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ABSTRACT 

 

Selenium is a trace element which in small amounts is necessary for human and 

animal nutrition. In the organism it helps a number of antioxidant enzymes to function 

normally. In many parts of the world, including the Central European region, its content in 

agricultural products is very low. Attempts are therefore made to increase its content and 

cover human requirements with biologically valuable products by incorporating selenium into 

the system of plant nutrition. In a vegetation trial established in 2010 and 2011 we explored 

the effect of foliar applications of Se (IV) on achenes yields and on content of selenium in the 

seeds and the uptake of selenium by the sunflower stand. Solutions of sodium selenite at 0.16 

and 0.5 g Se.he-1 were applied at rates 50 and 150 g Se.ha-1 at the beginning of elongation 

growth (stage R-1). Sunflower achenes yields were significantly influenced by the weather in 

the experimental years. In 2011 sunflower production was by 29.4% lower than in 2010. Se 

fortification in dose 50 g Se.ha-1 increased sunflower achenes yield by 3.1%. The higher dose 

of selenium (150 g Se.ha-1) reduced yields by 6.8% compared with the no-fertilized treatment. 

Due to the effect of foliar Se nutrition the content of selenium in sunflower achenes increased 

highly significantly from 123 µg.kg-1 to 6,004 µg.kg-1 of achenes. The weight of 1000 

achenes, oil content and content of palmitic, palmitoleic, oleic, linoleic acids were not 

significantly affected by selenium application. Fortification of Se increased stearic acid 

content from 3.16% to 3.47%.  
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INTRODUCTION 

 

Selenium is classified in the group of microelements which in plants appears in the 

form of a number of allotropic modifications in a similar way as sulphur (Terry, 2000). For 

human body and animals selenium is essential element playing important metabolic roles. Its 

deficiency damages the enzyme systems which protect the cells from oxidation stress and in 

humans it strengthens the defence system of the organism (Broome et al., 2002, Arthur, 

2003). 

In many countries of Europe, Asia and part of Africa the intake of selenium from food 

doesn´t reach recommended daily intake (Finley, 2007); the deficiency of selenium in Europe 

is commonly known (Kvíčala, 2003). Therefore efforts are made to increase its content and to 

cover human demands with biologically valuable products and to incorporate selenium into 

the system of plant nutrition (Germ et al., 2007, Ožbolt et al., 2008). Recommended daily 

intake of selenium for adult men and women is 55 μg per day (FNB, 2000). It is administered 

in the form of inorganic compounds and is more difficultly utilisable than biologically bound 

selenium in plants. 

Fortification of crops with selenium can be one of the ways enabling to increase the 

content of selenium in human and animal food chain. One of the possible ways of fortification 

with selenium is its application especially focused on particular crop in order to produce for 

market of extraordinary product with higher added value. Although there are a great many 

literary sources dealing with foliar applications of Se to various plant species, such as oat 

(Koutník and Dočekalová, 1994), potatoes (Turakainen et al., 2004, Cuderman et al., 

2008), rice (Fang et al., 2008, Liu and Gu, 2009), soybean (Yang et al., 2003, Martinez et 

al., 2009), leguminous and grasses (Hu et al., 2010, Hambuckers et al., 2008), poppy 

(Škarpa and Richter, 2011) or various vegetable species (Carvalho et al., 2003, Smrkolj et 

al., 2005, Slejkovec and Goessler, 2005, Kapolna et al., 2009, Rios et al., 2010), relatively 

little is known about the effect of selenium application on the growth and development of 

sunflower intended as a foodstuff. 
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MATERIAL AND METHODS 

 

In 2010 and 2011 in small-plot field experiments we monitored the effect of foliar 

applications of Se(IV) on yields and quality of sunflower achenes. In both year experiment 

was established in the Vranovice locality (48°57'26 "N, 16°36'18"E).  

The content of nutrients in the soil analysed prior to the establishment of the experiment 

(Table 1) was at a satisfactory to very high level. The soil reaction (pH/CaCl2) was slightly 

acid (2010, 2011). 

 

Table 1 Agrochemical characteristics of the soil  

Year pH/CaCl2 Content of nutrients in mg.kg-1 DM soil  
Nanorg. P K Ca Mg Swater-sol. 

2010 6.7 8.6 63 111 2321 164 12.3 
2011 6.8 12.6 78 206 2864 262 16.9 
 

In both of the years of the experiment we used the hybrid Orasole (early hybrid with 

high achene yields and high oil content and higher proportion of oleic acid in the oil – “high 

oleic”, resistant to European strains of sunflower downy mildew). Prior to sowing the plot 

was fertilized to a rate of 100 kg N.ha-1 (this rate included the content of Nmin determined 

before sowing). On sowing the inter-row distance was 75 cm, the seeds in the row were 

spaced 20 cm apart to a depth of 4 - 6 cm. After sowing the plot was compacted and pre-

emergence application of herbicides followed. 

After emergence of the plants a small-plot experiment was established. Se fortification 

was done in the form of foliar nutrition in developmental stage R-1 - terminal bud forms a 

miniature floral head rather than a cluster of leaves in combinations and doses given in Table 

2. Selenium was applied in the solutions of sodium selenite. Each treatment was repeated 4 

times. 

 

Table 2 Scheme of the experiment 

Var. 
no. 

Treatments of 
fertilization 

Dose of Se 
(g.ha-1) 

Se solution 
concentration 

(g Se.l-1)  

Source of 
Se(IV) 

Stage of 
application* 

1 Control 0 0 - - 
2 Se1 50 0.16 Na2SeO3 R-1 
3 Se2 150 0.50 Na2SeO3 R-1 

* Stages of sunflower development (Schneiter and Miller, 1981) 
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The content of dry matter and the levels of nutrients (N, P, K, Ca, Mg and Se) were 

determined in plant mass in developmental stages R-1 and R-2 - immature bud elongates 0.5 

to 2.0 cm above the nearest leaf attached to the stem. The samples of plant mass were dried at 

a temperature of 60°C, then crushed in a grinder, and homogenized. The resultant crushed 

plant mass was mineralized using a mixture of H2SO4 and H2O2 (Zbíral, 2005). The amount 

of N in the mineralized sample was determined using the Kjeldahl method. The content of P 

in the extract was determined colorimetrically using an ATI Unicam 8625 UV/VIS 

spectrophotometer. The levels of K, Ca, Mg and Se were determined in the mineralized 

sample using Atomic Absorption Spectrophotometry (AAS) with the Analytic Jena ContrAA 

700 instrument. 

Sunflower was harvested when it reached physiological ripeness. Yield of achenes, oil 

content, oil production and levels of fatty acids (palmitic, stearic, oleic and linoleic) in the 

achenes were evaluated after harvest. Oil content was determined using the Soxhlet method 

based on the extraction of sunflower achenes in a continuous flow extractor. The levels of 

fatty acids (FA) were determined as methyl esters using Gas Chromatography (Hougen and 

Bodo, 1973).  

The Statistica 9 programme was used for the determination of the overall statistical 

characteristics. Arithmetic means ± SEM were calculated when evaluating the results. To 

elaborate the significance of differences among the arithmetic means of each characteristic we 

used the mono-factor and two-factor analysis of variance followed by testing at a 95% (P < 

0.05), 99% (P < 0.01) and 99.9% (P < 0.001) level of significance using Fischer’s LSD test. 

 

RESULTS AND DISCUSSION 

 

Results of inorganic analyses in stage R-1 (Table 3) showed that sunflower had a 

sufficient supply of all macro biogenic nutrients – the optimal contents of nutrients range 

between: N 3.0–5.0%, P 0.3–0.5%, K 3.0–4.5%, Ca 0.8–2.0% and Mg 0.3–0.8% (CETIOM 

2010). 

The content of selenium was 1.47 mg.kg-1 in dry mater of leafs and 0.73 mg.kg-1 in dry 

mater of stems. 
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Table 3 Dry weight (g.plant-1) and plant nutrients concentration (% DM; mg.kg-1 DM) in the 

R-1 stage of sunflower development 

variants of 
fertilization 

part of 
plant 

dry weight  
of plant  

(g.plant-1) 

content of nutrients 
% DM mg.kg-1 DM 

N P K Ca Mg Se 

Control 
leafs 21.96±0.04 3.36±0.12 0.38±0.00 4.09±0.30 1.26±0.23 0.60±0.10 1.47 ±0.04 
stems 14.17±0.84 1.49±0.00 0.26±0.02 4.31±0.20 0.69±0.19 0.56±0.13 0.73 ±0.03 

Values show mean of experiments ± SEM (standard error of the mean). 

 

Selenium foliar application in stage R-1 increased Se content in the plant biomass at R-2 

stage of sunflower development (Table 4). Graded doses of selenium significant increased     

(P < 0.05) its concentration in leaves and stems. Content of selenium in tissue (leafs) was 

increased more than sevenfold on treatment with application 150 g Se.ha-1. Foliar application 

of selenium increased its concentration in tissue of Papaver somniferum (Škarpa and 

Richter, 2011), Avena sativa (Koutník and Dočekalová, 1994), Solanum tuberosum 

(Turakainen et al. 2004) and various vegetable species (Carvalho et al. 2003). Foliar 

nutrition also significantly (P < 0.05) affected selenium content in the stem; its contents were 

increased more than two times (treatment with 150 g Se.ha-1). 

Selenium application increased the uptake of macro biogenic nutrients (especially N), as 

can be seen in analyses of plants taken in stage R-2 (Table 4). Foliar nutrition also increased 

the dry matter weight of leaves (by average 31.5%) and stems (by average 21.9%). 

A combination of the above facts (increase nutrient contents and dry matter productions) 

increased the uptake of nutrients by the stand (plant) as shows Table 5. 

 

Table 4 Dry weight (g.plant-1) and plant nutrients concentration (% DM; mg.kg-1 DM) in the 

R-2 stage of sunflower development 

variants of 
fertilization 

part of 
plant 

dry weight  
of plant  

(g.plant-1) 

content of nutrients 
% DM mg.kg-1 DM 

N P K Ca Mg Se 
Control 

leafs 
23.57±1.31 2.81±0.18 0.38±0.01 3.26±0.65 1.71±0.53 0.73±0.11 1.84a ±0.05 

Se1 32.30±2.67 3.07±0.03 0.40±0.02 3.35±0.38 1.55±0.47 0.57±0.02 3.49b ±0.13 
Se2 29.68±0.48 3.17±0.04 0.41±0.02 3.33±0.33 1.28±0.30 0.61±0.06 13.20c ±0.24 

Control 
stems 

26.94±2.33 0.73±0.09 0.23±0.02 3.64±0.66 0.66±0.10 0.52±0.05 1.00a ±0.02 
Se1 32.79±4.63 1.07±0.05 0.24±0.01 4.19±0.16 0.60±0.08 0.55±0.08 1.95b ±0.04 
Se2 32.87±4.18 1.07±0.03 0.26±0.00 4.23±0.24 0.62±0.15 0.48±0.02 2.55c ±0.04 

Values show mean of experiments ± SEM (standard error of the mean). Means followed by the different letters 

are significantly different (mg Se.kg-1 DM - P < 0.05).  
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Table 5 Plant nutrient uptake (mg.plant-1) in the R-2 stage of sunflower development 

variants of 
fertilization 

part of 
plant 

Nutrient uptake (mg.plant-1) 
N P K Ca Mg Se 

Control 
leafs 

662.3 89.6 768.4 403.0 172.1 0.043 
Se1 991.6 129.2 1082.1 500.7 184.1 0.113 
Se2 940.9 121.7 988.3 379.9 181.0 0.392 

Control 
stems 

196.7 62.0 980.6 177.8 140.1 0.027 
Se1 350.9 78.7 1373.9 196.7 180.3 0.064 
Se2 351.7 85.5 1390.4 203.8 157.8 0.084 

Values show mean of experiments 

 

The year affected sunflower yields statistically significantly. Table 6 shows the average 

values of achene production and we see significant (P < 0.01) drop in yield in 2011 caused by 

different weather conditions. The yield drop was 29.4%. The year also affected oil content, 

but not significantly. Oil production was significantly dictated (P < 0.001) by achene yields  

(r = 0.9743). 

 

Table 6 Effect of years on achenes yield (t.ha-1), oil content (%) and oil production (t.ha-1) 

Year Yield of achenes (t.ha-1) Oil content (%) Oil production (t.ha-1) 

2010 2.059b ± 0.036 45.38a ± 0.27 0.935b ± 0.020 
2011 1.454a ± 0.057 44.17a ± 1.03 0.644a ± 0.034 

Values show mean of experiments ± SEM (standard error of the mean). Means followed by the different letters 

are significantly different (Yield of achenes - P < 0.05; Oil content - P < 0.05; Oil production - P < 0.05).  

 

Applications of 50 g Se.ha-1 had a positive effect on achene production (Table 7). 

Achenes yield was increased by 3.1%, but not significantly (P < 0.05). In contrast, a higher 

dose of selenium (150 g Se.ha-1) reduced the achenes yield by 6.8% compared to the 

unfertilized variant. In literary sources is the information about the effect of Se on growth and 

production of oil plants contradictory. In their experiment Banuelos et al. (1997) discovered 

that the yields of rape were lower due to the high supply of Se in the soil (40 mg.kg-1 of soil). 

Likewise Ruiz et al. (2007) reported inhibited growth of sunflowers after the application of 

selenium which appeared as reduced yield of achenes. In contrast Dadnia et al. (2008) 

reported that soil and foliar applications of selenium had a positive effect on sunflower  

achene yields. 
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Foliar application of selenium decreased the oil content, but not statistically significant 

(P < 0.05). These decreases were 0.82% in treatment with application of 50 g Se.ha-1 and 

1.62% in variant with 150 g Se.ha-1 (Table 7).  

 Due to higher yields was a higher oil production in treatment with 50 g of selenium 

application on hectare (Table 7). 

 

Table 7 Effect of different leaf fertilization on achenes yield (t.ha-1), oil content (%) and oil 

production (t.ha-1) 

Variants of fertilization Yield of achenes (t.ha-1) Oil content (%) Oil production (t.ha-1) 

Control 1.779ab ± 0.069 45.59a ± 1.08 0.811a ± 0.046 
Se1 1.834b ± 0.103 44.77a ± 0.45 0.824a ± 0.068 
Se2 1.658a ± 0.111 43.97a ± 1.13 0.732a ± 0.073 

Values show mean of experiments ± SEM (standard error of the mean). Means followed by the different letters 

are significantly different (Yield of achenes - P < 0.05; Oil content - P < 0.05; Oil production - P < 0.05).  

 

Due to selenium foliar application in stage R-1 increased content of selenium in 

sunflower achenes statistically significantly (P<0.01), i.e. from 123 µg.kg-1 to 6,005 µg.kg-1 of 

achenes. A number of literary sources report (Gupta and MacLeod, 1999, Grant et al., 

2007, Dadnia et al., 2008, Lyons et al., 2009, Dadnia et al., 2009) a multiple growth in the 

selenium content in achenes and seeds of various plants as a result of its soil or foliar 

application. In our experiment the uptake of selenium per unit of area increased more than 

forty five fold due to foliar fertilisation (Table 8). 

 

Table 8 Average content of Se in sunflower achenes (µg.kg-1) 

Variants of fertilization Se content (µg.kg-1) Se uptake (mg.ha-1) 

Control 123a ±17.3 218.8 
Se1 1,616a ±80.3 2,963.7 
Se2 6,005a ±123.0 9,956.3 

Values show mean of experiments ± SEM (standard error of the mean). Means followed by the different letters 

are significantly different (Se content - P < 0.05). 

 

In terms of quantitative parameters of sunflower we evaluated the representation of fatty 

acids in the oil; their composition is given in Table 9. Among the most important fatty acids 

we rank oleic acid (in sunflower of the “high oleic” type the proportion of oleic acid should be 

at least 82%). The results of analysis showed that the content of oleic acid ranged between 
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83.01 and 84.02% and foliar nutrition did not have a significant (P < 0.05) effect on its 

amount. Selenium application increased significantly (P < 0.05) only the content of stearic 

acid which ranged between 8.8% rel. 

 

Table 9 The content of fatty acid in sunflower oil 

Variants of fertilization C 16:0 C 18:0 C 18:1 C 18:2 

Control 3.21a ±0.15 3.19a ±0.11 84.02a ±1.99 9.49a ±1.95 
Se1 3.14a ±0.14 3.47b ±0.05 83.79a ±1.81 9.49a ±1.63 
Se2 3.12a ±0.07 3.47ab ±0.06 83.01a ±1.32 10.30a ±1.26 

Palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2). Means followed by the different letters are 

significantly different (P < 0.05). Values show mean of experiments ± SEM (standard error of the mean). 

 

CONCLUSION 

 

Fortifications of 50 g Se.ha-1 in developmental stage R-1 had a positive effect on 

achene production compared to the unfertilized variant. On the other hand, a higher dose of 

selenium (150 g Se.ha-1) reduced the achenes yield by 6.8%. Foliar application of Se 

decreased the oil content. Selenium foliar application increased content of selenium in 

sunflower achenes statistically significantly (P < 0.01), i.e. from 123 µg.kg-1 up to 6,005 

µg.kg-1 of achenes (150 g Se.ha-1). Foliar fortification of selenium did not have a significant 

effect on content of oleic acid in achenes. 

 

Acknowledgments: This work was supported by the project National Agency for Agriculture 

Research Ministry of Agriculture Czech Republic No. QF3173. 

 

REFERENCES 

 

ARTHUR, J. R. 2003. Selenium supplementation: does soil supplement help and why? In 

Proceedings of the Nutrition Society, vol. 62, 2003, p. 393-397. 

BANUELOS, G. S. – AJWA, H. A. – MACKEY, M. – WU, L. – COOK, C. – AKOHOUE, 

S. – ZAMBRUZUSKI, S. 1997. Evaluation of different plant species used for 

phytoremediation of high soil selenium. In Journal of Environmental Quality, vol. 26, 1997, 

no. 3, p. 639-646.  



JMBFS  / Škarpa 2013 : 2 (Special issue 1) 1569-1579 

 
 

  1577  
  

BROOME, C. S. – MCARDLES, F. – KYK, J. A. M. – ANDREWS, F. – HART, C. A. – 

ARTHUR, J. R. – JACKSON, M. J. 2002. Functional effect of selenium supplementation in 

healthy UK adults. In Free Radical Biology and Medicine, vol. 33, 2002, no. 1, p. 261-261. 

CARVALHO, K. M. – GALLARDO-WILLIAMS, M. T. – BENSON, R. F. – MARTIN, D. 

F. 2003. Effects of selenium supplementation of four agricultural crops. In Journal of 

agricultural and food chemistry, vol. 51, 2003, no. 3, p. 704-709. 

CETIOM 2010. Centre Technique Interprofessionnel des Oléagineux Métropolitains 

Available online at: http://www.cetiom.fr/index.php?id=12744. 

CUDERMAN, P. – KREFT, I. – GERM, M. – KOVACEVIC, M. – STIBILJ, V. 2008. 

Selenium species in selenium-enriched and drought-exposed potatoes. In Journal of 

Agricultural and Food Chemistry, vol. 56, 2008, no. 19, p. 9114-9120. 

DADNIA, M. R. – HABIB, D. – NOURMOHAMMAD, G. – ARDAKANI, M. R. 2008. 

Antioxidative response of sunflower (Helianthus annuus L.) varieties under water deficit and 

selenium foliar application. In Crop Research, vol. 35, 2008, no. 3, p. 195-200. 

DADNIA, M. R. – LACK, S. H. – BARFIPOOR, K. – KHOSRAVANI, H. – MODHEJ, A. 

2009. Effects of selenium concentration on wheat (Triticum aestivum L.). In Crop Research, 

vol. 37, 2009, no. 1-3, p. 1-5. 

FANG, Y. – WANG, L. – XIN, Z. – ZHAO, L. Y. – AN, X. X. – HU, Q. H. 2008. Effect of 

foliar application of zinc, selenium, and iron fertilizers on nutrients concentration and yield of 

rice grain in China. In Journal of Agricultural and Food Chemistry, vol. 56, 2008, no. 6, p. 

2079-2084. 

FINLEY, J. W. 2007. Increased intakes of selenium-enriched foods may benefit human 

health. In Journal of the science of food and agricultures, vol. 87, 2007, no. 9, p. 1620-1629. 

FNB 2000. Food and Nutrition Board, Institute of Medicine (U. S.). Dietary reference intakes 

for vitamin C, vitamin E, selenium and carotenoids. National academies press, Washington, 

D.C., 506 p. ISBN-10: 0-309-06949-1. 

GERM, M. – STIBILJ, V. – OSVALD, J. – KREFT, I. 2007. Effect of selenium foliar 

application on chicory (Cichorium intybus L.). In Journal of Agricultural and Food 

Chemistry, vol. 55, 2007, p. 795-798. 

GRANT, C. A. - BUCKLEY, W. T. - WU, R. 2007. Effect of selenium fertilizer source and 

rate on grain yield and selenium and cadmium concentration of durum beat. In Canadian 

Journal of Plant Science, vol. 87, 2007, no. 4, p. 703-708.  



JMBFS  / Škarpa 2013 : 2 (Special issue 1) 1569-1579 

 
 

  1578  
  

GUPTA, U. C. - MACLEOD, J. A. 1999. Relationship between soybean seed selenium and 

harvested grain selenium. In Canadian Journal of Soil Science, vol. 79, 1999, no. 1, p. 221-

223. 

HAMBUCKERS, A. – DOTREPPE, O. – HORNICK, J. L. – ISTASSE, L. – DUFRASNE, I. 

2008. Soil-applied selenium effects on tissue selenium concentrations in cultivated and 

adventitious grassland and pasture plant species. In Communications in Soil Science and Plant 

Analysis, vol. 39, 2008, no. 5-6, p. 800-811.  

HOUGEN, F.W. – BODO, V. 1973. Extraction and Methanolysis of Oil from Whole or 

Crushed Rapeseed for Fatty-Acid Analysis. In Journal of the American Oil Chemists Society, 

vol. 50, 1973, no. 7, p. 230-234. 

HU, H. F. – HU, C. X. – JIE, X. L. – LIU, S. L. – GUO, X. – HUA, D. L. – MA, C. A. – LU, 

J. W. – LIU, H. G. 2010. Effects of selenium on herbage yield, selenium nutrition and quality 

of alfalfa. In Journal of Food Agriculture and Environment, vol. 8, 2010, no. 2, p. 792-795. 

KAPOLNA, E. – HILLESTROM, P. R. – LAURSEN, K. H. – HUSTED, S. – LARSEN, E. 

H. 2009. Effect of foliar application of selenium on its uptake and speciation in carrot. In 

Food Chemistry, vol. 115, 2009, no. 4, p. 1357-1363.  

KOUTNÍK, V. – DOČEKALOVÁ, H. 1994. Selenium distribution in oat plants sown during 

ontogenesis. In Rostlinná výroba, vol. 40, 1994, no. 2, p. 163-172. 

KVÍČALA, J. 2003. Zvýšení příjmu mikronutrientu selenu-utopie, fikce, prozřetelnost či 

nutnost?-I. část. In. Interní medicína pro praxi, vol. 6, 2003, p. 295-300. 

LIU, K. L. – GU, Z. X. 2009. Selenium Accumulation in Different Brown Rice Cultivars and 

Its Distribution in Fractions. In Journal of Agricultural and Food Chemistry, vol. 57, 2009, 

no. 2, p. 695-700.  

LYONS, G. H. – GENC, Y. – SOOLE, K. – STANGOULIS, J. C. R. – LIU, F. – GRAHAM, 

R. D. 2009. Selenium increases seed production in Brassica. In Plant and Soil, vol. 318, 

2009, no. 1-2, p. 73-80.  

MARTINEZ, R. A. S. – DE REZENDE, P. M. – DE ALVARENGA, A. A. – DE 

ANDRADE, M. J. B. – DOS PASSOS, A. M. A. 2009. Doses and forms of selenium 

application on the culture of soybean. In Ciencia e Agrotechnologia, vol. 33, 2009, no. 3, p. 

698-704. 

OŽBOLT, L. – KREFT, S. – KREFT, I. – GERM, M. – STIBILJ, V. 2008 Distribution of 

selenium and phenolics in buckwheat plants grown from seeds soaked in Se solution and 

under different levels of UV-B radiation, In Food Chemistry, vol. 110, 2008, p. 691-696. 



JMBFS  / Škarpa 2013 : 2 (Special issue 1) 1569-1579 

 
 

  1579  
  

RIOS, J. J. – BLASCO, B. – CERVILLA, L. M. – RUBIO-WILHELMI, M. M. – ROSALES, 

M. A. – SANCHEZ-RODRIGUEZ, E. – ROMERO, L. – RUIZ, J. M. 2010. Nitrogen-Use 

Efficiency in Relation to Different Forms and Application Rates of Se in Lettuce Plants. In 

Journal of Plant Growth Regulation, vol. 29, 2010, no. 2, p. 164-170. 

RUIZ, J. M. – RIVERO, R. M. – ROMERO, L. 2007. Comparative effect of Al, Se, and Mo 

toxicity on NO3
- assimilation in sunflower (Helianthus annuus L.) plants. In Journal of 

Environmental Management, vol. 83, 2007, no. 2, p. 207-212. 

SCHNEITER, A. A. – MILLER, J. F. 1981. Description of sunflower growth–stages. In. 

Crop Science, vol. 21, 1981, no. 6, p. 901–903. 

SLEJKOVEC, M. – GOESSLER, W. 2005. Accumulation of selenium in natural plants and 

selenium supplemented vegetable and selenium speciation by HPLC–ICPMS. In Chemical 

Speciation and Bioavailability, vol. 17, 2005, p. 63-73.  

SMRKOLJ, P. – STIBILJ, V. – KREFT I. – KÁPOLNA, E. 2005. Selenium species 

determination in selenium-enriched pumpkin (Cucurbita pepo L.) seeds by HPLC-UV-HG-

AFS. In Analytical Sciences, vol. 21, 2005, p. 1-5. 

ŠKARPA, P. – RICHTER, R. 2011. Foliar Nutrition of Poppy Plants (Papaver Somniferum 

L.) with Selenium and the Effect on its Content in Seeds. In Journal of Elementology, vol. 16, 

2011, no. 1, p. 85-92. 

TERRY, N. – ZAYED, A. M. – DESOUZA, M. P. – TARUN, A. S. 2000. Selenium in higher 

plants, In Annual Review of Plant Physiology and Plant Molecular Biology, vol. 51, 2000, p. 

401-432. 

TURAKAINEN, M. – HARTKAINEN, H. – SEPPÄNEN, M. M. 2004. Effect of selenium 

treatments on potato (Solanum tuberosum) growth and concentration of soluble sugars and 

starch. In Journal of agricultural and food chemistry, vol. 52, 2004, no. 17, p. 5378-5382. 

YANG, F. – CHEN, L. – HU, Q. – PAN, G. 2003. Effect of the application of selenium on 

selenium content of soybean and its products, In Biological Trace Element Research, vol. 93, 

2003, p. 249-256. 

ZBÍRAL, J. 2005. Analýza rostlinného materiálu. Jednotné pracovní postupy, UKZUZ, Brno, 

22005, ISBN 80-86548-73-2. 

 


