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Abstract

The present study employed three lines and fifteen testers to assess the
combining ability and standard heterosis of forty-five hybrids developed
through a line x tester mating design. The analysis of variance for combining
ability revealed significant variation in the mean sum of squares of parents,
testers and the interaction between lines and testers regarding seed yield per
plant and its related traits. Among the parents, testers GMU 498 and RHA 378
exhibited superior performance for seed yield/plant. In the hybrids, COSF
6AxXCSFI 1862, HA 89AXGMU 1000 and HA 89AxRHA 378 demonstrated
significantly better seed yield per plant compared to the checks. The variance
for specific combining ability (SCA) exceeded that for general combining
ability (GCA), indicating that all traits were governed by non-additive gene
action. Among the lines, COSF 12A was identified as a good general combiner
for yield-contributing traits, while the testers CSFI 1862, GMU 1000 and GMU
498 were recognized as good general combiners for seed yield per plant. Five
hybrids, namely HA 89A x RHA 378, HA 89A x GMU 1000, COSF 12A x CSFI 1855,
COSF 6A x CSF1 1862 and COSF 12A x GMU 311, exhibited significantly positive
SCA for seed yield per plant. Heterosis over the standard checks (DRSH 1, COH
3 and GK 2002) was estimated and the hybrids HA 89A x GMU 1000 and COSF
6A x CSFI 1862 showed positive significant heterosis for seed yield per plant
and related traits. The promising hybrids HA 89A x GMU 1000, HA 89A x RHA
378 and COSF 6A x CSFI 1862 were selected based on their mean
performance, SCA effects and standard heterosis for seed yield per plant and
its attributes.

Keywords

sunflower; line x tester; combining ability; standard heterosis; seed yield/
plant

Introduction

The sunflower (Helianthus annuus L.) is a vital crop recognized for its high-
quality oil and adaptability to various agroclimatic conditions. The genus
name, Helianthus, is derived from the Greek words “helios”, signifying sun,
and “anthos” meaning flower. Native to North America, sunflowers were
introduced to India in 1969 (1). In India, sunflower ranks fourth among
cultivated vegetable oilseeds, following soybean, mustard and safflower (2).
In year 2019-2020, sunflower cultivation covered an area of 0.22 million
hectares, yielding 0.21 million tonnes, with a productivity of 931 kilograms per
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hectare (3). Sunflower is mainly grown for its oil, which is
valued for its high oleic acid content, making it a healthy
and versatile cooking oil.

In recent years, farmers have increasingly preferred
hybrids for sunflower production due to their higher yields
and improved productivity. Consequently, the primary
objective of sunflower breeding has shifted towards
developing hybrids. Hybrid vigor, or heterosis, the
phenomenon where hybrid offspring exhibit superior
performance compared to their parents, has been widely
recognized in sunflowers and extensively utilized to
enhance yield and other agronomic traits (4). Over the past
decade, hybrids have accounted for over 95 % of sunflower
production (5). Line x tester analysis is utilized to assess
inbred lines and identify promising hybrid combinations.
The variance associated with Specific combining ability and
General combining ability are essential for understanding
the nature of gene action for various traits. Therefore,
understanding the genetic architecture of yield and yield-
contributing traits is crucial for designing effective breeding
strategies aimed at developing high-yielding sunflower
hybrids. Thus, the present study aims to investigate
heterosis and identify the best general and specific
combiners for yield and yield-related traits.

Materials and Methods

Three CMS lines (COSF 6A, COSF 12A, HA 89A) were utilized
as female parents, and fifteen testers (RCR 19-12, RCR 19-25,
CSF1 1862, CSFI 1855, AKSFI 174, GMU 1000, RHA 83R-6, GP 6-
374, CB 19-05, RCB 19-11, GMU 498, GMU 311, GMU 500, RHA
378, GMU 379) served as male parents in Kharif 2023 to
generate 45 hybrids through a line x tester mating design.
The resulting F: hybrids, along with their 18 parents and
three checks viz. DRSH 1, COH3 and GK 2002 were evaluated
in a randomized complete block design with two
replications at the Department of Oilseeds, Tamil Nadu
Agricultural University, Coimbatore, during Rabi 2023-24.
Each entry was planted in a single row measuring 5 m in
length, with a spacing of 60 x 30 cm.

Observations were recorded on five randomly
selected plants from each entry for fourteen quantitative
traits, including days to 50% flowering, days to maturity,
plant height (cm), Leaf area index, SCMR - SPAD Chlorophyll
Meter Reading, Soluble protein content (mg/g), relative
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water content, no. of leaves/plant, head diameter (cm),
volume weight (g/100ml), hull content (%), hundred seed
weight (g), oil content (%) and seed yield/plant (g). Soluble
protein content was estimated using Lowry’s method with
leaf samples collected from the hybrids, parents and
checks. The oil content of the seeds was estimated using the
Soxhlet apparatus (6). The study utilized Baker's equation
GCA = (2 x 02GCA) | (20%2GCA + 03SCA), to assess the relative
importance of additive and non-additive gene actions for
the traits. These findings were reported by (7). Analysis of
variance, combining ability analysis and heterosis were
conducted using the TNAUSTAT software package, (8) which
facilitated a comprehensive evaluation of genetic variation,
the general and specific combining ability effects of parents
and hybrids and the standard heterosis of the hybrids
compared to the checks.

Results and Discussion

The analysis of variance (ANOVA) for the parents and their
hybrids concerning all the quantitative traits studied revealed
significant differences, indicating that the parents exhibited
adequate variability within the population. The ANOVA
results for various yield-related traits are presented in Table
1. The variance comparison between parents and hybrids
demonstrated significant differences for all traits, confirming
the presence of heterosis in the crosses. The combining
ability ANOVA and variance components are outlined in Table
2. Significant differences were observed among the testers for
seed yield per plant, oil content, and all other yield-
contributing traits, indicating that the testers could be
identified as the best combiners for yield and its attributes.
However, no significant differences were noted among the
lines for seed yield per plant, suggesting that the lines were
not effective combiners for this trait.

The predominance of specific combining ability (SCA)
variance over general combining ability (GCA) variance across
all traits indicates that non-additive gene action governs
these characters. This finding aligns with earlier reports (5, 9,
10). The proportional contributions of lines, testers and line x
testers interaction are illustrated in Fig 1. Among the fourteen
traits, the testers contributed the most variance for days to
50% flowering, days to maturity, plant height (cm), head
diameter (cm), days to maturity, volume weight (g/100ml),
hundred seed weight (g), hull content (%), relative water

Table 1. Analysis of Variance (ANOVA) for various yield related traits in Sunflower

SV DF DFF DM PH LAI SCMR SPC RWC NOL HD VW HC HSwW ocC SYP
Replication 1 2.86 133;07 1151,3'0 0.01 1.94 23::11 3.36 139;3 4.40 6.25 8.23 0.05 4.23 2.18
Parents (P) 17 251.*67 19.05% 543,‘76 O.ZO* 14,91* 63:*16 241.*61 16*.*11 9;15 il*il 37*.*68 2.4*6* 241.?6 6;18
Hybrids (H) 44 131.*74 23;69 421,‘63 1.220* 4T5 48T 43;35 31*.32 3;37 253 3(1.3’3 1.56* 2(1.*88 7;§9

PvsH 1 8(1.*76 731 4;33} 661.*89 18.03* 423;01 189{.8 264791 951.*91 ;Zi 33&0 9.54* 3;1?;8 6.*14
Error 62 1.34 10.18 40.09 0.06 2.16 1.14 221 4.17 1.55 1.35 2.01 0.66 0.53 253

(*: Significant at P = 0.05, **: Significant at P = 0.01, SV- Source of variation, DF-Degrees of freedom, DFF-Days to fifty percent flowering, DM - Days to maturity, PH
- Plant height, LAI - Leaf area index, SCMR - SPAD Chlorophyll Meter Reading, SPC - Soluble protein content, RWC - Relative water content, NOL - No. of leaves, HD
- Head diameter, VW - Volume weight, HC - Hull content, HSW - Hundred seed weight, OC - Oil content, SYP-Seed yield/plant).
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Table 2. ANOVA for combining ability for different characters, variance components and proportional contribution of fourteen traits.

SCM

HS

sV DF DFF DM PH LAI R SPC RWC NOL HD VW HC w ocC SYP
Replication 1 2.17 121;21 913;68 0.00 1.21 1(1':‘7 0.36 13*%'9 9;%4 12.56 11.35 0.23 8.97 74;'*11
Lines (L) 2 8T ;a3 308 ez BB 8P NS o ME UM 150 YT 1sam
Testers (T) 14 36*.;'33 46.6** 897;22 431 1(1.:12 6(1.94 2];.?7 57*.§8 7;];3 3(1.38 66*.*72 2.*6*8 14:32 28*2*.66
W 28 201 1232 saosr %0 1s0 B S4B 80 g06 7ese WP 100 2 UL
Crosses 44 13:*74 23.99 424;63 lﬁO 475 48*.*70 4?1.*35 31*.§2 337 15;33 3(1.*33 15:6 2q.§8 209*.17

Error 44 1.58 8.62 45.94 0.02 2.66 0.36 4.36 3.62 1.22 2.58 3.14 0.66 2.32 33.6

General and Specific combining ability variance components for quantitative traits in sunflower

GCA 0.22 0.21 6.31 0.02 0.05 0.09 -0.21 0.25 0.03 0.14 0.36 0.01 -0.01 0.48
SCA 0.24 1.85 24.06 0.29 -1.13 21.79 12.62 7.23 0.41 -0.59 1.12 0.16 8.71 69.13

GCA/SCA 0.65 0.19 0.34 0.12  -0.10 0.01 -0.03 0.06 0.13 -0.90 0.39 0.11 0.00 0.01

( *: Significant at P = 0.05, **: Significant at P = 0.01, SV - Source of variation, DF-Degrees of freedom, DFF-Days to fifty percent flowering, DM - Days to maturity,
PH - Plant height, LAl - Leaf area index, SCMR - SPAD Chlorophyll Meter Reading, SPC - Soluble protein content, RWC - Relative water content, NOL - No. of leaves,
HD - Head diameter, VW - Volume weight, HC - Hull content, HSW - Hundred seed weight, OC - Oil content, SYP-Seed yield/plant).

909 - 84.12

_.__.2 -.9".(]

% N =

- 80 '

v 69.98 66.26

z 70 5.9 6173 62.83 pa

= 60 ' 54.74 54.64
o . 44.93
33 " 65 0.89

% 2 40 "

=3 i

=3 4, 3.81 > 1.98

[ ) 21.

= - 16.13

= 2 oo 1.9

= 10 4. 0! 4.4 2.5 4.3 r] 4

= 0

z DFF DM PH LAl SCMR SPC RWC NOL HD VW HC HSW OC  SYP

BLines MTesters

Fig. 1. Proportional contribution of lines, testers, line x tester interaction

content, SCMR - SPAD Chlorophyll Meter Reading, Leaf area
index and the no. of leaves/plant, except for seed yield/plant,
oil content, relative water content and soluble protein
content which played a significant role. Overall, the lines did
not contribute to any of the traits. The influence of lines x
tester interactions was more pronounced for seed yield/
plant, oil content, relative water content and soluble protein
content, confirming findings from previous studies (11).

Mean performance of parents and hybrids

The mean performance of parents and hybrids is presented in
Table 3. Significant variation is observed in the mean
performance for all traits, except hull content, among the
parents. Testers GMU 498 and RHA 378 documented superior
performance in seed yield per plant compared to the grand
mean of the parents. Line HA 89A and tester RCR 19-12
exhibited higher oil content than the grand mean. Lines COSF
12A and HA 89A, along with the testers GMU 500, AKSFI 174
and GMU 379, were identified as good combiners for days to
50% flowering, as they possess genes associated with early
flowering. Additionally, testers GMU 498 and RCB 19-11
outperform the grand mean for yield and yield contributing
traits. Similar findings were also reported by (11)

Traits

Line x Tester interaction

The mean performance of all traits among the hybrids
was evaluated. Six hybrids (COSF 6A x CSFI 1862, HA 89A x
GMU 1000, HA 89A x RHA 378, COSF 12A x CSF| 1855, HA 89A x
CSFI 1862, COSF 12A x CB 19-05) recorded superior mean
performance in seed yield/plant compared to the checks.
Additionally, three hybrids (HA 89A x GMU 311, COSF 12A x
GMU 379, HA 89A x RHA 378) exhibited higher mean
performance for oil content, with the hybrid HA 89A x RHA
378 showing the best performance for both seed yield/plant
and oil content. Five hybrids exhibited superior mean
performance in terms of plant height, while six hybrids
showed superior mean performance in head diameter.
Moreover, three hybrids demonstrated superior mean
performance for volume weight and the hybrids HA 89A x
CSFI 1855, HA 89A x GMU 1000 showed better mean
performance for hull content and hundred seed weight,
respectively. The hybrids COSF 6A x CSFI 1862, HA 89A x GMU
1000and HA 89A x RHA 378 achieved superior mean
performance for seed vyield/plant and other major yield
attributing traits. Similar findings were also reported by (12).
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Table 3. Mean performance of parents and sunflower hybrids (F,) for yield contributing traits.
o DFF DM PH LAl SCMR SPC RWC NOL HD VW  HC HSW OC  SYP
Lines
1 COSFA 5750 97.00 12170 285 3784 3846 7633 1900 1453 32.88 23.64 3.69 3623 24.64
2 cosFea %0 9600 7678 167 3928 42.67* 8217 17.00 1693 28.65 3079 521 3567 2475
3 HAsoa 800 9700 8575 129 37.22 3714 7459 17.00 1625 2875 3227 528 %% 2671
Testers
1 RCR1912 5650 91.00 117.80 2.15 39.40 2512 7731 1750 1125 40.72* 1850 3.58 %22 2098
2 RCR1925 6500 9950 11850 145 3579 3224 7469 1650 1675 40.75* 29.87 509  30.08 34.37
3 CSFI1862 6200 9600 11740 142 3740 40.07* 77.51 21.00 1020 30.80 29.87 342 3179  20.05
4 CSFl1sss 5800 9400 12947 219 3856 3101 7165 2250° 996 3380 30.57 265 3554 11.81
5 AksFI174 o450 8900 10800 156 37.68  33.09 8331 1350 14.02 34.65 2624 528 29.96 2821
6 GMUL000 60.00 9450 11251 274 4138 3977* 7878 21.00 1575 3243 3126 479 2895 36.55
7 RHAS3R6 6350 00 11900 213 3705 4138° 7532 2100 1335 3820 3291 381 3044 3055
8  GP6-374 5800 9550 11001 2.00 37.98 4L70* 8209 1800 1569 28.63 33.80 4.03  30.89  28.01
9 cB1905 6500 9950 30%2 205 3819 3516 73.76 23.00* 1593 39.45* 3184 486 3237 3197
10 RCB19-11 60.00 9400 2470 275 3815 2498 7206 1750 1429 3653 3271 6200 3219 3537
11 GMU498 5750 9800 2736 230 4836+ 3572 7633 1950 1668 3075 3500 670 2042 4185
12 GMU31l 5650 9250 8030 095 3898 45.47* 7349 1400 1408 27.65 3566 3.33 3468 2826
13 oMusoo 390 9300 9468 193 3850 37.75 7349 2000 14.65 2870 3496 593 2853 4035
14  RHA378 6050 9300 11634 320 3880 3045+ 7238 2000 150 2750 3472 460 3252 4488
15 6Mu3re >0 9300 12070 110 3928 38.82* 7624 1400 1354 3090 3176 3.62 2791 3517
"rj';rae”n‘t’; 5853 9517 11174 194 3888 3667 7619 1844 1450 32.87 3091 456 32.53  30.69
CO@5% 229 631 1253 050 397 211 1019 404 246 639 613 161 397 996
Grand 624 8886 12427 244 4285 3678 8638 2248 1696 3926 3704 617 3650 4065
Hybrids
1 (OO 5550 9500 14190 259 3835 2508 79.02 2550 1515 40.73° 2667 490 3386  60.68
2 (OoFeAX 52000 B900 43180 300 3635 2005 7654 2450 1454 37.85 27.86 412 3824 3861
3 COTERY ssoo 10200 15060 B 3821 3821 ess0 3L00t 1830 3008 2051 530 3847 T3M
4 CFOAX 5650 9650 14940 321 3720 3411  TLe2 2900 17.63 3691 2770 412 3798  46.82
5 O OAw 3350 9200 14290 324 3648 2002 7240 2600 1680 3855 2274 483 2895 4415
6 CoUoAs 6350 10300 15224 %% 3797 2001 7708 32500 %0 3865 2835 495 2860 47.80
7 QO %0 9200 12730 236 3600 3458* 7881 29500 1495 3373 2073 381 3652 529
8 oL 5700 9500 15450 3.03 3730 4105* 7189  27.00 1590 3098 1740 473 3561  49.23
o T 5800 9450 14070 283 3655 3L00 8071 2550 1540 4025 2384 480 3319 6051
10 COFSAY 5850 9400 14900 263 3740 2927 7503 3200* 1560 3905 2729 466 3632  44.97
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

COSF 6A x
GMU 498

COSF 6A x
GMU 311

COSF 6A x
GMU 500

COSF 6A x
RHA 378

COSF 6A x
GMU 379

COSF 12A %
RCR19-12

COSF 12A %
RCR 19-25

COSF 12A x
CSFI 1862

COSF 12A %
CSFI 1855

COSF 12A %
AKSFI 174

COSF 12A x
GMU 1000

COSF 12A x
RHA 83R-6

COSF 12A %
GP6-374

COSF 12AxCB
19-05

COSF 12A x
RCB19-11

COSF 12A %
GMU 498

COSF 12A %
GMU 311

COSF 12A x
GMU 500

COSF 12A %
RHA 378

COSF 12A %
GMU 379

HA 89A x RCR
19-12

HA 89A x RCR
19-25

HA 89A x CSFI
1862

HA 89A x CSFI
1855

HA 89A x
AKSFI 174

HA 89A x GMU
1000

HA 89A x RHA
83R-6

HA 89A x GP6-
374

HA 89A x CB
19-05

HA 89A x RCB
19-11

HA 89A x GMU
498

HA 89A x GMU
311

HA 89A x GMU
500

HA 89A x RHA
378

HA 89A x GMU
379

Mean of
checks

CD (P=0.05)

58.50
60.50
56.50
61.50

61.00
53.50

54.50

57.00
56.00

53.50

59.00
53;00
55.50
57.50
57.00
57.00
57.00
55.00
59.50

58.00
54.00

52.00

57.00
55.50
55.50

61.00

53.50

56.50
58.50
55.50
57.00
58.50
53;50
60.00
58.00
57.66

2.68

99.50
93.50
93.50
99.50
95.00
92.00
95.00
96.00
96.00
90.50
96.00
89;00
92.00
96.00
93.50
93.50
92.00
95.50
98.50
93.50
92.00
89;00
95.50
97.00

95.00

104.0
0

95.00
94.00
92.50
90.00
93.50
96.00
94.50
98.00
89.50
95.00

5.80

153.04
126.47
140.00
169.69
162.41
154.22
134.72
162.73
150.22
156.89
177*.83
142.20
163.78
162.54
163.60
170.30
169.71

156.89
177.30

184.70

150.46
133.51
166.86
146.30

153.50

184.90

135.40
157.50
161.70
149.30
161.60
150.06
143.99
178*.80
161.70
160.02

13.59

5.54*

2.54

2.54

3.57

3.94

2.47

3.65

3.17

3.40

4.73*

2.67

3.76

3.25

3.89

4.20*

3.99*

3.20

4.39*

4.36"

2.62

2.09

3.42

2.66

3.35

5.27*

2.38

4.55*

3.78

4.13*

4.97*

4.15*

3.65

4.48*

4.60*

3.65

0.32

38.48
41.5*
36.48
37.29
38.05
40.35
36.15
38.93
36.64
37.78
40.16
37.87
36.36
36.77
38.34
40.05
41;35
38.83
36.76
40.92
38.01
37.34
36.43
38.27

37.38
38.13

37.25
37.03
36.95
36.98
39.60
40.00
37.10
38.82
41;80
38.86

2.35

36.32

20.38
34.67

33.00
34;47
30.79
33.85
28.98
33.09
30.51
25.06
31.82
31.90
39;36
32.08
39;71

37.06

26.43
31.14
41.84
33.30

30.02
39.13

34.67

34.25

34.44
37.20

28.80
29.24
33.67
41.94
30.26
28.96
32.09
35.13
33.13

1.19

82.41
88.02

87.31

82.21
76.62
79.67

79.16
87.09

86.19

79.95
83.45
75.60
79.13
74.19
74.67
75.86
73.11
77.97
77.09
75.02
78.23
75.51
78.73
82.49

83.62

85.75

77.88
76.48

81.89
85.58

85.70

75.37
77.48
82.14
74.88
79.06

6.49

27.00
22.50
28.00
27.50
32;00
26.00
25.00
25.00

29.50

22.00
34.50
25.00
25.00
3157

28.50
34.50

33.00
34.50
35.00

32.50

26.50
23.00
26.00
22.00

25.00

33.00

24.50
21.50

26.50
30.00

34.00

26.50

28.50
35.00

30.50

25.16

3.75

17.30
13.99
15.55
16.75
16.80
17.05
14.25
17.45
16.80
16.71
16.80
15.00
17.10
18;25
15.67
17.99
17.97
16.57
16.77
16.53
16.91
15.03
18;70
15.95

16.25

19.70

15.08
16.37
15.55
15.03
16.35
15.22
14.62
18;60
15.25
15.93

2.21

39.08
38.07
33.70
39.45
35.15
38.58
38.70
32.43
38.85
39.52
40;48
34.50
38.55
37.13
35.35
36.00
37.27
36.63
38.77
35.38
40.35
34.50
33.43
35.08

39.85
36.15

31.92
3177
34.90
41;02
35.63
34.95
36.15
36.65
33.70
37.38

3.04

27.10
29.13
30.13
24.26
24.38
26.46
27.96
34.07
29.39
26.28
28.06
31.87
16.88
21.88
2131
27.02
28.31
29.45
22.06
31.44
28.63
27.44
33.44
34;21
28.72

27.55

32.37
25.11
21.06
27.19
29.97
26.31
27.11
27.40
32.77
30.52

3.56

6.27
6.63
4.53
5.73
4.76
4.99
424
4.96
5.95
4.35
6.46
427
5.89
4.92
4.88
5.47
4.06
6.04
6.38
4.60
4.98
6.09
5.60
5.16

4.66

7.61

3.95
4.99
4.56
4.62
6.07
4.88
6.26
7.11
4.32
5.62

1.62

36.05
37.25
37.15
34.66
26.89
38.74
35.68
34.78
32.03
35.74
40.56
36.26
37.80
34.78
38.13
37.28
37.93
38.89
37.99
40;91
40.24
34.92
34.28
33.17

35.10
40.58

40.25
35.86
36.65
31.20
35.08

41.11
*

36.71
40.78
35.43
40.33

0.44

55.90
29.04
48.64
40.37
53.83
54,51
50.37
51.20
67;99
50.18
60.23
40.83
47.07
63;39
41.51
48.99
50.03
42.15
49.13
46.73
46.84
37.91
64;27
48.24

46.15

72.22

37.03
51.17
39.83
45.71
61;43
43.55
35.29
69;35
42.73
49.96

11.31

(* - Significant over the check mean, DFF-Days to fifty percent flowering, DM - Days to maturity, PH - Plant height, LAl - Leaf area index, SCMR - SPAD Chlorophyll
Meter Reading , SPC - Soluble protein content , RWC - Relative water content , NOL - No. of leaves ,HD - Head diameter, VW - Volume weight, HC - Hull content,
HSW - Hundred seed weight, OC - Oil content, SYP-Seed yield/plant).
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General combining ability effects

General combining ability (GCA) effects have proven to be
an effective tool for selecting parents based on the
performance of their progenies in the F, generations. The
GCA of the parental genotypes is presented in Table 4. None
of the three lines exhibited significant GCA effects on seed
yield per plant, indicating that no line is a good combiner for
this trait. However, lines COSF 12A and HA 89A showed
significant GCA effects for several specific yield-attributing
traits. Specifically, COSF 12A demonstrated good general
combining ability for days to fifty percent flowering, plant
height, oil content, number of leaves per plant and soluble
protein content. In contrast, HA 89A exhibited significant
GCA effects for hull content, soluble protein content, and
leaf area index. Similar findings were reported by previous
studies (4). Therefore, these lines can be utilized as parents
for heterosis breeding to enhance desirable vyield-
attributing traits.
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The testers CSFI 1862, GMU 1000 and GMU 498
displayed favourable GCA effects for seed yield per plant,
making them suitable candidates for maximizing seed yield
in sunflower breeding programs. Tester GMU 311
demonstrated good general combining ability for oil
content. Testers RCR 19-12, RCR 19-25, AKSFI 174, RHA 83R-
6 and GMU 500 exhibited desirable GCA effects for days to
50% flowering. RHA 378 and GMU 1000 also showed
favourable GCA effects for traits such as plant height, head
diameter, hundred seed weight, leaf area index and number
of leaves. Similar findings regarding yield-related traits have
been reported in previous studies (13-16). The high GCA
effects of the parents indicate effective gene flow from
parents to offspring, reflecting the additive gene effects for
the traits studied.

Table 4. General combining ability effects (gca) of lines and testers for various characters in Sunflower

S

oo DFF DM PH LAl SCMR SPC RWC NOL HD VW HC HSW OC  SYP
Lines
1 COSF6A  091* 097 806" (.. 047 .. 095 033 018 027 088 022 3% 028
2 COSFI2A  -0.56* -0.70 7.0  -0.04 044 029° -031 513 030 060 -045 000 098" 089
3 HA 89A 036 027 097 018" 003 092 126 g 012 087 133 023 057  -06l
Testers
- . - - . 3.8
1 RCR1912  ,0. 163 588 oo 086 Lo 002 2307 006 30 003 021 142 395
; - ; - - C . -l82 7.76
2 RORI925  ;ope 363" L ie joce 143 .. 178 413 5P 041 047 035 009 B
3 CSFI1862 058  320° 833 040 -0.19 282" -064 097 Y12 433 5% g1 35 1281
4 CSFI18ss 076 187 611" (.. 067 134" 125 147 036 034 315* 009 g, 429
5 AKSFI174 - 213 -391 ; -0.83 y 020 397 016 270* -137 -055 283 323
N ) . oz 0. Lag O 9 . . . . o .
6 GMui00 441 3T 1692 1e0v 071 L. 324 % 2T gm om0 LT 03 1002
; ; ; - - - .- 404 Lo, 6.45
T RHABIRG 50w sp3 1977 1goe  LOL 191 142 o 14 oo A 11 o1ag 6
8  GPe374 042 097 38 022 115 130" 302 380° 003 g G0 004 024 -0.90
9 CB1905 124 030 024 (.. 128 058" 008 047 003 08 3 041 132 45
10 RCB1911 024 213 077 001 047 g 042 1870 0P 187 202 045 098 600
11 GMU498 074 087 691* 135 133 671* 247 323 079 029 074 077* -006 538*
12 GMU3LL 191 080 -599* 000 291" ... 002 097 070 016 063 003 >3 %8
. . ] ) . -8.03
13 GMUS00 | . 003 T82% (. 058 . 207 203° 085 L1l 16l 045 139 0
14 RHA378 358 403 g0s53  osor w042 054 163 420 095 160 L 124 16 og9
15 GMU3T9 224" 197 14877 074 222 453 335 3 023 186 224 06l g 229
SE
geolmesy 023 053 123 002 036 01l 08 034 020 054 055 014 037 105
SE
geotestersy 051 118 276 006 082 024 220 077 045 121 123 033 084 236

(*: Significant at P = 0.05, **: Significant at P = 0.01, DFF-Days to fifty percent flowering, DM - Days to maturity, PH - Plant height, LAl - Leaf area index, SCMR -SPAD
Chlorophyll Meter Reading, SPC-Soluble protein content, RWC - Relative water content, NOL - No. of leaves, HD - Head diameter, VW - Volume weight, HC - Hull

content, HSW-Hundred seed weight, OC - Oil content, SYP-Seed yield/plant)
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Specific combining ability effects

The estimates of specific combining ability (SCA) effects for
the 45 hybrids are presented in Table 5. The hybrids HA 89A
x RHA 378, HA 89A x GMU 1000, COSF 12A x CSFI 1855, COSF
6A x CSF1 1862, COSF 12A x GMU 311 and COSF 6A x RHA 83R
-6 exhibited significantly positive SCA effects for seed yield
per plant. Among these, the hybrid COSF 12A x CSFI 1855
had both parents with positive general combining ability
(GCA) effects, indicating a cumulative effect of additive
genes from both parents for this trait. Conversely, some
hybrids, such as HA 89A x RHA 378, HA 89A x GMU 1000 and
COSF 6A x CSFI 1862, had positive SCA effects for seed yield
per plant, with at least one parent showing positive GCA
effects while the other exhibited negative GCA effects. This
may suggest an additive gene effect from the positive GCA
parent, along with epistatic interactions from the negative
GCA parent. The hybrid COSF 6A x RHA 83R-6, which had
parents with negative GCA effects for seed yield per plant,
may reflect epistatic interactions between the parents.

For yield-related traits, the cross combinations COSF
12A x GMU 379, COSF 6A x CSFI 1855, COSF 6A x CSFI 1862,
COSF 6A x RCR 19-25, HA 89A x GMU 1000 and COSF 12A x
GMU 1000 for oil content all demonstrated good GCA
effects. Additionally, two hybrids (COSF 12A x GMU 311 and
HA 89A x GMU 1000) were significant for plant height; the
hybrid COSF 6A x GMU 311 showed significant SCA effects
for hundred seed weight; the hybrid COSF 12A x GMU 311
was significant for head diameter; and COSF 12A x GMU
1000 was significant for days to maturity. Furthermore, four
hybrids exhibited significant SCA effects for leaf area index,
while seven hybrids recorded significant SCA effects for the
number of leaves per plant.

However, the hybrids COSF 12A x CSFI 1862, COSF 6A
x GMU 1000 and COSF 12A x GMU 498 displayed significantly
negative SCA effects, despite their testers having significant
GCA effects for seed yield per plant. This indicates that these
hybrids may not be valuable for improving seed yield per
plant (17). The hybrids COSF 6A x CSFI 1862, HA 89A x CSFI
1862, COSF 12A x GMU 1000, COSF 6A x GMU 498, COSF 12A x
GMU 498 and HA 89A x GMU 498 could be utilized in
recombination breeding, as at least one parent in each
combination has significant GCA effects while the other has
non-significant GCA effects for seed yield per plant. Similar
findings have been reported in previous studies (13, 14, 18-
21). The promising hybrids with positive significant SCA
effects for both seed yield per plant and oil content were HA
89A x GMU 1000 and COSF 6A x CSFI 1862, along with other
yield-attributing traits.

Standard heterosis

Standard heterosis refers to the superiority of the F; hybrid
compared to commercial check varieties. In the present
investigation, three check varieties were utilized to estimate
standard heterosis: DRSH 1 (national check), COH3 (local
check), and GK 2002 (private hybrid), as presented in Table
6. The hybrids HA 89A x GMU 1000 and COSF 6A x CSFI 1862
exhibited significant positive standard heterosis for the trait
of seed yield per plant compared to the checks. The hybrids
COSF 12A x GMU 379, HA 89A x GMU 311 and HA 89A x RHA
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378 demonstrated positive standard heterosis for oil
content over the checks DRSH 1 and GK 2002.

Negative heterosis is desirable for days to 50%
flowering, as these hybrids carry genes for early flowering.
Eleven hybrids exhibited significant negative heterosis
compared to all checks for this trait. Additionally, eight
hybrids significantly outperformed both checks (DRSH 1 and
GK 2002) in terms of head diameter. For plant height, five
hybrids displayed significant positive heterosis over the
checks GK 2002 and COH3. The hybrids HA 89A x GMU 1000
and HA 89A x RHA 378 surpassed the checks GK 2002 and
COH3 for the trait of hundred seed weight.

Overall, ten hybrids showed significant positive
standard heterosis for soluble protein content compared to
the checks. Furthermore, two hybrids and fourteen hybrids
exhibited positive significance over all checks for yield-
contributing traits such as leaf area index and the number
of leaves, respectively. Similar findings related to yield traits
have been reported in previous studies (12, 22-25).

Comparison of mean performance, sca effects and
Standard heterosis of hybrids for yield attributing traits

The selection of promising hybrids depends on their mean
performance, specific combining ability (SCA) effects, and
standard heterosis. A comparison of hybrids based on these
criteria for various yield-attributing traits is provided in
Table 7. The hybrids that exhibited superior mean
performance, significant SCA effects and standard heterosis
for seed yield per plant include COSF 6A x CSFI 1862, COSF
12A x CSFI 1855, HA 89A x GMU 1000 and HA 89A x RHA 378.
Additionally, the hybrid COSF 12A x GMU 379 demonstrated
favourable results for oil content.

However, none of the hybrids performed well across
all three parameters-mean performance, SCA effects, and
standard heterosis-for both seed yield per plant and oil
content. This suggests a negative correlation between yield
and oil content. These findings are consistent with those
reported in previous studies (26).

Conclusion

The current investigation reveals a prevalence of non-
additive gene action across all traits, underscoring the
potential of heterosis breeding to harness hybrid vigor in
sunflowers. The line COSF 12A, along with testers CSFI 1862,
GMU 1000 and GMU 498, has been identified as good
general combiners for seed yield, while GMU 311 excels in oil
content. Thus, selecting parents with strong general
combining ability for both seed yield and oil content will
facilitate the development of superior sunflower hybrids
with enhanced yield and oil characteristics. The hybrids HA
89A x GMU 1000, COSF 6A x CSFI 1862 and HA 89A x RHA 378
demonstrate superior mean performance, significant SCA
effects and positive standard heterosis for both seed yield
and vyield-attributing traits. Therefore, these hybrid
combinations can be effectively utilized to improve yield
potentialin sunflower breeding programs.
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Table 5. Specific combining ability effects (sca) for various characters in Sunflower
o Hybrids DFF DM PH LAl SCMR SPC RWC NOL HD VW HC HSW OC  SYP
1 COSFlg_Al; RCR 926 103 110 017 -008 3% 100 017 -104 057 030 016 -220 696
COSF 6A x RCR ; 0.93 6.72 \
2 o 174 g, 655 Pt 0.21 12 042 067 011 057 099 -048 3.50 34
3 COSPEAXCSHl 024 320 41 %2 oss 33 8P 490 o as7 a0 024 S 100
4  COSFOAXCSHI - ., - ggo %3 o030 13 753 250 101 -030 -185 074 B 75
1855 0.97
COSF 6A % ; -1.03
5 Cooria 158 . 068 005 026 03 530 200 039 -1.03 230 044 277  -2.39
6 COSFOSCM 14 103 awsst % om LP 406 050 074 004 124 HE GM 1300
COSF 6A x RHA ; 1.25 . .
7 o 008 5, 040 002 057 2> 233 350* 012 007 -072 002 039 964
g COSFOAXGPE 024 031 397 B8 osr 83 299 283* 038 306 152 025 073 036
COSF 6A X CB ; -0.32 -0.99
9 (o 091 g 622 3 0.26 P 274 200 -082 256 246 026 -0.14 622
10 COSFlg_Aﬁ RCB 59 053 310 %8 030 L1% 44 217 034 031 29 017 264 119
11 COSFELXCMU 009 303 054 % 043 L 204 40 026 191 005 056 145 074
1 COSFBAXGMU 4y - 1322 08 4, 784 101 430 56 103 210 L8 003 ML
311 1.30 5
13 COSFOAXGMU 59 - tis 9B s 986 735 500 015 206 211 085 111 6.9
500 1.97
14 (COSFGAXRHA .6 - 249 %M o4 Z% 0 69 AT 045 089 056 -045 -161 132
378 0.13
15 COSFEAXCMU 109 137 o087 02 a7 A% 206 067 078 014 427 043 %P 63
COSF 12A ;
16 OSF A 08 3 L73 004 101 078 101 -L13 038 191 034 003 015 04
COSF12Ax 222 470 -0.63 5.59
17 o e 2 ] 573 ) -0.91 59 240 030 -066 1.08 066 -057 -158 718
COSF 12A x ; -0.26 675 919  -3.47 -12.56
18 Tl 022 |, 743 : 0.63 ! ] AT 100 -045 218 -032 204 12
COSF 12A x 116 334 1275
19 oo 056 020 -550 020  -118 16 640 153 029 130 -059 087 2]
COSF 12A x ; -1.04 -3.47
20 OIA o1 3, L0301l 043 04 160 3AT 018 -039 083 -026 150 246
COSF 12A x : -0.38 -5.03 - .
21 SUlooe Lel 430 092 ;3 0.97 B 167 003 L5, 145 053 012 301* 075
COSF 12A x ; . -3.00
2 e 011,53, 014 025 0.39 00 15 247 031 051 100 026 -239  -3.67
COSF 12A x ; -2.30
23 oor 1 028 g L9 002 098 30 361 063 034 418 -246 069 040  -2.98
24 cosié_zogx CB 906 237 047 000 -042 87 444 253 155 090 007 016 -1.07  7.92
COSF 12A x 0.38 -2.80
25 OSF A 056 170 254 3 033 012 -345 280 006 373 350 016 194 -3.44
COSF 12A x ; -0.66
26 ou L 006 15, L6 ) 023 009 -516 153 048 -150 -056 -0.46 017  -7.35
COSF 12A x ; 1387 047 7.54 453 195 .
27 ounLan 111, 3§ 4 -0.04 24 54 4D S 009 08 -113 -181 827
28 COSFI2Ax 50 120 275 o011 092 388 65 303 069 053 101 043 033  -0.77
GMU 500
29 COSFI12Ax 58 053 506 0290% -1.30 %23 300 137 090 -012 -206 -003 -0.79 -471
RHA 378
30 cghs/lzlé/;x 044 153 800 010 023 *30 018 030 004 003 237 004 °23 1903
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31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

HA 89A x
RCR 19-12
HA 89A x
RCR 19-25
HA 89A x
CSF1 1862
HA 89A x
CSFI1 1855
HA 89A x
AKSFI 174
HA 89A x
GMU 1000
HA 89A x
RHA 83R-6
HA 89A x
GP6-374
HA 89A x
CB 19-05
HA 89A x
RCB19-11
HA 89A x
GMU 498
HA 89A x
GMU 311
HA 89A x
GMU 500
HA 89A x
RHA 378
HA 89A x
GMU 379
SE (sca)

0.02

-0.48

0.02

-0.14

0.19

0.19

0.52

0.86

-1.14

-0.14

0.19

-1.14

0.02

-0.64
0.89

-0.73

-1.73

-2.07

0.77

277

3.27

3.27

0.60

-1.57

-2.23

-1.73

243

0.27

-0.40

-2.90
2.07

0.63
-0.82
2.83
-3.30
171
12.28*
-0.53
-2.06
5.75
-5.63

-1.01

-3.90
2.57

-8.87
4.79

-0.13
-0.30

-0.71

-0.54

-0.16

-0.07

-0.27*

0.58 **

0.31**

0.40 **

-0.12

0.41**

0.34**

0.15

0.11
0.10

-0.92

0.70

-1.46

0.88

0.14

-0.66

0.18

0.10

0.16

-0.63

0.20

-0.98

-0.40

117

1.51
1.42

2.66**
1.13*
277
-0.20
2.07**
371
1.75**
—6’:94
-4;98
1.07*
1.70 **
0.10
198
-0.91*
-2;?4

0.42

-2.01
-2.82
-0.74
1.12
3.70
2.39
-0.82
-0.61
1.70
5.89
3.12
-4.73
-4.70
0.40

-1.88
3.81

1.30
-0.37
-0.53
—4*.93
1.47
0.47
-1.03
-2.20
-0.53
0.63
297"
-0.03
-1.03
330"

-0.37
1.34

0.66

0.54

0.67

-0.72

-0.22

1.29

0.19

0.03

-0.73

-0.28

-0.74

-0.38

-0.84

1.35

-0.82
0.78

1.34

-1.65

2.02

-1.00

1.41

-1.41

-0.59

-1.12

-1.66

3.42

-0.41

-0.94

1.53

-0.77

-0.17
2.10

0.04

-1.65

-0.23

2.44

1.47

-1.77

-0.29

3.98

-2.53

0.59

0.61

-2.94

-3.12

1.49

1.90
2.13

-0.20

1.05

0.08

-0.14

-0.18

1.04

-0.28

-0.44

-0.42

-0.33

-0.09

-0.53

0.42

0.47

-0.47
0.57

2.06
192
213
179
127
3.43*
2.01
-1.13
121
4,28
162
1.78
-1.44
2.40

0.45
1.47

-6.56
-3.77
2.01
-5.5
-0.06
12*.*75
-5.96
2.62
-111;14
2.26
6.6
3.29
-6.12
17*.91

-4.42
4.09

( *: Significant at P = 0.05, **: Significant at P = 0.01, DFF-Days to fifty percent flowering, DM - Days to maturity, PH - Plant height, LAl - Leaf area index, SCMR -
SPAD Chlorophyll Meter Reading, SPC - Soluble protein content, RWC - Relative water content, NOL - No. of leaves, HD - Head diameter, VW - Volume weight, HC -
Hull content, HSW - Hundred seed weight, OC - Oil content, SYP - Seed yield/plant)

Table 6. Standard Heterosis over three checks for various characters in sunflower

S.No Crosses DFF DM PH LAI SCMR
DRS GK COH DRS GK COH DRS GK COH DRS GK COH DRS GK COH
H1 2002 3 H1 2002 3 H1 2002 3 H1 2002 3 H1I 2002 3
COSF6A 865 . - . 2567 -
1 xRCR19 348 348 431 383 615 5% 2373 55 1100 3135 5 1m0 379 625
_12 * Kk * *k .
COSF 6A ; ; ; - - ; ;
2 xRCR19 22T 95T 1034 273 056 1442 2914 -193 1739 2077 0% 4150 618 -1.62 1114
_25 *k * Kk * Kk *k *k *k *
COSF 6A ;
3 xCsFl 087 087 000 P 39T 190 1421 183 o1 2039 LT 63 33 341 65
1862 *
COSF 6A ; - ;
4 XCSFl  -1.74 -174 -259 546 (82 T21 199 LIl g4 1508 5545 3730 399 068  -9.06
1855 * Kk *k *k
COSF 6A ; ; - - ; ;
5  xAKSF 696 696 -TT6 oo 579 1154 2363 569 1097 1429 620 3670 586 -1.29 10.83
174 * Kk * Kk * *k *k *
COSF 6A ;
6 xGMu 1083 1043 948 1257 1308 g9 1817 132 4e0 MM R 68 500 276 78
1000 x>
COSF 6A ; ; - - ; ;
7 xRHA 222 522 603 455 579 1154 3158 530 2024 37.70 1404 5400 -7.10 -2.58 12.00
83R_6 * Kk * Kk *k *k *k *
COSF 6A ; - ;
8 xGP6-  -0.87 -087 -172 383 615 O 1696 143 319 1971 T 4072 373 095 881
374 * Kk *k *k
COSF 6A 9.13 - - . 37.05 i i
9 xCB19- 087 087 000 328 559 %13 2438 466 1184 2513 3005 4473 567 -1.08 1065
o s o > T ;|
COSF 6A ; - ;
10 xRCB19 174 174 086 273 503 292 1991 1084  go4 3040 2736 4863 347 122 857
<8 .S ) 3.6
COSF 6A ;
1 xGMU 174 174 o086 S0 M a3z oazza BB 4 490 1992 820 470 413 504
498 **
COSF 6A ; ; - - ;
12 xGMU 222 522 431 219 447 1010 3203 -593 2076 3280 2390 5039 711 1231 145
o )] 2. )] 28 )
COSF 6A - - - C 2300 oo -
13 xGMU  -174 -174 -259 219 447 1010 2475 414 1228 3280 2390 5039 58 -129 1083
500 )] ] 2 28 ) ;
COSF 6A ;
14 xRHA &6 696 603 874 1LIT 433 879 2623 4533 559 1264 3037 376 092 -8.84
378 )
COSF 6A ; ;
15  xoMu 809 609 5T g0s gq5 865 500 2082 g0 437 04 95 179 208 698
379 * Kk *k
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COSF 12A

16  xRCR19- 626 636 -T76 o5 579 1154 1711 A3 336 3452 1985 5166 414 920 136
- L ] s L€
COSF 12A - - - - - ;
17 xRCR19- 222 322 603 443 g5 885 5959 022 1558 5939 2567 7002 671 218 1164
- 3 > )3 6 ). ;
COSF 12A - -
18 xCSFl 087 087 -172 492 726% L8 1253 2105 196 331 7700 861 046 535 484
1862 * *
COSF 12A . ] ) .
19 xCSFl 261 261 345 492 726* L9 1926 7> 587 1601 23> 3799 545 085 1044
el )2 > 5 ;
COSF 12A - - - -
20 xAKsFl &% 696 -TT6 159 112 1208 1567 1871 169 1005 485 3350 250 223 765
e 25 6 . 3
COSF 12A
21 xGMU 261 261 L7249 726% L9 aap 28 1L 2326 I3 T2 565 geo e
1000
COSF 12A - - - - -
22 xRHAg®R .8 78 862,43 056 1442 2357 578 1090 2923 29P% 4175 226 249 142
23 fggg_ﬁﬁ 348 348 431 055 279 1154 1197 2L18% 263 053 8208 656 616 160 1111
COSF 12A - - - ;
24 xCB19- 000 000 -086 492 726% 59 1263 2021 185 1415 ST 3660 508 047 1010
o 2.6 ] .6 *
COSF 12A - - -
25 xRCB19- -0.87 -0.87 -172 219 447 1010 1207 2379 251 201 8838 o400 103 378 626
ll *k *k * Kk
COSF 12A . )
26 xGMU 087 087 172 219 447 1000 5 288 gq I 1933 4707 337 830 2.0
498 *k * Kk
COSF 12A . )
27 xGMU  -0.87 -0.87 -L72 055 279 1154 578 2624 o34 555 B2 307 672 1 109
311 *k * Kk
COSF 12A ) ] )
28 xGMU  -435 435 17 437 e70r 81 1574 1862 197 1534 4% 3750 021 507 508
500 ] ~ s
29 COSFLA 348 348 250 765t 1006 529 a0 3LE IL09 1627 1B 406 512 051 1043
* Kk *
COSF 12A . )
30 xGMU 087 087 000 219 447 oo 073 33 13 133 ML e 563 1076 g05
379 *k * Kk
31 AR 609 609 60 o5 279 1154 1903 M2 573 z080 8 ago3 190 287 708
3 JABORS 9T 99T 1034 273 056 1442 2824 069 1635 4458 145 5008 363 106 872
- * Kk *k *k * Kk * Kk * Kk
33 B8R o087 087 am2 a3r eror ST 10m 42 ass 939 38 s 599 a4 1095
* %k * Kk *
30 [ABORS 348 348 431 601 s3sr &P 2137 ss3 833 2050 9 495 a1 350 643
* %k * Kk **
35 aweelie 348 348 431 383 615 5 a7so M 3s 138 4P mst 3s4 115 863
* %k * * Kk
36 GH@US?’SS‘O 6.09* 609* 517+ 1386 1620 4, g4 3754 1586 3955 1555;4 303 -160 318  -6.80
37 SR 8% 8¥® TI6 353 615 8% 72 o7 1506 37.04 1525 5352 387 080 895
g HABIMx o4 174 259 273 503 982 535 1716 3 2037 1203 4103 444 020  -9.49
GP6-374 > 4 ]
39 EQ fgﬁ); 174 174 086 109 335 1106 1309 292° 132 o000 %395 2617 463 000 -9.67
HA 89A x - 1106 . 1002 .
g0 [JAEBA 348 348 431 164 056 1346 1975 L0 eas 939+ 1902 1924 45T 007 96
41 HABIAX 407 087 172 219 447 1010 1314 2021 15 3148 1406 5493 551 717 319
GMU 498 )] ] 8
4 HABAX o4 174 o086 492 726% 5% 1934 1183 597 gg9p+ 1012 585 304 825 221
GMU 311 )3 1 3 &
a3 {RBOAN 66 696 TI6 358 559 AB omer 7 %8 sa 876 s 425 041 930
44 HABIAX a5 435 345 710* 930 BTT 399 3301 1203 1852 1169 55, 019 506 -5.10
RHA378 5 25
45 20893/*7’9‘ 087 087 000 -219 000 1394 1300 2029 13 2169 162%;7 1016 788 1313 o9

(*: Significant at P = 0.05, **: Significant at P = 0.01, DFF-Days to fifty percent flowering, DM - Days to maturity, PH - Plant height, LAl - Leaf area index, SCMR -
SPAD Chlorophyll Meter Reading)
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Table 6. Standard Heterosis over three checks for various characters in sunflower

1401

S.
No

Crosses

SPC

RWC

NOL

HD

DRS
H1

GK
2002

COH
3

DRS
H1

GK
2002

COH

DRS

GK
2002

COH

GK
2002

COH

DRS

GK
2002

COH

10

11

12

13

14

15

16

17

18

19

20

21

COSF 6A
xRCR 19
-12

COSF 6A
xRCR 19
-25

COSF 6A
x CSFI
1862

COSF 6A
x CSFI
1855

COSF 6A
x AKSFI
174

COSF 6A
x GMU
1000

COSF 6A
x RHA
83R-6

COSF 6A
x GP6-
374

COSF 6A
x CB 19-
05

COSF 6A
xRCB 19
-11

COSF 6A
x GMU
498

COSF 6A
x GMU
311

COSF 6A
x GMU
500

COSF 6A
x RHA
378

COSF 6A
x GMU
379

COSF
12A x
RCR 19-
12
COSF
12A x
RCR 19-
25
COSF
12A x
CSFI
1862

COSF
12A x
CSFI
1855

COSF

12A x

AKSFI
174

COSF
12A x
GMU
1000

24.32
3951
15.32
2.93
12.42
912
435+
23.87
6,44
1166
9.63
38.49
465"
-0.41

4.04*
-7.08
2.16
12*;54
-0.14

-7.94

24.37
*k

2§;52
42*;86
8.92
-2.78
17*;27
1{*72
-1.44
17.00
11*;63
16*;56
3.55*
4:3;90
-1.15
5.93
-1.72
12*;23
-3.51
17*;39

-5.67
13.04

28.56

1%;*61
35*;73
22*.::31
935
6%
—4.*09
10*.*85
31*.530
-0.61
—6*.’1:.6
lEi.:IG
31;536
1];.3.7
5;§0
1(1.*53
-1.28
833
799

6.09
-2.20

19.65

-0.01

-3.15

12.94

-9.38

-8.39

-2.47

-0.28

-9.04

2.13

-5.06

4.28

11.38

10.48

4.02

-3.06

0.82

10.20

5.60

-8.14

11.03
20.02
16.75

15.84

10.40
-8.39
1§;44
-6.18
12;78
-4.20
2.32
1.50
-4.43
10.94
-7.38

-7.98

1.24

0.20

-7.06

-2.99

9.55

6.11

-4.61

-0.71

0.37

6.86

9.25

-0.34

11.90

4.03

14.25

22.04

21.05

13.97

6.22

10.46

9.75

20.75

19.50

10.84

15.70

-5.56

-9.26

14;81
741
-3.70
2(1'*37
9.26

0.00

-5.56

18.52

0.00
16.67
3.70

1.85

18.52
-3.70
-7.41
-7.41
9.26
18;52

27.78

18.60

13.95

44.19

34.88

20.93

51.16

37.21

25.58

18.60

48.84

25.58

4.65

30.23

27.91

48.84

20.93

16.28

16.28

37.21

2.33

60.47

-5.56

-9.26

14;81
741
-3.70
2(1.;’:7
9.26

0.00

-5.56

18.52

0.00
16.67

3.70

18.52
-3.70
-7.41
-7.41
9.26
18;52

27.78

-7.39

16.56

12.26

7.01

21.66

-4.78

1.27
-1.91
-0.64

10.19

10.92

-0.96
6.69

7.01

8.6

-9.24

11.15

7.01

6.43

7.01

4.12

-0.07

25.77

21.13

15.46

31.27

2.75

9.28

5.84

7.22

18.90

-3.88

6.87

15.12

15.46

17.18

-2.06

19.93

15.46

14.85

15.46

13.72

17.20

0.37
-4.33
8.77
14;86
-9.45

12.30

11.16

-1.48
20.36

11.45

-4.61
-4.33
-2.90
18*.*85
-0.63

-4.33

-4.84

-4.33

1.05
-6.08
23*;14
-8.40
-4.34
-4.09
16;32
23*;14
-0.12
-3.10
-3.04
-5.55
16;38

-2.11

12.78

-4.28
-3.97
1‘.1;54
-3.60

-1.92

0.43

12.50

4.56

14.43

1.98

6.49

6.77

-6.84

14.43

11.19
7.87
7.94
5.15
-6.91
8.98
-2.90

6.56

6.91

10.43

7.32

9.19

11.81

14.24

6.17

13.11

3.55

8.13

8.42

-5.40

13.11

12.90

9.54

9.61

6.77

-5.47

10.66

-1.40

8.20

8.56

-9.05

8.98

10.87

13.53
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COSF
12A %
GMU
1000
COSF
12A x -3.97 -9.29
RHA 83R * **
-6

COSF
23 12A x
GP6-374

COSF
12Ax 1880 1221 26.21
CB 19_ * % * % * Kk
05

COSF

12A% -8.57
RCBIo. 320 T
11

COSF

12AX  19.84 1320 27.32
MU o 5 o
498

COSF

12Ax 1185 564  18.82
GMU * Kk * Kk **
311
COSF
12AX
GMU
500

COSF
29 12Ax
RHA 378

COSF

DAx 2627 1927 3415

GMU * % * % *k

379

HA 89A

31 xRCR  0.50
19-12
HA 89A

32 xRCR
19-25
HA 89A

33 xCSFI
1862
HA 89A

34 xCSFl  465* -115
1855
HA 89A

35  xAKSFl 335 -2.38
174
HA 89A

36 xGMU 3.92* -184
1000
HA 89A - -

37  xRHA 1227 604 1927 .0 947 796 926 1395 -926 -3.95 3.64 1412 20.78
83R-6 . "
HASOA - -

38 xGP6- 1310 17.92
374 * % * %
HASOA - ;

39 xCB19- 1175 16.65
o L .6
HA 89A

40  xRCB 160
19-11
HA 89A

41 xGMU
498
HA 89A

42 xGMU
311
HASOA - -

43 xGMU 1260 17.45
o 2.€ a
HA 89A

44 xRHA  -3.15
378
HA 89A

45 xGMU
379

21 24.37 2856  19.65 5.60 -2.99 15;70 27*'*78 6(1':” 27*'*78 7.01 15;46 -4.33 0.43 11.81 13.53

22 2.02 -4.33 4.82 -7.41 1628 -741 -4.46 3.09 14.58 -4.70  -3.23

12.11 14.39

-3.73  -9.06 17.53

2.28 0.13 -8.02 9.70 -7.41 1628 -741 8.92 -2.62 -4.34 6.49 8.13

16.67 46.51 16.67 16.24 2543

24 -6.13  13.76 2.85 3.93 -7.88 2.56 4.14

25 2.84 -5.51  13.19 3.53 5.56 32*'56 5.56 -0.19 7.7 -235 -0.84

10.76  12.28

26 -4.01 517 2078 6047 2778 1459 2364 545 055 098

11.82 10.67

27 22*.*22 531 .:l9 22*.*22 14;46 23i .;El

-7.49  15.01 1.36 2.33 -7.51 2.97 4.56

28 27*.*78 6(1.:17 27*.*78

20.24 2466 1526 -135 -9.37 8.09 554 1388 -5.64 -9.12 117 2.73

604 1125 018 246 687 2963 6279 2963 5o 1526 450 378 711 877

10.39

30 507 1279 401 2037 SL16 2037 559 1361 587 228 -0.77

12.22

-5.07 6.76 23.26 16.22

-1.01  -9.06 8.46 -1.85 -1.85 771 -3.70 0.12 1146  13.18

_9,,'?0 1442 -3.75 -445 1222 4.69 14.81 6.98 14.81  -4.27 3.3 14.41 -4.70  -3.23

14.39

1808 1153 2544 33 g4 915 370 298 370 M 2852 g49 1706 767 624

ll*'*” 4.37 -4.12 1436 18.52 2.33 18.52 1.59 9.62 -9.17 -3.11  -l61

12.97

9.79 15.93

5.81 -2.80 -7.41  16.28 -7.41 35 1168 -746 -1.12 10.08 11.78

1080 gs50 032 1888 2222 5349 2222 2548 3540 4549 014 140

10.30

11.81 10.45

168 323

6.03 20.37 0.00 20.37 4.27 1251 -6.78 21.15

11.10 1222 10.87

625 36 481 1353 -185 2326 185 096 687 359 -2.10

11.45 13.40

403 794 g9 o5 1885 1190 3953 1111 427 33 1441 180 1333  15.08

2659 1957 3448 g4 037 1882 2593 5814 2593 444 1237 689 159 -0.07

11.60

869 1375 300 -464 1239 448 -185 2326 185 306 46 1333 345  -1.96

13.28

_7*'}5 -1.96  -9.93 7.42 5.56 3%',?6 5.56 -6.88 0.48 16.74 10_30 -0.14 1.40

-8;*52 2.89 3.94 -4.52  13.88 29*'93 62*'*79 29*'?3 18;47 27*'*84 5.92 -9.06 1.24 2.81

601 13 1282 554 1295 38 1296 ‘L8 1296 287 481 1315 1638 -691 -547

( *: Significant at P = 0.05, **: Significant at P = 0.01, SPC - Soluble protein content, RWC - Relative water content, NOL - No. of leaves, HD - Head diameter,
VW - Volume weight)
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Table 6. Standard Heterosis over three checks for various characters in sunflower

1403

S.No Crosses HC HSW ocC SYP

DRSH oK cons DRSH  CK =~ cous DRSH  GK  cons PRSH  Gka002 com3
1 COSFEAXRCRIS- jos0 1883 750 3118 515 g3 1087 71872 2001 533+ 459+ 001
2 COSFEAXRCRIS 651 520 368 %! 170 1923 o064 596 967 1833 780 58
3 COSFEAxCSFI1862  -099  -1020 201  2%%6 1373 400 124 541 914 BB ea78* 2051
4 COSFGAxCSFI1855  -7.03  -1567  -422 %221 170 1923 004 660 1922 071 1048 286
5  COSFeAxAKSFI174 2371 -3080 2140 3216 545 g5y 2381 2881 3162 43 5.65 2125
6 COSF BA ™ GMU 488 1373 201 304 g3z 75 XA 2968 3246 4 1425 2124
7 COSF6A CRHABSR 025 953 21r M agoa 252 388 1O B* a4 wer 2m
8 COSFeAxGP6-374 4161 4704 -3984 3350 4 707 626  12%2 18T 49 1774 1887
9 COSFeAxCB19-05 2002 2145 47459 3265 5,90 589 1265 1838 2160 o500+ g6 030
10  COSFOANRCBIO g4 1604  ses  E® om sas a4 1070 M2 50 7.26 291
11 COSF6AXGMU498  -9.08  -1753  -633  -11.94 3455 2306  -513 1136 1486 19403 3350« 789
12 COSF6AXGMU31l 225  -1134 071  -681  4238* 3023  -195  -839 1200 3857 3565« 5215
13 COSF6AXGMUS500  1.09  -831 415 3831 68 1009 222 864 13?28 1613 198
14  COSF6AxRHA378  -1861 2818 1615 1945 2307 1256 876 A5 1812 45 349 3347
15  COSF6AxGMU3T9  -1820 2281 as73 3315 545 sy 2924 <3389 3649 4341 2849 -11.30
16 COSFLAXRCRIS o1 1946 g5 2392 708 206 195 475 850 1548 3038 -10.19
17 COSPIZEXRCRIS 619 a1 335 9% 901 678 600 A% RT2 0 ga3 2016 -17.00
18 COSF 128 X C5FI 1431 368 1777 92T 655 255 .g4s 446 C1T83 g3 231 1564
19 COSF 128 CSHI 136 -1053 162 -1650 27.58 1668 1%/0 2123 2434 5333 3905« 1203
20 COSFIZAXAKSHL  nigo 2000 o3 3890 665 e 595 1212 B 69 19.89 1731
21 COSF 127« GMU 584  -1459 299 934  3852* 2669 676  -025 418  27.62* 44.09**  -0.76
22 COSPIAXRHABIR 695 300 1018 0% 837 1619 ass 108 36 357 4 B
23 COSF12AxGPe-374 4336 4862 4164 1757 2650 1570 050 703 1970 024 1263 228
24 COSPLAXCBIS- 2059 3342 2431 3097 547 353 sas T MBS sa05r s1a ass
25 COSFLAXRCBIS- 2847 3312 2631 3153 461 432 036 623 -993* 1214 081  h®0
26 COSF 128 GMU 935 1778 660 2317 1738 736 188 832 ¥ 357 1694 1929
27 COSF 128 GMU 502 1385 214 4298 188 2031 017 673 0H 595 1962 -17.56
28 COSF 128> GMU 116  -1035 183  -1517 2961 1855 237  -435 813  -10.95 054 3935
29 COSF12AxRHA378 297 3286 2373 1546 3680 2512 000 657 192> 381 1720 1905
30 COSF 127 GMU 550  -431 869 9% 139 981 769 061  -335 119 156 2300
31  HA89AXRCR19-12 393  -12.86 -1.02 2% 697 216 590  -1.06  -496  -0.95 1183 2282
32 HAB9AXRCR1925  -7.94  -1650  -5.15  -1447 3069 1953  -808 1h12 1150 1976 941 3104
33 HAS9AxCSFI1862 1221 178 1561 2142 2006 981  -976 1989 1302 3613 g3i5e 5gg
34 HABOAxCSFI1855 1480 412 1827 20 1084 137 1270 -1843 2165 4 1505 2051
35  HASOAXAKSFI174  -3.64  -12.60 -0.73 % o000 854 762 1388 1109 5y 1048 239
36 HA89AXGMU1000  -7.55  -1615  -475 688 0330 4936 g0 021 415 9%8% 7258 1900*
37 HA89AXRHAS3R6 862  -l48 1191 ¥4 1513 2237 592 103 494 2167  -1156 99
38 HABOAxGP6-374  -1574 2357 1319 28 719 196 562 182 1329 533 231 -15.69
39 HAS9AxCB19-0s 2931 3988 2717 3396 515 1050 354 987 B3 gs71 484 M3
40  HAB9AXRCB19-11 874  -17.23 598 o311 o 93 188 2328 2630 535 914 2489
41  HASYAXGMU498 057  -878 361  -1475 3026 1914 .67 1373 14 5000+ ge77 122
42 HasoAxGMu3ll 1173 %% 906 3139 483 412 819 108 291  -7.86 4.03 28,24
43 HAS9AXGMUS00  -9.03  -17.49 627  -12.08 3433 2287 338 973 1329 5554 1559 AL
44 HABOAXRHA378  -807  -1662  -529  -021 227 3945 433 028 367 8T gssor 1426
45  HAS9AXGMU379 995  -027 1328 90 740 1531 76 1280 1832 999 0.27 29,58

(*: Significant at P = 0.05, **: Significant at P = 0.01, HC - Hull content, HSW - Hundred seed weight, OC - Oil content, SYP-Seed yield/plant)
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Table 7. Hybrids selected based on mean performance, sca, Standard heterosis

1404

Traits Mean performance sca Standard heterosis Combination
COSF 6A x RCR 19-25, COSF 6A x AKSFI COSF 6A x RCR 19-25, COSF 6A x AKSFI
174, COSF 6A x RHA 83R-6, COSF 12A X 174, COSF 6A x RHA 83R-6, COSF 12A X
RCR 19-12, COSF 12A x RCR 19-25, RCR 19-12, COSF 12A x RCR 19-25, COSF
DFF COSF 12A x AKSFI 174, COSF 12A x ; 12A X AKSFI 174, COSF 12A x RHA 83R-6, ;
RHA 83R-6, HA 89A x RCR 19-12, HA HA 89A x RCR 19-12, HA 89A X RCR 19-
89A x RCR 19-25, HA 89A x RHA 83R-6, 25, HA 89A x RHA 83R-6, and HA 89A x
HA 89A x GMU 500 GMU 500.
COSF 6A x RCR 19-25, COSF 12A x RHA
DM SOt i Bon L RCR 1595 COSF 12A x GMU 1000 - ;
COSF 12A x GMU 379, COSF 12A x GMU COSF 12A x GMU 379, COSF 12A X GMU
PH 1000, HA 89A x GMU 1000, HABoA x  COSF12AXGHL 311, HABIAX 1500, 1A 89A x GMU 1000, HABOA x RHA  HABI0 GMU
RHA 378, COSF 12A x RHA 378 378, COSF 12A x RHA 378
COSF 6A x CSFI 1862, COSF6AXGMU  COSF 6A x RCR 19-25, COSF 6A x
1000, COSF 12A % GMU 1000, COSF 12A  CSFI 1862, COSF 6AX CSFI 1855, | SOSF 84 x C3F1 1882, COSFEARGMY — cos 6ax csFi
x GMU 311,COSF 12A x GMU 498, COSF 6Ax GMU 498, COSF 6ax 1000, COSF 126 I 1000, COSE 128 1862, COSF 6A x
COSF 12Ax GMU 378, COSF 124X GMU ~ GMU 1000, COSF 12Ax GMU 311, | SMY 438, COSF LaA = RHA 318, COSE Gy 1000, HA 89A
Al 379, HA 89A x GMU 1000, HA 89A x COSF 12A x RHA 378, HA 89A x A b x GP6-374, HA 89A
GMU 498, COSF 6AX GMU 498, COSF  GP6-374, HABIAX CB 19-05, HA 53R X G 498, COSF 8AX GHU 198, R 1911, HA
6AxRHA 378,COSF6Ax GMU 379, HA  89AXRCB 19-11, HAB9Ax GMU  COSF BAX RHA T8, COSFEA X GMUSTS, - g9’ Gmu 311,
80A x GP6-374, HAB9AXRCB 19-11, 311, HA 89A x GMU 500, COSF T, A o RCB 19 COSF 6A X GMU
HA 89A x GMU 311, HA89A X GMU 498,  12A x RHA 83R-6, COSF 12A x o Gy o : 498
HA 89A x GMU 379,HA 89A x RHA 378 RCB 1911
COSF 6A x GMU 311, COSF 12A x GMU
scMR ~ COSF6AxGMU 311, COSF 12A x GMU ; 311, COSF 12A x GMU 379, HA 89A X ;
311, HA 89A x GMU 379
GMU 379
COSF 6A x CSFI 1862, COSF 6A x
COSF 6A x CSFI 1862, COSF 6Ax GP6- o 1855,COSF6A X GP6-374,
COSF 12A x GMU 311, COSF 12A COSF 6A x CSFI
3174, COSF 6A x RHA 83R-6, COSF 12A x x GMU 379, HA 89A x GMU 1862, COSF 6A x
GMU 311, COSF 12A x GMU 379, HA 89A ; ;
ML 31, COSF A28 > GMU 379, HA89A  498,COSF 6A X GMU 1000, COSF  COSF 6A X CSFI 1862, COSF 6A  GP6- GP6-374, COSF
A o A8, COoF  6AXRHA83R-6, COSF6AXGP6- 374, COSF 12A X GMU 311, COSF 12A 12AX GMU 311,
e o O o 0 374,COSFEAXGMUS00,COSF  GMU 379, HA89A x GMU 498, COSF6Ax  COSF 12A x GMU
e p OoF 12 6Ax RHA 378,COSF 12AXRCR 19 GMU 498, COSF 12A x GMU 498, COSF 379, HA 89A x GMU
HAgoa s (IR o 1880 MU 25.COSF 12AX CB19-05HABOA  12Ax CB19-05, HABJAx CSFI 1862, HA 498, COSF 12Ax
r x RCR 19-12, HA 89A x RCR 19- 89A x RHA 83R-6 CB 19-05, HA 89A x
25,HA 89A x CSFI 1862,HA 89A x CSFI 1862, HA 89A
HA 89A x RHA 833'%3’ Bttt AKSFI 174,HA 89A x GMU 1000, x RHA 83R-6
HA 89A x RHA 83R-6,HA 89A x
RCB 19-11
COSF 6A x GMU 311, COSF 6A x GMU
rwe 500, COSF 12A X CSFI 1862, COSF 1A COSF 6Ax GMU 311, COSF 12Ax ] )
CSFI 1855, HA 89A x GMU 1000, HA 89A CSFI1862
x RCB 19-11, HA 89A x GMU 498
COSF 6A x CSFI 1862, COSF 6A x CSFI
B e SR O COSF 6A % CSFI 1862, COSF6AXGMU ~ COSF 6A x CSFI
ML) 1000, COSELZ A > GMU 1000, H COSF 6A x CSFI 1862, HA89AX 1000, COSF 12A x GMU 1000, HA 89A x 1862, HA 89A x
B O %8, GMU498, HABJAXRHA378,  GMU 1000, HAB9A X GMU 498, HAB9A X GMU 498, HA 89A x
oL R 8, O L B 1S COSF12AXGMU3LL COSF12A  RHA378,COSF 12AxCB19-05,COSF  RHA 378, COSF 12A
: : x GMU 500, COSF 6A x RHA83R-  12Ax RCB 19-11, COSF 12Ax GMU 498,  x GMU 311, COSF
GMU 311, COSF 124 x GMU 500, COSF 6 COSF 12A x GMU 311, COSF 12A x GMU 12A % GMU 500
127 x RHA 378, COSF 12A x GMU F 6A x GP6-374 500, COSF 12A x RHA 378, COSF 12Ax  COSF 12A x GMU
379,COSF 6A x RCB 19-11,COSF 6A X cos - : o aT® g
GMU 379,COSF 12A x CSFI 1855,HA 89A
x RCB 19-11,HA 89A x GMU 379
COSF 6A x CSFI 1862, COSF 12A x GMU
COSFGA x CSFI1862, HABOAXGMU o 6p « CSFI 1862, COSF12A 311, HAB9A x GMU 1000, HAB9A x RHA COSF 6Ax CSFI
1000, HA 89A x RHA 378, COSF 6A x 1862, HA 89A x
HD o, e T O o\ XGMU311,HABOAXGMU1000 378, COSF 6Ax CSFI 1855, COSFeAx - L862 HABSAX
LoDSF L CB19:05, HA 89A x RHA 378 GMU 1000, COSF 12A x CSF| 1862, COSF | 1000, HA
12A x CB 19-05, HAB9A x CSFI 1862
W COSFGAXRCR 19-12, HA89A X RCB 19 ) ] )
-11, COSF 12A x GMU 1000
HC HA 89A x CSFI 1855 ] - ]
HSW HA 89A x GMU 1000 COSF 6A x GMU 311 HA 89A x GMU 1000, HA 89A x RHA 378 -
COSF 6A x RCR 19-25, COSF 6A x
oc COSF 12Ax GMU 379, HAB9AX GMU  CSFI 1862, COSF 6A x CSFI 1855,  COSF 12A x GMU 379, HA 89A x GMU COSF 12A x GMU
311, HA 89A x RHA 378 COSF 12A'x GMU 379, COSF 12A 311, HA 89A x RHA 378 379
x GMU 1000, HA 89A x GMU 1000
COSF 6A x RCR 19-12, COSF 6A x CSFI COSF 6Ax CSF|
COSF 6Ax CSFI 1862, HAB9AX GMU  COSF 6Ax CSFI 1862, COSF12A 1862, COSF 12A x CSFI'1855, COSF 12Ax  OoF 98> CoF
op 1000, HABOAXRHA378, COSF12Ax  x CSFI 1855, HAB9A X GMU 1000,  GMU 1000, HABOA X GMU 1000, HABOA x 1862 HABOAX

CB 19-05, HA 89A x CSFI 1862, COSF
12A x CSF1 1855, HA 89A x GMU 498

HA89A x RHA 378, COSF 6A x
RHA 83R-6, COSF 12A x GMU 311

RHA 378, COSF 6A x CB 19-05, COSF 12A
x CB 19-05, HA89A x CSF1 1862, HA 89A x
GMU 498

x RHA 378, COSF
12A x CSFI 1855

(DFF-Days to fifty percent flowering, DM - Days to maturity, PH - Plant height, LAl - Leaf area index, SCMR - SPAD Chlorophyll Meter Reading, SPC - Soluble protein
content, RWC - Relative water content, NOL - No. of leaves, HD - Head diameter, VW - Volume weight, HC - Hull content, HSW - Hundred seed weight, OC - Oil
content, SYP-Seed yield/plant).
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