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SUMMARY

Interspecific hybridization was made between the cultivated sunflower
Helirtnthtts annuus L. and two perennial diploid species, Helianthus diuarica-
tus L. and Helttnthtts mollûs Lambert. Reciprocal crosses were made. Con-
ventional breeding methods were used. Six inbred iines and one variety,
Peredovik, were included in the hybridization. Hybrid plants were produced
in both directions.

The hybrid plants originating from crosses between the perennial spe-
cies and cultivated sunflower had a perennial habit. Such plants were a-lso
produced from reciprocal crosses: line I234 A x Hellanthus mollis and iine
3O64 A x Helianthus diuaricatus. Second hybrid and BCI generations were
produced from the F1 material, showing great diversity of phenotypes.

Key words: Helianthus diuarico;tusL., Helianthus mollis lannbert,
Helic;nthlts annuus L., hybridlzatlon, perennlal growth habit,
F1 material.

INTRODUCTION

Interspecific hybridization between cultivated sunflower and other Helian-
thus species has been of considerable interest because it offers a prospective of
making use of the immense diversity of the genus (Skoric, 1988). This is the rea-
son that has stimulated many researchers to carryr out interspecific hybridiza-
tion, investigate the relationships between the different species in the genus
Hettanthus and transfer useful characters from wild species into the cultivated
sunflower.

Schilling and Heiser (1981) reported relationships of Helidnthus species,
based on crossing results. Many of the species in the genus, particularly the
perennial ones, have never been successfully hybridized with the cultivated sun-
flower. According to Georgieva - Todorova, 1984 almost complete incompatibility
exists between the cultivated sunflower and diploid (2n=34) perennial species,
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such as H.mollis, H.diuartcatus, H.giganteus, H.nuttallii and H.angustifolius.
Usage of diploid perennial species in hybridizatlon with the cultivated sunflower
has been reported also by Pustovoit (1975), Whelan (1981), Laferriere (1986).

Our investigations were carried out with the purpose of studying the possi-
bilities of interspecific hybridization between H.moLIis, H.diuaricatus and
H.annuus and to obtain genetic variation in forms, which would be of interest for
the sunflower breeding process.

MATERI,AI^S AND METHODS

This investigation was carried out at IWS "Dobroudja" during the period
1993 - 1995. Six sunflower inbred lines - 1607A. f 607B. 2607A.26078. \234A.
12348,30644, 30648, FIA-3OOA, I-IA-3O08, I-IA-8218 and one variety, Peredovik,
were used in the hybridization process together with two diploid perennial
Heltanthus species, Helianthus diuartcatus L. (GT-M-Of 5) and HeltanthrLs mollis
Lambert (GT-M-O82). Helianthus diuaricatus and Helianthus molhs belong to sec-
tion Divaricati, series Divaricati. Both species are diploid with perennial growth
habit. Both accessions of the perennial species were maintained and reproduced
in the Collection of Wild Helianthus Species at IWS.

First crossings were made in 1993 and repeated in 1994. Conventional
breeding methods were used only. The six inbreds, Peredovik, and the two dip-
loid species were used both as female parents or pollinators. Hybrid plants were
produced in both directions. A - lines (CMS) as well as B - lines of the cultivated
sunflower were used. The inflorescence of the B - lines were treated with gibber-
ellic acid and those of the wild species were emasculated.

Phenotypic, phenologic and reproductive traits were the main criteria consid-
ered to define the "hybrid status" of the F1, F2 and BC1 plants issued from the
crossing program.

RESULTS AND DISCUSSION

The results of the crossings (Tables I and 3) showed that it is possible to
successfully hybridize both species with the cultivated sunflower, in both direc-
tions. Hybrid plants were produced in crosses H.annuus x H.mollis and
H.annuus x H.diuartcatus as well as in crosses H.mollis x Fi.annuus and H.diuart-
cafus x Fl.annuus. The seed set was very low when the wild species were used as

female parents in the crosses. The seed set for the hybridization with H.diuarlca-
tus was higher and the number of seeds obtained varied from 1 to 38, while for
H.mollis it was lower and resulted in no more than one or two seeds per pollina-
tion. These results correspond to some extent to the self-pollination of these spe-
cies (Table 2), where the seed set per head for H.dluo:rtco,ûr was 25.7o/o and for
H.moILis - Oo/o.
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Table l: Hybridization between H.diuaricatus, H.moLIis and cultivated inbred lines

Species Pollinator

line 1607 line 2607 line 1234 line 3064

NFrNSNpNFrNsNpNsNpNsNp NFr NFr

7705
115

05
25

05
UJ

80000
00000

o7
I3

07
05

1 994

20

1

1 995

J

1

559

00
00

H.divaricatus

H.mollis

H.divaricatus

H.mollis

Table l: Hybridization between H.dtuaricatus, H.mollis and cultivated inbred lines

Species Pollinator

line HA-300 line HA-821 Peredovik cv Mixed pollen

Np Ns NFr Np Ns NFr Np Ns NFr Np Ns NFr

H.divaricatus

H.mollis

H.divaricatus

H.mollis

5 t02

53
5670
400

500
500

05340
0520

25
15

1 994

77

U

1 995

5500538057
50050051

Np - Number of pollinations; Ns - Number of seeds; NFr - Number of F1 plants.

From the total amount of 442 seeds obtained in 1994 from crosses with
H.diuarîcatus just 2 hybrid plants were produced, while in 1995 no hybrid plants
were produced from the 106 seeds obtained. The number of putative F1 hybrid

seeds, produced when Flmollis was used as the female parent, was much
smaller - 13 for 1994 and just 2 for 1995. Nevertheless, 4 Fl hybrid plants were
grown in 1994 and I in 1995. Similar results were reported by Pustovoit (f 975),

Georgieva - Todorova (1976), Christov (1991).

Table 2: Self pollination of H.diucrrtcatus and H.moIIis accessions

Seltpollination
Species Accession

No No. of inflor. No. of selfs
seltpollinated obtained

No. o{ Average no. of Seed set per
seeds seeds per head head (%)

H.divailcatus GT - M-015

H-mollis cT - M-082

H.divaricatus GT - M-015

H.mollis GT - M-082

10

10

10

10

25

0

25

0

1 994

0

0

1 995

1

0

0

0

zc. I

0
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The results from the reciprocal crosses are summarized in Table 3. In almost
every cross combination hybrid seed and hybrid plants were obtained for both
wild species. The plants from combinations 1234A x H.mollis and 3064A x
H.diuartcatus had a perennial growth habit, whereas the remainder of the FI
plants were annual. unfortunately great part of the putative Fl hybrid seeds
could not germinate at all.

Table 3: Interspecific hybridization between cultivated sunflower and an accession of
H. diDaric o.tus and H. mollùs

Pollinator

57

Cultivated
sunflower H.divaricatus - GT - M - 015 H.mollis-cT-M-082

NFrNsNpNp NFr

1 994

1 607

2607

1234

3064

HA-300

HA-821

Peredovik

1 AO4

1 607

2607

1234

3064

HA-300

HA-821

Peredovik

5

À

4

z

4

4

z

17

21

247

32

I

29

60

16

11

91

11

39

0

254

0

11

10

1

0

3

0

0

0

2y

'I

12

o

tl

J

1

1

1

3+14y

14

^

o

14

1

4

4

I

J

54

20

o4

0

5

1

U

o

é

5

4

4

Np - Number of pollinations; Ns - Number of seeds; NFI - Number of Fl plants;.1, _ plants with peren_
nial growth habit.

Helianthus cnnuus x llelio;nthus diuaricatus

The F1 hybrid material produced by crossing different cultivated sunflower
inbreds with H.diuancatus contained both annual and perennial plants. They
were all characterized by well-expressed heterosis, found in plant height, stem
thickness, the size of the leaves, and the inflorescence. Most of the Fl plants had
the annual habit of H.qnnuus, but all of them were branched, a feature common
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to the wild species. Another wild trait, the anthocyanin colour, could also be seen
in several combinations, both in the petiole and the inflorescence.

Fourteen of the F1 plants obtained in l99b had the perennial growth habit.
As we said before and as could be seen from Table 4, the heterosis here was very
well expressed. These plants resembled the wild parent, but sti11 differences
existed. The type of branching for example. The main branching of the hybrids
started from the basal point of the stem. secondary branching could be found in
the later stages of development in the upper parts of the main branches near the
inflorescence.

A great diversity of phenotypes was produced in the F2 and BCl generations
of these crosses (Tables 6 and 7). The plants were from very short, l4o cm, to
very tall, 27o crr': from unbranched to densely branched (o - 2l); with different
type of branching; with differenthead diameter (rs - 33 cm), leaf size and inflo-
rescence. some of them were anthocyanin coloured, some were yellow. They dif-
fered very much in flowering period too. The great segregation in these
generations could allow to select forms on the basis of different characters and to
produce lines varying in genotype and phenotS,pe.

Helianthus diuaricotus x Helianthns cnnuus

Only two plants were obtained from the cross combinations between H.diuar-
icatus and the different inbred sunflower lines. The data from the morphological
observations are presented in Table s. The plants resembled the wild parent and
had a perennial growth habit, but were shorter and earlier in flowering, and with
a larger inflorescence. They had basal main branching with additional secondary
branching. The seeds were larger than those of the wild parent.

Heliqnthus cnnuus x Helianthus mollis

Two different types of F1 plants were produced when H.mollis was used as
the pollinator, annual (l) and perennial (II). The results are summarized in Table
4. The hybrid character of the material was proved again by heterosis expressed
in the phenotype.

I. Almost all annual hybrid plants were intermediate, with basal and axillary
branching and slight anthocyanin colouring, becoming darker in F2 and BC1
generation. The type of branching was preserved to some extent in F2 , but great
diversity of phenotypes was obtained in BC 1 , where at least 3 types of branching
were observed. The plants varied in plant height, 22s cm to 2zB cm; in the pres-
ence of anthocyanin; in flowering period.

II. Two perennial F1 hybrid plants were grown from the cross t2B4A x H.mol-
lis. They had a phenotype closer to that of the wild parent, but taller plant
height, larger leaves, a short petiole, I cm; much larger inflorescence; slight

59
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anthocyanin peduncle; basal branching and secondary branching. Self pollina-

tion was done in order to produce the F2 progeny.

HelÎanthus mollis x Helianthus @nnuus

Four F1 hybrid plants were grown from crosses H.mollis x -Ff.annuus in 1994

and one in 1995. They al1 had the main features of the wild parent and were

perennial in habit, but all of them differed from the other. The characteristics of

the plants are presentecl in Table 5. Even the two F1 plants, coming from one

and the same combination, H.mollis x 2607, had absolutely different phenotype.

The main differences observed between the hybrid plants were in plant height'

leaf size and shape, branching type and days to anthesis initiation' There were,

however, two common features typical for all of them, the lack of petiole and the

heterosis present.
Self pollination and backcrossing were the main methods applied in the

study with the hybrid material, obtained with the participation of the two diploid

perennial species.

CONCLUSIONS

The results of the hybridizations of Hetianthus diudriccrtus L. and Helianthus

motlûs Lambert with the cultivated sunflower (Hetianthus annuus L.) showed that
hybrid material was produced with both perennial diploid wild species. The

study of the plant morphology and their reproductive abilities confirmed the

hybrid character of ttre material obtained. The application of self pollination and

backcrossing rendered seeds allowing us to work further with the hybrid

material.
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INVESTIGACIONES PRELIMINARES OBRE HiBRIDOS
INTERSPECIFICOS ENTRe Hetionthus cnnuus L. y
ESPECIES PERENNES DE lleticnthus

RESUMEN

La hibridaciôn interspecifica tuvo lugar entre girasol cultivado, Helian-
thus annuus L. y dos especies diploides perennes, H. dilcLrico;tus L. y H. mol_
Iis Lambert. se hicieron cruces reciprocos. solo métodos de meiora
convenciona-l fueron utilizados. seis lineas puras y una variedad. peredovik,
fueron incluidas en la hibridaciôn. Las plantas hibridas fueron producidas
en ambras direcciones.

Las plantas hibridas originadâs a partir de cruces entre las especies
perennes y el girasol cultivado tuvieron un hâbito perenne. Tales plantas
fueron también producidas a partir de cruces reciprocos: linea 1234 A x
Helianthus mollts y linea 3064 A x Helûtnthus diuaricatus. Las generaciones
F2 y BC1 fueron producidas a partir del material F, mostranào una gran
diversidad de formas.

ETUDES PRÉLIMINAIRES D'HYBRIDES
INTERSPÉCIFIgUES ENTRE Hetio;nthus 4nnuus L. ET
ESPECES PERENNES D. Helianthus L.
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nÉsuuÉ

L'hybridation interspécifique a été réalisée entre le tournesol cultivê
Helinnthus annuus L. et deux espèces pérennes diploides -Helinnthus diuo.rt-
catus L. et Helianthus mollis Lambert. Des croisements réciproques ont été
effectués et seules les méthodes conventionnelles utilisées. six lignées fùées
et une variété -Peredovick- ont servi à I'hybridation. Les plantes hybrides
sont produites dans les deux sens.

Les plantes hybrides issues de croisements entre les espèces pérennes
et le tournesol cultivé sont de tlrpe pérenne. De telles plantes ont été aussi
obtenues à partir de croisements réciproques: lignée 1234 A x HeLlanthus
mollis et lignée 3064 Ax Helinnthus dîuartcatus. A partir des hybrides F I des
hybrides doubles et des générations BCI ont été obtenus, montrant une
grande diversité de formes.


