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ABSTRACT
Addition of trace elements to Fagopyrum esculentum and
F. tataricum

Plants need at least 14 elements for normal functioning.
Selenium (Se) is on the list of beneficial elements for plants,
since it has many positive effects in a propriate concentra-
tions. Iodine (I) is not yet classified on that list since there
are not enough studies about the effect of I on plants. Sele-
nium in plants may cause a delay of senescence and promote
the growth of the ageing seedlings. Selenium also exhibits
protective role in UV treated plants, plants, exposed to water
shortage, and in plants, exposed to high or low temperature.
High concentration of Se was reported to cause physiologi-
cal disturbances in plants due to Se binding to cysteine and
methionine molecules instead of S, and the inclusion of sele-
nocysteine and selenomethionine in proteins. I might have a
positive effect on plants, including its protective role in anti-
oxidant activities in plants, exposed to different stress con-
ditions. Both elements are in deficit in human nutrition in
many countries worldwide. I and Se are needed for the opti-
mal function of thyroid gland, thus simultaneous biofortifi-
cation of crops is feasible for areas deficient in both elements.
Selenium and I interfere with each other in pea, common
buckwheat plants and in kohlrabi. Sulphur (S) and Se have
similar chemical properties, and the assimilation of Se and S
follows the S metabolic pathway. S induced the accumula-
tion of Se in Tartary buckwheat in field experiment. Silicon
(Si) enhances plant strength, ameliorates the negative effects
of salinity, drought, and high or low temperatures, amelio-
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IZVLECEK
Dodajanje elementov v sledovih navadni in tatarski ajdi
(Fagopyrum esculentum in F. tataricum)

Rastline potrebujejo vsaj 14 elementov za normalno
rast. Selen (Se) je na seznamu koristnih elementov za rast-
line, saj ima v ustreznih koncentracijah veliko pozitivnih
ucinkov na rastline. Jod (I) na ta seznam $e ni uvr$cen, saj ni
dovolj raziskav o vplivu I na rastline. Selen pri rastlinah
lahko zakasni proces staranja in pospesi rast sadik. Selen
kaze tudi zas¢itno vlogo pri rastlinah, izpostavljenih UV
zarkom, rastlinah, ki so izpostavljene pomanjkanju vode, in
rastlinah, ki so izpostavljene visokim ali nizkim temperatu-
ram. Raziskovalci porocajo, da visoke koncentracije Se
povzrocajo fizioloske motnje v rastlinah zaradi vezave Se na
molekule cisteina in metionina na mesto zvepla in vkljucitve
selenocisteina in selenomethionina v beljakovine. Jod pozi-
tivno vpliva na rastline, vklju¢no s povecanjen njihove an-
tioksidativne aktivnosti pri rastlinah, ki so izpostavljene
razli¢nim stresnim razmeram. V mnogih drzavah po svetu
oba elementa primanjkujeta v prehrani ljudi. Jod in Se potre-
bujemo za optimalno delovanje §¢itnice, zato je so¢asna bio-
fortifikacija polj$¢in smiselna na obmocjih s pomanjkanjem
obeh elementov. Dodatek Se in I vplivata na akumulacijo
drug drugega pri grahu, navadni ajdi in pri kolerabici.
Zveplo (S) in Se imata podobne kemijske lastnosti, asimi-
lacija Se in S pa sledi metabolni poti S. Zveplo je v poljskem
poskusu, kjer smo rastlinam foliarno dodajali hkrati oba el-
ementa, povzrocilo povecano kopicenje Se v tatarski ajdi.
Silicij (Si) povecuje trdnost rastlin, blazi negativne ucinke
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rates metal toxicity, and increases plant resistance to differ-
ent pathogens and herbivores.

Key words: buckwheat, Fagopyrum, selenium, iodine,
sulphur, silicon

slanosti, suse in visokih ali nizkih temperatur, blazi stru-
penost kovin in povecuje odpornost rastlin na patogene in
rastlinojede.

Kljucne besede: ajda, Fagopyrum, selen, jod, Zveplo, silicij

IODINE

In nature, iodine can be found in various forms, such
as inorganic sodium salts and potassium salts, iodate
and iodide, inorganic and organic iodine (AHAD &
GANIE 2010). Plant root cells take up I in the form io-
dide anion, which follows the chloride transport path-
way (WHITE & BROADLEY 2009). Lack of iodine in the
human body is due to insufficient uptake of iodine by
food. About two billion people worldwide have iodine
deficiency problems. The most effective way of provid-
ing enough iodine in the diet is by iodizing salt. Exces-
sive salting of food can cause health problems in hu-
mans. An effective solution to iodine deficiency in food
for humans is biofortification of plants with iodine
(ToNACCHERA et al. 2013). Iodine is not essential in ter-
restrial plants. MEDRANO-MACIAS et al. (2016) in their
review paper reported that there are studies showing
beneficial effects of iodine in plants, including better
growth, and changes the tolerance to stress and also
antioxidant capacity, on the other hand some studies
report that the addition of iodine cause no response or
even have adverse effects. Uptake of iodine by plants
from the soil depend from adsorption—desorption pro-
cesses in the soil, amount of organic compounds...
(Z1A et al. 2014). WENG et al. (2013) evidenced that leaf
vegetables have higher absorption capacity than fruit
vegetable. SMOLEN et al. (2011) reported that plants take

up iodine through the root system, preferably as iodide.
Iodine transport relies more on phloem than on xylem
(BLasco et al. 2011). In the recent study of GERM et al.
(2019) it was proven that iodine transport exists
through phloem, since the amount of iodine increased
in seeds in buckwheat plants, previously foliarly treated
with iodide and iodate. GoLoB et al. (2020) shown that
similar levels of Se and I in the leaves and tubers in
kohlrabi plants showed the translocation of both ele-
ments from the leaves to the tubers through the phlo-
em. Transport of iodine by phloem has been previously
also evidenced in tomato (LANDINT et al. 2011). In the
study of DAT et al. (2006) it was shown that iodide (I')
and iodate (10,") added to the soil, did not significantly
affect spinach biomass production. The added iodine
can also have a phytotoxic effect, leading to a decrease
in biomass and thus reducing crop production (BLasco
et al. 2011). MAcHOWIAK et al. (2005) found that iodide
was more toxic than iodate. Later researchers (BLAasco
et al. 2012) found that iodide was more available than
iodate and at the same time demonstrated that iodine
concentration in vegetables was higher when iodide
was added than when iodate was added to plants. BLa-
sco et al. (2011) found that the presence of iodide re-
duced the biomass of the crop of lettuce, while the pres-
ence of iodate increased the biomass of the crop.

SELENIUM

Selenium is a trace element that is essential nutrient
for humans and animals but also acts environmental
toxicant; the boundary between the two is narrow
and depends on its concentration, chemical form, and
other environmental parameters (FAN et al. 2002).
The essentiality of Se to higher plants, however, is
still under debate in the scientific world. Selen is
harmful for plants in high concentrations, but it has
beneficial effects at low concentrations. Health risks
for humans and animals can occur in areas where
soils are low in bioavailable Se. Although higher
plants do not to require Se, in Finland, where the
amount of Se in soils is low, the supplementation of
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fertilizers with sodium selenate affects positively the
whole food chain from soil to plants, animals and hu-
mans, including the amount of plant yields (ALFTHAN
et al. 2014). Selenium is toxic at high concentrations
due to incorporation of Se in place of sulphur in
amino acids, with subsequent alteration of protein
three-dimensional structure and impairment of en-
zymatic function (BROWN AND SHRIFT 1981). GORSE
et al. (2018) measured chlorophyll a, anthocyanins,
UV absorbing compounds and rutin in Tartary buck-
wheat sprouts, which become very popular in the
food production and nutrition. Sprouts contain sig-
nificant amount of vitamins and mineral. Amend-
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ment of sprouts with iodine and selenium may pre-
vent endemic deficiency of these elements for humans
and animals. Tartary buckwheat seeds were soaked in
solutions with selenate, iodate or in selenate + iodate.
Germination rate of sprouts form seeds, soaked in so-
lution of iodate and combination of selenate and io-
date was lower comparing to control group. However,
there was no effect of the treatments on the amount of
chlorophylls, anthocyanins and UV absorbing com-
pounds. The amount of flavonoid rutin, which is im-
portant antioxidant, was the highest in untreated
sprouts.

KREFT et al. (2013) studied the impact of Se on fo-
liarly treated Tartary buckwheat. Plants effectively
took Se and transported it into the seeds, where its
concentration was more than twice as high as in un-
treated plants. The seeds were then collected and sown
to obtain the progeny of Se-treated plants. Three weeks
after germination, the Se-treated progeny plants had
higher respiratory potential measured via electron
transport system (ETS) activity compared to the con-
trols. The potential photochemical efficiency of photo-
system (PS) II was also higher in the Se-treated proge-
ny plants than the controls. In adult plants, the leaves
dry mass was greater in the Se-treated progeny plants
than the control plants. This study demonstrates an
impact of Se in Tartary buckwheat on the progeny
plants of Se sprayed plants showing an epigenetic ef-
fect. GoLoB et al. (2015) found out that when Se was
added to Tartary buckwheat plants, the highest con-
tent of Se was found in leaves, followed by seeds and
stems. Edible parts of Tartary buckwheat plants were

safe for human consumption regarding recommended
Se concentration for humans. Authors stated that soil
fertilization with 0.5 and 10 mg Se L™ and foliar ferti-
lization with 0.5 mg Se L™ are applicable for cultiva-
tion of Tartary buckwheat as a functional food en-
riched with Se. GoLoB et al. (2016) foliarly sprayed
Tartary buckwheat and hybrid buckwheat with sodi-
um selenate. They found out that in both taxa of buck-
wheat, Se content was significantly higher in treated
plants than in controls. Seeds contained the highest Se
concentrations in hybrid and Tartary buckwheat. The
main Se species found was selenomethionine. Seleni-
um had positive effect on physiological characteristics
like photochemical efficiency of PS II in Tartary buck-
wheat and hybrid buckwheat. Regarding the concen-
tration of Se in both buckwheat taxa and selenome-
thionine as the dominant chemical species of Se, Se-
enriched buckwheat is a potential source of dietary Se
for animals and humans. In addition, Tartary buck-
wheat sprouts enriched with 30 mg Se/L are a potential
source of dietary Se, since concentration of Se does not
exceed recommended daily allowance for healthy
adults (STREKELJ et al. 2014). OZBoLT et al. (2008) evi-
denced in their study that soaking seeds of common
buckwheat before sowing in a 20 mg SeVI/L solution is
a suitable method for obtaining high yield of buck-
wheat herb with a high, but nutritionally safe, level of
Se as well as flavonoids.

To conclude, common buckwheat, Tartary buck-
wheat and hybrid buckwheat have ability to absorb Se
in concentrations, which are safe for human nutrition
if Se is added to plants in proper concentrations.

IODINE AND SELENIUM

I and Se are needed for the normal function of thy-
roid gland, thus simultaneous biofortification of
crops is feasible for areas deficient in both elements.
Iodine and selenium are not essential elements for
plants but both play important roles in human and
animal organisms (SMOLEN et al. 2014). There are
some studies focused on the effect of Se and I on plant
physiological and biochemical characteristics (ZHU et
al. 2004, SMOLEX et al. 2014, 2016, 2019, JERSE et al.
2017, 2018, GErRM et al. 2019, GorLoB et al. 2020). There
was no effect of Se (Se032’, 86042’), I (T, 10,) and
their combination on the germination, amount of
chlorophylls, anthocyanins and potential photo-
chemical efficiency of PS II in pea sprouts. On the
other hand, all treatments lowered biomass or height
of the plants in pea sprouts (JERSE et al. 2017). There

was also no effect of soaking of seeds in Se, I or their
combinations on common buckwheat microgreens
regarding photochemical efficiency of PS II. Germi-
nation was unaffected by all combinations with Se
and I. Mean seed yield in plants, foliarly treated with
both forms of Se and I and their combinations, was
similar in treated and control plants (GErRM et al.
2019). The simultaneous addition of Se and I has an
antagonistic or synergistic effect on accumulation of
both elements in common buckwheat plants, thus,
biofortification of buckwheat microgreens with Se
and I should be performed with care. The biofortifi-
cation of microgreens with iodate should be delivered
at reasonable low concentration, to prevent exceeding
the recommended daily intake of this element for hu-
mans (GERM et al. 2019).
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SULPHUR AND SELENIUM

Due to chemical similarities between selenium and
sulphur (S), the uptake, transport and assimilation of
selenate follow the sulphate pathway and selenate en-
ters root cells via sulphate transporters. GoLOB et al.
(2016) foliarly treated Tartary buckwheat and common
buckwheat plants with solutions of selenate and/or sul-
phate in order to study the effect of sulphur on seleni-
um accumulation in plants. The concentration of Se in
all plant parts was similar in control and S treated
plants in both species. However, in Tartary buckwheat
the concentration of Se was higher in S and Se treated

plants comparing to plants treated only with Se. Sul-
phur enhanced Se accumulation in all parts of Tartary
buckwheat. Selenate exposure competes with sulphate
in the growth media, that stimulated the sulphate star-
vation pathway and activate sulphate transporters,
leading to higher accumulation of selenate. Authors
also shown that it is possible to produce grain and herb
of Tartary and common buckwheat containing appro-
priate amounts of Se for food without affecting the
yield of the plants.

SILICON

Silicon (Si) is important element for plant structure
and has very important protective role in plants. It im-
proves their potential to cope with various stresses in-
cluding drought, extreme temperatures, herbivory and
pathogen attacks. Accumulation of silicon differs be-
tween different plant taxa and also changes during
plant development, resulting to differences in their

sensitivity to environmental parameters. Silicon up-
take in plants depends on transpiration stream (GRA-
81¢ et al. 2019). Common and Tartary buckwheat were
foliarly treated with different concentration of silicon.
Height, number of side branches, number of leaves,
dry mass of the grains, leaves and stems and amount of
rutin were measured in control and treated groups.

CONCLUSION

In conclusion, addition of selenium led to the accumu-
lation of this element in buckwheat plants. Biofortifi-
cation with selenium and iodine in different forms si-

multaneously for human nutrition should be done
with care because of synergistic or antagonistic effects
of each of these elements.
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