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HETEROSIS FOR SEED YIELD AND YIELD-RELATED TRAITS IN
SUNFLOWER (HELIANTHUS ANNUUS L.)

Georgi Georgiev', Galin GeorgieV’, Nina Nenova®, Atanas Atanasov’

Abstract

Getting benefit from use of heterosis is the main purpose in sunflower hybrid
breeding. The objectives of this study were to determine performance of sunflower
varieties and to measure the vigor of sunflower hybrids. In 2022 and 2023, sunflower
hybrids were evaluated for four important yield components, yield performance,

standard and regular heterosis, and heterobeltiosis, in Dobroudzha Agricultural
Institute- Bulgaria conditions. Based on observations in this research, seed yield
of hybrids. Sunflower is one of the main agricultural crops grown in Bulgaria. Due

to rapidly changing climatic conditions (drought, attack by diseases and enemies,

etc.), it is necessary to study the structural components treated with different doses

of organic fertilizers related to an increase in seed yield. In sunflower, seed yield
and oil content are complex characteristics that are influenced by different factors

that may act individually or collectively. The study of a complex of traits is a crucial
approach to increase seed yield. The effectiveness of selection depends mainly on

the direction and magnitude of the relationship between yields and its components.

Some of the indicators related to the yield significantly affect the yield and the
direct effect has a different influence. Therefore, it is necessary to study which of
the signs have a greater influence than others.
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Introduction

Sunflower is the main oilseed crop for Bulgaria. The model for creating a modern
hybrid sunflower variety should have good architecture, optimal quantitative
and qualitative indicators, good adaptive potential to changing environmental
conditions and reveal its potential under these conditions. Sunflower (Helianthus
annuus L.) is the 5™ most important oilseed crop in the world and accounts for 8% of
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oilseed world production (FAO, 2011), with 32.3 million tons for the 2010/2011
harvest (Oil World, 2011).

Plant height plays a major role in creating new single crosses (SC-hybrids) with a
different plant model and high genetic potential for seed and oil yield.

Plant height is a very important indicator, since the stability of the plant, i.e. lodging
resistance, depends on it (Hladni, 2010).

The presence of water stress in the “4-6 leaf” and “budding” phases affects the
reduction in plant height (Singh, 2000).

An important parameter in sunflower breeding is the diameter of the corolla
(Mijlic et al., 2003). The diameter of the head is an indicator that is less influenced
by genetic factors and more by environmental conditions and the duration of the
growing season (Marinkovic et al., 2003).

Alba et al. (1979) and Giraraj et al. (1979) reported a significant direct effect
in which the diameter of the corolla affects seed yield. According to Andrei &
Jitareanu (2000), genotypes with a larger number of flowers form a larger number
of seeds per plant, but this is directly related to the pollination of the head diameter.

A significant positive interdependence between the total number of seeds per plant
and seed yield was reported by a number of authors - Patil et. al. (1996), Tahir et
al. (2002), Dagustu (2002), Radic (2008), Valkova et al. (2008). The number of
seeds in a cotyledon has a significant direct effect on seed yield (Teklewold et al.,
2000; Dusanic et al., 2004; Behradfar et al., 2009) found high correlations between
the weight of seeds from a single plant and the mass of 1000 seeds, their length
and width, the diameter of the cotyledon and the degree of insemination. Other
high positive correlations were found between the degree of insemination and the
absolute weight of seeds, the height of the plant and the duration of flowering, the
percentage of kernel and the mass of 1000 seeds.

Material and Methods

The experiments were conducted at the experimental site of the Dobrudja
Agricultural Institute, General Toshevo. The soil type is Haplic Chernozems. The
predecessor is wheat. Sowing was carried out at the optimal time - 20.05.2023.
Twenty-seven oilseed sunflower hybrids were studied in the experiment, shown
in (table 1.). Sowing was carried out manually with an inter-row distance of 0.70
cm. The experiment was sown with a plot size of 30 m2. The experiments were set
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up according to the block method in 2 randomized repetitions. The observations
were carried out according to the accepted UPOV methodologies. Measurements
were taken from all variants, the aim of which was to analyze the yield structure.
During the sunflower growing season, the following phenological indicators
were recorded: sowing, germination, phase 2-3 leaf, budding, beginning of
flowering, flowering, end of flowering, flowering period, technical maturity and
vegetation period number of days. The following structural characteristics were
also investigated: plant height (cm), head diameter (cm). Study investigated the
heterosis effect and relationships between individual traits in order to determine
how they affect seed yield. Statistical processing of the obtained results was carried
out using the Past 4.17 program.

Table 1. Sunflower genotypes included in the study

3607A x 363R 232-1/22Ax 376R
3607A x 402R 242-2/22Ax 379R
3607A x 404R 4Ax 2R
3607A x 405R 4Ax 8R
3607A x 406R 553AIMI-CL x 224R
3607A x 410R 553AIMI-CL x 230R
3607Ax 416R 553AIMI-CL x 321R
3607A x 418R 553AIMI-CL x 329R
3607A x 429R 553AIMI-CL x 418R
3607A x 434R 573AIMI-CLx 157R
3607A x 435R ST3AIMI-CL x 172R
3607A x 439R 573AIMI-CL x 278R
573AIMI-CL x 338R 573AIMI-CL x 303R

Although hybrid vigor can be defined as the superiority of individuals of the F1
generation over their parents, it can also be viewed as the superiority of new hybrids
over currently grown commercial hybrids. This phenomenon has been analyzed for
many different sunflower traits. Researchers have observed a significant increase
in heterosis for seed and oil yield and oil content in sunflower. Reddy et al. (1985)
measured heterosis levels higher than 100%

and 10% in sunflower hybrids. Singh et al. (1984). Observed heterosis levels of
47 to 206% in seed yield. Guo-Zhan and Chun-Fang (1985) reported heterosis
levels of 169% for seed yield, 2.3% for husk percentage and 14.6% for oil content
in sunflower. Giriraj and Virupakshappa (1992) and Virupakshappa et al. (1997)
observed that hybrid vigor for sunflower seed yield remained at the same level in
different environments. Zhao-Cheng et al. (1988) also observed high heterosis for
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seed yield, oil content. Parents with larger corm diameter and 1000-seed weight
had higher yield potential.

Study was conducted to determine the sunflower parents and hybrids with the
highest potential and hybrid vigor for seed and oil yield and husk and oil content.

The scatter plot presented in Figure 1 shows a positive relationship between the
head diameter of both parents-MPH (x-axis) versus the comb diameter of the better
parent-BPH (y-axis) and this is the maternal sterile line. Each point represents a
pair of data in Figure 1. The solid line looks like a linear regression line head
diameter of the better parent-(P2-BPH) also tends to increase.

Head diameler-BPH
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Graph 1. Values of the trait of the diameter of the comb between the two parents
and the better parent

The heterosis effect in the studied hybrids for the traits of the head diameter and
plant height are presented in Figure 2. From the results obtained, it was found that
for the first trait of the comb diameter, 13 of the hybrids have a very good ratio for
heterosis compared to the better parent and both parents. Two of the hybrids are
superior in heterosis compared to the better parent. Regarding the second trait of
the plant height, most of the hybrids are indicated in that part of the plot where the
hybrids exceed the better parent. Only five hybrids included in the study exceed
the better parent.

Regarding the traits plant height and head diameter for heterosis in the studied
sunflower hybrids relative to both parents and head diameter for the better parent,
it was found that most hybrids are located in this part of the heterosis plot for plant
height relative to both parents and the better parent.
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Figure 3 and 4 presents a scatter diagram showing the relationship between plant
height (Plant height - MP) and head diameter (Head diameter - MPH) in the
studied hybrids. Data show significant variation and weak concentration around
the regression line. The least squares line (black line on the graph) has a positive,
but very weak slope, which indicates a very weak positive correlation between the
two traits. This means that with increasing plant height, a slight increase in head
diameter is observed, but dependence is not statistically significant.
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Graph 2. Values of the trait plant height of both parents and the diameter of the
crown of the better parent

The results obtained suggest that plant height does not significantly affect the
diameter of the head, indicating that these traits can be considered relatively
independent of each other when evaluating hybrids.
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Graph 3. and 4. Analysis of the relationship between comb diameter, plant
height and head diameter
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The results of the Pearson correlation analysis show that there are strong positive
and statistically significant relationships between certain traits in the studied
plants. Plant height measured under the MP and BPH conditions is in a very strong
positive correlation (r = 0.857, p <.001), indicating a high degree of consistency
between the two conditions. This suggests that plants that exhibit greater height
under one condition maintain this tendency under the other.

The correlation analysis (Table 2.) shows that there is a very strong positive
relationship between the traits Plant height — BPH and Plant height — MP (r =
0.857, p <0.001), which is expected, since both indicators describe the same trait
according to different methods for calculating heterosis.

A very weak positive correlation was found between Plant height — MP and Head
diameter — MPH (r = 0.062, p = 0.765), which is not statistically significant. The
relationship between Plant height — MP and Head diameter — BPH (r=0.215,p=
0.291) is also similar, which confirms that plant height does not significantly affect
the diameter of the head.

Table 2. Pearson correlation coefficients between different traits related to plant
morphological indicators (height and diameter of the crown) under different
evaluation methods: BPH (Best Parent Heterosis), MPH (Mid Parent Heterosis)

Pearson’s (1) P

Planth height-BPH - Planth height- MP 0.857 ok <.001
Planth height-BPH - Head diameter-MPH -0.005 982
Planth height-BPH - Head diameter-BPH 0.147 473
Planth height- MP - Head diameter-MPH 0.062 765
Planth height- MP - Head diameter-BPH 0.215 291
Head diameter-MPH - Head diameter-BPH 0.879 rorok <.001
*p<.05,** p<.01, *** p <.001

When comparing Plant height — BPH and Head diameter — MPH, as well as Head
diameter — BPH, weak and insignificant relationships were reported (r = —0.005
and r=0.147 respectively; p > 0.05). In contrast, a very strong positive correlation
was observed between Head diameter — MPH and Head diameter — BPH (r =
0.879, p < 0.001), which indicates a high degree of agreement between the two
methods for calculating heterosis for this indicator. om the obtained results, the
following important conclusion can be made - Strong correlation: between Plant
height (BPH - MP) - r=0.857, p <0.001, Head diameter (BPH - MPH) -r = 0.879,
p <0.001, Weak correlation: Between height and head diameter - r from -0.005 to
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0.215,p> 0.05 The results show that the different methods for calculating heterosis
give similar results within the same trait, but there is no significant relationship
between plant height and head diameter, which suggests that these morphological
traits are determined by different genetic factors and can be selected independently
of each other.

The mean values show that MPH generally has higher values than BPH, Graph
5 which is expected since the mean heterosis in the parent is usually greater than
that in the parent. Hybrids with the highest values 573A IMI-CL x 172R - 55.18%,
3607A x 406R-50.63%, 3607A x 429R - 48.45%, BPH:573A IMI-CL x 172R -
49.40, 3607A x 429R -48.14%, 3607A x 416R - 42.36%, 573A IMI-CL x 172R-
55.18%, 3607A x 406R - 50.63%, 3607A x 429R - 48.45%.

Very high values compared to the better parent BPH for heterosis of the head
diameter were found in crosses-573A IMI-CL x 172R - 49.40%, 3607A x 429R -
48.14%, 3607A x 416R - 42.36%.

Heterosis head diameter

- T . e e, S .
BN S LR S S A I IV
R SUE ST S ST S L S S P S, S
\'s Aol ' Al s el # G RS W o RS

OIS S A oF oF oF oF

7 g7 T G g

N (MPH) HE(BPH)

Graph 5. Heterosis for head diameter of sunflower hybrid combinations

Legend MPH — probably Mid-Parent Heterosis BPH — probably
Better-Parent Heterosis

The hybrid 573A IMI-CL x 172R shows the highest values for both indicators
at the same time, which distinguishes it as the most heterotic and potentially the
most productive compared to the others. The results show significant differences
between the individual hybrids in terms of expressed heterosis. The highest values
of MPH and BPH are observed in the hybrids 573A IMI-CL x 172R, 3607A x
406R and 3607A x 429R, which indicates a strong positive heterosis effect and
suggests good potential for their use in hybrid selection.

465



Hybrids with lower BPH values - 3607A x 363R, 4A x 2R, 573A IMI-CL x 278R
show limited or weak heterotic effect compared to the better parent.

From the results obtained, the following important conclusion can be drawn-overall,
a positive trend is observed, in which hybrids with high MPH values usually also
have high BPH values, which confirms the close positive relationship between the
two indicators, already proven by the high correlation r=0.879, p<.001r = 0.879, p
<.001r=0.879, p<.001

The highest values in Graph 5 for the plant height trait of heterosis relative to
both parents and the better parent were determined by the Scatter plot for 5
hybrids - 573A IMI-CL x 172R, 3607A x 429R, 3607A x 416R, 3607A x 410R,
3607A x 406R.
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Graph 6. Heterosis for planth height of sunflower hybrid combinations

Scatter Plot: MPH vs BPH (Top 5 Highlighted)
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Graph 7. Scatter plot to planth height in MPH, BPH
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Conclusion

The most pronounced heterosis for head diameter was observed in the hybrids
573A IMI-CL x 172R, 3607A x 406R, and 3607A x 429R, which consistently
ranked highest for both MPH and BPH. These hybrids represent promising
breeding material due to their large head diameter, a trait closely associated with
seed yield potential. Likewise, for plant height, a group of five hybrids surpassed
both parents, confirming the presence of strong hybrid vigor for architectural traits
important in crop productivity and stability.

The correlation analysis revealed a strong and highly significant relationship within
each trait across heterosis calculation methods (BPH and MPH), confirming the
reliability of both approaches. In contrast, correlations between plant height and
head diameter were weak and statistically insignificant, indicating that these
morphological traits are largely independent and may be improved separately in
breeding programs.

Overall, the results highlight that heterosis remains a powerful tool for developing
high-performing sunflower hybrids. The identified hybrid combinations with
superior heterotic expression, particularly 573A IMI-CL x 172R, 3607A x 406R
and 3607A x 429R, are especially noteworthy for future selection and commercial
hybrid development. Continued evaluation of these hybrids across multiple
environments will help validate their stability and confirm their potential to
enhance sunflower productivity under changing climatic conditions.
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