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ABSTRACT 
Genetic resources in sunflower, which could to be used as base of creating new inbred lines or as donor 

sources for genes controlling different characteristics in the inbred lines breeding, are made up of old or new 
varieties, hybrids and inbred lines, induced mutations, synthetic populations, as well as sunflower wild species. 
For improving sunflower resistance to the main diseases all these genetic resources can be used. In the 
sunflower breeding program of the National Agricultural Research & Development Institute (NARDI) 
Fundulea, Romania, we have used especially varieties, hybrids, inbred lines and sunflower wild species.         
The varieties and inbred lines were used for creating synthetic populations, which formed the base of obtaining 
new inbred lines resistant to Plasmopara halstedii (genes for resistance to different races of this pathogen). 
Sunflower wild species have been used for crossing with cultivated sunflower, obtaining interspecific hybrids, 
which allowed creating different donor sources of genes for resistance to Plasmopara halstedii, as well as to 
Sclerotinia sclerotiorum. We obtained some populations which are still in the breeding process for creating 
inbred lines with high resistance to Phoma macdonaldii and Phomopsis helianthi pathogens. We improved the 
resistance of some lines with good agronomic traits, to different diseases. The new inbred lines obtained by 
using different genetic resources were studied as general and specific combining ability for the seed yield and 
for oil content. Most of them were significantly superior as general combining ability for the seed yield or for oil 
content, or for both of them.  
 
Keywords: sunflower, genetic resources, diseases, resistance, combining ability. 

 
INTRODUCTION 

 
unflower crop has an important place in 
the word agriculture, due to many 

advantages, as the capacity to produce high 
seed yield and good oil content. Sunflower 
oil has a very good quality, with high percent 
of the unsaturated acids and capacity to 
maintain stability and long time conservation. 

Diseases are limiting factors in the 
production of sunflower on all continents 
where it is grown. Different diseases are 
dominant in different growing regions, 
depending on the prevailing environmental 
conditions. To diminish the effect of diseases 

on the sunflower seed yield, crop rotation and 
the farmers’ attitude in this field are of a 
great importance. The climate changes have 
an important role in influencing the 
sunflower yield and production, including the 
diseases development. More than 30 
pathogens that attack sunflower and cause 
economic loss in production have been 
identified so far. 

For obtaining good commercial sunflower 
hybrids, the breeding work must be 
accelerated. In the breeding work, the genetic 
variability in sunflower germplasm is very 
important. The original variability of the 
cultivated sunflower is very narrow and 

S 
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deficient in genes applicable in selection for 
improvement of different agronomic traits. 

There have been changes in the racial 
composition of a number of pathogens.  
There are several reasons for this, one of the 
most important being the introduction of  
hybrids in commercial production, more 
homogenous with respect to the previous 
period, when genetically heterogeneous  
open-pollinating varieties were grown. 

Downy mildew (produced by Plasmopara 
halstedii) occurs in all regions around the 
world in which sunflower is grown as a 
major oil crop. Currently, there are at least  
36 pathotypes of Plasmopara halstedii 
worldwide, but the number is increasing 
rapidly. In Romania, five pathotypes of the 
pathogen, were identified, before 2006, and 
in the last years other three were identified. 

There is a rich germplasm possessing 
genes for resistance to the attack of this 
pathogen, transferred from wild sunflower 
species. 

White rot (produced by Sclerotinia 
sclerotiorum) is a major problem in countries 
with a humid climate or in years with a wet 
summer. The fungus itself is polyphagous, 
attacking over 360 plant species, this making 
the selection for resistance difficult. Many of 
published papers about Sclerotinia sclerotiorum 
deal with the effect of the environmental 
factors on the occurrence of this pathogen in 
sunflower. 

Stem canker (Phomopsis/Diaporthe 
helianthi) was first registered in Voivodina – 
Serbia and in Romania in 1980, when it 
caused large economic damage to sunflower 
production. Soon afterwards, it was 
registered in most sunflower growing 
countries in Europe. In the past three 
decades, Phomopsis helianthi become a most 
destructive disease on the global scale. 
Different methods for sunflower genotypes 
evaluation for resistance to Phomopsis have 
been experimented. 

Sunflower breeders have achieved results 
in finding genes for resistance or high 
tolerance to certain diseases, in different 
sources: open-pollinating varieties, inbred 
lines, hybrids, as well as the wild sunflower 
species. 

Our paper presents the results obtained in 
identifying some sources of genes for 
resistance to the main pathogens which attack 
sunflower crop, as well as in selection of 
resistant inbred lines. 

  
MATERIAL AND METHODS 

 
Several sunflower wild species have been 

tested for resistance to the pathogens which 
reduce downy mildew, white rot and brown 
spot in the cultivated sunflower. 

The wild sunflower H. petiolaris and 
cultivated variety Start were used, for 
obtaining interspecific hybrids. The purpose 
was to transfer by crossing, genes for 
resistance to diseases (downy mildew and 
white rot) from the wild to the cultivated 
sunflower. 
Pathogen inoculum of Plasmopara halstedii 
were directly recovered from infected leaves 
by brushing the fungal structures, or after 
infected leaves were incubated in a humid 
chamber at 18 to 20°C in the dark for          
24 to 48 hours. Thirty to forty pre-germinated 
seeds for each differential line (three 
replications/line) were inoculated by the 
whole-seedling immersion technique. After 
12 days, plants were maintained at 20°C and 
100% relative humidity for 24 to 48 h to 
enhance pathogen sporulation and evaluate 
for susceptible (sporulation on cotyledons 
and/or first true leaves) or resistance (absence 
of sporulation or weak sporulation only on 
cotyledons) reactions.  

Screening germplasm for resistance to 
Sclerotinia sclerotiorum was made in the 
special nursery in field, containing naturally 
and artificially incorporated sclerotia in the 
soil. For Phomopsis helianthi a special field 
was used, where sunflower stem pieces with 
the pathogen pycnidia were incorporated. 

 
RESULTS AND DISCUSSION 

 
Some accessions of sunflower wild 

species from our collection in Fundulea were 
tested for resistance to the attack of 
Plasmopara halstedii, Sclerotinia sclerotiorum 
and Phomopsis helianthi. The results 
presented in Table 1 show that there are some 
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species having resistance to all the three 
pathogens (H. argophyllus), some species 
resistant to Plasmopara h. and Sclerotinia s. 
(H. petiolaris), some others resistant to    

only one pathogen – Plasmopara halstedii 
(H. eggertii and H. giganteus), some others 
being resistant to Sclerotinia head or stalk 
attack and/or to Phomopsis. 

 
Table 1. Results regarding the attack of the main sunflower diseases on some sunflower wild species 

 (Fundulea, 2010 year) 
 

No. Species 

Resistance to 
downy mildew 
(Plasmopara 

halstedii) 
(%) 

Resistance to 
Sclerotinia sclerotiorum 

Resistance to 
Phomopsis helianthi 

Stalk rot Head rot Stem 

% i % i % i 
1 H. argophyllus   0.0   0.7 R 12.7 S   0.8 R 
2 H. tuberosus 14.6 16.2 S  R   1.2 R 
3 H. divaricatus   0.0 11.6 S 15.4 S 11.9 S 
4 H. maximiliani  18.5   0.9 R 14.3 S   0.9 R 
5 H. hirsutus 21.0 18.0 S 18.6 S   1.2 R 
6 H. mollis 23.3 25.1 S 15.7 S   0.8 R 
7 H. salicifolius   0.0 22.4 S 15.2 S 17.4 S 
8 H. niveus 19.3   0.5 R 19.8 S 15.6 S 
9 H. neglectus 25.5   1.0 R 17.9 S 21.7 S 

10 H. debilis   0.0   0.8 R 23.5 S 29.4 S 
11 H. petiolaris   0.0   1.2 R 21.9 R 17.5 S 
12 H. praecox 29.2 19.8 S   0.9 R 13.6 S 
13 H. resinousus 31.3 19.1 S   0.7 R 22.4 S 
14 H. decapetalus   0.0 17.8 S   0.5 R 19.8 S 
15 H. nuttallii 30.8 18.6 S   0.8 R 31.6 S 
16 H. pauciflorus   0.0 20 S 12 R   0.7 R 
17 H. grosseserratus 24.6 15.9 S   0.9 R 14.6 S 
18 H. eggertii   0.0 30.4 S 28.6 S 20.3 S 
19 H. giganteus   0.0 27.3 S 19.4 S 12.9 S 
20 Check sensitive 56.4 36.3 S 29.5 S 35.2 S 

 
Crossing sunflower wild species with 

cultivated sunflower we obtained 
interspecific hybrids, which are used in 
selection of sunflower inbred lines with 
genes for resistance to the pathogens for 
which breeding work is done. 

Results regarding some important 
characteristics of the interspecific hybrids 
released by crossing the wild H. petiolaris 
with cultivated variety Start are presented in 
Tables 2, 3 and 4.  

The characteristics which are the most 
important in the breeding programs were 
measured, and results regarding some 

morphological characteristics, as well as    
the oil content and thousand kernel weight 
are presented. The data show that in most    
of cases, differences from the cultivated 
genotype are statistically important.              
A positive significance was determined      
for characteristics like number of      
branches, branches head diameter, length of 
branches. These characteristics are very 
important for the restorer inbred lines, in 
sunflower breeding work. Due to these data 
we can to say that the hybrid populations are 
closed to the cultivated sunflower parent. 
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Table 2. Characteristics of some interspecific hybrids obtained by crossing cultivated sunflower 
H. annuus (Start variety) with H. petiolaris (average 2011-2013) 

 

Genotype Plant height 
(cm) 

No. of  
leaves 

Leaf width 
(cm) 

Leaf length 
(cm) 

Petiole length 
(cm) 

1. Cultivated sunflower: 
Start 165.4 32.0 20.3 21.0 14.5 

2. Wild species:  
H. petiolaris 86.5 191.0 0.6 18.7 0 

3. Interspecific hybrids: 
HI 23 138.4** 28.0** 16.7*** 16.5*** 14.4*** 
HI 28 132.4** 22.0** 15.1*** 16.0*** 14.2*** 
HI 33 108.5** 20.0** 16.7***    15.9 10.2*** 
LSD: 0.05        12.7                           31.4     36.3      9.7      43.5 

                                                                                                        
 

Table 3. Characteristics of some interspecific hybrids obtained by crossing cultivated sunflower 
H. annuus (Start variety) with H. petiolaris (average 2011-2013) 

 

Genotype 

Distance   
between 

knots 
(cm) 

Stem  
diameter  

(mm) 

Head  
diameter  

(cm) 

Number of 
branches 

(n) 

Length of 
branches 

(cm) 

Number 
of flowers 

ranges 
(n) 

1. Cultivated sunflower: 
Start 6.2 28.2 23.5 0 0 53.0 

2. Wild species:  
H. petiolaris  14.9 12.3 1.4 12.0 12.8 15.0 

3. Interspecific hybrids: 
HI 23      5.8* 22.5*** 12.8** 24.0*** 28.6***    48.0* 
HI 28      5.5* 24.5*** 12.6** 23.5*** 21.5***    51.0* 
HI 33      4.7*** 22.0*** 15.0** n.a. n.a.    45.0** 
LSD: 0.05      5.9   11.2      29.6     36.7     43.9    16.3 

   
 

Table 4. Characteristics for some interspecific hybrids obtained by crossing cultivated sunflower H. annuus  
 (Start variety) with H. petiolaris (average 2011-2013) 

 

Genotype 
Lateral heads 

diameter 
(cm) 

Kernel  
wide  
(mm) 

Kernel  
length  
(mm) 

Kernel 
diameter 

(mm) 

Oil content   
(%) 

TKW 
(g) 

1. Cultivated sunflower: 
Start 0 5.9 11.2 4.1 48.0 78.3 

2. Wild specie: 
H. petiolaris 14 2.6 4.0 1,3 29,2 6.3 

3. Interspecific hybrids: 
HI 23 7.1*** 5.0*** 11.2 3.6* 45.2** 35.4*** 
HI 28 8.6***     5.3** 11.0 3.3* 45.0** 37.3*** 
HI 33      0 5.0***   9.1 3.7*   44.1*** 40.3*** 
LSD: 0.05    23.6     3.8                      11.5                        5.2                           3.1                     24.3 
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Recurrent phenotypic selection was 
implemented on these three hybrid 
populations, under infection with the two 
pathogens which produce downy mildew and 
white rot. Based on number of plants not 
infected, compared within the population and 
with the checks, the selection was used to 
identify the lines with highest resistance. 
Selected plants were planted in the 
greenhouse, in winter time, and a new 
generation was obtained. The resultants were 
planted next year in the field, under infection 
with the pathogen. Lines with highest level of 
resistance were included in creating the next 
cycle of selection. Three selection cycles 
have been completed so far.  

The obtained lines were crossed and the  

best hybrid combinations after studying 
combining ability for seed yield and oil 
content were identified. The parental inbred 
lines and their hybrids were tested for resistance 
to the pathogens Plasmopara halstedi and 
Sclerotinia sclerotiorum. In Table 5, the 
results regarding the resistance to the different 
inoculums of the pathogen Plasmopara 
halstedii are presented. They show that in case 
of inoculums from Brăila and Ialomiţa, all 
lines, except R 558, are fully resistant, in all 
other cases only the line B 112 being fully 
resistant. All the hybrids having as mother this 
line were fully resistant, taking into 
consideration that the inheritance of sunflower 
resistance to this pathogen is of vertical type 
(one dominant gene).  

 
Table 5. Screening of sunflower inbred lines and hybrids for resistance to downy mildew  

(artificial infection, Fundulea, 2016) 
 

Genotype 

Plasmopara halstedii inoculum/attack degree 

Brăila 
(%) 

Craiova 
(%) 

Ialomiţa 
(%) 

Constanţa 
(%) 

Fundulea 
(%) 

Tulcea 
(%) 

R 241 0.0 1.40 0.0 0.52 1.0 1.24 
R 334 0.0 1.56 0.0 1.60 2.70 1.31 
R 542 1.46 3.72 1.0 0.73 1.84 3.44 
R 558 0.60 1.36 0.40 1.64 2.30 2.52 
B 112 0.0 0.71 0.0 0.51 1.55 1.45 
B 184 0.0 1.94 0.0 1.72 1.34 2.70 
112 x 241 0.0 5.18 0.0 3.55 1.0 2.87 
112 x 334 0.0 2.69 0.0 0.89 1.37 1.43 
112 x 558 0.0 4.63 0.0 3.86 2.42 3.17 
184 x 241 0.0 3.25 0.0 3.63 1.22 4.25 
184 x 334 0.0 2.41 0.0 1.70 2.63 3.30 
184 x 542 0.0 2.36 0.0 2.89 3.23 1.40 
Check 69.34 67.32 73.31 54.56 61.61 65.74 

 
The results of screening for resistance to 

the pathogen Sclerotinia sclerotiorum (lines 
and hybrids) are presented in Tables 6 and 7. 
Taking into consideration that the inheritance 
of sunflower resistance to this pathogen is of 
horizontal type (minor genes) the genotypes 

were not fully resistant, but they had a high 
level of resistance (83-98 percent). The level 
of resistance was higher in the inbred lines 
comparing with hybrids. The hybrids had a 
lower level of resistance comparing with 
check.  
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Table 6. Screening of inbred lines for Sclerotinia tolerance, over two years and three locations  
(Brăila, Fundulea, Mircea Vodă) 

 

Inbred line 
2014 2015 

Mean Resistant  
(%) 

Resistant  
(%) 

R 241 95 93 94 
R 334 96 100 98 
R 542 83 83 83 
R 558 94 92 93 
B 112 98 96 97 
B 184 95 89 92 
Resistant check 86 78 82 
Mean   91 
LSD 0.05   15 

 
 

Table 7. The performance of sunflower hybrids grown in Sclerotinia nursery in Fundulea,  
during 2015-2016 

 

Hybrid 
2015 2016 

Mean Resistant  
(%) 

Resistant  
(%) 

CMS 112 x R241 93 89 91 
CMS 112 x R334 89 95 92 
CMS 112 x R558 88 78 83 
CMS 184 x R241 81 93 87 
CMS 184 x R334 80 88 84 
CMS 184 x R542 81 83 82 
Check resistant 98 95 93 
Mean   84 
LSD 0.05   13 

 
The results regarding some important 

characteristics of the obtained hybrids are 
presented in Table 8. They produced a seed 
yield higher, or close to the check, in 
conditions of infection with Sclerotinia 

sclerotiorum, in natural infection condition.  
The oil content was close to the check hybrid, 
but not higher. The same was true for 
thousand kernels weight, except for the 
hybrid CMS 184 x R 542. 

   
Table 8. Some characteristics of the sunflower hybrids, in trial planted in Brăila, in 2016 year 

 

Hybrid Yield 
(kg/ha) 

Oil content 
(%) 

Days to 
flowering 

Height 
(m) 

1000 kernel 
weight 

(g) 
CMS 112 x R241 3178 50.2 68 1.7 65 
CMS 112 x R334 3386 47.9 69 1.9 61 
CMS 112 x R558 2980 49.4 71 1.7 66 
CMS 184 x R241 3042 46.7 68 1.8 63 
CMS 184 x R334 2856 51.3 67 2.0 60 
CMS 184 x R542 2774 49.6 69 1.7 71 
Resistant check  2890 51.8 69 1.8 70 
Mean 3015 49.5 68.7 1.8 65 
LSD 0.05   216   3.2   3.0 1.0  2.4 
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CONCLUSIONS 
 

The sunflower wild species are very good 
genetic resources for several positive 
characteristics in the cultivated sunflower, 
including disease resistance. The interspecific 
hybrids obtained by crossing the wild with 
cultivated sunflower had important 
characteristics close to the cultivated 
sunflower. 

Inbred lines selected from these hybrid 
populations were identified with high level of 
resistance to the pathogen Sclerotinia 
sclerotiorum. Total immunity was not found. 

The obtained hybrids had the seed yield 
and oil content, close to the check having 
high resistance to this pathogen. 

Some inbred lines had good resistance to 
the pathogen Plasmopara halstedii, the 
hybrids obtained with one fully resistant 
parental line, being fully resistant. 
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