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Abstract 
 
The virulence of the downy mildew pathogen increased during the last period and new virulent races of this fungus 
appear. Thus it is essential to know data about the presence and distribution of the pathotypes. In Europe, an 
increasing number of the pathotypes,  have been identified. 
In Romania we identified eight races of the pathogen. They are not present in all areas cultivated with sunflower, in 
some areas being present only five races, in other six or seven. 
Using the sources of resistance to Plasmopoara halstedii pathogen, for the most virulent races present now in Europe 
we have introduced genes of resistance in the best lines from our germplasm collection. 
The testing of some sunflower hybrids with different degree of resistance to downy mildew has showed that there is 
difference in the pathogen attack degree, depending on the climatic conditions in the years and locations. 
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INTRODUCTION  
 
The sunflower downy mildew, caused by 
Plasmopara halstedii (Farl.) Berl. and de Toni 
is one of the most devastating diseases for this 
crop, over the world.  However, this pathogen 
could be controlled by the resistant hybrids or 
treatments with different fungicides. There are 
some factors that make difficult this disease 
control: pathogen variability (Gulya et al., 1998) 
and pathogen resistance or tolerance to 
fungicides, as metalaxyl - mefenoxam (Albourie 
et al., 1998; Molinero-Ruiz et al., 2000). 
The virulence of the downy mildew pathogen 
increased lately and new virulence races of this 
fungus appear. Thus it is essential to know data 
about the presence and distribution of the 
pathotypes. In Europe, an increasing number of 
the pathotypes, each with a distinct virulence 
structure, have been identified. In Romania, 
five pathotypes of the pathogen have been 
identified, before 2006 year (Pacureanu et al., 

2006), in the last years, being identified other 
two. Since fungal diversity of this kind has 
consequences in both disease epidemiology and 
breeding for resistance, there is a need to 
identify the virulence of the local fungal 
populations and to monitor the changes over 
the time. Currently, there are at least 36 
pathotypes of Plasmopara halstedii  worldwide 
(Gulya, 2007) but number is increasing rapidly 
(Viranyi and Spring, 2011; Türkmen and 
Çalışkan, 2016), considering the fact that in 
most sunflower producing countries, just 12 
well distinguished virulence pathotypes exist. 
Planting downy mildew-resistant hybrids is 
very important to manage downy mildew. 
However, due to the development of new races, 
resistance may not be a sufficient management 
in all fields (Virányi et. all, 2015).  
Crop rotation has a minimal effect on downy 
mildew management. Overwintering oospores 
could survive in the soil up to 10 years, 
rendering crop rotation practices inefficient for 
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downy mildew (Friskop, 2009). Downy mildew 
races in our growing region are assessed by the 
resistance screening program conducted by 
NARDI Fundulea and some seed companies. 
This paper presents the data about the 
Plasmopara halstedii pathogen virulence in 
Romania and the management of its control by 
genetic resistance.  
 
MATERIALS AND METHODS  
 
In order to study the pathogen races infecting 
Romania fields, the international sunflower 
differential set has been used. Several 
sunflower lines with good agronomic traits, 
which have been introduced into conversion 
process for resistance to downy mildew, have 
been used. The behaviour of some sunflower 
hybrids have been studied in natural infection 
conditions, during four years, in two locations. 
Infected sunflower plants from different fields 
placed in all important areas of sunflower 
cultivation, in Romania, have been collected 
and used for artificial infections. Pathogen 
inocula were directly recovered either from 
infected leaves, by brushing the fungal 

structures, either from infected leaves pre-
incubated in humid chambers at 18 to 20°C in 
the dark for 24 to 48 h.  
Thirty to forty pregerminated seeds of each 
differential line (three replicates per 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, in order to enhance pathogen 
sporulation and evaluate its susceptibility 
(sporulation on cotyledons and/or first true 
leaves) or resistance (absence of sporulation or 
weak sporulation only on cotyledons) reactions.  
 
RESULTS AND DISSCUTION 
 
For the identification of thepathogenic races, eight 
isolates coming from eight areas cultivated with 
sunflower in Romania have been used.  The results 
presented in table 1 are showing that all isolates 
have attacked the differentials carrying the Pl1 and 
Pl5 genes. The differential carrying the gene Pl2 
was not attacked by isolates coming from 
Constanta, Iasi and Tulcea areas. The differentials 
PM 13 and PM 17 were attacked by isolates coming 
from Fundulea, Craiova and Timis.  

 
Table 1. Results from the sunflower differentials set testing for resistance  

to Plasmopara halstedii pathogenraces, Fundulea, 2016  

 
Differentials 

Isolates 
Braila Slobozia Fundulea Craiova Constanta Iasi Tulcea Timis 

Infection degree (%) 
HA 265 (Pl1) 56.0 47.4 45.7 57.9 36.6 49.7 38.3 59.4 
AD 66 (Pl1) 51.3 44.1 52.7 24.4 33.9 41.4 32.2 42.7 
DM2 (Pl5) 49.0 35.4 33.7 31.8 35.4 48.7 36.4 47.3 

RHA-274 (Pl2)   33.6   24.8   11.3   2.9   0.0   0.0   0.0   31.5 
PM 13 (Pl?)   0.0   0.0   4.0   7.9   0.0   0.0   0.0   6.0 
PM 17 (Pl?)   0.0   0.0   1.9   2.0   0.0   1.3   0.0   2.0 
803-1 (Pl?)   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0 

RHA 419 (Pl?)   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0 
RHA 340 (Pl8)   0.0   0.0   0.0   0.0   0.0   0.0   0.0   3.5 
HA-335 (Pl6)   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0 

HA 304 74.7 58.4 51.7 64.3 38.9 43.8 42.4 65.7 
 
 
The Plasmopara halstedii pathotypes, from 
different areas of sunflower crop in Romania 
are presented in table 2. In case of Fundulea, 
Craiova and Timis  isolates, 8 pathogen races 
are present.  
In case of Constanta and Tulcea isolates, there 
were present only 5 races, missing the 310, 330 
and 314 races.  
In case of Iasi isolates, there were present 6 
races of the pathogen, however 310 and 330 

races were missing.  In case of Braila and 
Slobozia isolates there were present 7 races of 
Plasmopara halstedii. 
Using different sources of resistance to the 
attack of Plasmopara halstedii, specially 
carrying the gene Pl6, we have introduced 
resistance to this pathogen, in some of our best 
sunflower inbred lines.  
The results are presented in table 3.  

 
Table 2. The patotypes of the pathogen Plasmopara halstedii, identified in the sunflower crop, in Romania 

Pathotypes 

                  Races 
 
Location 

100 300 714 703 310 330 710 314 

Braila X X X X X X X  
Slobozia X X X X X X X  
Fundulea X X X X X X X X 
Craiova X X X X X X X X 
Constanta X X X X   X  
Iasi X X X X   X X 
Tulcea X X X X   X  
Timis X X X X X X X X 

 
Table 3. Results of the improvement for resistance to downy mildew, for some sunflower genotypes 

CMS lines resistant to Plasmopara halstedii 
Source of resistance Number of resistant lines 

HA 335 21 
AS - 110  12 

Populations 78 
Restorer lines resistant to Plasmopara halstedii 

Source of resistance Number of resistant lines 
CRF- 821 27 
RHA 340 9 

Populations 109 
 
Testing some experimental sunflower hybrids, 
regarding the resistance to Plasmopara halstedii, in 
two locations and four years, showed that the attack 
degree is depending on the climatic conditions of 
the years and locations, as it is presented in figures 
1 and 2. 

In the years 2015 and 2016, when the air 
temperatures were low and it was enough rain in the 
beginning of sunflower development, there have 
been good conditions for the pathogen 
development. This it could to be seen in the values 
of the infection degree with this pathogen.  
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Figure 1. The behaviour of some sunflower hybrids, regarding the resistance  

to the attack of Plasmopara halstedii pathogen (Fundulea location) 
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Figure 1. The behaviour of some sunflower hybrids, regarding the resistance  

to the attack of Plasmopara halstedii pathogen (Fundulea location) 
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Abstract 
 
Cruciferous vegetables are known as food with chemopreventive effect due to their high content in bioactive 
compounds, such as mineral nutrients, including selenium, antioxidants, vitamins and glucosinolates, which were 
shown to inhibit cancer cell growth, both in vitro and in vivo testing. The aim of this study was to evaluate the effect of 
a new selenium-based composition, applied on experimental field conditions to cauliflower plants (Brassica oleracea 
L.), on their chemopreventive compounds level and antitumoral activity. Treated plants, cultivated both in normal 
watered and water stress conditions, were compared for total selenium and sulforaphane contents, determined by 
electrothermal atomic absorption spectrometry (ETAAS) and high performance liquid chromatography (HPLC), 
respectively. In vitro cytotoxicity of cauliflower extracts was evaluated in NCTC fibroblast cell line, while their 
antitumoral activity was tested in Caco-2 human adenocarcinoma cell line using MTT colorimetric assay. The results 
indicated that the applied biofortification treatments increased the selenium intake, allowed formation of bioactive 
glucosinolates and enhanced the antitumoral activity of cauliflower plants cultivated in both normal watering and 
water stressed conditions. In conclusion, this new biotechnological approach on cauliflower cultivation, using a 
treatment with a novel selenium-based composition, could be considered promising step for obtaining functional food 
from cauliflower crops. 
 
Key words: antiproliferative activity, cauliflower, glucosinolate, selenium, sulforaphane. 
 
INTRODUCTION 
 
Selenium (Se) is an important element for 
human and animal nutrition because it plays 
critical roles in a variety of physiological 
processes (Rayman, 2012). Statistical studies 
on human subjects have revealed constant 
correlations between the physiological 
response, determined by the expression of 
major selenoproteins and seleno-
chemopreventive compounds, and the risk of 
mortality from chronic diseases, including 
cancers (Bleys et al., 2008; Rocourt and Cheng, 
2013). The dietary intake of Se on a specific 
area is determined by the mean value of Se in 

soil. Worldwide such value is 383 ± 255 µg/kg, 
when not affected by deficits or excesses 
(Kabata-Pendias and Pendias, 2001). 
In Romania, Se level in soil stands at the deficit 
limit. Various pathologies caused by Se 
deficiency were reported for animals from 
different regions of the country (Serdaru et al., 
2003; Lăcătușu et al., 2012). Compared to the 
international known mean value, the Se content 
is reduced with 30% - 63% in different regions 
of Romania (Lăcătușu et al., 2010; Lăcătușu et 
al., 2012). A low level of Se in soil reduces Se 
dietary intake and indicates the need of 
supplementation, to achieve the optimal level 
of Se, beneficial for reducing the risk of 
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Figure 2. The behaviour of some sunflower hybrids, regarding the resistance to the attack  

of Plasmopara halstedii pathogen (Braila  location) 
 
Regarding the hybrids, HS 2445 hybrid was the 
most resistant, in all years and in both locations. In 
Braila area the attack degree of the pathogen was 
higher in all years, comparing with Fundulea 
location. Braila area gave more suitable conditions 
for the development of Plasmopara halstedii.  
 
CONCLUSIONS  
 
The downy mildew has become very dangerous for 
sunflower crop in almost all areas cultivated with 
sunflower over the world. 
It is of a great importance to identify the races of 
the pathogen in the important areas cultivated with 
sunflower as well as to identify the sources of 
resistance.In the sunflower crop in Romania there 
have been identified eight races of this pathogen. In 
some areas are present only five races. 
Using the sources of resistance to the new races of 
this pathogen it has been transferred genes for 
resistance in the best sunflower inbred lines from 
our institute germplasm collection. 
The attack degree of the pathogen which produces 
downy mildew in sunflower is high influenced by 
the climatic conditions in the years and in different 
locations. 
 
REFERENCES 

 
  Albourie J.M., Tourvieille J.,and Tourvielle de Labrouhe 

D., 1998. Resistance to metalaxill in isolates of the 
sunflower pathogen Plasmopara halstedii. European 
Journal of Plant Pathology. 104. pp. 235-242.  

  Friskop A., Marker S., Gulya T., 2009. Downy mildew 
of sunflower. New York State Agricultural 
Experiment Station. 

Gulya T. J., 2007. Distribution of Plasmopara halstedii 
races from sunflower around the world. In 
Proccedings of the 2nd Int. Downy Mildew 
Symposium. Palcky University in Olomouc, Czech 
Republic, Vol.3, pp. 121-134. 

Gulya T. J., Tourvieille de Labrouhe D., Masirevic S., 
Penaud A., Rashid K. and Virany F., 1998. Proposal 
for standardizied nomenclature and identification of 
races Plasmopara halstedii (sunflower downy 
mildew). ISA Symposium II. Sunflower Downy 
Mildew, Fargo (USA), 13-14 January. pp. 130-136. 

Molinero-Ruiz L., Dominguez J. and Melero-Vara J.M., 
2000. Evaluation of Spanish isolates of Plasmopara 
halstedi for tolerance to metalaxyl. Helia . 
Vol.23.pp.33-38.  

Pacureanu J.M., 2006. Evolution of the pathogen-host 
plant relationship, into Plasmopara halstedii 
(helianthi)- Helianthus annuus L. system, in 
Romania. SUNBIO Conference, Gengenbach, 
Germany, September 2006. Abstracts. pp.7. 

Türkmen A.K., Çalışkan S., 2016. Recent molecular 
studies on downy mildew disease. Procceding book 
of  19th International Sunflower Conference, Edirne, 
Turkey, 2016. pp. 371-378. 

Viranyi F. and Spring O., 2011. Advances in sunflower 
downy mildew research. European Journal of Plant 
Pathology. 129 (2). pp. 207-220. 

Virányi F., Gulya T.J., Tourvieille de Labrouhe D.,  
2015. Recent changes in the pathogenic variablility 
of Plasmopara halstedii (sunflower downy mildew) 
populations from different continents. Helia. 38(63) 
pp. 149-162. 




