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Abstract:

Agricultural productivity is strongly affected by different abiotic stresses, among which
water stress is the major environmental constraint limiting plants growth. The primary
reason for water stress is drought or high salt concentration in soil (salinity). Because
both of these stress factors lead to numerous physiological and biochemical changes in
plants and result in serious loss in yields, there is a pressing need for finding the effective
ways for increasing crops’ resistance to stress factors. One of the alternative methods in-
volving alleviation of negative stress effects might be application of silicon as a fertiliser
(root or foliar supply).

Many plants, particularly monocotyledonous species, contain large amounts of Si (up
to 10% of dry mass). In spite of the high Si accumulation in plants (its amount may equal
concentration of macronutrients), until now it has not been considered as an essential ele-
ment for higher plants. Many reports have shown that silicon may play a very important
role in increasing plant resistance to noxious environmental factors. Hence, Si is recogni-
sed as a beneficial element for plants growing under biotic and abiotic stresses. The main
form of Si which is available and easily taken up by plants is monosilicic acid (H,SiO,).
Plants take up Si from soil solution both passively and actively. Some dicotyledonous plants
such as legumes tend to exclude Si from tissues — rejective uptake. These plants are una-
ble to accumulate Si and they do not benefit from silicon. Under water stress conditions,
silicon might enhance plants’ resistance to stress and ameliorate growth of plants. These
beneficial effects may result from better and more efficient osomoregulation, improved plant
water status, reduction in water loss by transpiration, maintenance of adequate supply
of essential nutrients, restriction in toxic ions uptake and efficient functioning of antioxi-
dative mechanisms.

Based on the current knowledge and presented data, it can be concluded that the
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role of Si in plants is not restricted to formation of physical or mechanical barrier (as pre-
cipitated amorphous silica) in cell walls, lumens and intercellular voids. Silicon can also
modulate plants’ metabolism and alter physiological activities, particularly in plants subjec-
ted to stress conditions. However, in some plants, increased silicon supply does not impro-
ve plant growth. Hence, a better understanding of the interactions between silicon applica-
tion and plant responses will contribute to more efficient fertiliser practices, especially under
stress conditions.

Key words: silicic acid, Si uptake, water stress, drought, salinity, resistance.

ROLA KRZEMU W ODPORNOSCI ROSLIN NA STRES WODNY
Abstrakt

Produktywnos$¢ ros§lin uprawnych jest w znacznym stopniu ograniczana przez roézne
abiotyczne czynniki stresowe, wsrod ktorych stres wodny jest jednym z gltéwnych proble-
mow, na ktéry narazone sg roSliny. Stres wodny najczeSciej jest spowodowany suszg glebo-
wg lub nadmiernym zasoleniem gleb. Poniewaz te czynniki powoduja liczne fizjologiczne
i biochemiczne zmiany w ro§linach oraz prowadza do powaznych strat plonéw, konieczne
jest znalezienie skutecznych sposobéw zwigkszenia odpornosci roslin na stresy. Jednym
ze sposobow pozwalajacych na zlagodzenie ujemnych skutkow stresu wodnego moze byé
zasilanie roslin krzemem (w formie oprysku lub dodatku do podtoza).

Wiele ro§lin, szczegélnie jednoliSciennych, zawiera duze ilo$ci krzemu (do 10% s.m.).
Pomimo ze procentowa zawarto$¢ krzemu w roslinach moze doréwnywaé zawartosci
makroelementow, to nie jest on uznawany za pierwiastek niezbedny do prawidlowego wzro-
stu irozwoju ro§lin. Wyniki wielu badan wskazujg jednak na wazna role krzemu w pod-
noszeniu odpornosci roslin na rézne niekorzystne czynniki srodowiska. Dlatego krzem jest
uwazany za pierwiastek wplywajacy korzystnie na ros§liny, szczegélnie poddane dziataniu
abiotycznych i biotycznych czynnikow stresowych. Glowng forma krzemu dostepna dla ro-
§lin i latwo przez nie pobierana jest kwas ortokrzemowy (H,SiO,). Moze on by¢ pobierany
z roztworu glebowego w sposob pasywny lub aktywny. Niektore rosliny (gtéwnie motylko-
wate) wykluczaja krzem ze swoich tkanek (ang. rejective uptake). RoSliny te nie majg zdol-
noSci akumulowania tego pierwiastka, i w zwiazku z tym nie moga doswiadczaé jego ko-
rzystnego dzialania. W warunkach stresu wodnego krzem moze zwigekszaé odporno$é roslin
oraz poprawiaé ich wzrost. Ten pozytywny wplyw moze wynikaé z: lepszej i bardziej spraw-
nej osmoregulacji, lepszego statusu wodnego, ograniczenia strat wody w procesie transpi-
racji, odpowiedniego zaopatrzenia w sktadniki mineralne, ograniczenia pobierania toksycz-
nych jonéw oraz sprawnego funkcjonowania mechanizméw antyoksydacyjnych.

Opierajac sie na obecnym stanie wiedzy i przedstawionych danych, mozna stwierdzic,
ze rola krzemu nie ogranicza si¢ jedynie do tworzenia mechanicznej lub fizycznej bariery
(w postaci amorficznej krzemionki) w §$cianach komoérkowych, przestrzeniach miedzykomor-
kowych oraz wewnatrz komorek. Pierwiastek ten moze wplywa¢ na metaboliczng i fizjolo-
giczng aktywnoS$¢ roslin, szczegdlnie tych, ktore narazone sg na niekorzystne wplywy Sro-
dowiskowa. Jednakze w przypadku niektorych roslin nie stwierdzono pozytywnego wptywu
krzemu na ich wzrost. Dlatego zrozumienie interakcji miedzy zastosowaniem krzemu a re-
akcja roslin na ten pierwiastek przyczyni sie do bardziej efektywnego nawozenia roslin,
szczegllnie w warunkach stresowych.

Stowa kluczowe: kwas ortokrzemowy, pobieranie Si, stres wodny, susza, zasolenie,
odpornos$é.
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INTRODUCTION

All terrestrial plants contain silicon (Si). In spite of the high Si accumu-
lation in plants (its amount may equal concentration of macronutrients),
until now it has not been considered as an essential element for higher
plants. Many reports have shown that silicon may play a very important
role in increasing plants’ resistance to noxious environmental factors. Hence,
Si is recognised as a beneficial element for plants growing under biotic and
abiotic stresses, for example heavy metals, drought, salinity, pathogens
(GRENDA and SKOWRONSKA 2004, FAUTEX et al. 2005, Gao et al. 2006, LiaNG et
al. 2007, Tuna et al. 2008, DoncHEVA et al. 2009, Savvas et al. 2009). It is
worth noting that Si is an essential trace element in animal and human
nutrition. Silicon plays an important role in synthesis of glucosaminoglycans
and collagen, consequently in bone formation (Tanaka 1985). High levels
of soluble Si (silicic acid) may reduce bioavailability and neurotoxicity of alu-
minium through the formation of hydroxyaluminiosilicate, which prevents
binding of aluminium to the gut (BircHALL 1990, EDWARDSON et al. 1993).

Plants growing in natural conditions are constantly subjected to noxious
environmental factors. One of the major constraints of plants’ growth and
productivity is water stress. Water stress may result from water deficit in
soil (drought) or excessive amount of salt (salinity), most commonly NaCl.
Drought occurs in many parts of the world every year, whereas increasing
salinity of soil is a growing problem, particularly in irrigated areas. Hence,
our understanding of crop responses to water stress is very important, but
finding effective ways for increasing crop stress tolerance seems to be cru-
cial. One of the alternative methods involving alleviation of negative stress
effects might be application of silicon as a fertiliser (root or foliar supply).

The present paper describes the results of numerous investigations con-
ducted during last two decades on the mechanism of silicon uptake and
transport in higher plants as well as its possible role in enhancing plants
tolerance to salt stress and drought.

MECHANISMS OF SILICON UPTAKE

Silicon (Si) is the second, after oxygen, most abundant element in earth
crust and its percentage value reaches 26%. In nature, Si does not occur as
an elemental form but it is a compound of many minerals which form rocks.
Silicon occurs mainly in the form of silicon dioxide (silica) and silicates that
contain Si, oxygen and metals (Brocowskr 2000, ReEzanka and SIGLER 2008).
Minerals containing Si are resistant to weathering processes and decomposi-
tion, hence the amount of silicon in soil solution is low (Brogowski 2000).
Monosilicic acid (H4SiO4 = Si(OH),) is amobile and soluble form of Si which
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is available to plants. Concentration of Si in soil solution ranges from 0.0004
to 2.0 mmol dm™ but most values lie between 0.1 and 0.6 mmol dm™3
(EpsTEIN 1994, 1999, SoMMER et al. 2006). Uptake of Si from external solution
and its transport through roots might be an active or a passive (diffusion)
process (Tamar and Ma 2003, Mrirtant and Ma 2005, Ma and Yamagi 2006). Func-
tioning and activity of silicon transporters require energy supply. Ma and
Yamadgi (2006) described Si transport process in three species that evidently
differ in the ability of Si accumulation: rice (high accumulation), cucumber
(medium) and tomato (low Si level). These authors stated that in all the
three species transport of Si is mediated by a similar transporter with K |
value of 0.15 mmol dm™ but there are differences in the Vhax Values (.e.
rice > cucumber > tomato). This may suggest that among plants species
there are differences in density of Si transporters. Results of investigations
conducted on four different species of mono- and dicotyledonous plants (Oryza
sativa, Zea mays, Helianthus annuus, Benincasa hispida) showed that both
active and passive components of Si uptake system co-exist in plants (LianG
et al. 2006a). Relative contribution of these components depends on plant
species and external Si concentrations. In the case of rice and maize (both
gramineous species), the active component is the major mechanism respon-
sible for Si uptake (LianG et al. 2006a). A very important step in Si translo-
cation is its transport from cortical cells to the xylem (xylem loading). In rice,
a typical silicon accumulator, its concentration in xylem sap is high (2 mM)
and process of xylem loading of Si is mediated by specific transporters
(Mitant and Ma 2005). Whereas in cucumber and tomato, xylem loading is
a passive process, hence transport efficiency is very limited. The determined
Si concentration of xylem sap in rice was 20- and 100-fold higher than that
in cucumber and tomato respectively. Moreover, Si concentration in xylem
of both plants was lower than in the external solution (MiTant and Ma 2005).
However Liancg and his colleagues (2005a) presented a contrary conclusion.
They demonstrated that in Cucumis sativus L. silicon uptake and xylem
loading are also active processes, such as in rice. Such distinct discrepancy
in the results obtained might be caused by the different experimental condi-
tions and further investigations are needed to solvethe controversy. Some
dicotyledonous plants such as legumes do not accumulate Si in tissues and
tend to exclude this element — rejective uptake (van DER Vorm 1980, Liang
et al. 2005a). These plants take up Si more slowly than water and they
contain less silicon than would be expected from nonselective passive up-
take of silicic acid during plant growth.

Concluding, silicon is taken up in the form of uncharged molecule —
silicic acid — and in plants three different modes of its uptake (active, pas-
sive, rejective) may function.

Silicon distribution in aerial parts of plants is dependent on intensity
of transpiration. In the transpiration stream in xylem, silicic acid is trans-
ported to leaves and it is accumulated in older tissues (it is not mobile
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within the plant). In the shoot, owing to the loss of water (transpiration),
silicic acid is concentrated and polymerised (Ma and YamaJi 2006). In conse-
quence, Si forms colloidal silicic acid and finally silica gel. Silicon in the
form of silica gel may amount to 90% of total Si concentration in shoots (Ma
and YamaJgi 2006).

SILICON ACCUMULATION AMONG PLANT SPECIES

There are substantial differences in silicon concentration in plant king-
dom. The range of its concentration is 0.1-10% Si on a dry matter basis
(EpsTEIN 1994, 1999). Plant species older in the evolutionary sense (diatoms,
cyanosis, horsetails, ferns) contain more Si than plants that emerged later.
Among higher plants, species from Gramineae i Cyperaceae families accumu-
late Si in large amounts and are considered as Si accumulators (higher than
1% Si on dry weight). Rice and other wetland grasses are an example of Si
accumulators. Most dicotyledenous plants contain less than 1% of Si on dry
matter (non-acumulators). A third distinguishable group of plants has an in-
termediate level of Si at about 1-3%. Among these intermediate plants, JoNES
and HanDRECK (1967) listed dryland grasses such as rye and oats. However,
recent studies indicate that a high Si concentration is not a general feature
of monocotyleonous species (HopsoN et al. 2005). Within dicotyledenous plants
there are considerable differences in silicon concentration. Plants from Cu-
curbitaceae and Urticaeae families accumulate high amounts of Si and may
be classified as intermediate category. Such differences in Si concentration
resulted from different abilities of plant roots to uptake and transport silicic
acid (as mentioned in the previous section). The plants that take up Si only
by the passive process do not accumulate this element and its concentration
in plant tissues is very low. EpsTEIN (1994) published data concerning Si dis-
tribution in plant kingdom. Analyses of 175 species grown in the same soil
showed that among nine examined elements (Si, Ca, Mg, K, P, Fe, Mn, B,
Al) silicon was the most variable. Most analysed plants (81%) did not accu-
mulate silicon and the mean concentration of Si was only 0.25% Si in dry
weight. This information indicates that most plants, especially dicotyledo-
nous, are unable to accumulate a large amount of Si and hence they do not
benefit from silicon.

Most Si is deposited in cell walls of roots, leaves, stems and hulls, where
it may form a thin layer consisting of silica gel (SiO4y-nH,0). Investigations
conducted by Ma et al. (2003) on grains of 401 barley varieties showed that
the variation in Si concentration in grains is controlled genetically. More
than 80% of total Si was localised in the hull and its amount ranged be-
tween 15.343 and 27.089 mg kg'! in tested varieties.
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WATER STRESS

Water availability in soil is one of the major environmental factors that
limit the growth of plants and the production of crops. Water deficiency may
result from shortage of water in soil (drought) or problem with its uptake
(physiological drought). In the latter case, water is in soil solution but plants
cannot take it up because there are some physiological reasons, for example
high salt concentrations (salinity), excess of water (flooding), low tempera-
tures. All these factors consequently cause water stress and changes in cell
water relations. Water potential is reduced and turgor of plant cells low-
ered. These changes result in disruption of most important processes and
reduction in growth rates. When plants are exposed to salinity, they suffer
additionally from a toxic level of salts in cells. Water deficit affects adverse-
ly photosynthesis, uptake and transport of essential nutrients and causes
overproduction of ROS — reactive oxygen species (O,", 102, OH’", H,0,).
These very reactive molecules lead to serious disorder in plant metabolism
and damage in membranes (Hasecawa et al. 2000, REppy et al. 2004).

ROLE OF SILICON IN INCREASING PLANTS
RESISTANCE TO WATER STRESS

Plants growing under natural conditions are subjected to a multitude
of different stress factors through their life cycle. Cellular water deficiency
may result not only from drought, salinity and low temperature but can be
a secondary effect caused for example by heavy metals or high radiation.
Hence, it is very important to determine mechanisms of plant resistance to
water stress and also to find the ways for increasing this resistance. For
overcoming the negative impact of water stress, addition of Si to the growth
medium may have a beneficial effect on plants. It is worth noticing that the
beneficial function of silicon does not reveal itself under optimal circum-
stances but mainly under stress conditions (HENRIET et al. 2006, Kava et al.
2006, HatTorI et al. 2007). Ma and YamaJg1 (2006) point at the fact that silicon
exerts positive effects when its concentration in plant tissues is high.

Mechanisms which are important in plant resistance to water stress
and a possible role of Si in these processes may be considered at different
levels (molecular, cellular, whole-plant). Essential features of plants’ response
to water stress are following: i) maintenance of homeostasis, including ionic
balance and osmotic adjustment, ii) counteraction to damages and their
prompt repair, e.g. elimination of ROS and prevention of oxidative stress,
iii) detoxification of excess salts under salinity, iv) regulation and recovery
of growth.
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Results of experiments conducted by Kava et al. (2006) on maize growing
under water stress indicated that silicon (1 and 2 mmol dm-3 Na,SiO,) sig-
nificantly improve shoot growth although it did not affect root growth. It is
worthy of note that higher Si dose was more efficient than lower one, al-
though in the case of leaf relative water content (RWC) both Si concentra-
tions caused similar increase of this parameter in comparison to plants grow-
ing without Si. Improved plant water status (higher RWC index) may result
from reduced water loss by transpiration due to deposition of Si (forming
silica gel layer) on epidermal cell walls. It was surprising that both Si treat-
ments lowered proline concentration in maize plants grown under water
stress (Kava et al. 2006). Similar response was observed in wheat growing
under salinity (Tuna et al. 2008). Amino acid proline occurs widely in pro-
teins but it may also accumulate in the cytosol in response to environmen-
tal stresses, especially under osmotic stress. Accumulated free proline con-
tributes substantially to osmotic adjustment and may protect and stabilise
sub-cellular structures (e.g. proteins and membranes).

Water stress very often leads to impairment of mineral nutrition and
disruptions in ion homeostasis. Kava et al. (2006) reported that under drought
stress maize leaves contained approx. 50% less calcium than control plants
while in roots its amount was higher comparing to the control. Decrease in
Ca concentration in plant cells is harmful because this element plays an
essential role in maintaining the structural and functional integrity of plant
membranes and regulation of their permeability and selectivity. The ability
of plants to maintain membrane stability is a crucial trait of stress resist-
ance. Some investigations indicate that addition of Si may increase concen-
trations of Ca in plant tissues and hence restore membrane integrity in
water-stressed plants (Kava et al. 2006). Disruption of ion homeostasis may
result from reduced K* concentrations in water-stressed plants. Potassium
plays an important role in processes involving osmotic adjustment and its
adequate level in plants may improve water stress tolerance. Under water-
stress conditions, the presence of Si may result in better supply of K* (Kava
et al. 2006). This beneficial effect may be attributed to the stimulating
action of Si on H*-ATP-ase (Liang 1999).

In plants growing under salt-stress conditions, added silicon helps in
maintaining an adequate supply of essential nutrients and reduces sodium
uptake and its transport to shoots (Liang 1999, Tuna et al. 2008). In experi-
ments with salt-stressed barley, Lianc (1999) indicated that Si (1 mmol dm™
K,Si03) decreases sodium but increases potassium concentrations both in
roots and shoots. Selective uptake of mineral ions is associated with the
activity of H*-ATP-ase. This membrane-located enzyme generates proton
motive force that is used for ion transport inside the cell. Liang (1999) re-
ported that under salinity (120 mmol dm™ NaCl) there was a dramatic de-
crease in ATP-ase activity. In a salt-tolerant barley cultivar, this decline
reached nearly 66% whereas in a salt-sensitive one it was 75% comparing
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to the control plants. In both cases, supplemental silicon resulted in a 2-fold
increase in enzyme activity in comparison to plants growing without this
element. It is interesting to note that salt stress caused substantial fall in
potassium and calcium concentrations and added silicon led to a nearly
2-fold increase in K* level but had little effect on calcium content in shoots
(Liang 1999).

As mentioned above, one of the most important mechanisms of plant
resistance to salinity is to control Na* uptake and prevent its excessive
accumulation in plant tissues. Liang (1999) and several other authors re-
ported that addition of silicon considerably lowers concentration of potential-
ly toxic ions in aerial parts of plants (AHMAD et al. 1992, YEo et al. 1999,
GunEes et al. 2007a,b, TuNa et al. 2008, Zuccarint 2008). It is possible that
silicon present in plant cells limits uptake of toxic ions and prevents their
translocation to shoots. The beneficial effect of silicon may be related to the
depression of water loss by transpiration and consequently reduced rate
of passive uptake and transport of minerals (YEo et al. 1999, Gao et al. 2006,
RoMERO-ARANDA et al. 2006). On the other hand, silicon deposited in the form
of polymerised SiO,, in the apoplast of roots considerably restricts ionic trans-
location from roots to shoots (Erstain 1999, Wang 2004). However, some
reports indicate that added silicon does not lower concentration of Na* and
CI- (RoMERO-ARANDA et al. 2006). Maintenance of low concentration of saline
ions in plant tissues is a very important mechanism of salt stress tolerance,
although more crucial is the capability of plants to take up and retain water
in tissues despite its low potential in external medium. This may be related
to a decrease in water loss, high water use efficiency and very efficient
osmotic adjustment. RoMERO-ARANDA et al. (2006) stated that silicon evidently
improves water status in tomato growing under salt stress (80 mmol dm™
NaCl). When salinised plants were treated with Si, their water content in-
creased by 40% and value of water use efficiency (estimated as the ratio
between net CO, assimilation and transpiration rate) was 17% higher than
in salinised plants without silicon. Increased water content in plants grow-
ing under osmotic stress shows that processes contributed to osmotic ad-
justment are very effective. On the other hand, improved ability to retain
water by plants treated with Si may result from a lowered transpiration
rate and higher values of water use efficiency (Gao et al. 2004, 2006, RoME-
RO-ARANDA et al. 2006). RoMERO-ARANDA et al. (2006) maintain that beneficial
effect of Si might be related to hydrophilic nature of silicon. SiO, nHyO
deposited in plant cells permits plants to keep water, dilute salts and pro-
tect tissues from physiological drought. In experiments with water-stressed
sorghum, Hattor1 et al. (2007) showed that silicon application could affect
stomatal conductance through the modification of plant water status but not
through any physical changes. It could be concluded that silicon facilitates
water uptake and its transportation into leaves.
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It is generally thought that stability and integrity of biological mem-
branes is a crucial element of plant resistance to abiotic stress. Water stress,
like other stress factors, may affect plasma membranes and cause various
dysfunctions (changes in membrane permeability and fluidity, disturbance in
activity of enzymes located in plasma membranes). These negative effects
may result from membrane damage largely caused by membrane lipid per-
oxidation (oxidation of membrane bound unsaturated fatty acids). It is well
known that free radicals induce peroxidation of membrane lipids and conse-
quently increase membrane permeability to ions and electrolytes. Stability
and permeability of membranes can be readily determined by measuring
the electrolytes efflux from plant cells. Both drought and salinity may cause
membranes damage and enhance their permeability (Baji et al. 2001, ErL-
-TaveB 2005). ZHU et al. (2004) reported that moderate salinity (50 mmol dm™
NaCl) leads to a rise in H,O, content in cucumber leaves, membrane perox-
idation as well as increase in electrolyte efflux. However, silicon added to
saline nutrient solution (1 mmol dm™ K,Si03) significantly alleviated these
negative effects. Beneficial impact of Si (1 mmol dm™ H,SiO,) on mem-
brane fluidity, stability and functioning was also observed in salt-stressed
barley (Lianc et al. 2005b, Lianc et al. 2006b). Similarly, Kava et al. (2006)
reported that silicon might protect cell membranes from the adverse effect
induced by drought.

Reactive oxygen species (ROS) react not only with membrane lipids but
may also interact non-specifically with other important compounds e.g. photo-
synthetic pigments, proteins, nucleic acids. For this reason, ROS concentra-
tion in plant cells must be precisely controlled and regulated. Antioxidative
mechanisms that participate in the regulation and scavenging of ROS in-
clude non-enzymatic compounds (ascorbic acid, glutathione, tocopherols, car-
otenoids) and enzymes (superoxide dismutase, catalase, peroxidases). Effi-
cient cooperating of these protective mechanisms is a crucial feature of plant
response to water stress as well as to other stress factors (ALLEN 1995, SATRAM
and SAXENA 2000). Addition of silicon can enhance activity of antioxidant en-
zymes and concentration of antioxidant metabolites in plants growing under
water stress (LianG 1999, AL.-AGHABARY et al. 2004, ZHU et al. 2004, LiaNG et
al. 2006b, QIiaN et al. 2006). On the other hand, added silicon may improve
concentration of chlorophyll and ultrastructure of chloroplasts preventing
grannae disintegration under stress conditions (Liang 1998, Kava et al. 2006,
QIaN et al. 2006, TuNa et al. 2008).

Numerous reports indicate that silicon improves growth parameters
of plants growing under water stress (ZHU et al. 2004, Kava et al. 2006, TuNa
et al. 2008, ZuccariNI 2008). In some cases, this beneficial effect was not
observed but on the other hand added silicon may improve other processes
e.g. water use efficiency (Gao et al. 2004, Hatrtorr at al. 2007) as well
as increase plant resistance to pathogens (FAuTEUX et al. 2005).
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In conclusion, it can be stated that the role of Si in plants is not re-
stricted to formation of a physical or mechanical barrier (as precipitated
amorphous silica) in cell walls, lumens and intercellular voids. Silicon mod-
ulates plants’ metabolism and alters physiological activities, particularly in
plants subjected to stress conditions. There is a need for further experi-
ments that will allow us to understand better the interactions between sili-
con application and plant responses. This information will be used in fertili-
sation practice for enhancing stress tolerance in crop systems.
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10.

11.

12.

Regulamin oglaszania prac w ,Journal of Elementology”

Journal of Elementology (kwartalnik) zamieszcza na swych tamach prace oryginalne,
doswiadczalne, kliniczne i przegladowe z zakresu przemian biopierwiastkow i dziedzin
pokrewnych.

W JE moga by¢ zamieszczone artykuly sponsorowane, przygotowane zgodnie z wyma-
ganiami stawianymi pracom naukowym.

W JE zamieszczamy materialy reklamowe.

Materiaty do wydawnictwa nalezy przestaé w 2 egzemplarzach. Objeto$¢ pracy orygi-
nalnej nie powinna przekracza¢ 10 stron znormalizowanego maszynopisu (18 000
znakow), a przegladowej 15 stron (27 000 znakow).

Uktad pracy w jezyku angielskim: TYTUL PRACY, imie i nazwisko autora (-6w), nazwa
jednostki, z ktérej pochodzi praca, streszczenie w jezyku angielskim i polskim — mini-
mum 250 stéw. Streszczenie powinno zawieraé: wstep (krotko), cel badan, metody
badan, oméwienie wynikow, wnioski. Przed streszczeniem w jezyku angielskim: Abstract
(tekst streszczenia), Key words (maks 10 stow). Przed streszczeniem w jezyku polskim:
TYTUL PRACY, Abstrakt, (tekst streszczenia), Stowa kluczowe: (maks, 10 stéw).
WSTEP, MATERIAL I METODY, WYNIKI I ICH OMOWIENIE, WNIOSKI, PISMIEN-
NICTWO, U dotu pierwszej strony nalezy podaé¢ tytut naukowy lub zawodowy, imie
inazwisko autora oraz doktadny adres przeznaczony do korespondencji w jezyku an-
gielskim.

Praca powinna by¢ przygotowana wg zasad pisowni polskiej. Jednostki miar nalezy po-
dawaé wg uktadu SI np.: mmol(+) kg'l; kg hal; mol dm3; g kgl; mg kgl (obowiazuja
formy pierwiastkowe).

W przypadku stosowania skrétu po raz pierwszy, nalezy poda¢ go w nawiasie po peitnej
nazwie.

Tabele i rysunki nalezy zataczy¢ w oddzielnych plikach. U gory, po prawej stronie tabeli
nalezy napisa¢ Tabela i numer cyfra arabska, rowniez w jezyku angielskim, nastepnie
tytut tabeli w jezyku polskim i angielskim wyréwnany do $rodka akapitu. Ewentualne
objasnienia pod tabela oraz opisy tabel winny by¢ podane w jezyku polskim i angiel-
skim. Wartosci liczbowe powinny by¢ podane jako zapis zlozony z 5 znakéw pisarskich
(np. 346,5; 46,53; 6,534; 0,653).

U dotu rysunku, po lewej stronie nalezy napisa¢ Rys. i numer cyfra arabska oraz
umiesci¢ podpisy i ewentualne objasnienia w jezyku polskim i angielskim.
PiSmiennictwo nalezy uszeregowac alfabetycznie, bez numerowania, w ukladzie:
Nazwisko INicjar ImMiENIA (KAPITALIKI), rok wydania. Tytut pracy (kursywa). Obowigzujacy
skrot czasopisma, tom (zeszyt): strony od-do. np. KowarLska A., KowaLskr J. 2002. Zwar-
tosé magnezu w ziemniakach. Przem. Spoz., 7(3): 23-27. Tytuly publikacji wylacznie
w jezyku angielskim z podaniem oryginalnego jezyka publikacji, np. (in Polish).

W JE mozna takze cytowac prace zamieszczone w czasopismach elektronicznych wg
schematu: Nazwisko INicJarL IMmiENIA (KaPITALIKI), rok wydania. Tytut pracy (kursywa).
Obowiazujacy skrot czasopisma internetowego oraz pelny adres strony internetowej.
np. ANTONKIEWICZ J., JasiEwicz C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link "http:/www" http://www.ejpau.media.pl/series/volumeb/issuel/environment/art-
01.html

Cytujac piSmiennictwo w tekscie, podajemy w nawiasie nazwisko autora i rok wydania
pracy (KowaLskl 1992). W przypadku cytowania dwoch autoréw, piszemy ich nazwiska
rozdzielone przecinkiem i rok (KowaLski, KowaLska 1993). Jezeli wystepuje wigksza liczba
nazwisk, podajemy pierwszego autora z dodatkiem i in., np.: (KOWALSKI i in. 1994).
Cytujac jednoczes$nie kilka pozycji, nalezy je uszeregowaé od najstarszej do najnowszej,
np.: Nowak 1978, Nowak i in. 1990, Nowak, KowaLska 2001).



634

13. Do artykutu nalezy dotaczyé pismo przewodnie Kierownika Zaktadu z jego zgodg na
druk oraz o$wiadczenie Autora (-0w), ze praca nie zostala i nie zostanie opublikowana
w innym czasopi$mie bez zgody Redakcji JE.

14. Dwie kopie wydruku komputerowego pracy (Times New Roman 12 pkt. przy odstepie
akapitu 1,5 - bez dyskietki) nalezy przesta¢ na adres Sekretarzy Redakcji:

dr hab. Jadwiga Wierzbowska
Uniwersytet Warminsko-Mazurski w Olsztynie
Katedra Chemii Rolnej i Ochrony Srodowiska
ul. Oczapowskiego 8, 10-744 Olsztyn-Kortowo
jadwiga.wierzbowska@uwm.edu.pl

dr Katarzyna Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
PIL. Lodzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

15. Redakcja zastrzega sobie prawo dokonania poprawek i skrotow. Wszelkie zasadnicze
zmiany tekstu beda uzgadniane z Autorami.

16. Po recenzji Autor zobowigzany jest przestaé¢ w 2 egzemplarzach poprawiony artykut wraz
z no$nikiem elektronicznym (dyskietka, CD lub e-mailem), przygotowany w dowolnym
edytorze tekstu, pracujacym w Srodowisku Windows.

Redakcja Journal of Elementology uprzejmie informuje:

Koszt wydrukowania maszynopisu (wraz z rysunkami, fotografiami i tabelami) o objetosci
nieprzekraczajacej 6 stron formatu A4, sporzadzonego wg nastepujacych zasad:

— czcionka: Times New Roman, 12 pkt, odstep 1,5;
— 34 wiersze na 1 stronie;

— ok. 2400 znakow (bez spacji) na 1 stronie;

— rysunki i fotografie czarno-biale;

wynosi 250 PLN + VAT.

Koszt druku kazdej dodatkowej strony (wraz z rysunkami, fotografiami i tabelami) wynosi
35 PLN + VAT.

Koszt druku 1 rysunku lub fotografii w kolorze wynosi 150 PLN + VAT.

Uwaga:

7 optaty za druk pracy zwolnieni zostang lekarze niezatrudnieni w instytutach naukowych,
wyzszych uczelniach i innych placowkach badawczych.

Komitet Redakcyjny

Warunki prenumeraty czasopisma

Czlonkowie indywidualni PTMag - 40 PLN + 0% VAT rocznie
Osoby fizyczne 50 PLN + 0% VAT rocznie

Biblioteki i instytucje 150 PLN + 0% VAT rocznie za 1 komplet (4) egzemplarze + 10
PLN za przesytke

Whptaty prosimy kierowaé na konto UWM w Olsztynie:
PKO S.A. I 0O/Olsztyn, 32124015901111000014525618
koniecznie z dopiskiem "841-2202-1121"
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10.

11.

12.

Guidelines for Authors ,Journal of Elementology”

Journal of Elementology (a quarterly) publishes original scientific or clinical research
as well as reviews concerning bioelements and related issues.

Journal of Elementology can publish sponsored articles, compliant with the criteria
binding scientific papers.
Journal of Elementology publishes advertisements.

Each article should be submitted in duplicate. An original paper should not exceed 10
standard pages (18 000 signs). A review paper should not exceed 15 pages
(27 000 signs).

The paper should be laid out as follows: TITLE OF THE ARTICLE, name and sur-
name of the author(s), the name of the scientific entity, from which the pa-
per originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS AND
DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and Polish
languages, min. 250 words. Summary should contain: introduction (shortly), aim, re-
sults and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+)-kgl; kg-ha'l; mol-dm3; g-kgl; mg-kg! (elemental forms should be used).

In the event of using an abbreviation, it should first be given in brackets after the
full name.

Tables and figures should be attached as separate files. At the top, to the right of
atable the following should be written: Table and table number in Arabic figures (in
English and Polish), in the next lines the title of the table in English and Polish ad-
justed to the centre of the paragraph. Any possible explanation of the designations
placed under the table as well as a description of the table should be given in English
and Polish. Numerical values should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

Under a figure, on the left-hand side, the following should be written: Fig. and num-
ber in Arabic figures, description and possible explanation in Polish and English.

References should be ordered alphabetically but not numbered. They should be for-
matted as follows: Surname First Name Initial (capital letter) year of publication, Title
of the paper (italics). The official abbreviated title of the journal, volume (issue): pag-
es from — to. e.g. KowaLska A., KowaLski J. 2002. Zawartosé¢ magnezu w ziemniakach.
Przem. Spoz., 7(3): 23-27.

It is allowed to cite papers published in electronic journals formatted as follows: Sur-
name First Name Initial (capital letters) year of publication. Title of the paper (italics).
The official abbreviated title of the electronic journal and full address of the website.
e.g. ANTONKIEWICZ J., JasiEwicz C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link ,http://www.ejpau.pl/series/volumeb/issuel/environment/art-01.html” http://
www.ejpau.pl/series/volumeb/issuel/environment/art-01.html

In the text of the paper a reference should be quoted as follows: the author’s name
and year of publication in brackets, e.g. (KowaLski 1992). When citing two authors,
their surnames should be separated with a comma, e.g. (KowaLski, KowaLska 1993).
Ifthere are more than two authors, the first author’s name should be given followed
by et al.,, e.g. (KowaLski et al. 1994). When citing several papers, these should be or-
dered chronologically from the oldest to the most recent one, e.g. (Nowak 1978, Nowak
et al. 1990, Nowak, KowaLska 2001).
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13. A paper submitted for publication should be accompanied by a cover letter from the
head of the respective institute who agrees for the publication of the paper and a sta-
tement by the author(s) confirming that the paper has not been and will not be publi-
shed elsewhere without consent of the Editors of the Journal of Elementology.

14. Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor’s Secretary:

dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Michala Oczapowskiego 8, 10-719 Olsztyn
jawierz@uwm.edu.pl

dr Katarzyna Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
pl. Lodzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

15. The Editors reserve the right to correct and shorten the paper. Any major changes
in the text will be discussed with the Author(s).

16. After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.



