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Genetics and Breeding

Vokil – a new Bulgarian sunflower hybrid

G. Georgiev*, V. Encheva, N. Nenova, Y. Encheva, D. Valkova, P. Peevska, G. Georgiev

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. The new Bulgarian sunflower hybrid Vokil was developed at Dobrudzha Agricultural Institute , General Toshevo, Bulgaria by the method of inter 
linear hybridization. It is a male fertile two-linear hybrid, a cross between line 217 as the mother component possessing cytoplasmic male sterility, and line 340 
R, the father fertility restorer component. The two parental lines have very good general and specific combining ability. Hybrid Vokil is early maturing, with 
growing period of 122 – 125 days, plant height 150 – 160 cm, and head diameter 18 – 21 cm. Seed oil is of linoleic type, and its content is 49 – 51%. Thousand 
seed weight is 53 – 58 g, the number of seeds per inflorescence is 1180 – 1360, and their weight per plant is 81 – 91 g. The percent of kernel in seed is 72 – 75%. 
The duration of flowering is 11 – 13 days. The flowering times of the mother and father lines coincide after simultaneous planting, which is a great advantage in 
the production of hybrid seeds. The planting scheme is 10:2 (mother to father rows) allowing maximum utilization of the area. The father line is taller than the 
mother line, strongly branched and rich in pollen. Hybrid Vokil went through full approved testing in the breeding fields of DAI. The cross was under control 
testing for two years, then it was submitted to one-year competitive varietal trial. During the three years of testing the hybrid exceeded the mean standard with 
104.9 – 114.9%, the maximum obtained yield being 4570 kg/ha, with oil yield 2344 kg/ha. Oil content in seed reached 51.7%. The official testing of hybrid Vokil 
was done in Romania for three years, at 10 locations. Averaged for the three years, the seed yield per ha exceeded the mean standard with 3%. Seed yield was 
within 1943 – 4515 kg/ha at all locations during the three years, highest results according to this index being obtained  in the last year of the official testing – 
3635 kg/ha. The mean seed yield from all locations during the entire testing was 3417 kg/ha. In 2013 hybrid Vokil was officially registered in Romania with 
certificate No 5428/07.08.2013 and was enlisted in the European catalogue of field and vegetable crop varieties.

(DAI)

Keywords: hybrid Vokil, sunflower, seed yield, oil yield
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Introduction Material and methods

Developing new hybrids is a permanent task of the Sunflower Only one scheme is currently used in sunflower hybrid seed 
Breeding Department of Dobrudzha Agricultural Institute (DAI), production – a simple hybrid with fully restored fertility. The new 
General Toshevo, Bulgaria. The main work is focused on the use of hybrid Vokil was developed through inter linear hybridization of 
heterosis by developing and investigating inbred lines, testing mother line 217, which possesses cytoplasmic male sterility, and 
experimental hybrids and producing seeds from parental lines of father line 340R, which is a fertility restorer. Line 217 originated from 
registered hybrids (Petrov et al., 1994). hybridization of the Bulgarian candidate variety No 72 to line No 246 

During the recent years, the varietal list of Bulgaria was derived from Russian cultivars by selfing and selection. The father 
enriched with many new hybrid varieties of this crop (Christov et al., component was obtained by crossing Bulgarian fertility restorers, 
2009; Encheva et al., 2011). Besides Bulgaria, the new hybrids selfing and selection. Both parental forms have very good general 
developed at DAI are being successfully tested in other countries, and specific combining ability and are resistant to the parasite 
revealing their high production potential and are consequently broomrape up to race F. Only the fertility restorer 340R was resistant 
officially registered and distributed. to downy mildew races 300 and 700. The obtained hybrid was 

The study and evaluation of initial breeding materials with resistant to both broomrape and downy mildew of the above 
valuable economic properties are invariable elements in the mentioned races.
breeding programs of the main farming crops in Bulgaria (Christov, The cross between the two parental lines 217А х 340R was 
1990; Canavar et al., 2010; Chamurliyski et al., 2011a; Chamurliyski made for the first time in 2004. The next two years it underwent 
et al., 2011b). They involve both productivity and resistance to controlled testing and the obtained results exceeded the mean 
abiotic and biotic stress (Ashok et al., 2000; Ali et al., 2009; Mihova, standards in both years. The hybrid was subjected to a third year of 
2011; Khan et al., 2013; Van der Merwe et al., 2013), peculiarities of testing in a unified competitive trial which involved the best 
phenological development, level and stability of the qualitative candidate hybrids developed at the institute and which were tested 
indices, and last but not least the adaptability potential (Robert, simultaneously in several fields. The best Bulgarian sunflower 
2005; Tsenov et al., 2009; Ali et al., 2013; Mihova, 2013). The gene hybrids with affirmed status on the market were used as standards, 
pool of sunflower breeding is currently a rich one allowing wider such as Albena (a world standard), Perfect, San Luka and Maritsa. 
possibilities to increase the productive potential of the crop. Among the foreign hybrids, the group of standards included Diabolo 

The aim of this investigation was to present as full as possible and Brio – two of the most widely distributed and high-yielding 
morphological, biological and economic characterization of the new products on the market at that time. 
Bulgarian sunflower hybrid Vokil. In 2008 hybrid Vokil was provided to the company Saaten Union 
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– Romania for internal testing within the ISTIS system, the analogue the stem; 3 – the entire stem covered with necrotic lesions or 
to the Bulgarian Executive Agency of Variety Testing, Field breaking. 
Inspection and Seed Control. After three years of official testing, the Attacking rate – what part of the plant's stem is covered with the 
Bulgarian hybrid Vokil was registered in neighboring Romania with pathogen's lesions (1/3, 2/3, 3/3). In brackets – number of lesions. 
certificate No 5428/07.08.2013 and was enlisted in the European Rank: 0 – immune; 1 – resistant; 2 – moderately resistant; 3 – 
Catalog of Field and Vegetable Crop Varieties. moderately susceptible; 4 – susceptible

The phytopathological characterization of the hybrid was done The resistance to downy mildew (Plasmopara halstedii) was 
at DAI. The resistance to the parasite broomrape (Orobanche determined according to the standard methodology of Vear and 
cumana) was determined by the method of Panchenko (1975). The Tourvieille (1987) adapted to the working conditions at DAI. The 
evaluation was carried out under greenhouse conditions using the response of the hybrid to races 300 and 700 of the pathogen was 
index percent of resistance. The resistance to grey spots on expressed as percent of resistance. 
sunflower (Phomopsis helianthi) was determined by the method of 
Encheva and Kiryakov (2002) under filed conditions, on an artificial 
infection field. The type of attack was read one week after full Results and discussion
flowering and at stage milk maturity according to the following scale: 
0 – no symptoms; 1 – necrotic lesions of up to 5 cm in diameter; 2 – Morphological characterization
necrotic lesions with diameter more than 5 cm; 3 – several merged Hybrid Vokil went through two-year testing for DUS, at locations 
necrotic lesions on the stem; 4 – stem breaking at the place of Brushlen and Radnevo in 2009, and at locations Brushlen and 
infection. Parvomaytsy in 2012 within the system of the national Executive 

The testing for resistance to black stem on sunflower (Phoma Agency of Variety Testing, Field Inspection and Seed Control. The 
macdonaldii) was also carried out under field conditions, in an registration of the hybrid was validated with order No RD 12-
artificial infection field. Inoculation was done at stage budding – 3/26.02.2013 of the Deputy Minister of Agriculture and Foods in 
beginning of flowering using the method of Maric et al. (1981). The accordance with art. 38, paragraph 8 of the Law for protection of new 
reaction of the plants was read at stage yellow-brown maturity plant varieties and animal breeds (LPNPVAB – DUS only). Table 1 
according to a 4-degree scale: 0 – no symptoms; 1 – necrotic lesions presents the description of the hybrid according to the methodology 
localized around the petiole; 2 – several merging necrotic lesions on of UPOV (2002) and of the variety testing authority.

Table 1. Morphological characteristics of sunflower hybrid Vokil

№

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hypocotyl: anthocyanin coloration

Hypocotyl: anthocyanin coloration

Leaf: size

Leaf: green color

Leaf: blistering

Leaf:  serration

Leaf: shape of cross section

Leaf: shape of distal part

Leaf: auricules

Leaf: wings

Leaf: angle of lowest lateral veins

Leaf: height of the tip of the blade compared to insertion 

of petiole (at 2/3 height of plant)

Stem: intensity of hairiness at the top

Time of flowering

Ray flower: density

Ray flower: shape

Ray flower: disposition

Ray flower: length

Ray flower: color

Disk flower color

Disk flower: anthocyanin coloration of stigma

Disk flower: intensity of anthocyanin coloration of stigma

Disk flower: presence of pollen

Bract shape

Present

Medium

Medium

Medium

Medium

Medium to coarse

Concave

Acuminate

Very large

Absent

Obtuse

Medium 

Medium

Late

Dense

Narrow ovate

Flat

Medium to long

Orange yellow

Orange

Present

Weak

Present

Rounded

1

5

5

5

5

6

1

7

9

1

3

5

5

7

7

2

1

6

4

2

9

3

9

3

Traits Expression Degree
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Biologic and economic properties allowing maximum utilization of the areas sown with the hybrid. The 
Vokil is a medium early hybrid with vegetation period of 122 – father line is taller than the mother line, highly branching and rich in 

125 days, plant height 150 – 160 cm, and diameter of the pollen. Compared to the older and well known hybrids of DAI such as 
inflorescence 18 – 21 cm. Oil in seed is of linoleic type and its percent Albena, San Luka, Maritsa, Mercuriy, etc., hybrid Vokil is one week 
is 49 – 51%. Thousand kernel weight is 53 – 58 g, number of seeds later, shorter and more resistant to lodging due to its thicker stem. 
per inflorescence is 1180 – 1360, and their weight per plant is 81 – 91 With regard to drought resistance, it is equal to the other hybrids, 
g. The content of kernel in seed is 72 – 75%. Duration of flowering is giving comparatively stable yields.  
11 – 13 days. The new hybrid went through a full scheme of three-year testing 

The flowering of the mother and the father lines coincide after in the breeding fields of DAI: two years in a competitive varietal trial 
simultaneous sowing, which is a great advantage in hybrid seed and one year in a unified competitive varietal trial. The results from 
production. The sowing design is 10:2 (mother : father rows) the testing are presented in Table 2.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bract: length of the tip

Bract: green color of the external part

Bract: attitude in relation to head

Plant: naturalheight

Plant: branching

Plant: type of branching

Plant: natural position of closest lateral head to   the central head

Head: attitude

Head: size 

Head: shape of grain side

Seed: size

Seed: shape

Seed: thickness relative to width

Seed: main color

Seed: stripes on margin

Seed: stripes between margin

Seed: color of stripes

Long

Medium to dark

Slightly embracing 

Medium

Absent

-

-

Half-turned down with curved stem

Medium

Strongly convex

Medium

Narrow ovoid 

Medium

Black

Weakly expressed

Weakly expressed

Grey

7

6

2

5

1

-

-

6

5

5

5

2

5

7

2

2

2

Table 2. Testing of hybrid Vokil at DAI

Hybrids % from mean standardOil yield, kg/haOil, %% from mean standardSeed yield, kg/ha

2005 – competitive varietal trial

2006 – competitive varietal trial

2007 – unified competitive varietal trial

Vokil

Albena (standard)

Perfekt(standard)

Diabolo (standart)

Mean standard

Vokil

Albena (standard)

Perfekt(standard)

Diabolo (standart)

Mean standard

Vokil

Albena (standard)

Perfekt(standard)

Diabolo (standart)

Mean standard

4500

4380

3833

4663

4292

4570

3850

3803

4280

3978

2233

1827

1940

2227

1998

104.9

102.1

89.3

108.6

100.0

114.9

96.8

95.6

107.6

100.0

111.8

91.4

97.1

111.5

100.0

51.7

49.7

50.9

52.7

51.1

51.3

46.3

50.6

53.6

50.2

46.6

45.0

44.1

47.4

45.5

2327

2177

1951

2457

2195

2344

1783

1924

2294

2000

1041

822

856

1056

911

106.0

99.2

88.9

111.9

100.0

117.2

89.2

96.2

114.7

100.0

114.3

90.2

94.0

115.9

100.0
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Hybrid Vokil exceeded the mean standard by seed yield and oil noted that according to the data from Table 2 hybrid Vokil did not 
yield per ha in all three years of testing in the breeding fields of DAI, in concede to the foreign hybrids used for comparison, and even 
2006 the exceeding was highest, 14.9% and 17.2%, respectively. sometimes exceeded the best and most widely distributed of them. 
During the same year, highest seed yield was obtained from the In 2008 the company Saaten Union initiated testing of hybrid 
hybrid – 4570 kg/ha, as well as highest oil yield – 2344 kg/ha. Oil in Vokil in Romania where it performed very well, on the next year it was 
the seeds of the new hybrid reached 51.7%, which is an important subjected to official varietal testing within the structures of ISTIS. 
breeding achievement having in mind that the older hybrids of DAI The results from the three-year official varietal testing are 
have several points lower values of this main index. It should be presented in Table 3.

Table 3. Results from the official testing of hybrid Vokil

Region

1.Troian

2. Tecuci

3. Rm.Sarat

4. Portaresti

5. Peciu Nou

6. Negresti

7. Mircea Voda

8. Inand

9. Dalga

10. Cogealac

Averaged from

the 10 locations

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

standard

Vokil

2649

2566

3647

3977

3988

4183

2196

2788

2580

2757

2761

3132

3618

3119

3578

3642

4170

4515

1899

1943

3108

3259

100

97

100

109

100

105

100

127

100

107

100

113

100

86

100

102

100

108

100

102

100

105

2961

2573

4103

3941

3468

3165

3355

3541

2244

2626

4285

4030

2901

3356

3049

3147

3162

4087

2879

3100

3240

3356

100

87

100

96

100

91

100

106

100

117

100

94

100

116

100

103

100

129

100

108

100

104

3556

3569

3921

3659

4418

4505

3063

3108

3928

3919

4174

3859

3780

4108

3253

3303

3606

3708

2898

2619

3659

3635

100

100

100

93

100

102

100

102

100

100

100

93

100

109

100

102

100

103

100

90

100

99

 

95

99

99

112

108

100

104

102

113

100

103

% from
standard

% from
standard

% from
standard

Relative yield according 
to the standard 

averaged for 3 years
Hybrids

Yield, 
kg/ha

Yield,
kg/ha

Yield,
kg/ha

The locations where hybrid Vokil was tested were ten, eight of catalog. 
them being in the eastern and southern parts of the country, and only It is worth mentioning that during the entire testing the new 
two in the western, i.e. they encompassed the territory most suitable hybrid gave comparatively similar mean seed yields, which was a 
for agricultural activity. In the first two years of the testing, hybrid Alex positive evidence for its productivity and adaptability potential. The 
was used as a standard, and in the third year – hybrid Daniel, which high and stable yields of hybrid Vokil demonstrated its resistance to 
was later and more productive than the first one. The decisive index both the parasite Orobanche, which is widespread in this region, and 
taken into account for evaluation of the hybrid was seed yield. During to the diseases typical for sunflower. More details on the resistance 
the period of official testing it varied within 1943 – 4515 kg/ha, of hybrid Vokil to the economically important diseases and the 
highest mean results being obtained in the last year: 3635 kg/ha. parasite Orobanche are presented in Table 4. Concerning the fungal 

The exceeding of the standard in the first year was with eight pathogen Phomopsis helianthi, the hybrid was resistant, the results 
points, or an average of 5 %, during the second year – with 6 points being identical to that of the other new Bulgarian hybrid Veleka. 
(4%), and in the third year – with 7 points, the mean seed yield being Compared to all other hybrids, these two demonstrated the highest 
1% below the standard. Averaged for the three years of official tolerance to the disease. The same is valid for the other leaf 
testing, hybrid Vokil exceeded the standard with 3%, which was the pathogen Phoma macdonaldi. Only Vokil and Veleka showed 
main reason for its official registration and enlisting in the European immune type of reaction.
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Hybrid Vokil was 100 % resistant to Plasmopara helianthi race Ali L, Behnam K, Mehrdad A and Jaime A, 2013. Assessment of 
300 and 90% resistant to race 700. This resistance was inherited the response of sunflower cultivars to water shortage using various 
from the father form of the hybrid, however, both parental lines stress tolerance indices. International Journal of Agronomy and 
transferred 100% resistance to the parasite Orobanche cumana, Plant Production, 4, 1628-1636.
races А-F. Ashok S, Muhammad S and Narayanan S, 2000. Combining 

ability studies in sunflower (Helianthus annuus L.). Crop Research, 
Hisar, 20, 457-462.
Canavar O, Ellmer F and Chmialewski M, 2010. Investigation of Conclusions
yield and yield components of sunflower (Helianthus annuus L.) 
cultivars in the ecological conditions of Berlin (Germany). HELIA, 33, Hybrid Vokil was registered and enlisted in the European 
117-130.catalog of filed and vegetable crop varieties after its official 
Chamurliyski P, Tsenov N and Stoeva I, 2011. Productivity and registration in Romania. In Bulgaria, the hybrid was recognized for 
quality of modern Bulgarian bread wheat varieties (Triticum distinctiveness, uniformity and stability. The new hybrid exceeded 
aestivum L.), Field Crops Studies, 7, 233-241 (Bg).the Bulgarian and foreign standards used for comparison by the 
Chamurliyski P, Tsenov N, Stoeva I and Doneva S, 2011. index seed yield.
Economic characterization of some foreign winter wheat cultivars During the official testing the new Bulgarian hybrid exceeded 
(Triticum aestivum L.), Papers from XIV International Scientific-the standard with 3% by seed yield, averaged for three years. Hybrid 
practical conference, “Agricultural science – farming production in Vokil has very good potential for adaptability and realizes its 
Siberia, Mongolia, Kazakhstan and Bulgaria”, 1, 12-14.productivity under variable soil and climatic conditions. It is resistant 
Christov M, 1990. A new sourse of cytoplasmic male sterility in to economically important diseases and the parasite Orobanche.
sunflower originated from Helianthus argophilus. Helia, 13, 55-61.
Christov M, Piskov A, Encheva J, Valkova D, Drumeva M, 
Nenova N, Nikolova V,  Encheva V, Shindrova P, Petrov P and 
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Table 4. Phytopathological evaluation of sunflower hybrids and standards in artificial infection filed at DAI

Hybrid
Resistance to
races A-F, %

Resistance to 
race 700, %

Resistance to
 race 300, %

RankRank Attacking rateAttacking rate

Phomopsis helianthi Phoma macdonaldi Plasmopara helianthi Orobanche cumana

San Luka

Veleka

Alpin

Valin

Diabolo

Imperio

Vokil

3/3(3)

1/3(1)

2/3(2)

2/3(2)

2/3(2)

2/3(2)

1/3(1)

3

1

2

2

2

2

1

1/3(1)

0

1/3(1)

1/3(1)

1/3(1)

1/3(1)

0
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