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SUMMARY

Results of hybridization between cultivated sunflower and 30 species of the genus
Helianthus are presented in the paper. It was conducted by conventional methods. Some
problems of the methodological and practical nâture are clarified and also possibilities for
producing interspccific hybrids using wild species of Helianthus from the collection of the
Wheat and Sunflower Institute "Dobroudja", General Toshevo, Bulgaria, are investigated..
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INTRODUCTION

Possibilities of interspecific hybridization in sunflower are considerable, but the
hybridization and transfer of interesting genetic matcrial lrom Helianthur species into
cultivated sunflower are limited by a series of diffuculties (Pustovoit, 1975; Georgieva-
Todorova, 1976;Laferriere, 1986; Skorié, 1988; Seiler, 1988; Christov, 1990). This is why
the clarification of the reasons and the improvement or detection of new methods for
solving problems of non-crossability between cultivated sunflower and the Helianthus
species and the sterility of interspccific hybrids produced is an indispensable condition
for using these species in sunflower brecding.

The aim of this study was to clarity the possibilities for producing interspecific
hybrids using different wild specics and cultivated sunflower by hybridization according
to conventional methods.

MATERIALS AND METHOD

The annual species ,FL annuus lclltivated ancl wikl forms/ (2n = 34), H. argophyluus
(Zn = 34), H. debilis (Zn : 34), H. negluctus (2n : 34), H. petiolaris (2n : 34) and H.
praecox (2n : 34), and the pcrennial ones, FL divaricatus (2n = 34) H. giganteus (2n :
34), H. glaucophyllur (2n : 34), H. grosserrarus (2n : 34), H. maximiliani (2n : 34),H.
microcephalus (2n : 34), H. mollis (2n : 34), H. nuttallii (2n = 34), H. occidentalis (2n
- 34), H. salicifolius (2n : 34), H. silphioides (2n = 34), H. smithii (2n = 34), H.
decapetalus (2n : 68), H. hirsutus (2n : 68), H. laevigarus (2n : 68), H. scaberimus (2n
= 68),H. tomentosus (2n = 68),H. ciliaris (2n = 102),H. eggertii (2n: 102),H. resinousus
(2n: 102),H. rigidus (2n : I02), H. struntosus (2n = 102), H. tuberosus (2n = l02),and
H. x. laetiflorus (2n : 102) werc included in the study.
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For clarification of generic relations between cultivated sunflower and the wild
species of Helianthus the following techniques were applied: reciprocal crossing; the
method of mixed pollen; backcrossing; and other methods and procedures. Inflorescen-
ces of the mother plants were castrated and isolated. Pollen was first placed on the stigmas

between 13 and 17 h cvery other day. The hybrid materials produced were grown under
field conditions. Their female fertility was determinated by the quantity of seeds pro-
duced in open pollination.

RESULTS AND DISCUSSION

Reciprocal crossing increases the crossability of cultivated sunflower with the

Helianthus species. In some cases the percentage of seeds and Fr plants produced is also

increasing (Table 1). A higher percentage of viable hybrid plants is obtained by the two
direction crossing from the species H. annuus (w.f.),,F/. argophyllus, H. praecox, H. eggertii,

H. laevigatus and H. ntberosus. Viable hybrid plants were produced with the species -Fl.

divaricatus, H. glaucophyllus, H. nuttallii, H. smithii and H. ciliaris only in the cases when

cultivated sunflower was used as the female parcnt. In the hybridization with the species

H. eggertii, H. hirsutus and others, and the use of cultivated sunflower as the mother line,
it is possible to produce a higher percentage of hybrid plants from seeds of one pollinated
plant.

In some cases the hybridization was more successful when wild species, like fL
rigidus in this study, were used as the female parent.

Simultaneous flowering of cultivated sunflower and the wild species used provided
a possibility for the pollination of the inflorescences also in two crossing directions with
fresh viable pollen. Thus, interspecific hybrids were produced with H. eggertii, H.
laevigatus, H. sntithii, H. grosseserratus and H. nùcrocephalus which flower later. Also,
other species such as H. debilis and H. petiolaris, with a longer period of flowering, can

be used for hybridization later than normal for cultivated sunflower.
The castration of female plants was neccssery because all the species expressed a

certain degree of autofertility (Christov, 1990). Thc removal of stamens and natural
pollen from the inflorescences of thewild mother plant gave a better chance for the pollen
of cultivated sunflower (especially, if it is a mixture from several varieties and lines), to
facilitate and provide contact with the stigma at the moment of its placing.

It was found that the pollination of noncastrated inflorescences of .ÉL rigidus, H.
mollis and other species with pollen from cultivated sunflower produced more seeds and
wild plants than self-pollination. This indicates that cultivated sunflower's pollen ap-
pears as a stimulant for pollination.

Good results of hybridization werc obtaincd when cultivated sunflower, used as

female plant, was sterile and pollen from the wild parent, cut before pollination, was

placed on it. This inflorescence was preliminarily isolated with a paper isolator (it is
recommended that 2-3 inflorescences are isolated at least) or the whole male plant was
isolated with a plastic net, to prcvent the access of pollen carriers. Pollen is applied by
rubbing the male inflorescence tenderly against thc female one.
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thble 1. Hybridization between cultivated sunflower and some species of the
genus H elianthus ( 1 9 I 3 - I 989 )

Cross

Pollinated
inflorescensces

)eeo
produ

ced
No

Hybrid plants produced

Total with seeds
num Der

No. (V')

l0l. H. annuus (W. f. ) x H. annu us

102. 
H.annuus x H.annuus (W.f. )

103. H.argophyllus x H.annttus

104. H.annuus x H.argophyllus
105. H.d.ebilis x H.annuus
IO6. H.annuus x H.debilis

107. H.neglecns x H.annuus
08. H.annuw x H.neglacnn
O9. H.petiolaris x H.annuus
L0. H.annuw x H.petiolaris
11. H.praecox x H.annuus
12. H.annuus x H.praecox
13. H.divaricaa.c x H.annuus
14. H.annuus x H.divaicarus
15. H.giganteus x H.annuus
1,6. H.annuus x H.giganteus
17. H.glaucophyllus x H.annuus
18. H.annuus x H.glaucophyllus
19. H.grosseseratus x H.annuus
20. H.annuus x H.grosseserratus

21. H.maxirniliani x H.annuw
22. H.annuus x H.marimiliani
23. H.tnicrocephalus x H.annuus
24. H.annuw x H.microcephalw
25. H.mollis x H.annuus
26. H.annuus x H.mollb
27. H.nuuallii x H.annuus
?3. H.annuus x H.nuuallii
29. H.occidentalis x H.annutu
30. H.annuus x H.occidentalb
31. H.salicifulius x H.annuus
32. H.annuus x H.salicifuliu
33. Hsilphioides x H.annuus
34. H.annuus x H.silphioides
35. H.smithii x H.annuus
36. H.annuus x H.smithii
37. H.dzcapetalus x H.annuus
38. H.annuus x H.decapetalus
39. H.hirsurus x H.annuus
4O. H.annuus x H.hirsarus
41. H.laevigarus x H.annuus
42. H.annuus x H.laevigams
43. H.scaberimus x H,annuus
44. H.mtnuns r H,scabnimu,s
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Thble 1. Hybridization between
genus H el i anthu s (1983-1989)

cultivated sunflower and some species of the
(continued)

plan reaching the budding stage

Ir was inreresting that the quantity of hybrid plants produced (expressed in 7") was

different for single samples from the same wild spccies. Such a difference was found for
the hybrids procluced with the species H. annuus (w.f.), H. argophyllus, H. petiolaris, H.
salicifolius, H. hirsutus and H. tuberosus. Similar results were obtained with the hybrids
developed from different subspecies o1 H. debilis, H. praecox, and H. rigidus.

In clarifying the question of overcoming the interspecific hybrids' sterility it was

found that a great part of the Fl plants produccd from the annual species yielded
sufficient amounts of seed via sib pollination between hybrid plants and through back-
crossing, and in some cases through self-pollination. Thcse F1 plants can be pollinated
also by a pollen taken only from one varicty or a line producing a sufficient number of
seeds and plants for the ncxt gcncration. Thus thcrc is a possibility for a more rapid
production of forms which combine the useful qualities of the two parents. Also,
alloplasmic lines of cultivated sunflowcr could be dcveloped more quickly by including
the annual species.

It was difficult and in some cases impossible to overcome sterility of the Fl plants
developed with the percnnial species. The application of self-pollination was useless.
Seeds were not produced in the large part of the Fr plants both in backcrossing and in
open pollination. It was of great importance for the F1 plants developed with H. hirsutus,
H. decapetahts, H. scabeintls and some samples oflL tuberosus used as the female parent.
The data presented in Table 2 give an idca about it.

The reasons for the sterility of thc hybrids werc probably due to anomalies which
arise in meiosis owing to the chromosomc nonhomologuos to the genomes of the species
included in hybridization. The prescnce oI diffcrcnt dcgrees of sterility and insufficient
fertility requires the application of somc methods to ovcrcomc the sterility. The assump-
tion that in the interspecific hybricls the viability of the female gametes is higher

Cross

l'ollinated
inflorescensces

Seed
produ

ced
No

Hybrid plants produced

Total with seeds
numDer

No. (7')

45. H,tomentosus x I'I.annutrs
46, H.annutu x H.totnenlosLts
47. H.ciliaris x H.anrutus
48. H.anruus x H.ciliais
49. H.eggertii x H.annuus
50. H.annuus x H.eggenii

51. H,resinosus x H.anntuts
52, H.anruus x H.resinostts

53. H.rigidtts x H.anruus
54. H.anrutus x H.rigidtts
55. H,stntmosus x H.annutts
56. H.anrurus x fl.smunoslts
57. H.nberostts x H.artnuus
58. H.annuus t H.tubcrostts

59. H.x.laetiflorus x H.annuus
6O. H.annttus x H.xlaetiflourus
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15 15,8
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23 72,4
6 70.7

* The nlants which died before reachins the
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compared with the male oncs, was confirmed by a successful application of backcrossing
to the cultivated paront. Pollcn from all F1 plants was added to that collected from a
group of varieties and lines. Single inflorescences were pollinated with this mixture and
put under isolator. Seeds and plants of the ncxt generation were produced in this way.
More seeds were obtained by pollinating inflorcsccnces with pollen mixture without
subsequent isolation. This was due to a lack of negative effect of the isolator and the
access of bees carrying cxtra pollcn or inducing by their activity on the floret a response
by the stigma which rcsultcd in the secretion of the exudate which facilitated pollen
sprouting and ovule fertilization.

Table 2. Produced seeds and BC1 plants from backcrossing with cultivated
sunflower 11984-19901

It was found for the Fr and BCr hybrids produced with the perennial species that
most seeds werc obtained from branchcd plants and especially from poor by developed
ones. The branched plants yield sceds mainly from thc inflorescences on the branches.
In most cases seeds wcre prclduced only from one inflorescence and rarely from two, three
or more. This fact indicates that gamctcs which differ in physiological activity can be
produced at different time and at differcnt parts of the plants, and the gametes with
normal activity are few which affccts the normal sced formation. The enviromental
conditions probably influcnce this process. A great number of inflorescences from a
single hybrid plant which flower at different period have to be used for backcrossing.

Crosses

Polinated
inflorescensces

Seed
produ

ced
No.

BC1 plants
produced

Total wltn
num, seeos
DCr

(%)No

01. (H.anntrus x H.glaucophl,llus) x It.annuus
02. (H.mollis x H.anrutus) x f].annuus
03. ( H. s a I i c ifo I i u s x I!. a n ruu s ) .t ['1. a n r uu.r.s

04. (H.annuus x H.sntithii) x I-l.aruuuts
05. (H.occidental is.r II. an rutus ) .r It. annLtus

06. (H.hirsurus x H.annutts) x l!.anrurus
07. (H.annuus x flhirsurus) x ILannuu,s
08. (H.decapetalus x I!.anruus) .r H.annuu,ç
09. (H.annuus x H.clecapetalus) x It.atmutts
10. (H.laevigarus x H.anntu.ts) x H.annuus
17. (H.annuus x H.laevigarus) x l!.anrutus
12. (H.scaberimus x H.arutuus) x H.annuus
13. (H.eggertii x H.anrutus) x H.anrunr
14. (H.annuus x H.eggertii) x Il.annuus
15. (H.xlaetiforus x Fl.anrruus) x H.annuus
16. (H.annuus x H.xlaetiflonts) x I{.annttus
17. (H.annuus x H.resinosus) x l!.annuus
18. (H.igidus x H.anrum.s) x ['l.annuus
19. (H.annuus x H.rigidus) x H.annuu.s
2O. (H.strumosus x H.annuus).r hl.aruuus
2I. (H.nberosus x Il.annuus) x lI.annuus
)) /It nnntntc v It nthetnorc\ v I I nnntrttt
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486
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364
384
45
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7693

15

l4
103
l3

58 98,3
18 39,1

58 11,9
20 24,7
4 80,0
9 34,6

4t 77,4
3 60,0

10 17,9
110 56,0
16 66,7

00
150 49,8

86 23,6
24 6,3
13 28,9
38 26,3

552 32,5
00
8 57,1

43 41,7

5 38.5
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An attempt was made to apply amphidiploidy, using the method of Jan et al. (1983).
Partial succ€ss was obtained only with the hybrids from 1L eggertii, H.laetiflorus and
H.laevigatus. For better results, the method should be further improved, i.e., the con-
centration of the solution should be adjusted to hybrid type and the time of keeping the
plant apex in the solution should be determined.

CONCLUSION

On the whole, the results of the study show that it is possible to produce hybrids
between cultivated sunflower and most Helianthus species by conventional methods, but
there are cases when interspecific hybridization is difficult or impossible. The difficulties
may be overcome by more suitable methods, for example in vitro methods.
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POSIBILIDADES Y PROBLEMAS EN LA HIBRIDIZACION DE GIRASOL CULTTVADO
CON ESPECIES DEL GENERO Helanrhus L.

RESUMEN

Se presentan en esta publicâci6n los resultados de la hibridacidn entre el girasol
cultivado y 30 especies del genero Helianthus. se llevd a cabo aplicando métodos conven-
cionales. Se clarifican algunos problemas prâcticos y metodol69icos asi como las posibilidades
para producir hfbridos interspeclficos utilizando especies silestres de Helianthus de la
colecci6n del Instituto Dobroudja de trigo y girasol, General Toshwo, Bulgaria.

PERSPECTTVES ET PROBLÉMES DE L'I{YBRIDISAT'ION DU TOURNESOL CULTIVÉ
AVEC DES ESPÈÆES APPÀRTENANT AU GF]NR[- HCIiANI^US.

RÉsuvÉ:

Les résultats d'hybridation entre le tournesol cultivé et trente espèces appartenant au
genre Helianthus sont présentés dans cette publication. Ces hybridisations oni èté réalisées
suiva-nt les méthodes classiques. certains problémes d'ordre méthodologique et pratique sont
clarifiés. Nous exposons les possibilités de produire des hybrides interspéèifiques utilisant les
espéces sâuvages d' Helianthus présentes dans la collection de l'lnstitut du Bléèt du Tournesol
"Dobroudja", général Toshevo.


