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ABSTRACT: The present experimental material consist of four CMS lines and nine testers which were
crossed in line x tester mating design to estimate the average heterosis, heterobeltosis and standard
heterosis over the check LSFH171 for seed yield and Its important yield contributing traits in sunflower.
The resulting 36 hybrids and 13 parents along with check viz., LSFH-171 were evaluated in randomized
block design with three replications at Agricultural Research Station, Yavatmal. A broad range of
heterotic variation observed for all the five yield and yield contributing parameters and it was ranged
from -17.94% to 195.69%, 30.51% to 132.42% and -40.61% to 68.90% over the average heterosis,
heterobeltiosis and standard heterosis over check LSFH-171 respectively for seed yield per plant. 28, 20
and 10 hybrids displayed positive and significant heterosis over the mid parent, better parents and
standard check (LSFH-171) respectively and top three hybrids viz., ARM — 250 A x PKV- 103 R, CMS- 17
A x PKV-106 R and ARM - 250 A x PKV 106 R manifested highest magnitude heterosis over the mid
parent, better parents and standard check (LSFH-171) for seed yield and these hybrids also showed
significant heterosis for head diameter, 100 seed weight and seed filling percentage. Hence, these identified
hybrids could be use for exploitation of heterosis after evaluating and testing with large multilocations

trials.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is an important
edible oilseed crop in India and it seed contains 38 to
42% oil and 23% protein (Ailwar et al., 2020; Nagrale
et al., 2022). It grow in different agro climatic zones in
India due to wider adaptability, photothermo-
insensitivity, high yield potential, high oil content,
drought tolerance, short duration, easy cultivation,
responsiveness to better management practices,
suitability to fit in to different cropping systems and
patterns and remunerative market price (Rathi et al.,
2019; Debaeke et al., 2017). Maximizing production is
the major goal of any crop improvement programme.
Improvement in sunflower is difficult because of self
incompatibility mechanism associated out-breeding
nature. Hence high percentage of empty seeds are the
major constraints in sunflower production. To
overcome these constraints plant breeders have focused
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their attention towards exploitation of hybrids through
heterosis breeding. The discovery of cytoplasmic male
sterility (Leclercq, 1969) and fertility restoration system
(Kinman, 1970) is considered to be the milestone in the
hybrid-breeding era of cultivated sunflower. According
to our need sunflower hybrids are more uniform at
maturity, more stable, highly self fertile with maximum
yield performance (Seetharam, 1979; Kaya and Atakisi
2004). Hence, the present studied was carried out to
estimate average, heterobeltosis and standard heterosis
in 36 hybrids obtained from 5 CMS lines and 9
restorers.

MATERIALS AND METHOD

The present research conducted at Agricultural
Research Station, Yavatmal during Kharif-2019 and
Kharif-2020 seasons. Crossing programme adopting
using line x tester mating design (Kempthorne, 1957)
and the parental material consisting of four CMS lines
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(AKSF -10 - 1 — 1A, CMS - 302A, CMS - 17A and
ARM — 250A) and nine testers (GPg961, GPs1075,
GPs389, GPs2902, AK — 1R, 856 R, PKV — 103R, 298
— 1R and PKV - 106R). The resultant 36 hybrids along
with their 13 parents and one check viz. LSFH-171
were evaluated in randomized block design. Each plot
consisted of two rows of 3.0 meter length with a
spacing of 60 cm between rows and 30 cm between
plants. Observations were recorded in each entry on
randomly selected three plants for five importance yield
contributing characters viz. days to maturity, head
diameter (cm), 100 seed weight(g), seed filling (%),
seed yield per plant (g).

RESULTS AND DISCUSSION

The pooled heterosis (%) over mid parent, better parent
and standard heterosis for five importance traits in
sunflower presented in Table 1 and 2 in kharif-2019
and kharif-2020 seasons. Fourteen, twenty and twenty-
five hybrids recorded negative significant heterosis over
the mid-parent, better parent and standard heterosis
over the check LSFH-171 in desired direction and range
was observed to be from -5.24% to 6.35%, -5.86% to
4.89% and -5.52% to 1.10% for days to maturity
respectively. The hybrids showing highest significant
negative heterosis were CMS - 17 A x 298- 1R (-
5.52%), ARM — 250 A x AK- 1R (-5.52%) and AKSF -
10-1-1A x Gps389 (-5.34%) over the check LSFH-171
for days to maturity. Similar result were reported by
earlier worker i.e, Janjal et al. (2016); Ailwar et al.
(2020); Lakshman et al. (2020) for negative heterosis
for days to maturity.

Larger head diameter is an important yield contributing
traits and thus positive heterosis desirable for this
character. Out of 36 hybrids, 14, 9 and 12 hybrids
exhibited significant positive heterosis over the mid-
parent, better parent and standard heterosis over the
check LSFH-171 for head diameter respectively. The
hybrid ARM — 250 A x PKV- 103 R (40.69%)
expressed the highest significant positive relative
heterosis for head diameter followed by CMS - 302 A x
AK- 1R (38.31%) and CMS- 17 A x PKV-106 R
(32.39%). The hybrids showing  maximum
heterobeltiosis for head diameter were CMS - 302 A x
AK- 1R (25.75%), CMS- 17 A x PKV-106 R (23.13%)
and ARM — 250 A x PKV- 103 R (23.11%). The top
three hybrids showing maximum heterosis over the
check LSFH-171 were observed to be ARM — 250 A %
PKV- 103 R(24.64%), CMS- 17 A x PKV-106
R(22.56%), CMS - 302 A x AK- 1R(22.19%), AKSF -
10-1-1A x 856R (21.66%) and AKSF -10-1-1A x
Gp42902(19.79%). Habib et al. (2006); Sujatha and
Reddy (2009) observed positive significant heterosis for
head diameter and seed yield.

Heavier weight of seed is an also important yield
parameter in sunflower breeding, hence positive
significant heterosis desirable. For 100 seed weight
heterotic variation observed from-15.90% to 71.71%,-
24.02% to 57.69% and -34.29% to 18.02% and
twenty-seven, sixteen and seven hybrids noted
significant and positive heterosis in desirable direction
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over the average heterosis, Heterobeltiosis and standard
heterosis over the check LSFH-171 respectively. The
hybrids ARM — 250 A x PKV- 103 R (71.71%), CMS —
302 A x PKV-106 R (51.99%) and ARM — 250 A x
PKV 106 R (49.61%) exhibited highest positive
significant average heterosis. Heterobeltiosis for 100
seed weight was highest in hybrid ARM — 250 A x
PKV- 103 R (57.69%) followed by ARM — 250 A x
PKV 106 R (48.92%) and CMS - 302 A x AK- 1R
(47.93%). The top three hybrids ARM — 250 A x PKV-
103 R (18.02%), ARM — 250 A x PKV- 103 R
(11.46%) and ARM - 250 A x Gps389(7.74%)
recorded highest magnitude of significant positive
heterosis over the check LSFH-171 for 100 seed
weight. Habib et al. (2006); Sapkale et al. (2016)
reported highest average heterosis and heterobeltiosis
for 100 seed weight

Highest seed filling percentage would ultimately cause
high seed setting, ultimately higher seed vyields,
therefore positive significant heterosis are considered to
be desirable. Average heterosis, heterobeltiosis and
Standard heterosis over the check LSFH-171 for seed
filling percentage per head ranged from -13.57% to
43.35%, -16.29% to 33.37% and 24.22% to 9.59%
respectively. Twenty-nine hybrids exhibited positive
significant average heterosis and the hybrid ARM —
250 A x PKV- 103 R (43.35%) ranked first followed by
the hybrids CMS- 17 A x PKV-106 R (42.54%) and
AKSF -10-1-1A x 856R (41.01%). The hybrid, CMS-
17 A x PKV-106 R (33.37%) recorded highest
percentage of heterobeltiosis followed by ARM — 250
A x PKV- 103 R (30.69%) and AKSF -10-1-1A x 856R
(27.96%). Six hybrids showed significant and positive
standard heterosis over the check LSFH-171 in desired
direction and the best three hybrids showing highest
significant heterosis over the check LSFH-171 for seed
filling percentage were ARM — 250 A x PKV- 103 R
(9.59%), CMS- 17 A x PKV-106 R (9.24%) and CMS -
302 A x AK- 1R (8.89%).

Positive significant heterosis recorded by Ingle et al.
(2015); Ailwar et al. (2020).

Maximum seed vyield is the prime goal of crop
improvement programme hence 28, 20 and 10 hybrids
displayed positive and significant heterosis and it was
ranged from -17.94% to 195.69%, 30.51% to 132.42%
and -40.61% to 68.90% over the average heterosis,
heterobeltiosis and standard heterosis over check
LSFH-171 respectively. The top three hybrids showing
highest magnitude heterosis over the mid parent, better
parents and standard check LSFH-171 were ARM —
250 A x PKV- 103 R (195.69%, 132.42% and 68.90%),
CMS- 17 A x PKV-106 R (156.69%, 119.83% and
55.12%) and ARM — 250 A x PKV 106 R (150.40%,
111.85% and 53.95%). Result of positive significant
heterosis for yield and most of the yield contributing
traits (head diameter, 100 seed weight, volume weight,
seed filling percentage and seed yield) collaborated
with the findings of Sapkale et al. (2015); Depar et al.
(2017); Kale et al. (2019); Ailwar et al. (2020);
Lakshman et al. (2020).
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Table 1: Pooed heterosis (%) over mid-parent (H1), and better parent (Hz) in sunflower hybrids for five
important yield contributing traits.

Sr. No. Hybrids Days to maturity Head Diameter(cm) | 100 Seed weight (g) pesrieeﬁtzgg?&)) Seed yield per plant (g)
Hl H2 Hl H2 Hl HZ Hl H2 Hl H2
1. AKSF -10-1-1A x Gp,961 | 269+ | -4.03** | -632% | 120 | 576%x | 501+« | 149 104 | 3141 16,76 *
2. AKSF -10-1-1A x Gp 1075 | -524 ** | -5.68 ** '22;72 '31;98 '12;76 '23;39 '13;57 '15"*29 -17.94 * -20.33 *
3. AKSF -10-1-1A x Gp389 | -3.84** | -586** | 14.64** | 11.45** | 839** | -9.90** | 19.23** | 18.93** | 64.95** 57.63 **
4. AKSF -10-1-1A x Gp,2902 0.46 -0.37 15.42 %% | 1344 ** | 2329** | 9.05** | 28.15** | 18.86** | 103.06 ** 82.21 **
5. AKSF -10-1-1A x AK- 1R | 1.82** | -2.75+** '1,{;75 '23;64 18.77** | 1459 ** | 7.08* -1.88 20.27 * -6.26
6. AKSF -10-1-1A x 856R 2.94%% | 311** | 2506** | 1521** | 7.80** 2.92 41.01%* | 27.96** | 122.21** 82.30 **
7. AKSF '1%13:1RA X PKV- -1.39% | 220 '23;56 '3f;29 2445 %% | 17.95%% | 9,97 ** -0.26 26.71 ** 3.4
8. AKSF -10-1-1Ax 208 —1 R | -2.59** | -3.48** 223 '1,‘3;69 2815 ** | 27.61** | 26.99** | 16.49** | 51.92** 23.56 **
9. AKSF '10'1'? XPRVIOS | o1 | 286 | 13.72% 2.95 16.38 ** | 13.05** | 3359** | 22.98** | 85.96 ** 52,01 **
10. CMS - 302 A x Gp,961 1.34* -0.56 7.80%% | 911%* | 17.14 % 2.18 1250** | 6.14* 31.10 ** 12.77
11, CMS-302AxGp,l075 | -1.33* | 407 | -882* | 227 | 1600% | 236 | 577* | 556% | 1653* 9.13
12. CMS-302AxGp389 | 406+ | 287+ | 2238 | 2333 | jg9gun | 1013 | ggun 5.2 10.15 16
13. CMS - 302 A x Gp,2902 -153% | -3.91%* | 956 ** '11;70 8.68 ** | -6.59 ** 05 '12;54 8.57 573
14. CMS -302 A x AK- 1R 6.35** | 4.89** | 383L** | 2575*% | 48.36** | 47.93** | 34.82+** | 19.80** | 133.45** 77.20 **
15, CMS - 302 A x 856R 180%* | -129 | 8274 | 888 | gpuex | 153 299 | -033% | -12.82 -30.51 **
16. CMS - 302 A xPKV — 103R -0.38 279%* | 27.00*%* | 13.13** | 42.19** | 39.19** | 2439** | 944 ** 65.50 ** 23.00 **
17. CMS - 302 AlF: PKV - 298- 0.29 -2.05 ** '13;74 '21;04 3.3 -6.82** | -579* '13;20 -6.94 -26.44 **
18, | CMS—302AxPKV-106R | 422% | 226+ | 1024 | 1557 1 g gqux | gp99wx | 1714+ | 456 38,36 ** 9.9
19. CMS - 17 A x Gpy961 461** | 264* | -621* | -8.63* | 12.06** | 10.37** | 7.06 ** 6.21* 29.64 ** 21.37*
20. CMS - 17 A x Gp,1075 0.01 2,77 ** '11;60 '12;93 -7.07 ** 'lf;% -4.46 -9.01 ** 17.68 * 14.49
21. CMS - 17 A x Gp,389 2.51 ** 1.34 7.96%* | 7.86% '15;90 -zioz 18,67 ** | 16.33** | 57.12** 55.36 **
22. CMS - 17 A x Gp,2902 1.34* -1.12 '12;07 '11;07 '12;48 -13;32 9.27 ** 3.03 20.27 * 13.78
23. CMS- 17 A x AK- 1R 2.18 ** 0.78 '12;75 '21;82 17.32 ** 3.44 12.33 ** 4.61 44.40 ** 17.50 *
24. CMS-17 A x 856R -1.23*% | -4.23%* '21;24 '23;43 172 6.49*%* | 9.96** 1.38 17.07* 0.64
25. CMS - 17 A x PKV — 103R -0.38 279 %% | 18,56 ** 45 3.26 '12;40 28.01** | 17.96** | 94.97** 54.92 **
26. CMS -17 AlfqPKV “298 | 01w | 420+ | 16.64% 4.42 32.62 %% | 21.23** | 3159** | 22.67** | 87.59** 59.80 **
217. CMS- 17 A x PKV-106 R 2.50 ** 0.56 32.39 %% | 2313%* | 30.93** | 22.48** | 4254 ** | 3337 ** | 156.69 ** 119.83 **
28. ARM - 250 A x Gp,1075 a21% | 239w | 2 il -1.38 -8.66** | 6.30* 4.25 14.22 5.49
29. ARM —250 A x Gp,961 0.46 0.18 la9r | e -2.62 1394 371 | 125 10.27 8.84
30. ARM — 250 A x Gp,389 1.78 ** -0.18 5.99 * 5.2 19.47 ** 21 2530 ** | 24.26** | 96,50 ** 95.85 **
31 ARM — 250 A x Gp,2902 0.65 0 '11;93 '15;25 10.10 ** 0.36 1558 ** | 7.79** | 40.39 ** 31.00 **
32. ARM — 250 A x AK- 1R -144* | 570** -0.42 '11;10 1451 ** | 6.98** | 1157 ** 2.79 27.84 ** 2.86
33. ARM — 250 A x 856R -3.49%* | -3.49** -1.05 7.04* | 39.41** | 3755** | 30.34** | 18.89** | 64.45** 39.66 **
34, | ARMZZ0AXPIVIOS |y g7en | 002 | 4060+ | 2301+ | 7070 | 57.60%% | 4335%* | 3060** | 10569+ | 13242%
35. ARM - 250 A x 298 - 1R -1.11 -1.84** | 18.11** 4.95 13.84** | 10.56 ** | 17.78 ** | 8.62** 58.81 ** 33.66 **
36. ARM-250 AxPKV 106 R | 1.21* 0 18.78 ** | 9.61** | 49.61** | 48.92** | 37.16** | 26.95** | 150.40 ** 111.85 **
SE(m)+ 0.54 0.62 0.37 0.43 0.08 0.09 1.23 1.43 1.0966 1.2663
CD (5%) 1.06 1.22 0.74 0.85 0.16 0.19 2.44 2.82 2.1681 2.5035
CD (1%) 1.40 1.61 0.98 113 0.21 0.25 3.22 3.72 2.8638 3.3068

*, **_significant at 5% and 1% level respectively
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Table 2: Pooed standard heterosis (Hs) (%) over the check LSFH-171 in sunflower hybrids for five
important yield contributing traits.

. . . 100 Seed weight Seed Filling Seed yield per
Sr. No. Hybrids Days to maturity Head Diameter(cm) @ percentage (%) plant (g)
H3 H3 H3 HS H3
1 AKSF -10-1-1A x Gp:961 -3.50 ** -6.32 % -16.60 ** -16.04 ** 75
2. AKSF -10-1-1A x Gp,1075 -5.16 ** -31.33 ** -25.29 ** 24,22 ** -36.88 **
3. AKSF -10-1-1A x Gp,389 -5.34 ** 17.70 ** -4.92 ** 1.41 24,88 **
4, AKSF -10-1-1A x Gp,2902 0.18 19.79 ** -0.85 0.84 44,36 **
5. AKSF -10-1-1A x AK- 1R -2.21 ** -18.31 ** -19.88 ** -16.76 ** -25.73 **
6 AKSF -10-1-1A x 856R -2.58 ** 21.66 ** -20.86 ** 8.56 ** 44.43 **
7. AKSF -10-1-1A x PKV- 103 R -1.66 * -30.61 ** -17.53 ** -15.38 ** -23.47 **
8. AKSF -10-1-1A x 298 — 1 R -2.95 ** -9.91 ** -10.01 ** -1.17 2.1
9. AKSF -10-1-1A x PKV 106 R -2.03 ** 8.72 ** -16.16 ** 4.34 20.43 **
10. CMS - 302 A x Gp,961 22,76 ** -11.69 ** -10.28 ** -3.53 -3.62
11. CMS - 302 A x Gp,1075 -4.42 ** -14.76 ** -4.79 ** -4.06 6.73
12. CMS - 302 A x Gp,389 -0.92 -23.54 ** -5.17 ** -4.38 -13.17 *
13. CMS - 302 A x Gp,2902 -4.97 ** 9,95 ** -15.07 ** -18.69 ** -19.43 **
14. CMS - 302 A x AK-1R -1.29 22.19 ** -3.28 * 8.89 ** 51.44 **
15. CMS - 302 A x 856R 1.1 -37.41 ** -24.28 ** -17.59 ** -40.61 **
16. CMS - 302 A xPKV — 103R -3.87 ** 9.93 ** *x -0.53 5.13
17. CMS -3024 X PRV~ 298 331 % -23.27 ** 34,29 * -23.83 * 3713 %
18. CMS — 302 A x PKV-106 R 0.01 -17.96 ** 6.04 ** -4.97 * -6.08
19. CMS - 17 A x Gp,961 0.37 -9.05 ** -3.09 * -13.00 ** -14.36 *
20. CMS - 17 A x Gp,1075 -3.13 % -16.31 ** -15.12 ** -17.63 ** -14.58 *
21. CMS - 17 A x Gp,389 -2.39 ** 7.57* -19.82 ** -0.81 12.15
22. CMS - 17 A x Gp,2902 -2.21 ** -15.43 ** 21,19 ** -15.61 ** -19.71 **
23. CMS - 17 A x AK- 1R -5.16 ** -28.15 ** -11.92 ** -14.32 ** -17.09 **
24, CMS - 17 A x_856R -4.05 ** -25.77 ** -20.37 ** -16.96 ** -28.98 **
25. CMS - 17 A x PKV — 103R -3.87 ** 4.02 -23.71 ** -3.38 9.32
26. CMS - 17 A x PKV — 298- 1R -5.52 ** 3.94 3.23* 0.48 12.76 *
27. CMS- 17 A x PKV-106 R -1.66 * 22.56 ** 4.29 ** 9.24 ** 55.12 **
28. ARM - 250 A x Gp,1075 2,21 %% -16.08 ** -19.80 ** -12.58 ** -23.34 **
29. ARM - 250 A x Gp,961 0.37 -16.87 ** -16.08 ** -16.04 ** -18.80 **
30. ARM — 250 A x Gp389 0.01 6.51* 7.74 %% 5.95 * 42,33 **
31. ARM — 250 A x Gp,2902 0.18 -10.52 ** -8.75 ** -9.62 ** -4.8
32. ARM - 250 A x AK- 1R -5.52 ** -10.00 ** -19.93 ** -13.81 ** -25.25 **
33. ARM — 250 A x 856R -3.31 ** -5.89 5.77 ** -0.31 1.49
34. ARM — 250 A x PKV- 103 R 1.1 24.64 ** 18.02 ** 9.59 ** 68.90 **
35. ARM — 250 A x 298 - 1R -1.66 * 6.25 * -17.25 ** -8.92 ** -2.87
36. ARM — 250 A x PKV 106 R 0.18 10.97 ** 11.46 ** 6.45 ** 53.95 **
SE(m)+ 0.62 0.43 0.09 1.43 1.27
CD (5%) 1.22 0.85 0.19 2.82 2.50
CD (1%) 1.61 1.13 0.25 3.72 3.31

CONCLUSIONS

In the present study top three hybrids ARM — 250 A x
PKV- 103 R, CMS- 17 A x PKV-106 R and ARM —
250 A x PKV 106 R were found to be highest heterotic
over the checks LSFH-171 and also showed highest
magnitude of average heterosis and heterobeltosis.
Hence, these hybrids can be commercially exploited
using heterosis breeding after its evaluation in
multilocation trials.
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