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ABSTRACT

sunflower, of all field crops, has the largest capacity to
use wild species in sunflower breeding program. This is owing
to the genus Helianthus which contains 49 species. Contemporary,
all important sunflower breeding centres in the world use wild
species in their breeding programs.

The investigations realized previous years has significantly
contributed to the collection of wild sunflower species, which
can be used by breeders. The investigation of wild species which
has been conducted in recent years, has improved our knowledge
on desirable genes and their distribution in and among single
species. :

Significant results have been achieved in new germplasms
production on the basis of interspecific hybridization. Several
sources of resistance to new races of Puccinia halianthi,
Plasmopara helianthi and wild sunflower species have been
studied. The discovered genes for resistance to these pathogens
were built into the genotypes of cultivated sunflower. Individual
populations of H.tuberosus have proved to be resistant to
Phomopsis/Diaporthe helianthi, while one of H. maximiliani
populations have a high degree of resistance to Sclerotinia
sclerotiorum. It has been found that some of wild species are
resistant to other pathogens, as well as to Orobanche cumana.

In recent years, several new sources .of CMS and Rf genes
have been discovered at interspecific hybridization. Significant
results have been achieved in determination of genetic and other
differences between different CMS sources at molecular level.
Recently, the highest improvement has been achieved in
application of modern biotechnological techniques in studying
wild species and interspecific sunflower hybrids. The
establishing of differences at the level of cp DNA and rDNA has
been widely used in wild species and interspecific hybrids. The
application of Agrobacterium system for gene transformation from
wild to cultivated sunflower has also been found. The
manipulations at protoplast level have been realized as well. It
can be supposed that the results achieved will set up a new phase
in sunflower breeding programs, and especially in desirable genes
transfer from wild species into the genotypes of cultivated
sunflover. . .

The further investigation of wild species and their use in
breeding programs should . be organized- by international
cooperative projects.

N
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" INTRODUCTION

The domesticated sunflower has narrow genetic variability,
especially regarding important agronomic characters. High-oil
varietal populations and hybrids are distinguished for the
narrowness of their genetic variability. The situation is similar
with local populations only, in addition, they have inferior
agronomic characters.

The large variety of wild Helianthus species and pronounced
variability within the wild species offer opportunities of
increasing genetic variability of the domesticated sunflower by
interspecific hybridization. The validity of this assumption is
confirmed by the fact that there exists a large number of natural
interspecific hybrids between wild sunflowers.

The genus Helianthus contains 49 species and 19 subspecies,
with 12 annual and 37 perennial species (Schilling and Heiser,
1981). All species are native to the North América and are
adapted to a wide diversity of habitats and possess considerable
variability for most economic and agronomic characteristics,
insect and disease resistance, and seed quality factors (Rogers
et al., 1982). Because of these, the wild species of sunflower
offer a broad genetic base and considerable genetic variability
for improvement of the cultivated sunflower. Genetic variability
in the cultivated sunflower may be increased by crossing it with
the numerous wild Helianthus species (Seiler, 1988).

In thé last or two decades the interest in wild species of
the genus Helianthus has risen considerably with regard to the
increased requirements for the cultivated sunflower. A number of
scientists focused ‘their attention on studies of the
interspecific relations of H.annuus with representatives of
various sections of the genus Helianthus. Thorough investigations
were made also of the species cytogenetics and interspecific
hybrids (Georgieva-Todorova, 1990).

The use of wild species in sunflower breeding programs has
already produced significant results. The greatest impact the
wild species has made on cultivated sunflower, has been in the
area of genes for disease resistance and, to a lesser extent,
insects. The single most important breakthrough has been the
‘discovery of CMS via interspecific hybridization and Rf genes,
which allowed practical use of heterosis and development of
hybrids.

Molecular genetics proposes new methods of manipulation for
introducing genes of the wild species determining important
economic characteristics and creating recombinant DNA into the
genome of the cultivated sunflower. According to some authors,
gene engineering as a method in sunflower breeding programs is
not an utopia (Georgieva-Todorova, 1990). This has been proved
by the results achieved recently. ‘

Bohorova et al., (1991), studied regenerative ability of
tissue and protoplast cultures from four explants - cotyledons,
hypocotyls, leaves and buds (nodule portion) - from ten
cultivated and diploid annual and perennial wild species.

Alibert et al., (1991) developed a strategy of plant
improvement including somatic hybridization with wild sunflowers
and direct gene transfer in protoplasts. Somatic hybrid calli
were produced by electrofusion between protoplasts isolated from
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H. annuus and H. petiolaris, H. debilis and H. rigidus. :

Problems related with evolution, interspecific relations and
cytogenetics of the species and hybrids in the genus Hélianthus
have certain specificity. The difficulties of solving these
problems were of a complicated type. Now, by applying
contemporary cytogenetic and molecular biochemical methods, these
difficulties could probably be better explained and solved.
Along with that, the genetic potential of the wild species should
be studied, in vitro techniques elaborated and gene engineering
applied. These would contribute greatly to conventional methods
aimed at improving the genetical structure of cultivated
sunflower (Georgieva-Todorova, 1990).

The genus Helianthus, besides constituting the basic genetic
stock from which cultivated sunflower originated, continues to
contribute specific characteristics for cultivated sunflower
improvements: and there still remains much potential to be
exploited. The continued need for additional genes ‘to improve
cultivated sunflower emphasizes the necessity to collect,
maintain, evaluate, and enhance wild Helianthus germplasm for
future utilization for cultivated sunflower (Seiler, 1988).

Significant contribution to the investigation of wild
sunflower species has been done by Jovanka Atlagié¢ (1991), who
found that some of the studied perennial wild species exists in.
forms which have not., been recorded in literature so far
(H.smithii - hexaploid, H.strumosus - diploid, H. laevigatus -
hexaploid). .

Genetic diversity of the genus Helianthus is reflected by
habitat diversity among the species. Also, the diversity habitats
occupied by species of wild sunflower are reflections of the
genetic variability present in the various populations within the
species (Seiler, 1988).

Knowledge of a particular habitat and adaptations of the
species occurring there can often help to identify potential
sources of genes for a desired trait.

Since Seiler (1988) gave excellent review of wild species
- and their application in breeding programs, the objective of this
paper was to present the results achieved during previous 3-4
years. Special attention will be given to germplasm exploration
and collection; interspecific hybridization; biotechnological
methods application; cytoplasmic male sterility; diseases;
insects, and other traits. The review of further explorations,
maintenance, evaluation of morphological, physiological,
biochemical characters and taxonomic aspects of wild Helianthus
species, as well as their use in breeding programs.

Germplasm exploration and collection

Explorations to locate and collect wild sunflower species
represent one of the most difficult and challenging phases in the
process of conserving genetic diversity in the genus Helianthus
(Seiler, 1988). According to this author, over 2000 accession
numbers are included to the entire collection until 1988, out of
which 1000 annual and 500 perennial accessions are in the active
collection.

Since the genetic erosion of wild species, caused by man has
occurred in the nature, it is necessary to speed up the
explorations with the aim to collect and maintain the existing
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wild sunflower populations.

In 1989, the sunflower exploration was organized in five
states of the Great Lakes Region of the United States from
September 13 - 26. Eighty-four populations of wild sunflower
species were collected from the Great Lakes Region of the United
- States. Twelve different species are represented in the
populations. Helianthus tuberosus was represented by 13
accessions and H. giganteus by 10 accessions, significantly-
increased the number of accessions of H.giganteus in the
collection. Additional accessions of H.divericatus, H.
decapetalus, H. mollis, and H. hirsutus were also collected
(Seiler, et al., 1990).

A successful sunflower exploration was conducted from
September 3 to 18, 1991 in 7 states of the United States (ND, MT,
WY, SD, CD, KS and NE). The team members were Dr. Gerald Seiler,
Dr. Cynthia Stauffer and Dr. Surendra Duhoon, the scientists from
USDA, and Dr. Radovan Marinkovié, whose mission was supported by
IBPGR/ECP/GR. During this successful exploration, 140 accessions
were collected. Wild H.arnuus which was represented by 80
accessions dominated the collected accessions. H.petiolaris ssp.
petiolaris (26) occupied the second position, and H.maximiliani
occupied the third position with 15 accessions. Three accessions
are collected from H.grosseserratus, H. nuttallii spp. rydbergii
and H. nuttallii ssp. nuttallii, and one accession from
H.tuberosus and H.pumilis. :

It is important to mention that wild species were collected
in other locations as well. Marinkovié and Dozet (1990) collected
numerous populations of H.tuberosus in Monte Negro (Yugoslavia).
Mexican investigators have started to collect wild sunflower.
species, as well. In 1988 and 1990, Gomez-Sanchez and Gonzalez.
explored 35 populations from the species H. annuus, H.
petiolaris, H.niveus and H.similis in North Mexico.

Wild species collected in previous period enriched the
collection of wild sunflower species. However, wild sunflower
species collecting should be continued in the future, as well.

Interspecific hybridization

‘ Numerous breeding canters use wild sunflower species in
their breeding programs. In recent 3-4 years, a large number of
interspecific hybrids between wild species and cultivated
genotypes were developed in many research canters. Furthermore,
backcrossings with cultivated genotypes were made in all canters
and inbred lines based on interspecific hybrids were developed
in most canters. These inbred lines may be used for different
breeding purposes.

Skorié et al. (1988) reported that they bred interspecific
hybrids between cultivated sunflower and 16 perennial and annual
species.

The contribution of Seiler in enrichment of cultivated
sunflower germplasm creating populations on the basis of
interspecific hybrids should be mentioned -at this occasion.
Seiler (1991) registered HIR 1734-1, HIR 1734-2, HIR 1734-3, RES
- 834 -1, RES-834-2 and RES-834-3. He also registered 13
interspecific sunflower germplasm lines tolerant to downy mildew:
PRA~-RUN-417-1, PRA-RUN-417-2, PRA-RUN-417-3, PRA-RUN-1329, PAR-
1673-~1, PAR-1673-2, DES-1474-1, DES-1474-2, DES-1474-3, ARG-1575~
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1, ARG-1575-2, ARG-1575-3 and ARG-1575 4, The same year, Seiler
reglstered 15 interspecific sunflower germplasm lines in which,
relatively unexploited wild H. anomolus, H. argophyllus, H.
paradoxus, H. petiolaris ssp. petioalris, H. bolanderi, H. debilis
ssp. silvestris, H. debilis ssp. cucumerifolius, H. neglectus,
H. praexos ssp. hirtus and H. praecox sSsp. praecox were:
1ncorporated.

The results of Christov (1988) showed that the crossing of

H. eggertii, H. laev1gatatus, and H. salicifolius with cultivated
sunflower 1is complicated but possible. The successful
‘interspecific hybridization is proved by the results of Christov
(1991). He reported numerous 1nterspe01f1c hybrids between
cultivated and wild sunflower species H. annuus, H. arhophyllus,
H. praecox, H. eggertii, H. 1aev1gatus, H. tuberosus, H.
divaricatus, H. glaucophyllus, H. nuttallii, H. smithii and H.
ciliaris).
’ Several investigators have investigated the mode of
inheritance of individual traits in interspecific hybrids in F,
and F, generation. The F, interspecific hybrids were studied for
the manifestation of heterosis for various characteristics. The
studied characteristics of the species and the F, interspecific
hybrids showed some expected as well as some unexpected and
unusual correlations. High correlations were found between plant
height and petiole length, number of lateral branches and leaves,
number of lateral branches and head diameter, and between the
number of ray flowers and central head diameter.

Vannozzi et al. (1990) studied three interspecific hybrids
between wild Helianthus species and the cultivated sunflower
(H.annuus Line A x H. argophyllus, H. annuus Line A x H.
bolanderi, H. annuus Line A x H. debilis) with the aim of
examining their morphological, biometrical, biological and
technological characters. Results show that these hybrlds
maintain several characters of wild types although the trend is
to get to the cultivated ideotype. A normal desaturation activity
is present; moreover, path analyses reveals that oleic acid may
be increased by flowering height in H.annuus x H. argophyllus,
by leaves number in H.annuus x H.bolanderi and leaf surface in
H. annuus x H. debilis. Finally oil content may be increased by
unsaturated acids in H. annuus x H.argophyllus and is not
influenced. by environmental conditions in all three hybrids.

Palla et al. (1988), investigating some wild species and
their interspecific hybrids with cultivated sunflower, found that
the wild parent reveals a longer flowering period, more branches
and a smaller height than cultivated species. F, hybrid presents
intermediate characters between two parents with the exception
of the height, which always results definitely superior.

Utilization of many species of wild Helianthus is limited
by poor crossability and the high degree of F; strility in
interspecific hybrids. This was proved by the results achieved
by Atlagié (1991) according to which fully sterile plants
.occurred when crossing most of the tested polyploid species (with
hexaploid H.- tuberosus, H. rigidus and H. resinosus, with
tetraploid H. laevigatus, H. hirsutus and H. decapetalus). When
crossing with diploid species, sterile plants were detected only
in F, hybrid with H. mollis.

Atlagié (1988) found also that sterility in BC,F, hybrids was
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encountered in this round of interspecific hybrldlzatlon. Its
presence was established by visual inspections in field and
microscopic from 0 to 39.3% and from 31.3% to 100%, respectlvely.

According to Atlagié (1988 and 1990), pollen fertlllty is
an important biological trait which is. gratlfylng to study in F,
1nterspec1f1c hybrids. Eight wild species. of different ploidy
levels, six inbred 1lines and 22 ¥, hybrid combinations . were
screened for pollen fertility by the method of Alexander (1969)
The percentage of pollen fertlllty was hlgh (above 920%) in all
inbred lines as well as in most wild species (only two of them
were below 90%). The F, hybrids had lower pollen fertility than
their parents, the percentages ranging from 1.9 to 70.0%.

Georgleva—Todorova (1290) claimed that incompatibility
between species of the genus Helianthus showed that it was an
often encountered phenomenon which, however, was not related to
p101dy or taxonomic relations. It was conditioned by genetic and
environmental factors. In investigating the species
incompatibility within genus Helianthus, preliminary emasculation’
proved to be absolutely necessary.

Using a rich hybridization program and according. to the
successful results of standard crossing, Atlagié (1991) found
that various possibilities exist in breeding different
populations of the same species. Consequently, different
populatlons should be collected and used in crossing, especially
when crossing species are "cross incompatible".

Olivieri et al. (1988) studied the mechanisms of self-
sterility and incompatibility related to a scarcity of the yield
in the  lines of sunflower developed from crosses between
cultivated and H.bolanderi and H.exilis. They found that in some
cases of incompatibility pollen gralns did not adhere to stigma
papillae as appears by scanning microscope; in other traces of
pollen tubes were blocked mainly into the stigma tissues and in
the upper part of the style. In compatible crosses traces were
observed at the base of the style ten minutes after pollination,
by fluorescence microscope, but not clear relationships were
found between number of traces and achenes developed.

Species interrelations and interspecific incompatibility,
evident in most cases, was of particular importance for
elucidating the type of the isolating mechanisms. According to
data of other scientists, several basic trends were obvious in.
interspecific:hybridization both between cultivated sunflower and
wild Helianthus species and between the wild species themselves.
The cultivated sunflower crosses with annual diploid spec1es
easily, but with difficulty or not at all with perennial species.
It could be presumed that structural differences exist between
the chromosomes of perennial Helianthus diploid species and those
of the cultivated sunflower. Investigations of species
interrelationsbetweendiploidperennialspecies,representatives
of various taxonomic sections, showed that in most cases the
barriers of incompatibility were manifested even in the progamous
phase. In some interspecific combinations the pollinating
parent’s pollen did not germinate on the stigma of the female
parent. This phenomenon was observed also in species of one and
the same taxonomic section (Georgieva-Todorova, 1990). According
to the same author, H. annuus crosses with tetraploid species
with difficulty, but in some cases unilateral incompatibility was
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evident. The incompatibility between' hexaploid species and
cultivated sunflower was not of the same type and was not
manifested to the same extent. For instance, hybrids between H.
annuus and the hexaploid species H. resinosus can be obtained no
matter which of the two species was used as female parent. The
same was true for hybrids with H. tuberosus, although in this
case incompatibility of greater degree was evident. According to
their investigations on species incompatibility, the lowest one
was observed between H. annuus and H. rigidus. Hybrids could be
obtained, however, only in case when hexaploid was used as a
female parent. Cytological. investigations of hybrids between H.
annuus and the hexaploid species H. tuberosus, H. rigidus and H.
resinosus led to the conclusion that K. resinosus was most
closely related to the cultivated sunflower. On the basis of this
fact, they assumed that the génome constitution of the three
hexaploids was not the same and their establishment in nature had
not occurred in the same way.

Sterility barrier is one obstacle to interspecific
hybridization which is not easily overcome. One possible answer
lies in artificially doubling the number of chromosomes in the
hybrid, which would give each chromosome an exact copy to pair
with so that the cell division process (meiosis) can occur in an
orderly fashion. : )

Jan (1988) found that the colchicine chromosome doubling
method proved to be a simple and effective method of improving
the fertility of interspecific hybrids involving wild diploid or-
tetraploid species and can be routinely used to improve the
efficiency of interspecific gene transfer.

Using previously elaborated method of colchicine application
for chromosome doubling, Jan and Chandler (1989) successfully
overcame low fertility in interspecific hybrids between P21 x
H.bolanderi and provided more seeds in backcross generations.

Regarding the wild species and interspecific sunflower
hybrids, the differences in the period of flowering represent the
problem very often. This can be prevented by pollen preservation
for a long period. Roath et al. (1988) elaborated the method for -
pollen preservation in refrigerator = freezer using liquid
nitrogen.

USING WILD HELIANTHUS SPECIES IN BREEDING
FOR RESISTANCE TO DISEASES AND PESTS

Diseases-are a limiting factor of production in the majority .
of sunflower-growing countries. Different diseases are dominant
in different regions on account of various agroecological
conditions. The cultivated sunflower has a narrow genetic base
and it is deficient in resistance genes. So far, sources of
resistance have been sought and found in wild sunflower. Certain
wild species have contributed genes of resistance to Plasmopara
helianthi, Puccinia helianthi, Verticillium albo-atrum, and
Verticillium dahliae. There is yet a.large number of diseases for
which resistance sources remain to be found. Among those, the
most important ones are Sclerotinia sclerotiorum, Phomopsis—~
Diaporthe helianthi, Macrophomina phaseoli, Phomopa sp.,
Alternaria helianthi, Botrytis cinerea, Rhizopus spp., etc. The
diversity of ' Helianthus  genus offers possibilities of
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discovering resistance sources to all diseases.

Significant results have been achieved in recent 3-4 years
with respect to wild species use in discovering sources of
resistance to diseases.

Puccinia helianthi

The scientists from the North and South America were engaged
in discovering the sources of resistance to rust, since in these
territories, this pathogen is dominant and several races exist
as well.

According to Ferreira et al. (1988), wild H. annuus and H.
petiolaris may be used as resistance sources to rust.

According to Miller and Lambrides (1991), five sources for
resistance to rust with diverse backgrounds were RO-20 (South’
Africa), NS-BCD (Yugoslavia), France R-line. (PRS), PAC 308 .
(Australia) and ARG (Argentlna) Four sources of advanced B-lines
had field resistance: Bulgaria 2169, Progress (Russia), BCD85-2
(Yugoslavia) and Spain (INTA, COrdoba) Most of these genotypes
were produced on the basis of wild sunflower species.

The results obtained by Quresh et al. (1991) provide strong
.evidence that the majority of wild species have different sources
of resistance to the rust populations and can be used as donor
parents for rust resistance in cultivated lines.

Wild H. annuus, H. argophyllus and H. petiolaris were the
species most often included in the investigation. According to
the same authors, these new resistant genes will broaden the
genetic base of the cultivated 1lines and provide long-term
protection against the prevailing and new entities of rust.

Jan et al. (1991) studied three wild Helianthus accessions,
PI 451977, PI 503232 (both H.petiolaris), and PI 494571
(H.argophyllus), which were observed to have a high level of
resistance to race 4 of sunflower rust.

Deviations from the one gene hypothe51s of 1R to 18
segregation suggested that resistance in PI 451977 was controlled
by 3 dominant complementary genes, resistance in PI 503232 by 2
dominant complementary genes, resistance in PI 494571 was-
controlled by a single dominant gene.

Analyzing 6 accessions, PI 413023, PI 413037, PI 413048, PIX
413118, PI 413171, and ©PI 413175 resistant to all four rust
races in crossing with a susceptible line Ha 89, Quresh and Jan
(1992) found the existence of various genes for resistance.

Analy21ng new germplasm produced on the basis of
interspecific hybrids, Seiler (1991) also found that line ARG-
1575-2 possesses genes resistant to rust.

Bauer (1991) claimed, according to the analysis of 40 years
old sunflower breeding in Argentina, that two wild species,
H.annuus and H. argophyllus were frequently used in crosses with
the cultivated sunflower in the period 1960 - 1965, with the aim
to obtain varieties resistant to Puccinia helianthi (Manfredi
INTA, Impire INTA and Cordobes INTA).

Miller et al. (1992) reported that several new races of rust
have been identified in the USA, Australia and Argentina and
several accessions were tested for resistance and five were found
to be resistant to race 4.
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Plasmopara helianthi

Frequent exchange of breeding material, and especially
hybrlds brought to the occurrence of new races of this pathogen
in the South and North America, Europe and Asia. The existence
of genotypes obtained on the basis of 1nterspe01f1c hybridization
gave positive results in the gene selection for resistance to
this pathogen. Eight Pl genes (Pl, - Pl;) were determined, and the
differential 1lines exist which secure the success of the
selection for the resistance to this pathogen.

Analyzing new germplasms produced on the basis of
interspecific hybrids, Seiler (1991) found that heterogenous
populations segregate for disease resistance, except one
germplasm line ARG-1575-2, which showed resistance to all races
of downy mildew. The potentlal for selectlng downy mildew
resistance genes from the evaluated germplasms is high.

. Tan et al. (1991) found the existence of resistance genes
in PI 413047, PI 413131, PI 413157, PI 413161 which were not
allelic and also were different from the gene P16 (identified
previously in inbred line Ha 336).

According to the unpublished results of Dozet, it can be
concluded that the populations of wild H. annuus had: low’
frequencies of genes for resistance to Plasmopara helianthi. It
was only in the population of wild H. annuus 1336 that genes of
resistance to Plasmopara helianthi races NS-1 and NS-2 were
determined. ; .

The resistance was significantly higher in the other wild
sunflower species studied. In H. argophyllus, one population was
susceptible (1681) and the other resistant to Plasmopara
helianthi (1813). Full resistance to Plasmopara helainthi races
NS-1 and NS-2 was shown by all populations of H. petiolaris, H.
tuberosus, H. resinosus, H. rigidus, H. nuttallii, H. mollis, H.
salicifolius and H. occidentalis.

On the basis of the results obtained a conclusion may be
brought that wild species possess, to a high degree, genes of
resistance to the races of Plasmopara helianthi, existing in
Yugoslavia.

Reporting for FAO Sunflower Network, Christov (1991) claimed
that the resistance to Plasmopara helianthi was determined in the
following wild species: H.tuberosus, H.scaberimus, H.
divaricatus, H.mollis, H.salicifolius, H. giganteus, H.
nuttallii, H.annuus, H. debilis and H. petiolaris.

Phomop51s/D1aporthe helianthi :

A recent discovery of genes for hlgh tolerance to the
Phomopsis is an ‘excellent example of using wild species in
breeding for resistance to diseases.

According to 3korié et al. (1989), several wild perennials
have exhibited resistance to pathogen in field conditions.
Interspecific hybrids between H. tuberosus, H. rigidus, H.
hirsutus, H. strumosus, and H. mollis on one side and cultivated
genotypes on the other are rich genetlc materials for breeding
for Phomopsis resistance.

Dozet (1991) claimed that mycellal test on leaf petiole
proved to be most objective in testing wild - species for
resistance to Phomopsis. H. tuberosus populations (1704) was
immune to Phomopsis, while H. tuberosus (1700) and H. nuttallii
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(1996) proved to be highly resistant.

Sclerotinia sclerotiorum

The Sclerotinia disease complex appears to be very
complicated. Looking to the wild species for resistance to this
disease has not been very successful, and the prospect of finding
a single dominant gene for resistance does not look too promising
at the moment.

According to the results obtained by S8korié and Rajé&an
(1992) of two-year investigation of some wild sunflower species
using three methods of artificial inoculation, the population
1631 H.maximiliani possesses most probably high degree of
resistance to Sclerotinia. The inoculated stem did not bring to
pathogen development only in plants of this wild species. The
inoculated plants stopped by their defensive mechanisns pathogen
development and produced a hard callus on the inoculation site,
on stem.

On the basis of preliminary results submitted at the FAO
meeting in Pisa (Italy) in 1991, a high degree of tolerance to
Sclerotinia was found in H. divaricatus, H. glaucophyllus, H.
salicifolius and H. mollis (General Toshevo, Bulgaria).

According to the results of Christov (1991) reported in the
framework of FAO Report / FAO Subnetwork: Sunflower Genetics and
Breeding (Pisa, 1Italy), the species of H. sebilis ssp.
silvestris, H. eggertii and H. glaucophyllus were resistant to
Phoma sp.

H. decapetalus and its F, hybrids with cultivated sunflower
showed a complete resistance to Erysiphe cichoracearum D.C.
Resistance was also exhibited by individual samples of the
species H. glaucophyllus, H. resinosus, H. tuberosus (M-004), H.
mollis, H. giganteus and H. debilis ssp. debilis.

A complete resistance to Orobanche cumana could be found
mainly in the perennial species H. divaricatus, H. glaucophyllus,
H. giganteus, H. mollis, H. salicifolius, H. grosserratus, H.
nuttallii and H. resinosus (General Toshevo).

Block (1992) found tolerant populations of wild species to
Alternaria sp.

Wild sunflower species (Helianthu spp.) as potential sources of
resistance to pests

’ Unfortunately, wild sunflower species are rarely.used in
breeding programs for the resistance to pests, although they are
economically significant for sunflower production in the USA,
Canada and some countries of the South America and Africa.

Wild species of Helianthus are attacked by many species of
pests in their natural environments, pests which mnight also
nmutate into biotypes which could attack the domesticated
sunflower. Such a transition in pest status of species from
scattered wild populations to domesticated monocultures would
greatly enhance the immediate biological fitness of the pest
species, causing great increases in pest population density.
Insect pests represent living, evolving populations. New pests
can arise from seemingly innocuous species or old pests can
mutate into virulent new biotypes capable of decimating genotypes
of sunflower that once were resistant (Seiler, 1990).

The use of wild species in sunflower breeding program for
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the resistance to pests has not been published in recent 5 - 8
years. However, this does not mean that wild species were not
used in breeding programs for the resistance to pests.

According to Seiler (1990), interspecific germplasms
based on wild H. tuberosus and H. petiolaris ssp. petiolaris
Nutt. have been developed and released for sunflower head moth
(Homoeoscoma nubulellum (Hulst)) resistance.

Significant results have been achieved in using wild species
in breeding for resistance to Cylindrocopturus adsprus (Le
Conte), Zygogramma exclamationis (Fab.), Bothynus gibbosus (De
Geer), Aphis, Mesonaphis masoni (Knowlton), Empoesca abrupta
(Delong), etc. (Seiler, 1990). 2ll the results mentioned
previously, are relate to work on breeding programs of Rogers et
al. Unfortunately, these investigations have discontinued since
he started to make other ‘investigations.

CYTOPLASMIC MALE STERILITY

Seiler (1988) made an excellent review of the results
achieved in detection of CMS sources. The results achieved in
recent 3 -4 years will be presented hereafter.

A number of new CMS sources have been discovered in this
period. According to Serieys (1991), nearly 25 CMS sources have
been discovered so far. This number regularly increases since
activeinterspecificprogramsgeneratinqalloplasmiccombinations

were undertakern in the world. If, for most of them,
demonstration has been made that origin of the androsterility
results from nucleocytoplasmic interactions, their

differentiation is not still clearly established. i

Serieys (1991) gave the list of the known CMS with origin
and authors, as well as denomination according to FAO
codification:

(H.petiolaris Nutt) " LECLERCQ 1969

CLASSICAL CMS : = PET1
CMG1 : (H.petioclaris Nutt) WHELAN 1980 = PET2
CMG2 : (H.giganteus) WHELAN 1981 = GIG1
CMG3 : (H.maximiliani) WHELAN 1980 = Max1l
KOUBAN ¢t (H.annuus lenticualris) ANASCHENKO 1974 = ANL1
INDIANA 1 ¢ (H.annuus lenticualris) HEISER 1982 = ANL2
FUNDULEA 1 ¢ (H.annuus texanus) ’ VRANCEANU 1986 = ANT1
H. ANNUUS 517 : (wild H.annuus) SERIEYS 1984 = ANN2
H. ANNUUS 519 : (wild H.annuus) ’ SERIEYS 1984 = ANN3’
H. ANNUUS 397 : (wild H.annuus) SERIEYS 1984 = ANN1
H. ANNUUS 521 : (wild H.annuus) ’ SERIEYS 1984 = ANN4
BOLANDERI : (H.bolanderi) SERIEYS 1984 = BoLl
FALLAX : (H. petiolaris fallax) SERIEYS 1984 = PEF1
NS-ANN-81 s (wild H. annuus) MARINKOVIC 1986 = ANNS
PETIOLARIS BIS : (H.petiolaris Nutt) LECLERCQ 1983 = PET3
VIR 126 ¢ (H.lenticularis) ANASCHENKO 1974 = ANL
NS-ANN-2 : {(wild H. annuus) SKORIC 1987 = ANNG
VULPE + (H.rigidus) VULPE 1972 = RIGl
EXILIS : (H.exilis) SERIEYS 1982 = EXI1
NEGLECTUS : (H.neglectus) SERIEYS 1986 = NEG1 °
PET/PET ¢ (H. petiolaris petiol.) SERIEYS 1987 = PEP1
ANOMALUS : (H. anomalus) SERIEYS 1986 = ANO1l
CANESCENS + (H.niveus canescens) . SERIEYS 1982 = NIC1
ARGOPHYLLUS : (H. argophyllus) CHRISTOV 1990 = ARG1
ARGOPBYLLUS : (H. argophyllus) CHRISTOV 1990 = ARG2
'PRAECOX : (H. praecox praecox) SERIEYS 1989 = PRP1
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. - 8ix new CMS sources in wild H. annuus, discovered by Jan
(1990) have not been included in this list.

Serieys (1991) presented the following results achieved in
the framework of FAO Sunflower Network on evaluation of the CMS
stability in different locations and comparison of the
restoration ability of the CMS sources:

- Evaluation of the stability of 13 CMS sources by growihg
them in different locations. If we consider the basic material
supplied by Montpelier, the CMS sources were practically sterile
in all locations. Yet, some of them PET2, GIGlL, ANL2 shown
sterile pollen production. We can conclude that for the female’
lines considered the cytoplasmic sterilities were rather stable;

- Examination of the Fl1 hybrids (13 CMS crossed with 218
lines and observed in 2 to 3 locations) gives valuable
information for the identification of restorer lines. In almost
CMS, (fixed or not) restorer genes were detected. Some rare
restorer factors were found into the "hard to restore" sources
ANT1, ANN1, ANN2. So, we have to underline the interesting
behaviour of HA291 line which contains some restorer factors for
these latter two CMS;

- With the exception of weakly restored cytotypes CMS-ANN1,
ANN2, ANN3, ANN4 the genetic results distinguished all the
origins. In most of cases segregations were quite straight-
forward. Stability response was imperfect for several cytotype-
nucleus combinations and 10 sources (on 13) may be easily
separated using the restoration diagrams. CMS-PET1 source,
appears closely related to the hight restored cytoplasms (ANL2,
ANL1, BOL1l), but remain distinct;

~ The genetic determinism of the restoration is generally
governed by serials of complementary restorer genes (several .
segregations suggest more than 2 genes). The case of CMS BOLL
appears singular since segregations agree with the action of 2
independent and non complementary Rf genes. .

On the basis of the newest results achieved by some French
authors (Crouzillat et al., 1991), Serieys (1991) concluded that
RFLP of mitochondrial DNA revealed specific differences between
the cytotypes studied. Three restriction enzymes and 12 probes
permitted distinction of 13 cytotypes. No relationship exists
between CMS cytotypes and the species from which they originated.

For genetical and mitochondrial RFLP studies, phenograms
were constructed according to the similarity indexes between
cytotypes. Most of the CMS defined by restoration patterns
correspond with a restriction fragment pattern of mitochondrial
DNA.

Contemporary approach to the detection of differences
between different CMS sources using molecular techniques has
become the objective of investigation of many authors, at
present.

Perez et al. (1988) found that the presence of the PIT
plasmid in the B lines has been established both by ethidium
bromide staining technique, Leroy et al. (1985), and by
hybridization with the cloned plasmid used as a probe from CANP
3 B line, Perez (1987), and from HA89 B line, Crouzillat et al.,
(1987). Nevertheless, some total DNA preparations of the A line
gave a sporadic hybridization signal depending upon the samples. .
So we wonder whether the presence of PIT or any sequence
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homologous to P1T can be present in total Dna from the A lines.
perez and Berville (1988) claimed that the circular plasmid
called P1T found in the mitochondria of the sunflower has been
used as a probe on sunflower lines used by breeders and on wild
forms or wild form derived CMS. P1T cross-hybridized other
various size plasmid but not all of the H. petiolaris species.
These results allowed us to differentiate subspecies rapidly and
efficiently. Hahn and Friedt (1991) found that the mtDNA of the
CMS cytoplasm MAX1l differs from fertile lines in the region of
the atp A gene as does the PET1l plasn. Additionally, the former
cytoplasm also displays differences in the region of the atpé
gene when compared to fertile sunflower lines. Gerlach et al.,
(1991) made significant conclusions as well, finding that the CMS
found by Leclercq (1969) is correlated with rearrangements in the
MtDNA. The rearrangements consist of an 11 kb inversion and an
5 kb insertion near the atp A locus.

Belhassen (1991) mitochondrial DNA analysis had allowed
interesting characterizations of the twenty CMS sources. While
the modification of some sequences seems to be correlated with
CMS, the presence of the two mitochondrial plasmids P1 and P2 was
described to be unrelated to male-sterility. )

Spassova et al. (1991) studied mitochondrial DNA from one
fertile and six new cytoplasmic male sterile sunflower genotypes.
CMS associated RFLP’s were found, generated by various
restriction enzymes in the vicinity of the atp A locus.

. _Laver et al. (1991) emphasising mitochondrial genome
organisation and expression associated with CMS, claimed that a
region of mitochondrial genome variation between the two
phenotypes (fertile and CMS) has been located in the 3 flanking
region of the gene encoding the alpha subunit of the Fl ATPase
(atpA). The same authors found in organelle labelling of
mitochondrial translation products from the two types of
sunflower shows that a 15 kDa protein is synthesized by the
mitochondria from sterile sunflower but not by those from
fertile. The ORFc sequence could encode this 15kDa protein which
may be causally related to the CMS phenotype. At the other hand,
Horn and Zetsche (1991) claimed that 16 kDa polypeptide is-
neither expressed in the fertile lines of H.annuus nor of
H.petiolaris. The 16 kDa polypeptide which is membrane-associated
might be the product of the new open reading frame or fH522 which
is co-transcribed with the atpA gene and also seems to be
correlated to CMS. -

Moreau and Berville (1991) suggested, on the basis of
results obtained, that the official service for seed control will
introduce the molecular assay in the licence process for CMS seed
stock of sunflower.

The discovering of a large number of new CMS sources, has
imposed a new task to find restorer genes for each of the
discovered CMS sources, and particularly, in wild sunflower
species. . .

According to the results obtained by Skorié et al. (1988),
restorer genes for CMG-1 were registered in 19 wild species, for
CMG-2 in 12 species, for CMG-3 in 11 species, for CMS-Indian-1
in 19 species, for CMS-PET-1 in 12 species, and for ANN-81 i n7
species. )

The registered restorer genes were more frequently in
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heterozygous than in homozygous state. i

Certain populations of wild species possessed restorer genes
for as much as four CMS sources. Restorer genes for three, two
or one CMS source were more frequent within populations of the
same species.

Studying six new CMS sources obtained on the basis of wild
H. annuus, Jan (1990) identified relatively high frequency of
fertility restoration genes in every accession. Fertility
restoration genes were also identified in Ha 89, P21, and the
five RHA lines for various CMS cytoplasms. .

Christov (1990) concluded that the conventional CMS and the
new CMS sources, ARG-1l and ARG-3, are similar in some points and
different in others. Some lines known as maintainers for CMS
"petiolaris" type possess the ability to restore, to a certain
degree, the fertility of plants produced on the base of the new
CMS. A study undertaken to clarify the differences is in’
progress. o

Jan and Rutger (1988) indicated the occurrence of CMS in Ha
89 line using mitomycin C and streptomycin. Progeny of the 22
induced CMS mutants and CMS HA 89 crossed with fertility
restorers RHA 266, RHA 274, RHA 280, and RHA 296 were all
fertile. Seven nuclear gene controlled male-sterile (NMS) mutants
with monogenic recessive inheritance were also verified. )

Havekes et al. (1991) tested 10 different CMS sources and
found that at least two new sources of CMS, CMS PET2 and CMS
GIGl, were found to be potentially useful for commercial
production of hybrids. Environment had an influence on fertility
restoration of one CMS line, CMS MAX1l. Effective restoration of
male fertility for CMS RIG1l, CMS ANN2, and CMS ANN3 was not
found. .

New sources of CMS have not been used practically by
breeders. The most probable reason for these might be that.
conventional CMS (PET1) is still very stable and several sources
of Rf genes, which are built in the lines with good GCA and SCA
for agronomically important characters were discovered. Another
reason 1is the deficiency of stable sources of fertility
restoration for most of new CMS sources.

Application of biotechnologic methods in sunflower breeding
Conventional plant breeding procedures have already proven

to be very well suited for successfully improving the guantity
as well as the quality of oil-yield of major oil-plants, like
sunflower. o '

Modern techniques ("biotechniques") can help to improve the
efficiency of breeding, e.g. regarding adaptation to extreme
environments. Specific techniques, 1like "haploidy-steps" or
genetic engineering can help to accelerate breeding progress
through avoidance of .long-lasting inbred and/or backcross
generations in the near future (Friedt, 1988).

The foreseeings of Friedt have started to realize already
the following 2-3 years. Many authors have achieved significant
results, which will open a new phase in sunflower breeding in the
future. ‘ C ‘

Rieseberg et al. (1988) analyzed allozyme, chloroplast-DNA
(cp DNA) and nuclear-ribosomal DNA (rDNA) variation of Helianthus

.bolanderi. They detected a total of 37 low-frequency alleles
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distinguishing the serpentine H.bolandery from H. annuus. The
same authors determined a total of 17 cpDNA and five rDNA
restriction-site mutations among the 19 populations examined. In
addition, the weedy race of H. bolanderi possessed a unique
cpDNA, which was outside the -range of variation observed among
populatlons of either of the presumed parental species. Mean
sequence divergences between the cpDNAs of weedy H. bolanderi and
these of serpentine H. bolanderi and H. annuus were 0.30% and
0.35% respectlvely.

The application of molecular techniques will enable to solve
certain problems which occur in the field. of taxonomy. Thus,
Beckstrom—sternberg et al. (1990) decided to study Helianthus
petlolarls and H.niveus which are morphologlcally distinct at the
periphery of their ranges but intergrade in areas of sympathy.
Helianthus niveus includes both annual and perennial members,
whereéas H. petiolaris is strictly annual. Chloroplast DNA and
nuclear ribosomal DNA restriction site data were used to
reconstruct the evolutionary history of populations of the two
spec1es. Cladistic analyses reveal the follow1ng 1) neither
species is monophyletic; 2) the annual habit is derived once in
this complex; and 3) the reglon of morphological 1ntergradatlon
appears to be primary in origin.

Rieseberg and Seiler (1990) studied the origin of the
domesticated sunflower at the molecular level and made important
conclusions. Morphological, 'geographical, and ' archaeological-
evidence has led to the hypothesis that the domesticated
sunflower was derived from a wild/weedy form of H.annuus possibly
in the Midwest. Molecular evidence was concordant with this
hypothesis. A "high degree of enzymatic and cpDNA sequence
similarity was observed between wild and domesticated H. annuus,
and domesticated H. annuus contained a subset of the alleles and
cpDNAs found in wild H. annuus. The extensive polymorphism in the
wild plants and the virtual monomorphism in cultivated lines for
both isczyme and cpDNA phenotypes further suggest a single origin
of the domesticated sunflower from a very limited gene pool.

Spring and Schilling (1990) payed attention to the origin
of natural hybrids of H. x multiflorus and H. x laetiflorus and
made several conclusions: "A high degree of similarity was
observed between the sesquiterpene lactone profile of Helianthus
x multiflorus and the additiv