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In the present study the new R lines from the hybridization of cultivated 
sunflower H. annuus L. with the annual species H. bolanderi were used. The 
plants of R lines in F8 generation were obtained from self-pollination of the F1 
hybrids plants. Regular phenological observations and biomorphologycal 
characterization were made during vegetation, under field conditions. The new R 
lines were resistance to downy mildew, with high seed oil content and good 
combining ability. It was established introgression between wild species and new 
R lines. 
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Introduction. Genus Helianthus is composed of 49 species (12 annual and 37 

perennial) in 4 sections and six series (Schilling and Heiser, 1981), but this classification is 

modified. Helianthus exilis is recognized as a species, as opposed to an ecotype of 

H.bolanderi due to recent information which has shown it to be morphologically and 

genetically distinct (Oliveri and Jain, 1977; Rieseberg et al., 1988a, b; Jain et al., 1992). 

Аccording to Seiler and Gulya (2004) genus Helianthus covered 51 species with 19 

subspecies: 14 annual and 37 perennial. 

H. bolanderi is annual wild species, from section Helianthus, series Annui 

(Schilling and Heiser, 1981; Seiler and Gulya, 2004). Helianthus bolanderi Gray is found 

in dry soil of low fields and foothills from southern Oregon to south central California 

(Rogers et al., 1982). Serieys and Vincourt (1987) reported for the new CMS sours with 

H.bolanderi origin. 

The interspecies hybridization is a conventional breeding method that used for 

creating of genetic diversity. The species H.bolanderi, accession Е 009, was included in 

hybridization with the cultivated sunflower H.annuus, lines НА89A and 6116B (Hristova-

Cherbadzi, 2004). The crossability rate was comparatively high (75,0 % - for the direct and 

58,3 % - for the reciprocal crosses). Seed set per cultivated sunflower inflorescence (line 

HA 89A) after compulsory pollination with pollen from the wild species was 8,1 % and 

10,6 % for the reciprocal crosses. Seeds and hybrid plants were obtained at both directions 

of crossing. The F1 plants had an intermediate type of heritability, but they strongly 

resembled the wild parent by the most important biomorphological characters. It was 

established that the species carried Rf genes for CMS Pet-1. Some of the obtained hybrid 

forms were included in a program for developing В and R lines for heterosis breeding in 

sunflower. 
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Materials and methods. The investigation included the cultivated sunflower 

H.annuus and the annual species H.bolanderi, accessions GT E 009. Cultivated sunflower 

was represented by line HA 89A and two new R lines (F8). The results form them 

biomorphologycal characterization were compared with not-publish datum for plant 

materials from 1 to 7 generation. 

The plants of new sunflower lines and parents were grown and phenological 

observations were conducted during the vegetation period. Biometric parameters and 

description of the main morphologic characters and biologic peculiarities were performed. 

The seed set was calculated as a ratio between the seeds obtained (the number of 

inseminated disk flowers) and total number of disk flowers in the inflorescence. 1000 seed 

weight was calculated by measuring two samples, each of 25 or 50 seeds. The seed oil 

content was determined by a nuclear magnetic resonance (NMR) spectrometer. 

Results and discussion. The vegetation period of R lines was shorter from the 

one of the wild species (Figure) and close to the vegetation period of the cultivated 

sunflower (Table 1). The number of days in every next generation was lower as a result of 

the breeding (Table 2). 

All F1 plants had anthocyanin coloration, and in every next generation its 

degree was lower (Table1, Figure2a). The coloration appeared as early as the cotyledon 

phase. The pigment was in the tissue of the hypocotyls, the stem and the leaf petiole. The 

highest degree of coloration was found on the stem, the leaf petiole, and the basic leaf 

nerve, the tip of the young leaves, the petal, the stigma and at the tip of ageing leaf. It 

dominated in the plants and its intensity was near the one of H.bolanderi. At cultivated 

sunflower anthocyan was absent. One non-branched and five branched F3 plants had no 

anthocyanin coloration on the stem, the inflorescence and the leaf petiole. In F4 generation 

the coloration was absent in the husk and kernel of the seeds. The plants from new lines 

didn’t have any anthocyanin coloration as a result of the breeding. 

All F1, F2 and ВС1 plants were branched. The plants from F2 generation were 

characterized with different types of branching and different number of branches. The 

branches of some ВС1 plants appear after the blooming of the central inflorescence. In the 

third hybrid generation, among the variety of forms, two non-branched plants were 

registered. Branched plants were selected, as recovery lines (R lines) can be created from 

the crossing H.annuus х H.bolanderi. The branching of all the received F1 plants suggests 

dominant inheritance. The cultivated sunflower was non-branched. Branching was typical 

for the wild parent. 

In order to confirm the presence of restorer genes (Rf genes), backcrossing with 

cultivated sunflower was carried out. Two sterile inflorescences of the sterile analog of the 

НА 89 line were pollinated with the pollen of two fertile F1 plants. 50 seeds of each of the 

inflorescences were sowed on the field. An almost equal number of fertile and sterile ВС1 

plants was received - 23 : 27 and 25 : 23. The result of this test confirms the fact that 

H.bolanderi carries the Rf genes for ЦМС PET-1. 

In order to receive plants with economic value, important features as high oil 

content in seed and kernel, lack of anthocianin color of peel and kernel coat, plant height, 

number of seeds, suitable 1000 seed weight of the forms with Rf genes, etc, are combined 

in every next generation. For example new sunflower F4 hybrid forms with high oil content 

in the seed (51,8 %, Table 2) and with resistance to downy mildew and Phomopsis were 

obtained. 
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Table 1 
Characteristics of parents, hybrids, and R lines 

 

Characteristics 
Н. annuus 

line НА 

89А 

H. bolanderi 

accessions E 009 

H. annuus x H. bolanderi 

F1 F8 - line 2530 F8 - line 2534 

Phenological characteristics 

Life cycle annual annual annual annual annual 

Period of vegetation, 
days 

114 162 115 117 119 

Morphological characteristics 

Hypocotyl 

Anthocyanin 
coloration 

absent medium medium medium medium 

Stem 

Plant height, cm 105 - 110 140 - 160 140 - 150 130 - 135 125 - 135 

Position of lateral 
heads 

 above above below below 

Number of branches 0 31 38 16 - 20 16 - 22 

Coloration green 
dark green with 

anthocyan 

green with 

anthocyan 
green green 

Intensity of hairiness 
at the top 

weak medium medium medium medium 

Leaf 

Number of leaves 24 - 28 78 236 16 - 20 16 - 22 

Length of leaves, cm 25 - 27 14 - 15 21 17 - 19 16 - 21 

Width of leaves, cm 24 - 25 11 19 15 - 18 14 - 19 

Shape cordate lanceolate lanceolate cordate cordate 

Coloration green dark green dark green light green light green 

Serration of entire medium medium medium medium medium 

Length of leaf petiole, 
cm 

12 - 15 23 9 - 16 10 - 14 11 - 14 

Anthocyanin 
coloration 

absent medium medium medium medium 

Inflorescence 

Attitude of the central 
head 

half-turned 
down 

half-turned down 
half-turned 

down 
half-turned 

down 
half-turned 

down 

Shape of grain side convex convex convex convex convex 

Head diameter, cm 22 - 25 2,8 9 10 - 12 13 - 18 

Number of bracts 52 31 29 - 37 33 35 

Coloration green dark green dark green green green 

Number of ray 
flowers 

36 19 19 - 23 29 31 

Coloration yellow yellow yellow light yellow light yellow 

Shape ovate ovate ovate ovate ovate 

Number of disk 
flowers 

1211 - 1465 175 - 224 299 - 407 850 790 

Disk flowers color yellow light purple purple yellow yellow 

Technological characteristics 

1000 seeds weight, g 57,5 5,2 20,9 – 31,2 45,6 42,8 

Oil, % 49,8 34,3 34,8 – 36,9 48,3 45,4 
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The R lines 2530 и 2534 in F8 generation from the cross H.annuus - line НА 89 

А х H.bolanderi Е 009 were obtained. They had Rf genes, transferred from wild species. 

The mother line НА 89 А was sterile analogue, with CMS Реt-1, and had rf  genes. This 

shows introgression between wild species and new R lines. 

The plants of lines 2530 R and 2534 R are branched. The characteristic was 

inherited from wild species, because line НА 89 А was not branched. The plant height is 

125 - 135 см for line 2534 R and 130 - 135 см for 2530 R. The head diameter of central 

inflorescence is 10 - 12 см for line 2530 R and 13 - 18 см for 2534 R. The seed oil content 

is 48,3 % for line 2530 R and 45,4 % for 2534 R. 

Table 2 

Some biological characteristics of forms in different generations 

 

Characteristics 

 

Generation 

Phenological Morphological Technological 

Period of 

vegetation, days 

Plant 

height, cm 

Head 

diameter, cm 

1000 seeds 

weight, g 

Oil, 

% 

line НА 89 A х Н. bolanderi 

F1 115* 145 9 28,9 35,9 

F2 129* 145-190 8-17 32,1-42,8 38,7-41,2 

ВС1 125* 140-175 15-20 43,3 43,7 

F3 124* 180 18 45,4 53,3 

F4 122* 165 17 45,8 51,8 

F5 120* 159 17 46,2 51,4 

F6 119* 155 16 48,1 50,9 

F7 117* 155 16 49,2 50,2 

Н. bolanderi х line 6116 B 

F1 131* 165 6 30,5 - 

F2 137* 170 14 42,8 38,7 

F3 118* 175 18 43,8 43,2 

F4 119 165 18 49,2 44,4 

line НА 89 A 114 110 22 57,6 49,8 

Line 6116 B 109 140 22 54,2 45,1 

Н. bolanderi 162 150 2,8 5,2 34,3 

* - Branched plants 

 

The new R lines were resistant to downy mildew races 330 and 700. The lines 

were characterized with good combining ability. 
 



Науково-технічний бюлетень Інституту олійних культур НААН, № 15, 2010: 2-7 

© M. Hristova-Cherbadzi, M. Christov 

6 

                      

1    2a    2b 

         
2c     3 

Figure. 1) Plants of the wild H. bolanderi, accessions GT E 009. 2) Plants of 

the crosses H. annuus х H. bolanderi: a) F1 generation, b) F2 generation, c) F8 

generation. 3) Inflorescence of F1 plant. 

 

Tarpomanova et al. (2009) indicated that the length of 38 SSR markers` 

amplified fragments from all 59 SSRs was the same as those in the mother line HA 89A. 

From the remaining 21 SSR markers` amplified fragments lengths with differences from 

the mother line HA 89A, 10 were in line 2530R solely, 8 - in 2534R solely and 3 - in both 

lines. 

Conclusions. New R lines in F8 generation were obtained from self-pollination 

of the F1 hybrids plants. They carried Rf genes for CMS Pet-1 and genes, controlling 

characters such as resistance to downy mildew, high seed oil content and good combining 

ability. 
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ХАРАКТЕРИСТИКА НОВЫХ R ЛИНИЙ ПОДСОЛНЕЧНИКА, 

ПОЛУЧЕННЫХ СКРЕЩИВАНИЕМ КУЛЬТУРНОГО ПОДСОЛНЕЧНИКА 

HELIANTHUS ANNUUS L. С ОДНОЛЕТНИМ ВИДОМ HELIANTHUS 

BOLANDERI GRAY 

М. Христова-Чербаджи, М. Христов 

В настоящем исследовании были использованы новые R линии от 
скрещивания культурного подсолнечника H.annuus L. с однолетним видом 
H.bolanderi. Растения R линий в поколении F8 были получены посредством 
самоопыления гибридных растений F1. Фенологические наблюдения и 
биоморфологические характеристики проведены в период вегетации, в 
полевых условиях. Новые R линии были устойчивы к ложной мучнистой 
росе, с высоким содержанием масла в семенах и хорошей 
комбинационной способностью. Установлена интрогрессия между дикими 
видами и новыми R линиями. 

 

ХАРАКТЕРИСТИКА НОВИХ R ЛІНІЙ СОНЯШНИКУ, ОТРИМАНИХ 

СХРЕЩУВАННЯМ КУЛЬТУРНОГО СОНЯШНИКУ HELIANTHUS     

ANNUUS L. З ОДНОРІЧНИМ ВИДОМ  HELIANTHUS BOLANDERI GRAY 

М. Христова-Чербаджі, М. Христов 

У цьому дослідженні були використані нові R лінії від схрещування 
культурного соняшнику H.annuus L. з однорічним видом H.bolanderi. 
Рослини R ліній у поколінні F8 були отримані за допомогою самозапилення 
гібридних рослин F1. Фенологічні спостереження і біоморфологічні 
характеристики проведені в період вегетації, в польових умовах. Нові R 
лінії були стійкими до несправжньої борошнистої роси, з високим вмістом 
олії в насінні і хорошою комбінаційною здатністю. Встановлена інтрогресія 
між дикими видами і новими R лініями. 
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