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β-D-glucan is a soluble component of dietary fibre local- 
ised in the cell walls of cereal grains, especially oat and 
barley. This homopolysaccharide presents a wide spec-
trum of health-beneficial effects in human beings, and its 
higher concentration in oats makes it an essential com-
ponent for human nutrition. Genetic and environmental 
factors influence the content of β-D-glucan. Four oat 
varieties (two naked and two hulled) were grown in ex-
perimental fields at Vígľaš-Pstruša (Central Slovakia) in 
two consecutive years (2007 and 2008). The experiment 
included five fertilisation treatments with application of 
nitrogen (N) (as ammonium nitrate with dolomite) before 

sowing, and with selenium (Se) at the end of the tilling 
period (in the form of sodium selenate). A higher average 
content of β-D-glucan and test weight were observed in 
naked oats, Avenuda and Detvan, compared with hulled 
Vendelin and Zvolen. By contrast, higher yield and thou-
sand grains weight were detected in hulled oats. Fertil- 
isation with N + Se increased the content of β-D-glucan, 
but significantly only in hulled oat grains. The warmer 
and drier climate in the year 2007 did not influence the 
content of β-D-glucan in oats, but caused a significant 
increase in thousand grains weight and test weight in both 
oat varieties, as well as grain yield in naked oats.

Oats has long been recognised as a cere-
al of superior nutritive value as the nutrition-
al composition of the grain is very favourable 
for human health. Compared to other cereals, 
oats contains significantly higher amounts of 
essential amino and fatty acids, dietary fibre, 
and its soluble fraction, β-D-glucan, as well 
as other beneficial phytochemicals (tocoph- 
erols, avenanthramides and others). Oat also tol-
erates wet weather and acidic soil; it is relatively 
resistant to foliar diseases and requires less agro-

chemical and fertiliser inputs, and its demand as 
being essential in human nutrition is increasing.

β-D-glucan, a homopolysaccharide of glucose 
units linked by both β-(1–3) and β-(1–4) linkages, 
is localised in aleurone and subaleurone layers of 
the cell walls of the endosperm and its surround-
ing tissues in selected Poales, such as oat and 
barley grains. Generally, oat contains 3–5% of 
the polysaccharide; however, naked oats has been 
shown to contain a higher amount (Havrlentová 
et al. 2008).
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Deficiency of dietary fibre causes gastrointesti-
nal and cardiovascular diseases in human beings, 
and oat products with high β-D-glucan content have 
been used as one option for preventing such dis-
eases. The role of this polysaccharide in reducing 
cholesterol levels and postprandial glucose has been 
documented in many works (Tosh et al. 2008; Liatis 
et al. 2009, and others); however, some publications 
have not confirmed these effects. Scavenge-ability 
of free radicals and supporting during excessive 
physical and mental stresses, as well as during the 
treatment with antibiotics, chemotherapy and radio-
therapy, are other positive effects of cereal β-D-glu-
can. It is also an important activator of the immune 
system (Daou & Zhang 2012). In food technology, it 
is used as a substitute for fat and, therefore, applied 

in the production of low-fat products (Konuklar et 
al. 2004). Due to its low molecular weight, β-D-glu-
can is easily incorporated into products and im-
proves their sensory properties (Havrlentová et al. 
2011).

In cereals, the function of β-D-glucan is in the 
transport and regulation of water in the cell wall 
during germination and dehydration (Guillon et al. 
2004). This polysaccharide gets concentrated in ar-
eas where load-bearing stresses are predicted to oc-
cur, and its metabolism could be, to a great extent, 
responsible for the plant’s responses to the envi-
ronmental signals within a moderate, physiological 
range (Hoson 1998).

The variability of β-D-glucan content is con-
trolled by both, genetic and environmental factors, 

T  a  b  l  e   1

The meteorological characteristics of experimental place in the year 2007 and 2008

T  a  b  l  e   2

Fertilisation treatments

Specification April May June July
50 years average of temperature (1951–2000) [°C]   8.40 13.10   16.30   17.80
Average of temperature in 2007 [°C] 10.54 15.14   18.47   19.97
Average of temperature in 2008 [°C]   9.67 14.51   18.41   19.74
50 years average of precipitation (1954–2003) [mm] 46.70 63.90   85.20   75.60
Average of precipitation in 2007 [mm]   0.80 95.80 106.50   20.30
Average of precipitation in 2008 [mm] 36.30 64.20   59.40 117.50

* N and Se applied at the end of tilling (BBCH 29)

Tr
ea

tm
en

ts

Mineral 
compounds of 

fertiliser

Rates of applied fertilisation
Year 2007 Year 2008

N Se P K N Se P K
[kg/ha] [g/ha] [kg/ha] [kg/ha] [kg/ha] [g/ha] [kg/ha] [kg/ha]

1 PK 0 0 24 96 0 0 12 96
2 N1PK 47 0 24 96 54 0 12 96
3 N2PK 35 0 24 96 40 0 12 96
4 N1PK + Se 47   5* 24 96 54   5* 12 96
5 N2PK + Se 35   5* 24 96 40   5* 12 96
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as well as their interaction. A dominant effect 
of genotype has been confirmed (Peterson et al. 
1995); the heritability of β-D-glucan is controlled 
by the genetic systems of three to five effective 
factors and two to three dominant genes.

Nitrogen (N) fertiliser has been shown to in-
fluence the level of biochemical constituents in 
the oat grain, although the principal effect of ear-
ly application of N is to increase the crop yield. 
Higher N intake generally increases protein con-
tent (Michalík et al. 2007) and content of β-D-glu-
can in naked (Zhou et al. 2008) and common oats 
(Fan et al. 2009).

Selenium (Se) added to fertilisers is with the 
aim to increase the fertility of agricultural crops 
(agronomic biofortification) and for plant breeding 
(genetic biofortification). These two methods are 
supposed to be the most effective ways to increase 
Se intake in the population, whereby Se reaches 
different levels in the food chain (Hartikainen 
2005). Plants are able to transform Se into many 
various low-molecular substances with similar 
values as essential vitamins (Whanger 2002).

The objective of this study was to evaluate the 
effect of fertilisation with N and/or Se on the con-
tent of β-D-glucan, grain yield, thousand grains 
weight, and testing of weight in naked and hulled 
oat grains.

MATERIAL AND METHODS
 

The field experiment with oat varieties, and 
treatments with various fertilisers was conduct-
ed in 2007 and 2008 by split-plot design as fully 
randomised blocks in four replications (plot size  
10 m2, seeding rate of 5 million germinated grains 
per ha) at the Research and Breeding Station at 
Vígľaš-Pstruša (Slovak Republic, SR).

The experiment was carried out in a potato 
growing area (altitude 375 m) on pseudogley soil in 
central Slovakia which has a mean annual temper-
ature of 7.6°C and a mean annual precipitation of  
610 mm. The average temperature and precipi-
tation during the vegetation periods of 2007 and 
2008 (April–July) are shown in Table 1.

Two naked ‒ Avenuda (country of origin, Czech 
Republic, year of registration, 2001) and Detvan 

(SR, 2002) and two hulled ‒ Vendelin (SR, 2007) 
and Zvolen (SR, 1997) oat varieties were evaluat-
ed. Fertilisation treatment consisted of five courses 
with N and Se rates (Table 2). N, P and K were added 
according to the soil analysis for planned yield of  
4 t/ha (Kováčik 1997). Treatments 2 and 4 dis-
pensed with the same rate of N (N1) which was cal-
culated according to the spring content of Nan at a 
depth of 0.0–0.3 m, by 100% utilisation of N from 
the soil. In 2007, the rate of N (N1) applied prior to 
sowing was 47 kg/ha, and in 2008 it was 54 kg/ha. 
The rate of N (N2) in treatments 3 and 5 was calcu-
lated according to the amount of Nan at a depth of  
0.0–0.6 m by 50% utilisation of N from the soil, 
that was 35 kg/ha in 2007, and 40 kg/ha in 2008. 
Phosphorus (as hyperkorn 26% P2O5) and potas-
sium (as potassium salt 60% K20) were applied 
once, in the autumn. N was applied in the form 
of ammonium nitrate with dolomite (27% N) be-
fore seeding. Se (5 g/ha, in the form of sodium 
selenate) was added at the end of tilling (BBCH 
29) using foliar application.

During vegetation, the critical and essential 
parameters of the crop were evaluated, and during 
the ripening phase, grain yield (t/ha, calculated 
at 14% humidity), thousand grains weight (g), 
test weight (g), and β-D-glucan content (%) were 
determined from each plot. β-D-glucan was mea-
sured by the enzymatic method ‘Mixed-linkage 
beta-glucan assay procedure’ from Megazyme 
International Ireland (McCleary 2006) in two par-
allel samples. Milled oat grains sifted through a 
0.5 mm screen were suspended and hydrated in a 
sodium-phosphate buffer solution of pH 6.5, and 
then incubated with purified lichenase enzyme 
and filtered. An aliquot of the filtrate was then 
hydrolysed to completion with purified β-gluco-
sidase in a sodium-acetate buffer solution of pH 
5.0. The resultant D-glucose was assayed using 
a glucose oxidase/peroxidase reagent. The poly-
saccharide’s evaluations were calculated on a dry 
weight basis using Sartorius MA 45 (Sartorius 
AG, Göttingen/Germany).

Statistical analyses (analysis of variance, sim-
ple regression) were performed with the software 
package Statgraphics plus for Windows.
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RESULTS AND DISCUSSION

Analyses of variance showed that the oat type 
(hulled or naked) caused the greatest source of vari-
ability from the evaluated factors (57.6% portion in 
β-D-glucan, 77.3% in grain yield, 86.3% in thousand 
grains weight and 63.1% in test weight). Therefore, 
characteristics were analysed separately for hulled 
(Table 3) and naked (Table 4) oats.

Year of cultivation did not significantly affect the 
content of β-D-glucan in either of the evaluated va-

rieties of oats. In 2008, the content of β-D-glucan 
was higher than it was in 2007; in naked oats, the 
difference was 4.1%, and in hulled oats, it was 1.8% 
higher in 2008 than it was in 2007 (Table 5). Because 
of the higher precipitation in 2008 (by 54 mm), and 
lower average temperature (by 0.45oC) compared 
with 2007 (Table 1), this observation was unex-
pected. Higher precipitation and lower temperatures 
during the flowering period and grain formation pe-
riod in naked barley grains, caused negative effects 
on the content of β-D-glucan (Ehrenbergerová et 

T  a  b  l  e   3

Mean squares from analysis of variance of evaluated traits: hulled oats

T  a  b  l  e   4

Mean squares from analysis of variance of evaluated traits: naked oats

Source df ß-D-glucan Grain yield Thousand grains 
weight Test weight

A: year   1 0.085 0.026 308.112++ 25.425++

B: fertilisation   4    0.509++ 0.250  1.941 1.135
C: variety   1 0.093 10.552++ 12.013+ 12.800++

AB   4 0.277 0.182  3.691 0.167
AC   1   0.636+   9.705++   7.813+ 0.421
BC   4    0.614++ 0.128  2.716 0.718
ABC   4    0.626++ 0.200 4.141 2.201
Residual 60 0.112 0.107 1.942 0.997
Total 79

++P ≤ 0.01; +P ≤ 0.05; df – Degree of freedom 

++P ≤ 0.01; +P ≤ 0.05; df – Degree of freedom

Source df ß-D-glucan Grain yield Thousand grains 
weight Test weight

A: year   1 0.774 14.882++ 143.113++ 1298.060++

B: fertilisation   4 0.445   0.422++  1.394    1.070
C: variety   1 14.680++ 11.618++   94.613++     43.145++

AB   4 0.617 0.260  1.081    0.925
AC   1 0.088 0.069  0.013    0.007
BC   4 0.113 0.119  3.081    1.676
ABC   4 0.206 0.188  0.669    3.138
Residual 60 0.267 0.104  1.579    0.657
Total 79
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al. 2008). Also, Saastamoinen et al. (2004) evalu-
ated the effect of temperature and precipitation on 
the content of β-D-glucan in Finnish oat varieties, 
and detected that the average content of this poly-
saccharide during a cold and rainy year was signifi-
cantly lower compared to that obtained during a dry 
and hot year. Similar results were also observed by 
Ehrenbergerová et al. (2008) by evaluating spring 
waxy barley seeds for human consumption. Also, in 
malt barley, Zhang et al. (2001) recognised a signif-
icantly negative effect of higher precipitation during 
the growth and, on the other hand, positive effect of 
higher temperature (25–30°C) on β-D-glucan con-
tent.

Fertilisation significantly influenced the content 
of β-D-glucan in hulled oats (Table 3) and in naked 

oats, by variety (Table 4). The influence was higher 
in naked oats compared to the hulled type, by 39.9% 
(Table 5). Our results have been communicated to 
other authors (Havrlentová et al. 2008; Andersson 
& Börjesdolter 2011; and others). Higher nutritional 
quality in naked oats was also described by Michalík 
et al. (2007). In naked oats, significant differences 
were detected among oat varieties, where Avenuda 
yielded 0.86% higher β-D-glucan content compared 
with Detvan (Table 6). Significant effects of geno-
type and growing conditions were also confirmed in 
a European oats programme in which the β-D-glu-
can content was analysed in a representative set of 
165 oat genotypes (Redaelli et al. 2013). Many au-
thors indicate a wide genetic variability for β-D-glu-
can content in oat grain which can be used in creat-

T  a  b  l  e   5

Average values of oat traits according to years of growing

T  a  b  l  e   6

Average values of oat traits analyzed in two years and on five fertilization treatments according to varieties

LSD – Least significant difference; x ‒Arithmetic mean

LSD – Least significant difference
Different letters within the same column of each trait indicate significant differences at P ≤ 0.05

Year
ß-D-glucan  

[%]
Grain yield  

[t/ha]
Thousand grains weight 

[g]
Test weight  

[g]

Hulled Naked Hulled Naked Hulled Naked Hulled Naked
2007 3.35 4.63 6.72 4.78b 38.12b 25.92b 52.55b 69.37b

2008 3.41 4.82 6.75 3.92a 34.20a 23.25a 51.43a 61.32a

LSD0.05 – – –  0.144    0.623    0.562    0.446    0.362
x 3.38 4.73 6.74 4.35 36.16 24.59 51.99 65.35

Variety ß-D-glucan  
[%]

Grain yield 
[t/ha]

Thousand grains 
weight [g]

Test weight  
[g] 

Vendelin 3.34 7.10b 36.55b 51.59a

Zvolen 3.41 6.38a 35.78a 52.39b

LSD0.05 –  0.146   0.623   0.446
Avenuda 5.16b 4.73b 25.68b 64.61a

Detvan 4.30a 3.97a 23.50a 66.08b

LSD0.05  0.231  0.144    0.562 0.362
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ing new varieties containing the desired β-D-glucan 
content. Many breeders try to combine a high level 
of β-D-glucan with a high protein content and low 
lipid content in oat grain. On the other hand, by us-
ing oat grain as a feed grain, higher protein and lipid 
content and low β-D-glucan content are desirable.

In hulled oats, higher rates of N (treatments 2 
and 3) did not increase the β-D-glucan content com-
pared to the control treatment without the addition 
of N in the fertiliser (treatment 1) (Table 7). Our re-
sults are in accordance with Humphreys et al. (1994) 
who did not observe any effects of N on β-D-glucan 
content. May et al. (2004) stated that application of 
N together with delayed sowing caused changes in 
protein, lipid and β-D-glucan content in oat and bar-
ley. Delayed and earlier sowing resulted in higher 
β-D-glucan content, and delayed sowing reduced 
protein content. Earlier sowing also increased yield 
and thousand grains weight, what was detected by 
Zhao et al. (2008) by analysing Tibetan spring na-
ked barley.

In our work, application of Se at the same rate of 
N (treatment 2 versus treatment 4; treatment 3 ver-
sus treatment 5) increased the β-D-glucan content 
in hulled oat by 12.6% and 5.8%, respectively. The 
highest β-D-glucan content was observed with treat-
ment 4 which was characterised by higher rates of N 
(47 kg N/ha in 2007, and 54 kg N/ha in 2008 (Table 
2)), and also by addition of Se. By comparison with 
treatment 5, the increase of β-D-glucan content was 
5.20% in treatment 4. Similarly, Zhang et al. (2002) 

also observed that N fertiliser (135 kg/ha) signifi-
cantly influenced the β-D-glucan content. Fan et al. 
(2009) also detected higher β-D-glucan content, as 
well as yield, thousand grains weight and protein 
content in oat genotypes. The accumulation rate of 
β-D-glucan was greater at the early stage of grain 
development, and reached a maximum around 25 
days after anthesis (Fan et al. 2009). In naked oat, 
differences between β-D-glucan content after fer-
tiliser application were not significant, and were in 
the range from 4.66% (treatments 1 and 2) to 4.92% 
(treatment 4). The highest β-D-glucan content was 
found in both oat varieties in treatment 4.

Our results showed that N fertiliser with Se had 
a positive impact on higher β-D-glucan content in 
hulled oats. Zhou et al. (2008) found that enhanced 
intake of N plus phosphorus increased the content 
of β-D-glucan in naked oats, whereby, the highest 
β-D-glucan content was detected by N at the rate of 
135 kg/ha and P2O5 90 kg/ha per plot.

Se, best acceptable in the form of Na2Se04 (Eurola 
et al. 1990), is primarily transported into the chlo-
roplast. Se04

–2 then activates ATP-sulphurylase and 
forms the APSe by being reducing to selenite. This 
results in the production of amino acids, such as 
selenocysteine and selenomethionine. Selenium in-
creases the content of amino acids, particularly iso-
leucine (Duma & Karklina 2008). Selenomethionine 
can be methylated to dimethylselenid through evap-
oration in the plant. It is particularly difficult and 
not easy to determine the levels of Se in the plant, 

T  a  b  l  e   7

Average values of oat traits of two hulled and two naked oats analyzed in two growing years according  
to fertilisation treatments

Fertilisation 
treatment

ß-D-glucan  
[%]

Grain yield 
[t/ha] 

Thousand grains weight 
[g]

Test weight  
[g]

Hulled Naked Hulled Naked Hulled Naked Hulled Naked
1 3.27a 4.66 6.55 4.17a 36.59 24.75 52.40 65.62
2 3.25a 4.66 6.85 4.18ab 36.03 25.0 52.03 65.24
3 3.28a 4.53 6.73 4.41bc 36.47 24.31 52.02 65.63
4 3.66b 4.92 6.72 4.47c 35.81 24.56 51.75 65.12
5 3.47ab 4.89 6.85 4.52c 35.91 24.31 51.76 65.13

LSD0.05 0.236 – –  0.227 – – – –
LSD – Least significant difference
Different letters within the same column of each trait indicate significant differences at P ≤ 0.05
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and to determine whether Se is essential for plant 
microelements. However, there is evidence that a 
higher content of Se (depending on the concentra-
tion of sulphur) has a positive impact, not only on 
levels of amino acids, but also on plant growth and 
multiplication (Pennanen et al. 2002).

The effect of Se on the content of β-D-glucan 
has not been proven till now. It can only by assumed 
that due to a high positive correlation between pro-
tein and β-D-glucan in oat grain (Havrlentová et al. 
2008), increased protein content can also result in 
increased β-D-glucan content. Se can probably af-
fect the biosynthesis of β-D-glucan in a positive 
manner. According to our results, N fertiliser sup-
plemented with Se caused higher β-D-glucan levels 
in both, naked and hulled oat varieties, as shown 
earlier.

As expected, the mean grain yield in naked oats 
was lower by 35.5% compared with hulled oat 
grain. In hulled oats, the grain yield was influenced 
only by variety (Table 3), and Vendelin had a higher 
average grain yield (by 11.3%) compared to Zvolen 
(Table 6). On the other hand, the year, fertiliser and 
the variety of oats showed statistically significant 
effects on grain yield in naked oat (Table 4). Higher 
average grain yield was observed in 2007 with high-
er average temperature and lower precipitation dur-
ing the vegetation period (Table 1) compared to a 
50-year average and the year 2008. Between the two 
evaluated naked oat cultivars, the grain yield was 
higher in Avenuda (of 0.76 t/ha, Table 6). Compared 
with the control treatment (treatment 1), all fertiliser 
treatments increased grain yield; however, in treat-
ments 4 and 5 (combined rates of N, P, K and Se) 
the highest grain yield was achieved (Table 7). It is 
known that β-D-glucan and protein contents are neg-
atively correlated with starch and yield (Oscarsson 
et al. 1998). Similarly, also in our research, a nega-
tive correlation between grain yield and the content 
of β-D-glucan (r = –0.790) was detected.

In both oat groups, thousand grains weight and 
test weight were influenced by year of cultivation 
and variety of oats (Tables 3 and 4). Thousand 
grains weight was higher in hulled oats (Table 
5), and in the hulled cultivar, Vendelin (Table 6). 
Higher thousand grains weight was detected in both 
oat types in the year 2007 (Table 5). On the contrary, 
test weight was higher in naked oats, and the differ-

ence between naked and hulled oats was 13.36 g, 
with statistically higher average in 2007 (Table 5). 
Zvolen and Detvan displayed statistically higher test 
weights compared with other analysed oat varieties 
(Table 6). Positive relationship between β-D-glucan 
and the final weight of grain was observed by Savin 
& Molina-Cano (2001). Similar results were also 
detected in our study, where a positive correlation 
between the content of β-D-glucan and test weight 
(r = 0.878*) was observed. A possible explanation 
for this fact is that β-D-glucan in oat grain is con-
centrated in areas where load-bearing stresses are 
predicted to occur, and its metabolism could be re-
sponsible for the plant’s responses to selected en-
vironmental signals (Hoson 1998). Therefore, this 
polysaccharide can protect the plant against physio-
logical stresses, thus resulting in better agronomical 
parameters, such as yield or test weight.

Generally, β-D-glucan content and test weight 
were higher in naked oats and grain yield and thou-
sand grains weight in hulled oats. Higher tempera-
ture and lower precipitation in 2007 resulted in high-
er thousand grains weight and test weight in both oat 
varieties, as well as higher grain yield in naked oats. 
On the other hand, higher β-D-glucan content was 
detected in 2008 in both analysed oat groups and 
grain yield in hulled oats (Tables 5 and 6).

β-D-glucan, Se and thiamine contents in oat va-
rieties differed according to field location and year 
of harvest (Hietaniemi et al. 2000). In oat varieties 
of yellow and white type of grain, β-D-glucan and 
thiamine contents were influenced by genotype; 
however, Se content was affected by environmental 
conditions.

CONCLUSION

Four oat varieties were evaluated using five ex-
perimental fertilisation treatments containing N and 
Se. Hulled and naked oats responded differently in 
content of β-D-glucan, grain yield, thousand grains 
weight and test weight. In hulled oats, the content 
of β-D-glucan was influenced only by the fertiliser, 
and the addition of Se to N fertiliser significantly 
increased the content of β-D-glucan. In naked oats, 
the content of β-D-glucan was higher compared 
with hulled oats, and was significantly affected only 
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by cultivar. Grain yield was significantly influenced 
in hulled oats by cultivar, and in naked oats by the 
year, fertiliser, and cultivar. Thousand grains weight 
and test weight in both oat varieties were influenced 
by year of cultivation and cultivar, whereby, accord-
ing to our results, the warmer and drier climate in 
2007 caused significantly higher grain yield in na-
ked oats, and thousand grains weight and test weight 
in both, hulled and naked oats. 
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