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Abstract

Sunflower broomrape (Orobanche cumana Wallr.) is causing a great deal of damage to sunflower production in many
countries in Europe as well as in countries from Asia and in Australia.

Extensive research on sunflower resistance to broomrape has been conducted in Russia, Romania, Bulgaria, Turkey,
Serbia and Spain. New races of the parasite appear frequently. Sunflower breeders have been trying to develop
sunflower genotypes resistant to all known races of this parasite.

In our research work regarding resistance to broomrape we have used different sources of resistance, the best ones
being the sunflower wild species.

For obtaining results presented in this paper there have been used six cultivated sunflower genotypes which were
crossed with two sunflower wild species, in order to obtain some populations. These populations are used for obtaining
sunflower inbred lines which can to be used as sources of resistance (donor of genes) or directly to obtain hybrids.
There have been studied the interspecific hybrids as well as the parental forms, for the number of released seeds, for oil
content, one thousand seed weight and resistance to different populations of broomrape parasite, in the artificial and
natural infestation conditions.

We identified some populations full resistant to the most virulent races of broomrape in sunflower crop in Romania.
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INTRODUCTION VNIIMK institute in Krasnodar, Russia that

thereafter played an important role in the
Broomrape (Orobanche cumana Wallr.) is a spread of sunflower around the world. Later on,
parasitic angiosperm that has been causing a a new race that could not be controlled by the
great deal of damage to sunflower production genes for resistance to races A and B was
for more than a century. According to Morozov discovered in Moldova by Sharova (1968) and
(1947), the first reports of broomrape in in Bulgaria by Petrov (1970). Through genetic
sunflower came from Saratov Oblast in Russia research, Vranceanu et al. (1980) established
and date back to the 1890s. The same author that five broomrape races (A, B, C, D, E) were
mentions that the first sunflower varieties detected in Romania and the dominant genes
resistant to race A of Orobanche were controlling resistance to them were identified.
developed by Plachek (1918) at the Saratov Race F was detected for the first time in
breeding station. Morozov (1947) and Romania in 1995 (Pacureanu — Joita et al.,
Pustovoit (1966) both note that Zdanov (1926) 1998). Alonso et al. (1996) found the race (F)
identified a new broomrape race (B) in Rostov of the pathogen in 1996 in Spain. Papers by
Oblast and soon after the discovery developed Alonso et al. (1996), Skori¢ and Jocié¢ (2005),
a number of sunflower varieties resistant to it. Fernandez-Martinez et al. (2007), Imerovski L.
In the period that followed, according to et al. (2015), each provide a detailed overview
Pustovoit (1966), a number of high-oil varieties of the achievements of sunflower breeding for
resistant to race B were developed at the resistance to Orobanche.
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Extensive research on broomrape resistance has
been conducted in countries of the former
USSR as well as in Romania, Bulgaria, Turkey,
and Spain. In all these countries, broomrape
causes great damage to sunflower production
and new races of the pathogen appear
frequently. In addition to Russia, Ukraine,
Romania, Bulgaria , Turkey, and Spain,
broomrape is also present in Serbia, Hungary,
Moldova, Greece, Israel, Iran, Kazakhstan,
China, Mongolia, and Australia (Antonova T.,
2014, Batchvarova R., 2014, Pacureanu-Joita
M., 2014, Pototskyi G., 2014, Molinero-Ruiz
L.et al, 2015) and possibly in a few other
countries as well. Sunflower breeders and
geneticists have been trying to develop
genotypes resistant to all known races of the
parasite.

The objective of this paper was to identify new
sources of sunflower resistance to Orobanche,
useful in further breeding approaches.

MATERIALS AND METHODS

Six cultivated sunflower inbred lines
belonging to NARDI Fundulea, Romania (LC
1029B, LC 991B, LC 1093B, LC1085C, LC
1095C, LC 1088C) and two sunflower wild
species (Helianthus tuberosus, Helianthus
maximiliani) have been introduced in crossing
for obtaining interspecific hybrids, in order to
create sunflower populations which will be
used for releasing inbred lines with high
resistance to broomrape (Orobanche cumana).
These hybrids as well as the parental forms
(cultivated and wild) have been studied for oil
content, using the nuclear magnetic resonance
(NMR) analyzer, one thousand seeds weight
and resistance to the parasite broomrape.

There have been analyzed the number of
sunflower heads and number of seeds/head, for
each crossing.

The crossing between cultivated and wild
sunflower was made by emasculation in
cultivated inbred lines and making pollination
with wild species pollen, as well as making
emasculation in wild forms and pollination
with pollen of cultivated ones (Jan and Seiler,
2008; Christov, 2008; Hristova-Cherbadzi,
2009).
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For studying resistance to broomrape in
different cultivated areas in Romania, there
have been used some sunflower populations
obtained from interspecific hybrids (H. annuus
x H. tuberosus) after 5-6 generations of
selfpollination. These populations are different
regarding the level of resistance to broomrape,
taking into consideration the races of the
parasite which are present in each infested area.
So, the populations with symbol POR, as well
as some lines, having the symbol L, have been
identified to be resistant to the races G or H
and populations having the symbol PM and PT,
as well as the differentials for these races (D1
and D2) are resistant to races F or G.

The resistance to broomrape parasite was made
in natural and artificial infestation conditions.
The testing in the artificial infestation
conditions was made in glass house, in pots of
5 liters capacity, having inside a mixture of soil
and sand (3/1) as well as broomrape seeds,
races G and H, from Constanta and Braila areas
(1g/pot). In natural infestation, the testing was
made in four locations (Tulcea, Constanta,
Braila, Ialomita) situated in different areas with
different virulence of broomrape populations.

RESULTS AND DISCUSSIONS

Differences regarding the number of
seeds/head obtained after the crosses between
wild and cultivated sunflower were observed.
When cultivated sunflower was used as pollen
receptor, the number of seeds/head was higher,
comparing with the case of using the wild
sunflower as pollen receptor (Table 1). In this
case (the second one) the number of heads was
higher, taking into consideration that the wild
sunflower is high branched, and so, there are
many small heads.

The oil content determination for interspecific
hybrids, as well as for the parental forms has
shown the highest values for cultivated
sunflower (fig. 1). In case of wild sunflower
species, the highest level of oil content was
observed in H. maximiliani seeds. The
interspecific hybrids released by crossing
between H. annuus and H. tuberosus have
higher oil content, comparing with hybrids
between H. annuus and H. maximiliani.



Table 1. Results regarding the number of heads and seeds obtained by hybridization
of H. maximiliani or H. tuberosus with cultivated sunflower

Pollen
donator H tuber H imiliani LC1029] LC 991 |LC 1093 LC 1085 LC 1095 | LC 1088
Pollen . tuberosus . maximiliani B B B C C C
receptor
Hybridization: number of heads/number of seed
LC 1029 B 3/640 3/250
LC991 B 3/520 3/120
LC 1093 B 3/390 3/360
LC 1085 C 3/150 3/150
LC 1095 C 3/280 3/250
LC 1088 C 3/130 2/110
Helianthus 2515 | 2517 | 25/5 | 2514 | 25023 | 25/12
tuberosus
g
5
=
3
o]
Fig. 1. The oil content for interspecific hybrids and their parental forms
Another characteristic examined for the The main objective of this paper was the

interspecific hybrids, as well as wild parental
forms and cultivated sunflower forms was the
weight of one thousand seeds (fig. 2). The
highest seed weight was obtained from
cultivated parental forms, which have one
single head. The lowest weights have the wild
sunflower forms. There are some interspecific
hybrids which have high seeds weight, in both
cases (released with one or other wild species),
this depending by the wused cultivated
sunflower. Some hybrids released by crossing
between H. annuus and H. tuberosus have the
lowest thousand seed weight.
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selection of some interspecific hybrids of
sunflower for their resistance to broomrape. In
this respect, the hybrids were evaluated for the
resistance to two Orobanche populations (race
F and race G), in the artificial infestation
conditions (table 2).

There are combinations released with both wild
species which are resistant to both broomrape
populations. The best combinations, resistant to
both races are the ones obtained by crossing H.
tuberosus with LC1085C cultivated and H.
maximiliani ~ with ~ LC991B cultivated
sunflower.



1000 seed weight (g)

Fig. 2. One thousand seed weight for interspecific hybrids and their parental forms

Table 2. Results regarding testing of sunflower interspecific hybrids for resistance to broomrape

Race F Race G
Combination Variant (number of broomrapes/ (number of broomrapes/
sunflower plant) sunflower plant)
1 15 25
Check 2 21 30
3 17 28
L 1 0 0
C1029 Bx H. 2 3 >
tuberosus
3 5 7
1 2 16
LC1029 B x f1. 2 10 12
maximiliani
3 5 24
1 0 2
LCo91 Bx . ; : ;
maximiliani
3 0 0
1 2 5
LCI09SC x 1 : ; ;
maximiliani
3 10 4
H b 1 0 0
. tuberosus x
LC1085C 2 0 2
3 0 0

Comparing the results regarding the resistance
to broomrape of interspecific hybrids sunflower
populations obtained in two locations situated
in Tulcea and Constanta areas, differences
among the populations were observed (fig. 3).

It was shown that some populations are full
resistant in Tulcea area, while in Constanta area
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they presented a low attack degree. The
sunflower differential line (LC1093B) for the
race F of the parasite has a high infestation
degree, in both locations.

This it means that in these locations the parasite
has developed races more virulent than race F.
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Fig. 3. Results regarding the resistance of some sunflower populations obtained
from interspecific hybrids, to the broomrape parasite, in the natural infestation conditions,
in two areas in Romania (average of two years, 2014 and 2015).

Among the hybrid populations of sunflower,
best results were obtained with the interspecific
hybrid designated as H. tuberosus x LC 1085
C. For this reason, the behavior of this
sunflower population to the attack of
broomrape parasite was examined in ten
locations from five areas in Romania (Tulcea,
Calarasi, Braila, Constanta, and Alexandria), in

two years, 2014 and 2015 (fig.4). The results
are showing that in two locations from Braila
and Calarasi areas, the sunflower population

is full resistant in both years. In one location
from Tulcea area there is a small difference
regarding the resistance in two years, in other
locations having a higher difference with
higher infestation degree in 2015 year.
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Fig. 4. Results regarding the behavior of one sunflower population obtained from an interspecific hybrid
(H. tuberosus x LC1085C), to the attack of broomrape parasite, in ten locations from 5 areas in Romania

Moreover, the tests performed in Briila area
allowed the observation that some populations
of sunflower are full resistant to broomrape,
while others have a low infestation degree
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(fig.5). In this area, the new races of the
parasite started to be present in the last years.

Similar experiments were realized in Ialomita
County (2014-2015) the number of full
Orobanche resistant sunflower populations



observed in this area was higher comparing
with other areas (Braila, Tulcea, Constanta)
(fig.6). This it means that, in this area, the
broomrape parasite did not develop the new
virulent races.
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Fig. 5. Results regarding the behavior of sunflower
populations obtained from interspecific hybrids, to the
attack of broomrape parasite, in Braila area.
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Fig. 6. Results regarding the behavior of sunflower
populations obtained from interspecific hybrids to the
broomrape parasite, in Ialomita area.

CONCLUSIONS

The broomrape parasite has become very
dangerous for sunflower crop in almost all
areas cultivated with sunflower in Europe as
well as in Romania.

It is of a great importance to identify sources of
resistance to the new races of broomrape. For
this, the sunflower wild species are very
important, they being the best source of genes
for resistance.

The experiments allowed the selection of
several sunflower populations obtained by
crossing sunflower wild species with cultivated
genotypes that have good resistance to the
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broomrape races which are spread in the most
important areas cultivated with sunflower in
Romania.

These hybrids presented also high oil contents
and increased seeds weight being promising for
further experiments.
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