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Genetics and Breeding

Investigation on the resistance of doubled haploid sunflower lines to some biotic factors

1 1 2 2M. Drumeva *, P. Yankov , N. Nenova , P. Shindrova

1Department of Plant Production, Faculty of Marine Sciences and Ecology, Technical University Varna, 1 Studentska, 9010 Varna, Bulgaria
2Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. The investigation was carried out at the Laboratory facilities of Dobrudzha Agricultural Institute (DAI), General Toshevo, Bulgaria during 2010 – 2012, 
and involved 15 doubled haploid fertility restorer sunflower lines (R-lines). The lines were obtained by the gamma-induced parthenogenesis method under 
greenhouse conditions in 2007 from three hybrid combinations developed at DAI. The resistance of the plants to downy mildew – one of the main pathogens on 
sunflower, and to the parasite broomrape was followed. The breeding materials were infected with downy mildew (Plasmopara halstedii), race 731, and 
broomrape (Orobanche cumana Wallr.) under greenhouse conditions. The evaluation for resistance was done according to a scale from 0 % (susceptible 
genotype) to 100 % (resistant genotype). To determine the resistance to downy mildew, standard methodology was applied, adapted for work under the specific 
conditions of DAI; the methodology of Panchenko (1975) was used to determine the resistance to broomrape. Four lines demonstrated complex resistance to 
downy mildew and broomrape. Among the other eleven lines, three lines showed 100 % resistance to downy mildew race 731, and five lines were resistant to 
Orobanche (races A-F).

Keywords: sunflower, doubled haploid lines, resistance, downy mildew, broomrape
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Introduction threat for the sunflower crop under the soil and climatic conditions of 
Bulgaria. An important requirement for the introduction of a hybrid in 
production is the hybrid to be resistant to downy mildew Sunflower (Helianthus annuus L.) is an oil seed crop with wide 
(Plasmopara halstedii) and broomrape (Orobanche cumana Wallr.) distribution all over the world. It is the main source of oil for the food 
(Christov et al., 2009).industry in Bulgaria. Nowadays heterosis breeding is a leading 

The aim of this study was to investigate the resistance of new direction of research work on sunflower with main priorities higher 
parthenogenic doubled haploid sunflower lines to the pathogen yield and seed quality and resistance to diseases and pests. 
Plasmopara halstedii and the parasite Orobanche cummana.Different diseases caused by pathogens such as downy mildew 

(Plasmopara halstedii), phoma (Phoma macdonaldii), phomopsis 
(Phomopsis helianthi) and by the parasite broomrape (Orobanche 
cummana) can cause serious damages on the yield and quality of Material and methods
the sunflower produce. To avoid such risks, sunflower hybrids are 
developed which possess geneplasm resistant to the economically The investigation was carried out in the Laboratory facilities of 
important diseases and parasites. This is a dynamic process, DAI, General Toshevo during 2010–2012. The investigation involved 
because there is a respective genetic pressure on the pathogens 15 doubled haploid fertility restorers sunflower lines (R-lines). They 
(Shindrova, 2010) and the parasite broomrape (Skorič, 2010). They were obtained through the method of gamma-induced 
overcome this resistance over a certain period of time reoccurring in parthenogenesis under greenhouse conditions in 2007 from three 
new even more virulent forms. For a timely response to the new hybrid combinations developed at DAI (H1, H2 and H3). The 
races it is necessary to use methods which significantly shorten the parthenogenetic development in the initial hybrids from which the 
time for conventional developing of hybrids. investigated lines originated was initiated by pollination with mixed 

During the last 15 years, in parallel with the conventional pollen irradiated with gamma rays at dose 600 Gy. 
methods of breeding, the biotechnology methods have also been Lines 07А1/12, 07А2/4, 07А3/9, 07А4/10 and 7А5/8 originated 
widely used to develop sunflower lines with valuable economic from the hybrid combination Н1 (2607 A x 05P3/4 R) which is 
properties for heterosis breeding. By involving gamma-induced resistant to downy mildew and Orobanche.
parthenogenesis in combination with conventional breeding Lines 07В2/4, 07В3/9, 07В5/10, 07В6/21 and 07В8/2 
methods of evaluation and selection, the time for developing originated from hybrid combination Н2 (2607 A x 05P7/2 R). The 
sunflower lines is significantly shortened (Todorova et al., 1997; mother line of this hybrid carries genes for resistance to downy 
Drumeva et al., 2008; Drumeva, 2012). The quality characteristics of mildew, and the father line carries genes for resistance to 
the lines depend on the geneplasm of the initial hybrids from which broomrape.
these lines were derived. It is especially important the new lines, Lines 07D1/15, 07D2/6, 07D3/15, 07D4/3 and 07D7/2 
which are potential parental components of future hybrids, to be originated from hybrid combination H3 (2607 A x 05R9/7). The 
resistant to downy mildew and Orobanche, since these are a serous hybrid is resistant to downy mildew. The resistance is determined by 

11

* e-mail: m_drumeva@abv.bg



12

the mother line. It is attacked by Orobanche.
The resistance of the plants to downy mildew, one of the main 

pathogens on sunflower, and to the parasite Orobanche was 
studied. The breeding materials were infected with downy mildew 
(Plasmopara halstedii), race 731 under greenhouse conditions 
according to a standard methodology (Vear and Tourvieille, 1987), 
which was adapted for work under the specific environment of DAI. 
The resistance was evaluated according to a scale from 0 
(susceptible genotype) to 100 % (resistant genotype).

The resistance to broomrape (Orobanche cumana Wallr.), 
races A-F, was determined by the method of Panchenko (1975) and 
evaluated according to a 0–100 % scale. 

Statistical processing of the data was done with the help of the 
software package Microsoft Excel 2007.

Results and discussion

Among the investigated doubled haploid lines derived from resistance to more pests in the male parental forms of the hybrids 
hybrid H1, 80% demonstrated complete resistance to Orobanche allows the crossing of such lines with a greater number of different 
races A-F, and 40 % were resistant to downy mildew race 731 female lines, in which the lack of genes for resistance to the above 
(Figure 1). Especially valuable for breeding are lines 07А3/9 and diseases will be already acceptable and subsequently shifting the 
07А5/8, which have complete resistance to both pests. The complex focus on the good combining ability, this, on its part, is a prerequisite 
resistance of these lines makes them valuable parental components for developing hybrids with higher productivity and valuable 
for the hybridization programs in sunflower. Carrier of genes for economic properties. All investigated lines derived from H2 (Figure 
resistance to downy mildew in the initial hybrid combination, from 2) and 80 % of the lines derived from H3 were resistant to downy 
which the doubled haploid R-lines originated, was the female mildew race 731 (Figure 3). Lines resistant to Orobanche were not 
parental line, and the resistance to Orobanche was determined by obtained from H3, which was expected since the hybrid combination 
the father form of the hybrid. In the new lines, by using the gamma- H3 is susceptible to broomrape attack. When involving these 
parthenogenesis method, as a result from recombination of the doubled haploid lines restorers of fertility in breeding, it is 
genes, the resistance of the two parental components of the initial recommendable to combine them with cms lines carrier of genes for 
hybrid is combined and expressed in the newly derived doubled resistance to the parasite Orobanche. 
haploid lines - restorers of fertility. This makes them potential father It can be summarized that four out of the investigated fifteen 
forms of hybrids. This combination of genes for resistance to the two lines demonstrated complex resistance to downy mildew and 
pests is expressed also in lines 07В3/9 and 07/В5/10 derived from broomrape, seven lines were 100 % resistant to downy mildew race 
Н2 (Figure 2). Combining resistance to more pests in the fertility 731, and two lines were resistant to broomrape (races A–F).  Hybrid 
restorer lines makes them very valuable forms for heterosis combination H1 had the highest percentage of doubled haploid lines 
breeding in sunflower. Furthermore, since 2005 it has been a major production, while hybrid combination H2 showed the highest 
requirement of the National Executive Agency for Variety Testing, percentage with regard to downy mildew resistance (Figure 4). The 
Field Inspection and Seed Control the hybrids applying for approval two hybrid combinations had equal relative percentage in the 
and included in the Varietal List of Bulgaria to be resistant not only to production of lines possessing resistance to both pests (Figure 5), 
downy mildew, but also to Orobanche. Combining of genes for initial hybrid combination H1 generating primarily doubled haploid 

Figure 1. Resistance of doubled haploid lines derived
from H1 to the investigated pests during 2008–2010
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Figure 2. Resistance of doubled haploid lines derived
from H2 to the investigated pests during 2008–2010 
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Figure 3. Resistance of doubled haploid lines derived
from H3 to the investigated pests during 2008–2010 
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