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SUMMARY

The direct organogenesis method in immature F1 hybrid embryos from
sunflower used for the first time in a study, was successfully applied for pro-
duction of new forms from the intergeneric cross Helianthus annuus L. (cv.
Albena) × H. salicifolius. A considerable number of new sunflower lines were
produced after self-pollination and individual selection. Agronomic traits such
as oil content in seed, 1000 seed weight, plant height, leaf width, leaf length,
number of leaves, length of petiole stems, internode length, head diameter,
stem diameter, diameter of branch head, number of branches, length of
branches, number of ray florets, seed width, seed length, and seed thickness
were investigated. After characterization of the hybrid progenies according to
the indices, the conclusion can be drawn that lines 107 R, 114 R and 120 R
show 76.5% intermediate phenotype in comparison with the two parental
forms. The positive change was 15.5% and the negative change was 21.5%.
Some of the new restorer lines were successfully used in heterosis breeding of
sunflower.
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INTRODUCTION

Wild sunflower species are a source of genes for resistance to diseases and
pests in cultural species, of genes for early maturation and resistance to unfavora-
ble environmental factors and of sources of cytoplasmic male sterility, Rf genes and
other useful characters (Putt and Sackston, 1963; Leclercq, 1969; Pustovoit, 1975;
Morized et al., 1984; Škorić, 1985; etc.).

Hybridization, however, is often restricted by genetic incompatibility in cross-
ing, genetic distance and different ploidy levels. Helianthus annuus (2n=2×=34)
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can be easily crossed to annual diploid species, but its crossing to diploid and poly-
ploid perennial species is more difficult (Georgieva-Todorova, 1993). The difficult
crossability, the embryonic and post-embryonic interspecific and intergeneric
incompatibility and sterility in the F1 hybrid progeny are barriers to the use of the
genetic potential of the wild species for improving some characters in the cultural
sunflower. The embryo rescue technique is most commonly used for overcoming
the incompatibility between H. annuus and other alien wild species. It allows to
obtain a large number of interspecific hybrids (Chandler and Beard, 1983; Geor-
gieva-Todorova, 1984a; Bohorova et al., 1985; Kräuter et al., 1991; Freidt, 1992;
Dahlhoff et al., 1992; Dozet et al., 1996; Sukno et al., 1999). The methods of
embryo culture, ovular culture, somatic hybridization and callus culture applied up
to now in interspecific and intergeneric hybridization do not always contribute to
the production of hybrid plants. This gave us grounds to investigate the possibilities
of the direct organogenesis method as an approach for overcoming interspecific and
intergeneric incompatibility in sunflower hybridization, which has not been tried
before (Encheva et al., 1992).

The cross H. salicifolius × H. annuus L. has been obtained by Georgieva-
Todorova (1990) by the embryo culture method, but the author has not presented
data on the hybrid progenies at advanced generation. In comparison to the author
mention above, our study presents data on the hybrid progenies of H. annuus L.
(cv. Albena) × H. salicifolius up to the F10 generation.

The aim of this study was to present the morphological and biochemical char-
acters of the F10 hybrid progenies from the cross H. annuus L. (cv. Albena) × H.
salicifolius produced by the method of direct organogenesis.

MATERIAL AND METHODS

Plant material

Cultural sunflower (the hybrid Albena, 2n=34) and the wild species H. salicifo-
lius, accession M-078 (2n=34) (Figure 1), were grown under field conditions at
DAI-General Toshevo. Hybrid embryos were obtained after sterilization of female
plants with GA3 and hand pollination with pollen of the male parent.

Methods

Immature hybrid zygotic embryos 13-15-days old were cultivated on nutrition
media I (according to Volin et al., 1989) for further embryo development. After one
week the embryos were transferred to medium II (according to Freyssinet and Frey-
ssinet, 1988) for production of somatic buds. After 2-3 weeks, the somatic buds
which had already appeared were excised and placed on medium III for rooting
(according to Wilcox et al., 1988). The fertile F1 plants were self-pollinated manu-
ally (Figure 2). The F3 plants were subjected to biochemical study (Encheva et al.,
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Figure 1: Species H. salicifolius 
(accession M-078)

Figure 2: An F1 hybrid plant from the cross H. 
annuus L. (cv. Albena) × H. salicifolius

Figure 3: Shape and color of leaves of H. annuus 
L. (cv. Albena), line R114 and 
H. salicifolius

Figure 4: Seed shape of the parents H. annuus 
(cv. Albena) and H. salisifolius, and of 
lines R120, R114 and R107
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1992). As a result from long-term selfing and individual selection in the hybrid
materials, fertility restorer lines were produced in the R10 generation. All hybrid
materials possessed a cms source of H. petiolaris from Leclerq (1969).

The lines were investigated for some important characteristics concerning
breeding in sunflower. Biometric studies, fertility test and biochemical characteri-
zation of seeds were carried out in each generation. The breeding process was
directed towards creation of branched fertility restorer lines.

Biometrical evaluation and biochemical analysis of the parental forms and 
the new hybrid progenies R107, R114 and R120

The biometrical evaluation and biochemical analyses of the parental forms and
the new developed lines was made on plants from individual year, and they
included 17 main agronomic characters. Thousand-seed weight (g) was determined
in three samples of 50 seeds per head. Nuclear-magnetic resonance (Newport
Instruments Ltd., 1972) was used to determine oil content of dry seeds in the devel-
oped R lines, as well as in the parental forms.

RESULTS AND DISCUSSION

The significance and role of interspecific and intergeneric hybrids in plant
breeding is due to the large variability observed in the F2 and subsequent genera-
tions as a result of extreme heterozygosity in the hybrids. Among segregants of
interspecific and intergeneric hybrids, plants can be observed with characters
approximating the characters of either parent, individuals with a completely new
phenotype or those similar to related species. This large genetic variability provides
the basis necessary for successful plant breeding.

The direct organogenesis method allows breeders to produce 3 to 8 hybrid
plants from a single embryo. This is a valuable method because it allows to obtain
more than one plant from a hybrid embryo, which is not possible with the com-
monly used embryo rescue technique (a method for production of one plant only
from a hybrid embryo). The reason for the more efficient use of the direct organo-
genesis method is that adventive buds can be produced, and subsequently plants
from each cell of the epidermic layer of explants such as hypocotyl or cotyledons of
the hybrid tissue may be developed, i.e., it is not necessary to have an entire and
well developed zygotic embryo with apical and root meristems.

In this study, a large number of new sunflower fertility-restorer lines (R) were
produced after self-pollination and long-term individual selection. It is evident from
Table 1, which presents biological characterization of the studied genotypes, that
the hybrid progenies of the cross H. annuus (hybrid Albena) × H. salicifolius pos-
sessed a value of the index “beginning of flowering” two to three days shorter than
that of the female form.
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The obtained change in the index “beginning of flowering” will be of economic
value since earliness is desirable in traditional breeding.

Concerning the index “full flowering”, lines with intermediate inheritance of the
character were obtained, but with regard to the cultivated parent line R114, the
beginning of full flowering was two days earlier. Lines R107 and R114 were equal
with the wild parent regarding the value of the index “duration of central head flow-
ering”.

The three-year results for the character “vegetation period” varied in the hybrid
progenies (the F10 generation) from 93 to 104 days (Table 1). There was an evident
decrease of the values of the investigated character in comparison with the two par-
ents, in which the duration of the vegetation period was 108 and 208 days, respec-
tively.

Morphological characterization of hybrid progenies from the cross H. annuus
(hybrid Albena) × H. salicifolius

Data on some morphological indices of the three R lines developed through
interspecific hybridization are given in Tables 2a-2c.

Tables 2a, 2b and 2c present the mean values of the most frequently analyzed
sunflower breeding characters. The data for the hybrids of the selected plants
showed intermediacy with regard to the indices for leaf width (Figure 3), petiole
length, stem diameter, head diameter, number of ray florets (R107 and R120), seed
width (Figure 4), seed length (R107 and R120), seed thickness, oil content in seed
and 1000-seed weight. Concerning the above indices, most of the lines showed
highly significant differences in respect to the female parent Albena.

A negative transgression was established for the characters plant height,
number of leaves (R107 and R120), leaf length and internodule length (Tables 2a
and 2b). The three investigated hybrid progenies possessed mean arithmetic values
lower than those of the two parents, i.e., the character was less expressed. After
analyzing the data, it becomes clear that in most of the cases the differences in
respect to the female form had the highest degree of statistical significance.

Table 1: Phenological observation of promising R lines from the interspecific cross H. annuus
L. (cv. Albena) × H. salicifolius (1997-1999)

Material
Beginning of flowering 

of central head 
(days from germination)

Mass flowering 
(days from 

germination)

Duration of central 
head flowering 

(days)

Vegetation period 
(days from 

germination)

Cultivated sunflower (cv. Albena)

54 54 5 108

Wild species - H. salicifolius

108 115 6 142

Hybrid progeny

R107 51 53 4 95

R114 51 52 6 93

R120 52 53 6 104
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A positive transgression was determined for the indices number of branches,
length of branches and diameter of head on branches [R107 and R114 (Tables 2b
and 2c)]. The above hybrid progenies had mean arithmetic values higher than those
of both parental forms, i.e., the index was more strongly expressed. The data from
the two tables showed that the differences in comparison with the cultural form had
the highest significance.

Table 2a: Characteristics of promising R lines from the interspecific cross H. annuus L. (cv.
Albena) × H. salicifolius (1997-1999); averaged data

R form
Plant height Number of leaves Leaf width Leaf length Petiole length 

(cm) (nb) (cm) (cm) (cm)
Cultivated sunflower (cv. Albena)

177.2 32.0 21.1 22.0 16.2
Wild species - Helianthus salicifolius

236.5 261.0 0.6 20.7 0
Hybrid progeny
R107 121.6*** 28.0*** 16.7*** 17.5*** 14.4***
R114 129.4*** 32.0 15.1*** 16.0*** 14.2***
R120 90.3*** 20.0*** 16.7*** 17.2*** 10.2***

Table 2b: Continued

R form
Internodule 

length
Stem 

diameter
Head 

diameter
Number of 
branches

Length of 
branches

Number of 
ray florets

(cm) (mm) (cm) (nb) (cm) (nb)
Cultivated sunflower (cv. Albena)

5.8 29.4 23.0 0 0 51.0
Wild species - Helianthus salicifolius

15.6 12.1 1.2 14.0 12.8 16.0
Hybrid progeny
R107 5.8 22.0*** 13.2*** 25.0*** 28.4*** 50.0
R114 5.5 25.0*** 12.6*** 24.0*** 21.2*** 53.0
R120 4.7*** 21.0*** 15.0*** 0 0 46.0***

Table 2c: Continued

R form
Diameter of 
branch head Seed width Seed length Seed diameter Oil percent 1000 seed 

weight
(cm) (mm) (mm) (mm) (%) (g)

Cultivated sunflower (cv. Albena)
0 5.9 11.2 3.9 48.0 78.3

Wild species - Helianthus salicifolius
1.1 2.2 5.0 1.3 28.4 5.8

Hybrid progeny
R107 7.1*** 5.0*** 11.0 3.5* 45.4** 35.4***
R114 8.6*** 5.3** 11.5 3.6* 45.0** 37.3***
R120 0 5.0*** 8.8*** 3.5* 44.1*** 40.3***
a, b and c = significance of differences at the levels 0.05, 0.01 and 0.001, respectively
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The highest percent of intermediate phenotype with regard to all investigated
characters was observed in line R120 (76.5%) followed by R107 (58.8%) and R114
(47.0%). 

A positive transgression was established for lines R114 (29%) and R107
(17.6%), and negative for lines R107 and R120 (23.5%) and R114 (17.6%).

Based on the above data, a conclusion can be drawn that the greater part of the
indices had values close to those of the female form. This was an expected result
due to the long selfing of the investigated lines (F10) and regression to the cultural
parent. 

CONCLUSIONS

Lines R107, R114 and R120 developed by the direct organogenesis method
from the cross H. annuus (hybrid Albena) × H. salicifolius showed an intermediate
phenotype (60.8%) between the two parental forms for the investigated seventeen
characters. A positive transgression was observed in 15.5% of the investigated indi-
ces, and a negative one in 21.5%.

The developed lines R107, R114 and R120 were earlier with regard to the index
“beginning of flowering” and they had a shorter vegetation period than their paren-
tal components. The three lines possessed 100% restoration ability. Lines R107
and R114 were included in heterosis breeding of sunflower.
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HÍBRIDOS INTERESPECIES ENTRE EL GIRASOL 
CULTIVADO Helianthus annuus L. Y Helianthus 
salicifolius – CARACTERÍSTICAS MORFOLÓGICAS Y 
BIOQUÍMICAS 

RESUMEN

El método de organogénesis directa, aplicado por la primera vez en este
investigación de los embriones F1 de híbrido de girasol no madurados, fue
aplicado con éxito para engendrar nuevas formas de cruzamiento intergenérico
de Helianthus annuus L. (cv. Albena) × H. salicifolius. Tras la autofecun-
dación y selección individual, fue obtenido el significante número de nuevas
líneas de girasol. Estas líneas fueron analizadas en cuanto a las características
agronóicas, como son el contenido de aceite en la semilla, el peso de 1000
granos, altura de la planta, ancho de la hoja, longitud de la hoja, número de
hojas, longitud del pecíolo, longitud del internodio, diámetro de cabeza,
diámetro del tallo, diámetro de cabezas secundarias, número de ramos, longi-
tud de ramos, número de flores lingüiformes, ancho de la semilla, longitud de
la semilla y grosor de la semilla. Tras la caracterización de la descendencia
híbrida, de acuerdo con estos índices, fue concluido que las líneas 107 R, 114
R y 120 R demuestran 76,5% de intermediaridad del fenotipo en relación con
las formas parentales. El cambio positivo fue 15,5%, negativo 21,5%. Algunas
de estas líneas restauradoras fueron utilizadas con éxito en la selección de
girasol heterótica.
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HYBRIDES INTERSPÉCIFIQUES ENTRE LES TOURNESOLS 
DE CULTURE Helianthus annuus L. ET Helianthus 
salicifolius L. – CARACTÉRISTIQUES MORPHOLOGIQUES 
ET BIOCHIMIQUES

RÉSUMÉ

La méthode d’organogénèse directe utilisée pour la première fois dans
cette tude des embryons de tournesol immatures F1 a été appliquée avec suc-
cès dans la production de nouvelles formes à partir du croisement
intergénérique Helianthus annuus L. (cv. Albena) × H. salicifolius. Après
autofécondation et sélection individuelle, un grand nombre de nouvelles
lignées de tournesol a été obtenu. Les caractéristiques agronomiques suivantes
ont été analysées: contenu d’huile dans la graine, poids de 1000 graines, hau-
teur de la plante, largeur de la feuille, longueur de la feuille, nombre de feuilles,
longueur des tiges de pétiole, longueur internodale, diamètre de la tête, diamè-
tre de la tige, diamètre des têtes secondaires, nombre de ramifications,
longueur des ramifications, nombre de fleurons ligurés, largeur de la graine,
longueur de la graine et épaisseur de la graine. Après caractérisation de la
progéniture hybride relativement à ces indices, on peut conclure que les
lignées 107 R, 114 R et 120 R montrent 76,5% de phénotype intermédiaire en
comparaison aux deux formes parentales. Le changement positif a été de
15,5% et le changement négatif de 21,5%. Certaines des nouvelles lignées res-
tauratrices ont été utilisées avec succès dans la sélection hétérosis du tour-
nesol.
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