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Abstract

Heterosis is the increase or decrease in the vigor of F1
over its mid or better parental value. One of the
objectives of the present study was to estimate the extent
of heterosis for various characters and to isolate
promising hybrids over standard check hybrids for seed
yield and oil content for commercial exploitation. The
development of new high yielding and stable sunflower
hybrids were based on hybridization which requires
information on the heterotic effects for agronomically
important traits in the F1 generation. Heterotic effects for
seed yield and it’s attributing traits viz., plant height and
head diameter, number of seeds per head, seed filling%,
100 seed weight (g), 100 seed kernel weight (g), volume
weight (g/100cc), hull content (%), oil content (%) and oil
yield (kg/ha) were studied in the sunflower hybrids
developed by the line x tester method. There are
significant differences among the sunflower genotypes
(inbred lines and F1 hybrids) we tested with regard to the
mean values of all the traits involved indicating a
considerable amount of heterosis for most of the traits
except hull content (%), oil content and seed filling
percent. Most of the crosses exhibited high heterosis
especially for the number of seeds per head seed yield
(kg/ha) and oil yield (kg/ha). However, mean heterosis
was comparatively low for hull and oil contents. The study
on heterosis in sunflower showed that the crosses with
favorable characteristics such as oil and seed vyields, oil
and hull contents could be bred from correctly selected
parents. The cross CMS-853A X EC-623027 reached the
breeding aim mentioned above, especially for high vigor
in seed and oil yields.

Under present study, the genotypes, EC-601878 and
EC-601751 with regard to all measured traits, CMS-852A,
CMS-103A and P-89-1A for seed yield, oil content and low

hull rate could be used for increasing hybrid vigor in
future sunflower breeding programs as well as the
sunflower genotypes, viz., CMS-852A, CMS-853A, and
EC-623027, EC-623023 appeared to possess high
concentration of additive genes for seed yield and
component traits and, therefore, these parents can be
considered as the good combiners for heterosis breeding
program for seed and oil yield improvement in sunflower.

Keywords: Sunflower; Heterosis; Seed yield; Oil yield;
Yield components

Introduction

The main objectives of sunflower breeding programs are the
development of productive F1 hybrids with high seed and oil
yield. Sunflower oil yield is determined as the product of seed
yield per unit area and the oil percentage in grains. Therefore,
consideration of both components is important when breeding
for high oil yield. National sunflower hybrid (development of
new hybrid) breeding program is a continuous program that
started in our country in the early 1980s. Sunflower hybrid
breeding was started economically in discovering by Leclercq
[1] and restorer genes by Kinman [2], Miller and Fick [3].

Heterosis of these crops has been exploited only over the
past few decades. Hybrid sunflower became a reality with the
discovery of cytoplasmic male sterility and an effective male
fertility restoration system during 1970. Hybrid vigor has been
the main driving force for the acceptance of this oilseed crop.
Utilization of heterosis has allowed sunflowers to become one
of the major oilseed in many countries of Eastern and Western
Europe, Russia and South America and is an important crop in
the USA, Australia, South Africa, China, India and Turkey.
Sunflower hybrid breeding has thus played a vital role in the
improvement of this crop. Increasing seed and oil yields is the
top priority of most sunflower breeding programs. Getting

© Copyright iMedPub | This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/ 1


http://www.imedpub.com/
http://www.imedpub.com/european-journal-of-experimental-biology/

European Journal of Experimental Biology

benefits from the use of heterosis is the main purpose of
sunflower hybrid breeding. In this study, an effort has been
made to discuss the various approaches for hybrid breeding in
sunflower and present status for the development of high
yielding hybrids in sunflower with high seed and oil yield. The
present study has been carried out to with the specific
objectives to determine performance of sunflower varieties
and to measure the vigor of sunflower hybrids in different
location and year to identify one/few high yielding Sunflower
hybrids with at least 10-12 higher seed and oil yield over best
national check and suitable for cultivation in Rabi season. In
India, the sunflower is grown on about 0.7 million ha [4] and
mostly grown in the states of Karnataka, Maharastra, Andhra
Pradesh and Tamil Nadu with potential scope of growing in the
non-traditional areas like West Bengal [5]. In West Bengal,
Sunflower is the second important oilseed crop after
rapeseed-mustard during Rabi-summer season and it was
grown on about 21,000 ha in the last Rabi season (2016-17).
Due to short winter spell and delayed and heavy rainfall during
the rainy season, the sowing of mustard was delayed which
ultimately reduced the production of rapeseed-mustard. The
delayed sowing also invites the insect pests in most of the
years. Sunflower being a photoperiod natural crop has a wide
scope to replace the rapeseed-mustard cultivation with high
yield potentiality. In addition to ascertaining overall specific
combining ability status of cross combinations, it is also
equally important to ascertain the overall heterotic status of
the cross combinations across the traits. The overall heterotic
status of the cross combinations is estimated as the same
method followed for overall specific combining ability status
based on the rank sum of hybrid (mid-parent heterosis) across
the traits compared with the final norm for the heterosis.

Methods

The present experiment was started in 2014-15 with aimed
to breed and evaluates the performance of the sunflower
hybrids with respect to yield and yield component and to
identify the superior sunflower hybrids suitable for Rabi-
summer season in West Bengal agro-climatic condition. The
objective(s) of the present study identified the good heterotic
combinations, and to study the Heterosis and Heterobeltiosis.
The crossing was affected in line X tester fashion and the
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two replications wherein each replication was represented by
three rows of three-meter length. The soil texture was clay
loam in “On station” plots. Three irrigations were provided
during the cropping period. One foliar spray was given with
Boron at 2 g/l of water in the ray floret stage. The row per plot
were five in number with a row spacing of 60 cm and plant to
plant spacing was 30 cm. The uniform dose of fertilizer at 80
kg N, 40 Kg P,05 and 40 kg K,O per ha was applied. The
germinated seed of sunflower used as the planting materials
and one per hill were maintained throughout the cropping
period. The data was recorded in ten randomly selected plants
from each plot of all replications on the following characters
viz., days to 50% flowering, days to maturity, plant height at
harvest (cm), head diameter per plant (cm), seed weight per
head (g), 100-seed weight (g), husk (or hull) content (%),
volume weight (g/100 cc). The seed vyield (kg/ha), oil
percentage and oil yield (kg/ha) were estimated on plot basis
(Table 1). The mean values were subjected to statistical
analysis. In the very first year (2014-15), 56 of hybrids
(developed from line X tester matting design) were evaluated
and next year, 2015-16 and 2016-17, 56 superior hybrids were
tested along with the two national checks LSFH-171 and
DRSH-1 were evaluated for performance (seed/OQil yield)
higher at research farm under AICRP Sunflower, Nimpith
Centre in Randomized complete block design with three
replications. The data pertaining to seed yield and other yield
attributing traits for these test hybrids (Table 2).

The seed vyield (kg/ha), oil percentage and oil yield (kg/ha)
were estimated on a plot basis. The mean values were
subjected to statistical analysis Singh and Chaudhary [6], Singh
and Kakar [7]. The differences in mean were tested by Tukey’s
test using MSTAT statistical software (MSTAT-C 1991, Michigan
State University, East Lansing, Ml).

Heterosis

Percent increase or decrease of F1 over the mid parent has
been referred as heterosis and percent superiority of F1 over
better parent and standard check as heterobeltiosis and
economic heterosis, respectively.

Heterosis, Heterobeltiosis and economic heterosis will be
estimated as per the methods suggested by Fonesca and

resultant hybrids were subjected to combining ability studies. PatFerson [8] for the individual as well as over the
The genotypes were raised in Randomized Block Design with ~ €nvironments.
Table 1: Analysis of variance parents and hybrids (Mean squares) for combining ability.
Soure Days No. of| g 100 1y | Vol Ol | Seed | Seed ke
e of d.f to 50% Plant Head Filled F'.' seed Wt. " y Oil Yield
e . X N illing . Cont. cont Yield yield/ el
variati floweri height Dia. Seeds/ % weig % (g/100 % Pl (Kg/ha) (Kg/ha) Wit
on ng hd ht cc) ) i
(9)
Locatio 2978.5 14545.1 1.18 105 | 147.1
n 1 21246 | 7 2801 ~ 176.9 26.22 | 39.01 8 - 441289.2" | 35704.6" | 0.25
Repl/L 2.88 182 | 47.34
oc 2 27.14 540.8 9.03 6907.4 26.21 7 5.93 19.17 1 - 143396.6" | 47090.2 1.87
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194.04" | 9449.0 21097.7 352 | 57.04 9.49° | 650.2 | 1965372.0 | 229786.2 | 1.641
Line ; ) o g5 | 641" | > 2 563" | - > - = -
4816.9 | 2023 | 17476.8 55.80 317.1 108418.7 | 0.547
Tester | 6 7485" | - " 17.35" | 064 | 14.16" | 649 | 958346.7" | -
Line X 510.12 | 2150 | 27690.3 0.65 | 16.30 0.394
Tester | 42| 31.86" | - " 1051 | 4 - 13.60" | 238 | 5832 | 17679427 | 21047.8"|
Line X 0.00 0.00 | 0482 0.000
LC 7 0.382 6.92 0.031 | 2862 0.216 4 0.034 | 0.028 7 " 1501.09 116 9
Test X 0.00 0.00
LC 6 0.36 427 0.036 | 69.14 0.199 3 0.009 | 0.033 4 0.453 | 12784 114.6 0.001
LXT 0.00 0.00 0.000
XLC 42 | 029 2.37 0.026 | 80.3 0.015 2 0.054 | 0.01 5 0.247 | 752.3 80.27 8
11 0.00 0.00
Error 0 0.002 0.261 0.002 | 155.21 0.029 3 0.008 | 0.006 2 0.034 | 9822 28.83 0.001
“Significant at 5% level; " Significant at 5% level
Table 2: Parental mean for yield and yield attributing characters.
Days No. of Vol.
Name of to pl.  Ht| H9 Seed 100 100 Hull. filled Gr. Wt. ) il Yield
the parent 50% (cm) Dia. Yield seed kernel Cont. rains/Hd Filling (g/100 Oil (%) (kg/ha)
P Pl (cm) (kg/ha) | Wt.(g) | weight| (%) 9 (%) 9 9
ow. . cc)
CMS Line (L)
CMS-853A 67.9 118.6 1.5 1385 5.7 3.98 30.2 298 83.3 4238 36.2 774.9
CMS-852A 65.6 1235 1.8 1140 5 34 32.1 280 86.8 422 35.6 791.8
CMS-850A 66 116 12.8 1090 49 3.48 28.9 286 90.2 42 35.4 605.2
CMS-103A 65 129.3 12.3 1035 53 3.9 26.5 321 87.8 454 36.2 516.4
PET-2-7-1A 704 131.8 13.2 1150 55 3.68 33.1 364 86.9 437 35.2 7405
CMS-207A 68.8 136 12.6 1100.5 46 3.14 31.8 478 88 40.4 354 677.8
PET-89-1A 71 107.8 10.5 1210 4.9 3.46 293 408 84 454 352 704.6
CMS-10A 69.4 141.9 12.4 1225 5.3 3.64 314 340 87.1 421 34 647.4
Rande 65.0-7 | 107.8-14 1051 | 10350 | , .o 3.14-3.| 2653 | 340.0-478.| 833-9 | 404-4 | 34.0-3 | 516.4-77
9 1.0 1.9 32 1385.0 o 98 3.1 0 0.2 5.4 6.2 49
GM 68.01 125.61 12.14 1166.9 5.15 3.58 30.41 346.88 86.76 43 354 682.34
SEM (2) 1.1 2.2 0.3 36 0.17 0.08 0.9 18 16 0.8 - 12.6
C.D. 3.2 6.2 0.8 108 0.52 0.21 2.8 54 438 24 NS 36
(p=0.005) : : : : : : : :
C.V. (%) 7.7 8.4 6.8 9.4 6.2 7.6 7.1 9.2 6.1 5.4 - 8.8
R line (T)
(E“%'623°27 715 104.8 9.9 1020 56 414 26 303 775 453 38.9 718.1
EC-623023 713 95.8 7.5 825 5.3 3.76 29.1 283 85.2 43 38.2 706.4
EC-623021 64 87.4 8.6 780 5 3.53 295 262 87.5 42 425 671.6
EC-601978 66.3 87.4 11.6 770 49 3.45 29.6 286 87.9 429 425 7278
EC-601751 62 91.2 9 720 5.4 3.78 30 256 85.5 43 42 563.8
EC-601725 70.5 84.2 9.8 880 5.2 3.5 32.7 308 83 446 418 731.9
EC-623016 69.8 86.2 6.4 690.5 5.1 3.62 29 235 86.3 415 415 656.8
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Range ??50-7 24.2-1 04. 2.5-11 . 890-1 02| ,oc6 :14);153-4. g%o-s 256.393 ;zs-s 451.2?;0-4 g§5.2-4 §§93.3-77
GM 67.91 91 8.97 812.2 5.21 3.68 29.41 289 84.7 4319 | 411 682.35
SEM (&) 1.4 2.8 0.4 415 0.14 0.05 1.1 16.2 1.58 0.82 0.94 142
C.D. 42 8.6 1.1 120 0.42 0.17 3.4 48 4.6 24 2.8 416
(p=0.005)

CV. (%) 58 7.2 6.1 8.8 55 6.8 6.4 8.2 6.6 5.8 85 8.6

Table 3: Sunflower hybrids (F1s) mean for different yield and yield attributing characters.

Hd 100 .
. 50% X Seed No. of 100 Hull Vol. Wt. . Qil
fl'o Z'g;g?naﬁon Flow :’c';n)”" 2:'; Yield | Filled ':1“‘0793 seed VKV‘:'""' Cont. | (g/100 3" Yield
) ) (kg/ha) |  Grain/Hd v W@ | ) % cc) o (Kglha)

CMS-853A X
EC-623027

1 (M) 75 184.5 162 | 2462 7315 87 6.1 4.1 32.1 42.8 357 | 879
CMS-853A X

2 EC-623023 745 | 1765 159 | 2428 746 87.5 5.9 4.1 29.8 43 356 | 864.5
CMS-853A X

3 623021 735 | 170 157 | 2202 792.5 87 56 4 27.8 43.7 36.4 | 8345
CMS-853A X

4 EC601751 69 158 154 | 1861 660 915 5.3 3.9 27.3 426 36.8 | 685
CMS-853A X

5 EC601978 685 | 145 155 | 15755 | 5435 86.5 5.4 4 24.8 45.3 374 | 589
CMS-853A X

6 EC601725 755 | 1825 161 | 2278 805 87 55 3.7 33.1 40 352 | 802
CMS-853A X

7 623016 72 160.5 15 2072 682.5 87.5 55 3.8 31.9 43.8 372 | 7705
CMS-852A X
EC-623027

8 (M) 76 175 154 | 2270 855.5 92 4.9 3.4 29.8 40 358 | 813
CMS-852A X

9 EC-623023 76 170 154 | 2328 935 88.5 46 3 34.6 43.2 36.1 | 8405
CMS-852A X

10 | EC-623021 775 | 174 154 | 2272 839 91 5 35 29.8 40 358 | 8135
CMS-852A X

11 | EC-601751 725 | 160.1 15.4 | 2284 879 90 4.8 3.3 31.1 416 364 | 8315
CMS-852A X

12 | EC-601978 66 153 15 1761 637.5 915 5.1 3.7 27.3 42.6 36.8 | 648
CMS-852A X

13 | EC-601725 705 | 155 167 | 2072 682.5 87.5 55 3.8 31.9 43.8 372 | 7705
CMS-852A X

14 | EC-623016 73 1755 153 | 2306 7205 88.5 5.8 4.3 25.2 42.7 358 | 8255
CMS-850A X
EC-623027

15 (M) 69 133 152 | 1861 673.5 915 5.1 3.7 27.3 42,6 36.8 | 685
CMS-850A X

16 | EC-623023 64 1225 138 | 1472 605 91 45 3.1 30.9 436 384 | 565
CMS-850A X

17 | EC-623021 63 112 132 | 1340 516 9 48 3.4 29 42.2 37.2 | 4985
CMS-850A X

18 | EC-601751 69 133 154 | 1861 673.5 915 5.1 3.7 27.3 42.6 36.8 | 685
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CMS-850A
19 | EC-601978 65 92.5 9.6 1500 5535 94 5 3.6 27.8 39.7 37 555
CMS-850A
20 | EC-601725 69 112 137 | 1836 664.5 915 5.1 3.7 27.3 42.6 372 | 683
CMS-850
21 | EC-623016 68 1225 133 | 1472 605 91 45 3.1 30.9 43.6 384 | 565
CMS-103A
EC-623027
22| (M) 675 | 1385 135 | 1350 476 89 5.1 3.3 34.4 432 38.7 | 5185
CMS-103A
23 | EC-623023 67 135 127 | 1340 516 9 48 3.4 29 42.2 37.2 | 4985
CMS-103A
24 | EC-623021 66 132 127 | 1348 516 9 4.8 3.4 29 42.2 37.2 | 4995
CMS-103A
25 |  EC-601751 67 130.1 134 | 1472 533 91,5 5.1 3.5 30.3 42.6 36.8 | 5415
CMS-103A
26 | EC-601978 66 1245 128 | 1533 4875 90.5 5.7 44 236 48.5 384 | 589
CMS-103A
27 | EC-601725 625 | 1205 12.2 | 1232 4845 91 4.7 3.3 29.8 434 38.1| 4695
CMS-103A
28 | EC-623016 64 124 12.7 | 1340 485 90 5.1 35 31 422 372 | 4985
P-2-7-1A
29 | EC-623027 73 184 16.4 | 2094 743 89 5.1 3.3 34.4 432 37 775
P-2-7-1A
30 | EC-623023 68 1455 157 | 2192 7355 88.5 5.4 3.7 325 435 37.6 | 8245
P-2-7-1A
31 | EC-623021 70 168.5 149 | 1872 5145 2 6.6 44 33.6 42.4 37.8| 7075
CP-2-7-1A
32 | EC-601751 76 1775 158 | 2340 7705 87.5 55 3.8 31.9 42.6 352 | 824
P-2-7-1A
33 | EC-601978 645 | 1375 115 | 1340 4575 ) 5.3 3.6 30.8 45.6 38.7 | 5185
P-2-7-1A
34 | EC-601725 68 1455 157 | 2192 7355 88.5 5.4 3.7 325 435 376 | 824
P-2-7-1A
35 | EC-623016 70 155.5 149 | 1878 501 9 6.8 45 33.6 424 378 | 710
207A
36 | EC-623027 635 | 1425 14 1567 616 92 47 3.1 32.6 39.6 39 6115
207A
37 | EC-623023 73 1425 147 | 2194 922 88 4.4 3.1 29.3 39.9 36.4 | 799
CMS-207A
38 | EC-623021 705 | 167 144 | 1886 696.5 ) 5 3.3 33.8 38 375 | 7075
CMS-207A
39 | EC-601751 68 1455 157 | 1962 658 88.5 5.4 3.7 325 435 37.6 | 7375
CMS-207A
40 | EC-601978 67 115 135 | 1431 498 90.5 5.2 35 31.9 39.2 385 | 551
CMS-207A
41 | EC-801725 715 | 1725 14.8 | 2017 776 86 438 3.2 33.1 40 36.8 | 7425
CMS-207A
42 | EC-623016 685 | 153 14 1547 665.5 92 4.3 2.9 324 40.2 385 | 59
P-89-1A
EC-623027
43 | (M) 735 | 180 156 | 2218 91 88 45 3.1 30.9 45.1 376 | 834
P-89-1A
44 | EC-623023 73 168.5 15 1974 793 89 4.6 3.1 31.6 39.7 36.8 | 7265
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P-89-1AA X
45 | EC-623021 71 1485 14.2 | 1856 714 89 438 33 316 39.7 36.8 | 683
P-89-1AA X
46 | EC-601751 71 154 151 | 2144 761 85.5 5.1 35 30.6 455 374 | 802
P-89-1AA X
47 | EC-601978 685 | 123 12 1445 533.5 915 5 3.7 25.8 452 388 | 561
P-89-1A X
48 | EC-601725 73 148.5 15 1960 7875 89 46 3.1 316 39.7 368 | 7215
P-89-1A X
49 | EC-623016 67 136.5 13.9 | 1611 583 20 5.1 34 33.1 4 375 | 6045
10A X
50 | EC-623027 725 | 1675 154 | 1722 577.5 88 5.4 3.7 30.6 408 36.5| 6285
10A X
51 | EC-623023 64 154 14.6 | 1380 531 92 438 34 29 422 386 | 5325
10AA X
52 | EC-623021 715 | 1625 152 | 1722 577.5 88 5.4 37 30.7 408 365 | 6285
10A X
53 | EC-601751 735 | 1425 14.7 | 1967 826.5 87 44 3 316 39.6 364 | 716
10A X
54 | EC-601978 645 | 119 12.8 | 1306 4825 92 5 35 29.8 403 382 | 499
10A X
55 | EC-601725 705 | 1565 15.4 | 2240 795 86 5.1 34 325 446 376 | 8425
10A X
56 | EC-623016 68 1455 15 1792 601 87.5 5.4 37 325 415 382 | 685
G. Mean 69.6 | 1488 145 | 18405 | 661.8 89.4 5.1 36 30.6 422 372 | 6823
35.2
64-7 | 112.0-1 | 96- | 12322 87.0-94. 24.8-3 -38. | 49858
Range 6 84.5 16.4 | 462 476-935 | 0 4468 | 31-44| 46 38.0-485 | 5 79.5
LSFH-171
(Ch-1) 80 194 15.6 | 2256 634 85.5 5.24 3.24 38.1 38.78 337 | 760
DRSH-1
(CH-2) 75 168.7 14.8 | 1978 557 87.2 5.68 3.76 345 41.36 38 751
SEM () 1.1 6.3 0.34 | 30.1 20.3 0.5 0.2 0.15 0.5 0.9 0.7 23.2
c.D.
(p=0.005) 3.1 6.8 1 90.2 60.4 15 0.6 0.45 1.4 27 2.1 68.6
C.V. (%) 6.8 9.2 6.1 9.6 9.2 7.5 5.8 6.5 8.2 7.1 8.2 9.4
Table 4: Heterobeltiosis and Heterosis of sunflower hybrids for yield and yield attributing characters.
Days to 50% . . No. of Filled o
Hybrid Flowering PI. Ht. (cm) Hd. Dia.(cm) Seed Yield (kg/ha) Grain/Hd Gr. Fil.%
Sl. No o
combination
h2BP | h2MP | h2BP | h2MP h2BP | h2MP | h2BP h2 MP h2BP | h2MP | h?BP | h2MP
CMS-853A X " .
1 EC623027 3.91 691" | 1230 | o308 | 3327 | ggopt| 101747 17047 | 9000" | 140% | 386 8.84"
M)
) CMS-853A X | ¢ .- 1258 | 5200 | oo 6198 | ,450% | 119737 | 19203 106.65 | 164.2 187 7 68"
Ec623023
3 CMS-853A X'| 1037 | 1360 | 3711 | ggza= | 5622 1 geaae | qq173% | 120" | M938 | 1727 1 gagv | 732
623021
CMS-853A X . . | 3174 " 33.33" " " - .| 180.1" 40.77°
4 £ 001751 6.15 6.00 2 48.50 ; 55.44 72.71 136.1 82.19 . 2.49 :
CMS-853A X . 10.27" | 27.30 " 51.22 o " - .| 73.06"
5 EC001778 6.72 . < 38.96 i 75.33 49.69 92.4 59.50 ! 463 347
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. CMSESIAX| 1103 | 1424 | 176 | gra0- | S99 | grgpm | qor1sn| qpso | NSST| 24T g | 3624
7 CMSESAX| sa0 | as5” | 204 | sogm | 40801 4797 o™ | ras1” | ov2r| 1928 | qpggn| 3430
8 EComozy | 1014 | 1331 3831 | oo | 37| g | poage | qgegn | 13044 1885 Lo | 1261
(M)
9 CMSES2AX| 1218 | 1843 | 4638 | goog | 5417 | es20"| 13957 | 21287 | 1992 29051 44 | a5y
10 S 8soa X| 1098 2039° | 6081 | zggpm | 8098 | gyopt | qzeert | 21327 | 44| 208201 5055 | ggen
» CMS-852A X | 1373 | 1350° | 3952 | oo oo | 3162 | i gaoice | popge | 15222 2028 | o | 3477
EC-601751
12 CMSES2AX| 038 | s77 | 0% | gy | M2 e75en | soss” | 1077 | eaes”| 198 306 | 7ae
13 CUSESAX| 5o | ses | 4702 | st | 5409 | ggagt| q0sa5t| qresm | 8988 | 1848 pp5 | 3238
14 CUSBEIAX| gog | [2147| 4557 | gsasm | 4013 | gsagr| 1sp027| 20s4v | MO16 | 2212 gqp | 3228
15 S e X 03s | 7art | 1151 agaen B9 g47v | 76407 | 192" | s289" | 913" | 376 | 11.96"
16 cuseoon | ses | 135 | M4 ap0an 3563 | 18" | s373" | o14” | 7574 | 832" | 120 | 958
17 CUSEBSOAX| 6260 | 216 | 892 | 2688" | 230 | s060"| 4332" | 786" | 49787 5647 | 275 | 850
8 CMS-850A X | oo | 1277°| 2935 | oo | 2623 | oo 10041 | .| 9493 | 1412 .| 36.98°
EC-601751
19 CMSEOAX| 52 | ees | 00 azee | I ot es7st | esat | 2 7ag | oses 1005
20 CMSBSOAX| 590 | 1098 1084 | so05" | 2124 sp46"| sod0” | 1308" | sed0”| 24| a2 | 3837
21 CUSB50 X| 1a2 | sez | 198 | gsegr | B9 erapv| esz0m | c0s” | es7at| 1547|768 | 209
22 CMSIOSAX| 182 | ose | 179 | 20257 | 21921 25247 041" | 708" | 30417 733" | 405 | 828
23 e P I B T B e o L (RPN
EC-623023
24 ol 201 | 18921 5p0gn | 2153 96| azeet | oast | e239" | 1928 | 415 | 797
25 CUSIOAX| 5517 | s2s | 1074 et | 121 soqrt| esnon | r2ien | erazt| 1924 g4 | 00T
26 CUSAOAX| 076 | ata | MU 2zt | 2019 gaa0n | 74707 | 12097 | 6400”7297 | 656" | 538"
27 O i7as | 802 | a3 | 1901 4400 10471 900" | 2sert | 7sa | assat | 1207 35 | 3062
28 CUSISAX | a2 | 35 | 784" | 1353 2583 | 5405" | 536" | sert | e221| 1970 gy | 3348
29 e | 21 gt | B85 | gpag | MO g4get | ga00n | aasgr | 10989 16871 g5 | 1266
30 P s | 32 | 254 | 24T 4943 | ¥ 33 grest | 121077 | g4zt | 12288 188571 4, 1049
31 porin X e | mast| 208 geesr | 3070 g3 | o3e9n | te11” | ssyet| 1093 oqq | 1267
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32 Eg-gc-)l?s . X| 1472 | 181471 6020 | gapae | 274201 gopoe | yunggt | pppav | 13260 277301, 36.61°
33 Eg-gélgm X! 549" | 065 2198 | 5009 | 86 46647 | 43327 | 766" 47707 | 6127 | 418 8.89”
34 Porths | 181 | aos | B 5902 352" | 7843 | 115067 | 1854 | 490 | 232671 545 | 3060
35 P e | 072 | er9 | HT 1 6365 5204" | g3ge" | 104437 | 423" | eosyt | 1433 | 1393 4020°
36 O oy | 0 g3y | 1299 a4 17251 g4t | arso” | sas” | 6728 | 935° | 402 | 178"
37 O aops | 355 | 850" | 184% 1 2609” 4288 | ciast | 17897 | 1853”7 | 16783 | o414 406 | 522
38 O opr | 217 | | 32 s3507 30.79° | 4503 | 525" | osaor | 10218 1348 | 5o | gp
39 s | 228 | a0s | P g | 8291 so74n | aa3zst| arost | 0% 16937 | ggg | 3137
40 A ors | 219 | 298 | 83 131t | B st szt | sezr | 385 10571 g6 | s
41 2%7_20 1725 X! 288 780" | 4870 | gogr | 3145 | gagae | 1596 | ygaae | g3gp| 19567 | gag | 2892
42 207A ote | 70 | 202 | P00 gappr | 3288 1 ysepn | 74q3m | qo0 | AT 169471 g4 36.28°
43 Eg_%';%ﬂ X1 426 135t | 4787 | g1707 | 3867 | 004 azge | q7aqn | 10430 207371 gq5 | 1002
44 Eg-%;af\ozs X| gap | 12697 | 4380 | gooqn | 4888 | g g | 12789 | ppqe | 125911 18887 | g, | 1355
45 Eg_%';?(g ] X! 48 124471 3180 | o | 3396 | gpgge | 10088 | g | 10910 15987 |, g 9.70°
46 Eg-%—c; 1A7"; . X| ggrr | 13027 | 3637 | gy g | 2479 | gpgpe| 10978 | g | 8814 242471 o 3144’
47 PEOIM X1 1ss | v | 27100 | seos” | M e000m| s721m | rongn | 1870 | 10071 575 1 euo
48 2_08-96—346\725 X| gog | 1441 | 3339 | igage | 33931 ool yozee” | 17027 | eser” | 2273 | g0 | 3822
49 POIA X 219 | aso | 292 | ssagn | 4032 ggegn| 7pp0n | q204m | 10118 | 188971 gop | 3806
50 oS e x| 545 1281|3432 | g ee | A7 g5 | gger” | 13297 | e1e1” | 1983 | 429 | ge
51 CUSTONLS | 510 | 18 | 28N gm0 gagat | es00n | 10027 | sasrt| 1008|1385 1esY
52 TR s | e 021 | gue | 478 | goe | snsar | tess | ster| 1258 | 71g | 7se”
EC-623021
5 CMS-10A X| 1575 | 2037°| 2295 | goeoe | 22500 | Looon ool oioon oo 2007 o | 3178
EC-601751
54 22_36310;58 X1 453 | 605" | 10 52.04 1963 | saeat | a974” | 10187 | 1354 eest | 02 | 873
55 gg"_%&ogs X| oz | 1389 3692 | goooe | 3TA | g0 | grs6” | 241307 | 4e21” | 2987 | 7600 | 3158
56 CE:(';"_S6'2130£ 6 X1 187 912" | 2619 | ggegr | 5987 | 101721 g gae | qgge | 11931 191371 4 3223
Lowest M5 | 733 | 1169 | 13.1 1194 | 2487 | 4332 423 3941 | 56.1 273 | 347
Highest 1698 | 2039 | 7226 | 1232 61.98 | 10172 | 15202 | 2258 169.26 | 2773 | 1393 | 4077

8 This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/
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Crosses with
positive and | 44 38 54 56 54 56 56 56 56 56 18 53
significant
heterosis
Crosses with
negative and | g 1 1 0 0 0 0 0 0 0 0 0
significant
heterosis
SEm () 0.03 0.02 0.62 0.53 0.07 0.06 1.4 9.87 8.3 7.2 0.2 0.17
Table 5: Heterobeltiosis and Heterosis of sunflower hybrids for yield and yield attributing characters.
100 seed Wt. (g) | 100 kernel weight | Hull Cont.% Vol. Wt. (91100 | ;)0 Oil Yield (Kg/ha)
. cc)
Sl. Hybrid
No combination h2
h2 BP h2 MP h? BP h2MP h2 BP h? MP BP h2 MP h2 BP h2 MP h2 BP h? MP
CMS-853A X
1 EC-623027 5.49" 7.96" 1.8 35 8.37 10.14" | -2.84 | 023 -4.93 2.28 95.77" 15217
(M)
CMS-853A X . . . . . " "
2 EC.823023 5.22 7.27 5.74 6.84 -1.34 0.51 0.23 2.21 -4.30 -2.39 111.89 171.6
3 CMS-853A X | 4 g3 3.74 551" 6.23" 912" 6.87"° | 3.07 481 756" | -3.49 100.36" | 161.4"
623021
CMS-853A X - -18.78" . -15.60" . - -
4 EC801751 0 2.2 -36.4 3.49 : -8.70 058 | 25 : -6.54 65.36 122.6
CMS-853A X " " 2291 " . " " - "
5 ECB01778 3.6 11.70 22.8 3.21 ; 17.61 5.59 18.06 -4.35 263 46.61 76.9
CMS-853A X " " . . -8.47 -19.68 . " "
6 ECB01725 0 6.20 67.2 -2.67 -5.53 5.09 X -3.84 - 9.74 84.69 149.9
CMS-853 A . w " . -14.92° " "
7 X623016 1.85 8.27 63.4 -1.32 -2.63 7.60 3.91 5.61 -4.25 : 95.68 139.5
CMS-852A X 857
8 EC-623027 -10.07" | -8.49° -9.53" -7.97° -2.56 -0.83 R -5.80 -3.89 -1.57 102.49™ 160.4™
(M)
CMS-852A X . e w - e - - .
9 EC-023023 -12.83 11.65 7.4 16.64 11.04 12.91 1.41 3.25 217 -0.58 133.15 198.2
CMS-852A X - . - . " "
10 EC-023021 2.74 - -0.65 0 -5.31 -3.25 499 | -355 -8.38 -4.67 120.46 187.7
CMS-852A X w . -16.20" . - "
11 EC.001751 -1.31 -4.04 -68.0 -4.38 -9.97 0.65 223 | 063 : -6.85 126.72 206.6
CMS-852A X - - -17.33" - w . " "
12 EC001878 -2.88 14.37 1.94 23.3 : 12.08 0 11.72 -5.15 1.37 82.92 1185
CMS-852A X . w . - -11.36 . - 14.77 w .
13 EC.801725 7.84 15.20 8.70 65.4 : 17 0.92 5.92 - -3.88 99.22 171.0
CMS-852A X " » " - R - -17.86" . » "
14 EC-823016 14.85 22.91 24.00 56.4 9.37 17.51 2.03 3.51 : 713 138.41 189.3
CMS-850A X . - "
15 EC.823027 -3.35 -4.46 -1.48 7.63 0.7 -4.04 -2.41 1.27 2.37 -0.94 74.97 114.0
CMS-850A X " . " . . " " "
16 EC.823023 -4.09 12.32 -5.58 14.58 6.57 6.38 2.59 5.19 2.15 435 61.20 95.2
CMS-850A X . -19.82° » -
17 EC.823021 -3.35 4.92 -3.57 7.31 ; -0.68 0.48 2.74 -4.55 -4.25 38.86 715
CMS-850A X " . " -14.60 . . - "
18 EC.801751 3.58 18.81 6.38 62.8 ; -6.67 0.35 4.08 -5.58 -1.65 92.01 145.4
© Copyright iMedPub 9
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19 | USSR X 341 | 2014”138 | 364" 2B e | 899 gop o | 439 | 61227 | 823"
20 | USEOR X! 05 2007 | 5617 | 650" | 697 | M qep | 399 | M40 363 | sra9n | 1337°
21 EP:A.2-28350016 X1 310 10.55" 12777 | 67.9" 6.56 " 24.16" | 4.43 6.76 " -0.13 5.70" 68.03" 92.8"
22 | USIOA X! g4z | 642 | 66" | 15327 | 2.4 2606" | -474 | 147 | 3.06 173 3433" | 795"
23 ggﬁ-%;soo% X1 M5 goa8 | 126 11.76" | 1.06 4.32 452 | -243 -1.61 0 44.49" 92.9”
24 (E:gﬁ-fs-z130032A1 X| 896 | 777 | -100" | -040° | -455 3.57 343 | 86 | 98 st | a1300 | 924"
25 | MSIOSA X 098 | 127 664" | 408 | 21 784t | 351 020 | 654" | 510 | 54167 | 1186
26 | 100A o 6547 | 2448 | 1327 | sagn | MO0 I6AET ggel gpgen | 32U y7e | 7aar | 456"
27 | CUSTIOA X a0t 1143 | 706" | 11767 | 041 0.68 356 | 153 151470 531 | 2646 | 800"
28 | CUSTORA X 288 | 3 658" | 707" | 558 | 11537 | 288 | -104 | -425 | 387 5072" | 903"
29 | 2T 465 | g1 | aset | 13427 | 228 | 12447 | 202 | 1051" | 013 | 58 9327" | 1556"
30 | P2 a2 | o 247 | 201 | 264 434 035 | 1302° | 245 23 12008" | 202.2"
31 E-cz-géygm X1 940" | 25717 | 21107 | 2477 1280 | 4 4g- -1.05 | 10.06™ ‘17.51“ 2,77 91.99" 170.17
32 EEZEZ{QQ X 168 577" 6387 | 4.9 19T se -1.62 | 1219 | -945" | 8.99 124.98" | 21427
3 | B2IA XD 75 | eaz | tean | 2277 | MU o2 | oset saon | 23| 026 | aes | s0s”
aa | PETALK] 0m 1.19 667" | 1.39 602 | 437" | 147 | 1449”701 54 | 11333% | 1003”
35 | Pl G| 19967 | 2830" | 8517 | 2384" | 745 | 805" | 047 | 1189" | 143 | 698 | 10535 | 157.1"
36 | CUSZOTA X 046° 1 giust | 37t | 1ss4” | 555 | 13617 | 445 | 1208 o007 | 526 5590" | 975"
37 (E:Eﬂifsogzﬁ X[ 13387y 18000 gy | gy 0.34 B3 o3 -0.82 04 127.47" | 186.3"
38 | SR 0 13 7617 | 27 552 | 480" | B0 | y304m| 1362 550 | ggest | 1527"
39 | CUSZOTA X! 4020" | 1616 | 6397 | 580" | 293 | 1019" | 147 | 795" | 328 | 584 | 11189" | 1748"
40 | USZUR X o097 2349 | 671" | 244" | 752 | 617" | 564 | 11317 | 99| g6 | so71" | e76”
ar | USZOTR X 594% | 474 703" | 914" | 347 | 107 o086 | 1art | M8V L4 | ogeeer | 1637
a2 | TUSZUR X! 535 | 15007 | 707" 201471 09 1557 | 78 009 | 039 3.24 7685 | 110.8”
a3 | PEA X 898 | a7t | B2 a6t | 0 10.48" | 5257 155" | 1.16 121 10206 | 182.5"
aa | PEA LT | 808 1693 | ges | 052 | 842" | 48 | 335 218 | 000 95.43" | 1744"
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45 Eg_%';g’& X1 433 104 | 13 8317 | MO 695 | 364 430 558° | 1898 1 796" | 457.1"
46 Eg_%‘g%1 X\ q07* | 787" | 647" | 261 22441 304 924" | 200" | -404 | 680 | 11247° | 2155"
a7 | PEHMAX] A 14717 | 342 | 322 | 1273 4400 | 8397 302% | 1988 | 26 5349" | 100.6"
ag | PSR K a0 744 | o7 | MO0 1 Ha5 | 3m | 899 47 14041 466 | 8128" | 169.9"
a9 | PN T a2 9.64 6547 | 6117 | 269 | 13977 | 0412 | 841" | 247 | -058 | 69.09° | 1253"
s0 | CUSIOR X! w092 | 418 | 637 | ssr | 974 | 946 | °% | 310 | oma | say | s452" | 1307"
s1 | MO, 433 | 1038" | 000" | 23 535 | 034 | -082 | 843" | -367 | 693 | 4559° | 120.0"
52 | CuSTWAX| ass | 120" | sag | 6™ | U107 a9 207 | 584" | OBV a4 | erean | 1s87”
53 (E:'(\:"_z'(;f;; X\ an W  g000 | azrr | 1298 gse 682 346 49 438 9247" | 200.3"
54| CUSTOM X 7a48° | 180" | 8sst | 305" | T oer | P qaagn | 97 053 | ass0” | 9e2”
55 22_8661107"25 X! 286 | 1324"| 673" | 157 | 618 | -076 | 288 | 16.07" | 2% | 079 | 114.92" | 244.4"
56 gg_%‘;?’o(ﬁ 6 X! 385 2080" | 6227 | 1.39 7.65 190" | -072 | 827" | M40 4149 94.88" | 178.9"
Lowest 1598 | -849 | 707 | 2014 | 2311 | -16.46 | 973 | -12.68 | -1967 | -14.92 | 26.46 715
Highest 1916 | 2914 | 2405 | 67.9 11.04 | 2606 | 973 | 31.1 3.06 8.98 138.4 244.4
Crosses with
‘S’%ﬂm’ceama“d 10 25 12 22 7 26 7 27 0 7 56 56
heterosis
Crosses with
negative and
significant 10 6 36 12 33 6 9 2 12 7 0 0
heterosis
S.Em () 0.11 0.09 0.05 0.04 0263 | 0227 | 0162 0.4 0147 | 04127 | 635 55
Results and Discussion (CMS-850A X EC-623021) to 277.3% (P-2-7-1A X EC-601751),
for seed filling% the heterosis was ranged from -3.47%
Significant genotypic differences existed for all the (CMS-853A X EC601978) to 40.77% (CMS-853A X EC601751),

agronomic traits among the lines, testers and hybrids. The
analysis of variance shows significant differences among the
genotypes for all the above said characters studied.
Hybridization helps to augment the desirable genes of various
parents in one combination. Irrespective of general combining
ability of the parents, certain combinations of parents can give
superior hybrids (Table 3). Among the sunflower hybrids, for
days to 50% flowering the heterosis was observed from -7.33%
(CMS-207A X EC-623027 (M) to 20.37% (CMS-10A X
EC-601751), for plant height the heterosis was ranged from
13.10 per cent (CMS-207A X EC-601978) to 123.2% (CMS-853
A X EC-623027 (Mono), for head diameter the heterosis was
ranged from 19.90% (CMS-103A X EC-601725) to 101.02%
(CMS-10A X EC-623016), for seed vyield (kg/ha) heterotic
variation was observed from 42.3% (P-2-7-1A X EC-623016) to
241.3% (CMS-10A X EC-601725), for number of filled seed/
head the heterotic variation was observed from 56.1%

© Copyright iMedPub

for 100 seed weight (g) the heterosis was ranged from -8.49%
(CMS-852A X EC-623027 (M) to 29.14% (CMS-850A X
EC-601978), for 100 seed kernel weight (g) the heterotic
variation was observed from -20.14% (CMS-207A X EC-623016)
to 67.9% (CMS-850A X EC-623016), for hull content, the
heterosis was ranged from -14.46% (CMS-103A X EC-601978)
to 26.06% (CMS-103A X EC-623027); for volume weight (g/100
cc) the heterotic variation was observed from -12.68%
(CMS-207A X EC-623027) to 31.10% (P-2-7-1A X EC-601978);
for oil content%, the heterotic variation was observed from
-14.92% (CMS-853A X 623016) to 8.98% (P-2-7-1A X
EC-601751); for oil yield (kg/ha), heterotic variation was
observed from 71.5% (CMS- EC-623021) to 223.8% (CMS-10A X
EC-601725) respectively. Significantly less heterosis was
recorded in the case of oil content (%) relative to the parental
mean. A total of 6 crosses exhibited significantly better parent
heterosis (Heterobeltiosis), for days to 50% flowering for

1
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earliness. The significant contribution in the induction of
earliness in the above crosses is from CMS-850A, CMS-103A
and CMS-10A. The findings have close proximity to Janjal et al.
[9], Chandirakala et al. [10], Manivannan et al. [11].

In the sunflower dwarf to medium-tall plant is required
because tall plants are prone to lodging therefore, negative
heterosis, in this case, is desirable. A perusal of Table 4
revealed that only a single cross (CMS-207A X EC-623027
showed significant negative mid parent heterosis for days to
50% flowering. The sunflower hybrids CMS-207A X EC-623027
(63.5 days), CMS-10A X EC-623023 (64 days), CMS-10A X
EC-601978 (64 days) and CMS-103A X EC-623016 (65days)
recorded significantly lower days to 50% flowering.

From our experiment, over the years of study, it was
observed that the sunflower hybrids viz. CMS-103A X
EC-601725 took minimum 92 days to mature followed by
CMS-207A X EC-623027 (94 days), CMS-10A X EC-623023 (95
days) and CMS-10A X EC-601978 (95 days) and CMS-103A X
EC-623016 (95 days) respectively. Therefore, these hybrids
may be considered as the early maturing hybrids. Head
diameter is one of the most important characters related to
yield. Large heads accommodate more seeds which help to
increase production. A perusal of Table 3 revealed that many
of the hybrids showed significant and positive mid parent
heterosis viz. CMS852A X EC-623016 followed by CMS-853A X
EC-623027, CMS-852A X EC-623023, PET-89-1A X EC-601916
and CMS-852A X EC-623021 respectively for the said trait
under study.

The hybrids, viz. CMS-852A X EC-623023 (935), P-89-1A X
EC-623027 (911) CMS-852A X EC-601751 (879), CMS-852A X
EC-623027 (M) (856) and CMS-852A X EC-623021 (839)
showed significant and positive mid parent heterosis for
number of filled grain per head. The % performance of most of
these hybrids was significantly superior to the highest yielding
check LSFH 171. Gangappa et al. [12] and many other workers
also observed a higher magnitude of heterosis for a number of
filled seeds in a sunflower. The F1s viz. CMS-852A X EC-623027
(M) (92%), CMS-853A X EC601751 (92%) and CMS-852A X
EC601878 (92%), followed by CMS-852A X EC-623021 (91%),
CMS-852A X EC-621951 (90%) showed significant and positive
mid parent heterosis for seed filling percentage. The %
performance of most of these hybrids was significantly
superior to the highest yielding check LSFH 171 for grain filling
(%). Rathi et al. [13] also observed a higher magnitude of
heterosis for higher seed filling (%), 100 seed weight, and head
diameter in sunflower.

Oil yield is the important criterion in sunflower which
depends on the oil content of the genotype. For oil content,
the range of heterosis was -14.98 to 8.98%. Only 2 sunflower
hybrids, viz., CMS-10A X EC-623023, and CMS 10A X EC-623027
showed significant positive mid parent heterosis for the oil
content (%). For oil yield (kg/ha), as performance per se, most
of the hybrids were showed significant positive mid parent
heterosis for the same trait PET-89-1A X EC-601916 followed
by CMS-852A X EC-601751, CMS-853A X EC623023, CMS-850A
X EC-601878, P-2-7-1A X EC-601751, CMS 852A X EC-623021,
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CMS-10A X EC-601725 and CMS-852A X EC-601725
respectively were found superior ones.

The studies revealed that the best cross combination for
semi-dwarf plant height coupled with good seed vyield per
plant and high oil content were P-2-7-1A X EC-623023 (98 days
maturity and seed vyield of 2192 kg/ha), CMS-207A X
EC-601751 (98 days maturity and seed yield of 1962 kg/ha),
P-2-7-1A X EC-601751 (100 days maturity and seed yield of
1872 kg/ha) and P-89-1AA X EC-601751 (101 days maturity
and seed yield of 2144 kg/ha) respectively.

Seed vyield is an exceedingly complex quantitative trait in
sunflower, whose control involves a series of genes, because
practically all traits have some influence, to a large or small
measure, on the seed yield. However, heterosis occurred
practically for all traits with different magnitudes. The highest
positive heterosis observed for seed yield was explained by the
sum of favorable values of heterosis for the different traits
correlated with seed yield. A similar type of report was found
by Suresha et al. [14] and Patil et al. [15] and Raghavendra et
al. [16].

Among the 56 sunflower hybrids under study, CMS-853A X
EC-623027 (2462 kg/ha, 77 days to flower, and oil yield of 881
kg/ha, 100 seed weight 6.2 g), CMS-853A X EC-623023 (seed
yield 2428 kg/ha, 75 days to flower, oil yield of 861 kg/ha, 100
seed weight 6.2 g), CMS-852A X EC-623016 (2306 kg/ha, 75
days to flower, oil yield of 840 kg/ha and 100 seed weight 5.9
g) possessed superiority for seed yield, oil yield as well as high
100 seed weight and high volume weight. As per the
performance per se and heterosis study, it was revealed that
the best cross combination for semi-dwarf plant height
coupled with good seed yield per plant and high oil content
are P-2-7-1A X EC-623023 (98 days maturity, seed yield of 2192
kg/ha), CMS 207A X EC-601751 (98 days maturity, seed yield of
1962 kg/ha), CMS-850A X EC-601751 (99 days maturity and
seed yield of 1861 Kg/ha), CMS 852A X EC-601725 (100 days
maturity, seed yield of 2072 kg/ha), and CMS-10A X EC-601725
(100 days maturity and seed yield 2240 kg/ha and oil yield 842
kg/ha), P-89-1A X EC-601751 (100 days maturity and seed yield
2245 kg/ha, oil yield 835 kg/ha) and P-2-7-1A X EC-601725
(100 days maturity and seed yield 2192 kg/ha, oil yield 824
kg/ha) respectively. Among 56 hybrids studied, the desirable
negative significant mid parent heterosis was manifested by F1
viz., CMS-103A X EC-601978 (23.6%) followed by P-89-1AA X
EC-601978 (25.8%), CMS-853A X EC601978 (24.8%), CMS-853A
X EC-601751, CMS-852A X EC601978 (27.3%), CMS-10A X
EC-623023 (29%), CMS-207A X EC-623016 (29.5%), PET-89-1A
X EC-601916 (30.2%) and CMS-852A X EC-601751 (30.5%)
respectively. The parental lines viz. CMS-852A, CMS-103 A,
PET-89-1A and Rf line viz. EC-601978, EC-601751 and
EC-623016 for hull content have contributed to desirable
significant negative heterosis in the above hybrids for low hull
content in a desirable negative direction. The high volume
weight is having a direct relation with the weight of seed yield
and high oil percentage and therefore, high oil yield per unit
area. The desirable positive significant mid parent heterosis for
the same traits was observed in Fls viz., CMS-103A X
EC-601978 (48.5 g) followed by P-2-7-1A X EC-601978 (45.6 g),
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CMS-853A X EC601978 (45.3 g), P-89-1AA X EC-601751 (45.3
g), P-89-1AA X EC-601978 (45.2 g), CMS-852A X EC-601725
(43.8 g), CMS-853A X EC-623016 (43.6 g), CMS-850A X
EC-623023 (43.6 g), 207A X EC-601751 (43.5 g) respectively. All
the three sunflower hybrids were high oil percentage and
significantly superior over the LSFH-171 (Tables 3-5). The
parental lines viz. CMS-852A, CMS-853A, CMS-103A,
PET-89-1A and Rf line viz. EC-601978, EC-601725, EC-623023
and EC-623016 with might have significant positive GCA
effects for volume weight which might be contributed for
desirable significant positive heterosis in the above hybrids for
high volume weight in a positive desirable direction.

In sunflower, 100 seed weight is having a direct relation
with the weight of seed yield. The desirable positive significant
mid parent heterosis for the same traits were observed in Fls
viz., Pet-2-7-1A X EC-623016 (6.8 g) followed by P-2-7-1A X
EC-623021 (6.6 g), CMS-853A X EC-623027 (M) (6.1 g),
CMS-853A X EC-623023 (5.9 g), CMS-103A X EC-601978 (5.7 g),
CMS-207A X EC-601878 and CMS-10A X EC-623021, CMS-10A
X EC-623016 respectively. The parental lines viz. P-2-7-1A,
CMS-853A and CMS-207A, EC-623027 (M), EC-623023,
EC-623023 and EC-601978 have contributed to desirable
significant positive heterosis among the above hybrids for high
100 seed weight.

Hybridization helps to augment the desirable genes of
various parents in one combination. Irrespective of the general
combining ability of the parents, a certain combination of
parents can give superior hybrids (Table 3). Higher seed
volume weight in sunflower is often associated with higher
seed yield as well as oil content. CMS 852A and CMS-853A
testers recorded significant values; therefore, these parents
can be considered as the good combiners for high oil content
as well as for high seed yield. The studies revealed that the
best cross combinations for high 100 seed weight and high
volume weight were CMS-852A X EC-601725, P-2-7-1A X
EC-623016, CMS-207A X EC-601751 and CMS-207A X
EC-601978. Recently high heterotic hybrids for seed yield were
also reported by Tyagi et al. [17], Chandra et al. [18],
Parameshwarappa et al. [19], Gaurishankar et al. [20].

These crosses involved at least one parent with high GCA
effects and had high seed yield and other yield attributing
traits at performance per se. The results revealed that it is
desirable to involve parents contrasting for GCA effects to
realize a high frequency of hybrids with high overall
performance per se and heterotic status. Thus, the present
study clearly established the superiority of L x H/H x L type of
crosses followed by H x H category of crosses. This type of
observation was also brought out in the studies by Tyagi et al.
[21], Supriya et al. [22] and Sahane et al. [23].

Conclusion

Most of the crosses exhibited high heterosis, especially for
seed and oil vyields. However, mean heterosis was
comparatively low for hull and oil contents. The study on
heterosis in sunflower showed that the crosses with favorable
characteristics such as oil and seed yields, oil and hull contents
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could be bred from correctly selected parents. The cross
CMS-853A X EC-623027 reached the breeding aim mentioned
above, especially for high vigor in seed and oil vyields.
CMS-103A X EC-601878 and PET-89-1A X EC-601878 showed
the negative heterosis for the hull rate. The evaluation of
inbred lines based on all three criteria of heterosis showed
that the crosses of the female line 853-A and the male line
EC-623027 revealed higher hybrid vigor in cross combination
than the other lines and testers for yield attributing traits.

Under present study, the genotypes, EC-601878 and
EC-601751 with regard to all measured traits, CMS-852A,
CMS-103A and P-89-1A for seed yield, oil content and low hull
rate could be used for increasing hybrid vigor in future
sunflower breeding programs as well as the sunflower
genotypes, viz.,, CMS 852A, CMS-853A, and EC-623027,
EC-623023 appeared to possess high concentration of additive
genes for seed yield and component traits and, therefore,
these parents can be considered as the good combiners for
heterosis breeding program for seed and oil vyield
improvement in sunflower.
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