as flax is a self-pollinated crop
belongs to the genus Linumof 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
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cent) occasionally results from insect activity (Dilman, 1928). It has been cultivated for several
thousand years mainly for its seed oil and its high-quality stem fibre. LinumusitatissimumL. is
the only species of the family Linaceae (Getinet and Nigussie, 1997) 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 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 (Anonymous, 2020). 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.
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 2020-21at 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 ina 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

50% flowering and days to maturity. These characters were recorded per plot basis.



The phenomenon of heterosis has provided the most important genetic tools for
improving yield of crop plants. Identification of specific parental combination capable of
producing the highest level of heterotic effects in F; has immense value for commercial
exploitation of heterosis. The magnitude of heterosis provides information on the extent of
genetic diversity in parents of a cross and helps in choosing the parents for superior F/’s, and to

exploit hybrid vigour.

According to modern concept, heterosis is expression of joint effect of favorable genes,
interaction between alleles, non-allelic interaction and mitochondrial: genes brought‘together
from the parents. The heterobeltiosis expressed as per cent superiority:of cr@ss over better parent
value, whereas economic heterosis as check variety for character. under reference, decides
whether an experimental hybrid is worth exploiting or not.In general;:the magnitude of heterosis

for different characters varied in degree and direction with cross to cross.
Estimation of Heterosis

Heterosis was estimated in terms of fwo parameters i.e.,
Heterobeltiosis (HB)

Heterosis expressed as per cent deviation towards better parent in respect to desirable

direction was worked out as-per Fonseca and Patterson (1968).

Heterobeltiosis (%) = Flgp 100

Where, ﬁ =Mean performance of F; hybrid

BP=Mean performance of better parent in desired direction

Standard Heterosis (SH)

Heterosis expressed as per cent increase or decrease in hybrid (F;) over standard check

(SC) values in the desirable direction was worked out as per Meredith and Bridge (1972).

Fl_SC
SH (%) =~ ==— X100




Where, '?1 = Mean performance of F; hybrid

SC = Mean performance of standard check

Test of significance

The test of significance for standard heterosis and heterobeltiosis was carried out

following “t” test as under.

F,—SC

t= —=—— for standard heterosis
SE(F,;—-SC)
t= —2B% _ for heterobeltiosis
SE(F,—BP)
Where,
— JR— 0.5
SE(F, —SC) = [2 '\r"se] for individual environment
0.5
SES= [%Se] for individual environment,and

MSe = Error mean square
r = Number of replications
e = Number of environments

The calculated values were compared with the value of 1.96 (5% level) and 2.58 (1%

level) for significance.



Table. 1 List of parents used in crossing programme

S.N. Parents Source

1 INDIRA 1.G.K.V, Raipur
2 GAURAV CSAUAT Kanpur
3 DIPIKA 1.G.K.V, Raipur
4 SHEKHAR CSAUAT Kanpur
5 KB 96 10 1.G.K.V, Raipur
6 ILS 264 PAU, Ludhiana
7 RLC 133 1.G:K.V, Raipur
8 K29 AICORPO, Palampur
9 IP1 10 1.G.K.V, Raipur
10 GS 384 RRS, Gurdaspur
11 H 45 1.G.K.V, Raipur
12 KARTIigA 1.G.K.V, Raipur

Result and discussion
4.4.1 Days to 50% Flowering

In linseed, earliness.in flowering is desirable trait. The perusal of data revealed that out of
66 crosses, sigritieant-32 hybrids in Eg; 39 hybrids in E,; 33 hybrids in E; and 34 hybrids in E,4,
had significant.negative heterosis (Table 2). The range of heterobeltiosis for flowering was -
16:67 % (Gaurav x H 45) to 8.39 % (IP1 10 x GS 384) in E; -15.87 % (Gaurav x KB 9610 &
Shekhar,x RLC 133) to 7.27 % (IP1 10 x GS 384) in E,.-18.63 % (Gaurav x KB 9610) to 17.47
% (IP1 10 x'GS 384) in Ezand -15.94 % (Gaurav x KB 9610) to 13.14 % (IP1 10 x GS 384) in
E4. The highest magnitude of heterobeltiosis in desirable direction i.e., early flowering was
estimated by the cross Gaurav x H 45 (-16.67 %) in E;, cross Gaurav x KB 9610 & Shekhar x
RLC 133 (-15.87) in E,, by Gaurav x KB 9610 (-18.63 %) in Ez and E4 (-15.94 %). Likewise,

highest magnitude of heterobeltiosis for late flowering was estimated by cross IPI 10 x GS 384




in all four environments i.e., 8.39 %, 7.27 %, 17.47 % and 13.14 % in E;, E,, E3 and
E, respectively.

The negative and significance economic heterosis over standard check (RLC 92) were
noted by 15, 42, 26 and 36 hybrids in E;, E;, Es and E4, respectively, in desirable (negative)
direction. The range of standard heterosis was -9.43 % (KB 9610 x K 29) to 14.47 % (Indira x
Shekhar) in E;, -16.09 % (RLC133 x H 45) to 10.34 % (Indira x Shekhar) in Ey -16.29 (RLC
133 x K 29) % to 11.8 % (Indira x Shekhar) in E; and -14.29 (RLC 133 x H 45) %.t0 8.47 %
(Indira x Shekhar) in E,. These results are in confirmation with by-Sharma et al. (2005), Reddy
et al. (2013), Pali and Mehta (2014), Ram and Ahmad (2016), Ahmad et al. (2018), Chaureet al.
(2018), Dhirhiet al. (2018), Yadav et al. (2018) and Mahto etal. (2020). .~ .
4.4.2 Days to Maturity

Out of 66 crosses, negative and desirable heterobeltiosis:was observed in 27 hybrids in
E;; 35 hybrids in E; 29 hybrids in E3 and 27 hybrids in E4 Alsoe, positive and significant
heterobeltiosis was observed in five, 11, 17 and 16:.E;, E,,Esand E4, respectively (Table 3).

The minimum and maximum heterobeltiosis for days to maturity was noted by Gaurav x
RLC 133 (-8.99 %) and RLC 133 x GS 384 (3:23 %) in Ey; ILS 264 x IP1 10 (-8.15 %) and
Dipika x GS 384 (4.05 %) in Ej; ILS 264 x,IP1'10 (<10.38 %) and RLC 133 x GS 384 (6.42 %)
in Ezand ILS 264 x IP1 10 (-8.4 %) and RLC 133 x GS 384 (6.21 %) in E4 respectively.

Majority of crosses-exhibited undesired standard heterosis. Total four, nine, 16 and seven
hybrids manifested significant.and negative standard heterosis in Ei1, E»,E3 and E4 respectively
while, significant and positive standard heterosis manifested by 25, 24, 28 and 40 hybrids in E;,
E,, Es and E. respectively. A cfoss Gaurav x ILS 264 depicted significant highest positive SH
7.81 %, 9.34 %, 9.65 % and 9.57 % in E4, E»,E3 and E4, respectively. Hybrid IPI 10 x H 45 have
been found significant least negative standard heterosis in E; (-4.06 %) and E; (-4.52 %), IPI 10
x Kartika in.E3 (-5.85 %) in Ez and RLC 133 x IPI 10 & IPI 10 x GS 384 in E4 (-4.35 %).
Similar results were also reported by Sharma et al. (2005), Reddy et al. (2013), Pali and Mehta
(2014), Ahmad et al. (2018), Yadav et al. (2018) and Mahto et al. (2020).

4.4.3 Plant Height

Most of the crosses depicted significant and negative better parent heterosis in all
environments among significant F;s. Out of 66 crosses, significant heterobeltiosis for 19 hybrids
in E;1; 18 hybrids in Ey; 42 hybrids in E3 and 29 hybrids in E4.Out of which 18 hybrids exhibited
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significant and negative better parent heterosis in E;, 14 hybrids in E;, 33 hybridsin E; and 24
hybrids in E; (Table 4). The range of better parent heterosis for plant height at different
environment was from -14.51 % (Indira x IPl 10) to 6.82 % (ILS 264 x H 45) in Ey, -10.71 %
(Gaurav x IPI 10) to0 5.42 % (RLC 133 x K29 & RLC 133 x IPI 10) in E», -15.08 % (Gaurav x
IPI 10) to 17.07 % (H 45 x Kartika) in Ez and -13.11 % (Gaurav x IPI 10) to 9.55 % (RLC 133 x
H 45 & H 45 x Kartika) in E4.

Similarly, only two hybrids recorded significant and desired (negative) heterosis over
check in E; with range of -11.29 (Indira x IPI 10) % to 5.91 % (Indira x Gaurav); 30 hybrids in
E, with range of -10.67 % (IPI 10 x Kartika) to 8.99 % (Gaurav x RLC 133); 28 hybrids in E;
with range of -8.47 % (Dipika x ILS 264) to 10.17 % (Indira x Gaurav).and:25 hybrids'in E4 with
range of -9.57 % (ILS 264 x IPl 10 & KB 9610 x Kartika) t0 6.91:% (ILS 264 x RLC
133).These findings are in conformity with Sharma et al. (2005), Reddy et al. (2013), Pali and
Mehta (2014), Singh et al. (2014), Ram and Ahmad (2016), Chaureet al. (2018), Yadav et al.
(2018) and Mahto et al. (2020).

4.4.4 Number of Primary Branches per Plant

For primary branches per plant, eight s eachin,E; and E; and five F;s in E3 and zero in
E4 exhibited significant and positive<HB. The better. parent heterosis varied from -18.23 %
(Indira x Shekahr) to 14.19 % (Indira x RLC 138).in E;, -15.61 % (IP1 10 x Kartika) to 8.33 %
(KB 9610 x ILS 264) in E,, -16.34 % (IP1 10x Kartika) to 10.56 % (Gaurav x K 29) in Egand -
31.88 % (ILS 264 x K29) 10 8:09 % (K 29 x H 45) in E4 (Table 5).

The highest and'lowest economic heterosis for primary branches per plant was 25.16 %
(Shekhar x 1Pl 10) and:-4:52 %:(Indira x Shekhar); 24.38 % (Shekhar x KB 9610 & Shekhar x
IP1 10) and -8.75 % (Indira:-x Dipika); 30.07 % (Gaurav x K 29 & Shekhar x IPIl 10) and -12.42
% (Indira x Dipika):and 11.68 (Gaurav x Shekhar) and -31.39 (ILS 264 x K 29) in E4, E», E3 and
E,, respectively:Total 61 crosses in E;, 52 crosses in E; and 41 crosses in E3 were positive and
significant..The results are in agreement with findings of Sharma et al. (2005), Reddy et al.
(2013),'Singh et al. (2014), Yadav et al. (2018) and Mahto et al. (2020).

4.4.5 Number of Secondary Branches per Plant

The positive heterosisfor number of secondary branches per plant isdesirable and very
few crosses depicted desirable HB. Out of 66 crosses 11, 5, 32 and 1 crosses showed
significant heterobeltiosis, among them, 3, 3, 6 and none of the crosses were found positive in
E;, Ez Ez and Eg4, respectively (Table 6). Indira x RLC 133 (14.89 %) andGS 384 x H 45



(13.55 %) in Ej; Indira x IPI 10 (13.80 %) and Shekhar x KB 9610 (13.37) inE; and Indira x
KB 9610 (15.66 %) in E3 were the top significant heterobeltiotic hybrids. The heterosisover
better parent varied from -21.62 % (ILS 264 x IP1 10) t014.89 % (Indira x RLC 133); -14.11 %
(Gaurav x H 45) to 13.80 %(Indira x IPI 10), -20.74 % (Gaurav x GS 384) to 15.66 % (Indira
x KB 9610) and -15.46 % (Indira x Shekhar) to 12.34 % (Gaurav x K 29) inE,E, Es, and

E, respectively.

The magnitude of standard heterosis for this trait ranged from -4.93 %(RLC 133 x GS
384) to 31.20 % (Gaurav x Shekhar); -3.97 % (RLC 133 x Kartika &’ Indira x. KB, 9610)
t035.41 %(Gaurav x Shekhar);0.93%(K 29 x GS 384)t035.25 %to (Gaurav.x Shekhar); and -
5.86 %(Indira x K 29)t031.68 %(Gaurav x K 29)inE;,E; E; andE 4, respectively.The results were
in correspondence to the findings of Pali and Mehta (2014), Singh.et al. (2014) and Yadav et
al. (2018).

4.4.6 Number of Capsules per Plant

Relative number of capsules per plant over better parent heterosis in Ei, Eo, Ez and E4
varied from -5.69 % (Gaurav x KB 9610) to 17.95 % (Indira x RLC 133), -9.72 % (Shekhar x
RLC 133) to 9.34 % (Indira x K 29),-9.16 % (IP1 10 x H 45) to 16.91 (Dipika x K 29) and -
13.62 % (GS 384 x Kartika) to 18.39 % (Dipika.-x K 29), respectively (Table 7). Total 8, 16, 10
and 17 crosses showed positive and significant heterobeltiosis in Ei, E», E3 and Ea4,respectively.
Hybrids, Indira x RLC:133 (17.95 %) and RLC 133 x Kartika (16.65 %) in E;; Indira x K 29
(9.34 %) and Indira xRLC.133.(8.69 %) in E,; Dipika x K 29 (16.91 %) in E; and Dipika x K
29 (18.39 %) in E4 were noted the best significant heterobeltiotic hybrids for average number of

capsules per plant.

Many;hybrids noted desired economic heterosis. Total 39, 34, 35 and 44 crosses showed
positive and'significant standard heterosis. The minimum and maximum standard heterosis noted
-2.01 % (Indira x H 45) and 18.63 % (RLC 133 x IPI 10); -5.64 % (RLC 133 x K 29) and 17.03
% (Shekhar x IPI 10); -7.2 % (ILS 264 x RLC 133) and 20.46 % (KB 9610 x GS 384) and -5.85
% (ILS 264 x RLC 133) and 27.81 % (KB 9610 x IPI 10) in E1, Ez, Es and E4, respectively. IPI
10 x GS 384 have been found to be best performing hybrids in all environment due to high
magnitude of economic heterosis at all locations. These results are similar to the findings of
Ratnaparkhiet al. (2005), Reddy et al. (2013), Pali and Mehta (2014), Singh et al. (2014), Ram



and Ahmad (2016), Ahmad et al. (2018), Chaureet al. (2018), Yadav et al. (2018) and Mahto et
al. (2020).

4.4.7 Number of Seeds per Capsules

Number of seeds per capsules is one of the main yields contributing character who’s
positive heterosis is desirable for yield improvement in linseed. The highest and lowest
heterobeltiosis over better parent observed 2.86 % (Indira x RLC 133) and -8.3 % (Gaurav x
Shekhar) in Ei, 3.41 % (Dipika x RLC 133) and -8.46 % (Gaurav x Shekhar) ‘in E» 3.21 %
(Gaurav x Dipika) and -7.78 % (Shekhar x ILS 264 & KB 9610 x ILS 264) in.E3 and 4.66 %
(Indira x IP1 10) and -12.2 % (Indira x Gaurav) in E4 (Table 8). In case of better parent heterosis
estimate of the best hybrids were namely, Indira x RLC 133 (2:86 %) .and ‘Shekhar x H 45 (2.66
%) in Ey; Dipika x RLC 133 (3.41 %) and Dipika x Kartika (3.33'%) in E;; Gaurav x Dipika
(3.21 %) in E3 and Indira x IP1 10 (4.66 %) and Shekhar x/RLC 133 (2.87 %) in E4 which

registered significant heterosis over better parent in desirable direction.

Majority of Fis were poor performer than RC 92. The least performing hybrids for
standard heterosis were -13.6 % (Indira.x ‘KB 9610); -12.27 % (KB 960 x K 29 & K 29 x IPI
10); -12.45 (KB 9610 x K 29) and -14.86 % (Indira.x Dipika) in E1, E» Ez and E., respectively.
The best performing hybrids were H 45 x Kartika (5.62 %), Gaurav x H 45 (4.02 %), ILS 264 x
Kartika (4.02) and Shekhar.x Kartikai(3.21 %) in E4. Similar finding in accordance to the above
result has also been reported byPali and Mehta (2014), Ram and Ahmad (2016), Ahmad et al.
(2018) and Mahto et al.. (2020).

4.4.8 Test Weight

Total.8, 38 in-E4, 7, 36 in E, 6, 37 in E3 and 12, 45 in E4 F1s exhibit BP and SH,
respectively, ‘which indicate majority of hybrids are better than check variety but poorer than
their ‘bolder parents. The range heterobeltiosis for test weight varied from -20.38 % (Indira x
Shekhar) t0.29.77 % (Indira x ILS 264) in E;, -19.38 % (Indira x Shekhar) to 33.33 % (Indira x
ILS 264) in E, -21.72 % (Indira x Shekhar) to 30.85 % (Indira x ILS 264) in E; and -22.58 %
(RLC 133 x GS 384) to 28.57 % (Indira x ILS 264) in E4 (Table 9).

The crosses Indira x Kartika and KB 9610 x K 29 exhibited minimum and maximum
standard heterosis in E1, E2 and E3 (-15.77 % to 23.42 %, -17.81 % to 23.29 % and -17.24 % to
23.15 %, respectively) and in E4 Indira x Kartika (-11.28 %) and Dipika x RLC 133 (32.21 %).



Top hybrids for test weight were KB 9610 x K 29 (23.42 %) and Indira x ILS 264, Shekhar x K
29& KB 9610 x RLC 133 (19.37 %) in E1; KB 9610 x K 29 (23.29 %) and Indira x ILS 264 &
KB 9610 x RLC 133 (20.55 %) in E;; KB 9610 x K 29 (23.15 %) and Shekhar x KB 9610
(22.66 %) in E3 and Dipika x RLC 133 (32.21 %) and Shekhar x K 29 (30.77 %) in E4 were the
top most significant and desirable standard heterotic hybrids for test weight. Similar results were
also reported by Ratnaparkhiet al. (2005), Sharma et al. (2005), Reddy et al. (2013), Pali and
Mehta (2014), Singh et al. (2014), Ram and Ahmad (2016), Ahmad et al. (2018), Chaureet al.
(2018) and Mahto et al. (2020).

4.4.9 Seed Yield Per Plant

In general, equal magnitude of HB observed in both the directions. Seed yield is the most
economic important trait for improvement in linseed and.plant breeders attempt to evolve
varieties/hybrids in regard with high seed yield per plant. Positive heterosis is highly desirable
for this character. The heterosis over better parent for seed yield per plant ranged from -21.46 %
(Indira x Shekhar) to 33.22 % (Indira x ILS 264); -21.29 %.(Indira x Shekhar) to 38.78 %
(Indira x ILS 264); -24.55 % (Gaurav x RLC 133) to 28.8 %.(Indira x ILS 264) and -25.98 %
(Indira x Gaurav) to 39.51 % (Indira x ILS 264) in Ej,'E,, E; and Eg4, respectively (Table 10).
Total 16, 22, 13 and 20 hybrids manifested significant and positive heterobeltiosis in E1, E, E3
and E4, respectively. Indira x ILS 264 [(33.22) in E1, Indira x ILS 264 (38.78) in E», (28.8 %) in
E; and (39.51 %) in E4] were the top mostisignificant and positive heterobeltiotic hybrids for
seed yield per plant. Table 2.represents the heterobeltiosis (HB) of hybrids in pooled over
environments.

The magnitude of standard heterosis for seed yield per plant is the important criteria for
selection of.better performing hybris in compare to the check variety. Range of standard
heterosis.varied from.-19.46 % (Indira x Kartika) to 27.36 % (Shekhar x H 45); -21.18 % (Indira
x Kartika) to,25:27 % (Shekhar x H 45); -21.65 % (Indira x Kartika) to 34.36 % (Shekhar x GS
384) and -17.96.% (Indira x H 45) to 47.84 % (KB 9610 x IPI 10) in E1, E2, E3, and E4,
respectively. Total 32, 33, 29 and 47 hybrids manifested significant and positive standard
heterosis intE1, E2, E3 and E4, respectively. Crosses Shekhar x H 45 (27.36) in E1, and in E2
(25.27 %), Shekhar x GS 384 (34.36 %), in E3 and KB 9610 x IPI1 10 (47.84 %) in E4 were the
top most significant and desirable standard heterotic hybrids for seed yield per plant. Based on
heterosis estimate Shekhar x H 45, KB 9610 x IPI 10 and Shekhar x GS 384 were found to be
best suited heterotic hybrid over location for hybrid vigour improvement pertaining to seed yield
per plant. Table 3 represents the standard heterobeltiosis (SH) of hybrids in pooled over
environments. The results were corroborative to the reports of Ratnaparkhi et al. (2005), Sharma



et al. (2005), Reddy et al. (2013), Singh et al. (2014), Ram and Ahmad (2016), Chaure et al.
(2018), Yadav et al. (2018) and Mahto et al. (2020).

4.4.10 Oil Content

Oil content is an important qualitative trait, high oil content is considered as a desirable
quality character for superior linseed variety. Positive and significant value of oil content is
desirable. Heterobeltiosis were reported in between -12.85 % (Dipika x H 45) to 592 %
(Shekhar x GS 384) in E1; -14.48 % (Dipika x K 29) to 4.26 % (Shekhar x GS 384) in E2; -
12.83 % (Indira x GS 384) to 5.51 % (Shekhar x GS 384) in E3 and -12.97 % (K29 x.IPI 10) to
5.57 % (GS 384 x H 45) in E4 (Table 11). Hybrids namely Shekhar x GS 384 (5.92'%) in E1;
Shekhar x GS 384 (4.26 %), Gaurav x RLC 133 (4.18 %) and Shekhar x H.45 (4.11 %) in E2;
Shekhar x GS 384 (5.51 %) in E3 and GS 384 x H 45 (5.57 %) in E4 were the best
heterobeltiotic hybrids for oil content.

Range of standard heterosis reported in between -12.58 %.(KB 9610 x GS 384) to 3.97 %
(H 45 x Kartika) in E1, -10.87 % (KB 9610 x GS 384) to 4.88 % (Indira x ILS 264) in E2, -
13.24 % (KB 9610 x GS 384) to 0.17 % (Dipika x I1LS264 &Shekahr x RLC 133) in E3 and -
11.27 % (K 29 x IPI 10) to 5.32 % (IPI 10 x Kartika) in E4. The promising hybrids were H 45 x
Kartika (3.97 %) and ILS 264 x RLC 133 (3.63 %).in-E1; Indira x ILS 264 (4.88 %) and Dipika
x ILS 264 (4.53 %) in E2; IPI 10 x Kartika (5.32'%) and KB 9610 x ILS 264 (5.15 %) in E3 and
ILS 264 x RLC 133 (4.35 %) in E4 exhibited significant and positive standard heterosis. The
derived results were in conformity with Ratnaparkhi et al. (2005), Sharma et al. (2005), Pali and

{
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Table 2 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for days to 50 % flowering

S.N. | Crosses E. = Es Eq

BP (%0) SH(%) BP(%) SH(%) BP (%) SH(%) BP(%) SH(%)
1 Indira x Gaurav -5.38* 10.69** -3.7* 4.6** -6.37** 7.3%* -5.8** 3.17*
2 Indira x Dipika 1.19 6.92** 1.11 4.6** 4.86** 8.99** 101 5.82**
3 Indira x Shekhar 1.68 14.47** 1.59 10.34** 2.05 11.8** 3.54* 8.47**
4 Indira x KB 9610 -5.95* -0.63 -6.67** -3.45* -7.03** -3.37* -8.08** -3.70*
5 Indira x ILS 264 -4.76* 0.63 -5.00** -1.72 -2.70 112 -3.03* 1.59
6 Indirax RLC 133 -7.74%* -2.52 -7.78** -4.6%* -5.41%* -1.69 -9.09** -4.76**
7 Indira x K29 -4.76* 0.63 -7.22** -4.02* -1.08 2.81 -2.53 212
8 Indirax IPI 10 -4.17 1.26 -6.67** -3.45* -5.41** -1.69 -6.06** -1.59
9 Indira x GS 384 -4.76* 0.63 -12.22*%* -9.2** -9.73** -6.18** -10.61** -6.35**
10 Indirax H 45 -1.79 3.77 -Hx* -1.72 1.08 5.06** -3.03* 1.59
11 Indira x Kartika 2.38 8.18** -1.67 1.72 3.78** 7.87** 0.00 4.76**
12 Gaurav x Dipika -7.53** 8.18** -5.29%* 2.87 -9.31** 3.93** -4.83** 4,23**
13 Gaurav x Shekhar -8.6** 6.92** -4.76** 3.45% -11.76** 112 -11.11** -2.65
14 Gaurav x KB 9610 -16.13** -1.89 -15.87** -8.62** -18.63** -6.74** -15.94** -7.94**
15 Gaurav x ILS 264 -14.52** 0.00 -10.58** -2.87 -16.18** -3.93** -12.56** -4.23**
16 Gaurav x RLC 133 -13.44** 1.26 -9, 52** -1.72 -11.76** 112 -71.25%* 1.59
17 Gaurav x K 29 -15.05** -0.63 -12.7%* -5.17** -11.27*%* 1.69 -7.25%* 1.59
18 Gaurav x IPI 10 -16.67** -2.52 -12.7** -5.17** -14.22** -1.69 -14.49** -6.35**
19 Gaurav x GS 384 -10.75** 44 -6.35** 1.72 -6.86** 6.74** -4.35%* 4.76**
20 Gaurav x H 45 -16.67** -2.52 -13.76** -6.32** -17.65** -5.62** -15.94** -7.94**
21 Gaurav x Kartika -9.14** 6.29* -4.76** 3.45* -6.86** 6.74** -5.8** 3.17*
22 Dipika x Shekhar -5.59* 6.29* -4.23** 4.02* -6.15** 2.81 -5.56** -1.06
23 Dipika x KB 9610 -6.79** -5.03* -8.09** -8.62** -10.38** -7.87** -71.94** -7.94**
24 Dipika x ILS 264 1.85 3.77 0.58 0.00 3.28* 6.18** 6.35** 6.35**
25 Dipika x RLC 133 -4.,94* -3.14 -7.51** -8.05** 0.55 3.37* -1.41%* -7.41%*
26 Dipika x K 29 -2.47 -0.63 -4.62** -5.17** 0.00 2.81 -0.53 -0.53
27 Dipika x IP1 10 0.62 2.52 -1.16 -1.72 0.00 2.81 1.59 1.59




S.N. | Crosses E. E. Es Es
BP (%) SH(%) BP(%0) SH(%) BP (%0) SH(%) BP(%) SH(%)
28 Dipika x GS 384 -1.85 0.00 -4.05* -4.6%* -4.37** -1.69 -4.76** -4.76**
29 Dipika x H 45 6.17* 8.18** 231 1.72 3.83** 6.74** 3.17* 3.17*
30 Dipika x Kartika 0.62 2.52 -4.62** -5.17** -3.28* =0.56 -3.70* -3.70*
31 Shekhar x KB 9610 -8.38** 3.14 -10.05** -2.3 -10.77** -2.25 -10.61** -6.35**
32 Shekhar x ILS 264 -9.5%* 1.89 -12.7%* -5.17** -14.36** -6.18** -13.64** -9.52**
33 Shekhar x RLC 133 -12.29*%* -1.26 -15.87** -8.62** -10.26** +1.69 -12.63** -8.47**
34 Shekhar x K 29 -8.94** 2.52 -10.05** -2.3 -1.69** 112 -4.04** 0.53
35 Shekhar x IP1 10 -5.03* 6.92** -7.94** 0.00 -4,10%* 5.06** -2.53 212
36 Shekhar x GS 384 -4.47* 7.55** -6.88** 1.15 -1.54 7.87** -4.55** 0.00
37 Shekhar x H 45 -8.94** 2.52 -11.11%* -3.45% -10.26** -1.69 -12,12*%* -7.94**
38 Shekhar x Kartika -6.15** 5.66* -6.35** 1.72 0.00 9.55** -0.51 4.23**
39 KB 9610 x ILS 264 -4.38 -3.77 -5.45%* -10.34** -2.300 -4.49%* -5.52** -9.52**
40 KB 9610 x RLC 133 0.67 -5.66* 4.00* -10.34%* -2.47 -11.24** -1.19 -12.17**
41 KB 9610 x K 29 -5.88* -9.43** -4.49* -14.37** -1.27%* -14.04** 2.98 -8.47**
42 KB 9610 x IP1 10 1.34 -5.03* =2.52 -10.92** -7.83** -14.04** -4.57%* -11.64**
43 KB 9610 x GS 384 -1.29 -3.77. 0.00 5.17** 247 -6.74** 172 -6.35**
44 KB 9610 x H 45 2.68 -3.77 6.00** -8.62** 7.41** -2.25 8.93** -3.17*
45 KB 9610 x Kartika 4.70 -1.89 5.88** -6.9** 6.59** 0.00 6.11** 1.06
46 ILS 264 x RLC 133 -5.63* -5.03* -0.61 -5.75** -3.45* -5.62** -2.76 -6.88**
47 ILS 264 x K 29 -6.88** -6.29* -1.82 -6.9** -1.47%* -9.55** -4.42%* -8.47**
48 ILS 264 x IPI 10 -4.38 -3.77 0.00 -5.17** -5.17** -7.3*%* -1.10 -5.29**
49 ILS 264 x GS 384 -3.13 -2.52 1.82 -3.45* 0.00 -2.25 1.66 -2.65
50 ILS 264 x H 45 -5.63* -5.03* -5.45%* -10.34** -5.17** -7.3*%* -3.87* -7.94**
51 ILS 264 x Kartika 3.13 3.77 5.45** 0.00 6.32** 3.93** 2.76 -1.59
52 RLC 133x K 29 -4.58 -8.18** -5.77** -15.52** -9.7%* -16.29** -2.38 -13.23**
53 RLC 133x 1Rl 10 0.67 -5.66* -5.66** -13.79** 0.00 -6.74** -2.29 -9.52**
54 RLC 133 x GS 384 -5.16* -7.55** -6.06** -10.92** 6.25** -4.49%* -1.72 -9.52**
55 RLC 133x H 45 -2.03 -8.81** -2.67 -16.09** 0.66 -14.04** -2.99 -14.29**
56 RLC 133 x Kartika 3.42 -5.03* 5.88** -6.9%* 0.00 -6.18** -1.67 -6.35**




S.N. | Crosses E, E, Es E4
BP (%) | SH(%0) BP(%0) SH(%0) BP (%0) SH(%) BP(%0) SH(%0)
57 K29 x IPI 10 0.00 -3.77 -1.89 -10.34** 3.61* -3.37* 4.00* -3.70*
58 K29 x GS 384 2.58 0.00 0.00 -5.17** 4.85** -2.81 6.90** -1.59
59 K29 x H 45 3.27 -0.63 7.05** -4.02* 9.09** 1.12 12.5** 0.00
60 K 29 x Kartika -1.31 -5.03* 1.92 -8.62** -0.60 6.74%% -3.33* -7.94**
61 IP1 10 x GS 384 8.39** 5.66* 7.27** 1.72 17.47** 9.55** 13.14** 4.76**
62 IP110x H 45 0.67 -5.66* 0.63 -8.05** 6.63** :0.56 4.00* 3.7
63 IP1 10 x Kartika 2.68 -3.77 5.03** -4.02* 3:69* -2.81 -1.11 -5.82**
64 | GS384xH45 -2.58 -5.03* -1.82 -6.90** 6.87** -3.93** 3.45* -4.76%*
65 | GS 384 x Kartika 4.52 1.89 5.45%* 0.00 8.38** 1.69 6.67** 1.59
66 | H45x Kartika 6.76* -0.63 5.88** -6.90** -2.40 -8.43** -3.33* -7.94**
Min. | -16.67 -9.43 -15.87 -16.09 -18.63 -16.29 -15.94 -14.29
Max. 8.39 14.47 7.27 10.34 17.47 11.8 13.14 8.47
SE (%) 1.27 0.95 0.85 0.92
No. of significant crosses 35 28 48 48 48 41 46 47
No. of Significant +ve crosses 3 13 9 6 15 15 12 11
No. of Significant -ve crosses 32 15 39 42 33 26 34 36

* **Significant at5 and1 percent levels,respectively




Table 3 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for days to maturity

S.N. | Crosses E. = Es Eq

BP (%) SH(%) BP(%0) SH(%) BP (%0) SH(%) BP(%) SH(%)
1 Indira x Gaurav -5.22** 2.19* -3.66** 3.01** -4.12** 2.05** -5.15%* 1.45
2 Indira x Dipika 0.00 0.31 -1.50 -1.20 -0.30 -2.05** -2.01** -0.87
3 Indira x Shekhar 0.88 6.87** 2.05* 5.12** 5.73** 7.89** 4.46** 8.70**
4 Indirax KB 9610 2.49* 2.81** 0.90 1.20 2.38%* 0.58 143 2.61**
5 Indirax ILS 264 -1.45 6.25** -2.25** 4.82** 5. 74** 0.88 -3.25** 3.48**
6 Indirax RLC 133 0.31 0.62 -1.80* -1.51 -0.60 -2.34** -1.43 -0.29
7 Indira x K29 1.83 4.37** 1.46 4,52** 0.00 3.51** 0.00 4.35%*
8 Indirax IPI 10 -0.31 0.00 -1.80* -1.51 0.60 -1.17 -0.57 0.58
9 Indira x GS 384 0.31 0.62 1.80* 2.11* 2.98** 117 143 2.61**
10 Indirax H 45 0.62 0.94 0.60 0.90 3.87** 2.05** 3.72** 4,93**
11 Indira x Kartika 1.53 3.75** 1.77% 3.92** 4.35%* 5.26** 3.95** 6.67**
12 Gaurav x Dipika -4.35%* 3.13** -3.66%* 3.01** -2.20** 4.09** -2.17%* 4.64**
13 Gaurav x Shekhar 0.00 7.81** 1.41 8.43%* 2.47** 9.06** 1.63* 8.70**
14 Gaurav x KB 9610 -5.80** 1.56 -3.66** 3.01** -6.32** -0.29 -7.05** -0.58
15 Gaurav x ILS 264 0.00 7.81** 1.97* 9.34** 2.46** 9.65** 2.44%* 9.57**
16 Gaurav x RLC 133 -8.99** -1.88 47.89** -1.51 -5.77** 0.29 -5.42*%* 1.16
17 Gaurav x K 29 -2.90** 4.69*%* -0.28 6.63** 0.55 7.02** 1.36 8.41**
18 Gaurav x IP110 -7.54*%* -0.31 -6.48** 0.00 -5.49** 0.58 -4.88** 1.74*
19 Gaurav x GS 384 -7.25%* 0.00 -7.89** -1.51 -10.16** -4.39** -1.32%* -0.87
20 Gaurav x H 45 <5.80%* 1.56 -5.35** 1.20 -5.49** 0.58 -5.69** 0.87
21 Gaurav x Kartika -2.90** 4.69** -1.97* 4.82** -1.92** 4.39** -4.61** 2.03**
22 Dipika x Shekhar -0.88 5.00** 2.05* 5.12** 4.01** 6.14** 1.39 5.51**
23 Dipika x KB 9610 0.63 -0.31 0.31 -1.81* 2.69** 0.58 2.35** 1.16
24 Dipika x ILS 264 -2.03% 5.63** -3.93** 3.01** -4.10*%* 2.63** -2.44%* 4.35**
25 Dipika x RLC 133 0.32 -0.63 1.87* -1.51 -2.39%* -4.39** 0.59 -0.58
26 Dipika x K 29 -1.83 0.62 -4.39%* -1.51 -1.41 2.05** -1.39 2.90**
27 Dipika x IP110 0.63 -0.31 2.18* -1.20 2.39** 0.29 2.64** 1.45




S.N. | Crosses E. E. Es Es
BP (%0) SH(%) BP(%) SH(%) BP (%) SH(%) BP(%0) SH(%)
28 Dipika x GS 384 1.26 0.31 4.05** 0.60 0.90 -1.17 0.29 -0.87
29 Dipika x H 45 -2.21* -3.13** 0.00 -2.41** 2.39** 0.29 3.20** 2.90**
30 Dipika x Kartika -1.53 0.62 -2.36** -0.30 1.45 2.34%* 0.85 3.48**
31 Shekhar x KB 9610 -3.24** 2.50* 0.00 3.01** 0.86 2.92%% 1.67* 5.8**
32 Shekhar x ILS 264 -1.74 5.94** -3.09** 3.92** -0:55 6.43** -0.54 6.38**
33 Shekhar x RLC 133 -5.31** 0.31 -4.39** -1.51 -1.15 0.88 -0.56 3.48**
34 Shekhar x K 29 -2.95%* 2.81** -1.75* 1.20 0.00 3.51** -1.11 3.19**
35 Shekhar x IP1 10 -7.08** -1.56 -4.09** -1.20 -6.3** -4.39** -5.01** -1.16
36 Shekhar x GS 384 -5.90** -0.31 -4.09** -1.20 -1.15 0.88 -1.39 2.61**
37 Shekhar x H 45 -5.31** 0.31 -1.75* 1.20 -4.3*%* -2.34** -4.18** -0.29
38 Shekhar x Kartika 0.29 6.25** 1.75* 4,82** 3i5** 5.26** 1.39 5.51**
39 KB 9610 x ILS 264 -4.93** 2.50* -4.21** 2.71** -0.27 6.73** 0.54 7.54%*
40 KB 9610 x RLC 133 2.22% 0.94 154 -0.60 6.42** 1.75* 4.44** 2.32**
41 KB 9610 x K 29 -0.30 2.19* -2.92** 0.00 -6.78** -3.51** -4.44%* -0.29
42 KB 9610 x IPI 10 -0.32 -1.56 -0.31 -2.41** 3.32** 0.00 1.77* 0.00
43 KB 9610 x GS 384 1.27 0.00 1.54 -0.60 5.20** 0.58 3.95** -0.87
44 KB 9610 x H 45 1.27 0.00 0.92 -1.20 -0.30 -3.22** 1.74* 145
45 KB 9610 x Kartika 0.00 249* 0.00 2.11* 2.32** 3.22*%* 1.69* 4.35%*
46 ILS 264 x RLC 133 -2.61** 5.00%* -2.25** 4.82** -2.46** 4.39** -1.08 5.8**
47 ILS 264 x K 29 0.00 7.81** -0.56 6.63** -0.82 6.14** -0.27 6.67**
48 ILS 264 x IP1 10 -1.25%* 0.00 -8.15** -1.51 -10.38** -4.09** -8.40** -2.03**
49 ILS 264 x GS 384 -7.25%* 0.00 -5.62** 1.20 -4.92** 1.75* -4.07** 2.61**
50 ILS 264 x H 45 -7.25%* 0.00 -6.74** 0.00 -7.38** -0.88 -4.88** 1.74*
51 ILS 264 x Kartika -3.19%* 4.37** -3.93** 3.01** -3.28** 3.51** -1.63* 5.22**
52 RLC 133x K 29 0.30 2.81** -0.88 2.11* -2.26** 117 -0.83 3.48**
53 RLC 133 x IRl 10 2.90** -0.31 1.25 -2.71** -2.11%* -5.26** -2.65** -4.35%**
54 RLC 133 x GS'384 3.23** 0.00 2.51** -1.51 6.42** 1.75* 6.21** 4.06**
55 RLC 133x H 45 2.88** 0.31 1.85* -0.60 3.92** 0.88 2.33** 2.03**
56 RLC 133 x Kartika -2.45* -0.31 -4,13** -2.11* -4.35%* -3.51** -4.8** -2.32%*




S.N. | Crosses E, E, Es Es
BP (%) | SH(%0) BP (%) SH(%0) BP (%) SH(%) BP(%0) SH(%0)
57 K29 x IPI 10 -1.83 0.62 -2.63** 0.30 -1.69* 1.75* -1.67* 2.61**
58 K29 x GS 384 -1.22 1.25 -0.88 2.11* -5.08** -115* -5.00** -0.87
59 K29 x H 45 -4 57** -2.19* -6.14** -3.31** -7.63** -4,39%* -8.06** -4.06**
60 K 29 x Kartika 0.3 2.81** -2.05* 0.90 -2.26** 1.17 -0.83 3.48**
61 IP110 x GS 384 1.96 -2.50* 0.31 -3.92%* -2.11%* -5.26** -2.65** -4.35%*
62 IPI110x H 45 -1.60 -4.06** -2.16* -4.52%* -1.51 -4,39%* -2.33** -2.61**
63 IP110 x Kartika -2.75** -0.63 -3.54** -151 -6.67** -5.85** -6.21** -3.77**
64 | GS384xH45 1.92 -0.63 1.54 -0.90 0.90 -2.05** 2.62** 2.32**
65 | GS 384 x Kartika -0.61 1.56 -3.24** -1.20 -0.87 0.00 0.85 3.48**
66 | H45x Kartika -2.45* 0.31 -4.42%* -2.41%% -0.87 0.00 1.13 3.77**
Min. -8.99 -4.06 -8.15 -4.52 -10.38 -5.85 -8.4 -4.35
Max. 3.23 7.81 4.05 9.34 6.42 9.65 6.21 9.57
SE (%) 112 0.90 0.89 0.86
No. of significant crosses 32 29 46 33 46 44 43 47
No. of Significant +ve crosses 5 25 11 24 17 28 16 40
No. of Significant -ve crosses 27 4 35 9 29 16 27 7

* **Significant at5 and1 percent levels




Table 4 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for plant height

E; E, Es E,

SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) BP (%) SH(%) BP(%) SH(%)
1| Indira x Gaurav 103 | 591* | -3.06 6.74% 201 1017+ 3.88 5.32%
2| Indira x Dipika B4 | 323 | -108 281 0.00 5.65%* 155 4.79
3| Indira x Shekhar 2.07 161 3.78 0.00 6.95% 1.69 7005 426
4 | Indirax KB 9610 570% | 215 | -486 112 214 3.39% 155 1.60
5 | Indirax ILS 264 777 | 43 | 541 1.69 10.7°% | .. 565 3.09 0.00
6 | Indirax RLC 133 259 108 1.08 5.06% 6.05% 1.69 155 1.60
7 | Indirax K29 .84 | 645 | 7.03% 337 .14 3.30% 361 053
8 | Indirax IP110 1451%% | 11.00%* | 8117 | 449 8.02%* 2.82 10827 | 7.98%
9 | Indirax GS 384 777 | 43 324 0.56 5 88%* 0.56 2.06 1.06
10 | Indirax H 45 466% | 108 | -7.03** 337 481" 0.56 155 1.60
11| Indira x Kartika 415 | 054 | -486* 112 053 6.21% 103 4.26
12 | Gaurav x Dipika 154 323 | -408% |. 562 5.03%* 6.78* 4.37% 4.79%
13| Gaurav x Shekhar 462 | 000 | 6.63** 281 8.04% 3.30% 6.30%* 2.66
14 | Gauravx KB9610 | -8.21%* | -3.76 |, -8.67%* 056 3.02% 9.04% 777 1.06
15 | Gauravx ILS 264 051 43 4 .59% 5.06 9.55%* 1.69 10,68 213
16 | Gauravx RLC 133 000 | 484* | -1.02 8.99" 9,55+ 1.69 110,19 16
17 | Gauravx K 29 2.05 2,69 2,55 7.3% 1407 | 339% | 1165 3.19
18 | Gauravx IPI110 6.67°%"| 2145 | -10.71%* |  -1.69 15.08%% | -452% | 1311%* | -4.79*
19 | Gauravx GS 384 9.23%% | _Aga* | -918% 0.00 110.05%* 113 12,62 4.26
20 | Gauravx H45 Peg 215 | 7.14% 2.5 11.06%* 0.00 6.8 213
21 | Gaurav x Kartika 513 | 054 | 7.65% 1.6 9.05%* 2.26 4,85 4.26
22| Dipika x Shekhar 272 | 376 | 058 337 6.25%* 5.65%* 3.66 5.30%
23| Dipika x KB 9610 14 ] 645 | 000 5.06% 5117 | 565 9.42%% | 7.98%
24| Dipika x ILS 264 398 | 9.4 | 000 5.06% 84T | 84T 6817 532
25 | Dipika x RLC 133 1.6 2.69 178 3.37 2.84 3.39% 838 | -6.91%*
26 | Dipika x K 29 055 | 215 | 473 0.56 1027%* | .21 471 3.19
27 | Dipika x IPI 10 341 | 86 | 414 | -899% 5117 | 565 838 | 6.91%




E; E, E; E,4

SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) BP (%) SH(%) BP(%) SH(%)
28 | Dipika x GS 384 227 | 753 | 2.9 7.87% 5.68% | 6.2l 9.42%% | 7.98%
29 | Dipika x H 45 114 43 355 1.69 5.11%* 4.50%* 1.05 2.66
30 | Dipika x Kartika 057 | 484 | 237 281 7.95% 7.34% 0.52 213
31 | Shekhar x KB 9610 | 543* | 645 | -0.58 3.37 0.58 3,95+ 0.56 4.79*
32 | Shekhar x ILS 264 217 | 323 0.00 281 226 2.26 0.54 053
33 | ShekharxRLC133 | 217 | 323 | -231 5.06% 116 169 6.11* 16
34 | Shekhar x K 29 054 | 161 116 169 430> 0.00 1.05 0.53
35 | Shekhar x IP110 272 | 376 | 231 5.06% 0.00 3.39% 111 5.3
36 | Shekhar x GS 384 217 | 323 | -116 3.93 175 5.08%* 0.56 4.79*
37 | Shekhar x H 45 380 | 484 | 231 5.06% 117 4505 167 5.85¢
38 | Shekhar x Kartika | -8.15%% | 9.14** | -1.73 -4.49% 4,097 7.34% 0.56 3.72
30 | KB9610x ILS 264 455 1.08 18 4.49* 7.34% 7,34 4.30 3.19
40 |KB9610XRLC133 | -056 | -4.84* | 000 6.18% 3.49% 621 0.56 5.3
41 | KB9610x K 29 492 | 645 | 419 | -1041%* | -10.27%* | -6.21%* 471 3.19
42 | KB 9610 x IPI 10 2.89 430 | -0.60 6745 0.58 282 113 479
43 | KB 9610 x GS 384 173 | 5.38% | .-2.99 18.99% 0.61 B.21% 057 6.91%
44 | KB 9610 x H 45 114 | 645 | 299 337 242 4505 112 4.26
45 | KB 9610 x Kartika 2,89 43 120 73w 0.61 7345 3.95 957+
46 | ILS 264 x RLC 133 337 1.08 180 4.49* 9.04%* 9.04% 8.06%* 6.917
47 | 1LS264 x K 29 273 43 2.9 8.99% 0.00 4.50%* 262 1.06
48 | ILS 264 x IP1 10 227 | 77537 | 359 9.55%* 791 | 7.91% 8.6+ 957+
49 | ILS 264 x GS 384 511% | 4022% | 419 | -1011%* | 678 | -6.78%* 645 | 7.45%
50 | ILS264 x H45 6.82%* | 108 419 2.5 5655 | 565 3.76 4.79*
51 | ILS 264 x Kartika 341 2.15 240 3.93 6217 | o1 3.23 4.26
52 |RLC 133x K 29 055 | 215 | 542 1.69 486" 0.56 471 319
53 | RLC 133x IPI 10 112 | 538* | 542 169 0.00 282 056 6.38%
54 | RLC 133 x GS 384 056 | 484 | 181 5.06% 5.81%* 2,82 6.78% 0.53
55 | RLC 133x H 45 337 1.08 18 4,49 11.05%* 7.91% 9.55% 3.72
56 | RLC 133 x Kartika 112 | 538 | 000 674> 058 226 0.56 5.3




S.N. Crosses E, E, Es E4
BP (%) | SH(%0) BP(%0) SH(%0) BP (%0) SH(%) BP(%0) SH(%0)
57 K29 x IPI 10 -1.64 -3.23 2.42 -5.06* -5.95** -1.69 -7.33** -5.85*
58 K29 x GS 384 1.64 0.00 4.85* -2.81 -10.27** -6.21%* -7.85%* -6.38**
59 K29 x H 45 -5.46* -6.99** 0.00 -6.18** -4.86** +0.56 -4.19 -2.66
60 K 29 x Kartika -4,92* -6.45** 2.42 -5.06* 0.00 4.52%% -1.57 0.00
61 IP1 10 x GS 384 3.61 -7.53** 1.25 -8.99** 292 -0.56 1.13 -4.79*
62 IP110x H 45 -3.41 -8.6** 2.4 -8.43** -1.75 -5.08** -2.81 -7.98**
63 IP1 10 x Kartika -2.91 -10.22** -1.24 -10.67** 0:00 -3.39* 2.82 -3.19
64 | GS384xH45 -1.70 -6.99** 0.6 -6.74** 4.27* -3.39* -2.25 -7.45%*
65 | GS 384 x Kartika -2.91 -10.22** -0.62 -10.14** 1.84 -6.21** 2.82 -3.19
66 | H45x Kartika 4.55 -1.08 3.59 -2.81 17.07** 8.47** 9.55** 3.72
Min. | -1451 -11.29 -10.71 -10.67 -15.08 -8.47 -13.11 -9.57
Max. 6.82 591 5.42 8.09 17.07 10.17 9.55 6.91
SE (%) 142 1.19 0.92 1.46
No. of significant crosses 19 29 18 36 42 45 29 30
No. of Significant +ve crosses 1 27 4 6 9 17 5 5
No. of Significant -ve crosses 18 2 14 30 33 28 24 25

* **Significant at5 and1 percent levels,




Table 5 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for number of primary branches per plant

S.N. Crosses E. E. Es Es
BP (%) SH(%) BP(%) SH(%) BP (%0) SH(%) BP(%) SH(%)
1 Indira x Gaurav -0.56 15.48** -9.19** 5* -15** 0 -5.81 6.57
2 Indira x Dipika 7.98** 13.55** -10.43** -8.75** -13.55** 212.42** 0.00 5.11
3 Indira x Shekhar -18.23** -4 .52%* -10.42** 7.5%* «8.65%* 10.46** 4.23 8.03
4 Indira x KB 9610 -5.39** 1.94 5.45* 8.75** 0.00 4.58 141 511
5 Indira x ILS 264 -3.66* 194 -1.79 3.13 -3.12 131 0.00 3.65
6 Indirax RLC 133 14.19** 9.03** 2.67 -3.75 -9.4** -11.76** -1.41 2.19
7 Indira x K29 -9.15** -3.87* -10.65** -5.62* -13.13** -9.15%* -4.93 -1.46
8 Indirax IP1 10 -9.74** 13.55** -8.29** 17.5** -14.36** 13.07** 9.4 -1.46
9 Indira x GS 384 1.23 5.81** 4,71* 1250 6.79** 13.07** 211 5.84
10 Indirax H 45 -7.91** 5.16** -6.63** 5.63* -12.78** 2.61 -1.41 2.19
11 Indira x Kartika 7.48** 1.94 5.30* -0.62 -3.40 -7.19** -2.11 1.46
12 Gaurav x Dipika -4 .44** 10.97** 1.08 16.88** -5.00* 11.76** -1.74 4.38
13 Gaurav x Shekhar 1.1 18.06** 0.52 20.63** -3.78 16.34** -1.29 11.68
14 Gaurav x KB 9610 -8.89** 5.81** -4.32* 10.63** -6.11** 10.46** -4.52 8.03
15 Gaurav x ILS 264 -4 .44** 10.97** -5.41** 9.38** -8.89** 7.19** -9.03 2.92
16 Gaurav x RLC 133 2.78 19.35%* -0.54 15** -1.67 15.69** -3.87 8.76
17 Gaurav x K 29 5.56** 22.58** 8.11** 25%* 10.56** 30.07** -3.87 8.76
18 Gaurav x IP1 10 -1.03 24.52** -3.41 23.75** -5.45%* 24.84** -8.39 3.65
19 Gaurav x GS 384 0.00 16.13** 5.41** 21.88** 3.89 22.22*%* -10.32 1.46
20 Gaurav x H 45 -1.67 14.19** 6.49** 23.13** 7.22** 26.14** -4.52 8.03
21 Gaurav x Kartika -2.22 13.55** -4.86* 10** -5.00* 11.76** -9.68 2.19
22 Dipika x Shekhar -1.10 15.48** -7.29** 11.25** -6.49** 13.07** 1.39 6.57
23 Dipika x KB 9610 1.20 9.03** 4.24 7.50** 6.88** 11.76** -4.17 0.73
24 Dipika x ILS 264 2.44 8.39** 4,17 9.38** 0.63 5.23 -5.56 -0.73
25 Dipika x RLC 133 0.61 5.81** -0.61 1.25 -5.16 -3.92 -4.17 0.73
26 Dipika x K 29 1.83 7.74%* -4.14 1.25 -8.75** -4.58 -3.47 1.46
27 Dipika x IP1 10 -11.79** 10.97** -11.71%* 13.13** -16.34** 10.46** -6.04 2.19




E; E, E; E,4
SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) | SH(%) | BP(®%) | SH(%)
28 | Dipika x GS 384 184 7.1%% 412 | 1063** | 247 8.50%* 6.25 146
29 | Dipika x H 45 3.95%% | 9.68% 055 | 1375%* | -6.67% | 9.80** 5.56 10.95
30 | Dipikax Kartika 184 7.1%% 4.29 6.25% 258 3,92 1.39 3.65
31 | Shekhar x KB 9610 331% | 2065** | 365 | 2438 | 054 | 20157 145 2.19
32 | Shekhar x ILS 264 166 | 1484 | 365 | 1563** | A86* | 1503** | 0.00 0.73
33 | Shekhar x RLC 133 166 | 1871 | 720" | 11.25%* | 6.49%* | 1307** | 507 5.84
34 | Shekhar x K 29 442 | 1161 | 833" | 10.00%* | -7.03%* | 12.42%* | 507 5.84
35 | Shekhar x IPI 10 051 | 2516 | 293 | 2438 | 149 | 3007 | 671 146
36 | Shekhar x GS 384 884 | 645%* | 037 | 875 | 81l** | 1111** | 071 2.92
37 | Shekharx H45 221 | 1935 | 104 | 21.256%* | 054 | 20.26%* 29 219
38 | Shekhar x Kartika 6.08% | 968 | 7.20%* | 1125+ -9.73** | 0.15% 4.29 6.57
30 | KB 9610 x ILS 264 1.80 0.68%* | 833** | 13.75% | 563* | 10.46** 217 2.92
40 | KB 9610 x RLC 133 299 | 452+ 121 438 0.00 458 0.00 0.73
41 | KB 9610 x K 29 0.60 8.30% 237 8.13* 0.63 5.23 2.90 3.65
42 | KB 9610 x IP110 12.82%% | 068%% | 1024 15 | 16.34* | 1046** | -134 7.30
43 | KB 9610 x GS 384 120 | 645% | 1.8 500~ | 7.41%* | -1.96 143 0.73
44 | KB 9610 x H 45 508 | 889%* | 221 | 10.63** | 444 | 12.42% 2.90 3.65
45 | KB 9610 x Kartika 120 | 6.45% 182 5.00* 0.00 458 143 0.73
46 | ILS 264 x RLC 133 122 | 4527 | 0.60 438 25 196 145 073
47 | ILS 264 x K 29 183 774 | 237 313 0.00 458 | -31.88** | -31.30%*
48 | ILS 264 x IP110 821 | 1548 | 11.71%* | 1313%* | 1584 | 11.11** | 268 5.84
49 | ILS 264 x GS 384 1.22 710 | 471* 125 | 802 | 261 357 146
50 | ILS 264 x H45 621 | 71 221 | 1063** | 6.67%* | 98 1.45 2.19
51 | ILS 264 x Kartika 183 7.74% 119 6.5 | 3.75 0.65 0.00 2.19
52 | RLC 133x K 29 0.00 581 | 296 250 187 261 0.74 219
53 | RLC 133 x IPI 10 B2l | 1548%% | 11.71%* | 1313%* | 14.36** | 13.07** | -6.04 2.19
54 | RLC 133 x GS 384 4.94%% | 968 353 | 10.00** | -062 5.23 4.29 6.57
55 | RLC 133 x H 45 282 | 1097 | 000 | 1313** | 556 | 1111%* | 44l 3.65
56 | RLC 133 x Kartika 1081%* | 581 | 6.62%* 0.63 201 458 6.43 438




S.N. Crosses E. = Es E4
BP (%0) SH(%0) BP(%0) SH(%0) BP (%) SH(%0) BP(%0) SH(%)
57 | K29xIPI10 -9.23** 14.19** -9.76** 15.63** | -15.35** 11.76** -12.75* -5.11
58 | K29x GS 384 244 8.39** 4.71* 11.25** 3.09 9.15*%* -1.43 0.73
59 | K29xH45 -0.56 13.55** 1.66 15.00** -7.78%* 8.5** 8.09 7.30
60 | K29x Kartika 1.83 7.74** -1.78 3.75 -7.5%* -3.27 -2.86 -0.73
61 IP110 x GS 384 -6.15** 18.06** -4.88** 21.88** | ¢-11.39** 16.99** -6.71 1.46
62 IP110 x H 45 -2.05 23.23** -3.41 23.75** -7.43%* 22.22%* 1.34 10.22
63 IP1 10 x Kartika -11.79%* | 10.97** | -15.61** 8.12%* -16.34** 10.46** -6.04 2.19
64 | GS384xH45 -4.52** 9.03** -6.63** 5.63* -10.56** 5.23 -0.71 1.46
65 | GS 384 x Kartika 3.09 7.74** -0.59 5.63* 0.62 6.54* -1.43 0.73
66 | H45x Kartika 5.08** 20** 1.1 14.38** 0.56 18.3** 7.86 10.22
Min. -18.23 -4.52 -15:61 -8.75 -16.34 -12.42 -31.88 -31.39
Max. 14.19 25.16 8.33 25 10.56 30.07 8.09 11.68
SE (%) 0.08 0.30 0.13 0.15
No. of significant crosses 31 63 32 54 40 45 2 1
No. of Significant +ve crosses 8 61 9 52 5 41 - -
No. of Significant -ve crosses 23 2 23 2 35 4 2 1

* **Significant at5 and1 percent levels,




Table 6 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for number of secondary branches per plant

E]_ Ez E3 E4

SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) || .SH() | BP(%) | SH(%)
1| Indirax Gaurav 172 | 2233 | 219 | 2332%* | 758% | 1085% | 063 | 17.95%
2| Indira x Dipika 38 0.16 265 7.94 %.86 10.76%° | 565 4.03
3| Indira x Shekhar 1123 | 23656 | -851 397 500 | 1874* | -1546* | 0.8
4 | Indirax KB 9610 4.05 5.58 1258 | 397 | 1566%% | 1781%* | 7.17 2.75
5 | Indirax ILS 264 5.79 16.91% 4.5 1451% | 515 2,60 323 1117
6 | Indirax RLC 133 1489 | 1658 5.03 432 1062 | 1596** | 047 4.95
7| Indirax K29 6.58 11.66 710.06 1210 | 1378 | 334 1199 | 586
8 | Indirax IP110 041 | 2200% | 138* | 28.15%% | - 362 | 22.08** | -4.77 1337
9 | Indirax GS 384 110.09 1.97 330 1364* | -13.69%* | 408 5.09 5.86
10 | Indirax H 45 4.26 12.64 155 13.3* 461 | 1373** | 1107 | 0.00
11| Indira x Kartika 3.07 4.60 566 1606 | 071 3.15 297 165
12 | Gaurav x Dipika 7.65 14,94 8.90 1485¢ | 8.87* | 1818** | -0.78 16.3
13| Gaurav x Shekhar 5.41 3.7 740 | 35417 | 429 | 3525 | 804 | 28.02%*
14 | Gaurav x KB 9610 14647 | 624 863 152 | 001 18+ 156 | 19.05%
15 | Gaurav x ILS 264 224 [ 2167 | 164 | 2815 | 830~ | 1892** | 016 | 17.03*
16 | Gauravx RLC 133 1807%* | 197 219 | 2332 | 196% | 427 5.47 1081
17 | Gauravx K 29 989 12.15 356 | 3057 | -1187%* | 1420% | 1234 | 3168*
18 | Gauravx IPI110 apaw | 6.24 164 | 2401%% | -1259%* | 1336** | -2.92 1557
19 | Gauravx GS 384 4121% | 1051 315 | 22110 | 2074~ | 278 047 | 1667
20 | Gauravx H45 844 13.96* | -1411%* | 829 343 | 2523 | 672 9.34
21 | Gaurav x Kartika 871 1363 589 | 1865 | 801 | 1929** | 125 | 18.68*
22| Dipika x Shekhar 3.10 14,61 3.19 1002 | 1076 | 612 7.42 9.71
23| Dipika x KB 9610 316 0.49 8.26 173 8.74 853 1113 | 201
24| Dipika x ILS 264 5.35 4.60 2.80 1399% | -11.39%* | 538 4.49 15.20
25 | Dipika x RLC 133 8.54 12.64 7.48 259 6.08 1169 | -8.14 1.28
26 | Dipika x K 29 831 3.94 2.65 794 | -1006* | 7.9 113 2.20
27 | Dipika x IPI 10 77 12.15 276 15.72% | 13427 | 297 3.38 15.02




E; E, E; E,4
SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) | SH(%) | BP(%) | SH(%)
28 | Dipika x GS 384 7.38 0.99 9.81 0.00 9.38* 928* | -10.34 0.00
29 | Dipika x H 45 213 10.34 882 | 2142** | 562 | 1224~ | 717 | 2051
30 | Dipika x Kartika 285 6.73 53 1675 | -1279%%.] 371 4.65 513
31 | Shekhar x KB 9610 1064 | 22.00%* | 1337* | 2884** | 394 | 17.44** | 124 | 17.03*
32 | Shekhar x ILS 264 9.0 115 334 | 1744 | 263 1002* | -11.75 458
33 | Shekhar x RLC 133 162 1297 110.94 121 46 7.79 9.89 6.78
34 | Shekhar x K 29 192 13.30 5.47 743 062 | 2059 | 417 1355
35 | Shekhar x IP110 068 | 2069%* | 973 24,7%* 409 | 2263** | 662 | 26.92%*
36 | Shekhar x GS 384 0.74 11.99 7.90 4.66 5.38 1417 | 7.88 9.16
37 | Shekhar x H 45 110.49 0.49 057 |.2453** | 460 | 1818** | 124 | 17.08*
38 | Shekhar x Kartika 635 | 1823 | 349 1002 148 | 1466** | 556 | 2500%
30 | KB9610x ILS 264 5.20 4.76 115 380 10.12% | 1011%* | 255 10.44
40 | KB 9610 x RLC 133 292 411 5.20 138 124 353 773 9.71
41 | KB9610x K 29 7.99 361 239 57 9.75% 8.16 514 147
42 | KB 9610 x IPI 10 6.76 133 2.91 15.89* 031 | 1818* | 185 | 1685
43 | KB 9610 x GS 384 6.02 156* 0.94 898 | -1508* | 241 23 14.1
44 | KB 9610 x H 45 3.8 3.94 557 5.35 887* | 1837** | 244 15.2
45 | KB 9610 x Kartika 211 099 122 1278 143 5.38 219 238
46 | ILS 264 x RLC 133 475 5.5 6.74 12.09 708 | 1577 | 7.99 0.92
47 | 1LS264 x K 29 0.30 10.84 239 57 1254 | 482 3.74 11.72
48 | ILS 264 x IP1 10 21,60 | 476 0.46 1313% | -12.6%* 297 108 | 17.77*
49 | ILS 264 x GS 384 267 7.55 11 8.81 077 | 1967 | 082 10.62
50 | ILS264 x H45 193 1264 7.59 311 819 | 17.63** | -6.03 5.68
51 | ILS 264 x Kartika 371 14.61% 7.07 12.44 4.80 297 4.42 2,93
52 |RLC 133x K 29 533 10.34 .55 553 | 1022 | 761 201 10.07
53 | RLC 133x IPI 10 1676 | 115 261 1554« | 441 | 1262 | 6.00 119
54 | RLC 133 x GS 384 128 493 754 | 183> | 462 | 1503** | 821 238
55 | RLC 133x H 45 456 312 1.4 10.19 2.22 1113* | 228 15.02
56 | RLC 133 x Kartika 1319 | 14.12* 447 397 | 1398 | 1048~ | 144 33




S.N. Crosses E, = Es E4
BP (%0) SH(%0) BP(%0) SH(%) BP (%) SH(%) BP(%) SH(%0)
57 K29 x IPI 10 1.62 23.48** 3.37 16.41* 7.59 28.94** -4.31 13.92
58 K29 x GS 384 -5.42 3.12 -8.01 1.21 -16.31** 0.93 -5.75 5.13
59 K29 x H 45 -7.29 0.16 -0.31 11.23 -6.81 11.69* 1.79 14.47
60 K 29 x Kartika -8.31 -3.94 -5.74 2.07 -6.81 11.69* -1.88 4.95
61 IP1 10 x GS 384 -5.14 15.27* -0.15 12.44 -4.92 14.66** -6.77 10.99
62 IP110x H 45 -12.43* 6.40 3.68 16.75* -11.97** 3.71 -0.62 18.32*
63 IP1 10 x Kartika -2.03 19.05** 521 1848** -0.63 17.07** 4.00 23.81**
64 | GS384xH45 13.55* 23.81** 12.38* 25.39** 0.62 21.34** -5.21 6.59
65 | GS 384 x Kartika -6.48 1.97 5.02 15.54* -14.77** 2.78 4.27 16.3
66 | H45x Kartika 13.37* 22.5** -0.31 11.23 14.16** 24.12** 1.63 14.29
Min. -21.62 -4.93 -14:11 =3.97 -20.74 0.93 -15.46 -5.86
Max. 14.89 312 138 35.41 15.66 35.25 12.34 31.68
SE (%) 1.36 1:27 0.83 1.50
No. of significant crosses 11 22 5 32 32 42 1 16
No. of Significant +ve crosses 3 22 3 32 6 42 - 16
No. of Significant -ve crosses 8 - 2 - 26 - 1 -

* **Significant at5 and1 percent levels,




Table 7 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for number of capsules per plant

E; E, E; E,4

S:N. | Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP(%) | SH(%) | BP(%) | SH(%)
1| Indirax Gaurav 873 | 730 0.52 324 | 074%F | 8635 | 684 | 9.12%*
2 [ Indirax Dipika 6.84* 492 2.40 223 6.00* 291 9.89%* | 7.19%
3 | Indirax Shekhar 134 | 1164 | 545 | 759% | T.158 | 113% | 617%* | 1038**
4 | Indirax KB 9610 1.70 336 154 011 143 256 481% | 1158
5 | Indirax ILS 264 8.11* 5.15 6.78" | 022 0.00 143 154 0.60
6 | Indirax RLC 133 17055 | 1472 | 869 | 201 043 25 0.92 0.13
7 | Indirax K29 1226 | 918** | 934 | 262 888% | 571* | 1037** | 765
8 | Indirax IPI 10 0.24 164 | 078 | 1552 | 481* | 1106%* | 574 | 1464
9 | Indirax GS 384 101 | 1200%* | -448* | 475% 125 | 7.85%% | 405¢ | 1344%
10 | Indirax H 45 3.79 201 228 | -419* 1.84 226 313 0.86
11 | Indirax Kartika 051 0.34 143 4.8* 323 3.87 034 146
12 | Gaurav x Dipika 6.35 5.04 5.57%* 162 12 22 3.32 5.50%
13 | Gaurav x Shekhar 307 | 1662%* | 0.690 | 1457 | 074 | 1225 | 051 | 17.03*
14 | Gaurav x KB 9610 5.69 0.84 149 006 | 68% | 303 | 913% | 326
15 | Gaurav x ILS 264 125 0.00 157 223 0.60 0.42 0.39 253
16 | Gaurav x RLC 133 136 01l 447 0.56 553% | 6.48* 254 047
17 | Gauravx K 29 589 459 447 0.56 2.34 131 1.24 3.39
18 | Gaurav x IP110 318 | 1242 | 287 | 1133%* | 7.74% | 85l** | 93% | 1031**
19 | Gaurav x GS 384 081 [.1186* | 285 | 653* 076 | 1005** | 281 14.9%
20 | Gaurav x H 45 78 9.79* | 5.07* 302 4.09 452 0.70 4.86*
21 | Gaurav x Kartika 9,65 179 3.19 0.67 114 0.48 3.5 146
22| Dipika x Shekhar 045 | 1298% | 079 | 129% | 037 | 1267 | 255 | 1464
23| Dipika x KB 9610 0.48 5.65 457 | 6.00%* 04 4.46 225 4.06
24| Dipika x ILS 264 3.08 123 327 1.40 163 0.18 2.96 2.00
25 | Dipika x RLC 133 4.10 224 281 1.84 0.25 422 178 073
26 | Dipika x K 29 199 017 117 341 | 16917 | 1225 | 1839%% | 1437%
27 | Dipika x IP110 275 | 1293% | 536 | 849 | 7.04% | 827% | 361* | 1723




S.N. | Crosses E. E: Es Eq
BP (%0) SH(%) BP(%) SH(%) BP (%0) SH(%0) BP(%) SH(%)
28 Dipika x GS 384 171 12.87** 2.49 12 .4** -5.34* 3.39 -7.03** 9.91**
29 Dipika x H 45 1.48 3.36 4.04* 2.01 -0.65 -0.24 -5.56* -1.66
30 Dipika x Kartika 1.92 1.06 251 -2.12 1.74 1.07 9.08** 7.85**
31 Shekhar x KB 9610 -0.89 12.14** -3.93* 9.32** -1.53 11.36** -2.26 14.97**
32 Shekhar x ILS 264 0.25 13.43** -4.32* 8.88** -4.00 8.57** -2.94 14.17**
33 Shekhar x RLC 133 -4.35 8.23* -9.72%* 2.74 -4.00 8.57** -8.03** 8.18**
34 Shekhar x K 29 -3.81 8.84** -4.07* 9.16** -1.52** 4,58 -11.48** 4.13
35 Shekhar x IP1 10 1.06 17.35** 2.09 17.03** -0.51 17.01** 0.27 21.96**
36 Shekhar x GS 384 2.57 16.06** 1.57 15.58** 5.62* 19.33** 4.73* 23.82**
37 Shekhar x H 45 -4.65 7.89* -6.43** 6.48** -6.58** 5.65* S5.77** 10.84**
38 Shekhar x Kartika -4.3 8.28** -4.61** 8.54** -3.16 9.52** -2.94 14.17**
39 KB 9610 x ILS 264 1.86 7.11%* 231 3.80 4.75 8.98** 8.5** 15.5%*
40 KB 9610 x RLC 133 -1.49 3.58 -1.98 -0.56 -3.89 0.00 -2.81 3.46
41 KB 9610 x K 29 -4.42 0.50 -0.61 0.84 1.03 5.12* 14.31** 21.69**
42 KB 9610 x IPI 10 -4.43 10.97** -2.63 11.61** -1.52 15.82** 5.09** 27.81**
43 KB 9610 x GS 384 0.15 11.14** -0.15 9.49** 10.29** 20.46** -2.59 15.17**
44 KB 9610 x H 45 5.11 10.52** 4.13* 5.64** 16 5.71* 1.56 8.12**
45 KB 9610 x Kartika 0.48 5.65 3.14 4.63* -1.72 2.26 -9.19** -3.33
46 ILS 264 x RLC 133 3.11 0.22 1.37 -5.08* -5.85* -7.20%* -6.85** -5.85**
47 ILS 264 x K 29 4.66 1.73 5.78** -0.95 7.00%* 5.47* 3.69 2.73
48 ILS 264 x IPI 10 -3.9 11.58** -4.43* 9.55** -5.41* 11.24** -4.87%* 15.7**
49 ILS 264 x GS 384 4.34 15.78** 2.90 12.84** 10.02** 20.17** 4.16* 23.15**
50 ILS 264 x H 45 0.77 2.63 1.65 -0.34 1.72 2.14 1.85 6.05**
51 ILS 264 x Kartika 3.22 2.35 5.95%* -0.61 0.42 -0.24 6.25** 5.26*
52 RLC 133 x K 29 5.2 -1.57 3.05 -5.64** 5.11 0.42 -2.83 -1.80
53 RLC 133 x 1Rl 10 2.17 18.63** 151 16.36** 2.07 20.05** 4.16* 26.68**
54 RLC 133 x GS'384 0.71 11.75** 1.53 11.33** -2.29 6.72** -1.80 16.1**
55 RLC 133 x H 45 6.87* 8.84** 5.3** 3.24 -0.77 -0.36 -1.79 2.26
56 RLC 133 x Kartika 16.65** 15.67** 4.88* -1.62 10.3** 9.58** 5.79** 6.92**




S.N. | Crosses = E. Es Eq
BP (%) SH(%) BP(%0) SH(%0) BP (%) SH(%0) BP(%0) SH(%0)
57 K29x IPI 10 -1.78 14.05** -1.61 12.79** -3.79 13.15** -4.54* 16.1**
58 K29 x GS 384 -0.55 10.35** -3.72* 5.58** -5.34* 3.39 -4.9* 12.44**
59 K29x H 45 1.59 3.47 1.54 -0.45 8.95%* 9.4** 13.42** 18.1**
60 K 29 x Kartika 2.43 1.57 4.17* -2.29 2.22 1.55 5.92** 4.72*
61 IP110 x GS 384 1.45 17.8** 1.95 16.86** 212 20.11** 4.49* 27.08**
62 IP110 x H 45 -1.25 14.66** 0.00 14.63** =9.16%* 6.84** -3.34 17.56**
63 IP1 10 x Kartika -4.24 11.19** -2.83 11.39** -5.92** 10.65** -4.49* 16.17**
64 | GS384xH45 -0.40 10.52** -1.88 7.59** -5.45* 3.27 -4.39* 13.04**
65 | GS 384 x Kartika 2.47 8.23* -6.26** 2.79 -3.27 5.65* -13.62** 2.13
66 | H45x Kartika 5.22 7.16* 6.09** 4.02* -1.60 -1.19 -0.38 3.73
Max. 17.95 18.63 9:34 17.03 16.91 20.46 18.39 27.81
Min. -5.69 -2.01 9.72 -5.64 -9.16 -7.20 -13.62 -5.85
SE (%) 1.89 - 1.16 - 1.41 - 111 -
No. of significant crosses 8 39 28 38 24 37 36 45
No. of Significant +ve crosses 8 39 16 34 10 35 17 44
No. of Significant -ve crosses - - 12 4 14 2 19 1

* **Significant at5 and1 percent levels,




Table 8 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for number of seeds per capsules

E; E, E; E,4

SN. Crosses BP (%) | SH(%) | BP(®) | SH(%) | BP (%) | SH®) | BP(%) | SH(%)
1| Indirax Gaurav 075 | 330 | 147 305 161 | 467% | 1227 | -1044**
2 | Indirax Dipika 268 | 6.62%% | 152 | -6.14%* | 331* | 805%% | 1167 | -14.86*
3 | Indirax Shekhar 000 | 515 | 189 2,89 041 | 428 | 123 321
4 | Indirax KB 9610 408 | 136 | 234 | 975 | 182 | -10.12** | 0.00 8.43%*
5 | Indirax ILS 264 481%* | 5517 | 150 217 156 156 161 161
6 | Indirax RLC 133 286% | 735 | 078 | -6.86** |- 043 | 856** | -1.75 9.64%*
7 | Indirax K29 327 | 12.87%* | 352 | 1083 | 088 | -1050%* | 000 843+
8 | Indirax IPI 10 389 | 9.10%% | 3.03% | 7858** | 125 | 545 | 4.66* 0.80
9 | Indirax GS384 769 | 1176 | 485%* | 704 | .B537%* | -1089%* | 617 | 843
10 | Indirax H 45 418 | 7.35% | 088 .| 433 | 437** | 623 | 956 | -8.84**
11 | Indirax Kartika 543 | 404~ | 141 144 3.07* 156 | 5.04% 161
12 | Gaurav x Dipika 151 110 257 0.72 321 0.00 118 0.80
13 | Gaurav x Shekhar 83 | 10.66* | 846 |-1011%* | 161 | -467°* | -6.60%* | 482
14 | Gaurav x KB 9610 264 | 5157 |- 000 181 161 156 | 5.91%* | -4.02%*
15 | Gaurav x ILS 264 111 1.8 1,10 289 272 272 0.00 2,01
16 | Gauravx RLC 133 264% | BAE* | 441 | 6.14%* | 643 | 934 | 945+ | 7.63%
17 | Gauravx K 29 34%% | 588 | 515 | -6.86** | -0.40 3.5* 6.3 | 442
18 | Gaurav x IP110 451 | 404 0| 147 325 28 | 584 | 236 0.40
19 | Gaurav x GS 384 075 . 330 | 037 217 0.80 233 | 4727 | 281
20 | Gaurav x H 45 151 1,10 0.74 1.08 159 0.39 1.97 4.02%*
21 | Gaurav x Kartika 181 037 037 217 192 0.39 233 1.20
22| Dipika x Shekhar 23 6255 | 000 | -4.69%* | -1.63 | 623 | 41 | 602"
23 | Dipika x KB 9610 845 | 7.35%% | 038 | 433 | 124 | -7.00* = 8.43%*
24 | Dipika x ILS 264 2.22 204 | 300 0.72 311* | 311* 0.00 0.00
25 | Dipika x RLC.133 230 1.84 341* 144 165 | -4.28% 1.25 2.41
26 | Dipika x K 29 46 | 846 | 114 | 578 | 331* | -8.95%* 5o* 8.43%*
27 | Dipika x IP110 650 | 1020%% | 265 | 7.20%% | 248 | 817 | 625 | -9.64
28| Dipika x GS 384 000 | 404~ | 149 181 083 | 5.06** 0.82 161




S.N. Crosses E. E. Es Es
BP (%0) SH(%) BP(%) SH(%) BP (%0) SH(%) BP(%) SH(%)
29 Dipika x H 45 1.90 -1.47 1.89 -2.89* 1.19 -0.78 -0.4 0.4
30 Dipika x Kartika -4.35** -2.94* 3.33* 0.72 -5.36** -3.89* -7.75%* -4.42%*
31 Shekhar x KB 9610 -1.16 -6.25** -2.27 -6.86** -2.45 ST -6.15** -8.03**
32 Shekhar x ILS 264 -4 .44** -5.15** 1.12 -2.53 -7.78*%* -1.78%* -2.41 -2.41
33 Shekhar x RLC 133 0.78 -4.41%* 2.27 -2.53 2.04 -2.72 2.87* 0.8
34 Shekhar x K 29 -3.49** -8.46** -3.03* -7.58** -3.67% -8.17** -6.56** -8.43**
35 Shekhar x IP1 10 1.16 -4.04** 152 -3.26* -1.22 -5.84** -2.05 -4.02**
36 Shekhar x GS 384 0.77 -3.68** 1.87 -1.44 245 -2.33 -1.64 -3.61**
37 Shekhar x H 45 2.66* -0.74 3.03* -1.81 -2.78 -4.67%* 1.20 2.01
38 Shekhar x Kartika -1.45 0.00 0.37 -2.17 0.00 1.56 -0.39 3.21*
39 KB 9610 x ILS 264 -4 .44** -5.15** -4.49%* -1.94** -7.78** -71.78** -8.43** -8.43**
40 KB 9610 x RLC 133 0.00 -11.4** 122 -10.11%* -1.28 -10.12** -3.93** -11.65**
41 KB 9610 x K 29 -1.65 -12.5%* 0.00 =12.27** -1.32 -12.45** -3.57* -13.25**
42 KB 9610 x IPI 10 0.39 -5.15%* =3.41* -71.94** 1.25 -5.45** 212 -3.21*
43 KB 9610 x GS 384 -4.62** -8.82%* -7.09** -10.11** 0.00 -5.84** -4.94** -7.23**
44 KB 9610 x H 45 -1.90 +5.15%* -4.17%* -8.66** -0.79 -2.72 -3.19* -2.41
45 KB 9610 x Kartika -5.8** -4.41%* -0.74 -3.25* -7.66** -6.23** -3.88** 0.4
46 ILS 264 x RLC 133 -0.37 -1.10 2.25 -1.44 -2.72 -2.72 161 1.61
47 ILS 264 x K 29 -3.33%* -4.04** -1.12 -4.69** -6.23** -6.23** -3.61** -3.61**
48 ILS 264 x IP110 -0.37 -1.10 0.75 -2.89* -1.56 -1.56 -0.80 -0.80
49 ILS 264 x GS 384 -2.96* -3.68** -1.49 -4.69** -4.28** -4.28** 0.00 0.00
50 ILS 264 x H 45 -3.7%% -4.41%* 0.75 -2.89* -5.06** -5.06** -2.79* -2.01
51 ILS 264 x Kartika 0.00 1.47 2.96* 0.36 0.00 1.56 0.39 4.02**
52 RLC 133x K 29 0.41 -10.66** 2.85 -8.66** 0.00 -8.95** -0.44 -8.43**
53 RLC 133 x IPI 10 -0.78 -6.25** -3.03* -7.58** 0.00 -6.61** -1.27 -6.43**
54 RLC 133 x GS 384 -3.85** -8.09** -5.6** -8.66** 1.65 -4.28** 1.23 -1.2
55 RLC 133 x H 45 -5.7%* -8.82** 1.14 -3.61** -6.35** -8.17** -1.57** -6.83**
56 RLC 133 x Kartika -7.25** -5.88** -2.22 -4.69** -5.75%* -4.28** -5.04** -1.61
57 K29x IPI 10 -7.78** -12.87** -7.95%* -12.27** -6.25** -12.45** -5.08** -10.04**




S.N. Crosses E, E, Es E4
BP (%) SH(%0) BP(%0) SH(%) BP (%0) SH(%) BP(%0) SH(%0)
58 | K29x GS 384 -1.15 -5.51** -2.61 -5.78** -2.48 -8.17** -8.64** -10.84**
59 | K29x H45 -3.42*%* -6.62** -4 55%* -9.03** -6.35** -8.L7** -6.77** -6.02**
60 | K29x Kartika -6.16** -4.78** -0.74 -3.25* -5.75%* -4.28** -5.04** -1.61
61 | IPI10x GS 384 0.38 -4.04** 0.37 -2.89* 2.89 -3i11* -0.41 -2.81*
62 | IPI10xH45 0.00 -3.31** 1.14 -3.61** -2.38 -4.28** -1.99 -1.2
63 | IP110 x Kartika -2.17 -0.74 111 -1.44 -5,36%* -3.89* -1.16 241
64 | GS384xH45 -0.76 -4.04** -3.73** -6.86** -1.19 -3.11* -0.40 0.40
65 | GS 384 x Kartika -4.71%* -3.31** 0.74 -1.81 -2:30 -0.78 -1.55 2.01
66 | H 45x Kartika -2.54* -1.1 0.74 -1.81 0.00 1.56 1.94 5.62**
Min. -8.3 -13.6 -8.46 -12.27 -7.78 -12.45 -12.2 -14.86
Max. 2.86 1.47 3.41 0.72 321 1.56 4.66 5.62
SE (%) 0.10 0.12 0.13 0.10
No. of significant crosses 34 53 21 45 22 48 33 39
No. of Significant +ve crosses 2 - B - 1 - 2 4
No. of Significant -ve crosses 32 53 16 45 21 48 31 35

* **Significant at5 and1 percent levels,




Table 9 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for test weight

E; E, E; E,4

SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) |.SH(®) | BP(%) | SH(%)
1| Indirax Gaurav 13735 | 046%% | -12.66%* | 8.68%% | -1556** | | 64* | 2105 | 7.69%*
2| Indira x Dipika 0.90 0.90 0.46 0.46 3.92 4,43 4.29* 3.08
3 | Indira x Shekhar 2038 | 6.76%* | -10.38* | 5.02¢ | 2172 | 591* | -1048** | -4.62*
4 | Indirax KB 9610 564 | 1306% | -6.44% | 12.79%* | 843 | 1232%% | 658* | 1641%*
5 | Indirax ILS 264 2027%% | 1037%* | 3333 | 2055%% | 3085% | 2118 | 2857%* | 24.62%
6 | Indirax RLC 133 051 | -1081%* | 052 | -10.96** |~ 2.70 6.40* 317 0.00
7 | Indirax K29 407 | 1667 | 562%* | 15077 | 549 | 18.72%* | 595%* | 2154
8 | Indirax IP1 10 102 | 1216% | 361 | 1461%% | 108 | -0.85%* | -423% | 7.18%*
9 | Indirax GS 384 1279% | 135 241 1644 | 250 | 20.18* | 323 | 2308**
10 | Indirax H 45 152 901 | 206 | 1324 | 324 | -1182%* | 7.04%* | 10.77%*
11 | Indira x Kartika 5.08%% | 15.77%% | w7027 | 17.81% | 919%* | -17.04%*% | 847+ | 11.08%*
12 | Gaurav x Dipika 3435 135 3.06 137 | 1378 | 443 | -136** 103
13 | Gaurav x Shekhar 6.155% | 901% | 465¢ |.1233% | 574 | 133%* 303 | 1487
14 | Gaurav x KB 9610 752%% | 1081%% | -7.95%% | 1096%* | 9.24%% | 1133 | 823 | 1436**
15 | Gauravx ILS 264 3.86°* | 1090 175 274 6.00%* 3.94 9.21%% | 6.15%
16 | Gaurav x RLC 133 1116%* | 6.76%% | .75 274 | 1467 | 542% | 12.72%% | 205
17 | Gauravx K 29 889%% | 1081 | -11.24%* | 822%% | 1412%* | 788* | -14.68** | 10.26%*
18 | Gaurav x IPI 10 133*% | 901~ | 349 091 | -16.00%* | 6.9 | -1623** | -2.05
19 | Gaurav x GS 384 B.10%* | 1260 | 120 1507 | 208 | 1576** | -6.85°* | 18.46**
20 | Gaurav x H45 172 6.76% 3.06 7.76% 267 7.88% 263 | 1385+
21 | Gaurav x Kartika 258" 2.5 0.44 411 e 197 | 1053 | 462+
22| Dipika x Shekhar 538% | 1081 | -6.98%* | 950%* | -1148** | 6.40* 303 | 1487
23 | Dipika x KB 9610 A14% | 1486% | -6.82%% | 1233%% | 884 | 11.82%% | 5.76%* | 17.44%
24 | Dipika x ILS 264 45 | 45 | 685% | -6.85%% | 588% | -542% | -6.19% 103
25 | Dipika x RLC 133 2.25 2.5 1.83 1.83 1.96 148 | 2286%* | 3231%*
26 | Dipika x K 29 6.67% | 1351% | 562** | 1507** | 08 | 133 | 476% | 23.08**
27 | Dipikax IPI 10 365 365 0.00 0.00 .47 20.99 286 | 10.77%
28 | Dipika x GS 384 93 | 54l | 482 | 822%* | -10%* 6.4% | 1411%* | 9.23%




S.N. Crosses E. E: Es Es
BP (%0) SH(%) BP(%) SH(%) BP (%0) SH(%) BP(%) SH(%)
29 Dipika x H 45 -5.41** -5.41** -4.11 -4.11 -7.35** -6.9** -7.14** 0.00
30 Dipika x Kartika 3.15* 3.15* 3.20 3.20 2.94 3.45 4.29* 12.31**
31 | Shekhar x KB 9610 -1.88 17.57** -3.79* 15.98** 0.00 22.66%* 0.82 25.64**
32 | Shekhar x ILS 264 -3.08** 13.51** -4.65* 12.33** -3.69 15./6** 1.30 20**
33 | Shekhar x RLC 133 -2.69* 13.96** -4.65* 12.33** -1.64 18.23** 0.00 18.46**
34 | Shekhar x K 29 -1.85 19.37** -3.37 17.81** -5.10* 19.21** 1.19 30.77**
35 | Shekhar x IP110 -6.92** 9.01** -9.3** 6.85** -9.02** 9.36** -5.19** 12.31**
36 | Shekhar x GS 384 -5.38** 10.81** -5.81** 10.96** -4.10 15.27** -5.65** 20**
37 | Shekhar x H 45 1.54 18.92** 0.00 17.81** 0.82 21.18** 6.06** 25.64**
38 | Shekhar x Kartika -1.92 14.86** -3.1 14.16** -6.56** 12.32** -2.60 15.38**
39 KB 9610 x ILS 264 -3.76** 15.32** -341 16.44** -4.82* 16.75** -4.94** 18.46**
40 KB 9610 x RLC 133 -0.38 19.37** 0.00 20.55%* -0.80 21.67** 2.06 27.18**
41 KB 9610 x K 29 148 23.42*%* 1.12 23.29** -1.96 23.15** -2.38 26.15**
42 KB 9610 x IPI 10 -5.64** 13.06** -6.82** 12.33** -6.43** 14.78** -4.12** 19.49**
43 KB 9610 x GS 384 -6.02** 12.61%* -8.71** 10.05** -3.61 18.23** -8.06** 16.92**
44 KB 9610 x H 45 -11.28** 6.31%* -9.09** 9.59** -8.43** 12.32** -9.88** 12.31**
45 KB 9610 x Kartika -6.77** 11.71*%* -10.23** 8.22** -8.43** 12.32** -6.17** 16.92**
46 ILS 264 x RLC 133 0.98 -6.76%* 455 -5.48* 1.60 -5.91* 12.64** 0.51
47 ILS 264 x K29 -16.67** 1.35 -19.1** -1.37 -17.65** 3.45 -16.67** 7.69**
48 ILS 264 x IP1 10 -1.95 -9.46** 0.00 -9.59** 1.60 -5.91* 10.34** -1.54
49 ILS 264 x GS 384 -6.98** 8.11** -6.43** 6.39** -8.33** 8.37** -12.9** 10.77**
50 ILS 264 x H 45 -2.44 -9.91** -0.51 -10.05** -0.53 -7.88** 8.62** -3.08
51 ILS 264 x Kartika 0.00 -7.66** 6.06* -4.11 1.60 -5.91* 8.62** -3.08
52 RLC 133x K29 -15.56** 2.7* -14.61** 411 -15.69** 5.91* -12.3** 13.33**
53 RLC 133 x IPI 10 1.59 -13.51** 3.85 -13.7*%* 6.10 -14.29** 6.51** -7.69**
54 RLC 133 x GS 384 -16.28** -2.7* -13.65** -1.83 -21.25** -6.9** -22.58** -1.54
55 RLC 133 x H 45 3.17* -12.16** 7.14* -10.96** 10.37** -10.84** 11.83** -3.08
56 RLC 133 x Kartika 16.32** -0.45 20.33** 0.00 19.64** -0.99 17.24** 4.62*
57 K29x IPI 10 -3.33** 17.57** -5.62** 15.07** -4.71* 19.7** -2.78 25.64**




S.N. Crosses E, E. Es Es
BP (%0) SH(%0) BP(%0) SH(%0) BP (%0) SH(%) BP(%0) SH(%0)
58 | K29 x GS 384 -2.22* 18.92** -2.25 19.18** -3.53 21.18** -2.38 26.15**
59 | K29xH45 -10.37** 9.01** -11.24** 8.22** -12.16** 10.34%* -10.71** 15.38**
60 | K29 x Kartika -11.48** 7.66** -10.11** 9.59** -13.33** 8.87** -15.48** 9.23**
61 | IP110x GS 384 -7.75** 7.21%* -4.42* 8.68** -7.92** 8.87** -16.13** 6.67**
62 | IPI10xH45 18.97** -6.76** 21.43** -6.85** 20.5** -4.43 16.77** 0.00
63 | IP110x Kartika 8.42** -7.21** 10.00** -9.59** 21.43%* 0.49 0.00 -10.77**
64 | GS384xH45 -1.16 14.86** 0.40 14.16** 1.25 19.7** -0.81 26.15**
65 | GS 384 x Kartika -4.65** 10.81** -3.61 9.59** -5.00* 12.32** -10.48** 13.85**
66 | H 45 x Kartika 19.47** 2.25 26.67** 4.11 25.00** 3.45 25.86** 12.31**
Min. -20.38 -15.77 -19.38 -17.81 -21.72 -17.24 -22.58 -11.28
Max. 29.27 23.42 33.33 23.29 30.85 23.15 28.57 3231
SE (%) 0.09 0.16 0.17 0.12
No. of significant crosses 48 57 37 50 41 54 50 52
No. of Significant +ve crosses 8 38 7 36 6 37 12 45
No. of Significant -ve crosses 40 19 30 14 35 17 38 7

* **Significant at5 and1 percent levels,




Table 10 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for seed yield per plant

S.N. Crosses E. E: Es Eq

BP (%0) SH(%) BP(%) SH(%) BP (%0) SH(%) BP(%) SH(%)
1 Indira x Gaurav -6.81 -5.91 -10.18** -10.21** -8.67* -2.91 -25.98** -9.78**
2 Indira x Dipika 491 -1.11 3.14 -4.47 17.79 -2.05 -6.26 -6.00
3 Indira x Shekhar -21.46** -1.21 -21.91** -1.01 -22.67%* 0.27 -25.41** 191
4 Indira x KB 9610 -8.49** 0.92 -6.87** 1.29 -8.55* 3.55 -0.38 18.92**
5 Indira x ILS 264 33.22** 18.68** 38.78** 18.43** 28.80** 17.65** 39.51** 23.34**
6 Indirax RLC 133 21.94** -5.22 15.98** -10.34** 6.32 -16.54** 4,57 -9.47**
7 Indira x K29 10.61** 10.98** 10.73** 8.11*%* 8.31 12.32** 9.37** 19.85**
8 Indirax IP1 10 12.48** -7.11* 12.34** -7.96** 12.39* -4.56 8.84* 5.59
9 Indira x GS 384 -18.67** 0.26 -12.85** 6.28* -4.14 16.54** -12.91** 27.88**
10 Indirax H 45 5.27 -18.18** 4.35 -19.33** 7.85 -15.34** -8.81* -17.96**
11 Indira x Kartika -6.49 -19.46** -2.23 -21.18** -6.17 -21.65** -5.86 -13.94**
12 | Gaurav x Dipika 4.30 5.31 4,57 454 -12.13** -6.59 -11.75** 7.56*
13 | Gaurav x Shekhar -8.92** 14.57%* -9.19** 15.12** -6.51 21.22** -6.28* 28.04**
14 | Gaurav x KB 9610 -5.43 4:29 -2.00 6.59* -6.13 6.29 -12.85** 6.22
15 | Gaurav x ILS 264 -1.89 -0.94 -1.68 -1.71 -5.19 0.78 -8.86** 11.09**
16 | Gauravx RLC 133 -12.34** | -11.49%* -1.07** -7.11%* -2455** | -19.79** | -22.97** -6.12
17 | Gaurav x K29 8.01* 9.05* 5.25* 5.21* -0.70 5.56 -10.52** 9.06*
18 | Gaurav x IPI 10 2.7 <176 3.49 345 -10.53* -4.89 -11.71*%* 7.61*
19 | Gaurav x GS 384 -1.13 21.9%* -0.87 20.89** 2.36 24.45%* -9.9** 32.3**
20 | Gauravx H45 14.84%* 15.95** 12.94** 12.9** 5.68 12.34** 1.88 24.17**
21 | Gaurav x Kartika 2.76 3.75 248 245 -3.95 211 -14.4** 4.33
22 Dipika x Shekhar -6.66* 17.41** -7.17%* 17.68** -13.3** 12.42*%* -9.39** 23.8**
23 Dipika x KB 9610 1.98 12.46** 412 13.24** -4.08 8.61 -6.25* 11.91**
24 Dipika x ILS 264 -0.50 -6.20 -0.16 -7.52** 0.49 -8.21 2.80 3.08
25 Dipika x RLC 133 413 -1.85 4.25 -3.44 -0.63 -9.7* 27.84** 28.18**
26 Dipika x K 29 3.83 418 7.01** 4.47 11.64** 15.77** 17.68** 28.95**
27 Dipika x IP1 10 11.34** 4.96 10.99** 2.81 8.31 -1.58 17.44*%* 17.76**




E; E, E; E,4
SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) | SH(%) | BP(%) | SH(%)
28 | Dipika x GS 384 738 | 1418%* | 421* | 1682%* | 1404 |. 451 | -1053%* | 18.17**
29 | Dipikax H 45 222 3.64 3.29 433 145 7.81 152 125
30 | Dipikax Kartika 7.35 119 9.56%* 148 10.57* 0.47 1544 | 1576%
31 | Shekhar x KB 9610 1,66 237%*% | 462 | 2001 | 201 | 2705 | 275 | 32.87**
32 | Shekhar x ILS 264 288 | 2216%* | 479% | 2060%* |o-10.61%*% | 159% 214 | 337
33 | Shekhar x RLC 133 627 | 179 | 912% | 152+ 371 | 2485%* | 545 | 20.18%*
34 | Shekhar x K 29 537 | 1003 | 617 | 18.94%* | -1166** | 1454 | 8715 | 2472%
35 | Shekhar x IP1 10 243 | 2273 | 386 | 2087** | 7.07* | 205 376 | 315
36 | Shekhar x GS 384 145 | 2397%* | 125 | 2518% | 362 | 3436 | 240 | 4332%
37 | Shekhar x H 45 125 | 2736 | 118 | 2527** |. 586 | 2206** | 403 | 4213**
38 | Shekhar x Kartika 111 24,47 313 2.8 355 | 2506%* | 047 | 3598**
30 | KB 9610 ILS 264 6.2 1710 | 497 | 1417% | 367 1739 | 501 | 2536%*
40 | KB 9610 x RLC 133 20,55 9.67% 0.05 871 345 9.33* 257 | 1631
41 | KB 9610 x K 29 156 8.56* 0.05 8,82 0.10 1334 | 1155%* | 3317%*
42 | KB 9610 IPI 10 797% | 1007 | . 78 | 17.25%% | 1101%* | 257%% | 2384 | 4784
43 | KB 9610 x GS 384 743 | 1413% | 879% | 1124% | 1033** | 34.13%*% | -14.92%% | 24.93%*
44 | KB 9610 x H 45 107 1146*% | 017 8.58** 201 15505 | 072 | 1852+
45 | KB 9610 x Kartika 225 1276% | 219 1115 | -4.90 7.68 568 | 1259%
46 | ILS 264 x RLC 133 3.77 756 | 594% | 0597 | 7.00 | -1505%% | 872* 3.89
47 | ILS 264 x K 29 138 1.04 165 3.99 135 231 263 6.60
48 | ILS 264 x IP1 10 1177 | 007 | 1489 | 196 | 12.86** | 3.09 16.49%% | 13.01%*
49 | ILS 264 x GS 384 218 | 2059%* | 363 | 1753 | 251 | 2463* | 7.12%% | 364*
50 | ILS 264 x H 45 073 | -1156%* | 28l | -1227* | 222 | -1069* | 1205%* | 081
51 | ILS 264 x Kartika 7.63 411 | 12217 | 424 438 466 | 1613** | 616
52 | RLC 133x K 29 9.9 | 06 | 775 | 994~ | -654 3.08 7,01 1.90
53 | RLC 133x IPI 10 1649 | 379 | 1584** | B551* | 1323* 385 | 12.85%* | 948
54 | RLC 133 x GS 384 18927 | 005 | -181%* | 041 | 2L78** | 490 | 23.04* | 13.01**
55 | RLC 133x H 45 12945 | 1283% | 18.12%* | -12.0%* | 443 | 1839 | 272 7.50%
56 | RLC 133 x Kartika 2584%% | 839% | 2535%% | 106 | 2439% | 387 | 2044%* | 101




S.N. Crosses E, E. Es E4
BP (%) SH(%0) BP(%0) SH(%0) BP (%) SH(%0) BP(%0) SH(%)
57 | K29x IPI10 16.48** 16.88** 18.15** 15.35** 14.4** 18.64** 19.83** 31.3**
58 | K29x GS 384 0.62 24.05** -0.52 21.32** -5.36 15.06** -13.87** 26.47**
59 | K29xH45 5.11 5.46 4.19 1.72 6.85 10.8* 16.88** 28.07**
60 | K29x Kartika 3.75 4.10 6.36* 3.84 2.10 5,88 2.74 12.58**
61 | IP110x GS 384 -1.67 21.22** 0.27 22.29** 4,19 26.66** -10.31** 31.7**
62 | IPI10xH45 25.18** 3.39 25.89** 3.14 15.08** 2.29 19.8** 16.22**
63 | IP110x Kartika 18.93** 2.44 23.09** 0.85 26.67** 7.56 9.45* 6.18
64 | GS384xH45 -1.12 21.91** -3.12 18.15** -1,52 19.73** -2.49 43.19**
65 | GS 384 x Kartika -5.95* 15.95** -7.12** 13.27** -3.12 17.78** -19.26** 18.56**
66 | H45x Kartika 25.8** 8.36* 33.15** 7.35** 24.32** 3.81 34.65** 23.1**
Min. -21.46 -19.46 -21:91 -21.18 -24.55 -21.65 -25.98 -17.96
Max. 33.22 27.36 38.78 25.27 28.8 34.36 39.51 47.84
SE (%) 0.15 0.99 0.70 0.74
No. of significant crosses 28 40 38 45 25 37 45 52
No. of Significant +ve crosses 16 32 22 33 13 29 20 47
No. of Significant -ve crosses 12 8 16 12 12 8 25 5

* **Significant at5 and1 percent levels,




Table 11 Estimation of heterobeltiosis (BP) and standard heterosis (SH) for oil content

E; E, Es E,4

SN. Crosses BP (%) | SH(%) | BP(%) | SH(%) | BP (%) | SH(%) | BP(%) | SH(%)
1| Indirax Gaurav 185 0.15 1.72 244 183 0.00 739 | 0.98
2| Indira x Dipika 176 1.89 431 117 367 187 | 58 | o071
3 | Indira x Shekhar 3.99% 203 | 567%* | 168 |. 467 | 289 | 714 | 071
4 | Indirax KB 9610 562%% | 370% | 5o 119 555 | _374% | 10.71%* | -453*
5 | Indirax ILS 264 0.35 239 0.62 4,88 2.17 0.34 3.90* 275
6 | Indirax RLC 133 3.0 112 2.70 141 2,50 0.68 2.99 3.73
7 | Indirax K29 650°% | 460% | -6.81%* | w287 | 508 | 331 | 1154 | 541
8 | Indirax IP1 10 856%% | 6.70%% | 1172 | .7.98%* | 892 | -7.20%% | 1087 | -4.70%
9 | Indirax GS 384 10427 | 8607 | 12517 | B8] -12.83%% | -1120%* | -1237%% | 6.3
10 | Indirax H 45 971 | 7.87%* | -1031%* | 652%% | 1117%* | -951%* | -1054** | -4.35*
11 | Indira x Kartika 2.93 0.95 1,91 224 3.08 127 | 656 | -0.09
12 | Gaurav x Dipika 7.09°% | 363% | 675" |. -1.40 284 4.07* 3.27 0.27
13 | Gaurav x Shekhar 323 | 634 |_ 235 461 3.49 441% | -3.99% 169
14 | Gaurav x KB 9610 018 339 229 0.08 4.56% 272 0.90 071
15 | Gauravx ILS 264 0.47 0.02 2108 114 0.35 3.40 211 124
16 | Gauravx RLC 133 B2l | 3.74% | 418" 1.80 179 238 165 0.44
17 | Gauravx K 29 533%% | 560%* | 410 311 124 | 569 | 635 | -453*
18 | Gauravx IPI 10 Foa | 1022 | 543 | 762 | 184 | 934 | 807** | -7.99%*
19 | Gaurav x GS 384 0,80 244 1.05 3.34 0.09 7.56% 132 4,61
20 | Gaurav x H45 0.89 3.08* 343 103 3.08 3.9* 481 133
21 | Gaurav x Kartika 0.14 1.05 054 184 120 212 | 901 | 497*
22| Dipika x Shekhar 196 168 477 0.68 129 0.00 189 115
23 | Dipika x KB 9610 597 | 247 | 5437 | 002 258 382 344 0.44
24 | Dipika x ILS 264 '1.48 219 113 453 146 0.17 0.86 222
25 | Dipikax RLC 133 1027+ | 6.93%* | 9.7+ | 452¢ | 734 | 789 | -6.11** | -3.19
26 | Dipika x K 29 11.93%% | B8.66%* | -1448** | 050%* | 843 | 950%* | 008** | 7.19%*
27 | Dipikax IPI 10 437 081 | 581 | 042 284 4.07* 1.20 186




El Ez E3 E4

SN. Crosses BP (%) | SH(®) | BP(%) | SH(%) | BP (%) | SH(%) | BP©) | SH(%)
28 | Dipika x GS 384 664 | 316 | -6.35* | -0.98 146 272 1.89 115
29 | Dipika x H 45 1285%* | 9.61%* | 1016 | 5.01** | 6.76** | -7.56%% | 955+ | -6.74%
30 | Dipika x Kartika 412+ 0.56 187 3.75 1,89 2.80 238 195
31 | Shekhar x KB 9610 577 | 899%* | -401* | 627 | 392* | -1061* | -9.01** | -6.83*
32 | Shekhar x ILS 264 291 244 4.45% 130 088 | 458~ | 5290 | 302
33 | Shekhar x RLC 133 0.32 1.88 346 1.09 0.77 0.17 537 | 311
34 | Shekhar x K 29 761 | 7.96%% | 7.637* | 6.68%* ‘| A00* | 832 | 875 | 657
35 | Shekhar x IPI 10 301 | 7.06%* 33 5577 | 813 | -1053** | -858%* | -6.39%
36 | Shekhar x GS 384 5,92 1.24 4.26* 078 | 551 255 2.95 0.62
37 | Shekhar x H 45 231 | 535 | 411 073 | 685 | 7.64%* | 841 | 621**
38 | Shekhar x Kartika 2.20 1.04 2.25 0.09 0.34 0.59 2.12 222
30 | KB 9610 x ILS 264 102 152 120 2.06 159 221 420 | 515+
40 | KB 9610 x RLC 133 659 | 514** | 0.68 2.95 35 407 | 504~ | 302
41 | KB 9610 x K 29 814 | 849%* | 687 | B4l | 302 | -7.39%% | 1001 | -8.25
42 | KB 9610 IPI 10 0.36 3.78% 135 103 0.55 6455 | 461* | -453*
43 | KB 9610 x GS 384 9.48% | 1288 | 873% | -10.87%% | 6.75%% | -1324%* | 649%* | -7.99%*
44 | KB 9610 x H 45 7115 | 1001%% | 5@ | 7.53%*% | 10.45%* | -1121%* | -7.03%* | -8.52%*
45 | KB 9610 x Kartika 544 | 431% | 503 | 276 | 557%% | 645 | 739 | -3.28
46 | ILS 264 x RLC 133 2.04 363 02 351 051 0.08 217 4.35%
47 | ILS 264 x K 29 387" 3.4 662 | 354 150 229 0.78 115
48 | ILS 264 x IP110 406% | 350% | 531 | 219 | -520%* | 883 | 528 | 444"
49 | ILS 264 x GS 384 3.59* 3.12 e 311 212 | 577 | 545 | 461
50 | ILS 264 x H 45 104 0.76 4.46 131 283 3.65% 4.4* 355
51 | ILS 264 x Kartika 0.17 136 1.29 197 171 263 | 748~ | 337
52 | RLC133x K 29 0.24 179 0.93 197 0.00 0.59 1.04 106
53 | RLC 133x IPI 10 733 | 589%* | 053 177 P 756%% | 7.91%% | -5.94%
54 | RLC 133 x GS 384 101 | 0.63% | -486% | -7.04%% | -9.48%* | -10.02%* | 9.21* | -7.8*
55 | RLC 133x H45 271 121 287 051 47 | 526 | 556 | 355
56 | RLC 133 x Kartika 2.99 1,49 172 0.64 0.60 0.00 161 2.75




S.N. Crosses E, E. Es Es
BP (%0) SH(%0) BP(%0) SH(%0) BP (%0) SH(%) BP(%0) SH(%0)
57 | K29x IPI10 -6.45** -6.82** -3.96* -2.98 -4.53* -8.83** -12.97*%* | -11.27**
58 | K29 x GS 384 -7.51** -7.86** -8.62** -7.69** -7.2%* -11.38%* | -10.79** -9.05**
59 | K29xH45 -2.21 -2.59 -6.08** 5.11** -5.22%* -6.03** -4.79* -2.93
60 | K29 x Kartika 0.59 1.78 -0.67 1.72 -3.51* -4.41* -2.55 1.77
61 | IP110x GS 384 -1.37 -5.68** -2.60 -4.89%* -0.75 -9.59%* -3.63 -3.55
62 | IPI10xH45 -5.88** -8.81** 3.07 0.66 -2.40 -3.23 0.18 0.27
63 | IP110x Kartika 0.22 141 -1.28 1.08 -1.54 -2.46 0.85 5.32%*
64 | GS384xH45 -0.43 -3.53* 4.02* -0.82 -2.74 -3.57* 5.57** -0.80
65 | GS 384 x Kartika -1.27 -0.09 -2.58 -0.24 -1.97 -2.89 -4.67* -0.44
66 | H 45 x Kartika 2.75 3.97* 0.63 3.04 -0.77 -1.61 -1.87 2.48
Min. -12.85 -12.58 -14:48 -10.87 -12.83 -13.24 -12.97 -11.27
Max. 5.92 3.97 4.26 4.88 551 0.17 5.57 5.32
SE (%) 0.70 0.73 0.68 0.73
No. of significant crosses 32 34 36 21 27 38 43 28
No. of Significant +ve crosses 1 2 4 3 2 - 3 3
No. of Significant -ve crosses 31 32 32 18 25 38 40 25

* **Significant at5 and1 percent levels
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