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ADVANCES IN SUNFLOWER BREEDING IN ROMANIA

By

Dr. Viorel Vranceanu
Cereal and Industrial Crops Research Institute
Bucharest-Fundulea, Romania

Sunflower breeding at the Cereal and Industrial Crops Research Institute
of Fundulea-Bucharest has been largely developed in the last 12 years, having
as the main objects the increase of seed and oil yields; resistance to
diseases; adaptability to different zones (especially to droughty areas);
uniformity of height; flowering period and maturity. Although we have a
large collection of sunflowers, the most valuable germplasm sources used
for breeding purposes have been the Soviet VNIIMK varieties because of the
low husk percentage and high oil content. Some Canadian entries containing
genes for resistance to diseases have also been used. We have resorted to
this collection more often in recent times, because we saw that we did not
get the most satisfactory results regarding hybrid vigor by crossing only
lines selected out of VNIIMK type varieties.

In the early years of our breeding program we focused our attention
on creating sunflower varieties adapted to the soil and climatic conditions
of Romania. The breeding material we started with was the valuable high
oil varieties developed at Krasnodar by V. S. Pustovoit, and we also used
his efficient breeding method. This resulted in some good selections,
particularly regarding oil content. The high o0il content variety Record
was developed which is grown now on the whole area under sunflowers in
Romania (10).

We ought to say that our attempt to increase simultaneously the seed
yield and the oil content in seeds was not particularly successful. We
realized that assured progress with respect to seed yield can be made only
by using the heterosis effect that appears in the F; hybrids between inbred
lines., It seems that even crossing among a limited number of inbred lines
with high combining ability and high oil content in order to develop syn-
thetic varieties would be a better way than the classic methods for variety
improvement.

At the present time our breeding program is based exclusively on the
complex selection of sunflower inbred lines and on genetic methods that
will enable us to obtain the most efficient hyborids. The following are
some aspects and results of this work:

Breeding for genetic and cytoplasmic male sterility. Genetic male
sterility was noticed within many inbred lines and in various generationms.
In most cases a monogenic conditioning was revealed (9), and we have used
for breeding purposes only those sources with a clear genetic and phenotypic
expression.

Male sterility genes can be conditioned by various recessive genes,
as was pointed out by Putt and Heiser (7), Gundaev (2), Leclercq (5),
Anashchenko (1) and others. We have isolated more than 30 sources of male
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sterility; ten of these being clearly conditioned by a single recessive
gene. Diallel crosses between these ten male sterile lines (msms x Msms)
indicated the presence of five different genes expressing the male sterile
phenotypes. In Table 1 we present summarized data concerning lines which
have one locus in common, showing in F; a typical 1:1 ratio. The male
parents were always heterozygous plants, segregating in a 3:1 ratio.

There is no predictable relation between the genes for male-sterility
and the sources they were isolated from, which proves their mutational
origin. Three different genes (msj, ms,, Tfi) were identified within
VNIIMK 8931, while each of the first Tour genes are common for at least
two varieties.

The multitude of genes for male sterility complicates to some extent
the possibility of their utilization in producing hybrid seeds on the
anthocyanic likage basis proposed by Leclercq (4). It is obvious that the
linkage with the dominant gene T is obtained in one single case, when T-t
and Ms-ms loci are situated in the same linkage group. Data from Table 2
shows that only msy is linked with the anthocyanic gene since the progenies
of the backcross msjms] tt x Msimsy Tt are segregating green-male sterile
and anthocyanic-male fertile ETEEE%'{E a 1:1 ratio. In all the other cases,
segregating ratios of 1:1:1:1 were obtained, with the four phenotypes in
equal proportions (green-malé sterile, anthocyanic-male sterile, green-male
fertile, anthocyanic-male fertile). This proves that the genes ms2, msy
msy, and mss are not linked with the anthocyanic gene.

The anthocyanic source we have used in our work is the old Russian
variety Fuksinka 3, which gives a close linkage with the ms] gene. We
have had recombination rates ranging from 0.3 to 0.7% which is quite
satisfactory for hybrid seed production. We do not know whether our
anthocyanic gene is the same as the gene that Leclercq isolated from
Nain-noir variety. It is very likely that there are more than one inde-
pendent gene for anthocyanic pigment ans we have recently initiated testing
of eight anthocyanic sources.

The identification of ms genes in sunflowers raised the question of
relations between these genes and the cytoplasm and suggested the possi-
bility of developing a genic-cytoplasmic system which would ensure
completely male sterile progenies. With the purpose of detecting a
fertilizing cytoplasm which would produce male fertile progenies in the
presence of the recessive ms genes, as Hermsen(3) proposed for wheat and
barley, we tested a large number of sunflower varieties with different
genetical and geographic backgrounds. All of these sources of cytoplasm
were crossed with heterozygous Msms forms as male parents, which always
produced fertile F; generations.

In the F, 901 progenies were analysed (Table 3). Both completely
fertile and segregating progenies within each cross were noticed, their
rate being close to a 1:1 ratio. Segregating progenies in Fj conformed
to a 3:1 ratio quite well.

Apart from varieties, we tested a large number of inbred lines,
selected mainly from VNIIMK type varieties and never found a fertilizing
cytoplasm. We can conclude, therefore, that the probability of finding
a genetic-cytoplasmic system of male sterility in cultivated sunflowers
is very low. Therefore, the cytoplasmic male sterility that Leclercq (6)
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isolated by incorporating the H. annus genome into H. petiolaris cytoplasm
seems to be the only real and available cytoplasmic male sterility source.
In our breeding work this source gave completely male sterile progenies.

Breeding for combining ability. To establish inbred lines that give
maximum heterosis when crossed is the main purpose in our sunflower breed-
ing program. In comparison with the parental lines the heterosis of F1
hybrids is very high, frequently exceeding 200%. However, for hybrid seed
production to be profitable, we must also exceed the best varieties now
grown. From this point of view, we have not yet obtained sunflower hybrids
with spectacular yields. The seed yield of our best hybrid was 29% higher
than that of the variety Record, but the frequency of such hybrids is low.
From 950 hybrids we tested in the last three years, only 33 hybrids
(or 3.4%) surpassed the seed yield of our best variety by 15-20%. One
explanation of this low frequency of high yielding hybrids could be the
fact that we have developed our lines by selfing almost exclusively within
the VNIIMK type varieties which are closely related genmetically.

The combining ability in sunflowers has to be tested both for seed
yield and oil content in the seeds,

The oil content in seeds is determined by the relation between the
husk percentage and the oil content in the kernmel, These two components
have a different heritability. The husk percentage has an intermediate
expression in Fj; the value of the hybrids for this character depending
directly on the parental inbred line value (Table 4). The oil content is
a polygenic character with the dominant effects of geme action, which
makes it possible to obtain hybrids with high o0il content even if only
one of the two parental lines has high oil content. The o0il content of
the kernel is also affected by heterosis. This is clear for all of the
hybrids presented in Table 4, but especially for hybrids Nos. 1 and 3
which have 67.2 and 68.7% oil whereas their male parents have only 58.0
and 62.0% respectively. The female tester line had only 61.0%.

The general combining ability is determined by means of one monogenic
male sterile line which is used as a female parent, and which has a suf-
ficient number of male sterile plants to permit crossing under isolation
with the inbred lines we have to test. We are testing annually 400 - 500
inbred lines in the 3rd or 4th generation. In the early generations
selection for husk and 0il content is accomplished. The inbred lines are
classified in three categories according to the flowering date, each of
them having one appropriate male sterile line as a tester. The specific
combining ability is then determined by diallel crosses under isolation
and artificial emasculation of female parents. The number of lines tested
is limited to 10 - 15. The female lines of the best hybrids are back-
crossed to the male sterile with anthocyanic linkage, because the proba-
bility that the initial line in which the ms gene was identified has a
high combining ability is rather low.

Breeding for disease resistance. Downy Mildew (Plasmopara halstedii
(Farl.) Berl. et de T.) and Sclerotinia are the most dangerous diseases of
sunflower in Romania.

We have obtained good results by selecting for resistance to downy
mildew within some Canadian cultivars. 1In 1966, we isolated the inbred
line AD 66 out of the Canadian hybrid Advent (S37-388RR x Sunrise).
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This line has shown absolute immunity to sunflower downy mildew when
seedlings were infected with spore suspensions (Panchenko method), while
other inbred lines tested simultaneously were 1007 infected. A similar
immunity was pointed out in 1969 in two Canadian inbred lines S37-388RR
and CM 90RR containing single genes for rust resistance. This rust
resistance gene, according to Putt and Sackton (8), was derived from a
natural cross with Texas Wild Annual sunflower. It is very likely that
the genes for rust and downy mildew resistance are located in the same
linkage group, because these Canadian rust resistant lines, noted by RR,
are at the same time resistant to downy mildew. On the other hand, the
lines S37-388 and CM 90 are very susceptible to rust and are also very
susceptible to downy mildew.

Crosses were carried out (12) between susceptible inbred lines and
the immune line AD 66 in order to study the heredity of the resistance to
downy mildew (Table 5). The Fj hybrids were fully resistant to downy
mildew both when AD 66 was the female and also when it was the male
parent, which shows that no cytoplasmic factors are involved. In the
reciprocal hybrid V3354 x AD 66 the two plants infected by Plasmopara
were not hybrid; belonging to the female susceptible parent V3354.
Dominance of resistance to downy mildew was complete in the F] generation.
The Fp progeny segregated in a clear ratio of 3 resistant plants to 1
susceptible plant. We have proposed the symbol Pl for the single dominant
gene conditioning this resistance.

No genes for downy mildew resistance have been identified within
VNIIMK type varieties, nor in other cultivars of the world collection.
It is supposed, therefore, that the Pl gene, like the R gene, was derived
from the Renner-Texas Wild Annual sunflowers. We started to transfer
this gene into the male parent lines of the best single cross hybrids,
which would enable us to grow hybrid sunflowers immune to downy mildew.

Breeding for the main agronomic characters. At present, we have more
than 6000 inbred lines at our disposal, ranging from the first to the
tenth selfing generation. In higher generations, there are homozygous
inbred lines with a large variation of forms regarding stem height, length
of growth season, head diameter and inclination, size and weight of seeds,
husk percentage and oil content in the kermel. There are valuable inbred
lines with low husk percentage (17-20%) and high oil content (60-64%) as
well as dwarf and early lines, with large heads, resistant to drought.

Sunflower hybrid seed production. The use of the monogenic male
sterility with anthocyanic linkage is at present the most feasible way to
produce commercial hybrid seeds. There are no difficulties in organizing
the hybrid seed production system; the area of crossing fields being at
the most 1.5% of the whole area planned for sunflower production.

Great attention is being paid to the multiplication of parental
lines, which is done on experimental farms. The male sterile market lines
are grown under severe isolation (at least 3 km), seeding 2-3 seeds per
hill. When the plants have two pairs of leaves, only one plant per hill
is kept, by roguing anthocyanic plants from three-row bands alternating
with one row from which, in turm, all green plants are rogued. In this
manner, each three rows with green male sterile plants will be pollinated
by one row with anthocyanic male fertile plants. At the beginning of
flowering great care has to be taken in order to discard the green male
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fertile plants which can occur as a result of recombinations. In order
to maintain the male sterile line, only seeds from three-row bands with
green male sterile plants are used.

The male parent lines are grown under 2 km isolation.

The crossing fields also have to be isolated at least 1.5 km. The
ratio of the parental lines sown alternatively on these fields can be
4:2 or 6:2, depending on the pollen quantity the male parent produces and
on the head size of the two parental lines. From this point of view it
is desirable that the head diameter and flowering period of the male parent
should be greater than that of the female parent. Flowering coincidence
should be perfect or the male could even be 1-2 days earlier.

The female parent should be sown with a double or triple quantity of
seed or with 2-3 seeds per hill. After emergence, all red-anthocyanic
plants are rogued. A second roguing may be required later but before
flowering, roguing all male fertile red or green plants that can occur on
the female rows as well as the outcrossed plants from the male parent.

Ten single hybrids have been tested in comparative trials for three
(1967-1969), three of them HS552, H553 and H 555 giving the best
results. They exceeded the standard variety by 24-29% for seed yield and
30-347% for oil yield per hectare, having an oil content in dry seeds of
50.5-52.5%. Apart from their productivity, sunflower hybrids have a high
uniformity of height, head size and flowering and maturing period, which
is very desirable for mechanized harvesting (11).

Sunflower hybrids will be available very soon for production purposes,
contributing to the increase of the economic value of this important oil
crop.
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