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Abstract
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pp. 243-250

In a small-plot trial with potatoes were applied increasing doses of selenium to the soil (0, 12, 24,
48 and 72 kg Se.ha™') and after harvest were explored the content of selenium, phosphorus and sul-
phur in raw tubers and in the tops. The trials were conducted in two localities - Zab&ice and Vale¢ov
using the semi-early variety Ditta. Selenium was applied to the soil in the form of sodium selenite be-
fore planting the potatoes. Chemical analyses discovered that with the applied dose the level of sele-
nium increased in both tubers and tops and that the correlation between the applied selenium dose
and its content in tubers and tops was significant (a < 0.05) and positive (r = 0.885 and r = 0.908, re-
spectively). With an increasing dose of selenium the reduction in the level of sulphur in the tops (r =
-0.872, a < 0.05) was statistically significant. In both localities the range of the sulphur levels in tubers
was very narrow, i.e. 0.16-0.18%, and the effect of the selenium dose was not significant. The phos-
phorus content in tubers and tops did not change significantly after application of a dose of up to
48kg Se.ha'. With the highest dose of selenium the content of phosphorus in both tops and tubers

decreased significantly.

selenium, doses, potatoes, phosphorus, sulphur, interaction

Selenium is an essential element for humans and
animals. Many studies have shown that the world-
wide consumption of selenium is insufficient. Lyons
et al. (2005a) proved that many South Australians
consume inadequate amounts of Se to maximise
selenoenzyme expression and cancer protection.
Deprivation of Se is associated with impaired anti-
oxidant protection (Combs, 2001). Clark et al. (1996)
detected that patients treated with Se had significant
reductions in total cancer incidence and in total can-
cer mortality. Most papers published in China fo-
cused on the relationship between environmental
Se deficiency and Keshan Disease and reported that
the incidence of Keshan Disease is closely associated
with very low dietary intake of Se (Fang et al., 2002;
Tan et al., 2002; Ge and Yang, 1993). Reilly (1998)
mentioned other diseases related with Se deficiency
and remarked that dietary intake of Se in the UK is
reduced. Lintschinger et al. (2000) mentioned that
Se supply in Austria and Germany is below the re-

commended daily intake as well. Data determined by
Kvitala et al. (1995) showed that the Czech Republic
belongs among the countries with low Se intake.
Agronomic fortification offers an effective strategy
to increase the Se content in plant production. Ap-
plying Se-enriched fertilizers to crops is an effective
preventive technique against the Keshan Disease in
children in China (Fang et al., 2002). Broadley et al.
(2006) mentioned that Se intake in the UK popula-
tion can be increased in the short term through ag-
ronomic biofortification. In Finland all agricultural
multinutrient fertilisers have been supplemented
with Se since 1984 in order to increase the Se con-
tent in domestic foods and to raise the dietary Se in-
take of consumers (Eurola et al., 1991). Many studies
showed that Se application enhanced the Se con-
tent in plants. For their trials Liu et al. (2004) used
rice, El Ghanam (2004) soybean plants, Vinay-Singh
and Malik (1990) berseem, Lyons et al. (2005b) and
Ducsay and Lozek (2006) wheat, Kopsell and Randle
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(1997) and Barak and Goldman (1997) onion, Toler
et al. (2007) Brassica oleracea, Munshi and Mondy
(1992) and Poggi et al. (2000) potatoes. Lintschinger
et al. (2000) showed that a significant accumulation
of Se was possible in wheat, alfalfa and sunflower
seeds during sprouting in a solution containing Se
and that these sprouts might provide the starting
material for fortified cereal-based diets.

An interaction between selenium and some of
the elements is expected. The chemical and physical
properties of selenium are very similar to those of
sulphur (Barker and Pilbeam, 2007; Kabata-Pendias
and Pendias, 2000; Reilly, 1998). Increasing levels of
selenium in plants may suppress the tissue concen-
trations of nitrogen, phosphorus and sulphur. It can
also inhibit the absorption of heavy metals (Kabata-
Pendias and Pendias, 2000). Vinay-Singh and Malik
(1990) detected that applied Se decreased P and S up-
take. Furthermore, absorption and utilisation of Se
decreased in the presence of S and P. Kopsell et al.
(2000) proved that Se enrichment decreased the P
content in leaf tissue, but the S content increased
with increasing Se treatment. In another study, a low
concentration of Se enhanced S uptake and accumu-
lation as well (Kopsell and Randle, 1997). Li and Zhu
(2007) found that the S content in shoots was not in-
fluenced by added Se concentration, but that the Se
content in shoots considerably decreased by increa-
sing the S supply. In another study (Barak and Gold-
man, 1997) discovered thatan addition of Se to the so-
lution culture reduced S uptake by the plant, and Se
uptake was suppressed by increasing the S concen-
tration in solution culture. That indicated a competi-
tive relationship between these two elements.

On the contrary, a synergistic interaction be-
tween Se and S was reported by Rani et al. (2005),
Mikkelsen (1988), Mikkelsen and Wan (1990), White
et al. (2004), Toler et al. (2007), Charron et al. (2001).
Lyons et al. (2005b) confirmed these results but re-
marked that a high concentration of Se in the soil
may inhibit S transport.

A few authors investigated the relationship be-
tween selenium and phosphorus. Although mutual
interaction is not expected, interesting results were
achieved. The interaction between selenium and
phosphorus was evident (Liu et al., 2004). He et al.
(1994) found out that applied P decreased selenite
sorption by ryegrass and that P sorption decreased
with an increasing concentration of Se in the initial
solution. El Ghanam (2004) found that P uptake by
soybeans was significantly but negatively affected by
increasing levels of applied Se. Li et al. (2008) studied
the effect of P starvation on Se uptake in a hydro-
ponics experiment. They found that P starvation in-
creased Se uptake and suggested that P competitively
inhibited Se absorption by the wheat root. Rani et al.
(2005) found that the application of Se had no sig-
nificant effect on the P content of different crops -
maize, wheat and rice, except the raya crop.

In the present study we applied different doses of
selenium into the soil and compared the selenium
content in tubers and tops. The next objective was

to explore the possible effect of supplied selenium
on the content of sulphur and phosphorus in potato
tops and tubers. In our experiment we used potatoes
because they are an important component of the hu-
man dietin the Czech Republic.

MATERIALAND METHODS

The field experiments were conducted in two lo-
calities in the Czech Republic - Valeov (460 me-
ters above sea level) and Zabé&ice (184 meters above
sea level) in 2006. The important agrochemical cha-
racteristics of soils are shown in Tab. I. Soil samples
were analysed according to Mehlich IIT (CH,COOH,
NH,NO,, NH,F, HNO, and EDTA). The content of
phosphorus was determined by UV-vis spectropho-
tometry, potassium by atomic emission spectrome-
try, magnesium and calcium by atomic absorption
spectrometry. The content of selenium was deter-
mined by atomic absorption spectrometry in an ex-
tract of 2M HNO.,.

I: Agrochemical characteristics of the soil (mg.kg™) in two
localities

Zabé&ice Vale¢ov
pH/CaCl, 6.64 6.20
P 112 353
K 240 318
Mg 311 74
Ca 4499 2036
Se 0.10 0.34

Selenium was applied as sodium selenite to the soil
at the following rates: 0, 12, 24, 48 and 72 kg Se.ha.
Range of Se-doses was proposed to detect and em-
phasize potential differences between smaller and
higher doses of selenium on the studied characte-
ristics. Therefore in the trial were used high doses
of selenium - 48 and 72kg Se.ha, but this amount
isnot used in agricultural practise. The experiments
were established in four replications and the semi-
early variety Ditta was used for the trials. The pota-
toes (Solanum tuberosum) were planted in April/May,
spacing was 750 x 250mm and the size of one plot
was 20.25m? Selenium was applied in the form of
a sodium selenite solution on the soil surface two
days before planting and then selenium was mixed
with the topsoil during soil preparation. Samples for
chemical analyses were collected at the time of con-
sumer ripeness, in this case after 99 days of vegeta-
tion. The tops were washed, dried at 60°C in the la-
boratory drier and homogenized in the laboratory
grinder. The samples of tubers were washed, peeled,
cutand after drying the samples were homogenized.
After preparation the samples were mineralized in
a mixture of HNO, and H,0, in the microwave sys-
tem. After decomposition the content of selenium
was analysed by atomic absorption spectrometry
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and sulphurand phosphorus by inductively coupled
plasma optical emission spectrometry (ICP-OES).
The data were statistically analysed using the soft-
ware STATISTICA 7.0. Subsequent tests of the dif-
ferences were performs according to Tuckey’s test.

RESULTS AND DISCUSSION

Applications of selenium dose ranging from
0 to 72kg Se.ha'! increased the selenium con-
tent in the studied samples; in potato tubers in
the Zab¢ice and Vale¢ov localities by 0.33-4.40mg
Se.kg'DM and 0.74-4.08mg Se.kg'DM, respec-
tively, and in potato tops it increased from 0.40 to

IT: Selenium content (mg/kg DM) in potatoes

6.45mg Se.kg' DM and from 0.82 to as much as
630mg Se.kg"' DM respectively in the Zab¢ice and
Vale¢ov localities. Tab. II shows the significant dif-
ferences among the respective treatment variants.
A highly significant positive correlation was discov-
ered between the applied Se dose and the Se content
in both potato tubers (r =0.885) and tops (r = 0.908) at
a < 0.05. When we compared the analysed parts, i.e.
tubers and tops, we detected a higher content of sele-
nium in the tops. The higher content of Se in samples
of the variant not treated with selenium in the Vale-
¢ov locality was probably caused by the higher con-
tent of Sein the soil (0.34 mg.kg ! of soil, as compared
to 0.1 mg.kg' of soil in the Zabéice locality.

Zab&ice Vale¢ov
Dose of Se (kg.ha?)
Tubers Tops Tubers Tops
0 033a 0.40a 0.74 a 0.82 a
12 1.60ab 1.45a 1.50ab 278b
24 274 bc 4.68b 2.47 be 3.95bc
48 335cd 5.54 bc 3.82 cd 5.06 cd
72 4.40d 6.45 ¢ 4.08d 630d

b o dayerage values indicated with different letters are significantly different (o < 0.05)

Liand Zhu (2007) also discovered that after the ap-
plications of increasing doses of selenium the Se con-
tent in the plant increased statistically significantly.
Kopsell et al. (2000), Kopsell and Randle (1997),
El Ghanam (2004), Liu et al. (2004) and White et al.
(2004) achieved the same results. Also Vinay-Singh
and Malik (1990) confirmed that the content of Se in-
creased in Trifolium alexandrinum after soil application
of 0 to 20ppm Se. Rani et al. (2005) applied various
doses of selenium ranging between 0 and 25 pg.g ' to
the soil and in different crops they achieved a mul-
tiple increase in the Se content. Lyons et al. (2005a)
applied selenium in the form of sodium selenate in
doses ranging from 4 to 120g Se.ha! and discove-
red as much as a 133-fold increase in the concen-
tration of selenium in wheat; they recommend bio-
fortification as an effective method of production of
wheat which has a favourable effect on the health of
the population. Munshi and Mondy (1992) applied
sodium selenite in doses ranging between O and
5.6 kg.ha-'and discovered a considerable increase in
the selenium level in potato tubers. After the appli-
cation of 0 to 72kg Se.ha' Hlu3ek et al. (2005) also
discovered a higher Se content in potato tubers, i.c.
by 0.20-4.88 mg Se.kg'. Poggi et al. (2000) observed
linear increase (r = 0.949) in the concentrations of se-
lenium in tubers after increasing doses of foliar ap-
plications of selenium. Ducsay and Lozek (2006) also
used the foliar applications to wheat; an application
of 20g Se.ha ! increased the selenium content from
0.045 t0 0.145mg Se.kg .

The content of sulphur in potatoes was also moni-
tored after the soil application of selenium. The con-
tent of sulphur in potato tops was found to be sta-
tistically significantly influenced by the applied
selenium dose (a < 0.05). Tab. ITI shows the signifi-
cant differences among the treatments of selenium
fertilisation; with increasing doses of selenium in
the soil the sulphur content in potato tops signifi-
cantly decreased. The correlation coefficient equals
r = -0.872 at a level of significance of o < 0.05. In
the Se-untreated variant the sulphur content in
the tops was 0.48% and 0.49% in Zab¢ice and Vale¢ov,
respectively. Tn the treatment where 72kg Se.ha!
was applied it decreased to 0.26% and 0.29%, respec-
tively. A statistically significant effect of the applied
dose of selenium on the sulphur content was mo-
nitored in potato tubers in the Zabéice locality. Af-
ter the application of the highest dose of selenium
to the soil the sulphur content in tubers decreased
significantly, i.e. to 0.16% compared to 0.17-0.18% in
the other variants. In the Vale¢ov locality this trend
was not confirmed although the range of the sulphur
contents was identical, i.e. 0.16-0.18% of sulphur. At
the same time no statistically significant correlation
was detected between the applied Se dose and S con-
tent in potato tubers.

The decrease in the sulphur content in potato tops
with increasing selenium doses seen in our experi-
ment is in accordance with Vinay-Singh and Ma-
lik (1990), Kabata-Pendias and Pendias (2000) who
alleged that the application of selenium reduced
plant uptake of sulphur. Also Barak and Goldman
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(1997) proved that an addition of Se to a culture solu-
tion at a constant level of S reduced S uptake which
dropped from 5.1 mg/plantat 1 g.m Se-treatment to
1.2 mg/plant at 8 g.m3 Se-treatment. By contrast our
results are at variance with Kopsell et al. (2000) who
indicated that the sulphur content in rape leaves in-
creased with increasing doses of applied selenium.
Mikkelsen (1988) also discovered a synergistic ef-
fect between Se and S. Tissue S increased from less
than 3g Skg' to over 10g S.kg™' after the addition
of 1mg Se.l-'. The conclusions of Toler et al. (2007)
showed that Se concentration in the nutrient so-
lution was positively correlated with S uptake in
the plants. The content of S in Brassica oleracea leaves
increased from 1.2% to 1.8%. Similarly White et al.
(2004) discovered a statistically significant increase
of the S content in the model plant Arabidopsis tha-
liana with an increasing Se content in the growth
agar, but this does not correspond with our results.
Rani et al. (2005) proved that the sulphur content of
different plant tissues increased with the applica-
tion of Se and significant positive correlation coef-
ficient values were recorded between the Se and S
content in plants. This is at variance with our results.
Lyons et al. (2005b) reported an increasing concen-

TIT: The sulphur content (% DM) in potatoes

tration of sulphur with increasing doses of selenium
in wheat leaves. However, they pointed out that
doses of more than 40mg Se.kg' might inhibit sul-
phur uptake. Conclusions of Li and Zhu (2007) in-
dicated that the sulphur content in the plant was not
influenced by the application of selenium,; this cor-
responds with our results observed in potato tubers
in the Vale¢ov locality.

Tab. IV shows the content of phosphorus in po-
tato tubers and tops in both localities. Compared
to the control treatment the phosphorus content
in tubers supplied with the highest dose of sele-
nium in the soil decreased statistically significantly
on both localities (Tab. IV). There was no difference
in the phosphorus content among the other treat-
ments. In the Zabéice locality the phosphorus con-
tent in the tops fluctuated within a narrow range
of 0.14-0.18% and in the Vale¢ov locality between
0.16-0.21%. Selenium doses affected the phospho-
rus content in both tops and tubers. Likewise a sta-
tistically significant negative correlation was disco-
vered between the applied Se dose and P content in
potato tubers (r = -0.688) and tops (r = -0.569) at o <
0.05.

Zabtice Valetov
Dose of Se (kg.ha™")
Tubers Tops Tubers Tops
0 0.18c 0.48d 0.17a 0.49c¢
12 0.18 bc 0.38bc 0.18a 0.42 be
24 0.16 ab 0.41 cd 0.16a 039b
48 0.17 be 033 ab 0.18a 0.35ab
72 0.16a 0.26a 0.17a 0.29a
»bedayerage values indicated with different letters are significantly different (o < 0.05)
IV: The phosphorus content (% DM) in potatoes
Zabtice Vale¢ov
Dose of Se (kg.ha?)
Tubers Tops Tubers Tops
0 0.27b 0.18b 031b 0.19 ab
12 0.28b 0.18 ab 031b 0.21b
24 0.26b 0.18b 030ab 0.21b
48 0.25b 0.15ab 0.26 ab 0.17 ab
72 0.20a 0.14a 0.24a 0.16a

b average values indicated with different letters are significantly different (o < 0.05)

Resultspublished by Vinay-Singh and Malik (1990),
Kopsell et al. (2000) and He et al. (1994) showed that
the phosphorus content in plants decreased with in-
creasing selenium treatments. This corresponds with
our results saying that with higher doses of selenium
the phosphorus content decreased in both tops and
tubers. El Ghanam (2004) found that P uptake was

significantly, but negatively, affected by increasing
levels of applied Se; this corresponds with our re-
sults. However, the conclusions of Rani et al. (2005)
are at variance with our findings. They observed that
the application of Se did not have a significant effect
on the P content in wheat, rice and maize.
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SUMMARY

In a small-plot trial with potatoes were applied increasing doses of selenium to the soil and after har-
vest were determined the content of selenium, phosphorus and sulphur in raw tubers and in the tops.
The trials were conducted in two localities — Zabé&ice and Vale¢ov using the semi-early variety Ditta.
Selenium was applied to the soil in the form of sodium selenite at the following rates: 0, 12, 24, 48 and
72kg Se.ha'. Samples for chemical analyses were collected after 99 days of vegetation. The applied
dose of selenium increased the content of selenium in both tubers and tops and the correlation be-
tween the applied selenium dose and its content in tubers and tops (r = 0.885 and r = 0.908, respec-
tively) was significant (o < 0.05) and positive. After comparison of analysed parts, i.e. tubers and tops,
a higher content of selenium was detected in the tops. The next objective of trial was to find out the ef-
fect of applied selenium on the content of sulphur and phosphorus in potato tops and tubers. With
an increasing dose of selenium the reduction in the sulphur content in the tops was statistically sig-
nificant (r=-0.872, o < 0.05). In the Se-untreated variant the sulphur content in the tops was 0.48% and
0.49% in Zab¢&ice and Vale€ov. In the treatment with the highest dose of selenium the sulphur content
decreased to 0.26% and 0.29%, respectively. In both localities the range of the sulphur levels in tubers
was very narrow, i.e. 0.16-0.18%. Compared to the control treatment the phosphorus content in tubers
and tops supplied with the highest dose of selenium in the soil decreased statistically significantly, but
the phosphorus content did not change significantly after application of a dose of up to 48kg Se.ha™'.
The results show that targeted soil supplementation of selenium can increase its content in potato
plants and that as an important part of the population diet may ensure higher selenium uptake. Tt was
also proved that selenium may affect the content of phosphorus and sulphur in the plant.

SOUHRN
Ovlivnéni obsahu siry a fosforu u brambor po aplikaci selenu do ptidy

V maloparcelkovém pokusu s bramborami byly aplikovany zvy3ujici se dévky selenu do pudy
a po sklizni byl sledovan obsah selenu, fosforu a siry v syrovych hlizédch a v nati brambor. Ke sledo-
vani byla pouZita polorané odrtida Ditta a pokus byl provddén na dvou lokalitach — Zab¢ice a Vale-
¢ov. Selen byl aplikovén ve formé seleni¢itanu sodného do piidy p¥ed vysadbou brambor v dévkach
0,12,24,48a72kg Se.ha'. Odbér vzorkid brambor byl proveden po 99 dnech vegetace. Z chemickych
analyz byl zji§tén nértist obsahu selenu v hlizach i v nati brambor s jeho aplikovanou davkou a rov-
né&z pritkazna (a < 0,05) pozitivni korelace mezi aplikovanou ddvkou selenu a jeho obsahem v hlizach
(r=0,885) a v nati brambor (r = 0,908). Porovnanim analyzovanych ¢asti, t.j. hlizy a nat, byl zazname-
nan vy3si obsah selenu v nati brambor. Déle byl v pokusu sledovan vliv aplikace selenu na obsah siry
afosforu v nati a v hlizach brambor. Bylo prokdzano statisticky vyznamné snizeni obsahu siry v nati
brambor (r = 0,872, a. < 0,05) s nartstajici ddvkou selenu. Obsah siry v nati byl u kontrolni varianty
bez aplikace selenu 0,48 % v lokalit& Zab¢ice a 0,49 % v lokalité Vale€ov a u varianty s nejvyssi davkou
selenu obsah siry klesal v obou lokalitich na 0,26 % a 0,29 %. Obsah siry v hlizdch byl na obou lokali-
tach v tizkém rozpéti 0,16-0,18 %. Pii hodnoceni obsahu fosforu v rostling byl zaznamenén statisticky
prukazny pokles obsahu fosforu v hlizach a v nati brambor pfi aplikaci davky 72kg Se.ha v porov-
nani s variantou bez aplikace selenu, ale obsah fosforu se signifikantn& neménil pfi aplikaci ddvek
do 48kg Se.ha'. Ze zjisténych vysledkt je zFejmé, Ze cilenou suplementaci selenu do ptdy je moz-

vvvvvv

zjisténo, ze aplikace selenu ovliviiuje obsah fosforu a siry v rostling.

selen, davky, brambory, fosfor, sira, interakce
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