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Genetics and Breeding

Parthenogenetic responsiveness of sunflower hybrid combinations with expressed tolerance 
to herbicides

M. Drumeva*, P. Yankov

Department of Plant Production, Faculty of Shipbuilding, Technical University Varna, 1 Studentska, 9010 Varna, Bulgaria

(Manuscript received 6 March 2017; accepted for publication 3 July 2017)

Abstract. For accelerated development of fertility restorer lines with imidazolinone tolerance in sunflower (Helianthus annuus L.), the gamma-induced 
parthenogenesis, which combines classical breeding approaches and in vitro techniques, was applied. As initial materials six imidazolinone-tolerant hybrid 
combinations (F1203, F1216, F1246, F1248, F1295 and F1332), obtained from Dobrudzha Agricultural Institute, General Toshevo, were used. To initiate 
parthenogenetic development mixed pollen from different fertility restorer lines was applied. The mixed pollen was irradiated with a dose of 600 Gy. A total of 
166 parthenogenetic immature embryos were obtained, and 84 young plants developed from them, 42 of the plants were fertile. Best parthenogenetic 
response, expressed as a number of embryos obtained, was observed by hybrid combination F1295, followed by hybrid combination F1332. The lowest 
parthenogenetic responsiveness is reported in hybrid combinations F1246 and F1248, where the total number of parthenogenetic embryos obtained was 5. In 
hybrid combinations F1295 and F1332, as well as in F1216, the method of gamma-induced parthenogenesis can be efficiently used for accelerated production 
of parental lines for heterosis breeding in sunflower. In hybrid combinations F1203, F1246 and F1248, which showed low parthenogenetic responsiveness, 
conventional methods for developing lines from these hybrids are recommended.
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Introduction

The herbicide-tolerant sunflower hybrids are generally 
preferred by agricultural producers in Bulgaria and this determines 
the main directions of contemporary sunflower breeding. 
Imidazolinone (IMI) and sulfonylurea (SU) tolerance to herbicides 
transferred to cultural sunflower from wild species is most often used 
(Kaya et al., 2012). 

The development of parental components for the hybrid is a 
necessary prerequisite for the production of sunflower hybrids 
tolerant to herbicides. The classical breeding approach for 
developing lines that can be included as parental components of 
hybrids comprises inbreeding of plants for at least 5 – 6 years. To 
accelerate this process, a number of researchers have directed their 
attention towards non-traditional approaches for production of 
homozygotic lines. The development of plant biotechnologies 
opened new opportunities in this respect. One of the methods for 
accelerated development of haploid and double haploid lines is the 
gamma-induced parthenogenesis (Todorova et al., 1997; Gok Guler 
et al., 2015; Blasco et al., 2016; Wang et al., 2016). The use of this 
method significantly shortens the time necessary to develop 
parental lines for heterosis breeding in sunflower (Todorova and 
Ivanov, 1999, 2000). The properties of the double haploid lines 
obtained through this method are determined by the genetic 
potential of the initial material they were derived from. In spite of the 
unquestionable benefits from the use of biotechnology methods for 
acceleration of the breeding process, there are many cases in which 
they are influenced by the genotypic responsiveness of the 
investigated plant material (Sauton, 1989; Bouvier et al., 1993; Faris 

et al., 1999; Todorova et al., 2004; Taşkın et al., 2013; Drumeva and 
Yankov, 2015). Therefore, additional investigations and certain 
modifications of the standard methodologies are necessary 
depending on the specific requirements of the genotype. 

This study was aimed at investigating the genotypic 
responsiveness of sunflower hybrid combinations with expressed 
herbicide tolerance to the application of the gamma-induced 
parthenogenesis method for accelerated production of 
imidazolinones-tolerant fertility restorer lines. 

Material and methods

As initial materials for parthenogenetic induction six 
imidazolinone-tolerant hybrid combinations (F1203, F1216, F1246, 
F1248, F1295 and F1332), obtained from Dobrudzha Agricultural 
Institute, General Toshevo, were used. For initiation of 
parthenogenetic embryo development in the studied hybrid 
combinations, pollination with gamma rays inactivated mixed pollen 
from fertility restorer lines was applied. The pollen collected from 
these lines was mixed at equal weight portions and was irradiated 
with dose 600 Gy, with Cs 137 as a source of ionizing radiation.

To sterilize the male gametophyte the initial plants from the 
hybrids were treated with water solution of gibberellic acid (GA ) in 3

concentration 45 mg/l. The solution was applied directly on the 
young button (1-1.5 cm in diameter). To avoid foreign pollination all 
initial female lines were isolated immediately before beginning of 
flowering. Only 5 plants from each of the initial female genotypes 
were pollinated.

* e-mail: m_drumeva@abv.bg
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The isolation and cultivation of the obtained parthenogenetic 
embryos was done according to the method of Azpiroz et al. (1988). 
The formed young parthenogenetic plants were transferred to soil 

º ºand stabilized at temperature 20 С/15 С day/night, relative air 
humidity 70% and photoperiod 16/8 h day/night for 30 days, then the 

º ºday temperature was increased to 25 С ± 2 С, and the night 
º ºtemperature to 20 С ± 2 С.

The ploidity of the plants was determined flow-cytometrically. 
The plants were analyzed at growth stage first-second pair of leaves. 
Cell analyzer Partec CA II (Partec GmbH) was used. The samples 
were prepared according to the protocol of De Laat and Göhde 
(1987). The nuclei were stained with DAPI (4 6-diamidino-2-
phenylindole) (Göhde et al., 1979).

The analysis of the histograms was done with DPAC (Partec 
GmbH). To evaluate the parthenogenetic response of the IMI 
resistant hybrid combinations involved in the experiment, one-factor 
dispersion analysis and cluster analyses were applied. Data were 
processed with Statistica, Version 7.

Results and discussion

Out of the 6 hybrid combinations used as initial material for 
parthenogenetic induction, a total of 166 immature embryos were 
obtained and 84 young plantlets developed from them. The analysis 
on the parthenogenetic responsiveness of the investigated hybrids 
revealed significant differences in their reaction (Table 1). A number 
of authors point out that the genotype of the initial parental forms is 
an important factor for the successful induction of parthenogenetic 
development with the aid of irradiated pollen (Sauton, 1989; Bouvier 

et al.,1993; Faris et al., 1999; Todorova et al., 2004; Drumeva and 
Yankov, 2015). By the present study the effect of the female 
genotype was observed, expressed in a different response of the 
investigated hybrids to initiation of parthenogenetic development. 
Up to now there are no established parameters which can clearly 
indicate when satisfactory results from the application of the method 
can be expected and when it will not be effective, concerning the 
influence of the female genotype (Drumeva and Yankov, 2015). The 
fact that there are plant species in which parthenogenesis occurs 
naturally implies that there are specific genes determining the 
parthenogenetic development. In spite of the numerous studies up 
to now, it is still unclear if the parthenogenetic processes result from 
the action of specific genes or reflect a temporary variation in the 
expression of key regulatory genes usually involved in sexual 
reproduction (Koltunow, 1993).

In this investigation the highest number of embryos was 
obtained from hybrid combination F1295, and the lowest – from 
F1246 (Figure 1). These two hybrids outlined the parthenogenetic 
responsiveness of the investigated hybrids in this experiment. A 
good parthenogenetic induction was read in hybrid F1332. In the rest 
of the hybrid combinations, the frequency range of parthenogenetic 
induction was from 3 (formed embryos) in hybrid combination F1248 
to 11 in F1216.

To obtain more detai ls about the results from the 
parthenogenetic responsiveness of the hybrids involved in this 
investigation, the criterion of Student-t was applied (Table 2). The 
analysis proved that the variations in the parthenogenetic reaction of 
hybrid combinations F1203 and F1246 were not significant, while 
the variations between them and F1248 were with the lowest degree 
of significance. F1216, F1295 and F1332 were with high statistical 

Table 1. Dispersion analysis of the parthenogenetic reaction of the investigated imidazolinone-tolerant hybrid combinations 
for the trait number of parthenogenetic embryos

Factors SS MS F Sig.df

Corrected Model

Hybrid combinations 

Error

Corrected Total

a23866.000

23866.000

      24.000

23890.000

9

5

12

17

4773.200

4773.200

2.000

2.387E3

2.387E3

.000

.000

Figure 1. Genotype responsiveness of the investigated 
hybrid combinations to parthenogenetic induction
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Figure 2. Double haploid plants obtained from the 
investigated hybrid combinations by using the method 
of gamma-induced parthenogenesis
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significance against the background of all investigated hybrid 
combinations. 

When conditionally grouping the investigated hybrids by their 
parthenogenetic responsiveness, four groups were differentiated – 
hybrids with low parthenogenetic reaction (F1203 and F1246), 
hybrids with moderate expression of the parthenogenetic response 
(F1216), hybrids with good parthenogenetic responsiveness 
(F1332) and hybr ids wi th very good parthenogenet ic 
responsiveness (F1295). Under the conditions of this experiment, 
normal growth and development into young double haploid plants 
were observed in all parthenogenetic embryos obtained from the 
hybrid genotypes. The diploid status was flow-cytometrically 
determined in all produced plants, and 50% of the plants were fertile. 
Fertile plants were obtained from all investigated combinations, with 
the exception of F1246. The fertile plants were double haploid lines, 
in which the fertility restorer gene was in homozygous dominant 
state, while in the sterile plants it was in homozygous recessive state 
(Figure 2). 

With regard to the number of obtained fertile plants, which were 
potential lines with herbicide resistance, the tendency noticed while 
reading the differences in the number of parthenogenetic embryos 
between the individual hybrid combinations remained the same to 
some extent, the statistical significance of the differences in some of 
the hybrids being with lower degree of significance. The differences 
between F1295 and F1332, the hybrids with the highest potential for 

parthenogenetic responsiveness, were significant at Р=0.05. This 
can be explained with the lower survival rate of the parthenogenetic 
embryos formed from F1295. These results did not change the initial 
grouping of the hybrids since the formation of the parthenogenetic 
embryo depended closely on the genotypic responsiveness to 
parthenogenetic induction, while the development of a plant from 
this embryo was a function of additional factors – composition of the 
nutrition media, conditions of cultivation, etc. 

Figures 3 and 4 present the relative percent of each 
investigated hybrid combination, both from the total number of 
obtained parthenogenetic embryos, and from the total number of 
fertile plants with potential tolerance to herbicides. The relative 
percentage in the final product - the number of ferti le 
parthenogenetic plants, decreased by 17% in hybrid F1295, 
compared to its share in terms of the total number of formed 
parthenogenetic embryos. In contrast, all other hybrid combinations, 
except for F1246, had an increase in the percentage of this indicator. 
In F1332 the relative share in the final product increased by 7%, and 
in F1216 - by 6%. In the other two hybrid combinations (F1203 and 
F1248), where a relatively low parthenogenetic induction frequency 
was reported, there is also an increase of their share in the final 
product. However, the 2% in F1203 and 3% in F1248, respectively, 
translated into absolute values, are not enough for efficient use of 
these two genotypes for the implementation of the method of 
gamma-induced parthenogenesis..

Table 2. Statistical evaluation of the variation in the parthenogenetic responsiveness of the investigated hybrids for the 
trait number of parthenogenetic embryos

GD  = 2.23  *        GD  = 3.13  **        GD  = 4.42 ***5% 1% 0.1%

Hybrid combinations F1203 F1216 F1246 F1248 F1295 F1332

F1203

F1216

F1246

F1248

F1295

F1332

– ***

–

ns

***

ns

–

***

***

***

***

–

***

***

***

***

***

–

*

***

–

Figure 3. Relative percent of the investigated hybrid 
combinations from the total number of obtained 
parthenogenetic embryos
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Figure 4. Relative percent of the investigated hybrid 
combinations from the total number of obtained 
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Conclusion

The efficiency of the gamma-induced parthenogenesis method 
depends on the genotypic responsiveness of the initial hybrid 
combinat ions. Hybrid combinat ions F1295 and  F1332 
demonstrated very good and good responsiveness to 
parthenogenetic induction. The highest relative percentage from the 
end product as a result of the application of the gamma-induced 
parthenogenesis method, expressed as number of fertile double 
haploid plants, was found in F1295 and F1332. In hybrid 
combinations F1295 and F1332, as well as in F1216, the method of 
gamma-induced parthenogenesis can be efficiently used for 
accelerated production of parental lines for heterosis breeding in 
sunflower. In hybrid combinations F1203, F1246 and F1248, which 
showed low parthenogenetic responsiveness, conventional 
methods for developing lines from these hybrids are recommended.
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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 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
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”.
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