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Abstract

Heterosis for seed yield and its attributing traits was studied in 54 crosses developed through LxT mating
design involving 6 CMS lines and 9 testers. Analysis of variance revealed the presence of significant
differences due to parents, crosses and parents vs crosses, indicating variability. The hybrids 17A x J/6,
17A x EC-623008, 17A X RHA-1-1 and 2A X RHA-1-1 were identified as best heterotic crosses for seed
yield/plant and some of its component traits like, days to 50% flowering, days to maturity, head diameter,
seed filling %, 100 seed weight and volume weight. For oil content, 2A X EC-623008 and 2A X RHA-1-
1 recorded high heterotic effect. This study could prove useful in the development of new high-yielding
sunflower hybrids.
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Introduction

In India, Commercial cultivation of sunflower started in seventies with introduction of open
pollinated populations from USSR and Canada. Low yielding genotypes and hybrids of
sunflower are the major constraints of sunflower productivity due to which the area and
production of sunflower is decreasing in past few years. To overcome this constraint breeders
have center of attention towards production of hybrids through heterosis breeding, which
become possible due to discovery of cytoplasmic male sterility by Leclercq (1969) "% and
fertility restoration system by Kinman (1970) ©,

The present investigation revealed extent of heterosis (relative heterosis and heterobeltiosis)
observed within the available genetic variability of crosses for various characters studied. The
main purpose of this study is to identify superior cross combination for seed yield as well as
for oil content, which would be certainly helpful for evolving superior hybrids in future.

Material and Methods

Six CMS lines viz., CMS 234A, CMS 62A, CMS 243A, CMS 2A, ARM 249A and 17A and
nine inbred lines viz., EC-623008, EC 601957, EC 601951, EC 623026, RHA-1-1, RHA-138-
2, R-271-1, IR-1-1 and J/6 were planted during kharif 2015 at Oilseeds Research Station, Latur
and crossing was performed in line X tester fashion to produce 54 hybrids. During rabi, 2016
and kharif 2017 the 54 hybrids along with their parents and three standard checks viz., LSFH-
171, LSFH-35 and S-275 were evaluated in a Randomized Block Design replicated twice in
four environments viz., E1- Latur rabi 2016, E2- Parbhani rabi 2016, E3- Latur kharif 2017
and E4- Parbhani kharif 2017. Observations were recorded for ten quantitative characters. Data
obtained were subjected to line x tester analysis (Kempthorne, 1957) . Heterosis was
calculated as a percentage of increase or decrease in the F1 mean over its mid parent and
better. The result of pooled analysis over locations is presented.

Results and Discussion

Pooled analysis of variance for ten sunflower traits is presented in Table 1. Revealed that mean
sum of square due to genotypes found significant for all the characters in all four environments
studied indicated presence of desirable amount of variation. Genotypes are further divided in
to parents and crosses. Mean square component due to parents and crosses exhibited
significant differences except seed filling % in E3 and E4 environments for crosses. Highly
significant differences due to parents vs crosses were marked by all the traits studied except
hull content in E2 and E3 environments indicated presence of heterosis in desirable direction.
Significant variances due to genotypes, parents, crosses and parents vs. crosses were also
reported by Dudhe et al., (2011) !, Machikowa et al., (2011) ™! and Deengra et al., (2012) .,
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Pooled heterosis over mid parent and better parent exhibited
by different cross combinations are presented in Tables 2. Out
of fifty four crosses thirty eight and forty two crosses
recorded significant negative heterotic effect over mid parent
and better parent respectively for days to 50% flowering
while, forty four and forty six crosses reported significant
negative heterotic effect over mid parent and better parent for
days to maturity. Crosses 2A X R-271-1, 249A X EC-601951
and 2A X EC-601951 recorded earliest among all. Similarly,
negative heterosis for early flowering, and early maturity was
reported by Chidambaram and Sundarsan (1990) B! in
sunflower. For head diameter fifty and forty three crosses
marked with significant positive relative heterosis and
heterobeltiosis respectively. Crosses 62A X RHA-138-2,
243A X RHA-138-2, 243A X EC-623008 stained with
consistent significant positive heterotic effects over mid as
well as over better parent. For seed filling % thirty six and
eleven crosses found significant in desirable direction over
mid and better parent. For hull content ten and thirteen
crosses stained with significant negative heterosis over mid
and better parents whereas, crosses 62A X IR-1-1, 249A X
J/I6, 249A XEC-601957 exhibited high negative heterotic
effects on mid and better parent. Negative heterosis has been
also reported by Amenla (1996) @ for hull content.
Regarding, 100 seed weight highest significant positive
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heterosis was marked by CMS234A X RHA-138-2 respective
to mid and better parent followed by CMS62A X RHA-138-2,
CMS249A X RHA-138-2 and CMS234A X EC-623008. For
volume weight cross 243A X RHA-138-2 recorded high
heterotic effects over mid parent and better parent
respectively. Mohan Kumar (2002) ™! and Alone et al. (2003)
[ also reported positive heterosis for 100 seed weight and
volume weight.

Regarding, seed vyield/plant 44 and 49 crosses showed
significant positive heterosis over mid and better parent
whereas, 17A x J/6, 17A x EC-623008, 17A X RHA-1-1 and
2A X RHA-1-1 reported high significant heterotic effects over
mid parent and better parent. Sawant et al. (2007) 4, Sujatha
et al. (2009) 31 Masood et al. (2009) 2, Karasu et al. (2010)
1 and Usatov (2014) 18 in their respective studies have
reported high levels of significant heterosis for seed yield.
These hybrids also exhibited significant heterotic effects for
days to 50% flowering, days to maturity, head diameter, seed
filling %, 100 seed weight. For oil content eighteen and eight
crosses reported high significant heterotic effects over mid
parent as well as better parent whereas, 2A X EC-623008 and
2A X RHA-1-1 recorded high heterotic effect. Sujatha et al.,
(2009) 31, Dudhe et al. (2009) ! and Usatov (2014) 1 also
reported significant heterosis for oil content.

Table 1: ANOVA for line x tester analysis in individual environments in sunflower

Sr. Days to Days to Plant _Head Seed Hull 100_seed Vol_ume Seed Oil
No. Genotypes d.f. 50% maturity | height (cm) diameter filling % content | weight | weight yield/plant(gm) content
flowering (cm) (%) (gm) (gm) (%)
E1l 1 0.87 0.87 22.29 0.27 151 0.11 0.02 0.18 4.02 1.28
1 |Replications E2| 1 0.02 0.72 68.44 0.84 6.15 2.93 0.29 3.93 5.16 1.36
E3| 1 0.46 0.18 1.60 0.09 14.98 0.32 0.70 1.04 0.76 0.65
E4| 1 1.85 5.28 2.82 0.46 105.62 2.06 0.05 7.40 7.40 1.88
E1| 68| 17.06** | 14.58** | 822.97** | 11.29%* | 142.94** | 22.05** | 1.47** | 34.67** 195.06** 10.68**
2 | Genotypes E2| 68| 30.37** | 25.51** | 1090.06** | 10.26** | 76.79** | 25.58** | 1.55** | 40.97** 255.06** 9.15**
E3| 68| 13.42** | 14.43** | 1139.57** | 10.98** | 97.33* |22.24**| 1.06** | 26.14** 138.03** 19.04**
E4| 68| 10.33** | 8.63** | 818.01** | 20.53** | 89.31* |25.69**| 2.47** | 38.80** 349.55** 15.42%*
El| 14| 14.53** | 17.96** | 428.55** | 4.87** | 142.51** | 14.71** | 0.90** | 41.52** 56.42** 16.58**
3 Parents E2| 14| 12.65** | 26.67** | 547.91** 3.90* | 143.10** | 9.37** | 1.29** | 63.43** 66.38** 20.64**
E3| 14| 14.27** | 17.96** | 814.36** | 5.79** | 126.66* |22.66**| 1.52** | 58.58** 70.77*%* 23.16**
E4|14 | 22.69** | 8.72** | 508.57** | 1551** | 11.69* |15.36**| 1.84** | 32.41** 94.20** 22.35**
E1/53| 15.13** | 9.96** | 284.26** | 7.10** | 125.69** | 23.94** | 1.41** | 27.23** 165.43** 8.83**
4 Crosses E2|53| 31.58** | 21.88** | 737.18** | 6.55** 57.27* |30.23**| 1.04** | 32.61** 217.74** 5.39**
E3| 53| 12.82** | 13.36** | 299.65** | b5.83** 79.04 |22.44**| 0.80* | 16.15** 124.18** 15.25**
E4|53| 6.40** 6.06* 649.15%* | 18.74** 61.92 |28.40%*| 1.81** | 27.27** 271.70** 7.70%*
E1l| 1 | 154.89** | 211.82** |34896.43** | 323.49** |1063.19** | 24.57* | 12.74** | 333.46** | 3706.44** 26.02**
5 Parents vs. |E2| 1 | 214.18** | 201.76** | 27383.07** | 295.63** | 183.20* 6.17 | 31.87** | 169.73** | 4874.57** 47.03**
Cross E3| 1 | 33.28** | 23.65** |50208.31** | 356.56** | 655.90** | 5.82 | 8.74** |101.17** 1813.52** |162.18**
E4| 1 | 45.28** |143.71**|14099.87** | 185.54** | 1228.01** | 26.47* | 51.37** | 738.71** 8050.33** 327.62**
El| 68 1.49 1.20 26.04 0.94 2.69 2.46 0.28 1.89 1.70 0.56
7 Error E2| 68 1.95 1.95 22.69 1.72 26.69 2.49 0.42 4.69 3.71 0.66
E3| 68 1.52 1.71 5.36 1.75 54.33 1.74 0.48 4.54 2.17 0.76
E4| 68 1.98 2.76 29.85 0.69 43.83 2.51 0.31 9.47 4.28 0.86

*, ** Significant at 5 % and 1 % level, respectively
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Table 2: Pooled heterosis over midparent (MP) and better parent (BP)

Sr. No. Genotypes Days to 50% flowering | Daya to maturity | Plant height (cm) | Head diameter (cm) | Seed filling %
MP BP MP BP MP BP MP BP MP BP
1 234A x EC-623008 -5.93** -6.27 ** | -4.81** | -4.99 ** | 28.59** | 19.33** | 16.94** | 14.56** |12.18**| 7.29*
2 234A X EC-601957 | -4.10** -4.46 ** | -2.58** | -2.96 ** | 31.04** | 18.60** 4.14 -2.11 5.07 1.96
3 234A X EC-601951 | -2.62** -3.35** | -2.13** | -2.44** | 16.48** | 10.11** | 9.50** 5.10 -1.22 -2.44
4 234A X EC-623026 | -2.98** -3.16 ** 0.06 -1.03 | 23.29** | 16.15** | 23.60** | 13.81** | 7.91* 5.08
5 234A X RHA-1-1 -5.29** -5.38** | -3.21** | -3.45** | 12.80** | 11.52** | 28.60** | 19.55** 0.09 -2.62
6 234A X RHA-138-2 | -6.52** -8.83** | -3.74** | -5.12** | 19.96** | 15.67** | 24.10** | 13.80** | 7.04* 3.10
7 234A X R-271-1 -4.19%* -6.51** | -2.74** | -4.24** | 13.47** | 13.30** 9.02* 5.10 8.88** | 6.74
8 234A X IR-1-1 -4,22%* -5.43** | -1.86** | -2.05** | 17.76** | 16.25** | 17.33** 8.00% | 13.80** |12.29**
9 234A X JI6 -5.06** -7.57** | -5.14** | -6.27 ** | 18.99** | 11.27** | 10.16** 5.66 9.80** | 6.60
10 62A x EC-623008 -3.57** -4.19 ** -1.28* -1.28 | 25.81** | 15.23** | 28.17** | 19.10** | 9.24** | 8.48*
11 62A X EC-601957 0.09 -1.28 0.97 0.38 | 31.62** | 17.62** | 35.22** | 30.89** | 6.90* 6.04
12 62A X EC-601951 -1.76* -3.46 ** -1.42* | -1.92** | 21.47** | 13.31** | 16.64** 10.64* | 9.56** | 6.76*
13 62A X EC-623026 -4.52%* -5.65 ** -1.04 | -2.30** | 26.44** | 17.54** | 5569** | 54.02** | 7.34* 6.09
14 62A X RHA-1-1 -5.70** -6.56 ** -3.52** | -3.68 ** | 18.53** | 15.,54** | 55.37** 52.15** 11.56 |10.36**
15 62A X RHA-138-2 -5.65%* -7.07** | -3.16** | -4.37 ** | 23.85** | 17.80** | 64.40** | 63.37** | 6.19* 6.14
16 62A X R-271-1 -5.00** -8.20 ** -1.76%* | -3.46 ** | 17.17** | 15.35** | 33.06** 25.58** |11.14** | 9.12**
17 62A X IR-1-1 -5.54** -5.80** | -2.05** | -2.05** | 21.13** | 17.92** | 47.90** | 46.38** | 6.53* 3.91
18 62A X JI6 -4.92** -6.51** | -2.66** | -3.64 ** | 22.21** | 12.,79** | 35.73** | 28.74** |10.37**| 9.42
19 243A X EC-623008 1.44 -1.22 -2.07** | -4.17** | 28.21** | 20.54** | 45.79** | 40.22** |22.22**| 7.57*
20 243A X EC-601957 0.18 -3.15** | -3.02** | -5.64 ** | 39.97** | 28.30** | 39.03** | 28.40** |20.85**| 7.77*
21 243A X EC-601951 | -4.36** -7.87** | -5.98** | -8.46 ** | 15.27** | 10.43** | 13.68** 7.08 13.05** | 2.44
22 243A X EC-623026 -1.81* -4.90** | -2.47** | -5.76 ** | 36.64** | 30.45** | 51.13** | 36.80** 6.57 -4.67
23 243A X RHA-1-1 -0.81 -3.67 ** -1.75%* | -3.80 ** | 13.02** | 12.74** | 37.63** 25.74** 114.88** | 2.70
24 243A X RHA-138-2 -7.56** -8.04 ** -7.11%* | -7.97 ** | 23.44** | 20.66** | 57.64** 42.11** |11.78** | -0.99
25 243A X R-271-1 0.37 -4.90** | -2.17** | -5.88 ** | 28.01** | 26.41** | 22.38** | 15.86** |13.50**| 2.15
26 243A X IR-1-1 -4.80** -6.47 ** -5.45%* | -7.48** | 32.11** | 31.97** | 47.57** 33.52** 5.90 -4.12
27 243A X /6 -3.51** -3.85** | -1.67** | -2.82** | 26.14** | 19.562** | 35.04** | 27.20** 5.78 -5.62
28 2A X EC-623008 -5.05** -5.48 ** | -3.73** | -4.23** | 36.73** | 32.71** | 20.69** | 17.51** |10.04**| 0.56
29 2A X EC-601957 -6.20** -7.31** S4.21%* | -4.27 ** | 32.40%* | 25.17** | 26.74** 18.44** | 9.01** 1.00
30 2A X EC-601951 -5.48** -6.95** | -530** | -5.30** | 19.57** | 18.34** 0.41 -4.28 6.70* 0.53
31 2A X EC-623026 -5.63** -6.58 ** | -0.78** | -1.55%* | 24.28** | 22.56** | 19.77** 9.66* |12.60**| 4.67
32 2A X RHA-1-1 -4.60** -5.30** | -2.77** | -3.32** | 2945 | 24.97** | 44.60** | 33.65** |14.90**| 6.73
33 2A X RHA-138-2 -7.10** -8.66 ** | -4.45** | -6.12** | 25.12 | 23.83** | 27.69** | 16.43** | 6.75* | -1.79
34 2A X R-271-1 -8.03** -10.97 ** | -3.21** | -4.40** | 15.83 | 10.74** 6.72 2.25 10.85** | 3.70
35 2A X IR-1-1 -7.37%* -7.79%* | -2.96%* | -3.46%* | 25.45 | 21.27** | 24.12** | 13.59** |13.56**| 6.90
36 2A X JI6 -3.68** -5.46** | -0.51** | -2.01** | 26.32 | 23.60** | 18.89** | 13.34** |14.64**| 6.27
37 249A X EC-623008 4.95%* 4.38 ** 0.00 | -1.97** | 28.24 | 14.85** | 10.26** 5.53 3.46 -2.20
38 249A XEC-601957 0.00 -1.28 -2.84** | -529** | 20.11 | 12.89** | 21.30** | 11.50** | 7.58* 3.15
39 249A X EC-601951 | -6.68** -8.21** | -7.19** | -9.47** | 13.80 3.74* 6.69 0.01 11.04** | 8.35*
40 249A X EC-623026 0.00 -1.09 -2.92** | -6.03** | 26.35 | 14.80** | 17.00** 5.41 4.02 0.09
41 249A X RHA-1-1 -2.85%* -3.65** | -4.08** | -5.90** | 21.83 | 15.93** | 28.50** | 16.86** |10.45**| 6.20
42 249A X RHA-138-2 | -2.87** -4.42 %% | -4.83** | -554** | 2498 | 16.11** | 25.24** | 12.38** 3.73 -1.26
43 249A X R-271-1 1.70* -1.64 -2.36** | -5.90** | 19.09 | 14.42** 8.29* 2.03 9.07** | 5.64
44 249A X IR-1-1 -2.55%* -2.90** | -4.14** | -6.03** | 19.18 | 13.25** | 27.15** | 14.52** |12.93** |10.09**
45 249A X /6 0.18 -1.58 -0.99 -1.97** 23.15 | 11.10** | 17.17** 9.83** 9.11** 4.68
46 17A X EC-623008 -2.13** -2.40** | -2.94** | -3.07** | 35.58 | 31.02** | 35.83** | 28.27** | -4.49 -5.87
47 17A X EC-601957 2.33** 1.86* 0.19 -0.51 | 38.96** | 30.81** | 21.49** | 19.60** 4.31 4.28
48 17A X EC-601951 -0.09 -0.93 -1.54* | -2.17** | 28.78** | 26.88** | 28.66** | 24.07** | -2.85 | -4.61
49 17A X EC-623026 -0.65 -0.93 1.68** 0.26 | 36.42** | 33.93** | 35.07** | 34.21** | 572 -6.09
50 17A X RHA-1-1 -0.37 -0.37 -0.19 -0.26 25.10** | 21.30** | 37.25** 36.71** | 8.85** | 8.51*
51 17A X RHA-138-21 | -2.08 ** -4.42%* -2.15%* | -3.25%* | 21.13** | 20.43** | 39.03** | 37.52** 2.50 1.75
52 17A X R-271-1 0.10 -2.41%* 0.59 -1.28 | 25.56** | 20.57** | 20.99** | 16.07** 5.23 4.11
53 17A X IR-1-1 -1.37 -2.54** -0.51 -0.64 20.87** | 17.36** | 22.55** 21.72** 7.78* 5.93
54 17A X /6 -4.07 ** -6.51** -1.90%* | -2.76%* | 32.17** | 28.75** | 14.74** 10.64* -2.37 -2.45
S.E 1.21 1.39 0.51 0.68 2.04 2.35 0.46 0.53 2.35 271
CD@5% 2.42 2.80 1.17 1.35 4.02 4.64 0.92 1.05 4.64 5.36
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Sr. No. Genotypes Hull content (%) | 100 seed weight (gm) | Volume weight (gm) | Seed yield/plant(gm) | Oil content (%)
MP BP MP BP MP BP MP BP MP BP
1 234A x EC-623008 | -0.12 -1.33 40.88** | 31.70** | 11.56** | 9.81** | 110.73** | 88.17** |-21.90 ** |-26.47 **
2 234A X EC-601957 | -7.77** |-12.71**| 21.55** | 20.48** | 15.14** 6.69* 53.66** | 35.84** | -8.19* |-10.43*
3 234A X EC-601951 | 2.39 1.40 25.80** | 23.51** | 8.26** -1.76 34.08** 9.30* 4.10 3.78
4 234A X EC-623026 | -4.69 | -8.36** | 37.92** | 33.19** | 11.64** | 8.44** 39.57** | 35.80** 6.82 4.05
5 234A X RHA-1-1 | -5.81* | -6.13* | 29.94** | 27.62** 6.02* 5.96 41.75%* | 41.49** 6.30 1.51
6 234A X RHA-138-2 | 13.37** | 9.19** | 57.42** | 45.81** | 21.33** 7.68* 59.79** | 57.79** 0.64 -0.28
7 234A X R-271-1 1.24 -0.55 23.54** 12.50* 11.88** | 10.07** | 40.42** | 36.59** 1.63 1.26
8 234A X IR-1-1 -4.09 | -7.50** | 38.72** | 34.52** | 8.62** 6.51* 93.10** | 86.88** 7.95 7.47
9 234A X JI6 11.44** | 11.13** 0.89 -0.19 5.40 -1.61 73.93** | 45.08** 5.39 4.28
10 62A x EC-623008 | -9.84** |-12.95**| 19.70** 15.83* 0.69 -2.59 38.82** | 18.14** | 10.57* 3.5
11 62A X EC-601957 [-12.21** |-15.02**| 24.34** | 18.96** 2.72 -6.35* 81.92** | 53.35** 6.01 2.78
12 62A X EC-601951 0.57 -2.67 5.77 3.92 7.96%* -3.57 27.86** -0.07 1.16 0.82
13 62A X EC-623026 | 5.31* -0.97 25.68** | 25.57** | 13.72** | 8.58** 86.52** | 72.07** 5.16 1.81
14 62A X RHA-1-1 0.29 -2.34 21.62** 15.33* -5.31* -6.91* 57.91** | 49.75** 6.61 1.19
15 62A X RHA-138-2 3.54 -2.48 42.80** | 36.86** | 14.38** -0.04 102.18** | 89.13** 2.87 1.29
16 62A X R-271-1 -4.19 | -8.01** | 24.96** 10.19 9.11** 5.50 51.69** | 39.91** 2.57 1.56
17 62A X IR-1-1 -15.02** |-19.85** | 34.93** | 34.24** 6.65* 2.79 91.29** | 86.95** | 10.33* | 9.14*
18 62A X JI6 8.13** | 5.36* 29.40** | 26.17** | 10.88** 1.82 86.13** | 48.62** 4.28 3.83
19 | 243A X EC-623008 | 6.59** 4.93 24.65** 12.82 6.04* 2.63 59.59** | 40.66** |12.09** | 10.75*
20 | 243A X EC-601957 | 9.53** 1.00 18.34** 15.27* 13.54** | 10.21** | 41.88** | 23.81** 4.96 2.4
21 | 243A X EC-601951 | 5.96* 4.05 14.82* 8.93 9.99** 4.43 27.32%* 2.62 3.78 -1.45
22 | 243A X EC-623026 | 10.99** | 9.68** 5.49 -1.50 3.36 1.38 50.11** | 43.97** 4.39 2.01
23 243A X RHA-1-1 | 7.62** 5.04 7.83 5.99 13.77%* | 8.38** 22.98** | 21.39** 6.56 6.26
24 | 243A X RHA-138-2 | -3.67 -4.65 35.12*%* | 21.20** | 22.18** | 13.32** | 63.11** | 58.73** -1.43 -5.29
25 243A X R-271-1 | 14.78** | 13.64** | 15.60** 8.76 0.37 -2.80 51.12** | 44.89** 2.7 -1.86
26 243A X IR-1-1 -3.58 -4.42 22.65** 14.98* 5.68 2.67 59.53** | 56.66** | 9.00 * 4.25
27 243A X JI6 3.99 1.43 11.86* 6.91 14.81** | 12.31** | 89.08** | 55.85** 8.19 2
28 2A X EC-623008 3.15 -0.16 35.21** | 27.63** | 19.34** | 15.42** | 69.34** | 48.28** | 18.17** | 1542 **
29 2A X EC-601957 -0.19 -3.64 20.07** 17.81* 10.02** 6.87 101.20** | 74.45*%* | 12,13 ** 5.7
30 2A X EC-601951 | -5.11* | -7.93** 9.55 8.65 12.94** 7.31* 14.48** -8.26 7.97 -0.84
31 2A X EC-623026 -1.44 | -7.09** | 21.92** | 18.91** | 14.20** | 11.93** | 67.80** | 59.77** | 13.21** 6.88
32 2A X RHA-1-1 -0.27 -2.64 23.62** | 20.19** 4.74 -0.28 123.71** | 119.18** | 16.09** | 11.76 *
33 2A X RHA-138-2 3.75 -2.05 34.19** | 25.48** | 23.37** | 14.51** | 106.75** | 99.72** | 12.46 ** 4.46
34 2A X R-271-1 4.14 0.24 24.30** 12.14* 19.12*%* | 15.27** | 45.08** | 38.10** | 8.75* 0.49
35 2A XIR-1-1 -9.78** |-14.70**| 31.30** | 28.61** | 16.22** | 12.83** | 61.92** | 60.21** | 12.74** 4.26
36 2A X J/6 -0.06 -2.38 30.41** | 30.34** -1.43 -3.51 74.97** | 43.37** | 11.40** 1.6
37 | 249A X EC-623008 | -0.58 -0.82 19.45** 15.74* 10.55** 8.07* 69.74** | 58.73** | 11.46* | 10.51*
38 249A XEC-601957 |-17.45%* |-22.59**| 26.44** | 20.81** | 11.09** 6.76* 53.10** | 41.64** |14.29** | 11.13*
39 | 249A X EC-601951 | 3.22 3.21 20.07** 17.82* 11.51** 4.85 34.71** | 14.38** 6.1 0.43
40 249A X EC-623026 | 14.66** | 11.29** | 29.91** | 29.62** 0.45 -0.47 18.51** | 15.81** 6.05 3.28
41 249A X RHA-1-1 | 17.05*%* | 16.31** | 39.03** | 31.67** | -8.42** | -11.89** | 32.83** | 26.17** 8.73 8.06
42 | 249A X RHA-138-2 | 16.55** | 13.32** | 42.65** | 36.89** | B8.65** -0.17 9.18* 5.15 5.22 0.76
43 249A X R-271-1 2.60 1.76 8.58 -4.37 5.09 2.80 30.49** | 27.56** | 9.71* 4.5
44 249A X IR-1-1 13.85** | 10.85** 12.11 11.39 3.00 1.08 5.26* -2.90 1584 ** | 1043*
45 249A X JI6 -12.91** |-13.51**| 40.31** | 36.63** | 14.90** | 11.27** | 93.60** | 68.43** | 13.28 ** 6.45
46 17A X EC-623008 | 9.41** | 8.23** | 35.55** | 21.89** | 12.92** | 8.98** | 137.37** | 136.01** | 15.67 ** | 14.03 **
47 17A X EC-601957 | 6.09** 0.28 2.89 -0.48 10.69** 0.70 110.12** | 106.55** 4.36 2.04
48 17A X EC-601951 | -0.37 -1.20 17.31*%* 10.53 8.38** -3.41 68.58** | 51.14** -0.09 -4.92
49 17A X EC-623026 3.07 -0.77 22.52** 13.63* 9.23** 4.05 108.01** | 91.40** 1.36 -0.74
50 17A X RHA-1-1 | -8.42** | -8.61** | 29.51** | 26.41** 6.18* 4.13 129.36** | 105.51** 5.57 5.51
51 |17A X RHA-138-21| 4.26 0.54 39.50** | 24.33** | 19.97** 4.63 70.76** | 55.00** -2.2 -5.83
52 17A X R-271-1 -1.83 -3.44 25.00** | 18.42** | 8.13** 4.30 93.15** | 77.78** -2.74 -6.85
53 17A X IR-1-1 6.24** 2.59 38.77** | 29.22** | 11.46** 7.17* 63.67** | 42.71** 3.82 -0.49
54 17A X J/6 6.47** | 6.31* 9.18 3.63 11.71** 2.35 155.44** | 135.08** 5.40 -0.42
S.E 0.67 0.77 0.24 0.28 1.01 1.16 0.76 0.88 1.43 1.66
CD@5% 1.32 1.53 0.48 0.56 1.98 2.89 1.50 1.73 2.83 3.27
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