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Heterosis and inbreeding depression in
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ABSTRACT : Fiveimproved varieties of linseed namely, Meera, Shekhar, T-397, KL - 221 and
JLS -9 were crossed to obtain six F sand F s were selfed to get Fs. The estimates of heterosis
revealed that none of the cross exhibited significant heterosis for al 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, better parent and check variety were
observed for few characters under study. Inbreeding depression in F, generation was estimated
for all the characters and it was observed positively significant for seed yield per plant, stearic
acid content, oleic acid content, linolenic acid content, linoleic acid content, palmitic acid
content, primary branches per plant, capsule diameter, number of capsules per plant reveaed
significant positive inbreeding depression indicating detoriation in their performance in next
generation.
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known as ‘alsi’ or ‘tisi. It mainly cultivated for

fibre (flax fibre) and seed oil (linseed oil) or both
(dual purpose linseed), but recently it has gained a new
interest inthe emerging market of functional food dueto
itshigh content of fatty acids, aphalinolenicacid (ALA),
an essential Omega-3 fatty acid and lignin in linseed
(Reddy et al., 2013). Traditionally, the oil pressed from
the seed (linseed ail) has been used for a variety of
industrial purposesfor manufacturing of surface coating
ails, varnish, linoleum, ail cloth, printinginks etc. and the
oil free meal could be fed to livestock. Omega-3 fatty
acids lower levels of triglycerides in the blood, thereby
reducing heart disease, and a so show promiseinthebattle
against inflammatory diseases such as rheumatoid

I inseed (Linum usitatissimum L.) is commonly

arthritis. On global scenario, India ranks second in an
area (approx. 2.96 lakh hectares) and third in production
with 1.49 lakh tones (Anonymous, 2014). In spite of vast
area and varied utility of crop, country has very low
productivity (502 kg/ha) against world average of 827
kg/ha(Anonymous, 2014).

Heterosis is a complex genetic phenomena
depending upon the balance of additive, dominance and
interaction components aswell asthe distribution of the
genesinthe parental lines. Manifestation of hybrid vigour
incrop plants hasbeen observed by plant breredersmainly
incrosspollinated crops. But in self pollinated cropsal so
hybrid vigour has been reported (Gill, 1987) andisbeing
utilized commercially in many cropslikerice, etc. Incrop
improvement programme, heterosis breeding is a quick
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and convenient way of combining desirabletraitsinthe
production of F, hybrids (Ramesh et al., 2013 and
Jhajharia et al., 2013). Magnitude of heterosis provides
abasisfor genetic diversity and guideline to the choice
of desirable parents for developing superior F, hybrids
so asto exploit hybrid vigour and for buil ding gene pool

to be exploitation in popul ation improvement. Exploitation
of heterosisinlinseed intheform of hybrid varietiesisa
break through in the field of linseed improvement (Pali

and Mehta, 2014). Development of better hybridsusing
stablehighyieldinglineswill raisetheyield of thiscrop.
In order to achieve high yielding cross combination, itis
essential to evaluate available promising diverselinesin
their hybrid combinationsfor yield and its components.
In present investigation heterosisin six F, crosses over
mid parent, better parent and over economic check (L C-
54) and inbreeding depression in F, were studied. This
study reveals good scope for isolating suitable parents
for hybrid devel opment and to select potent transgressive
segregantswhich can be further evaluated for enhanced
yield potential.

REeseArRcH PrROCEDURE

The basic materials for the present investigation
comprised of fiveimproved varieties of linseed namely,
Meera, Shekhar, T-397, KL - 221 and JLS -9, 6F s and
one check variety (LC-54) were used for present
investigation. The experiment was carried out at the
experimental area of the Department of Plant Breeding
and Genetics, BAU, Kanke, Ranchi during Rabi season
of 2013-14

The experimental farm is situated at 23° 17° N
latitude, 85° 19’ E longitude and 625 meters above mean
sea level. Maximum and minimum temperature ranges

between 25°C to 19°C and 11° C to 9°C, respectively.
The monsoon normally setsin second week of June and
continuesupto middle of October. The observationswere
recorded on 10 randomly taken plants per entry and per
replication in case of parents, F;s and check, 20 plants
from BC, and 30 plants in case of F,generation.
Observations were recorded for days to 50 per cent
flowering, daysto maturity, plant height (cm), number of
primary branches per plant, number of capsules per plant,
capsule diameter (mm), number of seeds per capsule,
1000 seed weight (g), seed yield per plant (g), oil content
(%), fatty acid content (%)

REesearRcH ANALYSISAND REASONING

Thevalue of heterosisfrom Table 1-7 reveal ed 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 was
observed for most of the characters except days to 50
per cent flowering, plant height, test weight and oil content.
Significant and desirable heterosis was observed over
mid parent in all the crosses for only one character i.e.
number of capsules per plant.

Significant and desirable heterosis over mid parent
was observed in five crosses (Meera x T-397, Meera X
KL-221, Meerax JLS-9, Shekhar x T-397 and Shekhar
x KL-221) for traits primary branches per plant and
linolenic acid content. Significant desirable heterosisin
four crosses (Meerax T-397, Meerax KL-221, Shekhar
x T-397 and Shekhar x KL-221) each for linolenic acid
content and stearic acid content, three crosses each

Table1: Estimatesof heterosisand inbreeding depression in linseed at Ranchi

Hybrid combinations MP Dgy; o ﬂové?fieréﬁ ID MP ggn et (ani)rmeck D
Meerax T397 542 -11.38* -10.29* 2.29 143 7.00 8.55 1167
Meerax KL-221 -4.86 854 7.41 178 575 -16.74 281 122
Meerax LS9 2,56 2.44 123 7.92 397 -18.78* 519 -6.05
Shekhar x T397 112 217 741 0.44 5.66 538 -2.06 5.75
Shekhar x KL-221 5.03 5,65 -10.70* 2.76 483 0.36 -10.17 120
Shekhar x JLS-9 752 913 -13.99%* 5.74 6.22 5.49 -13.64 1.44
CD. (P=0.05) 6.65 7.68 7.68 B 7.56 8.73 8.73 _
CD. (P=0.01) 9.04 10.44 1044 1027 11.86 11.86

* and ** indicate significance of values at P=0.05 and 0.01, respectively
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Table 2: Estimates of heterosisand inbreeding depression in linseed at Ranchi

. A No .of primary branches/plant No .of capsules/plant
Hybrid combinations MP BP Check ID MP BP Check ID
Meerax T397 55.80 ** 27.98 * 126.32 ** 4372 ** 40.01 ** 27.92 ** 32.37 ** 39.05*
Meerax KL-221 48.89 ** 19.64 111.58 ** 44,78 ** 31.80 ** 19.00 * 23.14* 37.54 **
Meerax JLS-9 61.51 ** 27.38* 125.26 ** 44,39 ** 34.21 ** 26.56 ** 30.97 ** 42.90 **
Shekhar x T397 67.52 ** 55.56 ** 106.32 ** 27.55 48.06 ** 41.65** 32.75** 3.60
Shekhar x KL-221 52.63 ** 38.10* 83.16 ** 32.18 48.06 ** 41.65** 32.51 ** 3.60
Shekhar x LS9 22.87 8.73 44.21 * 18.98 41.69 ** 40.15** 31.35** 26.59 *
CD. (P=0.05) 1.20 1.39 1.39 _ 10.43 12.04 12.04 _
CD. (P=0.01) 1.63 1.89 1.89 14.17 16.37 16.37

* and ** indicate significance of values at P=0.05 and 0.01, respectively

Table 3 : Estimates of heterosisand inbreeding depression in linseed at Ranchi

Hybrid combinations MP NBObOf Seedgcar():srlmj;k ID MP §§p ed ameéer:eck D
Meerax T397 11.88 7.62 26.26 ** 7.08 21.95%* 12.70* 20,20 %+ 28.73%*
Meerax KL-221 6.93 2.86 20.67* 556 -14.58 ** -15.08+* -8.89 1951
Meerax JLS-9 2.49 -1.90 15.08 6.80 4.48 041 8.89 6.53
Shekhar x T397 18.78* 17.00* 30.73 %+ 1453 8.86* -156 12.00* 10.71
Shekhar x KL-221 1371 12.00 25.14 %% 1250 285 -6.64 6.22 1172
Shekhar x JLS-9 -10.20 -12.00 -168 7.95 8.94* 2.34 16.44 21.76*
CD. (P=0.05) 0.92 107 1.07 B 0.68 0.78 0.78 _
CD. (P=0.01) 1.25 145 145 0.92 1.06 1.06

* and ** indicate significance of values at P=0.05 and 0.01, respectively

Table4 : Estimates of heterosisand inbreeding depression in linseed at Ranchi

Hybrid combinations MP %ags - maturigheck D MP Bssed Yedn anér(gck D
Meerax T397 -0.38 418 2.26 051 61.19 ** 54.20* 126.89 ** 35.56 **
Meerax KL-221 2.85 -2.46 -0.50 302 54.19* 36.57 100.84 ** 41.84*
Meerax JLS-9 402 -1.47 -0.50 349 28.90 10.86 63.03* 48,97 **
Shekhar x T397 -2.05 567 %* -4.01 * -0.52 74.85** 71.69 ** 139.50 ** 65.61 **
Shekhar x KL-221 272 7.64% -6.02** 133 18.94 7.83 50.42 44,69
Shekhar x JLS-9 4,68 -9.61 ** -8.02 % -0.54 8.90 422 3361 39.62
CD. (P=0.05) 3.76 435 435 2,09 242 242 ~
CD. (P=0.01) 5.12 5.91 5.91 284 3.28 3.28

* and ** indicate significance of values at P=0.05 and 0.01, respectively

Table5: Estimates of heterosisand inbreeding depression in linseed at Ranchi

Hybrid combinations MP BPT%t Weight((:%)eck D MP BCI;” — (%C):heck D
Meerax T397 0.01 465 2551 ** 163 -0.59 126 0.09 1.28
Meerax KL-221 711 078 30,61 ** 1367 2,07 4,05 %+ 2.74% -1.69
Meerax JLS-9 351 -9.30 19.39 * 0.85 137 270 137 -0.46
Shekhar x T397 6.08 412 20.08 ** 14.62 -1.04 171 137 192
Shekhar x KL-221 1231 7.00 32,65 ** 19.62 0.69 135 -0.37 274
Shekhar x JLS-9 7.66 412 20,08 ** 11.86 -0.46 -1.80 0.01 046
CD. (P=0.05) 1.00 115 115 0.85 0.98 -0.46 B
CD. (P=0.01) 1.36 157 157 115 1.33 1.33

* and ** indicate significance of values at P=0.05 and 0.01, respectively
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(Meerax KL-221, Meerax JLS-9 and Shekhar x T-397)
for oleic acid content, seed yield per plant and capsule
diameter, one cross each for pal mitic acid content and
number of seeds per capsule. Heterosis over better
parent and check was observed significant and in
desirable direction for all the six crosses for number
of capsules per plant and days to maturity. Heterosis
was significant and in desirable direction in all the
crosses over check variety for characters primary
branches per plant and test weight. The result of
Kansal and Gupta (1981); Patil and Chopra (1983);
Dakhore et al. (1987); Yadav (2001); Kusalkar et al.
(2002 ); Kiran and Bhateria (2012) and Singh et al.
(1987) werein confirmity of the present finding with
respect to different traits. While considering the
significant and useful heterosisover mid parent, better
parent and economic parent, the best crosses were
Meera x T-397 and Shekhar x T-397 for seed yield
per plant. It was also found that increasein seed yield
in these crosses were mostly dueto desirable heterotic

response of important component traits like primary
branches per plant, number of capsules per plant,
number of seeds per capsule, capsule diameter and
test weight (Kansal and Gupta (1981); Rao and Singh
(1983); Dakhore et al. (1987); Singh et al. (1987);
Wang et al. (1996); Kusalkar et al. (2002); Kiran and
Bhateria (2012) and Singh et al. (2014), also reported
the contribution of these componentsto the heterosis
for seed yield per plant).

Inbreeding depression in F, generation was
estimated for all the characters. The result indicted
that four crosses each for seed yield per plant, stearic
acid content and ol eic acid content, three crosses each
for linolenic acid content, linoleic acid content, palmitic
acid content, primary branches per plant, and two
crosses for capsule diameter while five crosses for
number of capsules per plant revealed significant
positive inbreeding depression indicating detoriation in
their performance in next generation. Singh et al.
(1987); Srivastava et al. (2003) and Kiran and

Table 6: Estimates of heterosisand inbreeding depression in linseed at Ranchi

Hybrid Palmitic acid content (%) Stearic acid content (%) Oleic acid content (%)
combinations MP BP Check ID MP BP Check 1D MP BP Check 1D
Meerax T397 869**  656** 65.60** 0.14 -9.66 ** -12.46** -31.72** 17.78*** -20.67** -30.55** -34.87** 6.49**
Meerax KL-221 ~ -37.33** -50.77 ** -26.46** -9.76** 10.53** -19.00** 27.25** 40.03*** b575** -16.74** 3248** 8.78**
Meerax JLS-9 -27.06** -42.67** -1436** -880** 810** -21.79** 27.98** -88.84** 4656** 2590** 1511** 32.86**
Shekhar x T397 -44.64** -47.81** -18.84** 24.14** 812** 6.32** -17.07** 24.05** 17.72** 6.46** 23.44** 1435**
Shekhar x KL-221 -28.47 ** -42.08** -20.23** 20.39*** -50.33** -63.25** -42.26** -1573** -19.37** -30.31** 10.90** -11.70**
Shekhar x JLS-9 -0.68  -19.53** 10.83** 2842** 47.79** 7.95** 76.63** 57.60** -33.98** -48.30** -40.06** -22.45**
C.D. (P=0.05) 0.12 0.14 0.14 0.14 0.16 0.16 0.17 0.19 0.19

C.D. (P=0.01) 0.17 0.20 0.20 0.19 0.22 0.22 0.22 0.26 0.26

** and *** indicate significance of values at P=0.05 and 0.01, respectively

Table 7 : Estimates of heterosisand inbreeding depression in linseed at Ranchi

Hvbrid combinations Linoleic acid content (%) Linolenic acid content (%)

Y MP BP Check ID MP BP Check 1D
Meerax T397 -29.81 ** -35.82 ** -26.77 ** 0.01 3.48 ** 291 ** -0.09 4.94 **
Meerax KL-221 -30.12 ** -33.51 ** -24.14 ** -19.01 ** 5.90 ** 1.84 ** -2.21** 15.40 **
Meerax JLS-9 5.29 ** 0.93* 2555 ** -19.01 ** -28.71** -28.90 ** -31.35** 28.75 **
Shekhar x T397 13.88 ** 11.15 ** 5.12 ** 476 ** 10.90 ** 3.51 ** 0.49 0.85
Shekhar x KL-221 16.47 ** 9.14 ** 12.42 ** 32.48 ** 443 ** 3.51 ** -9.77** -13.29 **
Shekhar x JLS-9 20.97 ** 4.27 ** 29.71 ** 26.16 ** 6.76 ** -0.10 -3.54 ** -12.67 **
CD. (P=0.05) 0.11 0.13 0.13 B 0.50 0.57 0.57 _
CD. (P=0.01) 0.15 0.17 0.17 0.67 0.78 0.78

* and ** indicate significance of values at P=0.05 and 0.01, respectively
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Bhateria(2012) also reported the inbreeding depression
in these traits.
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