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Hybridization between cultivated sunflower and wild annual species Helianthus petiolaris 
Nutt.

D. Valkova*, G. Georgiev, N. Nenova, V. Encheva, J. Encheva

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract.  Interspecific hybridization was carried out between sterile analogues of cultivated sunflower lines with normal cytoplasm and wild annual Helianthus 
petiolaris accessions from a collection of DAI-General Toshevo. The obtained F  progenies were characterized from morphological, phenological, biochemical 1

and phytopathological point of view. Hybrid forms with resistance to leaves pathogens, downy mildew and broomrape were obtained. They were distinguished 
with diversity of seed oil content. The most variable phenological phases of hybrid plants from all crosses were duration of flowering period and germination. 
The hybrid plants from crosses 325 A x E-142 and 813 A x E-142 were characterized with higher seed oil content than the other studied crosses. All hybrid 
plants, originating from wild Helianthus petiolaris accession E-142 were resistant (100%) to downy mildew and to the parasite broomrape. They were also with 
immune type of reaction to the leaves pathogens and with the highest oil content in seeds. Among the included in the investigation accessions, E-142 was 
characterized with the highest crossability. The hybrid plants of the crosses included in this study were carriers of Rf genes and could be used for developing 
restorer lines.

Keywords: interspecific hybridization, Helianthus petiolaris, crossability, resistance, oil content
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Introduction Material and methods

Wild species from the genus Helianthus possess not only The investigation was carried out in Dobrudzha Agricultural 
considerable variability for most of the traits but also excellent Institute, General Toshevo. Four accessions of wild annual species 
survival environmental mechanisms. They have been included in H. petiolaris, ssp. petiolaris were included in this study – Е-020, Е-
the breeding process as sources of valuable characters for the 021, Е-024 and Е-142. Previous investigations showed that these 
cultivated sunflower, but their use was connected with some accessions possessed resistance to downy mildew, gray and black 
difficulties. Some of the problems in interspecific hybridization were spots on sunflower, and to the parasite broomrape (Valkova, 2013). 
very low or lack of crossability, sterility of hybrid progenies, long The cultivated sunflower was represented by three CMS lines – 325 
period of dormancy, abortion of hybrid embryo and obtaining seeds А, 813 А and 846 А. The classical methods of interspecific 
with immature endosperm. H. petiolaris Nutt. is a wild annual hybridization were applied for obtaining hybrid seeds. Interspecific 
species, used in genetic improvement of cultivated sunflower as a crosses cultivated sunflower x wild species were performed and the 
donor for cytoplasmic male sterility. In 1969, Leclercq found out the obtained hybrid plants were grown in field conditions. As paternal 
first and widely used in heterosis breeding source of cytoplasmic components in the realized crosses were the accessions of wild 
male sterility РЕТ 1 from the cross between wild species H. petiolaris Helianthus species. The sterile analogues of fertile sunflower lines 
and cultivated sunflower (variety Armavirskii 9345). Tsvetkova and with normal cytoplasm were used as maternal parents. 
Shopov (1976) obtained by interspecific hybridization with H. Phytopathological evaluations of F  hybrid progenies were 1

petiolaris Nutt. sources of fertility restorer genes (Rf genes). The wild carried out in laboratory conditions and on an artificial infection plot. 
species H. petiolaris is also a source of genetic resistance to Evaluation for resistance to downy mildew (Plasmopara halstedii 
diseases – Sclerotinia sclerotiorum (Cáceres et al., 2006), Farl. Berlese еt de Toni ) was carried out by the method of Vear and 
Phomopsis helianthi (Cáceres et al., 2007), Plasmopara helianthi Tourvieille (1987). Evaluation for resistance to grey spots on 
(Christov, 2008), drought tolerance (Onemli and Gucer, 2010; sunflower (Phomopsis /Diaporthe helianthi  Munt.-Cvet. et al.) was 
Vassilevska-Ivanova et al., 2001), tolerance to certain herbicides carried out by the method of Encheva and Kiryakov (2002) in field 
(Miller and Seiler, 2005; Terzic and Atlagic, 2008). The accessions of conditions on an artificial infection plot. Evaluation for resistance to 
this species were used in breeding programs for improving oil quality black spots on sunflower (Phoma macdonaldii Boerema / Phoma 
of cultivated sunflower seeds ( . H. oleracea var. helianthi-tuberosi Sacc) was carried out by the method 
petiolaris Nutt. hybridizes with cultivated sunflower H. annuus L., of Fayralla and Maric (1981) in field conditions on an artificial 
either artificially or spontaneously. Both species are diploids and in infection plot. The seed oil and protein content was determined by 
the same taxonomic section. the method of Rushkovskii (1957). The weight of 1000 seeds was 

The aim of this investigation was to obtain hybrid plants, carriers measured on three samples, where each sample consists of 25 or 50 
of Rf genes, resistant to some diseases (Plasmopara helianthi, seeds. Ten plants per accession, grown in field conditions, were 
Phomopsis helianthi, Phoma macdonaldii) and to the parasite used for this investigation in order to collect sufficient pollen quantity. 
broomrape, with varied seed oil and protein content, suitable for The following phenological characters, conforming to UPOV 
including in sunflower breeding programs for developing diverse characteristics, were determined: germination (days), beginning of 
restorer lines.

Carrera and Poverene, 1995)
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button formation (days from germination), beginning of flowering on the margins, truncate at the base. The crossability between H. 
(days from germination), period of flowering (days), beginning of petiolaris accessions and cultivated sunflower varied from 55.5% to 
maturity of central inflorescence (days from germination), vegetation 100%. This was because both species were close from taxonomic 
period (days). Germination was reviewed at cotyledons emergence point of view (Seiler, 1992). The lowest crossability was determined 
of 75% of the sown seeds. Beginning of button formation was for accession E-020, and the highest – for accessions E-024 and E-
reviewed at inflorescence formation of the central stem, and 142. Seeds were obtained from all pollinated inflorescences with 
beginning of flowering – beginning of flowering of central head for pollen from accessions E-024 and E-142, which proved their best 
25% of the plants. For the end of vegetation period was accepted the crossability. Similar results were obtained by Hristov (1990), 
withering of stems and leaves of all plants. The seed set (%) was Nikolova (1998), Valkova (2013). H. petiolaris is the wild species 
calculated as a correlation between number of inseminated disk which stands out among the other annual species with higher 
florets to the total number of disk florets in one inflorescence. The crossability (Christov, 2008). The difficulties connected to the low 
analysis of experimental data was done by the statistical package crossability of these two species resulted in obtaining seeds with 
BIOSTAT 6.0. For analyzing the obtained results, consistent to the immature endosperm and sterility of the hybrid plants.
aims of investigation, the following quantities were analyzed: The results from hybridization showed that the seed set was 
arithmetic mean and the coefficient of variation (CV), which showed lower and varied from 9.8% for the hybrid 813 A x E-020 to 26. 4% for 
the relative uniformity or variability of the studied characters. the hybrid 325 A x E-142 (Table 1). Some differences in viability of 

hybrid seeds were established. The percentage of viable F  plants 1

varied from 39.7% for the hybrid 813 A x E-020 to 78.5% for the 
hybrid 325 A x E-142, which was distinguished also with the biggest Results and discussion
number of seeds per head. The accession Е-142 was characterized 
with better crossability and the biggest number of obtained hybrid Plants from four populations of annual species H. petiolaris 
seeds originated from it. were crossed with sterile analogues of cultivated sunflower lines. All 

The phenological observations were done and the main obtained F  interspecific hybrid plants were fully branched with or 1
phenological phases were studied. The mean values of the studied without central head. Cultivated lines were not branched. The 
phenological phases and their variation for the parents and the branching and anthocyanin coloration were typical characters for 
obtained hybrid F progenies were presented in Table 2. Hybrid 1 wild species. Anthocyanin coloration was observed on stems, leaves 
plants were distinguished with higher variation than their parents and rarely on the petioles of the obtained hybrid plants. The 
regarding all studied phenological phases. Differences were presence of anthocyanin pigmentation and branching on F plants 1 
observed both between plants from the different crosses and plants were the suitable markers for early establishment of the hybrid type 
from the same cross. This was because the accessions were of the obtained plants. 
maintained as populations. The vegetation period of hybrids was The obtained hybrid plants were 110 cm to 170 cm tall. Some 
shorter than that of wild species Helianthus petiolaris and varied differences in plant height, color of disk florets and leaves, length of 
from 95 to 115 days for the earlier to 120 – 135 days for the other branches were observed among plants from one and the same 
progenies. The duration of flowering period of hybrid plants was cross. This was due to the fact that the paternal parent was a 
determined as the most variable phenological phase for all studied population. Leaves were mostly alternate, ovate and slightly serrate 
progenies, followed by variation in germination.

Table 1. Crossability between wild species Helianthus petiolaris and cultivated sunflower lines (H. annuus).

Hybrid combination
Pollinated inflorescences Obtained seeds Obtained hybrid plants

number %
Total

number
With seeds Average per

head
Total

number

Total

number

Average per

seeds, %

Seed set,
%

846 A x E-020

813 A x E-020

325 A x E-020

H.annuus x E-020

846A x E-021

813  A x E-021

325 A x E-021

H.annuus x E-021

846 A x E-024

813  A x E-024

325 A x E-024

H.annuus x E-024

846 A x E-142

813  A x E-142

325 A x E-142

H.annuus x E-142

3

3

3

9

3

3

3

9

3

3

3

9

3

3

3

9

1

2

2

5

3

2

2

7

3

3

3

9

3

3

3

9

20

17

25

20.7

30

24

38

30.7

37

34

44

38.3

47

44

52

47.7

50

34

50

134

111

102

104

317

103

100

115

318

121

105

126

352

11.7

  9.8

19.1

13.5

15.2

11.6

20.1

15.6

17.2

14.5

22.3

18

19.2

18.3

26.4

21.3

32

29

36

72

40

31

43

233

48

36

58

233

57

41

65

233

48.5

39.7

53.3

43.1

51.38

41.4

64.5

78.46

59.3

45.4

70.2

78.46

62.3

48.4

78.5

78.4

  55.5

  77.8

100

100
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Variation was also observed in some biochemical characters and high content of hull. The seeds of sunflower hybrid plants were 
connected to seed oil and protein content of parental forms and the with higher content of oil in seeds and kernels. The oil content of 
obtained progenies. The average values of the studied biochemical hybrids in kernel varied from 64,5% to 71% and in seeds – from 
characters were presented on Figure 1. Seeds of wild H. petiolaris 35,8% to 49%. The highest seed oil content (49%) was determined 
were characterized with low 1000 seeds weight and seed oil content, for the crosses 325 A x E-142 and 813 A x E-142.

Table 2. Mean values and variation coefficients of the studied phenological phases of the parents and their F1 hybrids.

Phenological phases

Р1
cultivated sunflower 

(H. annuus L.)

P2
Helianthus
petiolaris

F1
H. annuus x H. petiolaris 

Mean Mean MeanVC VC VC

Germination, days

Beginning of button formation, days from germination

Beginning of flowering, days from germination 

Flowering, days 

Beginning of maturity of central inflorescence, days from germination 

Vegetation period, days

10.71

43.95

55.91

6.33

92.95

111.5

3.32

3.23

7.28

13.58

6.16

5.24

9.32

3.9

2.96

4.09

3.94

1.83

  12.5

  46.5

  58.16

  22.83

  94.5

121.16

  12.5

  46.5

  58.16

  22.83

  94.5

121.16

  14.66

  57.67

  72.33

  88.34

104

185.31

Protein in kernel, %

Figure 1. Average values of characters, connected to seed protein and oil content of hybrid plants and their parents.

Protein in defatted kernel, %

Seed oil content, %

Kernel oil content, %

Hull content, %

Kernel content, %

1000 seeds weight, g

0

H. annuusH. annuus x H. petiolaris H. petiolaris

10 20 30 40 50 60 70 80

The seeds of wild sunflower species have lower oil content content and the highest oil content were selected. 
compared to the cultivated sunflower, but it could be changed quickly The reaction of hybrid materials to the pathogens Plasmopara 
to acceptable level by backcrossing with cultivated sunflower lines helianthi, Phomopsis helianthi, Phoma macdonaldii and the parasite 
(Seiler and Rieseberg, 1997). The kernel content (%) was of broomrape (Orobanche cumana) was studied with the aim to 
importance for the total oil yield per hectare. Increasing of kernel establish the sources of resistance to these pathogens (Tables 3 and 
content gave the opportunity for accumulation of bigger oil quantity 4). 
in it and led to increasing the seed oil content, respectively, The hybrid combinations 325 A x E-142 and 813 A x E-142 were 
increasing the seed yield. Seed oil content was a character which resistant (100%) to downy mildew and the parasite broomrape. They 
reflected simultaneously on the kernel content and the oil content in were characterized with immune type of reaction to the pathogens 
it. Therefore, the sunflower seed oil content of hybrid plants was set that caused grey and black spots on sunflower and with 49% oil 
up by the relative portion of kernel to the whole seeds, and the content in seeds. Their vegetation period was 115 – 118 days. 
content of oil in it. The seed oil content of the new registered hybrids Certain resistance to these two pathogens was established for the 
and cultivars was increased due to decreasing the hull content other hybrids, obtained with participation of the accessions E-020 
predominantly to increasing the other characters (Nikolova, 1987). and E-021. They could be successfully included in the sunflower 
According to this dependence, hybrid plants with the lowest hull breeding programs for developing new resistant lines.
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Immune type of reaction to the pathogens causing grey and epidemiologije Phoma macdonaldii Boerema pouzrokovaca crne 
black spots on sunflower showed four hybrid forms and other six pegavosti suncokreta. Zaštita bilja, 32, 13-27.
hybrids were resistant. Hristov, М. 1990. Study of wild species of Heliantus for use in the 

selection of the sunflower. Thesis for PhD, Sofia (Bg).
Miller JF and Seiler GJ, 2005. Tribenuron resistance in accessions 
of wild sunflower collected in Canada.Conclusion
www.sunflowernsa.com/research/research-workshop/documents/ 
miller_tribenuron_05.pdf.Wild Helianthus species have been included in sunflower 
Nikolova V, 1987. Study on the possibility of selection of sunflower breeding programs mainly as donors for resistance to diseases and 
with a different fatty acid composition of the oil. Thesis for PhD, Sofia to the parasite broomrape. Transfer of genes that control the 
(Bg).resistance into cultivated sunflower lines gave the opportunity for 
Nikolova L, 1998. Study on the possibilities of using perennial diversification of cultivated sunflower. Resistance 100% to downy 
diploid species of the genus Helianthus enrichment germplasm of mildew and immune type of reaction to the pathogens Phomopsis 
cultivated sunflower. Thesis for PhD, Sofia (Bg). helianthi and Phoma macdonaldii was established for all crosses 
Rushkovskii СВ, 1957. Metodi issledovanii pri selekcii maslichnih with participation of E-142 accession.
rastenii na soderjanie masla i evo kachestvo. Мoskwa, Plants from the hybrid combinations 325 A x E-142, 813 A x E-
Pishtepromizdat (Ru).142, 846 A x E-142 and 325 A x E-022 could be used as donors for 
Seiler GJ,1992. Utilization of wild sunflower species for the resistance. They were also distinguished by 45 – 49% seed oil 
improvement of cultivated sunflower. Field Crops Research, 30, content. The obtained hybrid material was a useful initial material to 
195-230.be applied in sunflower breeding programs for producing restorer 
Seiler GJ and Rieseberg LH, 1997. Systematics, origin, and lines with high seed oil content and resistance to the main diseases 
germplasm resources of wild and domesticated sunflower.p.21-with economic importance.
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Agronomy Monograph 35.USA.
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Table 3. Phytopathological evaluation of F1 hybrid progenies for resistance to Pl. helianthi and Orobanche cumana.

Resistance, %

Resistance 100% to Pl. helianthi Novot. and 76 – 99% to Orobanche cumana Wallr.

Resistance 76 – 99% to Pl. helianthi Novot. and Orobanche cumana Wallr.

325 A x E-142

325 A x E-022

325 A x E-020

813 A x E-022

846 A x E-022

846 A x E-020

846 A x E-021

813 A x E-142

Hybrid combination

Table 4. Phytopathological evaluation of F1 hybrid progenies for resistance to Phomopsis helianthi Munt.-Cvet. et al. and 
Phoma macdonaldii Boerema.

Type of reaction

Immune to Phomopsis helianthi and Phoma macdonaldii

Resistant to Phomopsis helianthi and Phoma macdonaldii

325 A x E-142

846 A x E-142

325 A x E-024

325 A x E-020

813 A x E-022

846 A x E-022

846 A x E-020

846 A x E-021

813 A x E-142

325 A x E-022

Hybrid combination
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Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 7, Number 4
December 2015

www.agriscitech.eu


	006
	WEB-TMPL
	TABLE OF CONTENT
	WEB-TMPL


