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Abstract. Soluble Si compounds such as monosilicic and digsacids affect chemicals and physical
properties of the soil. The main aim of this stislyo evaluate Si cycle in the various soil-playgtems

via the determination of mobile Si forms in thel soid of the total content of Si in the plant asstans.
The concentrations of monosilicic acid, polysiligicids and acid-extractable Si in unmowed meadow,
mowed meadow, birch-aspen forest, spruce wood griduttural land soil-plant systems, were tested at
the soil depths of 0-10, 20-30 and 50-60 cm in asiun region, south of Moscow. The annual contént o
Si within the investigated soil-plant systems waksalated. Forty to 80 kg Heof Si is annually removed
from Grey Forest Soil (Luvisol). The concentratioh monosilicic acid in the upper soil horizon
depended on the type of plant association and eriaial content of adsorbed Si. The removal of tplan
remains from the ecosystems resulted in decreaseubsilicilic acid concentration in the upper soll
horizon. The ecosystems which utilize annual ptamains increased the content of monosilicilic aifid
the surface soil horizon. The concentration of nsilicic acid in the upper soil layer can be used as
indicator of the stability of plant association.eThnmowed meadow and the birch-aspen forest were
characterized as ecosystems with accumulative tfp8&i cycle. The agricultural land, the mowed
meadow and spruce wood all had alluvial type afy@le.
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Introduction

Silicon (Si) is the second most abundant elementhefearth surface. Numerous
chemical, physical and biological soil processes @alized and controlled by this
element (Matichenkov and Bocharnikova, 2001; Snydex., 2006). The content of Si
usually ranges from 20-35% for clay or silt sods40-44% for sandy soils (Essington,
2003). Mainly, Si is present as quartz, alkalingghreand aluminum silicates, which
forms a soil skeleton and these forms of Si arenately or biochemically inert, but
have influence on the soil physical properties (€pr2002; Sommer et al., 2006). In
the element mobility classification, Si is locaiadwo positions as inert and as mobile
element (Matichenkov et al., 2000). Mobile Si sabhses correspond to monosilicic
acid, polysilicic acid, organo-silicon compoundsl amomplex compounds with organic
and inorganic substances (Matichenkov and Bochavaik2001). These substances
play a primary role in the global biogeochemicakleyof Si (Matichenkov and
Bocharnikova, 1994; Wollast and McKenzie, 1983 rladsorbs Si in monosilicic
acid or their anion forms (Epstein, 1999; Ma, 2003)e removal Si from the soil by
plants can range from 20-40 kg/ha for terrestriasgstems characterized by low level
of biomass increasing up to 3000 kg/ha, which tgpifthe tropical and subtropical
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zones (Anderson, 1991; Wattean and Villemin, 208bput 27.5 million tons of Si are
adsorbed by plants and removed from cultivatedsaegmually (in comparison to P-
absoption, whose annual amount is of 18 milliorsjdBocharnikova and Matichenkov,
1994). Our calculations demonstrate that about d@llon tons of Si is annually
involved in the global biological cycle, of whiclh@ut 341 million tons of Si are in the
continental ecosystems (Matichenkov and Bocharr@ka®94). The intensification and
volume of Si cycle in the terrestrial ecosystems losa compared with the cycle of such
elements as phosphorus, potassium and calcium gAtex et al., 1996; Exley, 1998;
Lucas et al., 1993). However, the information abth& terrestrial Si cycle and the
effect of plant association relative to the formsl @oncentration of Si substances in the
soil, are scanty and inadequate in order to bel@éne the role and function of this
element in the nature. Besides, to evaluate thgebichemical Si cycle, only the total
content of mobile Si is usually analyzed (Alexandesrl., 1996; Bartoli, 1985; Basile-
Doelsch et al., 2005; Lucas et al., 1993). Whetbase are at least three forms of
mobile Si which are present in the soil (DietzeD20ller, 1979; Matichenkov and
Bocharnikova, 2001). These are: monosilicilic ag@dlysilicic acid and organo-silicon
compounds.

Monosilicilic acid is highly biochemical and geochieal active (ller, 1979; Ma,
2003; Matichenkov et al., 2000). Monosilicilic acihn control the mobility of
phosphates and can transform plant-unavailable t® plant-available by the
replacement of P from Ca, Al and Mg phosphates iiflahkov and Ammosova, 1996).
Al, Mg and heavy metal toxicity may be also suppeesby monosilicic acid (Birchall,
1992; Bocharnikova et al., 1999). Monosilicilic d¢ias an effect on soil pH level (ller,
1979). It controls the formation of secondary mateand also the intensity of mineral
weathering processes in the soil (Orlov, 1985; Qli#990; Horigushi, 1988).
Monosilicic acid may be absorbed by plants and oaigganisms (Epstein, 1999; Ma,
2003).

Monosilicilic acid is a product of Si containing meirals dissolutioEssington 2003;
ller, 1979). The solubility of minerals dependstba chemical structure and size of its
particles. The highest solubility is inherent in@phous silica with high surface area
(ller, 1979). In the surface soil horizons, amonghailica is represented by biogenic
silica forms (plant and microorganism phytolitheplaabiogenic substances formed as a
result of precipitation and dehydration of soluBlecompounds (Clarke 2003; Bobrova,
1995; Summer et al., 2006). In plants and soil adoganisms, about 90% of adsorbed
monosilicilic acid transforms into polymers or bésgc amorphous silica (Alexandre et
al., 1996). Biogenic amorphous silica returns te #oil with plants or microbial
remains and becomes a new source for monosilaxid (Sommer et al., 2006). By this
means Si cycle is realized via monosilicic acid ma@iign and transformation
(Matichenkov and Bocharnikova, 1994). We suggesitedl monosilicilic acid plays a
primary role in the terrestrial biogeochemical eyof Si and provides for the movement
of this element in the cycle itself (Matichenkovakt 2000).

Polysilicic acid has two or more atoms of Si (116979; Dietzel, 2002). Some
molecules of polysilicic acid have thousands ohfeims and can represent chains and
branch of spherical forms of molecules (Chadwicklgt1987 a; Chadwick et al., 1987
b). The term of “polysilicic acid” is under discims now (ller, 1979; Knight and
Kinrade, 2001). It is recognized the following farnof polysilicic acid, as soluble
silicic acid, which has more then 2 atoms of Sigamhers (low molecular weight
polysilicic acid), polysilicic acid (high moleculgvolysilicic acid, but without solid
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nucleus) and colloids, which according chemicasgligcation must have solid nucleus
and size from 10 to 10° cm. Oligomers of silicic acids are characterized high
chemical activity (Dietzel, 2002; Knight and Kinggd2001). Our and literature data
showed that this substances can be measured togathemonosilicic acid, because
during 10 minutes of interaction with molybdenumraonium all monosilicic acid and
most part of oligomers are formed colored comp@lstgel, 2002; Matichenkov, 1990).
The colloidal particles of polysilicic acid stir golution, therefore we suggested to use
centrifuge or fine filter for removing of these peles form other form of high
molecular weight polysilicic acid (Matichenkov, 199 It is necessary to recognize
truth polysilicic acid and colloidal polysilicic &t because there are has different
physical and chemical properties (Yazinin 1989, itkeinkov, 1990). Polysilicic acid
has definite effect on soil adsorption capacity awl structure (Yazinin, 1989;
Matichenko et al., 1996). Polysilicic acid is cheally inert and is formed as the result
of monosilicic acid polymerization (ller, 1979; Natenkov et al., 1996). Other ways
of polysilicic acid formation were hypothesized gre not experimentally confirmed,
for example, the direct formation from weathereaenals (Nazarov, 1976).

Plant associations and soil interplay and has gnélaence on each other (Alexandre
et al.,, 1997; Bartoli, 1983; Basile-Doelsch et &005). However the processes of
interaction between single plant and plant assiociain the content and behaviors of Si
are investigated poor. The understanding of thgdmohemical cycle of Si processes
require more information about behavior of variémsns of mobile Si in he soil-plant
syetm.

We hypothesized that various plant associationsorabsmonosilicilic acid
differentially and may control the concentration mbnosilicilic acid and polysilicic
acid in the upper soil horizons. As a result, air@tor anthropogenic change in plant
association can modify Si cycle and influence suiheral formation, weathering
processes and some chemical and physical soil pteasn

The main aim of this study was to determine soibileoSi substances in the five
soil-plant systems, the total content of Si in plassociation for boreal climatic zone
and to evaluate the biogeochemical cycle of Si.

Materials and methods

The selected ecosystems were located on the #nirace of the right side of river-
bank of Oka River, south of Moscow region and 5west of Pushchino. This area was
described as having identical quaternary periodnssuts, exposition and type of soil
(Bazilevich,1993; Yermolaev and Shirshova,1994)e Tstheme of tested area is
presented ofig.1.

The unmowed and mowed meadows were used for longégperiment, conducted
by the Institute of Physical-Chemical and Biologiddroblems in Soil Science
(Yermolaev and Shirshova, 1994). Sixteen yearsthgee areas were separated from
plough land, which was used for agriculture ovendred of years. During this
experiment, natural evolution of plant associatiomas examined by supporting
meadows under unmowed and mowed technologies. Blotis were located on a

slightly (3-5) northern slope.
Plant from each plant association was describe@. Sdil profiles for each plant
association were prepared in third replication type of each soil was determined.
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Figure 1. The scheme of the ecosystems and location ofrsfilles

Grass and grass-rich herb phytocenosis were predomin the meadow vegetation.
The main components of the herbage were the fatigwypes: loose-tusock, and
guitches grassegilytrigia repens L., NevskBromopsis inermiteyss. Holub., Dactylis
glomerata L., Festuca pratensis Huds., Pod comprelss Phleum pratense L.,
Anthoxanthum odoratum LandTrifolium hybridum L., Trifolium pratense L.

Various cerealsHestuca pratensis Huds., Phleum pratenseahd Pod compressa
L.) were characteristic of the unmowed meaddwifolium pratense L., Lathyrus
pratensis Land other non-cereals were typical of the moweddmea

Soil profiles of both meadows were identical. Tld svas determined as Typical
Grey Forest Soil (Russian Soil Classification) awisol (FAO, 1991). Soil profile has
the following description:

Horizon A (0-30 cm) was dark gray, with many averagnd small-sized roots, damp
clay-sand texture, courses of earthworms, cleamtaty, and gradual transition to
deeper horizon.

Horizon AB (30-70 cm) was brown with gray staingjadl-sized roots, courses of
earthworms, and damp clay-sand texture.

The ploughed land with barleyd¢rdeum vulgargwas located near the investigated
meadows (200 m to the north-west). The soil waatidal to the meadow soil, except
the surface horizon (0-30 cm), which was formedabgual tillage. It didn’'t have roots
and its color was more homogeneous. This fielddeen used in agriculture for over
one hundred years (Yermolaev and Shirshova, 1994).

The next plant association was described in thesforThe secondary birch-aspen
forest was located beside the mowed and unmowedonea on a slight northern slope
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(Figure 1). This area had the following plant compositionl atructure: the lime-bircth-
aspen wood — hazel, rich in grassé@did cordata Mill. + Betula pendula Roth +
Populus tremula L. — Corulus avellana L. — Lomic&gdosteum L. Dum - Pulmoniaria
obscura + Conval baria majlis L - Fragaria vesca-+Veronica chamaedris L.Plant
samples in these points were collected separatelygfasses, trees leafs and trees
branches. The type of soil was classified as L{gtey Forest. The soil profile had the
following structure:

Horizon A (0-12 cm) was gray, moist sand-clay witlany large-, average-, and
small-sized roots, and gradual transition to de@pezon.

Horizon A2B (12-30 cm) was light gray with lightdwn stains, damp sand-clay
texture, average and large roots, and gradualitiam$o deeper horizon.

Horizon AB (30-70 cm) was characterized by hetenegeis mixture of grays,
browns and whites and damp sand-clay texture.

The final selected plant association was locate@¢aniferous forest. The spruce
wood was located on a hill with a few equal horiabrriver platforms (10-15 m)
alternated with southern slopes (5-10 m and 2)-@Hgure 1). It had the following
plant composition and structur@icea abies L. Karst +single Populus tremula L.
without grass coverPlant samples in these ecosystems were colleejearately for
needles and for branches of spruce. The type bivssi classified as Grey Forest with
the following profile structure:

Organic litter (0-3 cm) represented damp and feaidtl needles and branches.

Horizon Al (3-12 cm) was dark gray, with few lang®ts, damp clay-sand texture,
unclear boundary and gradual transition to deepgzdn.

Horizon A2B (12-40 cm) was characterized by hetenggus light gray color with
brown stains, damp clay-sand texture, unclear baynand gradual transition to deeper
horizon.

Horizon AB (40-80 cm) was similar to horizon A2Brolwn without light gray
material.

Soil and plant samples were pick out from each rile=st ecosystems. Double soil
samples were collected form each soil profile atdlepth of 0 to 10 cm, 20 to 30 cm
and 50-60 cm. The mixed plant samples (total hattng from 25 x 25 cm area) were
collected from each point of soil sample, with thmeplications. Plant samples were
measured and dried at €5 Then plant samples were grounded and then passed
through a 0.5-mm sieve. Total Si was tested bytEm Snyder (1991) method with
four replications for each sample. Samples of pliastie weighing 100 mg were wetted
with 2 mL of 50% HO, in 100-mL polyethylene tubes. To each tube wasddds g of
50% NaOH at ambient temperature, and each tubegeraty vortexes. The tubes were
individually covered with lose-fitting plastic capBhe rack of tubes was placed in an
autoclave at 138 kPa for 1 h. After atmosphericsgues was reached, the tubes were
removed and the contents brought to 50 mL withileidt water (Eliot and Snyder,
1991). Monosilicilic acid in final solution form les was determined colorimetrically
(Mallen and Raily method cited by ller, 1979). Taeerage content of total Si was
calculated for each point.

Each fresh soil sample was divided into 2 sub-sam@ne-half of the sub-samples
was air-dried and grounded to pass a 1-mm sievesd dried soil samples were tested
for biogeochemically active amorphous silica (Magéiokov et al., 1997). The
remaining sub-samples were maintained under fresditton after removing roots and
passing through a 2-mm sieve. Monosilicilic acidswietermined in water extracted
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from fresh soil samples (Mallen and Raily methagdiby ller, 1979). The extraction
procedure was conducted in the following manneg. & fresh soil were placed into
beakers. Thirty mL of distilled water were addecetxh beaker. After 1-hour shaking,
the sample was filtered through filter paper No.#@&n the extract was analyzed for
monosilicilic acid. Polysilicic acid was analyzech ithe same extract after
depolymerization. For depolymerization, an aliq@0-25 mL) was subjected to
ultrasound for 1 min. During this time, all of psiljcic acid was transformed into
monosilicic acid (Matichenkov et al., 1997). It sk be noted from our earlier work
that a change in soil moisture from 50 to 500 & kgs no effect on the sensitivity of
this method (Matichenkov et al. 1997; Matichenkad &nyder, 1996).

Biochemically active amorphous Si was tested instiiy samples after a 1day acid
extraction procedure (20 mL 0.1 M HCI from air-dje2-g sample) (Barsykova and
Rochev, 1979). The extract was filtered througterfipaper No.40 and analyzed for Si
content using the colorimetric method (Mallen arall\Rmethod cited by ller, 1979).
The concentration of Si was determined photo nedtyicat 660 nm. pH level and
moisture of tested soils was determined by stanaeattiods (Thomas,1996).

All obtained data was subjected to a statisticadlymis based on comparative
methods using Duncan’s multiple range tests fornmegparation at the 5% level of
significance (Duncan, 1955).

The literary data on biomass productivity of testambsystems was used for the
calculation of Si including the biological cycle €iMnolaev and Shirshova, 1979;
Bazilevich, 1993). Only above-ground biomass waslder these calculations.

Results

The maximum amount of monosilicilic acid in thefage horizons was observed for
unmowed meadow (17.7 mg SiRgand birch-aspen forest (16.2 mg SitkgTable .
Lower concentrations of monosilicic acid in the faoe horizons were tested for
cultivated soil (6.5 mg Si kB, the mowed meadow soil (8.6 mg Sikgnd the spruce
wood soil (9.9 mg Si K§. It is necessary to note that concentrations ohasilicilic
acid in the soil surface horizons of all investeghtecosystems were significantly
different. With depth, the concentration of moniogit acid tended to increase, ranging
from 10.2 to 15.6 mg Si ki

The cultivated soil was characterized by the higheacentration of polysilicic acid:
25 mg Si kg. The soils of both meadows at the depth of 20-80 were also
characterized by high concentration of polysiliaid (26.2-30.3 mg Si K (Table .
Both forest soils had the lowest concentration af/glicic acid, except the subsurface
horizon under birch-aspen forest. In the rest Isoiizons of the forest ecosystems, the
polysilicic acid concentration ranged from 1.8 t6 g Si kg'.

The difference in amorphous silica concentratiorthie investigated soils wasn't as
high as that in silicic acidsTable 7). The maximum concentration of amorphous silica
was determined in the deeper horizons. Its valugehen lower horizons for forest
ecosystem and moved meadow were not significaiffigrent (Table ). The unmowed
meadow soil and cultivated soil exhibited the maximconcentration of amorphous
silica in the surface soil horizons (527 and 5003ngg’, respectively) Table 1.
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Table 1. Concentration of soil Si compounds (mg Shkg

Samples pH W% Monosilicic acid  Polysilicic acid  Adil-extractable
Si
————————————————— T T —
Mowed meadow
0-10 cm 5.87 19.4 8.6 18.9 415cd
20-30 cm 5.66 14.6 108 26.2 455
50-60 cm 6.01 13.2 121 7.8h 537
UNMOWED MEADOW
0-10 cm 6.24 20.8 17a7 15.8 527
20-30 cm 6.05 14.5 1(gh 30.3 46&
50-60 cm 6.01 13.2 131 7.5 548
AGRICULTURAL LAND
0-10 cm 6.28 13.0 6.5 25.@c 50bc
20-30 cm 6.14 13.0 6.5 25.@c 51
50-60 cm 6.06 17.6 1349 12.% 592a

Birch-aspen forest

0-10 cm 6.22 13.4 162 4.1 38
20-30 cm 5.12 12.3 115 18.4d 42&
50-60 cm 5.47 12.9 153 1.8 53%

Spruce wood

0-10 cm 4.76 25.6 ) 8.1h 43%
20-30 cm 5.87 13.7 14d4 1.9 53%
50-60 cm 6.16 10.8 156 9.69 534

tValue within a column followed by the same letter aot different using Duncan’s Multiple Range test
(P<0.05).

The total content of Si in plant association issprged inTable 2 The highest
concentration of Si (1.75 % from dry mass) was plegk in the spruce needles. This
data correspond with Bazilevic’'s content of Sihe heedles dPicea abieswhich was
determined in same region (1993). It is necesganpte that content of Si in the spruce
needles from mountain region area are lover (Chareelal.,, 2001), which can be
explain by difference in the mobile Si contenthe soils.

The plant association in the unmowed meadow ani@pbaollected from cultivated
area was also characterized by high content af §ieen mass of plant§dble 3. This
content of Si is typical for cereals (Ma, 2003).emhext level of total Si in plant
association was 1.15% and this level was determinegrass cover of birch-aspen
forest. The content of total Si which was deterdif@ plants from mowed meadow
and leafs from birch and aspen trees fluctuateratdu03 - 1.06 % of SiT@ble 3. The
lowest concentrations of Si in plants were deteedinn the trees branches. It is
important to note that the content of Si in theusprwood was three times higher then
in birch or aspen tree3dble 2.

The obtained and literature data allowed us toutade the balance of Si in the tested
plant associationsT@ble 3. The calculated data of Si pool in the ecosysténmass
has demonstrated that the maximum Si (87.6 kg $i was present in the spruce wood
biomass Table 3. About half of the plant adsorbed Si was con@att in the wood.
Trees were accumulating this Si during 30-40 yeHns. annual Si absorption by spruce
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was only 40.2 kg Si haplus about 2-4 kg Si Haaccumulated in the wood.
Consequently, we can suggest that the most aativeah Si uptake by plants occurs in
the unmowed meadow and agricultural ecosystem (#hd 81.5 kg Si hj
respectively) (Table 3). The lowest Si absorptioasvwealculated for the birch-aspen
forest.

Table 2. The total content of Si in the tested plant assmria

Area Total Si, % from dry mass

Unmowed meadow 1.4%
Mowed meadow 1.0
Cultivated land 1.3%0
Birch-aspen forest

grass 1.1%

trees leafs 1.0

trees branches 0.36e
Spruce wood

needles 1.75%

branches 0.9d

tValue within a column followed by the same letter aot different using Duncan’s Multiple Range test
(P<0.05).

The amount of annually returned biomass into thié isoimportant in order to
calculate Si balance in an ecosystem (Bazilevi@d8L9The removal of plant biomass
as crops from cultivated land and meadow cuttisgapproximated 95% of above-
ground vegetable mass. In wood ecosystems, somabs®rbed is found in the wood
mass (50% in birch-aspen forest and 54% in sprummds) [able 3. Probably all this
Si will not return into the soil because local feir@istrict moves out wood material.
Only in the unmowed meadow soil-plant system, fithe absorbed Si returns into the
soil (Table 3.

Table 3. The biological Si cycle in various soil-plant syste

Area Annual Annual Annual removal | Annual return of | Balance of Si
increase in | returning plant | of Sifrom soil, Si into soil,
biomass debris into soil, ka Si hal kg Si ha!
t/halyear % 9
Unmowed 5.21 100 78.09 78.09 0
meadow
Mowed meadow 5.98 5 61.14 3.07 -58.07
Cultivated land 6.10 5 81.50 4.07 -77.43
Birch-aspen
forest
green masps 2.5 50 27.75 27.75 -16.99
wood 4,72 0 16.99
sum -44.74
Spruce wood
green masps 2.3 46 40.25 40.35* -47.40*
wood 4.99 0 47.40
sum - 87.65 sum -87.65*

* Needles fallen don't mix with soil forming surtatayer (0-3 cm).
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Discussion

Primary and secondary soil minerals are the pralcgources of soluble Si forms.
Soil Si-rich minerals differs in solubility and ardluenced by numerous factors such as
pH, particle size, chemical composition, climat@ngs, soil microorganisms activity et
al. (Lucas et al., 1993). It is possible to distiisty 3 main directions of Si migration and
transformation in the soil: leaching of soluble r8h compounds without
transformation, adsorption of monosilicilic acid lplant roots with consequent
transformation of monosilicic acid into amorphoti&a, and transformation of soluble
forms of Si into the soil without movement from thal profile. The pool of Si leached
depends on the amount of atmospheric precipitates \&locity of weathering
(Matichenkov et al., 2000). Polysilicilic acids ameore leacheable, then monosilicic
acid, and this is due to the peculiar chemical cstme of these substances.
(Matichenkov et al., 1996). Monosilicic acid hagasitive charged anion which is
absorbed very well by the soil particles, while ttmm-compensated electrical charge of
polysilicic acid can be self- neutralized by theghiflexibility of polysilicic acid
molecule (ller, 1979). Plant roots and soil micgarisms produce organic acids that
accelerate mineral weathering (Alexandre, et 8961 Drever, 1993).

Higher plants are responsible for the absorptioisiovia monosilicic acid through
the soil profile. In plant tissues, Si precipitasssphytoliths in cell walls or filling of the
cell lumen and in the intercellular spaces (Alexaret al., 1996). Soil microorganisms
adsorb monosilicic acid and then transform it iptwysilicic acid and amorphous Si.
When plant or soil microorganism die, the adsorded transformed Si returns to the
soil. The distribution of phytoliths through theilsprofile is conditioned by two
different mechanisms: translocation into lower honis and accumulation in upper soil
horizon (Bobrova, 1995).

This means that soil minerals, climate conditiarg] living organisms are the prime
factors that determine Si movement and transfoonagiso known as Si cycle of the
soil-plant ecosystem. There are two main Si cyalesature: cumulative and eluvial
(Matichenkov et al. 2000). The accumulative Si eyd characterized by soils with
accumulation of Si substances in the upper sodrlalgcosystems with accumulative Si
cycles, phytolith formation dominates over leachiBgrich substances. The steppe
ecosystems are an example of this type of Si cyidie. content of phytoliths in such
soil may range from 6% to 12% of mass in surfag&zba (Bobrova, 1995).

The eluvial Si cycle is characteristic of soils imav high levels of physical and
chemical weathering besides intensive Si leactdagsed by climatic conditions. Plant
activity, in these kinds of ecosystems charactdriaethis type of Si cycle, may be very
high but absorbed Si doesn’'t accumulate in the saoil example, tropical rain forests
often have the eluvial Si cycle where about 90%bimiiogically active Si of this
ecosystem is found in the biomass, not in the @dadtichenkov and Bocharnikova
1994). Eighty to 90% of total Sy&an be removed from the soil profile in humid toop
zones (Kovda, 1985).

In our study, all examined soil-plant systems weoated on similar parent material
and formed under equal climatic conditions. Onlgnplassociations were different. As
a result the role of plant association in thestetkscosystems had critical significance
due to the distinction of Si cycles.

It is obvious that monosilicic acid concentrationthe soil depends on the type of
plants and the amount of vegetative biomass reméreed the ecosystem. Returning
biomass in unmowed meadow and birch-spruce forest nesponsible for increasing
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monosilicic acid in the surface horizon of thesesgstems Table ). It is interesting
that a negative Si balance in birch-spruce foresérged at the depth of 20-30 cm
(Table ). This layer was supplied with tree roots.

The increased concentration of monosilicic acidummowed meadow solil is the
result of the transformation of Si containing madsrinto the following mechanism. A
parent material was the primary source of monasiacid. First plants absorbed Si and
formed phytholites{able 3. Than plant remains, with formed phytoliths, rasiinto
soil. Phytoliths represent fine amorphous silicaosé solubility is usually higher than
that of most soil minerals (ller, 1979). This pregsgepeated annually increased, over
time, the content of phytholites in soil and consagly the concentration of
monosilicic acid also increaset@able J.

In spruce wood, absorbed silica is accumulated Iynam the needlesTable 3.
Fallen needles form a compact surface layer argdldlyer does not mix with the soil.
The decomposition of spruce needles is a long-faeness (Bazilevich, 1993). In the
upper soil horizon of spruce wood, only small amooh monosilicic acids was
observedTable .

The cultivated soil and mowed meadow soil were attarized by smaller
concentration of monosilicic acids in the upperitmms because in both ecosystems
absorbed Si is harvested with the crop and doeshnitn to the soil{ables 1, 2 and)3
It is important to notice that this situation hasiegative effect on plant growth. A
deficiency in Si nutrition leads to decreasing eé&eviability and resistance to diseases
and insect attacks (Datnoff et al., 1997; Snydeal ¢t2006). Cereal growth decreases
when Si nutrition is very small (Bocharnikova, 199%8atichenkov, 1990). Probably,
this explains why Si deficiency was responsiblegahange in plant association on the
mowed meadow where wild Si-rich cereals were degalaby other plants_éthyrus
pratensis L., Trifolium pratence)(Yermolaev and Shirshova, 1994).

The increases content of polysilicic acid in plougbil was probably due to
mechanical compaction of agricultural equipmenedéresults correlate very well with
our previous data regarding Chermozem soil (Matikbe et al., 1996). Machine
pressure may increase polysilicic acid in the ugodrhorizons, however the chemistry
of these processes has been poorly investigated.

The soil at the depth of 20-30 cm in both meadoesgstems contained high amount
of polysilicic acid as wellTable ). This is probably caused by the same reason as in
arable areas, where the land was used as tillagedr® ago and polysilicic acid might
have been retained (Yermolaev and Shirchova,1994).

The concentrations of acid-extractable Si were laimn the upper horizons of all
tested soils besides the unmowed meadow and plaadhTable 1. This increasing of
acid-extractable Si can be ascribed to the acdalaraf the weathering process in the
cultivated soil and to a significant amount of plphytholites in the unmowed meadow
soil (Bobrova, 1995; Kovda, 1985). Both processagehidentical data on chemical
testing (Barsukova and Rochin, 1979; Matichenkowalet 1997; Matichenkov et al.,
2000). The monosilicic acid concentration in babosystems may serve as an
indicator for the direction of mineral transfornmati processes that are: the
accumulation of phytoliths for the unmowed meaddwglf level of monosilicic acid)
and the acceleration of weathering for the culaédatoil (low level of monosilicic acid).

The correlating coefficients between different &infis in the soil Table 9 and the
balance of elements in the soil-plant systefable 3 were calculated. A linear
dependence of the type Y = AX + B was used.
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Calculations have demonstrated that a high comelaexists between the
concentration of monosilicic acid in the soil arne tbalance of Si in the ecosystem:
r=0.98, p=0.001, sd=0.759. The relationship betwaber examined forms of Si in soill
and the balance of Si in the ecosystem had nofsigni level:

r=0.0313, p =0.96, sd = 10.82 for sum of sol&iléorms,

r=-0.75, p = 0.26, sd = 7.29 for polysilicic acahd

r=0.100, p = 0.87, sd = 73 for acid-extractable S

These calculations showed that monosilicic acidceatration in the upper soil
horizon strongly depends on the type of plant datoo when compared with
ecosystems having similar type of soil. Monosilia@d represents the main component
in the biogeochemical Si cycle of the soil-plantogestem (Matichenkov,
Bocharnikova,1994; Nazarov,1976). Monosilicic agisio controls many soil properties
and has a direct effect on plants and microorgargsowth. In turn, plants (type of
plant cover) can control the monosilicic acid cancation in the upper soil horizons as
well. As a result, we are dealing with a complidatand self-regulating Si
biogeochemical cycle in the soil-plant ecosystem.

The unmowed meadow and birch-aspen forest plantiag®ons are responsible for
increasing the concentration of monosilicic acidha upper soil layer which optimizes
plant Si nutrition. Silicon-accumulative plantsdgses) have competition priority. Both
ecosystems are characterized by accumulative tiy&e ©ycle. The removal of Si as a
result of agricultural activity, grazing or accumtibn of Si in unavailable forms
(spruce wood) can change Si cycle and cause caonechanges for the soil-plant
system: degradation of soil minerals, replaceménplant population where non Si
accumulative plants have competitive priority. Byst means that agriculture land,
mowed meadow and spruce wood have typical eluvieySe.

Conclusion

This investigation clearly shows that the biologjicgcle of Si is characterized by 40
to 80 kg Si ha annually removed from Grey Forest Soil. The mdiwsi acid
concentration in the upper soil horizons stronggpehds on the type of plant
association. The removal of plant biomass from @¢hesystem results in decreasing
monosilicic acid concentration in the upper soitibans. Si movement from lower soil
horizons to surface layer can occur via the adswrgif monosilicic acid by plants and
by returning phytoliths into the soil. The concatitn of monosilicic acid in the upper
soil layer may serve as an indicator of straininghe Si biological cycle, stability of
existing plant association and direction of the sgstem evolution. The unmowed
meadow and the birch-aspen forest were characteag@cosystems with accumulative
type of Si cycle. The agricultural land, the mowedadow and spruce wood are all
eluvial type Si cycle.
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