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seed yield and its attributes in linseed (Linum 

usitatissimum L.) 

 
Shanti Bhushan, Sanjay Kumar, Sunil Kumar, Vinay Kumar Choudhary, 

Anuj Kumar Choudhary and Sohan Ram 

 
Abstract 
Heterosis and inbreeding depression for seed yield and yield attributes was studied in eight diverse 

linseed genotypes and one check under normal environmental condition. The analysis of variance in 

complete randomized block design for nine genotypes revealed significant differences among nine 

genotypes for all the ten characters indicating the sufficient amount of genetic variability present in 

experimental material, except number of primary branches per plant. Significant and desirable heterosis 

over mid parent was observed in four crosses for days to 50% flowering, two crosses for days to 

maturity, three crosses for plant height, two crosses for number of primary branches per plant, twelve 

crosses for number of capsules per plant, three crosses for number of seeds per capsule, seven crosses for 

capsule diameter, twelve crosses for each seed yield per plant and 1000-seed weight and eleven crosses 

for oil content. Heterosis over better parent it was observed significant and in desirable direction for 

seven crosses for days to 50% flowering, five crosses for days to maturity, four crosses for plant height, 

two crosses for number of primary branches per plant, nine crosses for number of capsules per plant. 

Similarly, heterosis over check variety T-397 was found significant desirable in eleven crosses for 

number of capsules per plant, thirteen crosses for each capsule diameter, seed yield per plant and oil 

content all the fifteen crosses for 1000-seed.  

Inbreeding depression in F2 generation showed that only one cross for days to 50% flowering, three 

crosses for days to maturity, two crosses for plant height, three crosses for number of primary branches 

per plant, eight crosses for number of capsules per plant, two crosses for number of seeds per capsule, 

twelve crosses for capsule diameter, eleven crosses for seed yield per plant, ten crosses for 1000-seed 

weight and nine crosses for oil content revealed significant positive inbreeding depression. 

 

Keywords: Linseed, heterosis, heterobeltiosis, inbreeding depression 

 

Introduction 

Linseed (Linum usitatissimum L.) is the sixth largest oilseed crop in the world and is one of the 

oldest cultivated plants (Bhatty and Rowland, 1990) [3]. It is grown for linen fiber, the earliest 

vegetable fiber domesticated by mankind, and as an oilseed (Dillman, 1938; Richharia, 1962) 
[5].  

Linseed (Linum usitatissimum L.), an important oilseed crop belonging to Linaceae family, 

with 14 genera and over 200 species is the only species in this family with economic and 

agronomic values (Tadesse et al., 2009) [27]. It is a self-pollinated crop but cross pollination 

occurs up to 2% (Tadesse et al., 2009) [27]. Every part of the linseed plant is utilized either 

directly or after processing. It is used as food (dietary fibres, micronutrients and omega -3 fatty 

acids), feed (oil cakes) and contains medicinal properties like antioxidant, phytoestrogen and 

anti-cancerous (Touré and Xueming, 2010) [29] and (Chopra and Badiyala, 2016) [4]. It also has 

a huge industrial demand for its fibre (flax and linen) and oil (paint, lubricant and varnish). It 

is generally unsuitable for culinary purpose due to high linolenic acid content (47-58 per cent) 

but it is an excellent source for industrial purposes. 

Globally, linseed is grown in an area of 32.63 lakh ha yielding 31.82 lakh tones with an 

average productivity of 975 kg per hectare (Anonymous, 2019) [1]. Canada is currently the 

world’s leader in the production and export of flax seed, a position it has held since 1994. In 

India, it occupies an area of 1.8 lakh ha with production and productivity 1.1 lakh tonnes of 

and 671 kg/ha respectively. Four states viz. Madhya Pradesh, Jharkhand, and Odisha are the 

major linseed growing states accounting for 65% of area and 64% of production, respectively. 

(Anonymous, 2020) [2].
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Apart from other methods to realize the yield potential in 

linseed, heterosis can be exploited as it has been successfully 

used in various self-pollinated crops.The magnitude of 

heterosis provides a basis for genetic diversity and guideline 

to the choice of desirable parents for developing superior F1 

hybrids so as to exploit hybrid vigour and for building gene 

pool to be exploited in population improvement. Therefore, 

heterosis studies can provide the basis for the exploitation of 

valuable hybrid combinations in future breeding programs as 

earlier reported by Pali and Mehta (2014) [15]; Reddy et al., 

(2013) [18].  

 

Materials and Methods 

The present investigation was carried out at the experimental 

area of Plant Breeding and Genetics Department, Ranchi 

Agricultural College, Birsa Agricultural University, Ranchi 

during Rabi, 2014 to Rabi, 2016. Nine diverse parents namely 

Chambal, Nagarkot, Janki, Rashmi, Mukta, BAU-13-2, SLS-

61, Meera and T-397 as check were selected and crossed for 

generation mean analysis. Fifteen F1’s were developed during 

Rabi, 2014-15 viz.; Cross-I (Chambal x BAU-13-1), Cross-II 

(Nagarkot x BAU-13-1), Cross-III (Janki x BAU-13-1), 

Cross-IV (Rashmi x BAU-13-1), Cross-V (Mukta x BAU-13-

1), Cross-VI (Chambal x SLS-61), Cross-VII (Nagarkot x 

SLS-61), Cross-VIII (Janki x SLS-61), Cross-IX (Rashmi x 

SLS-61), Cross-X (Mukta x SLS-61), Cross-XI (Chambal x 

Meera), Cross-XII (Nagarkot x Meera), Cross-XIII (Janki x 

Meera), Cross-XIV (Rashmi x Meera) and Cross-XV (Mukta 

x Meera). In next year Rabi, 2015-16, available F1
’s were 

advanced to get F2 seeds and simultaneously fresh F1
’s were 

also made In Rabi, 2016, nine parents along with their 

resulting 15 F1’s and 15 F2
’s were evaluated under rainfed 

condition with three replications in complete randomized 

block design with a spacing of 30 cm and 10 cm between and 

within the rows respectively. Non-experimental rows were 

planted all around the experiment to eliminate the border 

effects, if any. All recommended agronomical package of 

practices were adopted to raise good crop. Observations were 

recorded on days to 50% flowering, days to maturity, plant 

height, number of branches per plant, number of capsules per 

plant, number of seeds per capsule, capsule diameter, seed 

yield per plant, 1000-seeds weight and oil content.  

Standard heterosis over check varieties (T-397) was 

calculated as per formula Meredith and Bridge (1972) [14], 

heterobeltiosis was calculated following the method Fonseca 

and Patterson (1968) [6] and mid-parent heterosis (relative 

heterosis) was found out by the process suggested by Turner 

(1953) [30]. The cause of decrease in fitness and vigour i.e. 

Inbreeding depression was estimated in per cent with the help 

of F1 and F2 populations of the each fifteen crosses. 

 

Results and Discussion 

The analysis of variance in complete randomized block design 

for non-segregating genotypes that is parents and check also 

revealed significant differences among nine genotypes for all 

the ten characters except number of primary branches per 

plant (Table-1). The expression of heterosis in percentage 

over mid parent (relative heterosis), over better parent 

(heterobeltiosis) and over economic check variety (economic 

or standard or useful heterosis) as well as estimates of 

inbreeding depression of fifteen crosses were studied for ten 

characters and have been given in Table-2. 

 
Table 1: Analysis of variance (MSS) for different yield and yield attributing characters in linseed for non-segregating genotypes (parents and 

check) 
 

Source of 

variation 
df 

Days to 50% 

flowering 

Days to 

maturity 

Plant 

height 

(cm) 

No. of primary 

branches per 

plant 

No. of 

capsules per 

plant 

No. of 

seeds per 

capsule 

Capsule 

diameter 

(mm) 

Seed yield 

per plant 

(g) 

1000-seed 

weight (g) 

Oil 

content 

(%) 

Replications 2 12.48 6.00 26.96 0.04 1.04 1.33 0.00 0.19 0.00 0.69 

Genotypes 8 71.95** 118.00** 199.18** 2.95 1747.56** 2.00** 0.66** 4.69** 3.39** 263.35** 

Error 16 3.98 1.75 7.59 1.16 254.49 0.37 0.002 0.72 0.00 0.61 

*, ** --Significant at 5% and 1% level of significance respectively 

 
Table 2: Estimates of heterosis (MP, BP and Check) and inbreeding depression in per cent for days to 50 per cent flowering, days to maturity 

and plant height in linseed 
 

Cross No Hybrid combinations 
Days to 50% flowering Days to maturity Plant height (cm) 

MP BP Check ID MP BP Check ID MP BP Check ID 

Cross-I Chambal X BAU-13-1 0.85 -1.65 4.85* 2.52 -0.25 -3.35** 9.19** 1.24 -2.77 -5.88 10.15 -19.20**` 

Cross-II Nagarkot X BAU-13-1 1.64 -3.88* 9.25** -4.84** 4.31** 0.71 14.59** 3.77** -1.48 -5.41 12.60* -6.11 

Cross-III Janki X BAU-13-1 2.29 -1.99 8.37** -7.32** 1.60* -1.90* 11.62** -1.69 -1.33 -1.89 7.48 -1.23 

Cross-IV Rashmi X BAU-13-1 -4.29** -9.65** 3.08 -4.70* 0.00 -4.42** 11.08** -4.38** -13.73** -22.19** 6.03 -24.07** 

Cross-V Mukta X BAU-13-1 -3.64* -5.06** -0.88 -8.89** 1.24 -1.68 10.54** -8.31** -6.36 -6.66 2.26 -9.04 

Cross-VI Chambal X SLS-61 2.40 -2.89 3.52 -4.26* -0.83 -1.19 12.43** 4.33** 7.13 6.56 26.05** -13.14** 

Cross-VII Nagarkot X SLS-61 -1.05 -8.91** 3.52 -17.02** -0.71 -0.71 12.97** 1.67 2.12 1.80 21.18** -2.65 

Cross-VIII Janki X SLS-61 -5.13** -11.55** -2.20 -9.48** -1.19 -1.19 12.43** -4.57** 3.97 -0.43 17.79** -18.25** 

Cross-IX Rashmi X SLS-61 -6.30** -13.90** -1.76 -4.48* 1.29 0.23 16.49** 0.23 -5.58 -11.81** 20.18** -24.69** 

Cross-X Mukta X SLS-61 -1.32 -5.49** -1.32 -4.02* 2.75** 2.14* 16.22** -1.16 -4.04 -7.86 8.99 2.77 

Cross-XI Chambal X Meera 7.43** 4.55* 11.45** 1.58 -1.08 -1.19 11.89** 1.69 4.72 -6.61 39.47** -5.50* 

Cross-XII Nagarkot X Meera 9.65** 3.49* 17.62** 3.37* 1.43 1.19 15.14** 4.70** 5.48 -5.22 41.55** 10.75** 

Cross-XIII Janki X Meera 5.83** 1.20 11.89** -2.36 -1.90* -2.14* 11.35** -0.24 11.49** -3.83 43.62** 13.39** 

Cross-XIV Rashmi X Meera 7.38** 1.16 15.42** -4.58** -1.77* -3.02** 12.70** -7.43** -18.05** -21.63** 17.03** -17.35** 

Cross-XV Mukta X Meera 2.58 0.84 5.29** -5.86** -0.84 -1.19 11.89** -5.56** -11.44** -23.44** 14.33** -5.33 

CD. at 5% 2.59 2.99 2.99 2.99 2.07 2.39 2.39 2.39 4.70 5.43 5.43 5.43 

CD. at 1% 3.43 3.96 3.96 3.96 2.75 3.17 3.17 3.17 6.24 7.20 7.20 7.20 

*, ** --Significant at 5% and 1% level of significance respectively.MP = mid parent, BP = better parent, ID = inbreeding depression 
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Table 3: Contd. Estimates of heterosis (MP, BP and Check) and inbreeding depression in per cent for No. of primary branches per plant, No. of 

capsules per plant and No. of seeds per capsule in linseed 
 

Cross No Hybrid combinations 
No. of primary branches per plant No. of capsules per plant No. of seeds per capsule 

MP BP Check ID MP BP Check ID MP BP Check ID 

Cross-I Chambal X BAU-13-1 13.33 -5.56 -19.05 29.41 98.02** 63.93** 88.09** 27.50** -17.24** -17.24** -11.11 -4.16 

Cross-II Nagarkot X BAU-13-1 67.74** 36.84* 23.81 19.23 79.18** 38.24** 91.54** 28.48** -7.41 -13.79* -7.41 0.00 

Cross-III Janki X BAU-13-1 -48.39** -57.89** -61.90** -62.50 -12.20 -30.77** -9.72 -30.56 -11.11* -17.24** -11.11 -16.67* 

Cross-IV Rashmi X BAU-13-1 -35.48* -47.37** -52.38** -50.15 -31.37* -41.25** -37.93* -99.50** -16.98** -24.14** -18.52** -4.55 

Cross-V Mukta X BAU-13-1 23.08 14.29 -23.81 -6.25 88.05** 80.15** 47.96** 17.37 11.54* 0.00 7.41 0.00 

Cross-VI Chambal X SLS-61 9.09 0.00 -14.29 44.44** 56.07** 30.05* 49.22** 33.82** -3.85 -13.79* -7.41 -8.00 

Cross-VII Nagarkot X SLS-61 -11.76 -21.05 -28.57* -40.00* 38.48** 7.47 48.90** -14.32 8.33 4.00 -3.70 7.69 

Cross-VIII Janki X SLS-61 5.88 -5.26 -14.29 11.11 52.12** 20.67 57.37** 38.05** 0.00 -4.00 -11.11 -12.50 

Cross-IX Rashmi X SLS-61 -35.29** -42.11** -47.62** 9.09 -22.20 -32.94* -29.15 -23.01 10.64 8.33 -3.70 -3.84 

Cross-X Mukta X SLS-61 10.34 6.67 -23.81 -12.50 62.06** 56.49** 28.53 -34.39** 17.39** 17.39* 0.00 14.81* 

Cross-XI Chambal X Meera 27.27 16.67 0.00 52.38** 35.12** 24.04 42.32** 37.89** 0.00 -10.34 -3.70 -7.69 

Cross-XII Nagarkot X Meera 23.53 10.53 0.00 23.81 77.27** 50.00** 107.84** 26.40** 20.83** 16.00* 7.41 24.14** 

Cross-XIII Janki X Meera 23.53 10.53 0.00 4.76 62.33** 40.87** 83.70** 15.87 0.00 -4.00 -11.11 -4.16 

Cross-XIV Rashmi X Meera -5.88 -15.79 -23.81 6.25 63.92** 56.38** 65.20** 31.50** -2.13 -4.17 -14.81* 0.00 

Cross-XV Mukta X Meera 51.72** 46.67* 4.76 36.36** 179.93** 159.80** 149.22** 64.03** 8.70 8.70 -7.41 4.00 

CD. at 5% 1.72 1.99 1.99 1.99 27.33 31.56 31.56 31.56 0.99 1.14 1.14 1.14 

CD. at 1% 2.29 2.64 2.64 2.64 36.26 41.86 41.86 41.86 1.31 1.52 1.52 1.52 

*, ** --Significant at 5% and 1% level of significance respectively.MP = mid parent, BP = better parent, ID = inbreeding depression 

 
Table 4: Contd. Estimates of heterosis (MP, BP and Check) and inbreeding depression in per cent for Capsule diameter (mm), Seed yield per 

plant (g) and 1000-seed weight (g) in linseed 
 

Cross No Hybrid combinations 
Capsule diameter (mm) Seed yield per plant (g) 1000-seed weight (g) 

MP BP Check ID MP BP Check ID MP BP Check ID 

Cross-I Chambal X BAU-13-1 1.85* -1.05 15.78** 10.13** 126.63** 90.83** 308.23** 43.29** 21.59** 9.92** 106.77** 20.32** 

Cross-II Nagarkot X BAU-13-1 3.39** -5.21** 10.91** 8.41** 114.04** 78.66** 290.55** 50.69** 18.41** 2.42** 92.66** 20.30** 

Cross-III Janki X BAU-13-1 4.56** -4.60** 11.63** 14.55** 14.70 4.20 86.69** 9.15 -14.42** -23.59** 43.73** -6.19** 

Cross-IV Rashmi X BAU-13-1 5.60** 0.70 17.83** 17.70** -27.82 -33.87 16.26 -84.35** -11.27** -21.28** 48.08** -12.80** 

Cross-V Mukta X BAU-13-1 1.04 0.00 17.01** 8.58** 149.50** 140.05** 280.08** 34.55** 20.35** 10.41** 107.69** 1.72** 

Cross-VI Chambal X SLS-61 -3.36** -5.34** 4.46** 2.80** 58.20** 27.65 173.07** 39.97** 9.18** 7.83** 63.89** 21.21** 

Cross-VII Nagarkot X SLS-61 -0.86 -4.74** 0.82 5.39** 77.05** 41.70** 209.76** 22.28* 39.89** 34.74** 99.72** 29.14** 

Cross-VIII Janki X SLS-61 5.72** 1.06 6.97** 3.45** 99.54** 72.89** 209.76** 45.80** 27.33** 27.15** 88.46** 13.91** 

Cross-IX Rashmi X SLS-61 8.89** 8.74** 15.42** 16.20** -22.57 -32.37 18.90 -23.25 -2.81** -3.65** 42.81** -11.32** 

Cross-X Mukta X SLS-61 0.44 -3.40** 10.71** 0.51 79.86** 64.51** 160.47** -39.33** 12.41** 9.25** 71.58** -6.27** 

Cross-XI Chambal X Meera -3.92** -5.06** 4.76** 0.39 54.34** 30.40* 178.96** 49.51** 28.69** 26.76** 92.66** 16.08** 

Cross-XII Nagarkot X Meera -1.07 -5.75** 1.54 3.68** 94.62** 62.99** 256.30** 46.32** 22.46** 18.26** 74.36** 11.64** 

Cross-XIII Janki X Meera 1.88* -3.42** 4.05** 6.55** 93.90** 76.80** 216.77** 38.08** 8.56** 8.43** 60.26** 9.29** 

Cross-XIV Rashmi X Meera 0.07 -0.67 7.02** 3.02** 83.97** 69.19** 197.46** 40.42** 4.45** 3.82** 53.06** 0.93 

Cross-XV Mukta X Meera -1.52 -4.47** 9.48** 0.84 176.28** 166.88** 322.56** 63.42** 41.57** 37.23** 115.53** 14.97** 

CD. at 5% 0.11 0.13 0.13 0.13 1.78 2.05 2.05 2.05 0.07 0.08 0.08 0.08 

CD. at 1% 0.15 0.17 0.17 0.17 2.36 2.72 2.72 2.72 0.09 0.11 0.11 0.11 

*, ** --Significant at 5% and 1% level of significance respectively.MP = mid parent, BP = better parent, ID = inbreeding depression 

 
Table 5: Contd. Estimates of heterosis (MP, BP and Check) and inbreeding depression in per cent for Oil content (%) in linseed 

 

Cross No Hybrid combinations 
Oil content (%) 

MP BP Check ID 

Cross-I Chambal X BAU-13-1 16.43** -1.39 42.34** 16.90** 

Cross-II Nagarkot X BAU-13-1 14.86** 0.79 45.49** 21.90** 

Cross-III Janki X BAU-13-1 -5.83** -20.63** 14.58** 13.71** 

Cross-IV Rashmi X BAU-13-1 -9.80** -19.60** 16.06** -6.21* 

Cross-V Mukta X BAU-13-1 11.55** -8.23** 32.47** 2.86 

Cross-VI Chambal X SLS-61 2.93 1.37 1.53 -21.55** 

Cross-VII Nagarkot X SLS-61 0.70 -4.78 3.78 -5.08 

Cross-VIII Janki X SLS-61 49.81** 48.41** 46.89** 19.35** 

Cross-IX Rashmi X SLS-61 25.04** 16.26** 31.36** 7.84** 

Cross-X Mukta X SLS-61 14.42** 12.09** 8.87** -15.27** 

Cross-XI Chambal X Meera 20.88** 16.68** 25.60** 5.04* 

Cross-XII Nagarkot X Meera 30.03** 29.23** 40.84** 2.37 

Cross-XIII Janki X Meera 17.64** 12.90** 21.53** 22.46** 

Cross-XIV Rashmi X Meera 10.38** 7.77** 21.76** 11.64** 

Cross-XV Mukta X Meera 53.14** 42.85** 53.77** 14.41** 

CD. at 5% 1.44 1.66 1.66 1.66 

CD. at 1% 1.91 2.21 2.21 2.21 

*, ** --Significant at 5% and 1% level of significance respectively.MP = mid parent, BP = better parent, ID = inbreeding depression
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Heterosis breeding has come to play a pivotal role in crop 

improvement programme for obtaining higher yield 

production. Heterosis is a complex genetic phenomena 

depending upon the balance of additive, dominance and 

interaction components as well as the distribution of the genes 

in the parental lines. The presence or absence of heterosis is 

not itself an indication of the presence or absence of any 

particular type of gene action or interactions. Heterosis 

response has been expressed as a deviation of F1 mean from 

values of either mid parent or better parent or standard check 

variety. It may however be kept in mind that while selecting 

best cross combination besides heterotic response, the per se 

performance of the crosses should also be given due 

consideration. In present investigation heterosis in fifteen F1 

crosses over mid parent, better parent and over economic 

check (T-397) and inbreeding depression in F2 for ten 

characters were studied.  

The value of heterosis revealed that none of the cross 

exhibited significant heterosis for all the characters over mid 

parent, better parent and check variety. The degree and 

direction of heterotic response varied not only from character 

to character but also from cross to cross. In general, 

considerable amount of significant desirable heterosis over 

mid parent observed for most of the characters. Significant 

and desirable heterosis over mid parent was observed in four 

crosses (Cross-IV, V, VIII and IX) for days to 50% flowering, 

two crosses (Cross-XIII and XIV) for days to maturity, three 

crosses (Cross-IV, XIV and XV) for plant height, two crosses 

(Cross-II and XV) for number of primary branches per plant, 

twelve crosses (Cross-I, II, V, VI, VII, VIII, X, XI, XII, XIII, 

XIV and XV)) for number of capsules per plant, three crosses 

(Cross-V, X and XII) for number of seeds per capsule, seven 

crosses (Cross-I, II, III, IV, VIII, IX and XIII) for capsule 

diameter, twelve crosses for each seed yield per plant and 

1000-seed weight (Cross-I, II, V, VI, VII, VIII, X, XI, XII, 

XIII, XIV and XV) and eleven crosses (Cross-I, II, V, VIII, 

IX, X, XI, XII, XIII, XIV and XV) for oil content.  

Heterosis over better parent (heterobeltiosis) was observed 

significant and in desirable direction for seven crosses (Cross-

II, IV, V, VII, VIII, IX and X) for days to 50% flowering, five 

crosses (Cross-I, II, IV, XIII and XIV) for days to maturity, 

four crosses (Cross-IV, IX, XIV and XV) for plant height, 

two crosses (Cross-II and XV) for number of primary 

branches per plant, nine crosses (Cross-I, II, V, VI, X, XII, 

XIII, XIV and XV) for number of capsules per plant, two 

crosses (Cross- X and XII) for number of seeds per capsule, 

one cross that is Cross-IX for capsule diameter, eleven crosses 

(Cross-I, II, V, VII, VIII, X, XI, XII, XIII, XIV and XV) for 

seed yield per plant, twelve crosses (Cross-I, II, V, VI, VII, 

VIII, X, XI, XII, XIII, XIV and XV) for 1000-seed weight 

and eight crosses (Cross-VIII, IX, X, XI, XII, XIII, XIV and 

XV) for oil content.  

Similarly, heterosis over check variety T-397 was found 

significant and desirable in eleven crosses (Cross-I, II, V, VI, 

VII, VIII, XI, XII, XIII XIV and XV) for number of capsules 

per plant, thirteen crosses for each capsule diameter (Cross-I, 

II, III, IV, V, VI, VIII, IX, X, XI, XIII, XIV and XV) seed 

yield per plant (Cross-I, II, III, V, VI, VII, VIII, X, XI, XII, 

XIII, XIV and XV) and oil content (Cross-I, II, III, IV, V, 

VIII, IX, X, XI, XII, XIII, XIV and XV). No significant 

desirable heterosis over check was seen for days to 50% 

flowering, days to maturity, plant height, number of primary 

branches per plant and number of seeds per capsule for any of 

the crosses while for 1000-seed weight all the fifteen crosses 

exhibited significant positive heterosis.  

The result of Singh et al. (1983) [23] for number of capsules 

per plant, 1000-seed weight and capsule size, Rao and Singh 

(1983) [16] and Verma and Mahto (1996) [31] for days to 

maturity, seed yield per plant, number of capsules per plant, 

number of primary branches per plant, plant height and 

number of seeds per capsule, Mahto and Rahman (2001) [13] 

for earliness, number of capsules per plant, 1000-seed weight 

and for number of capsules per plant, Kusalkar et al. (2002) 
[12] for number of capsules per plant, number of seeds per 

capsule, oil content, 1000-seed weight and seed yield per 

plant, Sharma et al. (2005) [21] for seed yield per plant, oil 

content, days to 50% flowering, number of primary branches 

per plant, days to maturity and 1000-seed weight, Rao (2006) 
[17] for number of capsules per plant and number of seeds per 

plant, Kiran et al. (2012) [8] for days to 50% flowering, seed 

yield per plant and plant height, Kumar et al. (2013) [9] for 

number of primary branches per plant, number of capsules per 

plant, 1000-seed weight, seed yield per plant, plant height and 

number of seeds per capsule, Pali and Mehta (2014) [15] for 

seed yield per plant, days to 50% flowering, number of 

capsules per plant, and oil content, Reddy et al. (2013) [18] for 

plant height, days to 50% flowering, number of capsules per 

plant, 1000-seed weight and seed yield per plant and Sharma 

et al. (2018) [20] for both days to 50% flowering, days to 

maturity, plant height, number of primary branches per plant, 

number of capsules per plant, number of seeds per capsule 

and seed yield per plant and Kumar et al. (2019) [11] for most 

of the characters were in conformity of the present finding. 

While considering the significant and useful heterosis over 

mid parent, better parent and economic parent, the best 

crosses were cross-I (Chambal x BAU-13-1), II Nagarkot x 

BAU-13-1), V (Mukta x BAU-13-1), VII (Nagarkot x SLS-

61), VIII (Janki x SLS-61), x (Mukta x SLS-61), XI (Chambal 

x Meera), XII (Nagarkot x Meera), XIII (Janki x Meera), XIV 

(Rashmi x Meera) and XV (Mukta x Meera) for seed yield per 

plant. It was also found that increase in seed yield in these 

crosses were mostly due to desirable heterotic response of 

important component traits like number of primary branches 

per plant in two crosses and number of seeds per capsule in 

three crosses. Heterotic responses were not observed 

uniformly in all eleven crosses, however, number of capsules 

per plant, capsule diameter and 1000-seed weight invariably 

had shown heterotic response with most of the eleven crosses. 

Singh et al. (1987) [22], Kusalkar et al. (2002) [12], Kiran et al. 

(2012) [8], Reddy et al. (2013) [18], Singh et al. (2014) [24], 

Sharma et al. (2018) [20] and Kumar et al. (2021) [10] also 

reported the contribution of these components to the heterosis 

for seed yield per plant. 

Inbreeding depression in F2 generation was estimated for all 

the characters under study. The result indicted that only one 

cross i.e., Cross-VII for days to 50% flowering, three crosses 

(Cross-II, VI and VII) for days to maturity, two crosses 

(Cross-VIII and VIII) for plant height, three crosses (Cross-

VI, XI and XV) for number of primary branches per plant, 

eight crosses (Cross-I, II, VI, VIII, XI, XII, XIV and XV) for 

number of capsules per plant, two crosses (Cross-X and XII) 

for number of seeds per capsule, twelve crosses (Cross-I, II, 

III, IV, V, VI, VII, VIII, IX, XII, XIII and XIV) for capsule 

diameter, eleven crosses (Cross-I, II, V, VI, VII, VIII, XI, 

XII, XIII, XIV and XV) for seed yield per plant, ten crosses 

(Cross-I, II, V, VI, VII, VIII, XI, XII, XIII and XV) for 1000-

seed weight and nine crosses (Cross-I, II, III, VIII, IX, XI, 

XIII, XIV and XV) for oil content revealed significant 
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positive inbreeding depression indicating detoriation in their 

performance in next generation. It might be due to lack of 

segregation of desirable genes responsible for dominance 

effect or may be due to tight linkage of desirable genes or due 

to phenomenon of fixing of heterozygocity. Such crosses 

could prove useful in diallel selective mating system (Tonde 

et al., 2016) [28]. Srivastava et al. (2003) [25] and Swarnkar et 

al. (2003) [26] for seed yield per plant, Sharma et al. (2005) [21] 

for days to 50% flowering, number of primary branches per 

plant, days to maturity and 1000-seed weight, Sharma et al. 

(2018) [20] days to 50% flowering, days to maturity, plant 

height, number of primary branches per plant, number of 

capsules per plant, number of seeds per capsule and seed yield 

per plant, Kiran and Kanojia (2014) [7] for days to 50% 

flowering, plant height, number of primary branches per 

plant, number of capsules per plant and 1000-seed weight also 

reported the inbreeding depression. 

Thus, the crosses showing significant economic heterosis in 

some crosses associated with high degree of inbreeding 

depression, in such hybrids significant heterosis in F1 and 

high degree of inbreeding depression in F2 could be attributed 

to high magnitude of non-additive gene effects. In contrast, 

the other heterotic crosses having high economic heterosis 

showed negative inbreeding depression, indicating the 

presence of additive gene effects. These crosses may be 

utilized following pedigree method for the selection of 

desirable segregants in advanced generation. 
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