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Abstract 
In order to study the effect of different amounts of selenium on yield and yield components of two canola cultivars an experiment was conducted. The 
experimental design was a randomized complete blocks arranged in factorial with three replications. The first factor included canola cultivars 
(SLM046 and Okapi) and second factor consisted of three amounts of selenium (0, 3 and 6 kg.ha-1). Plant height, number of plants per square metre, 
number of branches, 1000 seed weight, silique length, silique number, seed number per silique and seed yield were evaluated in this study. The results 
showed that there was significant difference between canola cultivars in respect of 1000 seed weight, silique number per plant and seed number per 
silique. In addition, interaction between cultivar and selenium application indicated that response of  canola cultivar to  amount of selenium is variable 
when interactions were assessed on number of siliques per plant, number of seeds per silique and seed number per plant. These results suggest that 
canola cultivars were affected by different amounts of selenium. In general, selenium application increased silique number and seed number per silique. 
Finally, according to obtained results SLM046 was selected as superior cultivar. 
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Introduction 
One of the most important strategies for agricultural development 
in each country is  improvement of community health level and 
realization of this slogan that prevention is better than cure. Food 
enrichment in order to supply essential minerals for human body 
is one of the approaches to get to this purpose 1-4. Since selenium 
is an essential trace element for animals and humans 4-7 and it has 
similar characteristics to sulfur and tellurium so it is very important 
to pay attention to these elements in human diet and nutrition 8. 
Most cereal crops and fodder plant are relatively weakly able to absorb 
selenium, even when grown on soils with higher selenium content 9-11. 
Selenium is chemically similar to sulfur; this may cause a non-specific 
replacement of S by selenium in proteins and other sulfur 
compounds 12. There are indications that it can also play a positive 
biological role in higher plants 13. Selenium as trace element is 
essential in animals and plants. Selenium plays an important role 
in activity of enzymes, such as glutathione peroxidase 14. It has 
been reported that selenium improves plant growth and increases 
antioxidant capacity 15. Selenium may help prevent cancer by acting 
as an antioxidant or by enhancing immune activity. Plants are the 
base of food chain in nature so they can play a critical role in 
human nutrition and health. Therefore, study on mineral nutrients 
especially those being rare in human diet is memorable. Since 
bread is the most popular food in the world increase of selenium 
content in wheat could be an useful method to improve human 
diet. However, it is necessary to supply also other nutrients by 
different plant sources. On the other hand, plant oil consumption 
is usual among different cultures all over the world and oil 

enrichment could be another way to improve human nutrition. 
Canola is one of the most important oil crop offering high-quality 
protein (18-24%) and oil (25-55%). Its seeds are used to produce 
edible oil suitable for consumption by humans and livestock. The 
oil is also suitable for use as bio-diesel. Canola oil is low in saturated 
fat (less than 7%), is high in monounsaturated fat, and has a 
beneficial omega-3 fatty acid profile 16-19. Although wild rapeseed 
oil contains significant amounts of erucic acid and glucosinolate, 
the cultivar used to produce commercial, food-grade canola oil 
was bred to contain less than 2% erucic acid and less than 30 
µmol glucosinolate, levels that are not believed to cause harm in 
humans. Given the importance of oil and canola meal in animal 
and human nutrition, essential elements are required to be provided 
by canola. Current study was performed to evaluate effect of 
selenium on canola yield and yield components. 

Materials and Methods 
This study was conducted at the experimental field of East 
Azarbaijan Research Center for Agriculture and Natural Resources 
Azarbaijan, Iran, (37º 8’N latitude, 46º2’E longitude) on  two canola 
cultivars (Brassica napus L. cv. SLM046 and Okapi), in 2009 
growing season. Before the beginning of experiment, soil samples 
were taken in order to determine the physical and chemical 
properties. A composite soil sample was collected from depth of 
0-30 and 30-60 cm. It was air dried, crushed, and tested for physical 
and chemical properties. The research field had a clay loam soil. 
Details of soil properties are shown in Table 1. After plowing and 
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disking, plots were prepared. The experimental design was laid 
out in a Randomized Complete Block with a factorial arrangement 
of treatments in three replications. The treatments included canola 
cultivars at two levels, SLM046 and Okapi, and selenium 
application at three levels, 0, 3 and 6 kg ha-1. These treatments 
were applied on canola cultivars. According to soil analysis 
chemical fertilizers were distributed on the soil surface and 
incorporated with the soil in depth of 30 cm. The plots were 5 m 
long and consisted of six rows, 0.3 m apart. The canola seeds were 
disinfected and sown on early October. Irrigation was carried out 
similarly in all plots until flowering stage. Weeds were effectively 
controlled by hand. During  growing season, growth parameters, 
yield and yield components were measured. 

All data were analyzed by analysis of variance (ANOVA) using 
the GLM procedure in SAS. The assumptions of analysis of 
variance  were tested by insuring that the residuals were random, 
homogenous, with a normal distribution about a mean of zero. 
Duncan’s multiple range test was used to comparison of means at 
P<0.05 probability. 

 Results and Discussion 
Analysis of variance showed that there was significant difference 
between canola cultivars in seed number per silique, 1000 seed 
weight (p<0.01) and  silique number per plant (p<0.05) (Table 2). This 
result suggests that there is significant diversity between canola 
cultivars. Thus, the diversity can be used in the selection of 
appropriate varieties. Interaction between canola cultivars and 
different selenium application was significant on silique number, 
seed number per silique and seed number per plant. So it can be 
concluded that cultivar and selenium have interaction and did not 
act independently. Sappington 19 showed that there is significant 
difference between selenium application and control treatment. 
According to Fig. 1, silique number per plant increased due to 3 
and 6 kg ha-1 selenium compared with control treatment. In addition, 
increase of silique number in SLM046 cultivar was higher than in 
Okapi cultivar. 

Smrkolj et al. 20 reported that  optimum selenium application 
increased silique number per plant. According to Fig. 1, selenium 
uptake in Okapi is less than in SLM046. Although plants do not 
need selenium in metabolism they are able to accumulate suitable 
amount of selenium in their tissues. 

As can be seen in Fig. 2, there was no significant difference between 
canola cultivars in control treatment while when 3 and 6  kg ha-1 selenium 

was applied significant difference was observed. We found that 
SLM046 cultivar produced more seed than Okapi cultivar when it 
was treated by 3 or 6 kg ha-1 selenium. 

There were different responses to different amounts of selenium 
in seed number per plant in canola cultivars (Fig. 3). The lowest 
seed number was in Okapi cultivar under control treatment. On 
the other hand the highest seed number was related to SLM046 
cultivar treated by 6 kg ha-1 selenium. In general, both canola 
cultivars responded to selenium application and seed number was 
increased. Although Terry 21 showed that plant physiological 
response to selenium is variable. 

There was significant difference between canola cultivars in 
respect of 1000 seed weight so that 1000 seed weight in SLM046 
cultivar was higher than in Okapi (Fig. 4). Since 1000 seed weight 
is one of the most important yield components,  SLM046 cultivar 
was considered as high yield cultivar. Effect of selenium on 1000 
seed weight was not significant. It is obvious that 1000 seed weight 
is controlled by genetic potential and varies by environmental 
factor slowly. 

There was significant difference between canola cultivars in 

S.O.V df Plant 

number 

Plant 

height  

Branch 

number 

Silique 

length 

Silique 

number 

Seed number 

per silique 

Seed number 

per plant 

1000 seed 

weight  

Seed 

yield  

Block  2 ns ns ns ns ns ns ns ns ns 

Cultivar  1 ns ns ns ns * ** ns ** ns 

Selenium  2 ns ns ns ns ns ns ns ns ns 

Interaction  2 ns ns ns ns ** ** ** ns ns 

Error  10 31.22 111.58 6.33 1.03 311.52 1.51 41911.33 1.11 3555.00

C.V 15.12 9.73 5.37 4.26 8.91 6.33 7.36 6.69 16.68 

Table 2. Analysis of variance on yield and yield components of two canola cultivars treated by selenium. 

*, ** and ns significant at 0.05, 0.01 probability level and no significant, respectively. 
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Figure 1. Interaction between cultivar and selenium level on silique 
number per plant. 
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Figure 2. Interaction between cultivar and selenium level on seed number 
per silique. 

(kg ha-1) 

Depth 

cm 

EC 

dS/m 

pH Organic 

carbon (%) 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

0-30 2.22 7.1 0.22 20 24 56 

30-60 2.34 7.6 0.10 24 30 46 

Table 1. Soil properties of study site. 
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respect of silique number per plant so that silique number per 
plant in SLM046 cultivar was more than in Okapi (Fig. 5). Seed 
number per silique is controlled by plant genetic potential and 
effect of environmental conditions is very low 23-26. 

There was significant difference between canola cultivars in 
respect of seed number per silique so that seed number per silique 
in SLM046 cultivar was higher than in Okapi (Fig. 6). Increase of 
seed number per silique is related to final yield directly, in the 
other words seed number per silique plays an important role in 
determination of final yield. 

Conclusions 
According to obtained results it can be concluded that selenium 
application can increase canola seed yield by affecting yield 
components, specially silique number and seed number per silique. 
In addition, SLM046 cultivar showed positive response to selenium 
application. Generally application of 6 kg ha-1 and SLM046 cultivar 
are recommended for high seed production. 
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Figure 3. Interaction between cultivar and selenium level on seed number 
per plant. 
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Figure 4. Comparison between two canola cultivars in respect of 1000 
seed weight. 
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Figure 5. Comparison between two canola cultivars in respect of silique 
number. 



     606 Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012 

17Auld, D. L., Bettis, B. L., Crock, J. E. and Kephart, K. D. 2002. 
Planting date and temperature effects on germination, amergene and 
seed yield of chickpea. Agron. J. 80:909-914. 

18Chikoye, D., Weise, S. F. and Swanton, C. J. 2000. Influence of common 
ragweed (Ambrosia artemisifolia) time of  emergence and density on 
white bean (Phaseolus vulgaris).Weed Sci. 43:375-380. 

19Sappington, K. G. 2002. Development of aquatic life criteria for selenium: 
A regulatory perspective on critical issues and research needs. Aquatic 
Toxicol. 57:101-113. 

20Smrkolj, P., Osvald, M., Osvald, J. and Stibilj, V. 2006. Selenium uptake 
and species distribution in selenium-enriched bean (Phasolus vulgaris L.) 
seeds obtained by two different cultivations. Europ. Food Res. Technol. 
22:235-240. 

21Terry, N. 2000. Selenium in higher plants. Annual Review Plant Physiol. 
Plant Molecular Biol. 51:401-432. 

22Tapiero, H., Townsend, D. M. and  Tew, K. D. 2003. Dossier: Oxidative 
stress pathologies and antioxidants: The antioxidant role of selenium 
and seleno-compounds. Biomed. Pharmacoth. 57:134-144. 

23Nowak, J., Kaklewski, K. and Ligocki, M. 2004. Influence of selenium 
on oxidoreductive enzymes activity in soil and in plants. Soil Biol. 
Biochem. 36:1553-1558. 

24Germ, M., Kreft, I. and Osvald, J. 2005. Influence of UV-B exclusion 
and selenium treatment on photochemical efficiency of photosystem 
II, yield and respiratory potential in pumpkins (Cucurbita pepo L.). 
Plant Physiol.Biochem. 43:445-448. 

25Gladyshev, V. N., Jeang, K. T., Wootton, J. C. and Hatfield, D. L. 1998. 
A new human selenium-containing protein: Purification, 
characterization and cDNA sequence. J. Biol. Chem. 273:8910–8915. 

26Seppänen, M., Turakainen, M. and Hartikainen, H. 2003. Selenium 
effects on oxidative stress in potato. Plant Sci. 165:311–319. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


